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Abstract 

Tree gums exemplify sustainable and renewable biomacromolecules abundantly available from 

nature and possess excellent biodegradability, non-toxicity, low cost, physicochemical properties, 

structural attributes and diverse functional groups. Often known as tree gum polysaccharides or 

gum hydrocolloids, these biopolymers are obtained as the natural exudates of different tree species 

and represent a largely unexplored source of valuable natural products. Exudate gums have a wide 

range of applications in food and pharmaceutical industries as stabilizers, thickening agents, 

emulsifying agents, and binding agents. Recently there is a growing interest in the use of these 

exudate gums for non-food applications, including biomedical, food and pharmaceutical 

packaging, energy, and environmental applications. The discovery of novel uses for these gums 

has piqued people's attention in recent years. 

This current thesis investigates the potential non-food applications of three important tree gums: 

arabic (Acacia Senegal, Acacia Seyal), karaya (Sterculia Urens), and kondagogu (Cochlospermum 

Gossypium), focusing their uses in food packaging. Abundant availability and biodegradability 

coupled with non-toxicity and low cost can make these materials ideal for the fabrication of 

packaging films to replace conventional plastics. However, these exudate gums have intrinsic 

limitations, including high hydrophilicity, poor film-forming ability, and low mechanical 

properties. To overcome these drawbacks, different strategies were employed, including chemical 

modifications, blending with different nanomaterials (graphene oxide, nanocellulose), 2D 

nanoclay coating, and blending with other natural polymers. The obtained packaging films 

demonstrated significant improvement in the physicochemical, mechanical, thermal and barrier 

properties while retaining the biodegradability of the gums.  

Additionally, certain strategies have been developed to valorize tree gum wastes in the fabrication 

of nanostructures for advanced applications. The carbon-rich structure of the gum wastes has been 
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utilized in the development of carbon nanostructures with exceptionally high surface area. These 

carbon nanostructures have been further used in the development of energy harvesters. The 

abundant functional groups of the gums have been put to use in the development of graphene-

supported nanoparticles for environmental remediation application. 

To summarize, this work emphasizes the valorization of tree gums in food packaging, energy, and 

environmental applications. The results demonstrate the tremendous unexplored potential of the 

exudate gums for the fabrication of bioplastic packaging materials. Additionally, gum wastes with 

no commercial value can potentially be a great resource for the development of nanostructures for 

advanced applications. 

Keywords: tree gums, karaya, kondagogu, arabic, bioplastics, food packaging, nanostructures, 

energy harvesters  
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Abstrakt 

Rostlinné gumy představují udržitelné a obnovitelné biomakromolekuly dostupné z 

přírodních zdrojů, vyznačující se výtečnou biodegradabilitou, netoxicitou, nízkou cenou, 

zajímavými chemickými a fyzikálními vlastnostmi, strukturou a přítomností rozličných funkčních 

skupin. Jsou často označovány jako polysacharidy nebo hydrokoloidy z rostlinných gum. Tyto 

biopolymery jsou získávány jako přírodní exudáty z různých druhů dřevin a představují málo 

prozkoumaný zdroj cenných přírodních produktů. Exudátové gumy mají široké spektrum 

uplatnění v potravinářském a farmaceutickém průmyslu jako stabilizátory, zahušťovadla, 

emulgátory a pojiva. V poslední době je zvýšený zájem o jejich využití v nepotravinářských 

odvětvích, zvláště biomedicínských aplikacích, materiálech pro obaly, energetických a 

environmentálních aplikacích. Výzkumu nových využití těchto gum je tedy v současné době 

věnována pozornost mnoha subjektů.  

Tato představovaná práce se zabývá nepotravinářskými aplikacemi tří důležitých materiálů 

– arabské gumy (získávané z Acacia Senegal, Acacia Seyal) gumy karaya (Sterculia Urens), a 

gumy kondagogu (Cochlospermum Gossypium) a soustředí se na jejich využití při výrobě 

obalových materiálů pro potavinářství. Dostupnost v dostatečném množství, biodegrabilita, 

netoxicita a cenová dostupnost činí tyto materiály ideálními pro výrobu obalových folií s nadějí, 

že nahradí konvenční plasty. Bohužel tyto exudáty mají v nezpracovaném stavu nedostatky, jako 

je vysoká hydrofilicita, špatná schopnost tvoření filmů, a nízká mechanická odolnost. Pro 

překonání těchto nevýhod bylo uplatněno několik strategií, včetně chemické modifikace, mísení 
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s různými nanomateriály (oxid grafenu, nanocelulóza), 2D nanojílové povlakování a mísení 

s jinými přírodními polymery. Výsledné obalové folie vykazovaly značné zlepšení fyzikálně-

chemických, mechanických a tepelně izolačních vlastností i neprodyšnosti za zachování 

biodegradability rostlinných gum.  

Také se nám podařilo vyvinout způsoby zušlechtění odpadů z výroby rostlinných gum 

umožňující jejich použití pro výrobu nanostruktur pro technologicky pokročilé aplikace. Struktura 

gum bohatá na uhlík byla využita k výrobě nanostruktur s obzvláště vysokým měrným povrchem. 

Tyto uhlíkaté nanostruktury byly využity k vývoji zařízení pro získávání energie. Početné funkční 

skupiny zkoumaných gum byly využity při vývoji nanočástic ukotvených na grafenu a pro jejich 

environmentálně sanační aplikace.  

Tato práce tedy zahrnuje využití rostlinných gum pro potravinářské obaly, energetické a 

environmentální aplikace. Její výsledky odhalují obrovský dosud nevyužitý potenciál pro výrobu 

bioplastických obalových materiálů. Odpady z výroby těchto gum, které zatím nemají komerční 

hodnotu, se mohou stát ceněnou surovinou pro výrobu nanostruktur pro pokročilé technické 

aplikace.  

Klíčová slova: rostlinné gumy, karaya guma, kondagogu, arabská guma, bioplasty, potravinářské 

obaly, nanostruktury, získávání energie 
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1. Abbreviations 

PET – Polyethylene terephthalate 

PE – Polyethylene 

PP – Polypropylene 

PS – Polystyrene 

PVC – Polyvinyl chloride 

DDT – Dichlorodiphenyltrichloroethane 

PCB – Polychlorinated biphenyls 

PAH – Polycyclic aromatic hydrocarbons 

GA – Gum arabic 

GK – Gum karaya 

KG – Gum kondagogu 

FAO – Food and agriculture organization 

GRAS – Generally recognized as safe 

ASTM - American society for testing and materials 

PVA – Polyvinyl alcohol 

GO – Graphene oxide 

RGO – Reduced graphene oxide 

DDSA – Dodecenyl succinic anhydride 
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2. Introduction 

Polymers derived from petrochemical compounds are ubiquitous in our daily lives. These 

materials, which are derived from nonrenewable energy sources such as crude oil, may be modified 

to have a wide range of characteristics tailored to specific applications. Their exceptional 

versatility along with technical properties and lower manufacturing costs are the driving forces 

behind their widespread use and, consequently, a global reliance. The amount of plastics produced 

worldwide has increased exponentially from 2 million tons in 1950 to 367 million tons in 20201. 

The fact that more than half of all plastics ever produced were introduced to the market after 2000 

reflects their prevalence in our everyday lives1. Polyethylene terephthalate (PET), polyethylene 

(PE), polypropylene (PP), polystyrene (PS), and polyvinyl chloride (PVC) are some of the most 

commonly used plastics in the market. These conventional plastics are resistant to microbial 

degradation and persist in the environment for a long period of time, taking years to centuries to 

degrade in natural conditions, resulting in an untenable environment. When released into the 

environment, plastic waste can migrate from land to river and finally reach the ocean. Plastic 

pollution has spread across the environment, littering all of the main ocean basins, rivers, and 

bodies of water2. Plastics can have a negative influence on the natural environment, animals, and 

even human health throughout their migration3. When ingested, microplastics, a kind of plastic 

waste, obstruct the digestive tracts of animals and marine life, posing a hazard to them. They are 

then translocated to the circulatory system and other tissues, allowing them to pass from prey to 

predator along the food chain4. 

Furthermore, compounds such as monomers, oligomers, and additives have been shown to 

be released into the environment by plastics, suggesting that plastics can also be considered sources 

of some hazardous substances5. Moreover, plastics can also serve as “vehicles” for many other 

contaminants in the environment; heavy metals, dichlorodiphenyltrichloroethane (DDT), 
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polychlorinated biphenyls (PCB), polycyclic aromatic hydrocarbons (PAH), and nanoparticles 

have been detected on the plastic debris surface, creating a plastic-contaminant mixtures3. The 

creation of such mixtures not only accelerated the spread of these contaminants but also opened 

up a new environmental fate for them. Taking into consideration the innumerable pollutants 

released into the environment, it is still unclear if plastics may function as vectors for them, 

especially emerging contaminants. Further, plastics can aid in the dispersion and diffusion of 

microbes and pathogens in the ecosystem by serving as carriers, adding to their list of potential 

threats6.  

Over the years, different techniques have been explored for dealing with plastic waste, 

including incineration, burying in landfills, and recycling. Nevertheless, most of these techniques 

have environmental consequences, and recycling has not been a viable option for many of these 

materials7. As a response to resolve these escalating environmental concerns and unknown future 

threats, the green chemistry approach and sustainable engineering are being viewed as a key 

alternative for the development of new generation materials, products, and processes. With the 

depletion of fossil fuel reserves and the introduction of new environmental regulations, a 

synergistic drive has emerged to develop new materials and products that are both ecologically 

friendly and are not reliant on petroleum. In recent years, many major steps have been taken to 

create a more cost-effective and environmentally friendly world. The development of biobased 

materials is an example of such an endeavour that fits nicely within this paradigm. Biobased 

materials are those whose primary components are derived from biological origins. Biopolymers 

are once such components that are derived from natural renewable biomass. 

2.1. Biopolymers 

Biopolymers are a diverse group of materials obtained from biological sources, including 

trees/plants, animals, and microbes and also involve materials chemically synthesized from 
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biological sources like sugars, oils, proteins, fats, exudates, and resins8. Biopolymers have several 

unique characteristics, including renewability, natural abundance, low cost, unique structures, non-

toxicity, biodegradability, non-carcinogenic, non-thrombogenic, biocompatibility, and are carbon 

neutral9. Nature-derived biopolymers, in contrast to conventional polymers with a simpler 

structure, have a broad range of structural complexity, frequently dependent on several factors 

such as the species, source, technique of extraction, and the age of the plant. However, the 

commercialization of these natural polymers is hindered by economic and engineering constraints. 

Nevertheless, due to their versatility, abundance, and low cost, biopolymers hold a tremendous 

potential to replace petroleum-based conventional polymers in various applications, including 

packaging, biomedical, textile, structural materials, cosmetics, drug delivery, and food technology.  

Biopolymers are classified using various criteria in the literature; however, they may be 

roughly classified into natural and synthetic biopolymers. Natural biopolymers are acquired 

directly from nature, while synthetic biopolymers involve human intervention and chemical 

synthesis techniques to obtain the polymers. Natural biopolymers extracted from biomass can be 

further subclassified as polysaccharides, proteins, and lipids. Among these, polysaccharides are 

the most abundant and diverse group of biopolymers available on the planet. They are an essential 

component that performs a variety of biological functions including, communication between the 

cells, molecular recognition, and cell adhesion10. These are complex carbohydrate polymers 

composed of monosaccharide units connected through glycosidic linkages forming linear or 

branched-chain molecules of various lengths. They are either glycosidically connected sugar 

residues or covalently bound to other structures such as amino acids, peptides, and lipids. The 

physical and chemical characteristics of the polysaccharides are influenced by the monosaccharide 

unit type, chain configuration, molecular weight, branching, type of linkages, and anomeric 

configuration10. The most common polysaccharides obtained from biomass are cellulose, starch, 
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chitin/chitosan, and gums. Since gums are the focus of the thesis, they will be addressed in-depth 

in the next section. 

2.2. Gums 

Gums are high molecular weight compounds, either hydrophilic or hydrophobic, forming 

gels or highly viscous solutions with their respective solvents. Gums are often referred to as 

hydrocolloids due to their hydrophilic nature and ability to dissolve in water. This is due to the 

vast number of hydroxyl groups that are generally arranged in a somewhat regular pattern 

throughout the molecule's backbone. Most gums are heterogeneous polysaccharides, meaning they 

are made up of different monosaccharide units and possess complex structures. There are different 

types of gums derived from various sources, such as tree exudates, plants, seaweeds,  mucilage 

gums, and microbes (Figure 1).  

 

Figure 1. Classification of gums obtained from different sources. 

Exudate gums have been utilized for various applications since ancient times and are even 

mentioned in the Bible as a source of food11. Natural exudate gums are polysaccharides that trees 

exude as a defensive mechanism in response to mechanical damage, chemical injuries, microbial 

attacks, insect attacks, and water stress (Figure 2). Under these conditions, trees produce gums in 

the form of tears, masses, smeared buds, or lumps that are amorphous in nature; this process is 
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called gummosis. Usually, gums are not part of the typical tree metabolism, rather a product of 

abnormal and unfavourable circumstances. When the exuded gummy liquid dries in sunlight and 

air, it hardens into a hard-glassy mass of varied colour. This protects the injured part of the plant 

from subsequent infections and water losses by preventing the microbes from entering the internal 

tissues acting as a barrier. The trees exude gums quickly and abundantly during the summer, 

whereas it is relatively sluggish or non-existent during the winter12. 

 

Figure 2. The most prevalent causes of gummosis in trees12. 

2.3. Extraction of tree gum exudates 

Although harvesting and gathering naturally exuded gums from forest regions is still one 

of the most common approaches, tapping or blazing of trees is used to obtain large quantities of 

exudates. Making cuts and incisions in the bark of trees to increase gum exudation is a process 

known as tapping or blazing. The tapping procedure involves the removal of some sections of the 

bark with a sharp instrument and inflicting a sharp incision to trigger the exudation process11. This 
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method requires a sharp instrument to slice off a chunk of bark and blaze the area underneath. 

Gums in the form of sticky liquid begin to pour from the wounds created on stems and branches. 

These viscous liquid tears start to harden and granulate upon exposure to sun and wind. It's critical 

to keep the tears on the trees for long enough for them to dry and to prevent clustering together. 

The tapping of gum trees is typically done in dry seasons until the beginning of the rainy season. 

Tapping incisions are usually made on the sun-facing sides of the trees to allow the gums to get 

substantial sunlight exposure and dry quickly. Successive tapping cycles can be used to further 

improve the yield of the gums. The earlier incisions are reopened during these tapping cycles by 

removing the bark from the top of the wounds and slicing the bottom edge even further. Until the 

end of the dry season, this repetitive tapping is carried out at an interval of 2-3 weeks.  However, 

care should be taken to avoid unscientific and excessive tapping, which might result in tree’s death. 

The timing of consecutive tapping is crucial. If the interval between tappings is longer, the wounds 

inflicted will heal, and the trees will take a longer time to produce adequate and high-quality gums. 

Excessive tapping, on the other hand, may result in small/dusty tears of inferior quality or even the 

death of the tree.  

Gum yields can also be improved by treating the trees with ethylene, a stress hormone in 

trees, or ethylene-releasing compounds like 2-chloroethylphosphonic acid (ethephon)13. Ethylene 

is biosynthesized by trees in response to environmental stress, especially drought. The concept 

behind using ethylene to boost gum yield is to speed up the tree's developmental response to stress 

by artificially supplying stress hormone, resulting in increased gum production14. Ethephon may 

replicate the effects of water stress by releasing the stress hormone ethylene in tree tissues, and it 

has been observed that gum synthesis increases as ethephon concentration increases14. 

Gum is gathered manually as partly dried mass and is cleaned and graded before being sent 

to processors to be milled, sieved, and purified. Gums are graded based on colour and impurities; 
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lighter coloured gums with fewer impurities are of better quality, whereas darker coloured gums 

fall into lower grade15. Higher-grade gums are well-known for their numerous applications in the 

food industry. In baking and confectioneries, they are used as binding and stabilizing agents and 

as coatings for fruits16–18. They are also used as glazing agents for chewing gums and candies and 

flavour encapsulating agents, clouding or clarifying agents, and stabilizing agents in alcoholic and 

non-alcoholic beverages19,20. Furthermore, their bioavailability, abundance, and non-toxicity have 

spurred their usage in the biomedical and pharmaceutical industry, cosmetics, and textiles21–25. 

Lower-grade gums are usually discarded as they have high impurities and are unsuitable for use in 

the applications mentioned above.  

2.4. Physico-chemical properties of gums 

Natural gums’ physical characteristics and appearance are some of the most crucial criteria 

in defining their commercial viability and intended usage. These characteristics of the natural gums 

are influenced by many factors, including the species of the tree, geographical source, harvesting 

season, and age of the tree26. Furthermore, the exudate age, as well as the processing of the gum 

after harvestings, such as drying, washing, and storage temperature, also influence the physical 

characteristics27. 

2.4.1. Colour 

Gums are generally valued commercially based on their colour, with light-coloured gums 

being considered higher quality. The dried gum exudates are sorted manually and graded based on 

their colour. It is often believed that darker colours result from the presence of contaminants. As a 

result, the commercial value of gums reduces as their colour becomes darker. When solid, gum 

colours range from virtually translucent white through different shades of yellow, amber, orange, 

brown, dark brown, and black, with hints of pink, red, and green in some gums.  
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2.4.2. Size and shape 

Gums are available in a multitude of shapes and sizes when collected in their natural state. 

The exudate fragments are usually in the form of teardrops, globular, smeared buds, and lumps. 

Large pieces of exudates are frequently graded higher than siftings. The exudates can be further 

processed into kibbles and powders. Kibbled form is usually obtained by breaking down the large 

chunks of the exudates into smaller granules with uniform size distribution. While the powdered 

form is obtained by crushing or milling the granules into a fine powder then sieving it to the desired 

particle size. The powdered form can also be obtained via the spray drying technique28. These 

processes facilitate the easy dissolution of gum in water.  

2.4.3. Solubility 

Most gums are partly soluble in water and leave behind some insoluble residues. The 

quantity of insoluble matter in low-quality dark-coloured gums is higher than in high-quality light-

coloured gums. Moreover, certain gums are only partially soluble and only swell when exposed to 

water. As previously stated, processing can also improve the solubility of the gums since smaller 

particles dissolve more easily than bigger ones.  

2.4.4. Taste and smell 

Natural gums are nearly odourless compared to the resins that have a characteristic odour. 

They may have no discernible flavour and, in fact, lack any distinctive taste. However, some gums 

are mildly sweet or bitter, depending on the botanical origin. Some gums have a pronounced bitter 

taste, which is a significant drawback to be used in food applications. 

2.4.5. Viscosity 

The viscosity of gums is primarily responsible for their thickening characteristics in food 

systems. Owing to the intermolecular entanglements, gums can impart viscosity into solution 

mixtures. The viscosity of gums can be measured using various methods, some of which are 
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relatively simple, like the Bostwick flow method. This method estimates the flow speed of a liquid 

down a given slope over a certain period of time. However, the apparent viscosity of the gums is 

determined using advanced techniques using viscometers. These techniques allow for the variation 

of stress and shear rates, and the rheological properties can be determined as a relationship between 

the shear rate and apparent viscosity. The apparent viscosity of the gum solutions is influenced by 

various factors such as temperature, solvent concentration, impurities, pH, molecular structure, 

and salts present. The viscosity of all gum solutions increases with the increase in gum 

concentrations.  

2.4.6. Hardness and density 

The hardness and density of the gums vary widely depending on numerous factors and 

might not be a reliable factor in characterizing gums. Gum hardness is influenced by various 

factors, including moisture content, which typically ranges between 10 to 16%. However, when 

sufficiently dried, most gums break with a distinct glassy fracture and may be readily crushed. 

Furthermore, the density of the gums may also be an inaccurate element to consider because the 

density of gum from the same tree might vary based on the quantity of air that was incorporated 

when the exudate was being formed.  

2.5. Tree gums of interest 

The interest in different tree gums has increased over the years due to their distinctive 

characteristics. As a result, numerous gums of varied origins from diverse trees have been 

discovered worldwide. The most well-known tree gums include arabic, ghatti, karaya, kondagogu, 

and tragacanth. However, this work focuses mainly on arabic, karaya, and kondagogu gums. The 

following section provides an overview of these gums and their characteristics. 
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2.5.1. Gum arabic 

Gum arabic (GA), also known as acacia gum, gum Sudani, Senegal gum, and Indian gum, 

is one of the oldest well-known gums with a history of nearly 5000 years29. It is obtained from the 

exudates of Acacia Senegal, Acacia Seyal trees, and other species of Acacia, which belong to the 

Leguminosae family30. Although genus Acacia has over 1000 species, only Acacia Senegal and 

Acacia Seyal are commercially important31. Due to a low amount of tannins, gums obtained from 

Acacia Senegal are regarded the highest in quality and account for the majority of worldwide trade, 

while gums from Acacia seyal are regarded as comparatively lower grade32,33. These trees are 

usually found in sub-Saharan Africa, the Indian peninsula, and Australia. The majority of GA is 

obtained from Sudan, Nigeria, Senegal, Chad, Ethiopia, and Indian arid regions. The largest 

exporter of GA is Sudan, accounting for up to 80% of the total GA produced worldwide. The most 

significant GA markets are Europe and the United States of America, Japan being the leading 

Asian importer. Acacia trees have vast roots and can be cultivated in dry climates, making them 

beneficial to prevent soil erosion. 

 

Figure 3. Native gum arabic tree and its exudate34. 

2.5.1.1. Chemistry of gum arabic 

GA is a complex heteropolysaccharide with a branched structure that’s neutral or slightly 

acidic. It consists of a main chain comprising 1,3‒linked β‒D‒galactopyranosyl units and side 



22 

 

 

chains with 2-5 of the same units connected by 1, 6‒linkages to the main chain35. GA structure 

consists of α‒L‒arabinofuranosyl, α‒L‒rhamnopyranosyl, and 4‒O‒methyl‒β‒D‒

glucuronopyranosyl units (Figure 4)26.  

 

Figure 4. Sugar constituents of gum arabic. 

This high molecular weight polysaccharide further contains calcium, potassium, and 

magnesium salts. Upon hydrolysis, GA yields polysaccharide and protein fractions, including 

arabinogalactan, arabinogalactan protein, and glycoprotein. The arabinogalactan component with 

low molecular weight (Mw ~300 KDa) accounts for 88% of the total gum weight and contains less 

than 1% protein concentration. The arabinogalactan protein component, primarily responsible for 

GA’s emulsifying capabilities, accounts for 10% of the total gum weight. It has a high molecular 

weight (Mw ~1500 KDa) with a protein content of ~10%. The glycoprotein component accounting 

for less than 2% of the total gum weight has the lowest molecular weight of all the components 

(Mw ~250 KDa) and the highest protein content of up to 20-50%36,37. GA obtained from different 

Acacia species include similar components, however in varying proportions. GA’s chemical 
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composition has also been found to vary based on the source, harvest time, tree age, processing 

techniques and conditions38–41. 

2.5.1.2. Properties of gum arabic 

Properties such as solubility, viscosity, and emulsifying ability of the gums have been the 

key variables in determining their industrial application. When compared to other industrial gums, 

GA has a high-water solubility. GA can form aqueous solutions with concentrations as high as 

50% w/v and result in a solution that is tasteless, colourless, and acidic in nature. In addition, when 

compared to other industrial gums under identical conditions and concentrations, GA exhibits the 

lowest viscosity. Gums are typically difficult to work with at higher concentrations due to their 

high viscosity, while GA solutions are easier to prepare and handle owing to their low viscosity. 

Adding acids or bases, however, can alter the viscosity by changing the electrostatic charge on the 

polysaccharide. The pH of the solutions is generally about 4.5-5.5, however, at pH 6.0, maximum 

viscosity was observed. Because of its high amount of arabinogalactan protein, GA has exceptional 

emulsifying characteristics36. The hydrophobic polypeptide backbone significantly adsorbs at the 

oil-water interface, while the carbohydrate units linked to it stabilize the emulsion through steric 

and electrostatic repulsion. Although emulsifying qualities typically increase with increasing 

molecular weight and protein concentration, studies indicate that mixtures of different fractions 

produce the best outcomes42. 

2.5.2. Gum karaya 

Gum karaya (GK), also known as kadaya, kullo is a native gum from India, which is the 

world’s largest producer and exporter43. GK is obtained from the exudates of the Sterculia urens 

tree belonging to the Sterculiaceae family. This large bushy tree is usually found in the arid rocky 

regions of the central, northern and west coast of India, as well as Myanmar’s and Sri Lanka’s dry 

forest regions44. GK is also obtained from other trees of Sterculia species, such as Sterculia 
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serigera, which grows in Senegal and Mali, and Sterculia villosa, which grows in Pakistan and 

India. India produces and exports more than half of all GK in the world, with the remainder coming 

from North Africa. The USA, France, and the United Kingdom are the three biggest importers of 

GK. GK is also known as ‘Indian tragacanth’, as it has similar properties to gum tragacanth and 

was initially introduced to replace the same. However, owing to the low cost and superior 

properties of GK, it has now become the second most used gum after GA11.  

 

Figure 5. Native gum karaya tree and its exudate45. 

2.5.2.1. Chemistry of gum karaya 

GK is a complex branched polysaccharide that is hydrophilic, and anionic in nature. It is a 

substituted form of acetylated rhamnogalacturonoglycan that exists as calcium and magnesium 

salts. GK has a very high molecular weight ranging between 9×106 to 16×106 Da. GK is composed 

of 13-26% of galactose, 15-30% of rhamnose, 40% of glucuronic and galacturonic acids and ~1% 

of protein content. When compared to other exudate gums, GK has a greater rhamnose content. 

The backbone of GK is comprised of α-L-rhamnose and α-D-galacturonic acid moieties. The side 

chains are attached to galacturonic acid of the main chain via 1,3-linkage of β-D-glucuronic acid 

or 1,2-linkage of β-D-galactose21. GK also high acetyl content of ~8%, which is the main reason 

behind its insolubility in water and its swelling behaviour.  
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Figure 6. Sugar Constituents of gum karaya 

2.5.2.2. Properties of gum karaya 

GK has a slight acetic flavour, a fine dust appearance and colour ranging between white 

and brown depending on the impurity levels. GK exhibits one of the lowest solubilities among 

exudate gums. In cold water, native gum is only 10% soluble; however, in hot water, it is 30% 

soluble26. In the presence of water, GK powder absorbs and swells up to 60-100 times its initial 

volume and forms a highly viscous dispersion. Previous studies have shown that alkali treatment 

using sodium hydroxide (NaOH), ammonium hydroxide (NH4OH), potassium hydroxide (KOH), 

and lithium hydroxide (LiOH) increased the solubility of GK, indicating that GK deacetylation 

results in a soluble state, similar to other acetylated polysaccharides46. Subsequently, the solubility 

of GK increased to up to 90% after deacetylation. As a result of its greater acid content, GK of 

Indian origin has a lower pH of 4.4-4.7 in water than its African counterpart with a pH of 4.7-5.2. 

Deacetylation occurs above pH 8, which causes viscosity to rise. GK possesses several distinctive 

characteristics, including high swelling, water retention, high acidic stability, and good viscosity. 
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The high acidic stability arises from the higher concentration of uronic acid moieties. Furthermore, 

GK is non-toxic and does not show any allergic, teratogenic or mutagenic effects.  

2.5.3. Gum kondagogu 

Gum kondagogu (KG) is another non-wood forest product obtained majorly from Indian 

forests. It is obtained from the exudates of Cochlospermum gossypium trees belonging to the 

Bixaceae family. These tree gum exudates are collected by the tribal people from the forests and 

are then marketed commercially. However, the Food and Agriculture Organization (FAO) 

classifies KG exudates as karaya gum since this gum does not have a distinct identity in the market 

and is commonly blended with karaya gum and marketed. Nevertheless, KG has many distinctive 

properties that separate it from karaya and are less expensive. Janaki and Sashidhar pioneered 

research into the physicochemical characteristics of KG and its potential as a novel food additive47. 

In comparison to other well-known tree gums like gum arabic, gum tragacanth, and gum karaya, 

their research revealed that this gum has a unique identity. Furthermore, Vinod et al. conducted 

extensive qualitative and quantitative analysis to investigate the structural, physicochemical, 

morphological, rheological and compositional characteristics of this novel gum, which further 

validated its distinctive attributes48–52. 

 

Figure 7. Native gum kondagogu tree and its exudate53. 
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2.5.3.1. Chemistry of gum kondagogu 

KG is a complex anionic polysaccharide that belongs to a class of substituted 

rhamnogalactouronans type of gums based on its monosaccharide composition, due to the presence 

of a large number of rhamnose, uronic acids and galactose. The acidic sugar constituents of KG 

include D-glucuronic acids and α-D-galacturonic, β-D-galacturonic acids. The neutral sugar 

constituents include glucose, rhamnose, galactose and arabinose54. This acidic gum has a high 

uronic acid content of 50-63% and remaining neutral sugar content47. KG has an acetyl content of 

12% and has a protein content of 5-6.3%, which was significantly higher than GK. Further, the 

tannin content and fibre content of KG is distinguishably different from GK validating its 

independent identity47. 

 

Figure 8. Sugar constituents of gum kondagogu 

2.5.3.2. Properties of gum kondagogu 

Despite being classified as the same material, there are considerable differences in the 

properties of both KG and GK. The physicochemical analysis revealed that gum kondagogu differs 

from gum karaya with respect to intrinsic viscosity, water-binding capacity, and pH47. Similar to 
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GK, the solubility of KG is limited due to its high acetyl content and deacetylation results in an 

increase in the solubility. The presence of large acetyl groups, however, gives the gum good 

emulsifying capabilities. The molecule takes on an amphiphilic character wherein the acetyl 

groups are adsorbed on the oil surface, leaving the hydrophilic segments in the aqueous phase. 

Further, KG exhibits higher intrinsic viscosity than GK and other tree gums. 

2.6. Common applications of tree gums 

Exudate gums have been extensively used in food applications commercially. They have 

been utilized as food additives for decades owing to their distinctive properties. Additionally, they 

have also piqued interest in the production and stability of metal and metal oxide nanoparticles. 

Furthermore, gums have also been explored for several potential applications. Herein we briefly 

discuss the various applications of exudate gums. 

2.6.1. Food additives 

The unique characteristics of tree gums prompt their use in a wide array of applications. 

Gums have found extensive use in the food industry as an ingredient or an additive. The complex 

structure of these polysaccharides imparts specific characteristics which in turn gives rise to certain 

features like stabilization, emulsification, thickening, gelling, and moisture retention abilities. 

These characteristics determine their use in a variety of applications, including food, 

pharmaceuticals, and cosmetics. Gums like GA and GK have been provided with ‘Generally 

Recognized as Safe’ (GRAS) status and have been used as a food additive for decades55–58. 

Additionally, Physico-chemical and toxicological studies of KG have determined it to be a 

potential food additive47,59.  

GA is most commonly used in the production of encapsulated commodities including 

bioactive substances, oils and flavours, thereby improving their shelf life and rendering them 

suitable for dry mixes60–63. GA owing to its high-water solubility and low viscosity is used in baked 
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goods as an emulsifier, gloss enhancer and to allow flavour release64. GA is used in confectionery 

items because of its ability to prevent sucrose crystallization and to emulsify fat components65. It 

is also utilized in the production of sugar-free candies, which are soft and contain half as much 

sugar as hard candies66,67. Because of its bulking ability without raising the product's calories, it is 

also employed in the manufacture of low-calorie dietary items11,68,69. The emulsifying action of 

GA is put into use as a clouding agent and also in the stabilization of foams in beers and soft 

beverages70,71. 

GK has found its application in frozen dairy products as stabilizers. At 0.2-0.4% 

concentration GK improves the textural properties by regulating the ice crystal formation. This has 

been found to positively impact the mouth feel72,73. It has been found to have a good stabilizing 

effect in low-acid beverages owing to its high acidic stability73. GK is also used as a binding agent 

in bakery products and pasta and as an emulsifier in salad dressings74. Due to GK’s excellent water 

retention and binding abilities, it is also used in minced and ground meat products73.  

Extensive work has been done on KG to determine its physico-chemical, morphological, 

compositional, rheological and toxicological properties to evaluate KG as a food additive. These 

studies have concluded that KG could be a potential food additive with unique characteristics47–

52,54. 

2.6.2. Green synthesis of nanoparticles 

Recently, developing novel ecologically friendly methods to obtain nanomaterials has 

gained significant attention75–79. These processes conform to green chemistry principles and 

replace the harmful, hazardous chemicals with materials derived from natural origins80,81. Tree 

gums owing to their renewability, non-toxicity and cost-effectiveness have been explored for the 

synthesis of nanoparticles82. A typical nanoparticle synthesis procedure involves the mixing of 

respective gum solutions with the metal salt solutions and heating them to a certain temperature. 
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Gums, in addition to serving as reducing agents, have also been shown to function as stabilizing 

agents, preventing nanoparticle aggregation83. The presence of abundant functional groups (–OH,  

–C=O, –COO, and  CH3CO–) can assist in the reduction of metal salts into their respective 

nanoparticles. Further, these functional groups aid in the formation of complexes with the 

produced nanoparticles, preventing agglomeration and ensuring the long-term stability of the 

colloidal solutions. It has also been reported that the size and morphology of the nanoparticles may 

be controlled by controlling the synthesis parameters84,85. 

Table 1. Synthesis of various nanoparticles using exudate tree gums. 

Gum Nanoparticle Size Function Ref 

GA Ag ~ 5 nm 
Reducing and 

stabilizing agent 
86 

GA Au 15-20 nm Stabilizing agent 87 

GA Au 26.8±5.3 nm 
Reducing and 

stabilizing agent 
88 

GA Se ~34.9 nm Stabilizing agent 89 

GA Pd 9.1±0.3 nm 
Reducing and 

stabilizing agent 
90 

GA Cu 19.6-35.1nm Stabilizing agent 91 

GA MoO3 7-42 nm Reducing agent 92 

GK Ag 2-4 nm 
Reducing and 

stabilizing agent 
93 

GK Au 8-22 nm 
Reducing and 

stabilizing agent 
94 

GK CuO 4.8±1.6 nm Reducing agent 95 

GK Pt ~12 nm 
Reducing and 

stabilizing agent 
96 

GK Pd ~1.5 nm 
Reducing and 

stabilizing agent 
96 

GK nZVI ~20-100 nm Stabilizing agent 97 

KG Ag ~3 nm 
Reducing and 

stabilizing agent 
98 

KG Au 12±2 nm 
Reducing and 

stabilizing agent 
99 

KG Pt 2.4±0.7 nm 
Reducing and 

stabilizing agent 
100 
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KG TiO2 ~ 11 nm Reducing agent 101 

KG Fe 2-6 nm 
Reducing and 

stabilizing agent 
102 

KG Pd 6.5±2.3 nm 
Reducing and 

stabilizing agent 
103 

 

2.6.3. Miscellaneous applications 

Tree gums have been used in the fabrication of electrospun fibres. Electrospun fibres made 

from biopolymers offer a wide range of applications in biomedicine, including drug delivery, 

scaffolds, wound dressing, and tissue engineering. Tree gums have been explored in the production 

of electrospun fibres due to their non-toxicity, biocompatibility, biodegradability and low cost. 

Furthermore, the electrospinning process utilizes aqueous solvents making the process more 

sustainable. Despite these benefits, tree exudate gums are not electrospinnable on their own and 

are frequently blended with other biopolymers such as gelatin and chitosan, as well as synthetic 

biocompatible polymers such as poly(vinyl alcohol) (PVA)104–110. These fibres are further used for 

various applications including environmental remediation, food packaging, tissue engineering and 

wound dressings.  

In recent years, to broaden the horizons of applications of tree gums various strategies have 

been reported. These chemical modifications include grafting, interpenetrating polymer networks 

carboxymethylation, esterification, thiolation and crosslinking to improve the properties of the 

gums111,112. Among these, the formation of 3D network structure via grafting, crosslinking and 

interpenetrating networks has shown great potential in biomedical and pharmaceutical fields. 

These gum polysaccharide-based 3D network hydrogels can store large amounts of water or 

biological fluids without deteriorating structurally111–115.  

Further, the gums have been used in the biosorption of environmental contaminants. Heavy 

metals such as Pb2+, Cd2+, Hg2+, Ni2+, U4+, Cr6+, and Cr3+ have been effectively removed from 
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wastewater using GK, KG and GA116–120. The abundant functional groups found in gums such as 

hydroxyl (OH–), carboxyl (R–COO–), carbonyl (C=O), ether (C–O–C), acetyl (CH3CO–), and 

aliphatic (CH–), interact with the metal ions and ensue effective biosorption. It was further 

observed that the gums interact with heavy metal ions via, physisorption, chemisorption, surface 

adsorption, ion exchange, and functional group exchanges to effectively bind the contaminants 

thereby enabling easy remediation116–120.  

2.7. Food packaging 

Packaging is an integral part of the present modern world, which enables safe and easy 

transport of materials. Glass, metals, paper, and plastics have traditionally been the most utilized 

packaging materials. Among these, plastics remain a popular packaging material due to their low 

weight, transparency, and good performance-to-cost ratio. Since most consumer items purchased 

come with packaging, the use of plastic materials in packaging has grown exponentially in 

everyday life over the last three decades. The packaging industry represents one of the biggest 

sectors for the use of synthetic plastics worldwide. Food packaging is one of the fastest expanding 

segments in the packaging industry, as well as one of the largest consumers of synthetic plastics. 

Food packaging has progressed in lockstep with an ever-changing lifestyle. In the older 

days, people used to eat food that was readily accessible in their immediate surroundings, and 

communities were self-sufficient in terms of their food demands. However, as time has passed and 

people's habits have changed, food transportation has become an essential aspect of the 

contemporary food system, which would not be conceivable without packaging. Following the 

industrial revolution, new production methods and materials were available. This enabled the 

development of various packaging techniques that deteriorated food degradation and extended 

their shelf life. Glass bottles fitted with corks and metal cans for food storage and transport were 

introduced. Plastic, on the other hand, was not widely used until the latter half of the twentieth 
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century, probably around World War II.  Packaging began as a basic container for storing food, 

but it has since grown into a critical element for food quality preservation, acting as a barrier to 

oxygen, and moisture, while retaining flavour. Packaging's role has evolved throughout time to 

include not just ensuring food safety, but also being cost-effective for businesses and customers 

while having no detrimental effect on the environment. Recently, the negative environmental 

impact of food packaging materials has drawn considerable attention. These food packaging 

materials are referred to as single-use plastics since they are normally discarded once the product 

has been consumed. These single-use plastics contribute to the growing landfills, pollution and 

resulting greenhouse effects. Owing to these serious implications of conventional plastic 

packaging materials as well as their reliance on fossil fuel reserves, a great deal of research is 

focused on developing new packaging materials using biological alternatives.  

2.7.1. Biobased food packaging 

Customers' preferences have changed as a consequence of elevated environmental 

concerns and regulatory measures, prompting many industries and businesses to transition from 

synthetic conventional plastic packaging to sustainable alternatives that are ecologically friendly. 

Biobased packaging materials that are both biodegradable and naturally renewable are being 

investigated as a viable alternative to traditional plastics in single-use packaging applications. The 

considerable amount of research and development effort that is ongoing in the development of 

biobased and biodegradable packaging materials demonstrates that the packaging sector is heading 

in the direction of long-term sustainability. These naturally derived bioplastics are renewable and 

capable of degrading in bioactive environments like landfills either under the action of 

microorganisms via enzymatic catalytic processes or via non-enzymatic mechanisms such as 

chemical hydrolysis which results in the breakdown of polymer chains. Nowadays a lot of 

biodegradable plastics are available commercially, however, their biodegradability is under 
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scrutiny as they require specific conditions to breakdown that does not match the real conditions. 

As a result, compostable polymers, particularly those generated from renewable resources, are 

being encouraged and recognized as ecologically friendly packaging materials. The aim of these 

new bio-based packaging materials made from renewable resources is to increase shelf life and 

improve food quality while minimizing packaging waste. Despite the benefits, replacing 

traditional food packaging materials with biobased materials is still a daunting task. One of the 

primary issues is the durability of food packaging, which must be matched to the shelf life of the 

product. This implies that the packing material must be robust in terms of mechanical and barrier 

qualities, as well as perform well throughout storage and use. Further, the biodegradability of the 

bioplastics which might be beneficial in the composting of spoiled food can limit the use of 

packaging materials for short term applications. Thus, while developing biopackaging materials, 

biomaterial composition, microbial and water activity, storage temperature, and other factors that 

influence biodegradation and rate of biodegradation must be considered. 

2.8. Packaging properties 

To be an efficient packaging material, each packaging material must possess specific 

characteristics. Some of the most major characteristics to consider when developing biobased 

packaging materials include barrier properties, mechanical properties transparency, etc. These 

material characteristics aid in the protection of the encasing product, as well as influencing the 

product's shelf life. 

2.8.1. Barrier properties 

Barrier properties of the packaging material is an essential consideration when choosing 

food packaging systems. This corresponds to the ability of the material to prevent gases, water 

vapour, and aroma permeation through the packaging system. These are critical factors in the 

preservation of packaged food quality. Permeation of these gas phases through a packaging film 
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usually occurs via adsorption on the surface, diffusion through the material and desorption. Barrier 

properties are usually quantified in terms of transmission rates and permeability. Transmission 

rates correspond to the volume/weight of the permeant diffusing through the packaging film per 

unit surface area and time. While permeability considers the thickness of the film and is more 

reliable when comparing barrier properties of different materials. In addition to the nature of the 

material, the barrier properties are also influenced by temperature, pressure and relative humidity. 

Hence, barrier characteristics are often tested in a controlled setting under equilibrium moisture 

conditions121,122 and hygroscopic materials like biopolymers normally take a day or two to attain 

equilibrium. The oxygen and moisture barrier properties of the materials can be measured by 

numerous methods, however, the most standard one is using American Society for Testing and 

Materials (ASTM) standards with an analyzer from the MOCON company121–123. In the literature, 

several SI units for barrier properties have been used, however, cm3.µm.m-2.day-1.bar-1 for oxygen 

permeability and g.µm.m-2.day-1.bar-1 for water vapour permeability are the most commonly used 

units as they are easily comprehensible. Depending on the type of food that has to be preserved, 

different moisture and oxygen transmission rates are required (Figure 9). 

Many polysaccharides exhibit exceptional oxygen barrier properties owing to the 

hydrogen-bonded network structure between the polysaccharide chains resulting in very low free 

volume for the gas diffusion. As a matter of fact, biopolymers can replicate the oxygen 

permeability of a wide spectrum of conventional packaging materials based on synthetic plastics. 

However, humidity is a very critical parameter that influences the gas barrier properties of the 

biopolymers. Gas permeability through the film is known to increase with increasing humidity for 

both biopolymers and conventional plastics. Even plastics with high barrier characteristics, such 

as ethylvinyl alcohol and nylons, have reduced barrier properties when exposed to high levels of 

humidity124–126. The capacity to withstand humid environments is a fundamental hurdle in the 
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development of biobased packaging systems. Several strategies have been employed in this regard 

including, multilayer packaging, impermeable fillers, coatings etc127–130. When these biobased 

polymer systems are compared to petroleum-based polymer systems, it is clear that biobarriers can 

compete with conventional plastics in terms of water vapour transmission. 

 

Figure 9. Barrier film packaging requirements for certain food products131. 

2.8.2. Mechanical properties 

As an effective packaging material, it must have acceptable mechanical properties to 

endure wear and tear throughout the packing, storage, and transportation of the goods. The 

mechanical characteristics of biopolymer films are studied primarily in terms of tensile strength, 

elongation at break, and Young's modulus. The flexibility and elasticity of films are determined 

by these characteristics, which is essential for the preservation of packaged foods. The mechanical 

properties requirements of the packing material vary depending on the sort of product it is 

encasing. Biopolymer packaging materials can be produced to have mechanical properties that are 

equivalent to those of petroleum sourced plastics. In terms of modulus and stiffness, biobased and 

petroleum-derived polymers have similar mechanical characteristics. Plasticizing, mixing with 
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other polymers or fillers, crosslinking, may all be used to further modify the modulus of 

biopolymer systems128,132–135.  

2.8.3. Other properties 

Many packaging applications also require additional properties including transparency, 

antimicrobial activity and printability. Transparent packaging allows the customer to be able to 

see the product while also assuring them of its quality. Most polysaccharides are known to produce 

transparent films136–138. However, the addition of components, coatings can significantly alter the 

transparency of the material. Antimicrobial packaging can effectively extend the shelf life of the 

product by protecting it against spoilage from microbial activity. The antimicrobial activity of 

packaging materials is influenced by barrier properties as well as oxygen and moisture scavengers, 

as the presence of oxygen and moisture inside the package can promote microbial activity and lead 

to quality loss139–143. Incorporation of volatile antimicrobial substances, antimicrobial 

fillers/coatings, or the use of naturally antimicrobial polymers like chitosan are some of the other 

ways used to impart antimicrobial characteristics to biopackaging systems139–143. Printability is 

also another parameter for consideration in packaging applications. This will enable the easy 

printing of information and be able to provide consumers with mandatory and optional information 

about the product144.  

2.8.4. Biodegradability 

Another crucial characteristic that has recently been added to the list of packaging material 

requirements is biodegradability or compostability145. A biodegradable plastic, according to the 

ASTM standards, is one that degrades due to naturally occurring microorganisms such as bacteria, 

algae, and fungi146. The mechanism involved in biodegradation is the enzymatic activity of the 

microbes147. A compostable plastic, on the other hand, degrades through biological processes to 

produce carbon dioxide, water, inorganic compounds, and biomass at a rate comparable to other 
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known compostable materials without leaving any hazardous byproducts148. Thus, all compostable 

plastics are biodegradable, but not the other way around.  

2.9. Tree gums in food packaging 

Despite possessing a variety of unique characteristics such as biorenewability, 

biodegradability, nontoxicity, and low cost, tree gums have yet to be completely investigated in 

the food packaging industry. The reason for its limited usage in packaging applications can be due 

to its high hydrophilicity and low film-forming properties (Figure 10). Generally, tree gum films 

are fragile and brittle owing to the high intermolecular interactions like hydrogen bonding. To 

improve the mechanical characteristics of the material, a plasticizer should be added to minimize 

intermolecular interactions. Plasticizers like glycerol, sorbitol, polyethylene glycol are used as 

plasticizers with biopolymers to improve the flexibility and film-forming properties135. However, 

the addition of these plasticizers can have a detrimental effect on the barrier properties of the films.  

 

Figure 10. Brittle and fragile films of (a) gum arabic, (b) gum karaya and (c) gum kondagogu 

Furthermore, the properties of the gum films can be enhanced via modifications and 

functionalization. These modifications and functionalization are often necessary to achieve 

molecular structures of interest depending on the final purpose of their use. Combining two or 

more biopolymers or combining with another component are some of the alternatives for 

polysaccharide modification to acquire more desirable features for usage in food packaging. It is 
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generally recognized that in order to provide the optimal packaging solution for specific food 

goods, a mix of more than two packaging materials is usually required.  

Only a few studies have been published on the use of tree gums such as arabic, karaya, and 

kondagogu in food packaging. The reported articles are relatively recent and the majority are from 

our research group. Padil et al. prepared electrospun fibres based on arabic, karaya and kondagogu 

in combination with a water-soluble polymer like polyvinyl alcohol106. These electrospun 

membranes, modified by methane plasma treatment demonstrated good stability and enhanced 

physicochemical properties with potential in food packaging applications106. Further, the same 

group was involved in the development of electrospun membranes composed of karaya, polyvinyl 

alcohol, and incorporating silver nanoparticles149. These membranes showed enhanced 

antibacterial properties toward a wide range of potentially pathogenic bacteria due to the presence 

of silver nanoparticles and demonstrated good potential for antibacterial packaging149. 

Furthermore, they developed bioplastic fibres from gum arabic and PVA and treated them with 

60Co γ irradiation and methane plasma treatment105. The treated membranes exhibited significant 

mechanical, thermal, and antibacterial properties, as well as good oxygen barrier properties, potent 

antioxidant activity, and promising biodegradability indicating that they could be used as an 

environmentally sustainable breathing food-packaging material for biodegradable bags105. Cao et 

al., developed gum karaya films loaded with cloisite and cinnamaldehyde150. The obtained films 

demonstrated good mechanical, barrier and antibacterial properties essentially rendering them 

suitable for biodegradable food packaging. Ramakrishnan et al. developed biomacromolecule 

assembly based on kondagogu and sodium alginate composites151. The obtained bicomponent 

films had improved mechanical attributes and hydrophobic nature with good barrier properties and 

biodegradability.  
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Building on these ideas, herein, we focus on the development of packaging films based on 

arabic, karaya and kondagogu gums by overcoming their limitations via various strategies. We 

develop numerous films with potential for food packaging applications by combining them with 

different 2D and 3D nanomaterials, chemical modifications, coating and blending with other 

biopolymers while retaining their inherent biodegradability. To ensure that these films were ideally 

suited for food packaging, their morphological, mechanical, thermal, barrier properties and 

biodegradability were analyzed. 

2.10. Valorization of tree gum wastes in nanostructures synthesis 

As mentioned earlier the lower grade gums cannot be used for food or pharmaceutical 

applications due to their highly acidic nature and presence of a large number of impurities. These 

lower grade gums possess no commercial value and are usually discarded. However, there are 

considerable benefits in using these lower grade gums as they still possess a carbon-rich structure 

with abundant functional groups and metal impurities that can be used to develop co-doped carbon 

nanostructures and the synthesis of other metal nanoparticles. These gum wastes possess multi-

branched structures with enhanced physicochemical and mechanical properties, which can be 

adopted for various potential applications. Therefore, it is an enticing strategy to develop a facile 

and general synthetic process to utilize these gum wastes for functional use, rather than perpetually 

throwing the wastes in already overburdened disposal sites. To the best of my knowledge, there 

have been no reports of gum wastes being used to develop value-added products with advanced 

applications. 

2.11. Objectives 

Several objectives were defined based on the literature review, and the present thesis explores 

these in detail: 
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1) Development of mechanically stable, free-standing films by utilizing tree gum exudates 

with potential in food packaging. 

2) Reduction in the hygroscopic nature of the tree gum polysaccharides via hydrophobic 

modifications. 

3) Improving the barrier properties of the tree gum films to match their conventional 

counterparts via different strategies. 

4) Development of completely biodegradable edible films utilizing tree gums. 

5) Identifying viable strategies and techniques to utilize gum wastes for the development of 

value-added structures for advanced applications. 
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3. Results and discussion 

3.1. Tree Gum−Graphene  Oxide  Nanocomposite  Films  as  Gas  

Barriers 

Abstract: To reduce the dependency on petro-based conventional plastics, research focusing on 

bioplastics derived from biological origin has gained precedence. Herein, we report an ecofriendly 

and a facile synthetic route to develop a freestanding nanocomposite film prepared from the 

combination of nonedible biodegradable tree gum waste and graphene oxide (GO). Three variants 

of bionanocomposite films such as GO–gum arabic (GA–GO), GO–gum karaya (GK–GO), and 

GO–kondagogu gum (KG–GO) were fabricated via solution casting of respective gums with GO 

(0.5% and 1.0%) in an aqueous environment. GO was thoroughly blended within different types 

of gum matrices via the hydrogen bond interaction and electrostatic attraction, thus forming 

interconnected homogeneous GO–gum layered structure. The addition of GO further transformed 

the brittle gum film into a freestanding film with substantial mechanical strength. Furthermore, the 

layered nanocomposite films demonstrated enhanced oxygen gas barrier property as well as 

reduced water vapor transmittance. The barrier properties are comparable to the plastics 

traditionally used in packaging, emphasizing the potential of tree gums nanocomposite films in 

packaging applications. Such frugally viable gums can be a cost-effective alternative in the 

development of nanocomposite films that could be readily used for applications in food packaging, 

pharmaceutical, and various biomedical industries. 
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Tomáš Lederer, Miroslav Černík, Il-Doo Kim, Vinod V. T. Padil, and Seema Agarwal, “Tree 
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3.2. Alkenyl succinic anhydride modified tree-gum kondagogu: A bio-

based material with potential for food packaging 

 Abstract: Tree gums are a class of abundantly available carbohydrate polymers that have not 

been explored thoroughly in film fabrication for food packaging. Films obtained from pristine tree 

gums are often brittle, hygroscopic, and lack mechanical strength. This study focuses on the 

chemical modification of gum kondagogu using long-chain alkenyl groups of dodecenyl succinic 

anhydride (DDSA), an esterifying agent that introduces a 12-carbon hydrophobic chain to the 

kondagogu structure. The esterification reaction was confirmed by 1H nuclear magnetic resonance 

and Fourier-transform infrared spectroscopy. The effect of nano-cellulose as an additive on various 

film properties was investigated. The developed films were characterized for their mechanical, 

morphological, optical, barrier, antibacterial, and biodegradable properties. The inclusion of long-

chain carbon groups acted as internal plasticizers and resulted in an amorphous structure with 

better film-forming ability, improved hydrophobicity, and higher elongation at break values. The 

modified films exhibited antibacterial properties and excellent biodegradability under aerobic 

conditions. 
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3.3. High barrier, biodegradable nanocomposite films based on clay 

coated and chemically modified Gum Kondagogu 

Abstract: Lately, environmentally benign packaging materials with biodegradability, flexibility, 

and high barrier properties are sought after as a substitute for conventional plastic packaging 

materials. Although natural polymers can be sustainable alternatives to petro-sourced, non-

biodegradable plastics, they suffer from poor barrier and mechanical properties. In this study, a 

mechanically stable, biodegradable film of tree gum kondagogu with remarkable barrier properties 

was fabricated. The introduction of spray-coated, waterborne, large-aspect ratio sodium-hectorite 

dispersion on tree-gum films ensured very high barrier properties even at high relative humidity 

conditions (oxygen transmission rate (OTR) ≈1.7 cm3 m−2 day−1 bar−1 at 75% relative humidity). 

The coating not only decreases gas permeability through the films but also minimizes the 

sensitivity of performance to humidity levels. The clay coated nanocomposite films outperformed 

various commercial polymers and were comparable to high-performance packaging films in terms 

of oxygen barrier properties. Further, the coating improved the mechanical properties of the films 

rendering them a prospective packaging material. These biodegradable, high-barrier and 

mechanically robust films are a promising advance in the field of sustainable packaging. 
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3.4. Dialdehyde Modified Tree Gum Karaya: A Sustainable Green 

Crosslinker for Gelatin-Based Edible Films. 

Abstract: Natural biopolymers, which are environmentally friendly materials, are an appealing 

resource for producing edible films. Edible packaging films may be consumed with the food or 

beverage that they hold since they are made from edible components derived from plants and 

animals. Even if they are not consumed, they disintegrate quickly, significantly reducing the waste 

disposal problem. In this work, karaya dialdehyde (KDA) with a variable aldehyde content is 

effectively produced through the periodate oxidation of gum karaya and subsequently used as an 

eco-friendly crosslinking agent for edible gelatin films. Chemical crosslinking between the gelatin 

protein chains is generated when KDA is added, producing a water-stable film. The mechanical 

properties are found to be significantly improved as a result of the covalent bonding between the 

two polymers. Excessive oxidation, on the other hand, has a detrimental effect on the film 

properties. Despite the crosslinking, the films are biodegradable, suggesting that composite films 

made in an environmentally benign manner in an aqueous media using polymers derived from 

biosources may be utilizable in the edible film-based packaging sector. 
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3.5. Recycling non-food-grade tree gum wastes into nanoporous 

carbon for sustainable energy harvesting 

Abstract: The disposal of natural wastes has become a global problem and the use of lower-grade 

gums is very limited owing to their impurities as well as sticky nature. Rather than disposing these 

wastes, nanoporous carbon (nC) has instead been synthesized by carbonization and exfoliation. 

The synthesized nC exhibits a substantially high surface area along with abundant 

micro/mesopores. This desirable and useful nature of nC is well-suited for water-driven effective 

electrical energy conversion, which enables the fast evaporation of water via a capillary action 

through nanopores. Under asymmetric wetting in a water container and ambient conditions, the 

nC-based energy harvesters showed high capability of electricity production and reliable output 

generation, easily turning on a blue light-emitting diode (2.5 V and 20 mA) using a stored power 

source. In summary, many energy harvesters can be manufactured for the scale-up of electricity, 

and the suitability of regenerated carbon nanomaterials for green energy harvesting can contribute 

toward alleviating chronic environmental issues. 
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3.6. Gum Kondagogu/Reduced Graphene Oxide Framed Platinum 

Nanoparticles and Their Catalytic Role 

Abstract: This study investigates an environmentally benign approach to generate platinum 

nanoparticles (Pt NP) supported on the reduced graphene oxide (RGO) by non-edible gum waste 

of gum kondagogu (GK). The reaction adheres to the green chemistry approach by using an 

aqueous medium and a nontoxic natural reductant—GK—whose abundant hydroxyl groups 

facilitate in the reduction process of platinum salt and helps as well in the homogenous distribution 

of ensued Pt NP on RGO sheets. Scanning Electron Microscopy (SEM) confirmed the formation 

of kondagogu gum/reduced graphene oxide framed spherical platinum nanoparticles (RGO-Pt) 

with an average particle size of 3.3 ± 0.6 nm, as affirmed by Transmission Electron Microscopy 

(TEM). X-ray Diffraction (XRD) results indicated that the Pt NPs formed are crystalline with a 

face-centered cubic structure, while morphological analysis by XRD and Raman spectroscopy 

revealed a simultaneous reduction of GO and Pt. The hydrogenation of 4-nitrophenol could be 

accomplished in the superior catalytic performance of RGO-Pt. The current strategy emphasizes a 

simple, fast and environmentally benign technique to generate low-cost gum waste supported 

nanoparticles with a commendable catalytic activity that can be exploited in environmental 

applications. 
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4. Conclusions 

The work carried out in this thesis is aimed to investigate the potential of exudate tree gums 

for various applications, with an emphasis on food packaging application. Due to their intrinsic 

shortcomings, tree gum polysaccharides do not fulfill food packaging requirements. The methods 

adopted in this study appear to overcome these limitations, enhancing the potential of these gums 

to be used as a substitute for conventional packaging material.  

The incorporation of graphene oxide (GO) into the gum matrix resulted in the enhancement 

of the film-forming ability of the gums via secondary interactions. The gums intercalated the GO 

layers forming highly ordered freestanding films with enhanced mechanical properties. This 

improvement in the properties arises from the interactions between the functional groups of the 

components via hydrogen bonding. The addition of GO created a tortuous path for the diffusion 

of gas molecules through the films, thus enhancing the barrier properties to levels equivalent to 

traditional packing materials. 

The hygroscopic nature of kondagogu gum was reduced by its chemical modification using 

long-chain alkenyl groups of dodecenyl succinic anhydride (DDSA). The introduction of a 12-

carbon hydrophobic chain was confirmed by 1H nuclear magnetic resonance and Fourier-transform 

infrared spectroscopy. The long-chain carbon groups served as internal plasticizers, resulting in an 

amorphous structure with improved film-forming ability, hydrophobicity, and flexibility. 

Furthermore, the addition of nanocellulose fibres enhanced the mechanical strength and barrier 

characteristics of the films. The modified films exhibited antibacterial properties and excellent 

biodegradability under aerobic conditions.  

Despite these modifications, the films exhibited humidity-induced property deterioration. 

To overcome this, the films were coated with aqueous dispersions of PVA and sodium hectorite 

clay nanoparticles. The coating enhanced the material's mechanical characteristics, such as tensile 
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strength and modulus, while also creating a tortuous path for decreased gas diffusion. The resulting 

flexible packaging films outperform several conventional polymers in terms of barrier 

performance. The improved barrier characteristics remain unaffected by the increase in relative 

humidity as high as 75%. 

Furthermore, edible films based on dialdehyde modified karaya crosslinked gelatin films 

were fabricated. The chemical modification and the crosslinking were confirmed by 13C nuclear 

magnetic resonance and Fourier-transform infrared spectroscopy. These chemically crosslinked 

biopolymer composite films exhibited excellent stability with improvement in mechanical and 

barrier properties. The films retain biodegradability despite the crosslinking, the films are 

biodegradable, implying that these bioplastics are environmentally sustainable and might be useful 

in the edible film-based packaging sector.  

Additionally, the lower grade tree gum wastes were used to obtain value-added 

nanostructures for advanced applications. The carbon-rich structure of the gum wastes was 

carbonized to obtain high surface area nanoporous structures. These resulting materials allow for 

rapid water evaporation via capillary action, making them ideal for water-driven efficient electrical 

energy harvesters. Under asymmetric wetting and ambient conditions, the energy harvesters 

demonstrated excellent capability to generate electricity reliably with tremendous potential to scale 

up. The abundant hydroxyl functional groups present in the non-edible KG wastes were used in 

the synthesis of reduced graphene oxide (RGO) supported platinum nanoparticles. KG aided in the 

simultaneous reduction of Pt salt and GO, as well as homogenous nanoparticle dispersion over the 

RGO surface. The supported nanoparticles exhibited superior catalytic performance in the 

hydrogenation of 4-nitrophenol, wherein the reduction of 4-nitrophenol to 4-aminophenol was 

achieved very quickly. 



106 

 

 

5. Future prospects 

Exudate gums possess a unique set of properties which makes them an ideal material for 

the development of biodegradable packaging material. One of the important outcomes of the 

present investigation is the potential ability of the tree gums in the development of packaging films 

with remarkable properties. Nevertheless, the research presented in this thesis was conducted on a 

laboratory scale and there is still a need for the scaling up of the process. In a large-scale sector 

like food packaging, solution casting may not be an optimal option for film fabrication. Extrusion 

is one example of a scalable process that should be investigated in future. To be employed in 

thermal processing procedures such as extrusion, the thermal profile of tree gums must be 

extensively researched. Gums can be mixed with other biopolymers such as starches, which have 

already been validated in the extrusion technique, to improve their thermal processability.  

The development of edible films using tree gum polysaccharides is another prospective 

application with tremendous potential. Edible films incorporated with bioactive materials could be 

developed for the active packaging of food and pharmaceuticals. Furthermore, the sustainable 

bioplastics developed using tree gums can be extended to other applications including biomedical, 

energy and environmental applications. The non-toxicity, biocompatibility and non-mutagenic 

properties of the tree gums could be explored in biomedical applications. Bioinks based on tree 

gums could be developed for 3D printing structures for use in biomedical applications, biosensors 

and food areas.  
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