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ABSTRACT 

The present study was conducted to investigate the pharmaceutical potential of wild and 

commercial gums. After the process of purification, Dalbergia sissoo and Acacia modesta 

were selected for the present research among the eight initially selected gums. For the use of 

gum as binder in tablet the physiochemical characteristics such as pH, fluorescence analysis, 

swelling index and rheological studies were determined. Both selected gums were acidic in 

nature. D. sissoo and A. modesta showed light brown and creamy color in fluorescent 

analysis, respectively. The viscosity measurements were made by the rheological analysis 

and D. sissoo and A. modesta provide different rheological pattern. The aqueous solution of 

crude A. modesta was more viscous than D. sissoo. Carbohydrates were present in high 

concentrations determined through proximate and biochemical analysis. The elemental 

profiles of crude gums were studied by the laser induced breakdown spectroscopy (LIBS) 

and significant number of elements was recorded. Crude gums exhibited a number of 

drawbacks in their application that can be overcome by hydrolyzed and modified to improve 

the functional properties of biopolymers. The selected gum were hydrolyzed (acidic, basic 

and enzymatic) and modified (polyacrylamide grafting and carboxymethylation).The 

antioxidant activities of crude, hydrolyzed and modified gums were determined and the 

selected samples exhibited significant antioxidant potential. The antimicrobial, toxicological 

studies viz. antimutagenic and hemolytic analyses were performed. All the tested gums 

samples exhibit good antibacterial activity. All samples were found non-mutagenic to 

Salmonella typhimurium TA 98 and TA 100, and did not show significant hemolytic activity. 

The structural characterization was carried out by scanning electron microscope, 
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thermogravimetric analysis, differential scanning colorimetry, Fourier transform infrared 

spectroscopy, X-ray diffraction. The change in viscosity after hydrolysis and modification 

was analyzed by performing the flow test. There was a decrease in viscosity of crude gum 

after hydrolysis and modification. Gum based silver-nanoparticles were prepared on the basis 

of green chemistry principle and possess important microbial applications. Nanoparticles 

prepared by using both gum showed synergistic high antibacterial activity. The potential of 

D. sissoo and A. modesta to be used as tablet binder was determined. Bulk and tapped 

density, hausner’s ratio and carr’s index of the prepared granules were studied. After the 

formation of tablets, the weight uniformity, hardness, friability, disintegration time and drug 

release were determined. Hydroxypropyl Methycellulose (HPMC) is used as standard binder. 

The prepared tablets using gums showed faster and slower dissolution profiles in the same 

dissolution system. The crude gums have the highest dissolution rate. While the dissolution 

rate was decreased in the case of modified and hydrolyzed gum samples.    

 The crude gums showing slower release can be useful in sustained release tablets as 

release controlling polymer / viscoslysing agent. And the hydrolyzed and modified gums 

having faster release rate are helpful in conventional tablet formulation. The current research 

comprehensively explored the selected gums for their application as biobinder as well as 

matrix for nanoparticles studies. In future, these results of selected gum may be used in 

pharmaceutical field on the pilot or industrial scale as biobinder and other applications like 

prebiotic for probiotics and green material for nanoscience etc.  
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CHAPTER 1  

      INTRODUCTION 

Nowadays, plant research has been the center of attraction, as they possess the 

potential to be used in the pharmaceutical industry. A wide variety of natural materials are 

been used to maintain health of all living things (Jani et al., 2009). Plants are rich source of 

safe and valuable bioactive compounds, and they have used as medicines from ancient time 

(Joshi et al., 2009). Medicinal plants have been used as traditional healing agent for a number 

of human diseases in many parts of the world (Prabhat et al., 2010). About 80% of world 

population is still dependent on traditional medicines. Plant materials consist of different 

phyto-constituents including gums (Tiwari, 2008). Nowadays, the world is ever more 

interested in excipients and natural drugs (Patil, 2014). Gums have induced great attention 

because of the various pharmaceutical applications owned by them (Suvakanta et al., 2014).   

Nature provides a remarkable range of polymeric materials (Yu et al., 2006). 

Carbohydrate are present in the form of polymers that are well-known as polysaccharides 

(Zohuriaan and Shokrolahi, 2004; Cerqueira et al., 2009; Bothara and Singh, 2012; Prajapati 

et al., 2013). In the last decades, polysaccharides have been finding as having applications 

that are very attractive and useful in the biomedical and biopharmaceutical field (Marita and 

Grenha, 2012).  

Monosaccharides are the basic units of polysaccharides, such as galactose, fructose, 

glucose, arabinose, xylose and mannose (D’Ayala et al., 2008; Prajapati et al., 2013). These 
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monomers are joined by linkages to form long repeating units or polymer chains. The 

polymers are high molecular weight compounds. The momomers act as the backbone of the 

structure (Izydorczyk et al., 2005; Dey et al., 2012). Polysaccharides have been known to be 

the most versatile, abundant and diverse class of organic compounds occurring in nature 

(Izydorczyk et al., 2005; Rana et al., 2011) representing a group of industrially useful 

polysaccharide (glycans) (Zohuriaan and Shokrolahi, 2004).  

Most plant based polysaccharides do not possess any side effects and are nontoxic 

(Xu et al., 2009). For the use of natural drugs and excipients, today the whole world is 

increasingly interested. Natural gums as binders have advantages over synthetic binders since 

they are freely available, non toxic and less expensive (Ahuja et al., 2013). Wide varieties of 

gums have been used in food industry and known as harmless for human use (Chaudhari and 

Patil, 2011). 

Natural gums or biopolymers are used in drug delivery system because of their well-

known biodegradability and biocompatibility (Prajapati et al., 2013; Sharma, et al., 2013). 

Biopolymers are also used as drug carriers (Dey et al., 2012; Shahid et al., 2013). Due to 

their sustainability and biosafety they have been the subject of research (Rana et al., 2011). 

Biopolymers are obtained from natural sources. These polysaccharides are relatively cheap, 

easily available, non-toxic (Rana et al., 2011; Prajapati et al., 2013). 

Native and unmodified gums possess a number of drawbacks to use them for 

industrial applications, such as lack of clarity, free flowing properties, uncontrolled rates of 

thickening and hydration, bigger microstructure formation, microbial contamination, which 

can overcome by changing the physicochemical properties by modification of them 

(Prabaharan and Jayakumar, 2009; Rana et al., 2011; Kumar and Ahuja, 2012). 

Currently, much interest is being given to biopolymer’s modification (Shahid et al., 

2013). Plant polysaccharides are able to be chemically and biochemically modified, by 

suitable reagents, (Prajapati, et al., 2013) resulting in several types of polysaccharide 

derivatives, because of a variety of derivable groups present on their molecular chains 

(Prabaharan, 2008; Prabaharan and Jayakumar, 2009; Rana et al., 2011). Modified gums are 

also used for drug delivery systems (Sharma and Mazumdar, 2013).  

The chemical and physical modifications are used for making the functional 

properties of gums better as biopolymer (Rana et al., 2011; Ahuja et al., 2013). Some 
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chemical methods are oxidation (Tang et al., 2012), graft-copolymerization (Kumar et al., 

2009; Malik and Ahuja, 2011), thiolation (Kaur et al., 2012) and carboxymethylation (Kumar 

and Ahuja, 2012). For the functionalization of biopolymers carboxymethylation is widely 

used (Biswal and Singh, 2004; Ahuja et al., 2013), because of low cost of chemicals, ease of 

processing and product versatility (Kumar and Ahuja, 2012, Ahuja et al., 2013). In case of 

physical modification microfluidization (Jafari et al., 2007), freeze–thaw cycling (Francois 

and Daraio, 2009) and extrusion (Tatirat et al., 2012) are performed (Ahuja et al., 2013). 

Gums and the modified derivatives have been extensively used for the food and 

pharmaceutical industry, as they possess the potential of being safe and non-toxic for animal 

and human consumption (Jani et al., 2009; Ahuja et al., 2013). Gums are branched and 

complex polymeric in structure, and have high cohesive and adhesive properties. Because of 

this reason, gums are used in pharmaceutical industry for preparations. In pharmaceutical 

formulation natural gums have been used as binders, thickeners, stabilizer, suspending agent, 

gelling agent, protective colloids, polymer matrices, disintegrant, emulsifying agent and 

plasma expanders in tablets (Deore & Khadabadi, 2008; Nep and conway, 2010).  

In pharmaceutical medicines, tablets are the most successful form (Kumaran et al., 

2010). A tablet consists of one or more active pharmaceutical ingredients and a number of 

other substances used in the formulations to make administration of the drug suitable and for 

controlling the drug delivery (Nep and conway, 2010). 

Tablets differ in their shapes from convex or flat, oval, round, triangular or cylindrical 

and are used for oral administration. These are swallowed whole, chewed, dissolved in water 

or retained in the mouth where the active ingredient is liberated. They are generally 

prescribed for a number of reasons which are convenience and safe of administration, 

portability, physical stability, elegance, low price and accurate dosing of the drug amongst 

others (Nep and conway, 2010). 

Natural gums acts as tablets binders as they provide cohesiveness to the powder mass 

for the production of granule, and are compressed to form tablets. They are also utilized as 

disintegrants in tablet formulation (Jani et al., 2005; 2009). 

Binders are one of an important excipient to be added in tablet formulation. It is the 

substance that increases cohesiveness.  Binders are utilized for converting powder into 

granules, a process called as granulation. Gums provide structural strenght and resistance 
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which is required during the process of making tablets, handling them, in packinging of 

tablets and in transportation (Bamiro et al., 2010; Basawaraj et al., 2010; Odeniyi et al., 

2013).  

Binders are used in formation of tablet to give it mechanical properties by promoting 

the bonding properties that exist between the different components of a powder mixed in the 

tablet formulation, and improve the flow and compaction properties of granules (Odeku 

2005; Odeniyi et al., 2013). A variety of natural, semi-synthetic and synthetic substances like 

starches, cellulose and gums have been used in formation of tablet as binders. Gums are 

hydrophilic substances and can be use as binders in the preparation of pharmaceutical solid 

dosages (Adetogun and Alebiowu, 2009).  

Gums are used as suspending, emulsifying agent and binder in liquid and solid dosage 

formulation (Odeku, 2005; Martins et al., 2009). Plant gums as binders have been used in 

tablet formation having different properties such as release of drug and mechanical strength 

for pharmaceutical purposes (Martins et al., 2008; Muazu et al., 2009). Gums have 

disintegrant properties, as they possess the ability to swell and absorb water. The swelling 

ability improves and increases the dissolution rate because this ability is the cause of 

breakage of tablet in the form of smaller pieces (Rishabh et al., 2011; Prajapati et al., 2013). 

Through molecular interactions and hydrogen bonding, gums increase the tensile strength of 

hydration layer present around the suspended particles. As these agents do not reduce 

interfacial and surface tension, they function best in the presence of wetting agents. Gums are 

also used as protective colloids or thickeners. These are hydrophilic colloids (Prajapati et al., 

2013).  

 In the light of the above mentioned intensive review, the present study was aimed to 

provide a comprehensive analysis of selected gums related to physiochemical and 

biochemical properties, structural characterization, and promising applications with particular 

emphasis on pharmaceutical applications. The objectives of the designed project are given 

below: 

OBJECTIVES 

The objectives of the present study are: 

1. Selection and collection of wild and commercial gums and determination of 

physiochemical and biochemical profile of the selected gums. 
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2. Hydrolysis and modification of selected gums and their characterization. 

3. Use of crude, purified, hydrolyzed and modified for the determination of 

pharmaceutical   applications, such as tablet binders.   

 

 

 

 

 

 

CHAPTER 2 

    REVIEW OF LITERATURE 

Natural polysaccharides have an important and vital role in pharmaceutical, food and 

cosmetic industry. Initially for this current study eight natural gums were selected, four 

commercial and four wild types, to explore their role as binder in tablet formulations.  

2.1: Selected commercial gums 

1. Azadirachta indica 

Scientific classification 

Kingdom: Plantae 

Division: Magnoliophyta 

Order: Sapindales 

Family: Meliaceae 

Genus: Azadirachta 

Species: A. indica 

Binomial name: Azadirachta indica  

Common names 

Following are common names of A. indica are Indian lilac (English), margosa 

(Arabic), nimm (Punjabi), nimtree (Telugu).  

Distributional range 
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It is distributed in India, Bangladesh, China and Pakistan (USDA, ARS, National 

Genetic Resources Program, 2008). 

Exudate appearance 

Gum of A. indica is present in trees in dry areas (Figure 2.1). Having the appearance 

as nodules, large tears and vermiform pieces, that is generally present in the wounded area 

(Nussonovitch, 2010). 

 

Figure: 2.1: Azadirachta indica oozing gum from tree (Nussonovitch, 2010). 

A. indica gum (Figure 2.2) has light brown or pale-yellow color. That darkens to 

color brown with age (Nussonovitch, 2010).  

 

Figure: 2.2: Azadirachta indica (Neem) gum  

Exudate properties 

Gum oozing from 
a tree 
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The gum gives light brown color dispersion with water. The gum possesses structure 

of branched polysaccharide having the following monosaccharides: fucose, arabinose, 

glucuronic acid and galactose (Nussonovitch, 2010). 

Medicinal & traditional uses of Azadirachta indica 

All parts of A. indica are commonly used in traditional medicine for household 

remedies against various human diseases (Rajakani et al., 2013). Tree of A. indica is used 

for ornamental purposes. Neem is also used as beauty aids, adhesives, lumber, herbs and 

have numerous pharmaceutical uses (Oqunjimi and Alebiowu, 2014). Neem also produces a 

small edible fruit (Nussonovitch, 2010). Neem has medicinal importance such as antifungal, 

anthelmintic, antibacterial, antivira0l, antidiabetic and sedative. Azadirachta indica gum is 

helpful against skin diseases like ringworms, wounds, scabies and ulcers (Biswas et al., 

2002; Drabu et al., 2012). 

Isoprenoids including terpenoids containing azadirone, limonoids and its derivatives, 

C-Secomeliacins such as azadirachtin, are the phytoconstituents that had been isolated from 

neem. Amino acids, polysaccharides and polyphenolics as nonisoprenoids are also reported 

to be present in neem (Zhang et al., 2010).   

For the maintenance of general health and skin care, the use of A. indica had been 

documented by many scientific reports. Different parts of neem such as leaves, fruit, bark, 

flowers, oil and gum are documented to be used in a variety of treatments having remedial 

properties (Upma et al., 2011), which are cardioprotective effect (Peer et al., 2008), 

antimicrobial effects (Helmy et al., 2007), hepatoprotective action (Devmurari and Jivani, 

2010), snake venom phospholipase A2 inhibitor (Mukherjee et al., 2008), neuroprotective 

effect (Yanpallewar et al., 2005), insecticidal (Morgan, 2009; Kreutzweiser et al., 2011), in 

vitro antiviral (Galhardi et al., 2012), antibovine herpesvirus type 1 activity (Saha et al., 

2010), acaricidal (Deng et al., 2012), antibacterial activity (Kumar et al., 2012) and 

antimutagenic activity (Vinod et al., 2011). 

2. Melia azedarach 

Scientific classification 

Kingdom: Plantae 

Division: Magnoliophyta 

Class: Magnoliopsida 
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Order: Sapindales 

Family: Meliaceae 

Genus: Melia 

Species: M. azedarach 

Binomial name: Melia azedarach  

 

 

Figure: 2.3: Melia azedarach (Dhareek) gum  

Common names 

M. azedarach (Figure 2.3) is known as chinaberry tree, bead-tree, melia and bakain 

(Khan et al., 2011). The gum is also called kohomba gum.  

Distributional range 

This plant is present in Pakistan, Indo-China, India, Australia, Southeast Asia, 

Indonesia, Sri-Lanka, Africa, United States, Mexico and West Indies (USDA, ARS, National 

Genetic Resources Program, 2008; Nussonovitch, 2010). Gum of M. azedarach, produce 

from trees very freely in dry areas (Figure 2.4). 
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Figure 2.4: Melia azedarach oozing gum from tree (Nussonovitch, 2010). 

Exudate properties 

This gum is present in nodules, large tears and vermiform pieces, on the wounded 

area of trees. Mostly in dry areas the good quality gum is produced. The color of gum is light 

brown or pale-yellow, which darkens with age to color brown. It gives thick brown color 

solution when dissolved in water. Gum is composed of galactose, arabinose, fucose, and 

glucuronic acid (Nussonovitch, 2010). 

Medicinal uses of Melia azedarach 

Melia azedarach has several medicinal uses (Dias et al., 2014), such as antimalarial, 

antihelmintic, emetic, emmenagogic and cathartic properties. M. azedarach is also used in 

treating skin diseases and fruit is used as external parasiticide (Nussonovitch, 2010).  

3. Albizia lebbeck 

Scientific classification 

Kingdom: Plantae 

Division: Magnoliophyta 

Order: Fabales                         

Family: Fabaceae  

Genus: Albizia 

Species: A. lebbeck 

Binomial name: Albizia lebbeck 

Common names 
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Flea tree, lebbeck, Koko, Frywood, saras, siris and lebbeckboom are few common 

names of A. lebbeck (Nussonovitch, 2010). 

 

 

Figure: 2.5: Albizia lebbeck (Saras) gum  

Distributional range 

Gum of Albizia (Figure 2.5) is native to Pakistan, Bangladesh, India, S. China, Burma 

and Malaysia. This gum is naturalized in many countries of the tropics and subtropics regions 

such as Asia, Hawaii, Africa, West Indies, Polynesia and Tropical S. America.  And is found 

in deciduous and semi-deciduous monsoon forest and rainforests in its native habitat, and in a 

variety of situations in the humid and semi-arid tropics and subtropics (Pachuau et al., 2012; 

Nussonovitch, 2010). 

Exudate properties 

Albizia trees are well-known to produce gums and are sources of pharmaceutical 

emulsifiers (De Paula et al., 2001; Nussonovitch, 2010; Avachat et al., 2011; Singh et al., 

2014). Saponins and insecticidal compounds are extracted from A. lebbeck for medicinal 

purposes and are the sources of tannins. Albizia is the source of timber and fuel wood in 

India. And are used as shading plants and ornamental trees. In Africa, Albizia gums are also 

used for book binding and cosmetics (Nussonovitch, 2010).  

Structural studies on Albizia gums reveals the composition as β-(1→3) D-

galactopyranose, α-(1-3) L-arabinofuranose and β-(1→6) D-galactopyranose units (De Paula 

et al., 2001; De Pinto et al., 2002; Avachat et al., 2011). Albizia gum have been successfully 
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used in tablet formulations as binders (Odeku and Itiola, 2002; Odeku, 2005) and as vehicles 

for the delivery of drugs to the colon (Odeku and Fell, 2005; Ofori-Kwakye et al., 2009).  

Due to the broad distribution of different Albizia species all through the world, 

Albizia gums could become a new, cheaper and renewable industrial gum. 

4. Dalbergia sissoo: 

Scientific classification 

Kingdom: Plantae 

Division: Magnoliophyta 

Order: Fabales 

Family: Fabaceae  

Genus: Dalbergis 

Species: D. sissoo 

Binomial name: Dalbergia sissoo 

 

Common names 

Dalbergia sissoo (or Indian Rosewood), commonly known as ‘Shisham’ in Hindi. It 

is a deciduous rosewood tree, also known as sisu.  

Distributional range 

The plant is found throughout India, Iran, Pakistan, Nepal and Bangladesh (Upwar et 

al., 2011). 

Exudate properties 

By tradition Dalbergia sissoo (Figure 2.6) is used as fuelwood and timber. These 

trees give farmers a cost-effective method of reclamation and land protection. Their 

importance as insecticidal, medicinal and harboring of honey bee importance has been 

known since centuries (Shah et al., 2010). 
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Figure: 2.6: Dalbergia sissoo (Shisham) gum  

Medicinal Importance of D. sissoo 

D. sissoo has many medicinal properties (Rana et al., 2014). It has been used as 

abortifacient, aphrodisiac, anthelmintic, antipyretic and expectorant (Shah et al., 2010). The 

extracts were reported as anti-inflammatory (Kumari and Kakkar, 2008; Kumar and Kumud, 

2010), analgesics (Hajare et al., 2000) and antidysentric (Brijesh et al., 2006).  

It is used in conditions like ulcers, emesis, dysentery, leucoderma, skin diseases and 

stomach troubles. D. sissoo is antidiarrhoeal as it affects bacterial virulence. However, it has 

no antimicrobial activity (Brijesh et al., 2006). The extract of D. sissoo showed antioxidant 

activity (Kumari and Kakkar, 2008) that is almost two times higher than other commonly 

used antioxidants like vitamin E and Selenium. Strong repellent action has been studied by 

the use of D. sissoo (Ansari et al., 2000). Roots, leaves and bark of D. sissoo, are used as 

astringent and stimulant (Hussain et al., 2008).  

2.2: Selected wild gums 

1. Butea monosperma 

Scientific classification: 

Kingdom: Plantae 

Division: Magnoliophyta 

Order: Fabales 

Family: Fabaceae 

Genus: Butea 

Species: B. monosperma 
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Binomial name: Butea monosperma   

Common names 

Vernacular names include flame of the forest (English), Dhak (Hindi), Palas (Hindi), 

Porasum (Tamil), Kesudo (Gujrati), Kamarkus (Urdu) and Keshu (Punjabi) (Nussonovitch, 

2010). 

Distributional range 

 Butea monosperma is widely distributed in Bangladesh, Sri Lanka, Thailand, Nepal, 

Pakistan, Vietnam, Cambodia, western Indonesia and Malaysia (Nussonovitch, 2010).  

Exudate appearance 

The gum has angular or irregular tear shapes (Figure 2.7). B. monosperma gum has 

very astringent taste having an intense garnet-red color. By having exposure to sun it 

becomes black in color. Only to some extent gum dissolved in water and known as a 

hydrophilic colloid (Nussonovitch, 2010). 

 

Figure: 2.7: Butea monosperma (Kamarkus) gum 

Medicinal Importance of B. monosperma 

B. monosperma have importance of medicinal and other miscellaneous uses (Sharma 

and Deshwal, 2011). In traditional medicine, there are many natural crude drugs that have the 

potential to treat many disease and disorders one of them is Butea monosperma. It has been 

used as tonic, astringent, aphrodisiac and diuretic (Malpani et al., 2012). The bark of this 

plant possesses antiulcer, antitumor and anidiabetic activities (Harish et al., 2014). The 

leaves have antimicrobial property whereas the root bark is used as antihelmintic, analgesic 
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and aphrodisiac. The flowers of B. monosperma possess aurones, butein, butin, butrin, 

coreipsin, chalcones, isobutrin, isocoreipsin and palasitrin (Malpani et al., 2012). 

Butea monosperma gum is rich in riboflavin. Also containing gallic acid, procynidin, 

leucocyanidin, thiamin, ketonic acid, some mucilaginous material and pyrocatechin 

(Deshmukh et al., 2011). Gum is useful as depurative, astringent, useful in diarrhoea, 

haepoptysis, haemorrhoids, leprosy, skin diseases and haematemesis. Gum of B. 

monosperma is also used to treat microbial and fungal infections (Malpani et al., 2012). 

2. Commiphora mukul 

Scientific classification: 

Kingdom: Plantae 

Division: Magnoliophyta 

Order: Sapindales 

Family: Burseraceae 

Genus: Commiphora 

Species: C. mukul 

Binomial name: Commiphora mukul 

Common names 

 Some common names of C. mukul are Mukul myrrh tree, Guggul, Guggal, Arabian 

and African myrrh, Guggulsterone, gum myrrh and guglip. 

Distributional ranges 

 C. mukul is tolerant of poor soil and prefer arid and semi-arid climates. It is present in 

tropical and subtropical areas, such as north eastern Africa, India, central Asia and Southern 

Arabia (Langenheim, 2003; Shen et al., 2012) Northern Kenya (Baser et al., 2003).  

Exudate properties 

For the secretion of gum (Figure 2.8) from wild sources the tree requires years of 

maturation. Through tapping, gum resins present in the soft bark of tree are collected. On the 

main stem circular incisions are made for secretion of gums. Aromatic (Su et al., 2011), pale 

yellow fluid exudates from these incisions that solidifies quickly to form reddish brown or 

golden brown agglomerate of stalactic pieces or tears. The dried resin have a balsamic odour 

and bitter aromatic taste (Anurekha and Gupta, 2006).  
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Figure: 2.8: Commiphora mukul (Guggal) gum 

Medicinal importance of C. mukul 

 C. mukul have medicinal importance. Its usages and functions are reported in ancient 

literature of Egypt, Rome, Greece and China (Langenheim, 2003). It is used for treatment of 

pain, wound, fractures, arthritis, obesity (Mehta and Tripathi, 2014), gastrointestinal diseases, 

tumor, fever, ache and parasitic infection (El Ashry et al., 2003; Shen and Lou, 2008; Tonkal 

and Morsy, 2008; Abdul-Ghani et al., 2009).     

Many metabolites such as steroids, lignans, terpenoids, flavonoids, sugars, 

carbohydrates, long chain aliphatic alcohol and lignin have been determined from 

Commiphora species (El Ashry et al., 2003; Hanus et al., 2005; Ahmed et al., 2006; Shen et 

al., 2007; Shen and Lou, 2008; Su et al., 2008). 

Some traditional uses of Commiphora mukul are its antispasmodic, anti-

inflammatory, carminative, hypoglycemic, antiseptic, emmenagogue, a thyroid stimulant, 

antidiabetic, antihyperlipidemia, antioxidant and anthelminitic properties (Ramesh et al., 

2013). In the treatment of many degenerative diseases in modern medicine and as a 

hypolipidemic drugs this herb is used (Ulbricht et al., 2005). 

3. Acacia modesta 

Scientific classification: 

Kingdom: Plantae 

Division: Magnoliophyta 

Order: Fabales 

Family: Fabaceae 
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Genus: Acacia 

Species: A. modesta 

Binomial name: Acacia modesta 

Common names 

 Some common names of Acacia modesta are phulahi (Indian), phulai (Urdu), paloz 

(Indian), balckwood (English), black sally (English), Amritsar-gum (English). 

Distributional ranges 

Acacia modesta (Figure 2.9) is commonly found in Pakistan, India, Afghanistan 

(Nussonovitch, 2010).  

 

Figure: 2.9: Acacia modesta (Phulai) gum 

Exudate properties 

 Shape of gum A. modesta is as small tears, angular fragments and vermiform. It is 

translucent and yellow color gum (Nussonovitch, 2010). 

Medicinal importance of A. modesta 

 Acacia, is widespread in the warm arid and sub arid portions of the world.  Following 

secondary metabolites have been reported from various Acacia species: alkaloids, amines, 

cyclitols, cyanogenic glycosides, seed oils, fatty acids, fluoroacetate, gums, non-protein 

amino acids, terpenes, flavonoids, hydrolyzable tannins and condensed tannins (Seigler, 

2003). 

Acacia modesta is used as miswak (chewing sticks) in many parts of Pakistan. The 

fruits, leaves, wood and bark are mostly used as medicinal, fuel and timber purposes and 

posses antioxidant, antifungal and antibacterial activities (Zahoor et al., 2014). The miswak 
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of A. modesta is used for stop bleeding and washing of gums.  It is effective against chronic 

stomach disorders, gastric troubles and dental diseases (Asghar et al., 2003; Murad et al., 

2011). The gum is also used as a tonic and to cure dysentery (Sher et al., 2012). 
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4. Ferula assafeotida 

Scientific classification: 

Kingdom: Plantae 

Division: Magnoliophyta 

Order: Apiales 

Family: Apiaceae 

Genus: Ferula 

Species: F. asafeotida 

Binomial name: Ferula asafeotida 

Common names 

 Kamol, hing (Indian), rochaek, kavrak, giant fennel, stinking gum, devil’s dung 

(English) are some common names of Ferula assafeotida (Nussonovitch, 2010). 

Distributional ranges 

Gums of F. assafeotida (Figure 2.10) are found in Temperate-western Asia, Iran, 

Afghanistan, Turkmenistan, Kyrgyzstan, Uzbekistan, Pakistan (Nussonovitch, 2010).  

 

Figure: 2.10: Ferula assafeotida (Hing) gum 

Exudate properties 

 Oleogum resins are a mixture of aromatic substances and polysaccharides which are 

usually soluble in cold water. The monosaccharides present in F. assafeotida are arabinose, 

rhamnose, glucuronic acid, galactose and 4-O-methyl derivative. The gum composed of 

(1→3)-linked-β-D-galactopyranose residues attached to L-arabinopyranose, and D-
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galactopyranose and L-arabinofuranose residues (Nussonovitch, 2010; Iranshahy and 

Iranshahi, 2011; Akhlaghi et al., 2012). 

F. assafeotida has an unpleasant odour. This is considered to be the main reason of 

gum-resin which has a typical bitter taste and sulfurous odour (Lee et al., 2009; Iranshahy 

and Iranshahi, 2011; Mahendra and Bisht, 2012). Gum-resin contains coumarins, 

sesquiterpene coumarins, ferulic acid and its esters. It consists of the volatile fractions having 

sulfur-containing compounds and monoterpenes (Iranshahy and Iranshahi, 2011).  

Medicinal importance of F. assafeotida 
Ferula assafeotida has been used as a folk phytomedicine and spice for many 

centuries and usually used for treating some diseases as asthama, epilepsy, intestinal 

parasites, weak digestion and influenza (Ross, 2005; Lee et al., 2009; Al-Jafari et al., 2012; 

Zellagui et al., 2012). Recent biological and pharmacological studies had shown some 

activities of F. assafeotida gum (Kavoosi and Rowshan, 2013) which are antifungal (Singh, 

2007; Sitara et al., 2008; Angelini et al., 2009), antiviral (Lee et al., 2009), antioxidant 

(Dehpour et al., 2009), cancer chemopreventive (Saleem et al., 2001), antispasmodic (Fatehi 

et al., 2004), antidiabetic (Abu-Zaiton, 2010; Znati et al., 2014), molluscicide (Kumar and 

Singh, 2006) and hypotensive (Fatehi et al., 2004).  

2.3: Physiochemical properties 

For the use of gum as binders in tablets the characteristics such as pH, swelling index 

and rheological studies should be determined. The related review of literature on 

physiochemical and biochemical properties is given below: 

Kwakye et al. (2010) evaluated Cashew gum for its physicochemical and binding 

properties in metronidazole tablet formulations. The moisture content and insoluble matter in 

crude cashew gum (CCG) and purified cashew gum (PCG) was determined. The pH of PCG 

mucilage was less stable than CCG. Granules comprising of metronidazole, lactose, maize 

starch, talc and magnesium stearate were prepared using PCG as binder. All used granules 

have good flow properties. This study demonstrated that PCG can be used as a binder in 

tablet formulations. 

Gundidza et al. (2011) isolated gum resin from Commiphora africana. The moisture, 

rheological and ash content were documented. It possess low shear stress and moisture, this 

gum appeared to be attractive because it will attract little bacterial or fungal growth in the 
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formulation. The present study has showed that this gum has potential to use in cosmetic, 

pharmaceutical and food industries.  

Sinha et al. (2011) established the potential of odina gum in the preparation of drug 

delivery systems, as a novel pharmaceutical aid. Binding of the gum with the drugs were 

determined using Differential scanning colorimetry (DSC) and FTIR. Swelling studies were 

carried out to study the drug release process. Thus diffusion and swelling were known to be 

the vital means of the gum based matrices to module drug release. Khounvilay and 

Sittikijyothin (2012) characterized a seed gum, tamarind as seed polysaccharide from 

Tamarindus indica for rheological and physicochemical studies. T. indica composed of 

glucose, xylose and galactose. The dynamic viscoelasticity and steady shear characteristics of 

tamarind gum were examined. The mechanical spectra of gum solution illustrated the typical 

shape for macromolecular solutions.  

Pachuau et al. (2012) studied the physiochemical properties and monosaccharide 

composition of gum Albizia procera. Crude gum had reddish brown color and gives clear 

dispersion with water. The flow property of gum was determined using angle of repose and 

Carr’s index. It was concluded that gum of A. procera possesses good flow property. 

Through Brookfield viscometer the rheology of gum solution (5%) was studied. 

Morphological study was performed by the help of Scanning electron microscope. DSC 

analysis of powdered gum was performed, and the FTIR spectrum was also recorded. After 

acid hydrolysis, main monosaccharides present in A. procera gum were galactose and 

arabinose which were analyzed through High performance anion exchange chromatography. 

Fadavi et al. (2014) investigated the physicochemical properties and composition of 

three different types of gum Zedo collected from Amygdalus scoparia. Galactose and 

arabinose were the present monosaccharides analyzed through GC-MS. There was no 

difference in FTIR spectra of selected three gums. TG–DTA analysis reveals that 

decomposition of gum is dependent on gum type. All three samples also have different 

consistency coefficient and viscoelastic behavior.  

2.4: Biochemical properties 

Ghalem and Mohamed (2009) studied the antibacterial activity of essential oil from 

the gum of Pistacia atlantica, against Staphylococcus aureus, Escherichia coli and 

Streptococcus pyogenes. Gum extracted from this plant also showed significant results 
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against above mentioned bacterial strains that are even resistant to commonly used 

antimicrobial agents. Omer et al. (2011) determined the antimicrobial activity of ether and 

ethanolic extracts of Commiphora myrrha against two Gram negative, two Gram positive 

bacteria and fungi. Two-layer agar diffusion method was used. Activity against bacterial 

species was shown by ethanolic extracts. While, ether extract exhibited activity against 

fungal and Gram positive bacterial species. The minimum inhibitory concentration of 

ethanolic extracts show activity against Gram negative bacteria. Whereas, MIC of ether 

extracts give result against Gram positive bacterial and fungal species. 

Singh et al. (2009) determined antioxidant activity and phytochemical analysis of a 

medicinal plant Balanites roxburghii, using its aqueous and ethanolic extracts. The results 

show that both extracts have strong antioxidant effects. Presence of different phytochemical 

compounds alkaloids, saponins, flavonoids, tannins, phenolic compound, gum and mucilage 

in the plant were determined using phytochemical analysis. Kumaran et al. (2010) used 

Cassia roxburghii gum to study the antimicrobial properties. The microbial count for both 

bacteria and fungi were within the limits. 

Khan et al. (2011) described the antibacterial activity against some pathogenic 

bacteria of few Indian plants which are being used in medicines of Unani system. The 

aqueous extracts of Sisymbrion irio, Tinospora cordifolia, Glycerrhiza glabra, Peristrophe 

bicalculata and Viola odorata were used against Escherichia coli and Salmonella typhi. All 

the used extracts exhibit strong antibacterial activity. For the toxicity analysis against human 

erythrocytes these plants extracts were also used. The results indicate that these extracts 

cause less haemolysis of human erythrocytes. These aqueous plant extracts can be 

successfully used as an effective and alternate agent to lower the pathogen.  

Naqvi et al. (2011) studied biochemical and molecular properties of hetero-

polysaccharide mucilage taken from citrus rootstocks of different types. Studies explained 

that mucilage have starch, maltose, glucosamine, d-xylose and total soluble sugars. For 

studying the biochemical properties like protein, protease, catalase, amylase, superoxide 

dismutase (SOD) and peroxidase (POD) enzyme assay were determined. Proximate analysis 

was performed for calculating moisture, crude lipid, crude protein, crude fibre, energy and 

ash. The extracted proteins were studied by SDS-PAGE. The samples were characterized 

through FTIR spectroscopy for its structural properties. 
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Jahanbin et al. (2012) extracted a new gum from Acanthophyllum bracteatum’s roots. 

The gum was purified for use. Its proximate analysis was carried out. The purified gum has 

0.9% protein, 1.5% ash, 84.3% carbohydrate and 3.2% moisture. The mineral content was of 

good quality as to commercial hydrocolloids. Using the technique of HPLC its 

monosaccharide analysis showed the following sugars galactose, rhamnose, arabinose, 

glucose and uronic acids. The result proposes that this gum might be used in food systems to 

improve foaming properties. 

 Deshpande and Kadam (2013) described the phytochemical analysis and antibacterial 

activity of Acacia nilotica, which has broad range of medicinal uses. Ethanolic and 

petroleum ether and ethanol extracts were used for the phytochemical screening. Presence of 

carbohydrate, alkaloids, tannins, saponins, flavonoids, anthraquinone and cardiacglycosides 

were revealed, in both extracts. Whereas, proteins, fats, amino acids and fixed oils were 

absent. By using agar diffusion the antimicrobial activity was performed. The petroleum 

ether extracts showed less activity as compare to ethanol extracts, against the Streptococcus 

mutans. According to the results A. nilotica can be used in treatment of dental caries, as an 

antimicrobial agent.      

2.5: Hydrolysis and modification 

Grobl et al. (2005) investigated some gums to study their monosaccharide 

constituents through capillary electrophoresis. After hydrolysis with trifluoroacetic acid, the 

following monosaccharides were present, galactose, arabinose, rhamnose, mannose, fucose, 

xylose and glucose, along with glucuronic and galacturonic acid.  This technique was used to 

study the gums used in water colours, paints.  

Singh et al. (2010) studied microwave induced modified seed gum of Cassia 

javanica. By using different concentrations of acrylic acid at fixed microwave power and 

time, copolymers were synthesized. By performing FTIR spectroscopy, Brunauer–Emmett–

Teller (BET), SEM analysis and X-Ray diffraction, the optimum gum has been characterized. 

These samples were confirmed to be an efficient mercury ion sorbent.  

Dodi et al. (2011) studied polysaccharides and their chemical modification for 

biomedical purposes. Partially carboxymethylated gum has been synthesized for studying the 

modification of gums. The modified guar gum was structurally characterized by NMR, FTIR 

spectroscopy and TGA. The properties of guar gum were improved after the process of 
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purification and carboxymethylation. This carboxymethylated gum can be a capable 

substitute for the oral delivery of hydrophilic macromolecules. 

Malik and Ahuja (2011) carried out polyacrylamide grafting of gum kondagogu using 

microwave irradiation. The characterization of grafted gum was performed using DSC, FTIR, 

SEM and XRD. Time of exposure to microwave rays, microwave power and ammonium 

persulfate of different concentration has significant effect on efficieny of grafting. Whereas, 

different concentration of gum has shown no effect. The grafted gum kondagogu exhibits 

faster in vitro release from tablets of diclofenac sodium, as compared to crude gum. Mishra 

et al. (2011) synthesize a graft copolymer in nitrogen atmosphere. The water swelling 

capacity of the copolymer was determined. For treatment of coal mine waste water, 

flocculation property was investigated. By using FTIR and TGA the grafted sample was 

characterized. The FTIR spectra of carboxymethylated guar gum shows that the grafting has 

done at the hydroxyl groups. The TGA result reveals that the modified gum is thermally 

more stable than the crude gum. Carboxymethylated gum illustrates better properties of 

swelling index and exhibits resistance to flocculation and biodegradability efficiency.  

Kumar and Ahuja (2012) used modified gum kondagogu to evaluate its 

pharmaceutical applications. The selected gum was modified by carboxymethylation, by 

reacting the gum under alkaline condition with monochloroacetic acid. Characterization of 

modified gum shows increase in surface roughness and degree of crystallinity. The viscosity 

was reduced as compared to crude gum. There was improvement in mucoadhesive properties. 

The modification of gum kondagogu revealed that modified gum can perform better in 

sustained-release beads formulations as compare to unmodified gum. Shahid et al. (2013) 

carried out microwave irradiation modification of guar gum with different irradiation time. 

The modified guar gum was characterized by FTIR, XRD, SEM and TGA. Modified guar 

gum was also used to evaluate its role in controlled release of triamcinolone (drug). Drastic 

changes in characterization study were shown by the crude, purified and grafted gum. The 

concluded results described that modified guar gum has the potential for being used in 

specific drug delivery systems as oral administrated. 

2.6: Characterization of gums 

Bamiro et al. (2010) evaluated gum exudates as a binding agent in carvedilol tablet 

formulation, obtained from Terminalia randii. Polyvinylpyrrolidone (PVP) and corn starch 
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were studied as standard binders. The gum was characterized by FTIR, SEM and XRD. The 

particle size, pH and viscosity determinations of the gum were also studied. During the 

crushing strength and friability test the mechanical properties of the tablets was determined. 

The disintegration and dissolution time, the drug release properties were determined. The 

results showed that the binding properties of gum compared favorably with the standard 

binders and could have application in controlled release tablet formulations. Nep and 

Conway (2010) isolated grewia gum from inner bark of Grewia mollis. The characterization 

was conducted by gel chromatography, gas permeation chromatography, SEM, TGA and 

DSC. Some spectroscopic techniques were also performed as solid-state NMR, FTIR and x-

ray photoelectron spectroscopy. It showed that isolated gum is an amorphous in nature, 

consisting of rhammose, galactose, xylose, and arabinose. The gum is thermally stable and 

possess applications as suspending agent in cosmetics, stabilizer. Grewia gum could have 

several uses in the field of food and pharmaceutical.  

Sand et al. (2011) synthesized a graft copolymer using partially carboxymethylated 

guar gum in the presence of nitrogen atmosphere. The result of reaction on grafting 

parameters has been determined. Characterization of grafted copolymer has performed using 

TGA and FTIR spectroscopy. Physico-chemical properties of grafted gum have been studied 

showing that this gum could be exploited very well in industry.  

Mudgil et al. (2012) enzymatically hydrolyze guar gum using cellulase. FTIR, DSC, 

XRD, TGA the hydrolyzed gum was performed for structural characterization. The 

molecular weight was determined by performing viscometry analysis. There was a decrease 

in molecular weight after hydrolysis of guar gum. No major change was seen in structural 

characterization after enzymatic hydrolysis. It was concluded that hydrolyzed guar gum can 

be used as dietary fiber in food industry. Rana et al. (2012) determined the structure and 

composition of a polysaccharide from leaves of D. sissoo. The monosaccharides present were 

galactose, glucuronic acid, glucose and rhamnose.   

2.7: Gum based silver nanoparticles 

Nano biotechnology is one of the emerging fields in recent years. 

Liu et al. (2008) described that in drug delivery system, natural polysaccharides had 

received more attention, because of their significant features. In the production of nano-

metric carriers, these polysaccharides appear to be most capable products. Ionic and covalent 
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crosslinking, hydrophobically self assembly and polyelectrolyte complex were the four new 

mechanisms introduced for the production of natural polysaccharides based nanoparticles.  

Abdel-Halim et al. (2011) prepared grafted guar gum. For preparation of silver 

nanoparticles the grafted gum was used. A UV–visible spectrum of synthesized silver 

nanoparticles was recorded. The grafted copolymer has enhanced stabilization efficiency 

than each individual component alone. 

Bankura et al. (2012) used the aqueous solution of dextran for the production of silver 

nanoparticles, while the silver nitrate used gets reduced in the chemical reaction. This was a 

rapid and one step reaction. Some characterization techniques like UV-Visible spectroscopy, 

TEM, XRD and AFM were performed for confirmation of silver nanoparticles formation. 

The formation of silver nanoparticles was assured by these techniques. These produced silver 

nanoparticles possess the activity to inhibit the bacterial strain used. It was the study where 

authors developed the Ag-nanoparticles on the green matrix of dextran.  

Xu et al. (2014) synthesize silver nanoparticles using water solution of xanthane gum 

as reducing agent. The prepared silver nanoparticles were characterized through UV-vis 

spectroscopy, TEM and FTIR. The AgNPs showed good antibacterial activity against 

Staphyloccocus aureus and Escherichia coli. This research gives a good method for the 

detection of gum structure transition by the help of metal nanoparticles present on them.  

2.8: Pharmaceutical potential 

Silva et al. (2009) used cashew gum and acrylic acid for the preparation of 

nanoparticles using cerium ammonium nitrate .The FTIR spectrum of the nanoparticles was 

taken. The dried nanoparticles were dried and then dissolved in water to check the effect of 

freeze-drying on particle size. The behavior of the nanoparticles was also found to be pH 

sensitive. Basawaraj et al. (2010) demonstrated that a variety of gums had been used in tablet 

formulation as binders. The Moringa oleifera gum was found having binding property. This 

gum was employed as a binding agent in chloroquine phosphate tablets and was compared 

with potato starch. Results indicated that this gum performed as well as potato starch. 

 Kumaran et al. (2010) used Cassia roxburghii gum to study it as a binder for 

paracetamol and diclofenac sodium. Wet granulation method was used for preparing the 

granules of drugs. The physiochemical, phytochemical and microbiological properties of the 

gum were studied. This gum has good mechanical, binding and release properties in 



39 
 

paracetamol tablet formulation. Onunkwo. (2010) studied okru gum as a binder for 

pharmaceutical tablet formulations. Gelatin acacia and polyvinylpyrrolidone were the used 

standard binders. Okru gum gave highest hardness/friability ratios as compared to standard 

binders. It also prolongs the disintegration time and dissolution time and rate. It could never 

be used as a binder or hydrophilic polymer in tablet formulation. Singh et al. (2010) 

described that gum exudated from Mangifera indica can be used as tablet binder in 

paracetamol tablets. Natural polysaccharides are useful when used as binder in tablet 

formation; they are also easily available and cheap. Wet granulation method was used for the 

formulation of paracetamol tablets, and the M. indica gum was used as tablet binder. 

Physiochemical properties of the paracetamol tablets were studied. According to the results, 

for the tablet formulation, the selected gum has the potential to be used as a binder.      

Kumar et al. (2011) reported that polysaccharide collected from Tamarindus indica 

have few properties such as pH tolerance, non-carcinogenic, high viscosity and 

biocompatibility. The objective of study was to explore the effective and cheap excipient 

from natural sources. T. indica is used as binder, gelling agent, stabilizer and thickener in 

pharmaceutical and food industry. It can be used in formulations in pharmaceutical industry. 

The studied natural polysaccharide as natural polymer will be of low price, biodegradable, 

non-hazardous and available without difficulty. Prajapati et al. (2013) reported that 

pharmaceutical excipients based on natural sources are available nowadays. In cosmetic and 

pharmaceutical industries, mucilages and gums are being widely used, because they are 

abundantly present in nature, safe and have low price. Natural polysaccharides can be 

modified by different methods, to study their role in drug delivery systems. In the present 

study, role of some natural gums and modified gums in pharmaceutical industry was 

described.  

After the comprehensive and detailed review on the pharmaceutical potential of 

gums, and their characteristics, the research project was designed to perform the above 

mentioned parameters on some selected gums and their modified forms. According to the 

literature studied on the selected crude, purified, hydrolyzed and modified gums no related 

data was reported.  
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CHAPTER 3 

Materials and Methods 

In the present study it was planned to evaluate the pharmaceutical potential of some 

natural gums, on the basis of their biochemical and physiochemical analysis. The major part 

of research was completed at Medicinal Biochemistry Lab., Department of Chemistry and 

Biochemistry, University of Agriculture, Faisalabad, Pakistan and Department of 

Pharmaceutics, School of Pharmacy, University College London, UK (IRSIP).  

Materials 

a. Selected gums 

Initially on the basis of intense review some selected commercial gums were 

Azadirachta indica, Melia azaderach, Albezia lebbeck, Dalbergia sissoo and wild gums were 

Butea monosperma, Commiphora mukul, Acacia modesta and Ferula assafeotida selected for 

this study (Figure 3.1).  

 

Figure 3.1: Initially selected commercial and wild gums 
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b. Chemicals 

The chemicals which came into utilization were of high quality at least analytical 

grade from the companies like Sigma-Aldrich (U.S.A), Fluka (U.S.A), BBI (UK), Oxoid 

(UK), Merck (Germany), Pharmacia and ICN. 

c. Instruments 

The following instruments were used in the current study:  

Magnetic stirrer       GallenKamp, England 

Hot air oven        Dr. Ing. A. Hofmann 

Blender        Mamrelax, Fait common, France 

Centrifuge                   800, centrifugal machine, China 

Micro-centrifuge       235C, Fischer Scientific, USA. 

pH-meter        3BW, microprocessor, pH/mv/temperature meter 

UV-lamp         Allen 

Rheometer        AR 1000 N, Leatherhead, Surrey, UK 

µ-Quant        Biotek, USA. 

Autoclave        Omron, Japan 

Laminar air flow        Dalton, Japan 

Electric balance        MP-300, Ohyo, Japan 

Incubator         Memmert 

Vortex         Velp Scientifica, Italy 

Thermostatic Water bath      HH-4 China 

Microwave oven       Dawlance, Karachi 

Scanning electron microscope      S-2380N, Hitachi, Japan 

Fourier transmission infra red       Bruker Tensor 27 FTIR Spectrometer, UK 

Thermogravimetric analyzer        Hi-Res. 2950, Thermogravimetric analyzer, USA 

Differential scanning colorimeter      DSC Q-2000, USA 

Spectrophotometer       Jenway, 6305 UV/Vis spectrophotometer, UK.  

Spectrophotometer                                  T60-UV-Visible spectrophotometer, PG instruments, 

UK 

Tablet machine       F3, Manesty, England 

Hardness meter       TBH 200 
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Friabilator       Copley FR-1000, UK 

Dissolution apparatus                             USP II dissolution Apparatus, PTWS3C, Pharma test, 

Hainburg, Germany 

Disintegration apparatus      Copley, ZT 34, UK 

Methods 

The methodology for the research work has been discussed under the following heading: 

3.1: Selection and purification of wild and commercial gums 

3.2: Physiochemical properties 

3.3: Biochemical analysis 

3.4: Hydrolysis and modification of gums 

3.5: Antioxidant activity of gum samples 

3.6: Antimicrobial assay of selected gum extracts 

3.7: Toxicological and mutagenicity study of gums  

3.8: Characterization of gum samples 

3.9: Gum based silver nanoparticles 

3.10: Pharmaceutical potential 

3.11: Statistical Analysis 

Methodology 

3.1: Selection and collection of wild and commercial gums 

After the review and market survey commercial and wild gums were purchased from 

the local market of Faisalabad, Pakistan. The selected gum samples were classified as 

commercial or wild, also were identified and confirmed from Dr. Masood Hameed, Associate 

Professor, Department of Botany, University of Agriculture, Faisalabad, Pakistan.  

Purification and extraction of gums 

The dried gum samples were powdered to obtain a fine and uniform sample. This was 

the crude gum. For the purification of gums the method of Sinha et al. (2011) was used. The 

gums were set aside for overnight in water and allowed to swell and a viscous solution was 

obtained. The viscous gum solution was stirred on a mechanical stirrer for 6 h at room 

temperature. The solution was filtered. This solution was slowly added to ethanol. White 

amorphous precipitates were obtained in the gum solution. That were filtered and purified 

further by treatment with absolute ethanol. The white precipitates were dried in oven at 40 °C 
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and stored for further use as the purified gum. On the basis of highest yield one wild and one 

commercial gum was selected for further modification and hydrolysis. 

Extraction of gums 

Initially all the gum samples were made dirt and dust free. The gum samples were 

extracted in the potassium phosphate buffer (pH: 7.8) and methanol. The extracts of 

commercial and wild gums were processed according to the following procedure in the 

phosphate buffer with some modifications in the methodology reported by Shahid et al. 

(2008). The mixtures were kept at 4°C followed by centrifugation at 10,000 xg for 10 min at 

4°C. The residues were discarded and the supernatant was separated and filtered to remove 

particles. The filtrates were stored at 4°C for further analysis. 

3.2: Physiochemical properties 

3.2.1: pH determination         

 The 1% w/v solution of crude gums in water was prepared and left for 5 min. Using a 

digital pH meter (3BW, microprocessor, pH/mv/temperature meter), pH was determined 

(Singh et al., 2010). 

3.2.2: Fluorescence analysis         

 The fluorescence of selected crude gums was noted, under UV light (Chase and Pratt, 

1949; Jahan et al., 2008). 

3.2.3: Swelling Test 
The 1.0 g of each crude gum sample was placed in 15 mL plastic centrifuge tubes and 

the occupied volume was noted. 10 mL of distilled water, phosphate buffer (pH 7.4) and 0.1 

N HCl were used for the swelling test and were poured in falcon tubes containing samples. 

They were mixed on the vortex (Velp Scientifica) for 2 min. The mixture was allowed to 

stand for 10 min. The falcon tubes containing mixture was centrifuged (800, centrifugal 

machine, China) for 10 min at 1000 rpm. The supernatant was carefully collected and the 

volume of swollen gum was measured. Using the following equation the swelling index was 

calculated: 

S=V2/V1 

S =Swelling index 

V1 = Volume occupied by the gum prior to hydration 
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V2 = Volume occupied by the gum after to hydration 
                
(Akpabio et al., 2011). 

3.2.4: Rheological Measurements 

The rheometer, TA instruments, AR 1000 N (Leatherhead, Surrey, UK) equipped 

with rheology advantage software was used. Flat steel plate geometry with a 60 mm diameter 

was used for all samples. Its large surface area results in minimal sample damage upon 

closure and during the test. Approximately 3 mL sample volume was used for every test. The 

sample concentration was 1% w/v. The following tests were performed for rheological 

analysis of crude gum samples.  

Oscillation tests 

Following oscillation tests for rheological measurements were performed: 

3.2.4.1: Frequency sweep  

The frequency sweep was performed to determine the effect of frequency on 

rheological properties of sample solution. The angular frequency (rad/sec) was increased 

from 0.1 to 150 and the applied strain was fixed at 5% (Vianna-Filho et al., 2013). It is 

usually performed to determine the viscoelastic properties of the sample, as the function of 

time scale. Some parameters such as storage modulus (G') and loss modulus (G'') were 

determined from frequency sweep. Figure 3.2 shows some examples of frequency sweep 

datasets.  

 

Figure 3.2: Oscillatory rheogram of frequency sweep 
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The G' and G'' of sample 1 are independent of frequency, G' is dominant over G'' in 

the entire frequency range indicating the system is well structured and has more solid like 

behavior. On the other hand, sample 2 is frequency dependent, the G'' is dominating over G' 

showing that the system has little internal network and is disturbed easily.    

3.2.4.2: Time sweep                                 

  It allows the gelation time of sample to be determined (Vianna-Filho et al., 2013). 

The response of sample was analyzed at the frequency of 1 Hz, strain 5% and for 20 mints. 

The time sweep directly provides the necessary information about how the material changes 

as time passes. The gelation time is the time when G' and G'' crossover (Figure 3.3). If G'' is 

higher than G', before crossover point, indicates that the system is in liquid state. After the 

point of crossing over, if G' is higher than G'' indicates that the system is transforming to a 

solid-like gel.         

 

Figure 3.3: Oscillatory rheogram of time sweep 

3.2.4.3: Temperature sweep         

The temperature sweep test was carried out for the determination of temperature of 

phase transition for the gum solutions (Vianna-Filho et al., 2013). It observes the changes in 

the sample’s microstructure with respect to temperature at a predefined value of frequency. 

In temperature sweep, the G' and G'' are measured. It is useful to analyze the phase transition 

of the material that exhibits a thermo-sensitive property. Figure 3.4 illustrates an example of 

temperature sweep. 
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   Figure 3.4: Oscillatory rheogram of temperature sweep 

In the start of experiment, at low temperature, if the G'' is greater than G', indicates 

that the sample is in a liquid state and behaves more liquid-like. And when at high 

temperature, G'' is less than G', shows that the sample has gone through the liquid to gel 

transition and now behaves more like a solid. The transition temperature is the point of phase 

transition to solid state from liquid state of the sample, which is the cross over point as shown 

in figure 3.4. To study the temperature sweep of gum solutions the temperature was increased 

from 0 ºC to 90 ºC at a rate of 1 ºC/min, with the frequency of 1 Hz and oscillation stress of 1 

Pa. 

3.3: Biochemical Analysis 

3.3.1: Proximate analysis 

 For determination of physical parameters of commercial gums proximate analysis 

was performed following AOAC methods (AOAC, 2011; Barros et al., 2007; Galla and 

Dubasi, 2009). 

a. Determination of moisture 

 Gum sample (5 g) was taken in an aluminium dish and placed in an air oven at 65 oC 

for 24 hours for drying until it attained constant weight. Percentage of moisture was 

determined by using following formula. 

 
Moisture (%) =   Wt. of original sample (g) - wt. of dried sample (g) ×100 
    Wt. of original sample (g) 
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b. Estimation of crude fat 

 The crude fat was determined by extracting powdered sample with petroleum ether, 

using a Soxhlet apparatus. Dried sample (5 g) was taken in a thimble and put in the extraction 

tube of Soxhlet apparatus. The temperature of the heater was so adjusted that continuous 

drops of ether fell on the sample in extraction tube. The process of extraction was carried out 

for 16 hours to allow complete extraction. Then the sample was removed and the solvent was 

evaporated under the fume hood. The extract was completely dried in oven for 30 minutes at 

105oC. The weight of extract was recorded after cooling in desiccator. Crude fat in the gum 

samples were calculated by using following formula:  

Crude fat (%) =    Weight of fat in sample (g) × 100 
   Weight of sample (g) 
 
c.  Estimation of crude protein 

 The crude protein of the gum samples were estimated by the micro-Kjeldahl method. 

Dried sample 2.5 g  was digested with 25 mL of concentrated sulphuric acid and 5g of 

digestion mixture (CuSO4 9: K2SO4 90: FeSO4 1) till transparent digested material was 

obtained. The digested mixture was diluted. To 10 mL of digested mixture 10 mL of 40% 

NaOH was added and the resultant mixture was distilled in Micro-Kjeldahl apparatus. The 

ammonia, thus liberated was condensed and collected in 10mL of boric acid solution having 

methyl orange as an indicator. The distillate was titrated against 0.1N sulphuric acid solution 

until golden yellow end point was obtained. Percentage of Nitrogen in selected sample was 

calculated as: 

   mL of 0.1N H2SO4 × 0.0014 × dilution volume of sample 
Nitrogen (%) =  
         Weight of sample × mL of digested sample used 
d. Estimation of ash 

  Dried sample (3 g) was taken in a crucible and heated on oxidized flame till smoke 

subsided. Then the crucible was transferred to muffle furnace and heated at 550oC for six 

hours. When the sample was completely burnt and ash became white the crucible was 

recovered from the furnace and cooled in desiccators. The ash content was weighed and 

percentage was calculated as: 
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           Weight of ash in sample (g)  
    Ash (%) =                                 × 100 

            Weight of the sample 
e. Crude fiber 

Crude fiber of both gums was determined. In a 1000 mL beaker, 3 g of dried and fat free 

sample was taken. 200 mL of 1.25 % H2SO4 was added to it and level of beaker was marked. 

This was allowed to boil for 30 minutes with constant stirring and also the level of water was 

maintained. These contents were filtered while warmed giving 2 to 3 washings with hot 

water until it became alkali free. The residue was carefully transferred in a crucible and dried 

in hot air oven at 100°C for 3-4 hours until smoke ceased to come out. Then this sample was 

put in a muffle furnace at 550°C for 4 hours until grey color ash was obtained. This was 

allowed to cool in a desiccator and weighed. Percentage of crude fiber was calculated by 

using formula 

% Crude Fiber =  (crucible wt. before washing – crucible wt. after washing)       × 100 

       Weight of sample 

 
f. Determination of total carbohydrates 

Total carbohydrates were calculated by difference.       

Total carbohydrates = 100 – (g moisture + g protein + g fat + g ash). 

g. Determination of Nitrogen free extract (NFE) 

Nitrogen free extracts percentage was calculated by the formula: 

%NFE = 100-(% of crude proteins + % crude fiber + % crude fat + % crude ash) 

h. Total energy         

Total energy was calculated according to the following equations).              

Energy (Kcal) = 4 × (g protein + g carbohydrate) + 9 × (g lipid)   

Energy (kJ) = 17 × (g protein + g carbohydrate) + 37 × (g lipid) 

3.3.2: Micro-macro elemental analysis of gums 
It is an elemental analysis technique. It is a type of atomic emission spectroscopy 

having prominent features such as convenience, rapidness, capability of real-time and online 

analysis with minimal sample preparation and minor sample damage. The micro-macro 

elemental of the selected crude gums were analyzed by Laser induced breakdown 

spectroscopy (LIBS).    
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3.3.3: Biochemical Profiling 

3.3.3.1: Extractable protein and enzyme analysis 

a. Protein content determination 

The soluble proteins of the sample were determined by Bradford method (Bradford, 

1976). 2 mL of Bradford reagent was taken and crude gum solution (50 µL) was added to it. 

Blank contains Bradford reagent. The samples were incubated at 37 °C for 30 min and 

absorbance was taken at 595 nm. Protein content was determined by standard curve prepared 

with different concentrations of bovine serum albumin (BSA). 

b. Protease 

 The activity of protease was determined by casein digestion assay described by 

Drapeau (1974). A series of tubes were equilibrated with 2 mL of 1% Casein at 35 ºC for 5 

min. To all the tubes 100 µL of gum extract was added and mixed well. Exactly 10 min after 

adding samples, reaction was stopped by adding 2 mL (10%) TCA solution and mixed well. 

Tubes were allowed to stand for 10 min and the reaction solution was filtered. The 

absorbance of the filtrate was measured at 280 nm. One unit of protease activity was defined 

as “the amount of enzyme that released acid soluble fragments equivalent to 0.001 units per 

min”.      

c. Superoxide dismutase (SOD) 

 The activity of SOD was determined by measuring its ability to inhibit the 

photoreduction of nitroblue tetrazolium (NBT) following the method of Giannopolitis and 

Ries (1977) and Wu et al. (2010).  The reaction solution had a composition of 0.222 gm 

methionine in 15 mL of DI water, 0.015 gm of NBT in 17.5 mL of DI water, 0.0375 mL of 

Triton-X in 17.5 mL of DI water, 0.0132 gm of Riboflavin in 17.5 mL of DI water and 0.2 M 

buffer. 

   Assay      Volume   
  Phosphate buffer    500 µL  
  Methionine      200 µL 
  NBT      100 µL 
  Triton-X     200 µL 
  Riboflavin     100 µL 
  Sample      100 µL 
  Distilled water     800 µL 
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 Placed the test tubes containing reaction mixture under UV lamp for 15 minutes then 

riboflavin was added and noted the absorbance at 560 nm. One unit of SOD activity was 

defined as “the amount of enzyme that inhibited 50 % of NBT photoreduction”. 

d. Catalase and Peroxidase 

Activities of catalase and peroxidase were measured using the method of Chance and 

Maehly (1955) with some modifications. The reaction solution for CAT contained 50 mM 

phosphate buffer (pH; 7), 5.9 mM H2O2, and 0.1 mL gum solution. The reaction was initiated 

by adding the sample. Changes in absorbance of the reaction solution at 240 nm were read 

every 20 seconds. One unit of CAT activity was defined as “an absorbance change of 0.01 

units per min”. The POD reaction solution contained 50 mM phosphate buffer (pH; 5), 20 

mM guaiacol, 40 mM H2O2 and 0.1 mL gum solution. Changes in absorbance of the reaction 

solution at 470 nm were determined every 20 seconds. One unit of POD activity was defined 

as “an absorbance change of 0.01 units per min”.  

e. Amylase 

 Amylase activity was determined using the modified method as reported by Varavinit 

et al. (2002). 0.1 mL of the gum solution was taken and 1.5 mL of 2% soluble potato starch 

solution containing 500 ppm of calcium ion and 1 mL of 100 mM tri (hydroxymethyl amino 

methane /HCl buffer) pH 7 was added. The mixture was incubated with constant shaking at 

40 ºC for 15 -30 min. By adding 1 mL of 3, 5-dinitrosalicylic acid, the reaction was stopped, 

followed by boiling for 10 min and to develop brown color. The final volume was made to 5 

mL with dist. water and absorbance was measured at 540 nm.    

3.3.3.2:  Sugar estimation 

a. Determination of reducing sugars 

 Reducing sugars content of selected medicinal gums was determined by using the 

method of Sadasivam and Manickam (1992) with some modifications. Extract 100 µL was 

mixed with 900 µL of de ionized water and 1.5 mL of DNS reagent. The mixture was mixed 

and boiled for 5 minutes till the development of dark brown color. To this hot solution 1mL 

of Rochelle salt solution was added and cooled the sample under running water. The 

absorbance was taken at 510 nm. The amount of reducing sugar in the sample was calculated 

using a standard graph prepared from working standard glucose solution (Figure 3.5). 
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              Figure 3.5: Standard curve of glucose for determination of reducing sugars content 

b. Determination of total soluble sugars 

Total soluble sugars content of selected medicinal gums was determined by using the 

method of Sadasivam and Manickam (1992) with some modifications. To 100 µL extract 

was mixed 900 µL of de ionized water and 1 ml of Anthrone reagent. The mixture was 

heated for 8 minutes and cooled. The absorbance of resultant mixture was noted at 630 nm. 

The amount of soluble sugar in the sample was calculated using a standard graph prepared by 

plotting concentration of the standard on the X- axis versus absorbance on the Y- axis 

(Figure 3.6). 
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          Figure 3.6: Calibration curve of glucose for determination of total soluble sugars 

3.3.3.3: Monosaccharidal composition 

 For monosaccharidal composition a method described by Benhura and Chidewe 

(2002) was used with minor modification (Jahanbin et al., 2012). For sample hydrolysis, in a 

sealed tube, 1 mL of 2 M trifluoroacetic acid (TFA) was taken; 10 mg of gum sample was 

added in it. And followed by heating at 120 ºC for 3 h. Using NaBH4 (50 mg), the hydrolyzed 

product was reduced. The 20 µL of the sample was injected into HPLC column. The solvent 

was used at a flow rate of 0.6 mL/min. A refractive-index detector was used and the column 

oven temperature was 80 °C. Monosaccharides were identified by comparing their retention 

times with the following sugar standards: mannose, rhamnose, fructose, melezitose, 

galactose, xylose, arabinose and glucose. They were quantified according to their percentage 

area and retention time.  

3.4: Hydrolysis and modification of gums 

3.4.1: Hydrolysis of gum samples 

a. Acidic hydrolysis 

Acidic hydrolysis of gums was performed by using the method of Grobl et al. (2005). 

Purified gum samples ranging from 0.2-4 mg were taken up in 2 M triflouroacatic acid (100 

µL/0.2 mg sample) and hydrolyzed in capped glass vials for 2h at 110oC. After hydrolysis the 
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hydrolyzed samples was collected through ethanol precipitation method. The hydrolyzed 

gum was dried in oven.  

b. Partial basic hydrolysis  

 For partial basic hydrolysis of gums the method of Beltran et al. (2008) was used. 

Purified gum sample (5g) was hydrolyzed with 200 mL of saturated solution of barium 

hydroxide at 100 oC for 8 hours. The hydrolyzed sample was neutralized with 1 M H2SO4. 

The resultant product was precipitated, filtered and oven-dried. 

c. Enzymatic hydrolysis 

 For enzymatic hydrolysis of purified gums method of Tester and Sommerville (2003) 

was used with some modifications. Concentration of gums was chosen to the limit where it 

just began to form loose and easily dispersible gel. Gum samples (10 mg ± 0.1) were 

accurately weighed into 10 mL capped tubes. The 0.5 mL of distilled water was added to the 

samples and mixed thoroughly with a clean plastic rod. Tubes were placed in water bath for 

30 minutes at 40-80oC so that gels became swollen. The resulted gels were loosely dispersed 

with plastic rod and 1.5 of acetate buffer having pH 4.7 was added to the tubes containing 

gum solution. The content of tubes was mixed thoroughly. Then 5 mL of mannanse was 

added. Final volume was made 2.5 mL using water. The mixture was incubated at 30 oC for 

15 minutes. After hydrolysis the sample was precipitated using ethanol, filtered and oven-

dried for further analysis. 

3.4.2: Modification of gums 

a. Polyacrylamide grafting 

Chemical modification of both selected gums was performed by using a method of 

polyacrylamide grafting reported by Singh et al. (2009). The 0.1 g of purified gums was 

dissolved in 25 mL distilled water. Acrylamide (16 × 10-2 M), AgNO3 (8.0 × 10-5 M) and 

ascorbic acid (22 × 10-3 M) was added to solution. The solution was thermostated at 35 ± 2 

ºC at water bath. K2S2O8 (8.0 × 10-3 M) was added after 30 min. The reaction was allowed for 

1 h. Using ethanol the polyacrylamide modified gum was separated from polyacrylamide by 

precipitating the reaction mixture. The collected modified gum was washed with ethanol. The 

final product was oven-dried for further use.  
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b. Carboxymethylation 

 For carboxymethylation of selected gums the following procedure was used, reported 

by Dodi et al. (2011), with some modifications. The 2 g of purified gum was dissolved in 100 

mL of distilled water. 5 % of NaOH was prepared. 10 mL of this solution was added to gum 

dispersion at the rate of 1 mL within 15 min at room temperature with continuous stirring. 1 

g of Choloroacetic acid was dissolved in 15 mL distilled water. At a period of 10 min this 

solution was added to the reaction mixture. Using ethanol the reaction product was extracted. 

The precipitated gum was repeatedly washed by ethanol. Modified gum was oven-dried for 

further use. 

c. Microwave irradiation grafting  

 For microwave irridation modification the method described by Sen et al. (2010) and 

Shahid et al. (2013) was used. In this process, microwave radiations were applied for 

initiation of free radical sites on the backbone of carbohydrate polymer. Purified gum of A. 

modesta and D. sissoo (2 g) was dispersed in 80 mL of distilled water and a homogeneous 

solution was made by using magnetic stirrer. Then 10 g of acrylamide was dissolved in 20 

mL of distilled water and was incorporated to the prepared gum solution. Then this solution 

was transferred to the reaction vessel and kept in microwave oven for irradiation for 3 

minutes. 

3.5: Antioxidant Activity 

3.5.1: DPPH radical scavenging activity 

The free radical scavenging activity of the polysaccharides was determined by 2, 2- 

Diphenyl-1-Picryl hydrazyl (DPPH) test by using the method of (Bozin et al., 2006). Sample 

aliquot, 50 µL was added to 5 mL of a 0.004% methanol solution of DPPH. After 30 min of 

incubation period at room temperature, the absorbance was taken against a blank at 517 nm. 

The assay was carried out in triplicate. 

Scavenging effect (%) = (Ablank – Asample/Ablank) × 100 

Where Ablank is the absorbance of the control reaction and Asample is the absorbance of the 

samples. 

3.5.2: Total Phenolic Content                       

Folin–Ciocalteau reagent was used for the determination of total phenolics (Anjum et 

al., 2013). Extracts of selected gums were made in methanol by homogenizing it in mortar 
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pestle. After that mixture was centrifuged and residues were discarded and the supernatant 

separated and filtered to remove particles. Sample 100 µL + 20 µL 10% Folin–Ciocalteu 

reagent was vortexed for 5 minutes then 800 µL 700 mm Na2CO3 was added to the mixture. 

After standing for 1 hour at room temperature, absorbance was measured at 765 nm, along 

with blank. The amount of phenolics in the sample was calculated using a standard graph 

prepared by plotting concentration of the standard on the X- axis versus absorbance on the Y- 

axis (Figure 3.7). 

 

 

     Figure 3.7: Standard curve of gallic acid for the determination of total phenolic contents 

3.6: Antimicrobial assay of selected gum extracts 

3.6.1: Antimicrobial activity 

The antimicrobial activity of gums was checked against bacterial and fungal strains 

by disc diffusion method (Singh et al., 2013; Afzal et al., 2014).  

Strains used: 

Fungal strains 

i. Aspergillus niger 

ii. Aspergillus terreus 

Bacterial strains 

i. Escherichia coli 

ii. Staphylococcus aureus 

Concentration (µg/mL) 
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 These strains were characterized from the Department of Veterinary Microbiology, 

University of Agriculture, Faisalabad. These pathogenic strains were used to determine the 

antimicrobial activity with reference to the minimum inhibitory concentration (MIC) of the 

natural polysaccharides. 

3.6.1.1: Bacterial assay 

Bacterial growth medium, cultures and inoculums preparation 

The cultures were maintained on nutrient agar medium in the slants and petri plates. 

For the inoculums preparation 13g/L of nutrient broth was dissolved in distilled water, mixed 

well, heated for homogenous distributed. The medium was autoclaved and loop full of pure 

culture of a strain was mixed in the medium aseptically and placed in shaker for 24 h at 37 

ºC. The inocula for propagation were stored at 4 ºC in refrigerator.   

Antibacterial assay by disc diffusion method 

 Nutrient agar 28 g/L was suspended in distilled water mixed well and sterilized by 

autoclaving. Before the medium was transferred to sterilized plates, inoculum was added to 

the medium, mixed and finally poured in sterilized plates. Autoclaved wicks paper discs (8 

mm) were laid flat on growth medium containing 100 µL of gum extract prepared in 

methanol. The petri plates were then incubated at 37 ºC for 24 h, for the antibacterial activity 

of gum samples. The extracts having antibacterial activity, inhibited the bacterial growth and 

clear zones were formed. The zones of inhibition were measured in millimeters using zone 

reader.  

3.6.1.2: Antifungal assay of gum extracted samples  

Growth medium, culture and inoculums preparation 

Pure cultures of the fungi were maintained on sabouraud dextrose agar medium in 

slant and petri plates that were presterilized in hot air oven. These cultured slants were 

incubated at 28 ºC for 3-4 days for the multiplication of fungal strains.  

Antifungal assay by disc diffusion method 

The prepared sterilized growth medium was transferred to the sterilized petri plates. 

The autoclaved wicks paper discs were laid flat on growth medium having fungal growth, 

and 100 µL of the extract was applied on each disc. The petri plates were incubated at 28 ºC 

for 48 h. The extracts having antifungal activity exhibited clear zones around the discs. The 

zones of inhibition were measured in millimeters using zone reader. 
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3.6.2: Minimum Inhibitory Concentration (MIC) of gum extracts 

Materials 

Sample 100 µL, liquid medium (sabouraud liquid for fungus and nutrient broth for 

bacteria) 50µL, inoculum 10 µL, indicator 10 µL. 

Preparation of the plate 

 Under aseptic conditions plates were prepared. In the first row of the plate, the gum 

extract was pipetted. Then 50 μL of nutrient broth/sabouraud broth for bacterial/fungal 

(respectively) strains was added to all other wells. Using multichannel pipette serial dilution 

was performed. 10 μL of resazurin indicator solution and microorganism was added to each 

well. Every plate was loosely wrapped. Rifamapacin was used as positive control. The plates 

were placed in an incubator at 37 °C for 18–24 h. Any color changes from purple to pink or 

colorless were recorded as positive. The lowest concentration at which color change occurred 

was taken as the MIC value (Sarker et al., 2007; Brudzynski and Kim, 2011).  

 The absorbance of the plates was taken at 595 nm. The aborbance was used to 

construct the growth inhibition profiles by using the following formula:  

Growth inhibition (%) = Acontrol - Aexperimental      ×100   
    Acontrol 

The minimal inhibitory concentrations (MIC90) were determined from the growth 

inhibition profiles curves and represented the lowest concentration of the gum samples that 

inhibited the bacterial growth by 90% as measured by the absorbance at A595 nm. 

3.7: Toxicological and mutagenicity study of gums 

3.7.1: In vitro toxicity by haemolytic assay 

 The in vitro haemolytic activities of crude, purified and processed gum extracts were 

determined (Shahid et al., 2013). The gum extracts were prepared at different concentrations 

of 2, 4, 6, 8 and 10 %. Three mL of freshly obtained human blood was added in heparinized 

tubes to avoid coagulation and gently mixed, poured into a sterile 15 mL falcon tubes and 

centrifuge at 850 x g for 5 min. The supernatant was poured off and RBCs were washed three 

times with 5 mL of chilled (4 ºC) sterile isotonic phosphate buffer saline (PBS) solution, 

adjusted to pH 7.4. The washed RBCs were suspended in the 20 mL chilled PBS. 

Erythrocytes were counted on haemacytometer. The 20 µL of sample was taken in 

eppendorfs and 180 µL diluted blood cell suspension was added to it. The samples were 
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incubated for 30 minutes at 37 ºC with agitation. After incubation the eppendorfs were placed 

for 5 min on ice and centrifuged for 5 min at 1310 x. After centrifugation 100 µL supernatant 

was taken fron the tubes and diluted with 900 µL chilled PBS. All eppendorfs were 

maintained on ice after dilution. 200 µL of this mixture was added into 96 well plates. For 

each assay, 0.1% triton X-100 was taken as a positive control and phosphate buffer saline 

(PBS) was taken for each assay as a negative control. The absorbance was noted at 576 nm. 

The assay was conducted in triplicate. The % lysis of RBCs calculated by the following 

formula: 

           Lysis of RBCs % = (Absorbance of sample/Absorbance of triton X – 100) x 100 

3.7.2: Mutagenicity test 

 For the mutagenic/antimutagenic activity Ames bacterial reverse-mutation test (Ames 

et al., 1975) was performed  but entirely in liquid culture (fluctuation test) (Razak and Aidoo, 

2011). 

Test bacterial strains 

Two mutant strains, Salmonella typhimurium TA98 and Salmonella typhimurium 

TA100 were purchased from EBPI. These bacteria were maintained on nutrient agar at 3º ± 

1ºC. The bacteria were inoculated in nutrient broth and incubated at 37ºC for 18 - 24 h prior 

to the test.  

Chemicals 

The following chemicals were prepared: Davis-Mingioli salt (5.5 times concentrated), 

D-glucose (40%, w/v), bromocresol purple (2 mg/mL), D-biotin (0.1mg/mL), and L-histidine 

(0.1 mg/mL). Two sterile standard mutagens were sodium azide (NaN3, 0.5 μg/100 μl) for S. 

typhimurium TA100 and potassium dichromate (K2Cr2O7 30 μg/100 μL) for S. typhimurium 

TA98. All chemicals were kept at 3 ± 1ºC until used. 

Preparation of reagent mixture 

Reagent mixture comprising of Davis-Mingioli salt (21.62 mL), D-glucose (4.75 mL), 

bromocresol purple (2.38 mL), D-Biotin (1.19 mL) and L-Histidine (0.06 mL). These were 

mixed aseptically in a sterile bottle. Reagent mixture, extract, sterile deionised water, strains 

and standard mutagens were mixed in several bottles at the amount indicated in Table 3.1: 
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Table 3.1: Set-up of the fluctuation assay 

Treatment 

Volume added (ml) 

Mutagen 

standard 
Extract 

Reagent 

mixture 

Deionised 

water 

Salmonella 

test strain 

Blank - - 2.5 17.5 - 

Background - - 2.5 17.5 0.005 

Standard 

mutagen 
0.1 - 2.5 17.4 0.005 

Test sample - 0.005 2.5 17.5 0.005 

 

Mutagenicity assay 

The 200 µL of the prepared contents was dispensed into each well of a 96-well 

microtitre plate. The plate was placed in an air tight plastic bag to prevent evaporation and 

incubated at 37 ºC for 4 days. 

Interpretation of results and statistical analysis 

The blank plate was observed first and the rest of plates were read only when all wells 

in the blank plate were colored purple indicating the assay was not contaminated. The 

background, standard, and test plates were scored visually and all yellow, partial yellow or 

turbid wells were scored as positive wells while purple wells were scored as negative. The 

extract was considered toxic to the test strain if all wells in the test plate showed purple 

coloration. For an extract to be mutagenic, the number of positive wells had to be more than 

twice the number of positive well in the background plate. This was determined statistically 

as described by Gilbert (1980). 

3.8: Characterization of gum samples 

 The crude, purified, hydrolyzed and modified gums samples were characterized 

through following advanced and modern techniques. To obtain a fine and uniform sample 

size, the samples were subjected to high speed mechanical blender (Vinod et al., 2008). 

3.8.1: Scanning Electron Microscope (SEM) 

 For the study of surface morphology (Bamiro et al., 2010) the powdered samples of 

crude, purified, hydrolyzed and modified gums of Dalbergia sissoo and Acacia modesta, 
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were analyzed in scanning electron microscopy. At the voltage of 7 KV the samples were 

analyzed at two different magnification powers. The facility of SEM was used from Central 

resource lab (CRL), Peshawar.    

3.8.2: Thermo-gravimetric analysis (TGA) 

For the thermal behavior of gum samples they were analyzed using TGA analyzer 

(Hi-Res. 2950 Thermogravimetric analyzer). The facility of TGA was used in School of 

Pharmacy, University College London, UK.  

3.8.3: Differential scanning calorimetry (DSC) 

DSC Q-2000 was used to study the difference in amount of heat required for the 

increase of temperature of gum samples and the reference was measured as a function of 

temperature (Nep and Conway, 2010). This instrument was used in School of Pharmacy, 

University College London, UK. 

3.8.4: Fourier transform infrared (FTIR) 

 FTIR spectra of crude, purified and processed gums for the study of functional groups 

were studied using FTIR spectroscopy (Bruker Tensor 27 FTIR Spectrometer, UK). The 

samples were analyzed directly, in the form of powder. The range of spectrophotometer was 

from 500 cm-1 to 4000 cm-1 (Bamiro et al., 2010). The facility of FTIR was used from School 

of Pharmacy. University College London, UK.  

3.8.5: X-ray diffraction (XRD) 

  XRD was performed for the phase analysis of polycrystalline gum samples, which 

reveals that whether the sample is amorphous or crystalline in nature (Mudgil et al., 2012). 

3.8.6: Flow test 

 Flow test gives information related to viscosity using steady state flow (Rincon et al., 

2009). A simple flow curve may be generated by applying a series of shears and recording 

resulting viscosity. The shape of the curve may be used to predict flow behavior in polymers. 

Flow test was performed to determine the flow behavior of gum solution using the crude, 

purified, hydrolyzed and modified gum. Steady state flow was chosen for this purpose. In 

this parameter time is allowed to pass for the collection of each data point till the equilibrium 

state is reached. The shear rate was from 0 - 1000 s-1. Shear stress and viscosity was plotted 

against shear rate. Steady state flow test is destructive test; therefore sample after this test 
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was discarded. Rheometer was used for the study of flow test, from School of Pharmacy, 

University College London, UK.  

3.9: Gum based silver nanoparticles 

 Silver nitrate and purified gums of A. modesta and D. sissoo were used for the 

preparation of silver nanoparticles. All the solutions were prepared in distilled water.  The 

0.5% (w/v) of homogenous gum solution was prepared and the concentration of silver nitrate 

was 1 mM. The gum based silver nanoparticles were synthesized by autoclaving the solution 

at 121 ºC for 15 min. The prepared silver nanoparticles were characterized by spectral 

analysis in the region of UV/visible using spectrophotometer (Kora et al., 2010; Kora and 

Arunachalam, 2012). Antibacterial activities of gum based silver nanoparticles were studied 

against a panel of bacterial strains (Kim et al., 2007; Hwan et al., 2011). 

3.10: Pharmaceutical potential 

 The selected crude, purified, modified and hydrolyzed gums were used as tablet 

binders in paracetamol tablets, to evaluate their role as binders and were compared with 

Hydroxypropyl methylcellulose (HPMC) a synthetic binder.   

3.10.1: Preparation of granules 
Wet granulation method (Singh et al., 2010) was used for the preparation of granules. 

The binder concentration used was 1.5% w/w. Paracetamol (33.02 mg/tablet), lactose (163 

mg/tablet), micro-crystalline cellulose (44.03 mg/tablet) were dry mixed manually on mortar 

and binder solution (1.5%) was used as granulating fluid. The wet mass was granulated by 

passing them manually from a sieve of number 12 mesh sieve. The granules were dried at 

50ºC in hot air oven for 30 minutes. After drying of granules, they were resieved from 

number 30 mesh sieve. And 1 % magnesium stearate was added. 

Analysis of granules 

a. Bulk and tapped densities 

 The 10 g (W) of granules were weighed and transferred in a 50 mL measuring 

cylinder and the volume occupied by granules was noted, which is the bulk volume (VB). The 

bulk density (PB) was calculated from the equation: 

PB = W/VB (g/mL) 
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The tapped volume was determined by tapping the cylinder from a fixed height on a 

soft base, until there was no further reduction in volume (Vt). The tapped density (Pt) was 

calculated from the following equation: 

Pt = W/Vt (g/mL)   (Onunkwo, 2010) 

b. Carr’s compressibility index and Hausner’s ratio 

The data generated was used in calculating the Carr’s compressibility index (CI) and 

Hausner’s ration (HR).  

     CI = 100(TD-BD) 

     HR = TD/BD    

TD= tapped density 

BD= bulk density              (Baswaraj et al., 2010). 

3.10.2: Preparation of tablets 

 For the formulation of tablets the granules were compressed in a tabletting machine 

(Model: F3, Manesty, England), fitted with 8 mm convex faced punches at a tablet target 

weight  of approximately 250 g. 

Tablet evaluation 

a. Uniformity of weight determination 

 Twenty tablets were randomly selected from each batch and then weighed 

individually and collectively using an electronic weighing balance. The mean weight and 

standard deviation were determined (Ahuja et al., 2013). 

b. Hardness test 

 The hardness of 10 tablets from each batch was taken randomly for determining their 

hardness. The hardness tester model  TBH 200 was used. The mean hardness was calculated 

(Ahuja et al., 2013). 

c. Friability 

 20 tablets were randomly selected from each batch and their weight was noted 

collectively as initial weight. These tablets were placed in a friabilator (Copley FR-1000, 

UK) at speed of 25 rpm for 4 min. This device subjects the tablets to the combined effect of 

abrasions and shock in a plastic chamber revolving at 25 rpm and dropping the tablets from a 

height in each revolution. After the completion of a run the tablets were de-dusted and 

weighed, that was the final weight. Using the following formula the friability was calculated: 
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  F = (initial weight – final weight)/ initial weight × 100        

    (Ahuja et al., 2013) . 

d. Disintegration time determination  

 The disintegration time of tablets was determined according to the method described 

in the British Pharmacopoeia, 2010. Six tablets were placed in each component of the 

disintegration apparatus (Model: Copley, ZT 34, UK). The disintegration medium was 0.1 N 

HCl, maintained at 37 ± 1 ºC. The disintegration time was taken as the mean time needed for 

the tablets to break into particles small enough to pass through the screen into the 

disintegration medium. The tablets were considered to have passed the test, when the tablets 

passed through the mesh of the apparatus within 15 minutes (Ahuja et al., 2013). 

e.  Dissolution rate determination 

Drug release from tablets was determined using dissolution bath apparatus (USP II 

dissolution Apparatus, PTWS3C, Pharma test, Hainburg, Germany) employing British 

Pharmacopoeia 2010 method. One tablet was placed in the apparatus and rotated at 100 rpm. 

The dissolution medium was 900 mL 0.1 N HCl, maintained at 37 ± 0.5°C. After every 5 

minutes interval, 5 mL of sample was withdrawn from the dissolution medium. And was 

replaced by an equivalent fresh dissolution medium, till 90 minutes. The collected samples 

were analysed at 243 nm using UV/VIS spectrophotometer. The amount of drug present in 

the samples was calculated (Ahuja et al., 2013). The experiment was performed in triplicate. 

Mean and Standard deviation of analysis was determined.  

3.11: Statistical Analysis         

 The mean ± SD was calculated for the triplicate experiments. Furthermore ANOVA 

was applied to see the significance and non-significance difference among selected gums and 

their treated samples. After ANOVA using test statistics, LSD was performed. By using the 

statistical software STATISTICA version 8.1 (Stat soft Inc, Tulsa Okahoma, USA) the 

statistical analysis was performed. 
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CHAPTER 4 

Results and Discussion 

After the survey of literature, eight gums (Table 4.1), four wild and four commercial 

were selected. In the present project, on the basis of purification yield, finally two gums were 

selected, Acacia modesta and Dalbergia sissoo. For further study hydrolysis and 

modification of these gums were carried out to alter their properties. A wide range of 

parameters were performed to study their physiochemical and biochemical properties. The 

role of selected gums as tablet binders was evaluated to record their pharmaceutical potential.   

4.1: Selection and purification of wild and commercial gums 

All the eight selected gums (Table 4.1) were purified through ethanol precipitation, a method 

reported by Sinha et al. (2011). The percentage yield is given in Table 4.1.  

Table 4.1: Percentage yield of selected gums for the study 

Scientific name  Common name  Percentage yield 

       Commercial gums 

Azadirachta indica  Neem  60 

Melia azaderach  Dhareek 59 

Albizia lebbeck  Siris 70 

Dalbergia sissoo  Shisham  79 

      Wild gums 

Butea monosperma  Kamarkus  65 

Commiphora mukul  Guggul 60 

Acacia modesta  Phulai  70 

Ferula assafeotida  Hing 61 

 

Dalbergia sissoo and Acacia modesta having high percentage yield were selected to evaluate 

the physiochemical and biochemical properties. The voucher numbers of D.sissoo and A. 

modesta were: 1010-14-1 and 1010-14-2, respectivley, given from Herbarium, Department of 

Botany, University of Agriculture, Faisalabad.   
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4.2: Physiochemical properties 

For the physiochemical analysis the following tests were performed: 

4.2.1: pH determination 

A 1% w/v dispersion of D. sissoo and A. modesta gave acidic pH (Table 4.2). Jahan et 

al., (2008) has reported, 5.1 and Singh et al., (2010) reported 5.0, the pH of gum acacia. The 

pH of gum is an important parameter to determine its suitability in acidic, basic or neutral 

drugs. Information regarding the pH of the gum is an essential parameter to determine its 

appropriateness for the formulation process. As the physiological properties and stability of 

the preparation are dependent on pH (Singh et al., 2010). Another function of pH is that it 

has influence on the surface active molecules and interactions between them. For instance the 

proteins and gum polysaccharides (Mahfoudhi et al., 2012).   

4.2.2: Fluorescence analysis 

The fluorescence of crude gum samples was noted under UV light (Table 4.2). This 

parameter was performed to determine the purity and standard. Creamy color of gum acacia 

was also observed and reported by Jahan et al. (2008).  

4.2.3: Swelling Test 

The swelling ratio of D. sissoo and A. modesta was studied in following different media: 

 0.1 N hydrochloric acid 

 potassium phosphate buffer (pH 7.4)  

 water 

  The swelling ratio was highest in water followed by 0.1 N HCl and least in phosphate 

buffer. The results (Table 4.2) showed that both gums have high swelling index and can be 

used as binder in tablet formulations. Water absorption or water retention capacity is the 

main cause of any polysaccharide’s swelling ability (Kumar et al., 2011). Swelling is the 

prime procedure of diffusion controlled release (Akpabio et al., 2011). 
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     Table 4.2: Physiochemical properties of gum Dalbergia sissoo and Acacia modesta 

Parameters Dalbergia sissoo Acacia modesta 

pH 5.85±0.04 5.72±0.02 

Fluorescence analysis Light brown  Creamy  

Swelling Test 

Distilled water 1.81 ± 0.01 2 ± 0.02 

Phopshate buffer 1.3 ± 0.02 1.24 ± 0.04 

0.1 N HCl 1.6 ± 0.03  1.75 ± 0.01  

           

4.2.4: Rheological measurements 

  To evaluate the rheological properties of selected gums the frequency, time and 

temperature sweep tests were performed. Rheological analysis provides information about 

the behavior for products, and also gives the knowledge regarding the effect of formulation 

changes, aging phenomena and processing. The study of rheology is related to the properties 

of products that gives information about their response after a mechanical force. For 

materials such as solids, the rheological measurements give information about the plasticity 

and elasticity. In the case of fluids, the rheology involves the viscosity measurements. 

Viscosity is a measure of a fluid’s internal friction and is an important commercial and 

analytical parameter for polymers. The viscosity is affected by the shape and size of 

molecules (Ameh, 2012).  

4.2.4.1: Frequency sweep 

This test demonstrates how the system behaves regarding timescale. Figure (4.1), 

illustrates the frequency sweep of dispersions of crude D. sissoo and A. modesta. As shown 

in this figure transition has occurred.   
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                   (a) Crude Dalbergia sissoo    

 

 

                                                        (b) Crude Acacia modesta 

Figure 4.1: Frequency sweep of crude Dalbergia sissoo and Acacia modesta 

 

Overall, the samples showed little frequency dependence indicating the phase 

transition. This phase transition takes place from the viscous response (G'' > G') to the elastic 

response (G' > G'') (Barnes, 2000). In both cases, at low frequency, the viscous modulus (G'') 

is higher than the elastic/storage modulus G', showing a liquid like behavior, until the 
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crossover of G' and G''. After the crossover of G' and G'', the situation is reversed and the 

elastic response prevails. According to Balaghi et al., (2011), a lower cross over point shows 

the higher elastic contribution. For the dispersion of Acacia modesta the cross over point 

occurred at a lower frequency as compared to Dalbergia sissoo dispersion. The cross over 

point for A. modesta occurred at ω = 5.123 and the oscillation stress was 2.644. While in the 

case of D. sissoo the ω = 77.99 with the oscillation stress of 9.794. The gum having higher G' 

(storage modulus) indicates a stronger and viscous gel. Acacia modesta have higher value of 

both G' and G''. So it possesses more pronounce elastic behavior as compared to D. sissoo.  

4.2.4.2: Time sweep 

The time sweep test was performed to determine the gelation time of gum solutions. 

The time sweep of both gums is given in Figure 4.2. Gelation time is the point of crossing 

over of G' and G''. A sample having less gelation time is more viscous in nature. The crossing 

over of G' and G'' in case of A. modesta was at 41 sec (fig 4.2, b), which is its gelation time. 

Whereas, the gelation time of D. sissoo was 614 sec (fig 4.2, a). D. sissoo attains the crossing 

over point later than A. modesa. So, D. sissoo gum was less viscous as compare to A. 

modesta.   

 

      (a) Crude Dalbergia sissoo 
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(b) Crude Acacia modesta 

    Figure 4.2: Time sweep of crude Dalbergia sissoo and Acacia modesta  

4.2.4.3: Temperature sweep 

To study phase transition temperature of gums the temperature sweep test was 

performed. Phase transition temperature is that temperature when G' and G'' cross over each 

other. Phase transition is the change from one state to another without a change in chemical 

composition. The temperature sweep for crude D. sissoo and A. modesta is given in Figure 

4.3. The temperature for this test was increased to 90 ºC at a rate of 1 ºC/min. The transition 

temperature for D. sissoo was 86 ºC; while of A. modesta was not achieved till 90 ºC. As 

there was no crossing over of G' and G'' till that temperature in case of A. modesta gum 

(figure 4.3).  

(a) Crude Dalbergia sissoo 
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                          (b) Crude Acacia modesta 

Figure 4.3: Temperature sweep of crude Dalbergia sissoo and Acacia modesta 

In Figure 4.3 (a) the G'' was greater than G' indicating that gum dispersion of D. 

sissoo is in liquid state. After the crossing over at 86 ºC, G' becomes greater than G'' and the 

gum undergone change in its nature. The liquid state has changed to gel transition and 

behaves more like as solid. The fig 4.3 (b) illustrates the temperature sweep of A. modesta. In 

this case the G' was greater than G'', showing the viscous nature of the gum. A. modesta gum 

is having solid like nature while gum D. sissoo having liquid like nature. The performed 

oscillatory rheological tests concluded that gum Acacia modesta is more viscous in nature as 

compare to gum Dalbergia sissoo. 

4.3: Biochemical Analysis 

4.3.1: Proximate analysis 

Gums are obtained from natural sources are diverse in nature and have extensive 

variety of composition and texture. Value of food is dependent on its natural composition and 

the balance between the compositions of nutrients. So, there was a need of a detailed 

proximate analysis to find out the composition of natural products (Murwan et al., 2012).  
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               Table 4.3: Proximate analysis of crude Dalbergia sissoo and Acacia modesta 

Proximate analysis D. sissoo A. modesta 

Moisture content 12.8 ± 0.02 10.8 ± 0.01 

Crude fat 1.95 ± 0.021 0.28 ± 0.01 

Crude protein 3.71 ± 0.01 2.33 ± 0.015 

Ash content 1.2 ± 0.01 2.8 ± 0.01 

Crude fiber 0.3 ± 0.01 0.1± 0.02 

Total carbohydrate 80.31 ± 0.03 83.78 ± 0.01 

Nitrogen free extract 92.81 94.48 

          Total energy (Kcal/5g) 180.99 ± 0.03 102.5 ± 0.01 

 

The result of proximate analysis of crude D. sissoo and A. modesta is given in Table 

4.3. The amount of moisture, protein, fat, fiber and ash was determined. The total 

carbohydrate and energy were also determined. The main components were proteins and 

carbohydrates.  Small content of lipids has been also detected. Moisture content can affect 

the stability and tableting properties of formulations (Kumar et al., 2011). These gums show 

low moisture content. That suggests their use for formulation such as moisture sensitive 

drugs. In the presence of proper temperature, the moisture can causes the production of 

microorganisms and activation of some enzymes, which will affect the shelf life of 

formulation of the drugs used mostly in routine. So, it is necessary to determine the amount 

of moisture (Singh et al., 2010; Akapabio et al., 2011).  

The amount of carbohydrate was found to be high in gum, indicating its purity. 

Natural products like gums contain excess water which at suitable temperature may lead to 

activation of enzymes and to the proliferation of living organisms (Rowe et al., 2006). There 

was an increase in carbohydrate amount after the process of purification. The total ash 

content is designed to measure the total amount of residual material remaining after ignition.  

The total ash figure is of importance and indicates to some extent the amount of care taken in 

the preparation of the sample (Rowe et al., 2006). Nitrogen and amino acid contents are 

useful parameters in distinguishing gums from different species (Brummer et al., 2003). The 

nature and amount of these constituents depend on the composition of soil upon the trees 

grew (De Paula et al., 2001). Ash content reveals the handling and adulteration of the drugs. 
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Adulteration caused by earth and sand is determined by ash content. Ash content consists of 

the inorganic mixture phosphates, silica, silicates and carbonates. For that reason, low ash 

content exhibited by D. sissoo and A. modesta signifies less chances of contamination during 

the process of handling and gathering of crude gum (Singh et al., 2010; Akapabio et al., 

2011). 

4.3.2: Micro-macro elements analysis of gums 

For the micro and macro elemental analysis Laser induced breakdown spectroscopy 

was performed. LIBS is an analytical technique for the determination of a sample’s elemental 

composition (Trevizan et al., 2008). The obtained spectrum of crude D. sissoo and A. 

modesta from LIBS is under Figure 4.4. 

 
    (a) Crude Dalbergia sissoo 
 

 
    (b) Crude Acacia modesta  

Figure 4.4: Laser Induced Breakdown Spectroscopy (LIBS) spectra of crude Dalbergia 
sissoo and Acacia modesta 
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List of elements present in the analyzed gums is given in Table 4.4. LIBS spectrum of 

D. sissoo clearly indicates the presence of Mn, Mo, Si, V, N, Zn, C, Mn and V. The 

elemental composition of A. modesta is Re, Tc, Co, Ca, Ta and V. On comparing both gums 

they contain different elemental composition. Dalbergia sissoo posses more elements as 

compared to Acacia modesta.   

    Table 4.4: Estimated micro-macro elements by Laser Induced Breakdown Spectroscopy  

  Element* Wavelength (λ)  
                    Dalbergia sissoo 

Mn II 343.75071 
Mo II 396.86916 
Si I 422.71267 
V II 463.17426 
N II 500.259 
Zn I 567.902 
C II 589.039 
Mn II 656.399 
V I 746.918 

                     Acacia modesta 
Re I 399.64432 
Tc I 463.103 
Co II 500.530 
Ca I 567.830 
Ta I 656.207 
V I 746.918 

     * I=atomic, II=ionic 

4.3.3: Biochemical profiling 
4.3.3.1: Extractable protein and enzyme analysis 

Different biochemical parameters such as soluble proteins, protease, catalase, 

peroxidase, amylase and superoxide dismutase were determined as demonstrated in Table 

4.5. The tested enzymes were in present in selected gums in a very small amount, whereas 

amount of protein was higher than others.   
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Table 4.5: Enzyme analysis of crude Dalbergia sissoo and Acacia modesta 
Sr. No Parameters Dalbergia sissoo Acacia modesta 
1 Protein content  66.2 70.4 
2 Protease  6.11 3.28 
3 Catalase  5.6 8.4 
4 Peroxidase  6.3 5.0 
5 Amylase 4.8 7.9 
6 Superoxide dismutase  10.5 8.5 

Units: 1: µg/mL, 2-6: IU/ mg of protein 

4.3.3.2: Sugar estimation 

For the sugar estimation of crude gums the reducing sugar contents and total soluble 

sugar content were determined and given in Table 4.6. 

         Table 4.6: Sugar estimation of crude Dalbergia sissoo and Acacia modesta 

Parameters Dalbergia sissoo Acacia modesta 

Reducing sugars (µg/mL) 465 437 

Total soluble sugars (µg/mL) 776 941 

 

Both gums contain high amounts of reducing and total soluble sugars because the 

gums are carbohydrate in nature. Carbohydrate exists in the form of free sugars as well as 

majorly in polysaccharide form. And the analyzed gums contain more sugars as compared to 

the enzymes. The both selected gums show high amount of total soluble sugars.  

4.3.3.3: Monosaccharidal composition 

 For the monosaccharidal composition, the crude gums were hydrolyzed acidically 

using 2 M trifluoroacetic acid (TFA). By comparing gum sample and standards the present 

monosaccharides were identified (Table 4.7 and Figure 4.5). 

 

Table 4.7: Monosaccharidal composition of Dalbergia sissoo and Acacia modesta 

Gum Monosaccharides 
Dalbergia sissoo Mannose, arabinose  
Acacia modesta Melezitose, mannose, fructose  
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      (a) Dalbergia sissoo 

 
      (b) Acacia modesta 
Figure 4.5: Chromatogram of monosaccharidal composition of Dalbergia sissoo and Acacia 

modesta  
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4.4: Hydrolysis and modification of gums 

 The purified gums of Dalbergia sissoo and Acacia modesta were hydrolyzed by three 

different methods: acidic (Trifluoroacetic acid), basic (Barium hydroxide) and enzymatic 

(Mannanase). All these three methods of hydrolysis were successful by having the 

precipitates of the gum by performing ethanol precipitation. The modification of these gums 

was carried out by three methods: polyacrylamide grafting, carboxymethylation and 

microwave irradiation grafting. After performing the modification methods, the microwave 

irridation grafting do not give precipitates by doing the solvent precipitation technique. This 

method was performed twice with both gums. Other two modification methods were done 

well. The hydrolyzed and modified gums were used for further study described below. 

4.5: Antioxidant Activity 

Antioxidants shield human bodies against the free radicals that cause pathological 

conditions and are radical scavengers (Dubey et al., 2009). Antioxidant activity of crude, 

purified, hydrolyzed and modified samples of D. sissoo and A. modesta gum were measured 

by the following methods described: 

4.5.1: DPPH Scavenging Assay 

It is the precise, extensively used and comparatively quick method for evaluation the 

antioxidant activity. This method provides reliable information regarding the antioxidant 

ability. DPPH is the free stable radical that accepts electron or hydrogen radicals to behave as 

a diamagnetic stable molecule (Shankar et al., 2013).  

DPPH is a very steady organic free radical that has a deep violet color and it gives 

maximum absorption at 517 nm. High absorbance indicates high reducing power. 

Antioxidants on interaction with the DPPH radical, transfers the hydrogen atoms or electrons 

to DPPH to neutralize its free radical and change it to 1-1, diphenyl-2-picryl hydrazine. With 

an increase in the degree of hydroxylation of the phenolic compounds or concentration of 

phenolic and other related antioxidant compounds increase DPPH radical scavenging 

activity. Because this radical is very delicate to active constituents at reduced concentration 

and it can accommodate many samples in a very little time, this process is frequently used for 

the determination of radical scavenging ability of different plant and gum extracts. Due to 

selectivity of radical applied, which are not oxygen related radical types, antioxidant activity 

measured can be related to them (Wang et al., 2010; Raghavendra et al., 2013). 
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The results of DPPH scavenging effect of D. sissoo is given in Table 4.8. The 

antioxidant activity by DPPH assay was calculated according to the percentage scavenging 

effect of DPPH. Table 4.8 (a) is the analysis of variance table, illustrating the mean squares 

of antioxidant activity exhibited by Dalbergia sissoo gum. Table 4.8 (b) gives the LSD 

comparison of different treatments, which were the hydrolysis and modification. The 

statistical results indicate that there are five different groups (Table 4.8, b) in which the 

means are not significantly different from one another (P ≤ 0.05). The crude gum contains 

high DPPH scavenging activity as compare to the modified forms. The scavenging effect % 

was decreased in the hydrolyzed and modified samples as compared to crude gum. This 

pattern of decreasing DPPH activity was shown by both selected gums. According to our best 

knowledge of survey no literature was found on these modified and hydrolyzed gum samples. 

Table 4.9, illustrates the result of DPPH scavenging assay of Acacia modesta and the 

modified gum samples. Table 4.9 (a) is the ANOVA table for the mean square value. The 

Table 4.9 (b) illustrates the LSD comparison of the treatments performed on crude A. 

modesta.  There are four different groups in which the mean are not significantly different 

from one another. 
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Table 4.8: DPPH scavenging assay of crude Dalbergia sissoo and modified gums 

(a) ANOVA table of D. sissoo for DPPH scavenging assay 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Treatments (T) 6 806.443 134.407 228** 

Error 14 8.247 0.589  

Total 20 814.690   

**=Highly significant (P< 0.01) 
*=significant (P< 0.05) 

                            (b) Mean values of % DPPH scavenging assay of D. sissoo 

Treatments Mean DPPH 
Scavenging % 

T1 83.33±0.33A 

T2  70.30±0.65C 

T3  67.17±0.44D 

T4 61.30±0.65E 

T5 70.67±0.33C 

T6 73.50±0.29B 

T7 72.17±0.17B 

Mean 71.20±1.39 

The values are mean ± S.D (n=3) 
Means with different letters differ significantly at (P ≤ 0.05). Comparisons are made within the column for the 
treatments of gum 
LSD value 2.145 
T1: crude 
T2: purified 
T3: acidic hydrolysis 
T4: basic hydrolysis 
T5: enzymatic hydrolysis 
T6: polyacrylamide grafting 
T7: carboxymethylation 
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Table 4.9: DPPH scavenging assay of crude Acacia modesta and modified gums 

(a) ANOVA table of A. modesta for DPPH scavenging assay 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Treatments (T) 6 623.570 103.928 247** 

Error 14 5.882 0.420  

Total 20 629.452   

**=Highly significant (P< 0.01) 
*=significant (P< 0.05) 

       (b) Mean values of % DPPH scavenging assay of A. modesta 

Treatments Mean DPPH 
Scavenging % 

T1 84.97±0.03A 

T2  70.00±0.29C 

T3  65.83±0.60D 

T4 73.33±0.33B 

T5 71.00±0.01C 

T6 73.50±0.29B 

T7 73.10±0.58B 

Mean 71.20±1.39 

The values are mean ± S.D (n=3) 
Means with different letters differ significantly at (P ≤ 0.05). Comparisons are made within the column for the 
treatments of gum 
LSD value =2.145 
T1: crude 
T2: purified 
T3: acidic hydrolysis 
T4: basic hydrolysis 
T5: enzymatic hydrolysis 
T6: polyacrylamide grafting 
T7: carboxymethylation 
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4.5.2: Total Phenolic Contents (TPC) 

The universal groups of plant metabolites are phenolic compounds which contain an 

aromatic ring with one or more hydroxyl constituents. Phenolics are renowned for their 

defensive effects like reduce the development of carcinogens from precursor substances by 

acting as suppressing agents. Several extracts of plants are reported to possess numerous 

biological effects, including the antioxidant potential. This property is due to diverse nature 

of phenolic compounds. They are derived from phenylpropanoid, shikimate and pentose 

phosphate pathways in plants. These compounds have been known to contain high 

antioxidant properties with the maximum prospective to neutralize the free radicals (Rangel 

et al., 2013). This activity is because of their redox properties. Due to this property they act 

as metal chelators, hydrogen donors, radical scavengers, singlet oxygen quenchers and 

reducing agents (Phang et al., 2013; Raghavendra et al., 2013).  

Phenolics also have the defense mechanisms against the reactive oxygen species 

(ROS) to prevent the molecular damage and the damage caused by insects, herbivore and 

microorganisms. Nowadays identification of antioxidant properties in products obtained from 

natural sources have become an increasing interest as antioxidants protect the human body 

from free radicals. Phenolics contribute to nutritional value and quality in terms of improving 

taste, color, flavor and aroma. They also help in providing health beneficial effects 

(Karamian and Ghasemlou, 2013).  

Table 4.10 and 4.11, shows statistical results of the total phenolic contents present in 

gum D. sissoo and A. modesta respectively. The crude, hydrolyzed and modified gums were 

analyzed for the TPC. All the tested samples exhibits amount of phenolics.  

After the statistical analysis of results of TPC of both gums, it was concluded that the 

mean values of treatments for TPC are not significantly different from each other, in both 

cases. According to the presented results and comparison gum A. modesta exhibits more 

antioxidant activity as compared to the gum D. sissoo. Crude gum samples were rich in 

phenolic compounds. But the amount of phenolics was decreased after the purification, 

hydrolysis and modification. The consumption of these gums can be useful in degenerative 

diseases by preventing the oxidative stress. The analyzed gums can also be used as natural 

antioxidant in pharmaceutical and cosmetic industry.  
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 Table 4.10: Total phenolic contents of crude Dalbergia sissoo and modified gums 
(a) ANOVA table of D. sissoo for Total Phenolic Contents  

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Treatments (T) 6 56.0193 9.33655 11.1* 

Error 14 11.7988 0.84277  

Total 20 67.8181   

**=Highly significant (P< 0.01) 
*=significant (P< 0.05) 

(b) Mean values showing Total Phenolic Contents of D. sissoo 

Treatments Mean (TPC) 

T1 12.983±0.03A 

T2  10.117±0.07BC 

T3  9.1000±0.04CD 

T4 10.163±0.06 BC 

T5 11.593±0.10AB 

T6 8.0667±0.05D 

T7 8.3667±0.04D 

Mean 10.05±0.39 

The values are mean ± S.D (n=3) 
Means with different letters differ significantly at (P ≤ 0.05). Comparisons are made within the column for the 
treatments of gum 
LSD value = 2.145 
T1: crude 
T2: purified 
T3: acidic hydrolysis 
T4: basic hydrolysis 
T5: enzymatic hydrolysis 
T6: polyacrylamide grafting 
T7: carboxymethylation 
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Table 4.11: Total phenolic contents of crude Acacia modesta and modified gums 
(a) ANOVA table of A. modesta for Total Phenolic Contents  

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Treatments (T) 6 155.003 25.8339 58.9 * 

Error 14 6.143 0.4388  

Total 20 161.147   

**=Highly significant (P< 0.01) 
*=significant (P< 0.05) 

                              (b) Mean values showing Total Phenolic Contents of A. modesta 

 

Treatments Mean (TPC) 

T1 15.647±0.08A 

T2  12.507±0.04B 

T3  9.810±0.03C 

T4 8.1667±0.09D 

T5 11.483±0.01B 

T6 6.9967±0.05E 

T7 9.0867±0.09CD 

Mean 10.528±0.38 

The values are mean ± S.D (n=3) 
Means with different letters differ significantly at (P ≤ 0.05). Comparisons are made within the column for the 
treatments of gum 
LSD value 2.145 
T1: crude 
T2: purified 
T3: acidic hydrolysis 
T4: basic hydrolysis 
T5: enzymatic hydrolysis 
T6: polyacrylamide grafting 
T7: carboxymethylation 
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4.6: Antimicrobial assay of selected gum extracts:      

 The antimicrobial activity of gums was checked against bacterial and fungal strains 

by disc diffusion method (Afzal et al., 2014) and minimum inhibitory concentration (MIC) 

was also determined (Sarker et al., 2007; Brudzynski and Kim, 2011). Disc diffusion method 

is one of the most common analyses used for the antimicrobial activity.  

4.6:1: Antimicrobial activity: 

 The extracts of gums were prepared in methanol. The antibacterial activity of gum 

samples (Crude, purified, hydrolyzed and modified) was determined against gram positive 

(Staphylococcus aureus) and gram negative (Escherichia coli). Rifampicin was used as the 

positive control. And for the antifungal assay Aspergillus niger and Aspergillus flavus were 

used, while the positive control was terbinafine.   

The zone of inhibition (mm) exhibited by gum samples was measured and statistical 

analysis was performed on it and presented in the tables. The result of antibacterial assay of 

D. sissoo and A. modesta is given in Table 4.12 and 4.13 respectively. While no sample 

exhibit antifungal activity. The activity was measured by the help of zone reader. 

The antibacterial activity of gum was increased after the purification, hydrolysis and 

modification. One of the main purposes of modification given in literature is to minimize the 

microbial contamination possessed by crude gum, and to increase their food and 

pharmaceutical applications (Kumar and Ahuja, 2012). According to the results of conducted 

antimicrobial assay the activity shown by modified and hydrolyzed samples was increased as 

compare to crude gums.  

There was no significant difference in means of treatments of D. sissoo (Table 4.12). 

Whereas, there was a significant difference between the strains. In the case of interaction 

between the treatments and strains, there were six different groups, in which the means were 

not significantly different from one another. In the case of Acacia modesta (Table 4.13), 

there was no significant difference in means of treatments, strains and their interaction. 
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Table: 4.12: Antibacterial activity of crude Dalbergia sissoo and modified gums 
  (a) ANOVA table for antibacterial activity 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Treatments (T) 7 686.833 98.11 88.03* 

Strains (S) 1 25.521 25.52 22.90* 

T x S 7 82.396 11.77 10.56* 

Error 32 35.667 1.11  

Total 47 630.417   

*Highly Significant at P≤0.05 

(b) Mean values showing the effect of treatments and strains on D. sissoo in antibacterial 
assay 

Treatments Escherichia  coli Staphylococcus 

aureus 

Mean 

T1 
13±0.1 EF 12. 66±0.5F 12.833± 0.3C 

T2  
14.6± 0.2DE 12.5± 0.5F 13.583 ±0.4C 

T3  
17 ±0.2C 14 ±0.3DEF 15.50 ±0.3B 

T4 
20 ±0.5B 12.6±0.2 F 16.33 ±0.7B 

T5 
13.3± 0.2DEF 13 ±0.2EF 13.167 ±0.4C 

T6 
13.5 ±0.1DEF 13±0.2EF 13.250 ±0.1C 

T7 
13 ±0.5EF 15 ±0.3D 14.0 ±0.4A 

Control 25 ±0.2A 25 ±0.1A 25.0 ±0.1A 

Mean 16.188± 0.10A 14.729±0.9B  

The values are mean ± S.D (n=3) 
Means with different letters differ significantly at (P ≤ 0.05). Comparisons are made within the column for the 
treatments of gum, and within rows for two strains.  
LSD value for treatments= 2.037, LSD value for strains= 2.037, LSD value for interaction (TxS) =2.037  
 
T1: crude, T2: purified, T3: acidic hydrolysis, T4: basic hydrolysis, T5: enzymatic hydrolysis, T6: 
polyacrylamide grafting, T7: carboxymethylation 
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Table: 4.13: Antibacterial activity of crude Acacia modesta and modified gums 
  (a) ANOVA table for antibacterial activity 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Treatments (T) 7 489.750 69.96 77.20* 

Strains (S) 1 2.083 2.083 2.30* 

T x S 7 13.167 1.8810 2.08* 

Error 32 29.0 0.9062  

Total 47 534.0   

*Highly Significant at P≤0.05 
(b) Mean values showing the effect of treatments and strains on A. modesta in antibacterial 
assay 
Treatments Escherichia  coli Staphylococcus 

aureus 
Mean 

T1 

 
12.5± 0.2EF 12 ±0.1F 12.250 ±0.1C 

T2  
 

13.33 ±0.2DEF 13 ±0.1EF 13.167± 0.1BC 

T3  
13 ±0.5EF 13.167 ±0.2DEF 13.083 ±0.3BC 

T4 
15.167±0.1 C 13.167± 0.5DEF 14.16 ±0.3B 

T5 
13.667 ±0.3CDE 13.33± 0.6DEF 13.50 ±0.5B 

T6 
13.5 ±0.1DEF 13 ±0.4EF 13.167 ±0.2BC 

T7 
13 ±0.5EF 14.66 ±0.3CD 13.833 ±0.4B 

Control 23.667±0.2 A 22.0 ±0.2B 23.833 ±0.2A 

Mean 14.708 ±0.6A 14.292± 0.5A  

The values are mean ± S.D (n=3) 
Means with different letters differ significantly at (P ≤ 0.05). Comparisons are made within the column for the 
treatments of gum, and within rows for two strains.  
LSD value for treatments= 2.037, LSD value for strains= 2.037, LSD value for interaction (TxS) =2.037  
T1: crude 
T2: purified 
T3: acidic hydrolysis 
T4: basic hydrolysis 
T5: enzymatic hydrolysis, T6: polyacrylamide grafting, T7: carboxymethylation 
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As these gums have antibacterial activity against some pathogenic microorganisms so 

these extracts can be used for medical purpose and for food preservation (Omer et al., 2011).  

 Nowadays resistance of microorganisms is increasing and search for use of 

antimicrobial drugs in future is still doubtful. As a result, more action and research must be 

taken to minimize this problem by ongoing studies to explore and develop new bioactive 

compounds naturally.   

4.6.2: Minimum inhibitory concentration (MIC) of Dalbergia sissoo and Acacia modesta 

 The gum samples showing antibacterial activity were analyzed to determine their 

minimum inhibitory concentration. The method used for this purpose was sensitive, simple, 

robust, reliable and rapid. MIC analysis is used to evaluate the antibacterial properties of the 

natural products and also used for the study of cell growth. Methanolic extracts were used in 

this assay as they are effectiveness of this method. This MIC method solves the problem of 

dilution inaccuracies and this method was easy to carry out, because the dilutions are made in 

the micro titer plate. The % growth inhibition of the samples calculated in MIC is presented 

in the Figure 4.6 
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                                  (b) Minimum inhibitory concentration of Acacia modesta 

Figure 4.6: Minimum inhibitory concentration (MIC 90) of gum Dalbergia sissoo and Acacia 

modesta against Escherichia coli and Staphylococcus aureus 

4.7: Toxicological and mutagenicity study of gums: 

To analyze the toxicity and mutagenicity of selected gum and their modified products 

two methods were performed. Hemolytic and mutagenic analysis of these gum are given as 

follow: 

4.7.1: In vitro toxicity by haemolytic activity 

 According to our literature survey and best of knowledge, no information was 

available about the toxicity of gums of D. sissoo and A. modesta. The crude, purified, 

modified and hydrolyzed samples were analyzed to evaluate their hemolytic activity by the 

help of a rapid assay against the human erythrocytes. Five different concentrations 2, 4, 6, 8 

and 10 % of the gums were prepared. The hemolytic assay was carried out because these 

gums possess potent antioxidant activity, they cannot be used in medication if they have 

hemolytic effect. The assay was conducted in triplicate and mean ± S.D was calculated. The 

gum samples show lysis of human erythrocytes less than 20%. The negative control (PBS) 

shows no hemolytic activity, while Triton-X-100 gives 99.9 % of lysis of human 

erythrocytes. There was increasing in hemolytic activity as the concentration of gum was 

increased. All used gum samples were non-toxic, as very low hemolytic activity was 
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observed by them and therefore these gums can be considered for medication use in 

treatment of various diseases. The results of D. sissoo and A. modetsa are given in Table 4.14 

and 4.15 respectively. The statistical results of D. sissoo, shows significant difference in 

means of different treatments and concentrations. There was no significant difference in 

means of interaction (TxC) of D. sissoo samples. 

 While the hemolytic activity of A. modesta, shows no significant difference in the 

means of treatments.  As the five different concentrations have siginificant difference in their 

means. No significance difference was present in the means of interaction (TxC) of A. 

modesta samples.  

It was concluded according to the above presented results, that the aqueous extracts of 

gums are less/non toxic to human erythrocytes. Hemolytic activity of guar gum was reported 

by Shahid et al., 2013, which described the non-toxic nature of guar gum. 
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Table 4.14: Hemolytic activity of crude Dalbergia sissoo and modified gum samples against 

human erythrocytes 

    (a) ANOVA table for hemolytic activity 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Treatments (T) 6 112.475 18.746 1675.880** 

Concentration (C) 4 129.157 32.289 2886.646** 

T x C 24 196.975 8.207 733.729** 

Error 70 0.783 0.011  

Total 104 439.390   

**Highly Significant at P≤0.01 

(b) Mean values showing the effect of treatments and the concentrations of gum D. sissoo 
samples in hemolytic assay 

Treatments 2% 4% 6% 8% 10% Means 

T1 
3.23±0.03PQ 4.83±0.17PQ 4.90±0.06MNO 

5.10±0.06MN
O 

6.58±0.08F 4.93±0.29E 

T2 2.42±0.02I 2.67±0.03GH 3.93±0.03GH 3.98±0.02GH 4.15±0.03F 3.43±0.20C 
T3 2.97±0.03NO 2.99±0.01E 3.77±0.02D 3.77±0.02C 6.77±0.01B 4.05±0.38A 
T4 2.13±0.02S 2.30±0.06O 2.70±0.05LM 3.10±0.06I 2.37±0.01H 2.52±0.09E 
T5 2.40±0.06RS 3.03±0.03JK 3.07±0.03IJ 3.15±0.03GH 3.68±0.02GH 3.07±0.11D 
T6 2.03±0.03U 2.45±0.03T 4.25±0.14P 6.60±0.06IJ 13.57±0.09A 5.78±1.13B 
T7 3.33±0.17QP 3.60±0.06PQ 3.63±0.03KLM 3.77±0.01KL 3.92±0.02DEF 3.65±0.06E 

Overall Means 2.65±0.11E 3.12±0.18D 3.75±0.15C 4.21±0.26B 5.86±0.78A  
The values are mean ± S.D (n=3) 
Means with different letters differ significantly at (P ≤ 0.05). Comparisons are made within the column for the 
treatments of gum, and within rows for different concentration of gum solutions.  
LSD value for treatments= 1.994 LSD value for concentrations= 1.994, LSD value for interaction (TxC) 
=1.994.  
T1: crude 
T2: purified 
T3: acidic hydrolysis 
T4: basic hydrolysis, T5: enzymatic hydrolysis, T6: polyacrylamide grafting, T7: carboxymethylation 
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Table 4.15: Hemolytic activity of crude Acacia modesta and modified gum samples against 

human erythrocytes 

    (a) ANOVA table for hemolytic activity 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Treatments (T) 6 159.686 26.614 2101.925** 

Concentration (C) 4 125.596 31.399 2479.793** 

T x C 24 173.288 7.220 570.240** 

Error 70 0.886 0.013  

Total 104 459.456   

**Highly Significant at P≤0.01 

(b) Mean values showing the effect of treatments and the concentrations of gum A. modesta 
samples in hemolytic assay 

Treatments 2% 4% 6% 8% 10% Means 

T1 3.40±0.03KL 3.39±0.04E 3.88±0.02E 3.90±0.03D 5.27±0.02C 3.97±0.18B 
T2 4.42±0.02P 4.78±0.04O 4.78±0.04HI 4.83±0.17GH 5.12±0.03FG 4.79±0.07E 
T3 3.85±0.03N 7.13±0.07MN 8.90±0.10IJ 9.10±0.06IJ 9.47±0.03B 7.69±0.56C 
T4 3.11±0.02QR 3.77±0.02PQ 3.98±0.02O 4.50±0.06LMN 4.72±0.02P 4.02±0.15G 
T5 3.20±0.05P 4.22±0.07MN 4.35±0.18LMN 4.86±0.03LM 4.81±0.02J 4.29±0.16F 
T6 2.30±0.06R 2.53±0.03P 3.57±0.03F 4.33±0.17BC 12.38±0.04A 5.02±1.00A 
T7 3.35±0.03K 3.47±0.03J 4.06±0.07J 4.10±0.06IJ 4.92±0.02HI 3.98±0.15D 

Overall 
Means 

3.38±0.14E 4.18±0.31D 4.79±0.38C 5.09±0.37B 6.67±0.63A  

The values are mean ± S.D (n=3) 
Means with different letters differ significantly at (P ≤ 0.05). Comparisons are made within the column for the 
treatments of gum, and within rows for different concentration of gum solutions.  
LSD value for treatments= 1.994 LSD value for concentrations= 1.994, LSD value for interaction (TxC)=1.994.  
T1: crude 
T2: purified 
T3: acidic hydrolysis 
T4: basic hydrolysis, T5: enzymatic hydrolysis, T6: polyacrylamide grafting, T7: carboxymethylation 
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4.7.2: Mutagenicity test: 

For mutagenic activity the Ames bacterial reverse-mutation test (Ames et al., 1975) 

was used but completely in liquid culture which is known as fluctuation test (Razak and 

Aidoo, 2011). The mutagenecity was tested against two bacterial strains TA 98 and TA 100. 

The blank plate was observed first and was purple in color with no change, indicating no 

contamination in the performed assay. After that the other plates were studied. The 

background, standard mutagen and test plates were scored visually. The positive and negative 

wells were noted. If all the wells showed purple coloration by using the gum extract then the 

tested extract was considered to be toxic to the strains used. For an extract to be mutagenic, 

the number of positive wells had to be more than twice the number of positive well in the 

background plate. Table 4.16 presents the mutagenicity analysis of gum D. sissoo and A. 

modesta against TA 98. And the results against TA 100 are given in Table 4.17. Probability 

of positive wells are significantly lower than that of the control (p<0.0001).  

Extract of both gums were non-mutagenic using both strains of Salmonella 

typhimurium. It indicates that none of them possessed frame-shift or base-pair mutagens. The 

carboxymethylated products of both gums were toxic against TA 100. This might be the first 

information of mutagenicity of these gums. The results specify the potential of these gums 

for the use against oxidative stress-related diseases and cancer.  
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Table 4.16: Mutagenic activity of Dalbergia sissoo and Acacia modesta against Samonella 

typhimurium strain TA 98 

Herbal extracts Number of +ive wells/total 

number of wells 

Results p 

(pt=pc) 

Background 20/96   

Standard (K2Cr2O7) 92/96     +(Mutagenic)  

             Dalbergia sissoo  

Crude 4/96 -(Non-mutagenic) P<0.0001 

Purified 3/96 -(Non-mutagenic) P<0.0001 

Acidic hydrolysis 1/96 -(Non-mutagenic) P<0.0001 

Basic hydrolysis 2/96 -(Non-mutagenic) P<0.0001 

Enzymatic hydrolysis 1/96 -(Non-mutagenic) P<0.0001 

Polyacrylamide grafting 5/96 -(Non-mutagenic) P<0.0001 

Carboxymethylation 2/96 -(Non-mutagenic) P<0.0001 

             Acacia modesta  

Crude 1/96 -(Non-mutagenic) P<0.0001 

Purified 2/96 -(Non-mutagenic) P<0.0001 

Acidic hydrolysis 4/96 -(Non-mutagenic) P<0.0001 

Basic hydrolysis 1/96 -(Non-mutagenic) P<0.0001 

Enzymatic hydrolysis 9/96 -(Non-mutagenic) P<0.0001 

Polyacrylamide grafting 4/96 -(Non-mutagenic) P<0.0001 

Carboxymethylation 2/96 -(Non-mutagenic) P<0.0001 

 

+, significant increase in the number of positive wells compared to the related control 

(p<0.0001); -, no significant effect observed; t, toxic for strain; p, probability  
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Table 4.17: Mutagenic activity of Dalbergia sissoo and Acacia modesta against Samonella 

typhimurium strain TA 100  

Herbal extracts Number of +ive wells/total 

number of wells 

Results p 

(pt=pc) 

Background 25/96   

Standard (NaN3) 90/96     +(Mutagenic)  

                           Dalbergia sissoo  

Crude 1/96 -(Non-mutagenic) P<0.0001

Purified 2/96 -(Non-mutagenic) P<0.0001

Acidic hydrolysis 3/96 -(Non-mutagenic) P<0.0001

Basic hydrolysis 6/96 -(Non-mutagenic) P<0.0001

Enzymatic hydrolysis 1/96 -(Non-mutagenic) P<0.0001

Polyacrylamide grafting  2/96 -(Non-mutagenic) P<0.0001

Carboxymethylation 0/96 t (Toxic) P<0.0001

                          Acacia modesta  

Crude 1/96 -(Non-mutagenic) P<0.0001

Purified 3/96 -(Non-mutagenic) P<0.0001

Acidic hydrolysis 2/96 -(Non-mutagenic) P<0.0001

Basic hydrolysis 4/96 -(Non-mutagenic) P<0.0001

Enzymatic hydrolysis 2/96 -(Non-mutagenic) P<0.0001

Polyacrylamide grafting  5/96 -(Non-mutagenic) P<0.0001

Carboxymethylation 0/96 t (Toxic) P<0.0001

 
+, significant increase in the number of positive wells compared to the related control 

(p<0.0001); -, no significant effect observed; t, toxic for strain; p, probability 

4.8: Characterization of gum samples: 
For the confirmation of performed hydrolysis and modification all the gums were 

characterized through some advanced and modern techniques such as Scanning electron 

microscope, thermo gravimetric analysis, differential scanning calorimetry, X-ray diffraction 

and fourier transform infrared. The fall in viscosity after modification was confirmed with 

the help of flow test using rheometer.   
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4.8.1: Scanning electron microscope (SEM) 

The botanical and biological source in a pharmaceutical material acts as determining factor in 

morphology, size, and granular shape. These properties help to differentiate in various 

materials and give information about the processing parameters (Emeje et al., 2009). 

 It has been reported that surface area and particle size control the hydration behavior 

of polymer (gums), which in turn control the molecular mass and intrinsic viscosity. With the 

decrease in particle size the dissolution rate of gums increases (Pachuau et al., 2012). The 

dissolution rate is increased with the fall in viscosity, which is the main reason of 

modification. 

SEM was used to investigate the structural morphology of gum D. sissoo and A. 

modesta. SEM is a strong analytical technique for the morphology of polymer and is the most 

extensively used technique to examine the size, shape and porosity (Yang et al., 2013). 

Crude, purified, hydrolyzed and modified gums were analyzed by SEM. The result of SEM 

was taken at two different conditions: (i) x 40 Magnification and 1 mm scale, (ii): x 1.0 k 

Magnification and 50 µm scale. Significant changes in size and shape of crude and its 

derivatives were observed. 

 SEM of gum Dalbergia sissoo (crude, purified, acidic hydrolyzed, basic hydrolyzed, 

enzymatic hydrolyzed, polyacrylamide grafted and carboxymethylated) are given in Figure 

4.7 at x 40 magnification and 1 mm scale and in Figure 4.8 x 1.0 k magnification and 50 µm 

scale.  
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(a) Crude    (b) Purified 

 
                         (c) Acidic hydrolyzed   (d) Basic hydrolyzed 

 
(e) Enzymatic hydrolysis            (e) Polyacrylamide grafting 
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(g) Carboxymethylation 

Figure 4.7: Scanning electron micrographs (SEM) of crude Dalbergia sissoo and modified 
gums at x 40 magnification and 1 mm scale 

 

 
(a) Crude                   (b) Purified  

 

 

(c) Acidic hydrolysis    (d) Basic hydrolysis 
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(e) Enzymatic hydrolysis      (f) Polyacrylamide grafting 

 
 (g) Carboxymethylation 

Figure 4.8: Scanning electron micrographs (SEM) of crude Dalbergia sissoo and modified 
gums at x 1.0 k magnification and 50 µm scale 

 

 

To determine the structure and morphology of SEM for gum Acacia modesta (crude, 

purified, acidic hydrolyzed, basic hydrolyzed, enzymatic hydrolyzed, polyacrylamide grafted 

and carboxymethylated) the scanning electron micrographs are given in Figure 4.9 at x 40 

magnification and 1 mm scale and in Figure 4.10 at x 1.0 k magnification and 50 µm scale. 
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           (a) Crude                             (b)Purified

  
(c) Acidic hydrolysis                   (d) Basic hydrolyis 

 

 
(e) Enzymatic hydrolysis   (f) Polyacrylamide grafting 
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(g) Carboxymethylation 

Figure 4.9: Scanning electron micrographs (SEM) of crude Acacia modesta and modified 
gums at x 40 magnification and 1 mm scale 

 

 
(a) Crude             (b) Purified 

  

 
(c) Acidic hydrolysis     (d) Basic hydrolysis 
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(e) Enzymatic hydrolysis    (f) Polyacrylamide grafting 

 
 (g) Carboxymethylation 

Figure 4.10 Scanning electron micrographs (SEM) of crude Acacia modesta and modified 

gums at x 1.0 k magnification and 50 µm scale 

The native/crude gum of D. sissoo and A. modesta, show plane, non-porous and 

smooth surface, as it was not having any treatment. At x 40 magnification the crude gum 

depict irregular and slightly elongated granules. The crude gum was having sharp and 

pointed ends with polygonal shape. The shape of crude gum was indication of an amorphous 

material. They were non-uniform in size. As compared to the crude gums, the purified gums 

possess rough, porous and fibrilar structure. The purified gum was having ethanol treatment, 

which causes the change in structure.  

 After the hydrolysis and modification there was a definite distinction in the structure 

and shape of gums. The environment, conditions and chemical treatments affects the gum 

structure, and causes the corrosion of surface. The size of modified and hydrolyzed gums was 

reduced as compare to the crude gum, it can be observed from the scanning electron 
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micrographs taken at x40 magnification with the scale of 1mm scale. These derivative gums 

possess rougher surface as compare to native gums. There was formation of pores on the 

surface. None of the hydrolyzed or modified gum have smooth surface. The scanning 

electron micrographs of these gums showed the formation of small alveolate holes on them. 

Further, it was observed that the modified and hydrolyzed gums have numerous striations on 

their surface which is seen at x1.0 k magnification with the scale of 50 µm. 

4.8.2: Thermo-gravimetric analysis (TGA) 

TGA is an accurate and simple technique for analysis of thermal stability and 

decomposition pattern of polymers such as gums. The spectrum of thermo gravimetric (TG) 

was taken to calculate the weight loss of the gums on heating. The transitions involving mass 

changes on heating were detected by TG analysis. TGA is the function of time and 

temperature (Emeje et al., 2011; Shahid et al., 2013). In samples the early weight loss which 

is minor is attributed known as the loss of structural and adsorbed water of polymers. The 

major and second weight loss is due to decomposition of polysaccharides (gums) (Bothara 

and Singh, 2012).  

The TG spectrum for Dalbergia sissoo and its modified forms is given in Figure 4.11. 

All these samples show three stage of decomposition. Table 4.18 gives the detail of 

decomposition of Dalbergia sissoo and Acacia modesta along with the weight loss. The main 

decomposition of gum D. sissoo starts above 60 °C, which was increased in the case of 

hydrolysis and modification. The major weight loss of gums occurred in the second stage of 

decomposition. The hydrolyzed and modified gums were thermally more stable than the 

crude/native gum. The TG spectrum of gum Acacia modesta and its modified form are 

displayed in Figure 4.12 and start to decompose at 76 °C. Crude A. modesta is thermally 

more stable than D. sissoo. The temperature of decomposition began to increase after the 

hydrolysis and modification. The pattern in increase in temperature was same in both gums.   
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      (a) Crude 

 
(b) Purified 
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(c) Acidic hydrolysis 

 
(a) Basic hydrolysis 

 
 
 
 
 
 
 
 
 
 



104 
 

 
(e) Enzymatic hydrolysis 

 
 

 
(f) Polyacrylamide grafting 

 



105 
 

 
 

(g) Carboxymethylation 
Figure 4.11: Thermogravimetric analysis (TGA) of crude Dalbergia sissoo and modified 

forms 
 

 
 
 

    (a) Crude  
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(b) Purified 

 
(c) Acidic hydrolysis 
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(d) Basic hydrolysis 

 
(e) Enzymatic hydrolysis 
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(f) Polyacrylamide grafting 

 

(g) Carboxymethylation 

Figure 4.12: Thermogravimetric analysis (TGA) of crude Acacia modesta and modified gums 
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Table 4.18: Technological thermogravimetric analysis (TGA) characterization of Dalbergia 
sissoo and Acacia modesta 

Sample 
Decomposition  

stage 

Dalbergia sissoo Acacia modesta 

Temperature range  
(°C) 

Weight loss 
 % 

Temperature 
range  
(°C) 

Weight loss 
% 

Crude 
1 60.54 - 238.85 9.582 76.88-248.09 12.63 
2 238.85 - 322.03 48.37 248.09 – 319.84 40.29 
3 322.03 – 383.77 9.452 319.84 - 382.00 11.14 

Purified 
1 68.35 - 245.24 8.134 77.23 - 244.18 8.620 
2 245.24 – 341.15 45.09 244.18 - 325.87 42.92 
3 341.15 – 390.52 6.693 325.87 – 383.77 8.583 

Acidic 
hydrolysis 

1 68.71 – 244.89 14.49 86.11 – 256.61 14.06 
2 244.89 - 328.72 43.86 256.61 – 325.87 48.17 
3 328.72 - 385.55 10.49 325.87 - 373.83 10.36 

Basic 
hydrolysis 

1 66.22 – 247.73 8.692 76.88 – 256.97 11.94 
2 247.73 - 338.31 33.74 256.97- 332.98 41.28 
3 338.31 - 384.84 5.898 332.98 - 384.48 10.03 

Enzymatic 
hydrolysis 

1 66.22 – 241.69 9.891 76.88 - 247.37 11.03 
2 241.69 - 340.79 41.02 247.37 - 324.81 44.83 
3 340.79 - 385.90 6.139 324.81 - 382.35 11.95 

Polyacrylamide 
grafting 

1 65.78 – 216.83 10.55 82.56 – 255.90 12.84 
2 216.83 – 295.33 15.61 255.90 – 327.29 34.88 
3 295.33 – 380.93 10.99 327.29 - 383.42 9.146 

Carboxymethyl
-ation 

1 65.51 – 248.44 11.47 88.96 – 257.68 10.85 
2 248.44 - 350.03 49.67 257.68 - 332.98 45.59 
3 350.03 - 388.61 4.449 332.98 - 381.64 8.225 

 

4.8.3: Differential scanning calorimetry (DSC) 

 DSC was performed to study the endothermal and exothermal changes occurred with 

the increase in temperature. This technique is mostly used to study the phase transitions 

happened in polymers, due to their accuracy and sensitivity. Functional and structural group 

differences in gums affects the thermal behavior and transition temperature (Bothara and 

Singh, 2012). For this study the thermograms of both gums were taken and are given in 

Figure 4.13 and Figure 4.14. The resultant transition data (Tg, Tc and Tm) for D. sissoo and 

A. modesta is given in Table 4.19. The glass transition temperature (Tg) of polymers is 

related to the amorphous and crystalline nature. Low value of Tg indicates low degree of 

crystallinity and high degree of amorphous nature. The high degree of crystallinity provides 

the structural stability to polymers. And also make the granules resistant to high temperature. 

According to the determined Tg these both gums, more than 180 °C, are more stable and 

resistant to heat. D. sissoo has a bit higher Tg value than A. modesta. The understanding of 
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Tg is important in the storage and production processes. Moisture has influence on the Tg 

(Emeje et al., 2011). 

 The major peak for these gums determined through DSC thermogram was around 200 

°C. At this temperature, depolymerization, pyrolitic decomposition and dehydration are 

involved, formation of CO, CH4 and H2O are the result of decomposition occurred at 200 °C. 

Polysaccharides are composed of carboxylic acid or carboxylate functional groups. For that 

reason the thermal breakdown of carboxylate group and formation of CO2 from the 

carbohydrate backbone can be a possible mechanism for the decomposition and thermal 

transitions. The precise and correct assigning for this mechanism is difficult (Vendruscolo et 

al., 2009; Bothara and Singh, 2012).  

 

Table 4.19: Transition data from Differential scanning calorimetry (DSC) of Dalbergia 
sissoo and Acacia modesta 

Gum sample 

Tg (°C) 
(Glass transition 

temperature) 

Tc (°C) 
(Crystallization 

temperature) 

Tm (°C) 
(Melting 

temperature) 
Dalbergia sissoo 

Crude 181.47 191.02 220.54 
Purified 220.10 191.02 183.03 

Acidic hydrolysis 191.68 195.68 210.78 
Basic hydrolysis 190.12 196.80 216.39 

Enzymatic hydrolysis 189.02 204.56 236.75 
Polyacrylamide grafting 188.78 191.01 214.17 

Carboxymethylation 171.48 197.23 216.99 
Gum sample Acacia modesta 

Crude 186.36 193.68 219.88 
Purified 179.25 188.35 220.54 

Acidic hydrolysis 195.68 200.79 208.78 
Basic hydrolysis 192.57 198.14 218.84 

Enzymatic hydrolysis 183.69 196.35 224.54 
Polyacrylamide grafting 181.21 184.33 200.14 

Carboxymethylation 186.56 188.78 205.93 
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(a) Crude  

 
(b) Purified  
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(c) Acidic hydrolysis 

 
(d) Basic hydrolysis 
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(e) Enzymatic hydrolysis 

 
(f) Polyacrylamide grafting 
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(g) Carboxymethylation 

Figure 4.13: Differential scanning calorimetry (DSC) curves of crude Dalbergia sissoo and 
modified gums 

 
(a) Crude 
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(b) Purified 

 
(c) Acidic hydrolysis 
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(d) Basic hydrolysis 

 
(e) Enzymatic hydrolysis 
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(f) Polyacrylamide grafting 

 
(g) Carboxymethylation 

Figure 4.14: Differential scanning calorimetry (DSC) curves of crude Acacia modesta and 
modified gums 
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4.8.4: Fourier transform infrared (FTIR) spectroscopy analysis of gum samples 

Information of different functional groups as well as molecular structure can be 

obtained from infrared spectroscopy. The vibrations of groups in polymer segments have an 

effect on intermolecular interactions; this information can be attained from FTIR spectra. The 

spectrum of FTIR reveals the peak and typical bands peak characteristic of polysaccharides. 

The FTIR spectrum of crude D. sissoo and Acacia modesta and their modified form is given 

in figure 4.15 and 4.16. The spectrum was recorded by studying the % transmittance in 

presence of wavenumber (cm-1).  

 

Figure 4.15: Fourier transform infrared (FTIR) spectrums of crude Dalbergia sissoo and 

modified gums 

In all samples of D. sissoo, the finger print region of the spectrums possesses peaks 

between 800 and 1200 cm-1, that represents the C-O bond stretching for carbohydrates. In 

the polyacrylamide grafted sample there were two different peaks, as compare to other 

samples at the region of 1040 and 1090 -1 which represents the presence of C-N (aliphatic 

amines) bond. This sample also possesses a sharp and separate peak at 1200 cm-1 having C-N 

bond. The region between 1300 and 1500 cm-1 in all these samples was assigned to 

carboxylate groups of galacturonic acid, in this region the basic hydrolyzed gum has sharper 
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peak than other, making it different and unusual from other samples. The acidic hydrolyzed 

gum possess peaks at the region of 1554 cm-1, N-O (nitro) stretching band, which is absent in 

other gum samples. There was sharp peaks in the region between 1500 and 1800 cm-1 

indicating the existence of carboxylic groups. Polyacrylamide grafted gum posses a sharper 

peak between this regions. Phosphines, P-H stretch bond, were also detected in this gum at 

the region of 2360 cm -1. The broad bands at 3200-3400 cm-1, are the presence of hydrogen 

bonded hydroxyl groups, complex vibrational stretches. The hydrogen bonds are related to 

the intra and inert-molecular bound hydroxyl groups. These bonds are the basis of 

carbohydrate structure (Emeje et al., 2011).  

 

 

Figure 4.16: Fourier transform infrared (FTIR) spectrums of crude Acacia modesta and 

modified gums 

The FTIR spectras of gum A. modesta are given in Figure 4.16. The finger print 

region between 800 and 1200 cm-1, which represents the C-C stretching vibration, is present 

in gum acacia and its modified gums. In Acacia modesta the absorbance bands present within 

the range of 900-1200 cm-1, corresponds to the C-O (anhydrides) stretching vibrations. The 

peaks between 1500 and 1600 cm-1 attributes to C=C (alkenes) stretching vibrations. The 

purified, acidic and basic hydrolyzed gums of A. modesta illustrate sharp peaks in the region 
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of 2300-2350 indicating the presence of P-H (phosphines) group, which is absent in other 

modified and crude gum. O-H (hydroxyl group) is present in all gum samples of A. modesta, 

shows the availability of hydrogen bonds (Emeje et al., 2011).  

4.8.5: X-ray diffraction (XRD) 

XRD of gum Dalbergia sissoo and Acacia modesta (crude, purified, hydrolyzed and 

modified) were recorded to examine their amorphous or crystalline structure. The results of 

XRD for the gum of Dalbergia sissoo are given below in figure 4.17.  

 
(a) Crude 
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(b) Purified 

(c) Acidic hydrolysis 
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(d) Basic hydrolysis 

 

 
(e) Enzymatic hydrolysis 
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 (f) Polyacrylamide grafting 

 
(g) Carboxymethylation 

Figure 4.17: X-ray diffraction (XRD) patterns of crude Dalbergia sissoo and modified gums 
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The diffraction curve of crude Dalbergia sissoo is typical of amorphous material, 

indicating no sharp peaks. In its purified form there was also no sharp peak but there was 

increase in intensity as compared to the XRD of crude gum. After the process of purification 

the crystallinity was increased. The acidic hydrolyzed D. sissoo, show same pattern as of 

purified gum, having high intensity while no sharp peak. The XRD of basic and enzymatic 

hydrolyzed gum indicates increase in crystallinity having sharp peaks as compare to crude 

gums. The diffraction pattern of polyacrylamide grafting gum show sharp peaks, which 

confirms the grafting. The modified, carboxymethylation gum also show increase in 

crystallinity having high intensity in its XRD curve. Increase in crystallinity makes the 

sample more stable/resistant to heat. The hydrolyzed and modified gums show increase in 

crystallinity, and are more heat stable when compared with crude gum. In the results of DSC 

of D. sissoo, the hydrolyzed and modified show higher Tg than the crude gum, which is 

related to the increase in crystallinity.  

 Figure 4.18 displayed the diffraction patterns of crude, purified, hydrolyzed and 

modified gum of Acacia modesta. The crude gum exhibits a crystalline structure as its XRD 

pattern contains many sharp peaks. While the purified gum do not contain sharp peaks but 

have high intensity which indicates the crystalline structure. The purified gum have lower Tg 

value than the crude gum, which was determined through DSC, it indicates that the purified 

gum is less stable than the crude A. modesta. The acidic and basic hydrolyzed samples of A. 

modesta exhibits crystallinity structure by showing sharp peaks through XRD curves. The 

enzymatic hydrolyzed sample does not show sharp peaks but have high intensity in its XRD 

curve. It is less stable to heat as compare to crude and other hydrolyzed products. The 

polyacrylamide grafted gum of A. modesta showed sharp diffraction peaks, which are the 

sign of crystalline nature, and confirms the polyacrylamide grafting. The carboxymethylated 

gum shows same Tg value like the crude gum, but do not show any sharp peak but have high 

intensity, indicating high degree of crystallinity. 

 The crude A. modesta is more crystalline in nature as compare to D. sissoo, by having 

many sharp peaks in its XRD pattern. A. modesta also have high Tg value, which indicates 

that is it more heat stable/resistant. The hydrolyzed and modified forms of both selected 

gums show crystalline nature.       
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(a) Crude 

 
(b) Purified 
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(c) Acidic hydrolysis 

 
(d) Basic hydrolysis 
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(e) Enzymatic hydrolysis 

 
(f) Polyacrylamide grafting 
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(g) Carboxymethylation 

Figure 4.18: X-ray diffraction (XRD) patterns of crude Acacia modesta and modified gums  
 

4.8.6: Flow test:  

 The flow test was performed to determine the change in viscosity of both gums after 

the hydrolysis and modification process using rheometer. Viscosity (Pa) and shear stress (Pa) 

were plotted against shear rate (s-1). According to this parameter, there was drop in viscosity. 

After performing the steady state flow parameter the sequence of D. sissoo and A. modesta 

according to the change in viscosity is as follow:  

i. Dalbergia sissoo:  

The order of the flow test of D. sissoo presented as:  

Crude > Carboxymethylation product > Purified > Enzymatic hydrolysis > Acidic hydrolysis 

> Polyacrylamide grafted gum> Basic hydrolysis > 

ii. Acacia modesta: 
The order of the flow test of A. modesta presented as:  

Crude > Carboxymethylation product > Purified > Ezymatic hydrolysis > Acidic hydrolysis 

> Basic hydrolysis > Polyacrylamide grafted 
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The flow curve for D. sissoo and A. modesta is given in figure 4.19 and figure 4.20 

respectively. 

 

 
           (a) Viscosity vs. shear rate 

 
             

(b) Shear stress vs. shear rate 
   

Figure 4.19: Flow curves of crude Dalbergia sissoo and modified gums 
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    (a) Viscosity vs. shear rate 

 

           (b) Shear stress vs. shear rate 

Figure 4.20: Flow curves of crude Acacia modesta and modified gums 
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4.9: Gum based silver nanoparticles:  

 Silver nitrate and purified gums of D. sissoo and A. modesta were used for the 

preparation of silver nanoparticles. Using gum D. sissoo and A. modesta, this process results 

the green synthesis of Ag nanoparticles) by the help of autoclaving. This method uses non-

toxic, non-hemolytic, natural exudates and renewable gums. These gums act as stabilizing 

and reducing agents during the silver nanoparticles synthesis. The silver nanoparticles 

became sterile and safe after autoclaving them. The production of gum-Ag nanoparticles is 

an important requirement for the microbial applications. This method of production is 

according to the requisite of the green chemistry principles (Kora et al., 2010; Kora and 

Arunachalam, 2012). The gums expand and get swelled to become more available for silver 

ions to react with the functional groups present on gums, during the process of autoclaving. 

The hydroxyl groups oxidize to carbonyl groups, caused by the present silver ions. And these 

silver ions get reduced to elemental silver (Vigneshwaran et al., 2006; Kora et al., 2010).  

4.9.1: Production of silver nanoparticles: 

 The production was confirmed by the appearance of dark yellow color in the mixture 

containing gum solution and silver nitrate. This was the clear sign of formation of gum based 

Ag nanoparticles. The production of Ag nanoparticles using both gums is given in the Figure 

4.21. 

 

(a)                                                                      (b) 
Figure 4.21: Gum based silver nanoparticles using Dalbergia sissoo and Acacia modesta 

gums as binding matrix 
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4.9.2: UV/visible spectroscopy: 

The prepared silver nanoparticles were characterized by spectral analysis in the 

region of UV/visible using spectrophotometer in the wavelength range of 200-800 nm. This 

is the most extensively used sensitive and simple technique for the confirmation of silver 

nanoparticles. Absorption spectra of gum based Ag nanoparticles and gum solution was 

recorded to observe the production of Ag nanoparticles, by UV/visible spectroscopy.  The 

spectrum obtained from both gums is given in figure 4.22. 

In both graphs, the peaks present at high absorbance contain gum based silver 

nanoparticles; the lower ones are of crude gum solution. The graphs indicate the formation of 

Ag nanoparticles. Silver nanoparticles formed from both gums exhibit strong peaks around 

410-430 nm. Peaks at this range are due to surface plasmon resonance (SPR). It is 

responsible for conducting electron present at the surface of Ag nanoparticles. The dark 

yellow/yellowish brown color of silver nanoparticles is due to the surface plasmon resonance 

transition (Bankura et al., 2012). There were no peaks at the region of 335 and 560 nm, 

confirmation of no formation of nanocluster or aggregation of nanoparticles (Kora et al., 

2010). 
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(a) UV-vis spectra of crude and gum based silver nanoparticles of Dalbergia sissoo 
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               (b) UV-vis spectra of crude and gum based silver nanoparticles of Acacia modesta 

  
Figure 4.22: UV-vis spectra of Ag nanoparticles using Dalbergia sissoo Acacia modesta 
gums as binding matrix 
 
4.9.3: Antibacterial activity of gum based silver nanoparticles: 

To study the antibacterial effect of gum based silver nanoparticle the disc diffusion 

method was performed, against the bacterial species; E. coli and S. aureus. The synthesized 

silver nanoparticles exhibit significant high antibacterial activity against both species. The 

diameter of clear zone formed by the sample was measured. The gum based silver 

nanoparticles releases compounds that are diffusible, and causes the formation of clear zones 

around the discs in petri plates. The antibacterial activity by D. sissoo and A. modesta based 

nanoparticles is given in Table 4.20. Results are mean of two separate experiments, the mean 

± S. D, was calculated.  
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Table: 4.20: Antibacterial activity of gum based silver nanoparticles 

Bacterial species Crude D. sissoo Ag nanoparticles 

using D. sissoo 

Crude  

A. modesta  

Ag nanoparticles 

using A. modesta  

E. coli 14 ± 1.2 24 ± 0.89 14 ± 1.4 24 ± 0.75 

S. aureus 14 ± 0.9 24 ± 1 12 ± 1.2 20 ± 1.1 

 

The antibacterial activity was increased due to the silver nanoparticles. According to 

the literature survey no data was reported using these gums. But there is report of 

antibacterial activity of other gums, used to form silver nanoparticles by this method (Kora et 

al., 2010; Bankura et al., 2012; Kora and Arunachalam, 2012). On the basis of these findings, 

it is concluded that gum based silver nanoparticles have considerable and significant 

antibacterial activity. 

4.10: Pharmaceutical potential: 

 To evaluate the pharmaceutical potential the crude, purified, modified and hydrolyzed 

gums of D. sissoo and A. modesta were used as tablet binders in paracetamol tablets. Their 

role as binders was compared with Hydroxypropyl methylcellulose (HPMC), which is a 

synthetic binder. The gum solution was used as granulating fluid which has the function of 

binding. Before the formation of tablets the granules were analyzed.  

4.10.1: Granules analysis:  

 The granules were prepared by using gum D. sissoo, A. modesta, their derived forms 

and HPMC. The pre compression parameters were bulk and tapped density, Hausner’s ratio 

and Carr’s index. The results of these parameter are given in Table 4.21.  

 The bulk and tapped densities possessed by the used gums showed nearly the same 

result as HPMC have. The hausner’s ratio and carr’s index were calculated using bulk and 

tapped densities. According to literature, granules having carr’s index between the range of 5 

– 15 % and hausner’s ration less than 1.25, exhibit good flow properties. All the tested 

formulations have the hausner’s ratio less than 1.25. While the carr’s index was up to 15 % 

which was excellent. Thus, all the granules possessed good flow properties. 
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Table 4.21: Pre-compression parameters using gum Dalbergia sissoo and Acacia modesta 

Tablets using: Bulk density (g/mL)
Tapped 
density 
(g/mL) 

Hausner's 
ratio 

Carr's 
index (%) 

Dalbergia sissoo 
Crude 0.5 0.58 1.16 8 

Purified 0.5 0.625 1.25 12.5 
Acidic hydrolysis 0.526 0.625 1.18 9.9 
Basic hydrolysis 0.5 0.625 1.25 12.5 

Enzymatic hydrolysis 0.476 0.588 1.23 11.2 
Polyacrylamide grafting 0.5 0.625 1.25 12.5 

Carboxymethylation 0.5 0.625 1.25 12.5 
Acacia modesta 

Crude 0.526 0.625 1.18 9.9 
Purified 0.555 0.625 1.12 7 

Acidic hydrolysis 0.526 0.625 1.12 14 
Basic hydrolysis 0.555 0.625 1.12 7 

Enzymatic hydrolysis 0.555 0.625 1.12 7 
Polyacrylamide grafting 0.476 0.555 1.16 7.9 

Carboxymethylation 0.555 0.666 1.2 11.1 
HPMC 

  0.454 0.55 1.21 9.6 
 

4.10.2: Preparation of tablets: 

 Using both gums and HPMC the paracetamol tablets were prepared. There were 15 

batches of tablets with different binder solution. The figures of prepared tablets from D. 

sissoo and A. modesta are given below in figure 4.23 and 4.24, respectively. The tablets 

prepared using HPMC are displayed in figure 4.25. 
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    (a)  Crude                                              (b) Purified 

 

   (c) Acidic hydrolysis           (d) Basic hydrolysis 

 

                          (e) Enzymatic hydrolysis                   (f) Polyacrylamide grafting 
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(g) Carboxymethylation 

Figure 4.23: Tablets prepared using crude Dalbergia sissoo and modified gums 

 

     (a) Crude        (b) Purified 

 

(c) Acidic hydrolysis   (d) Basic hydrolysis 
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                            (e) Enzymatic hydrolysis            (f) Polyacrylamide grafting 

 

(g) Carboxymethylation 

Figure 4.24: Tablets prepared using crude Acacia modesta and modified gums 

 

Figure 4.25: Tablets prepared using HPMC as binder  
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Tablet analysis: 

After the preparation of tablets the following parameters were studied: 

a) Weight uniformity 

b) Hardness 

c) Friability 

d) Disintegration time 

e) Dissolution analysis 

a) Weight uniformity:  

To study the weight uniformity of all the prepared batches of tablets, twenty tablets 

were randomly selected from each batch and then weighed individually using an electronic 

weighing balance. The mean weight and standard deviation were determined, the data is 

given in Table 4.22. There was no major variation shown by the paracetamol tablets in mean 

weights. The tablets exhibits less standard deviation which was less than 2 %. This less S.D 

is the sign of good uniformity (Onunkwo, 2010). 

b) Hardness:           

 10 tablets from each batch were taken randomly for determining their hardness. The 

mean ± S. D  was calculated. Some gum samples have the value of hardness near to hardness 

value of HMPC. And some gum samples have high value of hardness. The hardness depends 

on the nature of binder used. The gum solutions having high viscosity possess high hardness 

value. The hardness value of the tablets from all batches is given in Table 4.22.  

c) Friability: 

 20 tablets were randomly selected from each batch for the evaluation of friability. The 

friability of a tablet should be less than 1 %. Tablet from all 15 batches show the friability 

less than 1 % (Table 4.22). 

d) Disintegration time: 

Disintegration time, determines the effect of binder in tablet by the help of time 

needed by tablet to get dissolved. According to this method the tablet should dinintegrate in 

15 min. Six tablets were placed in each component of the disintegration apparatus and the 

time was noted. Some of the prepared tablets were dissolved before 15 minute and some does 

not. The result of disintegration test is given in Table 4.22. 
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Table 4.22: Tablet analysis of Dalbergia sissoo, Acacia modesta and Hydroxypropyl 
methylcellulose 

Tablets using: 
Weight uniformity (mg)

n= 20 

Hardness 
(N) 

n=10 

Friability 
(%) 

Disintegration 
time (min) 

Dalbergia sissoo 

Crude 250.77 ± 1.01 94.5 ± 0.22 0.88 16 

Purified 251.99 ± 1.12 81 ± 0.70 0.92 10 

Acidic hydrolysis 252.77 ± 1.27 69.1 ± 0.82 0.95 6 

Basic hydrolysis 252.82 ± 0.80 67.8 ± 0.76 0.13 14 

Enzymatic hydrolysis 253.31 ± 0.93 141.4 ± 0.27 0.49 21 

Chemical modification 252.29 ± 1.11 54.5 ± 0.68 0.96 3 

Carboxymethylation 252.89 ± 0.91 154.1 ± 0.14 0.35 19 

Acacia modesta 

Crude 257.86 ± 1.13 99.2 ± 0.49 0.47 16 

Purified 255.04 ± 1.29 90.8 ± 0.97 0.6 15 

Acidic hydrolysis 249.97 ±0.88 87.4 ± 0.67 0.54 15 

Basic hydrolysis 254.83 ±1.19 58.2 ± 0.84 0.65 2 

Enzymatic hydrolysis 252.82 ± 1.06 109.3 ± 0.5 0.36 17 

Chemical modification 252.22 ± 0.86 94.3 ± 0.94 0.8 11 

Carboxymethylation 253.046 ± 1.05 113.9 ± 0.08 0.62 16 

HPMC 

  251.18 ± 1.02 90.4 ± 0.89 0.88 3 
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e. Dissolution rate determination:  

In 0.1 N Hydrochloric acid medium the dissolution rate of the tablets was performed. 

The tablets were analyzed for 90 min. The analysis of the 15 batches of tablets was 

performed in triplicate. The % drug release was calculated. The mean and S.D was calculated 

and further used. The dissolution rate of D. sissoo and A. modesta is given in Figure 4.26 and 

Figure 4.27, respectively. Gums of D. sissoo and A. modesta were tested to evaluate their role 

as binder and were compared with HPMC. The dissolution data of tablet release of both 

gums is shown in Table 4.23 (D. sissoo) and table 4.24 (A. modesta). The 75 % of tablets 

should be dissolved in 30 minutes. Most of the tablets were dissolved within 30 minutes, 

given in the Tables 4.23 and 4.24 below.  

The tablets prepared from crude D. sissoo does not dissolve within 30 min, it display 

delay in the release. Also the enzymatic hydrolyzed and carboxymethylated gum do not 

dissolve up to 75 % within 30 minutes, due to the viscosity of the binder (gum) used. Rest of 

modified, hydrolyzed and purified gums tablets dissolve within 30 min (Table 4.20).  In the 

case of gum A. modesta, the crude, purified and carboxymethylated gums show delay in 

dissolution analysis, as 75 % of the tablet was not dissolved in 30 min (Table 4.21).  Except 

the above mention gums all the other gums show good release profile in paracetamol tablets 

as binders. These tablets show similar release profile as of HPMC the model binder used.  

After performing the above stated parameters, it can be concluded that both gums had 

similar binding ability as HPMC possess and has the potential to be used as a pharmaceutical 

tablet binder.  The evaluation of tablets reveals that the binding efficacy of tablets prepared 

using A. modesta and D. sissoo is comparable with the tablets prepared using HPMC as a 

standard binder. After the process of modification and hydrolysis there was decrease in 

dissolution rate. The crude gums are the more viscous binders, used in tablets. The tested 

tablets showed faster and slower dissolution profiles. The gums showing slower release can 

be useful in sustained release tablets as a binder. And those gums having faster release rate 

are helpful in conventional tablet formulation.  
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Figure 4.26: In-vitro dissolution profile of paracetamol tablets prepared with Dalbergia sissoo gum as binding agent 
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Time Crude purified Acidic 

hydrolysis 

Basic 

hydrolysis 

Enzymatic 

hydrolysis 

Polyacrylamide 

grafting 

Carboxymethylation HPMC 

0 2.15±0.88 2.78±0.69 5.79±1.65 0.93±0.14 1.97±0.17 3.36±0.74 1.85±0.35 1.30±0.70 

5 12.60±1.19 51.82±2.14 83.36±0.71 38.65±0.56 11.79±1.33 102.98±1.23 14.31±2.12 103.1±3.33 

10 19.61±0.81 74.46±4.71 104.92±2.19 63.33±2.31 20.72±2.31 102.27±0.32 24.54±2.98 103.12±1.79 

15 26.63±2.07 95.19±1.31 103.23±0.44 78.69±2.22 29.73±0.99 101.74±0.14 35.91±2.25 102.33±2.22 

20 34.80±2.15 103.80±0.91 103.12±1.42 85.19±1.10 39.13±2.63 101.46±0.18 45.71±2.17 101.31±2.57 

25 41.56±1.49 105.30±0.77 103.11±1.47 99.66±1.27 48.74±1.67 101.30±0.40 54.54±1.94 101.93±2.57 

30 48.92±2.25 105.67±0.18 102.96±1.67 101.01±0.77 57.03±2.25 101.20±0.63 65.97±0.52 101.92±1.63 

35 56.36±2.44 105.98±0.80 102.57±1.61 101.64±1.25 63.91±2.18 101.14±0.49 75.11±2.05 101.4±1.80 

40 63.03±1.44 105.49±0.37 102.25±1.90 102.65±1.37 70.78±1.73 100.31±1.29 82.80±1.81 101.36±2.02 

45 69.67±1.64 104.87±0.75 102.18±1.96 102.55±1.15 78.98±2.20 100.20±1.05 90.72±2.43 101.25±1.56 

50 75.07±1.70 104.82±0.70 102.16±1.84 101.53±1.12 84.65±0.88 100.12±0.80 98.04±1.72 100.44±1.40 

55 80.32±1.86 104.64±0.63 101.86±1.44 101.98±1.33 90.72±2.54 100.48±0.79 105.33±1.24 100.39±2.09 

60 85.97±2.37 104.31±0.46 101.37±1.45 101.54±1.60 90.20±2.25 100.21±0.82 105.28±1.25 99.24±2.68 

65 91.76±2.05 103.34±0.87 101.19±1.38 101.37±2.27 102.11±0.76 100.60±0.67 102.20±2.36 99.11±2.75 

70 96.37±2.40 102.71±1.09 101.45±2.08 100.99±1.76 102.81±0.73 100.23±0.58 102.68±2.44 99.27±1.74 

75 101.09±1.90 102.30±1.15 101.24±2.25 100.15±2.13 102.50±1.44 100.98±0.91 102.37±0.63 99.11±2.07 

80 104.45±1.98 101.57±1.19 99.53±2.88 100.71±1.84 102.03±1.85 100.59±1.09 102.86±2.40 99.16±2.10 

85 104.73±1.20 102.16±1.31 99.16±1.26 100.46±1.76 102.46±2.26 100.19±0.88 102.90±0.44 99.11±2.25 

90 104.65±1.64 100.80±1.44 99.05±0.45 100.23±1.85 102.88±1.72 100.67±1.52 102.99±0.41 99.12±2.76 

Table 4.23: Dissolution rate of paracetamol tablets prepared with Dalbergia sissoo 
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Figure 4.27: In-vitro dissolution profile of paracetamol tablets prepared with Acacia modesta gum as binding agent 
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Time Crude Purified Acidic 

hydrolysis 

Basic 

Hydrolysis 

 Enzymatic 

hydrolysis  

Polyacrylamide 

grafting 

Carboxymethylation HPMC 

0 2.48±0.42 3.80±0.73 2.73±1.52 19.75±0.26 1.64±1.18 3.36±1.05 2.15±0.24 1.30±0.70 

5 10.22±2.27 15.93±0.26 21.33±0.85 101.79±0.80 15.98±1.62 100.98±2.63 12.60±2.07 103.1±3.33 

10 16.12±1.92 24.78±0.98 38.20±1.32 102.60±0.38 29.10±2.00 100.27±1.45 19.61±2.18 103.12±1.79 

15 20.98±2.12 33.74±0.94 53.58±1.85 102.48±0.25 42.37±1.92 101.74±1.38 26.63±1.72 102.33±2.22 

20 23.23±2.15 41.33±1.93 69.28±0.73 103.47±0.14 52.93±1.28 101.46±1.73 34.80±2.21 101.31±2.57 

25 29.45±1.49 50.34±1.40 87.29±2.04 103.71±1.32 62.84±2.08 101.30±2.18 41.56±1.43 101.93±2.57 

30 35.65±2.25 59.07±1.12 100.26±1.78 103.81±0.87 70.55±1.06 101.70±1.95 48.92±2.77 101.92±1.63 

35 46.23±2.60 66.64±0.53 105.59±2.05 103.00±0.42 80.65±0.73 101.14±2.46 56.36±2.27 101.4±1.80 

40 56.22±0.80 75.51±1.15 104.22±2.06 103.63±0.50 90.95±0.52 100.31±2.98 63.03±2.23 101.36±2.02 

45 61.55±1.78 86.34±1.09 104.89±1.15 103.05±0.70 99.47±1.09 100.20±1.43 69.67±0.89 101.25±1.56 

50 71.22±1.40 92.06±0.18 104.98±0.91 103.87±0.69 101.62±2.57 99.32±1.74 75.07±2.69 100.44±1.40 

55 82.23±1.29 99.08±0.27 104.33±0.85 103.90±0.78 101.31±1.98 99.25±1.29 80.32±1.65 100.39±2.09 

60 93.19±1.21 102.10±0.38 104.44±1.01 102.39±0.97 101.09±2.40 99.21±1.39 85.97±1.56 99.24±2.68 

65 100.09±1.49 102.66±0.17 104.20±0.83 101.93±0.69 100.78±1.93 99.48±1.85 91.76±0.64 99.11±2.75 

70 100.11±1.63 103.02±0.53 103.56±0.75 101.93±0.46 100.78±2.05 99.23±2.21 96.37±0.75 99.27±1.74 

75 100.01±1.74 103.23±0.98 103.60±0.40 101.00±0.64 100.92±0.36 99.98±1.84 101.09±2.89 99.11±2.07 

80 101.90±1.84 102.34±0.37 103.20±0.11 100.91±0.65 100.27±1.09 98.59±2.17 102.45±1.60 99.16±2.10 

85 101.30±1.53 101.11±0.97 102.20±0.07 100.45±0.37 99.92±0.46 98.19±1.83 102.73±1.92 99.11±2.25 

90 101.22±1.88 101.98±1.04 102.10±0.14 100.10±0.46 99.41±0.42 98.61±1.34 102.65±2.08 99.12±2.76 

Table 4.24: Dissolution rate of paracetamol tablets prepared with Acacia modesta 
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CHAPTER 5 

     SUMMARY 

The present research was planned and conducted to evaluate the role of selected gum 

as biobinders in paharmaceutical industry. Natural gums are capable biodegradable materials 

for use in drug delivery systems because of their well-known biodegradability and 

biocompatibility. Excipients from natural sources are effective and safe and their use in 

formulation development is on the rise. Natural gums offer good controlling and retarding 

effects in dosage forms due to their swelling and gelling properties.  The use of natural gums 

in pharmaceutical formulations is not as expected, though they are found to be safe. The 

purity of natural gums is one of the major problems in deciding their consumption. They are 

prone to degradation due to microbes or oxidation. The native and crude gums also possess 

different pitfalls for their utilization in different products. In the current study these problems 

were also address to resolve by using different strategies. For this reason they need intense 

stability and quality requirements before use, to overcome these problems the natural gums 

can be modified and hydrolyzed. These polysaccharides are relatively cheap, easily available 

and non-toxic. The physiochemical and biochemical analysis was performed to study the 

nature, capability and composition of gums. The monosaccharidal compositions of gum 

solution were determined through HPLC. The monosaccharidal composition of Dalbergia 

sissoo was mannose and arabinose. While melezitose, mannose and fructose were present in 

Acacia modesta. Acidic, basic and enzymatic hydrolysis of gums was carried out. The gums 

were modified by two methods; polyacrylamide grafting and carboxymethylation. Gums 

were hydrolyzed and modified to overcome the drawbacks of crude gums, such as free 

flowing properties, lack of clarity, uncontrolled rates of thickening and hydration and 

microbial contamination. Currently, much interest is being given to biopolymer’s 

modification and hydrolysis for their application being green molecules. The antimicrobial 

activity possessed by gums was increased after the hydrolysis and modification. No toxicity 

was shown by crude, purified, hydrolyzed and modified gum samples against human 

erythrocytes. All these samples also did not exhibited mutagenic activity tested against 

Salmonella typhimurium TA 98 and TA 100.  



 

The purified gums were used for the preparation of silver nanoparticles, using gum as 

green matrix for their binding. These gum bond nanoparticles possess significantly high 

antibacterial activity. To study the thermal behavior of gum the techniques of TGA and DSC 

were used and surface morphology by SEM. The gums became thermally more stable after 

performing the hydrolysis and modification. There was also an increase in crystallinity in the 

modified samples, determined by XRD. Shifting of functional groups causes increase in 

crystallinity, which makes the crude gums more resistant to heat also proven by the FTIR 

spectra. There was a fall in viscosity studied by performing flow test on rheometer.  

To evaluate the pharmaceutical potential of natural gums as tablet binders the properties 

of prepared granules such as bulk and tapped densities, carr’s index and hausner’s ratio were 

determined. HPMC was used as the model binder. For the preparation of tablets the wet 

granulation method was used and the gum solution was used as granulating fluid with 

paracetamol as a poorly soluble drug. The prepared tablets were evaluated for weight uniformity, 

hardness, friability, disintegration time and dissolution profile. The drug release studies were 

carried out by using dissolution testing procedures. After the analysis of tablets, it was concluded 

that all batches of tablets gave different dissolution profiles and have comparable binding ability 

as HPMC. That has the potential to be used as a pharmaceutical tablet binder. In case of crude 

gums the dissolution rate gets slower, as the drug get dissolved in more time. The tablets 

prepared from hydrolyzed and modified gums exhibit faster dissolution profile. Decrease in 

pattern of dissolution profile was observed after the process of modification and hydrolysis. That 

is the main reason of performing hydrolysis and modification. According to the research 

performed the crude D. sissoo and A. modesta can be used in sustained release tablets as a binder 

as they perform as more viscous binder solution.  

On the basis of these results, it is recommended that these selected gums are natural 

antimicrobial and antioxidant compounds and are non-toxic, non-mutagenic. These gums have 

the potential to be used in tablets as binder as well as green matrix for nanoparticles. In future, 

they may be used for pioletand indutrial scale in pharmaceutical industry. The use of these gums 

will definitely decrease the overall cost of the formulation development as the natural gums are 

cheaper substitutes to many existing excipients and hence can be a better alternative. Current 

study also open new endours for the applications of gums in other fields like nanoscience, food 

science etc. 
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