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Abstract 

Starch extracted from different sources and varieties show various physicochemical properties 

which affect its applications. Considering this, the aim of this research was to study the 

physicochemical properties of starches extracted from Qulle (Q) and Kello (K) cassava varieties 

and their evaluation for making bio edible packaging film. Starch was extracted by wet 

extraction method using distilled water. The study showed that the proximate compositions of 

Kello starch were: moisture content (11.4%), ash content (1.1%), crude fat content (0.11%), 

protein content (0.52%), crude fiber content (0.01%) and total carbohydrate (86.85%). Whereas 

for Qulle starch: moisture content (10.6%), ash content (0.13%), crude fat content (0.13%), 

protein content (0.35%), crude fiber content (0.09%) and total carbohydrate (88.7%). 

Furthermore, the content of amylose and amylopectin of each varieties of starch were calculated 

and found to be 26.29 %( Q), 73.7 % (Q) while, 19.16 % (K) and 80.83% (K) respectively. It was 

observed that the high peak and breakdown viscosity values found for Kello starches is due to 

low amylose content. Films were prepared by casting method and the results showed that for 

Kello film: moisture content (13.25%), transparency (11.625%), thickness (0.13mm), tensile 

strength (13.554MPa), water absorption (33.08%) and solubility (26.37%).While for Qulle film: 

moisture content (11.62%), transparency (12.30%), thickness (0.12mm), tensile strength 

(14.983MPa), water absorption (29.39%) and solubility (28.85%). Generally, Qulle starch was 

better for the development of bio-edible packaging film due to its low moisture content, low ash 

content, low protein content, and contain high amount of amylose. 

Key words: cassava varieties; casting method; edible packaging films; physicochemical 

properties  
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1. Introduction 

1.1. Background 

Starch is the primary component of most plant storage organs such as; tubers, cereal grains and 

legume seeds. It is an essential food source of calories in the human and animal diet [1]. Starch is 

not only one of the most abundant bio polymeric assemblies in nature but also it is a major food 

component on a world-wide scale and one of the main food ingredients, both in native or 

modified forms [2]. Starch is made up of a mixture of two types of polymers namely; amylose 

and amylopectin. Amylose consists of linear chains bound by α-1,4 glycosides links and behaves 

essentially as a non-branched molecule whereas, the amylopectin consists of highly branched 

chains formed by α- 1,6 linked to linear glucans units, which form an organized structure by 

themselves [4]. 

Starch can be extracted from several different starchy raw materials. Among the different sources 

of raw materials the most common known sources are barley, maize, rice, sweet potato, and 

cassava [2]. From these several different sources of  starch, cassava (Manihot esculenta) is one 

of the food crops containing high amount of starch and providing energy to consumers due to 

large amount of carbohydrates in its roots. It has advantages over other crops particularly; in 

many of the developing countries because of its outstanding ecological adaptation, low labor 

requirement, ease of cultivation, high yields, drought tolerant crops and successfully grown on 

marginal soils, where many other crops do not grow well [5].   

Cassava starch is used to produce variety of value-added products such as sweeteners, alcohol, 

acids, and also one of the most widely used biomaterials in the food, textile, cosmetics, plastic, 

adhesives, paper and pharmaceutical industries. However, the utilization of starches is based on 

their natural or synthesized functional characteristics. It is known that the particular physical and 

chemical characteristics of individual starches are the keys to their commercial success [2]. New 

applications of these starch are steadily emerging, including low-calorie fat mimetics, thin films, 

thermoplastic materials, and biodegradable packaging materials due to its high yield, very low 

cost, and unique characteristics such as a clear viscous paste [1].  
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It is well known that cassava starch is one of the promising raw materials for the production of 

biodegradable and edible films. Edible film is natural bio- polymer-based film materials with 

specific properties, which may be eaten together with the food.  

The main advantage of edible films over traditional synthetics is that they can be consumed with 

the packaged products. There is no package to dispose even if the films are not consumed they 

could still contribute to the reduction of environmental pollution. The type of starch which is 

obtained from different sources can show variation in their chemical composition (α-glucans, 

moisture, lipids, proteins and phosphorylated residues) and structure of their components which 

are related to the starch granules surface, hardness and crystallinity. These physico-chemical 

properties of starches from different sources may have its own effect on the final end use of 

starches. Thus, evaluation and characterization of starches from newer or alternative sources like 

cassava can reduce the burden on the limited sources of starch like potato, maize, rice and other 

tubers and cereals [6].  

Besides, the knowledge of physico-chemical characteristics allows the selection of starch with 

the necessary properties for a particular application and this knowledge is useful to select the 

starch source to obtain the required functional characteristics for a specific end use [7]. 

Currently, there are a number of cassava varieties that have been bred and officially released in 

Ethiopia. However, there is limited information on the composition, structural, functional and 

physicochemical properties of cassava starches from different varieties as well as its evaluation 

for specific end use. Based on these gaps, this thesis work focuses on the comparative study on 

physico-chemical properties of the starch isolated from the roots of cassava (Qulle and Kello) 

verities and its evaluation as bio-edible packaging film. 
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1.2. Statement of the problem 

Cassava is one of the most important food crops that constitute an extensive portion of the daily 

diet of the people and also serves as a major source of carbohydrate mostly in Southern region of 

Ethiopia. It has been produced and consumed at smallholder level as a food security crop in this 

region for several decades. In addition to food consumption, cassava root becomes a source of 

industrial raw material for production of starch, ethanol, bio-plastics, and glucose, bakery and 

confectionery products.  

Additionally, cassava root is used for citric acid production, paper making, food processing, 

lubricants, adhesives, and textiles and recently for bioethanol production too. It is reported that 

cassava is a good commercial cash crop and a major source of good quality starch, which is 

cheaper than other starches usually used in the food industry. The starch produced from cassava 

also used to produce bio-edible films, which are described as, odorless, tasteless, colorless, non-

toxic and biologically degradable. Currently, Cassava starch has received research focus because 

of its low cost, and excellent film-forming ability.  

Though cassava is becoming common crop in Ethiopia and contain high amount of starch, little 

information is known about the physicochemical properties of starches extracted from cassava 

varieties grown in Ethiopia, and its application for the development of edible packaging films.  

Furthermore, it is known that the genetic makeup and the activities of cassava crops have also 

contribute to the differences in physicochemical properties of the starch.  

These physicochemical differences of starch have its own effects on the characteristics of 

products derived from it. These gaps did not allow us for intensive and extensive utilization of 

starch isolated from different cassava varieties as a value added product efficiently. Thus, this 

work was  basically focus to fill these gap by performing comparative study on physicochemical 

characterization of starch from two varieties of cassava (Kello and Qulle) grown in Ethiopia  and 

its evaluation as bio-edible packaging film. 
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1.3. Objective of the study 

1.3.1. General objective 

The general objective of this research was to compare the physicochemical characteristics of 

starch isolated from varieties of cassava (Qulle and Kello) grown in Ethiopia and its evaluation 

as bio-edible packaging film. 

1.3.2. Specific objectives 

The specific objectives of this study were: 

 to determine the proximate composition of cassava starches.   

 to compare the physicochemical properties of starches isolated from two cassava varieties 

grown in Ethiopia. 

 to develop bio-edible packaging film from the isolated starch. 

 to characterize physicochemical properties of the developed film.  

1.4. Research questions 

 Do varieties of cassava starches possess differences in physicochemical properties?  

 How much these properties affect the effectiveness of the developed food packaging 

film?  

1.5. Significance of the study 

After successful completion, this research can be used in different ways for the whole 

environment by providing information about the physicochemical properties of starches isolated 

from locally grown cassava varieties by comparing them and gives information about which 

cassava starch variety is more suitable for the development of bio-edible packaging films. And 

also studding the physicochemical properties used to increase the supply of good variety starches 

to different industries. In addition, the demand of domestic markets and consumers satisfied so 

that the products available for different purposes.  

The main advantages of developing bio-edible packaging films is to reduce the loss of processed 

foods and post harvesting losses, and also it helps by extending the shelf life, enhancing safety 

and maintain quality of foods, it helps the country to be more competent in the global food 
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market and by replacing petroleum based packaging to avoid environmental pollution because 

they made from bio-degradable materials. 

1.6. Scope of the study 

This study entirely focused on the isolation of starches from two cassava varieties, comparison of 

some physicochemical properties for both varieties, development of bio edible films from the 

two varieties by casting method and characterization of the films was carried out in terms of 

different parameters. 
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2. Literature Review  

2.1. Overview of starch  

Starch is the principal component of most plant storage organs, such as tubers, cereal grains, and 

legume seeds, and it is still an important calorie source for humans and animals [1, 4]. It exists in 

the form of granules that vary in size, shape, physicochemical properties, and functions [8]. 

Starches from various sources differ in chemical content (α-glucans, moisture, lipids, proteins, 

and phosphorylated residues) and structure of their constituents, which are related to the surface, 

hardness, and crystallinity of the starch granules.  

The composition, quantity, and structures of the amylose and amylopectin molecules could 

attribute to the difference in chemical composition of starches  [8]. And also, the proportion of 

the two primary constituents of starch (amylose and amylopectin) varies depending on the 

botanical source, species variety, and even maturity level within the same plant [9]. 

Amylose influences the packing of amylopectin into crystallites and the organization of the 

crystalline lamella within starch granules. This is critical for water uptake, swelling, and 

gelatinization qualities. Furthermore, the granule size distribution, the molecular features of 

amylose and amylopectin, and functional aspects such as paste temperature and viscosity are all 

influenced by variations in amylose content in starch from the same botanical source. The 

differences in physicochemical characteristics of starch from different origins are influenced by 

the genetic makeup and activities of the plants. Because of its widely available, large supply, low 

cost, and biodegradability, starch and its derivatives are mostly employed in the food, plastics, 

and pharmaceutical industries [12].  

Because of the availability of new processing techniques and the current demand for 

biodegradable and renewable resources, starch will surely attract a wider range of markets. 

Around 60 million tons of starch are extracted annually from various cereal, tuber, and root crops 

around the world, with about 60% of it going into food and 40% going into pharmaceuticals and 

other non-edible uses [8].  
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2.2. Production of cassava and its starch 

2.2.1. Production of cassava in Ethiopia 

Cassava is a tropical crop and its center of origin is believed to be the Amazon [11]. Cassava was 

introduced by some NGOs to drought-prone areas in the south of the country, such as Amaro, 

Gamogoffa, Sidama, Wolayta, Gedeo, and other parts of the country, primarily to fill the gap left 

by the failure of other crops owing to drought. Farmers in these areas typically grow cassava as a 

single crop or intercropped with taro, enset, maize, and sweet potato in small irregular distributed 

plots [12].  

In Southern Ethiopia, especially in the Amaro-Kello region, cassava is nearly a staple meal. 

Cassava roots are frequently consumed in this region, particularly in the Wolayta and Sidama 

Zones, after being washed and boiled, or in the shape of bread or "injera" (an Ethiopian staple 

dish) after being mixed with the flour of cereal crops like as maize, wheat, sorghum, or teff  [5]. 

There is lack of reliable statistical and empirical evidence on the application and production of 

cassava grown in Ethiopia, the crop has been found to have an excellent adaptation and growth 

performance in different agro ecologies of Ethiopia. Cassava can grow in a variety of soil types 

and is drought resistant. In countries with uncertain rainfall, it is an important famine reserve 

crop. It can be grown alone or in combination with a variety of other crops such as maize, 

groundnuts, vegetables, and rice. Its tubers are high in carbohydrates, primarily starch, and 

provide a significant amount of energy. Calcium, phosphate, and vitamin C are all abundant in 

cassava roots. They are, however, deficient in protein and other nutrients.  Cassava can be 

classified as sweet cassava or bitter cassava. Both bitter and sweet cassava types, like other roots 

and tubers, contain antinutritive elements and toxins, with the bitter forms possessing much 

more. They must be thoroughly cooked before ingestion, as incorrect preparation of cassava can 

result in acute cyanide toxicity, goiters, and even ataxia or partial paralysis if there is enough 

residual cyanide [13]. 
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2.2.2.   Cassava root starch 

Cassava root is a starchy crop that has been processed into various forms for utilization [14]. The 

starch constitutes the main component of the cassava root and thus plays an important role in the 

use of cassava as a food and industrial crop. Cassava has high starch content (65–80) % and is 

low in contaminants when compared to other botanical starches. Cassava starch has beneficial 

properties such as high paste clarity, good retrogradation stability, low protein clog/complex, 

swelling capacity, and good texture, making it suitable for usage in a variety of foods [15].   

Many industries benefit from cassava starch's unique features, such as high paste viscosity, high 

paste clarity, and freeze-thaw resilience. However, it has drawbacks like as a long texture (high 

cohesiveness), susceptibility to shear, high temperature, and low pH, making it unsuitable for 

some applications [13]. Cassava starch is used to make a wide range of high-value goods, 

including sweeteners, alcohol, acids, and other compounds. Because of its high yield, low cost, 

and distinctive properties such as a transparent viscous paste, it is widely employed in industry 

[2]. Cassava starch is made up of two polymers: amylose, which accounts for (20-30) % of the 

entire amount, and amylopectin, which accounts for (70-80) % of the total amount  [16].  

2.2.3. Isolation methods for cassava starch 

The procedures that can involve in the isolation of starch consist of grating the raw materials in 

order to breakdown the vegetal cells and release the starch. This is followed by passing the fiber 

through sieves of different mesh size and subsequently concentrating the slurry via decantation 

or centrifugation.  The most common methods for isolation of starch from roots and tubers are 

aqueous (wet) and dry milling [17].   

Dry milling process promotes the greater degree of starch fragmentation and consequently a 

higher amount of damaged starch which affect directly the physic chemical properties of the 

starch. The starch obtained by wet milling has a higher purity compared to that from dry milling. 

The wet milling process involves repeated filtration and washes, while, dry milling involves 

extensive particle size reduction. The common wet methods for isolation of starch include: 

isolation using Sodium metabisulfite, isolation using Sodium chloride and isolation using 

Distilled water [17]. 
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2.3. Physicochemical properties cassava starch  

The distinctive physicochemical properties of starch have great significance in industrial, 

nutritional and pharmaceutical applications [8]. Thus, understanding the composition, structure, 

and physicochemical properties of starch contributes to the processing and applications of starch 

for different uses. The knowledge of these allows the selection of starch with the necessary 

properties for a particular application and also, this knowledge is useful to select the starch 

source for required functional characteristics for a specific end use.  

2.3.1. Moisture content 

The moisture content of a substance reveals its affinity for moisture. The moisture sorption 

pattern of the final product is determined by the initial moisture level as well as the active 

components' and excipients' inherent tendency to absorb water from the surrounding 

environment. Moisture is known to modify the flow and mechanical properties of many powders 

including starches. Therefore, knowledge of moisture content profiles of starches is necessary 

where controlled powder flow or compaction is critical [8]. 

2.3.2. Ash content 

The starch ash content is also one of the most important parameter in starch production. The ash 

content of starch is very relevant, since it indicates the mineral richness and non-volatiles 

composition of the starch [18].  

2.3.3. Determination of nitrogen content and crude protein 

It is known that starch granules also contain small quantities of other ―minor‖ components, such 

as proteins, lipids, and minerals (e.g. phosphorus and silica) either at the surface or inside the 

starch granules [8]. Of these, proteins and lipids are by far the most abundant. The protein 

content of starch is  often in the range of (0.1–0.7)% by weight and can be found at both the 

surfaces and interior parts of the starch granules [19]. 

2.3.4. Fibers content  

The fiber content of starch varies greatly based on the sieve used to remove fibrous material, 

varietal variation, and the age of the crop, such as cassava, where fiber content increases as the 
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crop matures. Various reports show a wide range of fiber and ash content in different starch 

sources [8]. 

2.3.5. Lipid content 

Most starches include lipids in the form of free fatty acids and phospholipids. Cereal starches 

(such as corn, wheat, and rice) have high lipid content (0.2-0.8) %. The lipid content of tuber 

(potato) and root (cassava) starches is lower (0.1-0.2) % [19].  

The starch-lipid interaction is particularly important in cereal starches. Higher lipid content can 

have a significant impact on some physicochemical properties of starches, such as 

delaying/decreasing starch granule swelling, lowering solubility, slowing gelatinization, and 

lowering water uptake, especially if the lipid is a medium or long chain compound that interacts 

with linear amylose chains. At higher temperatures, it has the capacity to change the size and 

form of the starch granules. Lipid can also alter the viscosity and pasting properties of starch  [8].  

2.3.6. Swelling capacity and solubility 

Swelling power is a measurement of the starch ability to hold water and is commonly used to 

compare different types of starches. It is also stated that the degree of swelling and solubility is 

determined by factors such as amylose-amylopectin ratio, chain length and molecular weight 

distribution, degree/length of branching and conformation, non-carbohydrate (i.e., lipid and 

protein) contents, and bonding forces within starch granules [1].  

Starch can be swollen by heating the starch with an excess amount of water [20]. The water-

holding properties of starch is generally expressed as swelling power (SP) and water-soluble 

index (WSI) [19]. In the crystalline and amorphous zones, swelling and solubility indices 

provide evidence of interactions between water molecules and starch chains [21]. The degree of 

dispersion of starch granules after cooking is measured by starch solubility. The solubility may 

indicate how much amylose is leached from starch granules when they swell; thus, the higher the 

solubility, the more amylose is leached [22]. 

2.3.7. Structure and content of amylose and amylopectin 

Amylose is one of the major components in a starch granule, which contributes greatly to the 

starch‘s functional properties. Several methods are available for determining the concentration of 
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amylose in starch. An iodine-binding procedure is one of the most used methods. The formation 

of iodine-amylose complexes is widely known for its blue color, which may be quantified using 

colorimeter [20].  

Amylose is anhydrous and forms good films, both of which are desirable qualities for industrial 

use. Amylose forms exceedingly strong, colorless, odorless, and tasteless films. Physicochemical 

qualities such as gelatinization, retrogradation, water absorption, and paste viscosity are 

influenced by the proportion of amylose and amylopectin present in different types of starches 

[23]. For these reasons, the amylose content must be determined accurately. 

 

Figure 2.1. Structure of amylose and amylopectin[23] 

2.3.8. Pasting properties 

Pasting properties can be described as the changes that occur in starch after gelatinization in 

excess water. Instruments like the Rapid Visco Analyzer (RVA) describe the viscosity parameter 

as functions of temperature and time. RVA describes paste behavior in three periods: 

 A controlled heating period, increasing the temperature of the suspension from room 

temperature to a maximum that is generally determined at 95 °C;  

 An isothermal period, maintaining the suspension at the maximum temperature for 

analysis; and  

 A cooling period, decreasing the temperature to approximately 50 °C [23]. 
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One of the most helpful ways for evaluating the functioning of starch preparations in food 

technology is the characterization of pasting profiles. When an aqueous starch suspension is 

heated above a critical temperature, the granules swell irreversibly and amylose leaches into the 

aqueous phase, resulting in increased viscosity [24]. Shear forces are applied to the suspension 

during the analysis. Suspensions often have a peak viscosity that occurs after gelatinization and 

increases as the granules swell, followed by granule disintegration and polymer realignment, 

which results in a drop in viscosity. Amylose leaching generates a gel or three-dimensional 

network during the cooling process. The viscosity of the cold paste viscosity increases as a result 

of the gel formation [22].  

2.4. Functional properties of starch  

Functional properties are properties of starch that indicate the ability of the proteinaceous 

material to hold oil or fat and water, to emulsify the sample and to form products having a firm 

consistency upon heating and cooling include viscosity, dispersibility, emulsify, and form gels, 

foam, produce films and absorb water and /or fat [25]. 

2.4.1. Water absorption capacity 

Water absorption capacity is starch-water association ability under limited water supply. It gives 

an indication of the amount of water available for gelatinization. The ability to bind water is a 

good indicator of whether starch or isolates can be used in aqueous food formulations [25].  

2.4.2. Oil absorption capacity 

Oil absorption is an important property in food formulations because fats improve the flavor 

and mouth feel of foods [25]. Moreover, the oil and water holding capacity could be a function 

of the protein composition, not only due to the hydrophilic and lipophilic groups exposed but 

also due to the physical entrapment of oil.   

2.5. Overview of bio-edible packaging films  

There are two key considerations when using the term "edible film." The first portion, "edible," 

meaning that films may be consumed with foods in contact, therefore they must cover all 

attributes of safe-food ingredients as defined by the FDA's Generally Recognized As Safe 

(GRAS) status. The second element, ‗films,' refers to the packaging features of the covering 
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material, which protect the inner part from the outside environment and limit gas and water 

vapor transportation between the food item and the outside. In general, this material should not 

change the product's appearance, smell, or flavor. Because of these quality concerns, film 

material should be as thin as possible acquiring adequate mechanical properties to protect food 

material [26]. 

Edible films have received a lot of attention in recent years because of their advantages over 

synthetic films, such as their ability to be used as edible packaging materials. This could aid in 

the decrease of pollution in the environment [26].  

And also, starch films exhibit some very good properties, since they are tasteless, odorless, 

transparent, and with very low oxygen permeability, which is highly appropriate for food 

preservation. They do, however, have some disadvantages, including being highly sensitive to 

water (hygroscopic character), which causes changes in mechanical response depending on 

relative humidity; high water vapor permeability; and retrogradation phenomena, which are 

linked to progressive chain aggregation/ crystallization and are dependent on molecular mobility 

in the system [27]. 

Edible films are typically 50 to 250 µm thick and can be used to wrap products, as well as 

construct pouches and bags. When compared to traditional petroleum-based food packaging, 

they are simple to make and handle because they require less heat and contain no harmful 

solvents (e.g. polyethylene, polypropylene) [28].  

2.6. Composition of bio- edible packaging material 

Typical edible film has three major components; film forming material, plasticizer, and 

additives.  Furthermore, it was discovered that edible films require a suitable solvent to produce 

a film-forming dispersion (FFD). According to the natural solubility characteristics of film 

forming materials, the most common solvents are water, alcohol, or aqueous alcohols. To 

strengthen the protective characteristics of edible films, functional additives such as antioxidants, 

vitamins, antibacterial agents, essential oils, pigments, and chemical preservatives are utilized  

[30–32]. 
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2.6.1. Film-forming materials 

Biopolymers, such as proteins, polysaccharides, lipids, and resins, are the most common film-

forming materials. They can be used alone or in combinations. The physical and chemical 

properties of biopolymers have a significant impact on the properties of the resultant films. 

Hydrophilic or hydrophobic materials can be used to produce films. To retain edibility, however, 

the solvents utilized are limited to water and ethanol [30] . 

2.6.2. Plasticizers 

Plasticizers are low molecular weight compounds that are introduced into polymeric film-

forming materials to lower the polymers' glass transition temperature [47–49]. They are able to 

position themselves between polymer molecules and to interfere with the polymer-polymer 

interaction to increase flexibility and process ability. 

The use of plasticizers during the film-forming process might impact the elastic modulus and 

other mechanical properties of edible films, as well as their resistance to vapor and gas 

permeation [30]. The addition of plasticizers to edible films is important to overcome the brittle 

nature of the film due to extensive intermolecular forces. According to the study of [29], it was 

found that glycerol is the most commonly used plasticizer. It is a non-toxic substance that is 

well-suited for use in the food business. It is compatible with amylose and may interfere with the 

packing of amylose chains. The type and concentration of plasticizers affect the film properties 

[31].   

2.6.3. Additives  

Various active agents, such as emulsifiers, antioxidants, antimicrobials, tastes, and colorants, can 

be added to edible films to improve food quality and safety, up to the point where the additives 

interfere with the films' physical and mechanical properties [31].  

Emulsifiers are surface active agents of amphiphilic nature that able to reduce the surface tension 

of the water-lipid interface or the water-air surface. Emulsifiers are required for the generation of 

lipid emulsion particles in protein or polysaccharide films. They also influence the stickiness and 

wettability of the film surface by modifying surface energy [30].  
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2.7. Classification of bio-edible films 

The basic classifications of edible films according to their structural materials are indicated in the 

figure 2.2 below.   

 

 

 

 

 

 

 

 

Figure 2.2.  Classifications of edible films  [30] 

2.7.1. Lipid based bio-edible films 

Lipids are important in building a moisture barrier, which helps to avoid microbiological and 

physicochemical deterioration. However, the effectiveness of a lipid depends on a variety of 

characteristics such as its structure, hydrophobicity, physical state, and so on [35]. 

Edible materials based on lipids, such as waxes, glycerol esters, and resins, are prone to lipid 

oxidation and rancidity, which can alter the appearance and flavor of some goods when they 

come into contact with films manufactured from them. Furthermore, these films may impart a 

waxy flavor to the food, which may influence consumer acceptability of the product. 

The hydrophobic property of lipids results in thicker, more brittle coatings. As a result, other 

film-forming agents, such as proteins or cellulose derivatives, must be used in conjunction with 

them. To give mechanical strength, lipid-based films are frequently supported on a polymer 

structural matrix, commonly a polysaccharide [36].  
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2.7.2. Protein based bio-edible films 

Protein-based edible films have received a lot of attention in recent years because of their 

advantages over synthetic films, including their usage as edible packaging materials. It can be 

used as carriers for antimicrobial and antioxidant agents [37]. Protein-based bio-edible films are 

generally formed from solutions or dispersions of the protein as the solvent/carrier evaporates. 

Water, ethanol, or ethanol-water combinations are the most common solvents/carriers. In order 

to create the more elongated structures required for film production, proteins must be denatured 

by heat, acid, bases, and/or solvents. 

2.7.3. Polysaccharide bio-edible films 

During the coacervation process, contacts between long-chain polymer segments are disrupted, 

and new intermolecular hydrophilic and H-bonding are established upon evaporation of the 

solvent, resulting in a film matrix [38].  

Since polysaccharides are hydrophilic, they have poor water vapor and gas barrier 

characteristics. Polysaccharide films are manufactured from starch, alginate, cellulose ethers, and 

chitosan, and they give a range of films their hardness, crispness, compactness, thickening 

quality, viscosity, adhesiveness, and gel-forming capacity. Because polysaccharides are highly 

hydrophilic, they have poor water vapor and gas barrier characteristics [26]. The gas 

permeability of polysaccharide-derived films is excellent, resulting in favorable modified 

atmospheres that extend the shelf life of the product without producing anaerobic conditions 

[28]. Polysaccharide films can have low gas permeability due to the structure of the polymer 

chains, but their hydrophilic nature makes them poor water vapor barriers. The polysaccharide 

coatings disintegrate and get incorporated into the flesh surface when applied to wrapped meat 

items and exposed to smoke and steam.  

2.7.4. Composite bio-edible films 

Composite edible films can be designed so that the benefits of its subunits are utilized to mitigate 

the shortcomings of the individual components. Composite films consisting of lipids and a 

mixture of proteins or polysaccharides take advantage of the individual component properties. In 

doing so, these individual or combined films can be applied as emulsions or bilayer films [28]. 
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The primary goal of composite film production is to improve permeability or mechanical 

properties as required by a specific application. These heterogeneous films are applied as an 

emulsion, suspension, or dispersion of non-miscible elements, or as many layers (multilayer 

coatings or films), or as a solution in a common solvent [26].   

2.8. Methods of film formation 

Bio-edible films can be obtained from edible materials through two different methods: wet and 

dry processes; they are also called solvent casting and extrusion processes, respectively. The film 

formation procedure is determined by structural chemistry of biopolymers, while film 

characteristics such as mechanical strength, elasticity, rheology, moisture and gas permeability, 

color, light transmittance, and so on are determined by physical chemistry of biopolymers [39]. 

2.8.1. Extrusion 

Extrusion is one of the most important polymer processing techniques in use today [40]. The film 

component mix is carried out into the feeding zone and compressed with air as the first step. 

Because this approach works best with a small amount of water or solvents, it is also known as a 

dry process. Plasticizers such as polyethylene glycol and sorbitol, in amounts ranging from 10% 

to 60% by weight, are frequently added to polymer products during extrusion processing. 

Extrusion, as opposed to solvent casting, is more appealing for industrial processes since it 

eliminates the need for solvent addition and evaporation time [41].  

It is based on the thermal properties of the film‘s biopolymer, including phase transitions, glass 

transitions, and gelatinization characteristics. The dry technique is attractive because it is less 

expensive and has a better throughput than the wet process for producing standalone films [42]. 

2.8.2. Solvent casting  

The casting method (also called solvent casting) is the most commonly used method for a film 

formation at laboratory and pilot scales [43]. This method involves three steps to prepare a film 

from biopolymers: 

1. Solubilization 

2. Solvent casting and  

3. The drying process   
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For enhancing the intermolecular interaction between the polymer chains and obtaining a proper 

microstructure of the film, the air-drying technique for casting edible film is crucial. The use of 

quick-drying technologies for casting the film has had a severe impact on its physical and 

structural qualities [40, 44].  

The main benefit of the casting method of film formation is the ease with which it may be 

produced without specialist equipment and at a reasonable cost. Because the casting method is a 

wet procedure, it allows for improved particle-particle interaction, resulting in more 

homogeneous particle packaging and lesser defects [39]. In addition, the film casting method has 

a number of unique characteristics, including high optical purity, with no gels or specks; 

exceptional transparency and low haze; low optical retardation, excellent flatness, and isotropic 

orientation [40, 44]. 

2.9. Bio-edible film characterization  

2.9.1. Mechanical properties 

The mechanical properties of film-forming materials, such as tensile strength, elongation at 

break, and elastic modulus, are influenced by the type of film-forming material and, in particular, 

the structural cohesion. The ability of a polymer to form strong and/or many molecular links 

between polymeric chains, preventing their separation, is known as cohesion [31]. This ability 

depends on the polymer structure and especially molecular strength, geometry, molecular weight 

distribution, and position of its lateral groups [27]. 

Tensile strength 

Tensile strength is the maximum tensile force that can be held by the film during measurement. 

Food packaging made of edible films protects food during handling, transit, and marketing. As a 

result, high TS is necessary. Tensile strength can be calculated by [44]: 

      
                             

                                                           
                           

Elongation at break (EAB) 

EAB is defined as the ability of the films to extend before breaking. It describes the nature of the 

film plasticity. Plasticity or extensibility is generally required for a film to maintain its integrity 
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when applied to food products [44]. Concentration, type of base material, and solvent used in the 

manufacture of films are factors determining EAB [31]. 

    
                            

                            
                                        

Elastic modulus (EM) 

Elastic modulus (EM) is a fundamental measure of the film stiffness, the higher the EM, the 

higher the stiffness of a material. Tensile strength (force at break/initial cross-sectional area) and 

elongation at break were estimated directly from stress strain curves, and elastic modulus was 

derived as the slope of the first linear component of this curve [31].   

2.9.2. Solubility of the film 

Solubility is a physical property that refers to the ability of edible films to dissolve in water so 

that they can be adequately digested when consumed or degrade naturally if released into the 

environment. The content of dry matter solubilized after 24 hours of immersion is known as film 

solubility (FS) in water. Because soluble-film packaging dissolves in heated water or in the 

mouth of the user, it is ideal for use in ready-to-eat food products [44].  

2.9.3. Optical Properties of bio-edible films 

Optical properties (color and transparency) are a critical property to consider if the film is to be 

used at a food surface. The color of edible films is an important factor for consumer acceptance 

[45]. Transparency is also one of the common optical properties of light permeable materials. It 

is an aesthetic assessment in marketing edible films. Its values represent the level of clarity of the 

films produced. Transparency is the physical property owing to degree of light passing through 

the substance [35].   

2.9.4. Water vapor permeability of the film  

The ability of edible packaging films to restrict water vapor transfer between a food system and 

its surroundings is one of their most important properties. It can be defined as a phenomenon that 

involves water solubility and water molecule diffusion through the film matrix [46]. The 

biomaterial films' permeability properties are relevant because they might be utilized in 

packaging to protect products from water vapor or gases. Water can speed up various reactions 
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(browning, lipid oxidation, vitamin breakdown, and enzyme activity), increase the rate of 

microorganism development, and change the texture of food, all of which affect the shelf life and 

quality of the food  [31].    

2.9.5. Water absorption of the film  

Water absorption is a parameter used to determine the amount of water absorbed under specified 

conditions. Because any inclusion of external components might degrade the quality of packed 

food materials, water absorption is a crucial aspect to consider. The absorption of ambient vapor 

or liquid can cause polymer plasticization to increase, resulting in a loss of mechanical 

characteristics. This leads to a decrease in the affinity of the starch based film towards water 

[47].  

2.9.6. Thickness of films  

Thickness is the physical property which is usually defined as the distance between the top and 

bottom. Film thickness can be measured with a digital film thickness gauge or by scanning 

electron microscopy (SEM), the first method being simpler and faster [36]. 

The thickness of the film used in the packaging of the product is an important factor to consider. 

It can also have an impact on the mechanical properties of other films, such as tensile strength 

and elongation.  But in its use, the thickness of the edible film must be adjusted to the product it 

packs. The films thickness is dependent on both film composition and processing parameters 

[44]. 

2.9.7. FT-IR spectroscopy 

Fourier transform infrared spectroscopy (FTIR) is a useful technique to supplement 

microstructural characterization of composite films, since it may be used to evaluate interactions 

between film components [48].   
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3. Materials and Methods 

3.1. Raw materials 

The raw materials used for the experimental work were Qulle and kello cassava varities. The 

samples were collected from Hawassa Agricultural Research Center (HARC) which is located at 

275 km from Addis Ababa in southern part of Ethiopia. This area has an altitude of 1700 km 

above sea level with 7"04'N latitude and 38"31'longitude.  

3.2. Chemicals and reagents 

The chemicals or reagents used for this study were analytical grade and indicated in the table 3.1 

given below.   

Table 3.1. Chemicals and reagents used in the study 

Chemical/ 

reagents 
Obtained from Purpose in this study 

Potassium 

hydroxide(KOH) 

Yegna Lab trading, Cherikos marketing 

center, Addis Ababa, Ethiopia. 

 For the crude fiber content 

determination of cassava starch. 

Sodium 

hydroxide(NaOH) 

Yegna Lab trading, Cherikos marketing 

center, Addis Ababa, Ethiopia. 

 Crude fat and fiber content 

determination of cassava starch. 

 For amylose content determination. 

Petroleum ether 

Addis Ababa Science and Technology 

University Food Engineering Laboratory, 

AASTU 

 For crude fat content determination 

of cassava starch. 

Boric acid 

Addis Ababa Science and Technology 

University Food Engineering Laboratory, 

AASTU 

 For the determination of crude 

protein and nitrogen content of 

cassava starches. 

Hydro chloric 

acid, 

Mid Lab chemical Trading PLc, Cherikos 

marketing center, Addis Ababa, Ethiopia. 

 For determination of crude protein 

and nitrogen content of cassava 

starches. 

Sulfuric 

acid(H2SO4) 

Mid Lab chemical Trading PLc, Cherikos 

marketing center, Addis Ababa, Ethiopia. 

 To determine the crude fiber content 

determination  

 Crude protein and nitrogen content of 

starch. 

Potassium sulfate 

and copper sulfate 

Ranchem Chemical Trading PLc, Cherikos 

marketing center, Addis Ababa, Ethiopia. 

 To determine Crude protein and 

nitrogen content,  

Ammonium Mid Lab chemical Trading PLc, Cherikos  For determination of crude protein 
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sulphate. marketing center, Addis Ababa, Ethiopia. and nitrogen content of cassava 

starches. 

99 % ethanol 
Ranchem Chemical Trading PLc, Cherikos 

marketing center, Addis Ababa, Ethiopia. 

 For determination of Amylose and 

amylopectin content of cassava 

starches. 

Glacial Acetic 

acid(99.5 wt/v) 

Ranchem Chemical Trading PLc, Cherikos 

marketing center, Addis Ababa, Ethiopia. 

 For amylose and amylopectin 

content of isolated cassava starches. 

Iodine(I2) 
Neway chemical and Laboratory equipment 

plc, Addis Ababa. 

 For determination of Amylose and 

amylopectin content of cassava 

starches. 

Potassium 

iodide(KI) 

Neway chemical and Laboratory equipment 

plc, Addis Ababa. 

 To determine Amylose and 

amylopectin content of the isolated 

cassava starches. 

Glycerol 
Neway chemical and Laboratory equipment 

plc, Addis Ababa. 

 As plasticizer during film forming 

process. 

Sun flower oil 
Ranchem Chemical Trading PLc, Cherikos 

marketing center, Addis Ababa, Ethiopia. 

 For oil absorption tests of cassava 

starches 

Sodium chloride 
Ranchem Chemical Trading PLc, Cherikos 

marketing center, Addis Ababa, Ethiopia. 

 For WVTR experiment. 

3.3. Equipment and instruments  

Major equipment and instruments used in this study include: Oven, muffle furnace, fiber cup, 

soxhlet apparatus, kajaldahl distillation unit, hot plate,  knife,  rapid visco-analyzer (RVA), filter 

cloth, centrifuge,  petridish,  UV– Vis spectrophotometer, electronic digital micrometer,  texture 

analyzer,  spectrophotometer, thermo scientific FTIR instrument, electronic balance, Crucibles, 

Beakers, Desiccator, test tube, water bath, volumetric flask, magnetic stirrer, graduated cylinder 

and blender/ puliverizer. 

3.4. Methodology 

3.4.1. Isolation of cassava starch 

The cassava roots were brought to the laboratory for analysis immediately after harvest. The 

fresh cassava roots were washed, peeled, chopped into small pieces and then pulverized in a 

blender. The pulp was suspended in potable water in the ratio of 1:10 (that is, the volume of 

water is 10 times the volume of pulp), and the well-stirred mixture was filtered using filter cloth. 
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The collected filtrate was allowed to sediment, and after decanting of the supernatant, the 

sediment was washed. The resultant starch was washed using distilled water, and after decanting, 

the starch was sun-dried for 48 hours on aluminum pans at room temperature. This helps to make 

sure the starch is in its best minimum moisture content [49]. Finally, the starch was stored in 

plastic air tight containers at room temperature. The prepared samples of both varieties were kept 

at room temperature for further analyses.  

 

Figure 3.1. Isolation of starch from cassava root 

3.4.2. Proximate compositions of cassava starch  

3.4.2.1. Moisture content determination  

3 g samples of cassava starch was weighed and dried at 130
o
C for 3 hours in oven (700 LT, Italy) 

and moisture content are obtained by calculating loss in moisture as a percentage of the original 

wet weight of the sample [50]. Then, the moisture content can be calculated by weight difference 

using the formula: 

  ( )  
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Where:  

 MC= moisture content,  

 Wi= initial weight of sample before drying and  

 Wf = final weight sample after drying. 

3.4.2.2. Total ash content determination 

 Crucibles containing 3g of the samples were placed in the muffle furnace (Model: VF2 

Chesterfield, UK) at temperature of 550
0
C for 3hr [49]. The percentage of total ash (dry basis) is 

calculated using the following formula: 

          
    

    
                                                                                                         

Where:  

 W = weight in grams of empty crucibles, W1 = weight in grams of the crucibles plus the 

dried sample material and W2 = weight in grams of the crucibles plus ash. 

3.4.2.3. Crude fiber content  

1.5 g weighed sample was transferred into a 600 ml beaker and approximately 200 ml of 1.25% 

sulfuric acid was added and then boiled for 30 minutes. Recording was took place by placing a 

watch glass over the mouth of the beaker. After 30 minutes heating by gently keeping the level 

constant with distilled water, 20 ml of 28% KOH was added and again boiled gently for another 

30 min. Subsequently, washing was conducted with 1% sulfuric acid and NaOH solution. Next, 

the sample was filtered and dried in a hot air oven (model: 700LT, Italy) at 130
o
C for 2 h. Then it 

was cooled at room temperature for 30 minutes in a desiccator and weighed, and finally 

transferred to muffle furnace (Model: VF2 Chesterfield, UK) for 30 minutes at 550
o
C. 

Afterwards, the sample was cooled again in a desiccator and re-weighed according to official 

method 962.09 [51]. The crude fiber content was determined using equation: 

                  
(     )

  
                                                                                              

Where: 

 W1 = Weight of crucible with fiber after drying 
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 W2 = Weight of crucible with ash 

 Ws = Sample dry weight 

3.4.2.4.  Crude fat content 

The fat in the sample is extracted by petroleum ether using soxhlet apparatus. Samples are added 

into extraction thimbles. The thimbles with the sample content are placed into soxhelt extraction 

chamber. The fat is washed by petroleum ether into the extraction flasks. The content in the 

extraction flasks is removed from the extraction chamber and placed in the drying oven at 100
O
C 

for 30 min and remove the extraction beaker and cool beaker in desiccator and then weighed 

[52]. Finally, the fat content was calculated using the formula: 

Weight of fat in sample = (beaker + fat) – beaker                                   3.4                                                        

            
(                       )

                      
                                                                

3.4.2.5. Crude protein and nitrogen content 

Protein was determined by the Kajeldahl method using Kajeldahl distillation unit (Model: Food 

ALYTSBS 5000L). In this method, the starch samples of weight 0.5046 g were weighed on an 

analytical balance into the digestion flask (Kajeldahl flask) and digested with concentrated 

sulfuric acid containing potassium sulfate and copper sulfate as a catalyst in the ratio of 10:1(2 g 

of potassium sulfate  to 0.2 g of  copper sulfate). Digestion converts any nitrogen in the starch 

samples into ammonium sulphate. After digestion is completed, the content in each flask was 

diluted by water and a concentrated NaOH (ca. 40%) in order to neutralize the acid and to make 

the solution slightly alkaline. The ammonia was then distilled into receiving flask that consists of 

solution of excess boric acid (4%) for reaction with ammonia [51]  official methods 976.05. 

Finally, the samples were titrated with 0.1N HCl. The % N can be calculated by the following 

formula: 

        ( )  
          (  )    

                          
                                                               

Where: 

 V is volume of HCl in liter consumed to the end point of the titration,  
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 N is the normality of HC1 used often is about 0.1N and 14.00 is the molecular weight of 

nitrogen.  

 MWn is the molecular weight of nitrogen. 

 F1 is acid factor equals to one. 

 The % of nitrogen is converted to % of protein by using appropriate conversion factors as 

follows: 

                                                                                                                         

3.4.2.6. Carbohydrate 

The carbohydrate content of the starches was be calculated by using the method of difference 

[53]. The total percentage of the sample‘s moisture, crude fiber, ash content, and the protein 

content will be subtracted from 100%, thereby having the residue as the total carbohydrate 

content determined.  Thus, the total carbohydrate content for the starch samples will be 

determined as;  

Carbohydrates (%) = 100 − (protein % + fiber % + moisture % + ash %)                       3.8 

3.4.3. Physico-chemical and functional properties of cassava starch 

3.4.3.1. Amylose and amylopectin content 

Briefly, 0.10g of the sample was weighed into a 100 ml volumetric flask and 1 ml of 99 % 

ethanol and 9 ml of 1 M sodium hydroxide solution was carefully added. The contents were 

mixed thoroughly and the sample solution was heated for 10 minutes in boiling water to 

gelatinize the starch. After cooling the solution was made up to the mark with distilled water and 

shaken thoroughly. Five (5) ml of the starch solution in 100 ml volumetric flasks was treated 

with 1.0 ml of 1M acetic acid and 2.0 ml of iodine solution (0.2% I2, 2% KI). The solution was 

then diluted to the mark with distilled water and the absorbance were read using 

spectrophotometer (Model: UVD 3200, LABOMED, INC) at 620 nm. A blank was set by 

diluting 5 ml iodine solution to 500 ml with distilled water in place of the standard sample  [54].  

Amylose and amylopectin contents can be calculated using equations (3.9) and (3.10) 

respectively: 
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               ( )                                                                                    

                                                                                                        

3.4.3.2. Determination of swelling power  

Samples of 0.1 g were mixed with 10 ml distilled water and heated in water bath at 60°C for 30 

minutes with constant mixing. The samples were centrifuged at 1600 rpm for 15 minutes [55]. 

The precipitated part was weighted and calculated using equation: 

               
                          ( )

                    (         )( )
                                               

3.4.3.3. Determination of Water solubility 

Samples of 0.5 g were mixed with 10 ml distilled water and heated in water bath at 60°C for 30 

minutes without mixing. The samples were centrifuged at 1600 rpm for 10 minutes [54]. The 

supernatant was separated, dried, weighted and calculated using equation according to the 

equation: 

          
                         ( )

                        ( )
                                                                   

3.4.3.4. Water absorption capacity 

1 g of starch sample was added with 10ml of distilled water in a beaker. Then, the suspension 

was stirred using a magnetic stirrer for 5 minutes. After that, the suspension was centrifuged at 

3600 rpm (Model: L-530 tabletop centrifuge) for 30 minutes. The supernatant produced was 

measured in a 10ml graduated cylinder. Water absorption was calculated as the difference 

between the initial volume of the water added and the volume of the supernatant. The result was 

stated as milliliter per gram of starch [56]. 

3.4.3.5. Oil absorption capacity 

First, 1g of sample was added with 10ml of sun flower oil in a beaker. Then, the suspension was 

stirred using a magnetic stirrer for 5 minutes. After that, the suspension was centrifuged at 3600 

rpm for 30 minutes. The supernatant produced was measured in a 10ml graduated cylinder. Oil 

absorption was calculated as the difference between the initial volume of the oil added and the 

volume of the supernatant. The result was stated as milliliter per g of starch (ml / g) [57].  
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3.4.4. Determination of pasting properties for the isolated starch  

The pasting properties of starch isolated from the two cassava verities were determined using 

Rapid Visco Analyzer (RVA) (Model:RVA4500,Perten). 2 g of the samples were mixed with 25 

g of distilled water.  After correcting the original moisture content of the starches, the time-

temperature profile used was in such a way that the system was held at 50 ºC for 1 min, heated 

from 50 to 95 ºC in 3 minutes and 42 seconds. Then held at 95 ºC for 3 min and 30 s; the sample 

was subsequently cooled to 50 ºC over a period of 4 min and 48 s, followed by a period of 2 min 

where the temperature was controlled at 50 ºC; Peak viscosity, trough, breakdown, final 

viscosity, set back, peak time, and pasting temperature were read from the pasting profile with 

the aid of thermocline for windows software connected to a computer. The viscosities were 

expressed as viscosity units (cP) [58].  

3.4.5. Preparation of bio-edible packaging film 

Cassava starch bio-edible packaging films were prepared by means of casting technique, by 

following the methodology. Film forming solutions (FFS) were obtained by mixing 5 g of starch 

in 70 ml of water and 40 g of glycerol per 100 g of starch under constant stirring for 10 minutes 

at room temperature. Then, the suspension solutions were heated from room temperature to near 

70
O
C using hot plate and constantly stirred in order to obtain a uniform bubble-free filmogenic 

solution. The FFS were poured in petridish and dehydrated in an oven (Model: 700 LT, Italy) at 

50
O
C for 24 hours in order to obtain transparent and flexible films. Finally, the films were peeled 

off from the petridishes after two days when cooling is completed and packed for further 

characterizations [59].  

3.4.6. Physicochemical properties of the developed film 

3.4.6.1. Moisture content 

50 mg of film was dried at 105
O
C for 24 h (until the equilibrium weight) [60]. The weight loss of 

the sample and the moisture content can be calculated using equation 3.13. 

                 (
     

  
)                                                                                 
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Where: 

       is the weight loss of the samples 

 Mi and Mf are the masses of initial and dried samples, respectively. 

3.4.6.2. Film thickness 

The film thickness was measured by using an electronic digital micrometer (Model: Mitutoyo 

Co., Japan) at Addis Ababa institute of technology(AAiT) School of Chemical and Bio 

Engineering laboratory (Addis Ababa, Ethiopia).  

The digital micrometer was calibrated and used to determine the thicknesses of the dried films 

with precision of 0.01mm. Random measurements were carried out at five different film 

locations and the mean thickness value is taken as the final thickness value of the film [61].   

3.4.6.3. Tensile strength (TS) and percentage elongation at break (EAB) 

Measurements of tensile strength and elongation at break of edible films were determined by 

using the standard method ASTM D882-02 with a texture analyzer (Model: TA Plus, LLOYED 

INSTRUMENTS) at Addis Ababa institute of technology (AAiT), School of Chemical and 

Bioengineering laboratories. The film specimens can be cut into rectangular strips (15 mm width 

×100 mm length). Samples were clamped between grips, and force–deformation was recorded 

during extension at 10mm/min, with an initial distance between the grips of 50 mm.  

During the measurement, the dimensions of the film samples (thickness and width) were 

manually input to the coupled personal computer; and TS and EB were automatically calculated 

by the computer software installed in the computer by the manufacture of texture analyzer. The 

strain-stress curves were used to calculate Young‘s modulus. For each kind of starch film, all 

specimens were estimated five times from two different films and best results were selected. 

3.4.6.4. Water solubility of the film 

The film samples are cut into square pieces of 4.0 cm
2
 and accurately weighed to record the dried 

film mass. The films are placed into test beakers with 50 ml distilled water for 24 h with slow 

mechanical stirring using shaker at room temperature. Samples are then removed from the water 

by filtration and dried in electrical oven (105
O
C for 24 h). The difference in weight used to 
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calculate the water soluble matter as a percentage of the initial weight [31]. The percentage of 

solubility of the film is calculated according to the equation 3.14 given below: 

  ( )  
                                   

                  
                                                      

3.4.6.5.  Color of the film 

The film color was measured according to the standard colorimetric measurement scale of 

Commission Internationale d‘Eclairage (CIE) standard [62]. For measuring the color of the bio-

edible films Spectrophotometer (Model: CM-600d Spectrophotometer, Japan) was used to 

determine the values of L*, a*, and b*. The calculation of color of the films was made by in 

accordance with ASTM D2244-02 using D65 standard illuminant and 10
 
degrees viewing angle. 

The colorimeter was calibrated using a standard white plate before measuring the films. The 

color measurements were performed by placing the film specimens to measure the color 

parameters of the films. The colorimeter is calibrated using a standard white plate. The following 

equation was used to calculate the color difference between the samples and the reference.  

   √(             
 )

 
 (             

 )
 
 (             

 )
 
                                  

Where: 

 L*,a* and b* are color values of samples. 

3.4.6.6. Transparency of the film 

The transparency of the films was determined by using UV– Vis spectrophotometer 

(model:UVD 3200, Labomed, Inc.) at a wavelength of 600 nm[63]. Samples were cut into 

rectangular pieces and placed directly in Cuvette for capturing the absorbance spectrum. 

Measurements were performed using the empty cuvette as the reference value. The opacity value 

of each film was calculated by using Equation (3.16).     

             
      
 

                                                                                                            

 

 



  
 

 31  

 

Where:  

 Abs600 = Absorbance at a wavelength of 600 nm 

  x = Film thickness (mm)  

3.4.6.7. Water vapor transmission rate (WVTR) 

The water vapor transmission rate was determined using Desiccant Method. Petridishes of size 

10 cm diameter were used to determine the water vapor permeability of the film. The film was 

first cut into a circular shape that was larger than the inner diameter of the petridishes. Then, the 

petridishes were placed on a horizontal platform. Anhydrous calcium chloride as a desiccant with 

0% relative humidity was placed inside the petridish. Subsequently, the bio-edible films were 

placed on top of the petridish and sealed. After sealed, the petridish were weighed then placed in 

desiccator containing NaCl with concentration 70% for interval time 0, 8, 24, 32, 48 and 72 h. 

Then, the weights of cup were recorded. Data obtained then made linear regression equation in 

order to obtain the slope of weight of cup. Water vapor transmission rate is expressed by the 

slope of weight of cup (g/h) divided by the area of the film tested (m
2
). The mean value of three 

measurement replications was reported for each sample [64]  . Water vapor transmission rate is 

calculated by equation 3.17.  

     
  

    
                                                                                                                               

Where: 

 ∆m/∆t is the moisture gain weight per time (g/h),  

 A is the exposed surface area of the film (m
2
) 

3.4.6.8.  Water absorption (WA) of the film 

The WA test was performed in accordance with ASTM D-570–98, where the film samples were 

first dried for 24 h at 40°C, cooled in a desiccator and the films were cut into a piece of 2.5×2.5 

cm in size and weighed in air-dried conditions (W1), and then soaked with distilled water in a 

petridish for 24 hours at room temperature.  
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After 24 hours immersion period, the samples were removed from the water, gently wiped with a 

dry cloth to remove all surface water and then weighed (W2). The differences in the initial and 

final masses of the samples were calculated using equation 3.18 given below. 

                ( )  
     
  

                                                                            

Where: 

 W2 and W1 represent the weights of the wet and air dried samples. The measurement was 

repeated three times for each type of film, and an average was taken as the result. 

3.4.6.9. Fourier Transform Infrared (FTIR) Spectroscopy 

The FTIR spectra of the prepared cassava starch based films were recorded on FTIR instrument. 

The films were cut into small pieces and inserted closely between the sensor and the support for 

good contact during the measurements. For each spectrum, 32 scans were performed. The 

samples had been analyzed in spectral vicinity between 4000 and 400 cm
−1

 with a 16 cm
−1

 

resolution, while the obtained spectra had been averaged over 32 scans [65]. FTIR spectra were 

obtained using Thermo Scientific FT-IR instrument (Model: SMART iTX, Thermo scientific).  
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4. Results and Discussion 

This section covers both the results and discussion of physicochemical properties of cassava 

starches as well as bio-edible packaging films. And also, to minimize the effect of environmental 

factors during the analyses of samples on the result, an effort was made in collecting the samples 

from same geographic region and both were harvested during the same season with the same age 

of maturity. For that reason, in this study, it is assumed that all the difference that may arise 

between the two varieties will be predominantly related to genotypic characteristics of each 

variety. 

4.1. Proximate compositions of cassava starch 

Moisture content, total ashes, crude fat, crude protein, crude fiber and total carbohydrate for the 

starches of the two cassava varieties were analyzed and the results are presented in table 4.1 

given below and discussion are presented as follows.  

4.1.1. Moisture content determination  

Moisture content values of starches isolated from the two cassava varieties are indicated in table 

4.1. From this result, we have seen that Kello starch has more moisture content than Qulle starch 

variety. The variations in starch moisture content can be influenced by a variety of parameters, 

including the intensity and duration of starch thermal exposure, as well as ambient humidity and 

aeration. In addition to this, structural characteristics of the starches' microstructure may have an 

impact on their water uptake [66]. The difference in moisture content of starch from different 

cassava varieties is particularly important because it affects the commercial usage of starch, in 

the time when low moisture content is required.  

Furthermore, moisture content diminishes the starch's shelf life because it promotes the growth 

of molds, which affects other critical properties such as color, protein, and amylose concentration 

[66]. Generally, the accepted range of moisture in cassava starch is between 10 and 12.2 %. 

Moisture content greater than 12% encourages microbial contamination and triggers degradative 

biochemical reactions, resulting in starch deterioration during storage. Moisture content has also 

been discovered to influence the pasting capabilities of cassava starch, as well as the tensile 

qualities and overall granular structure of the starch [49].   
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4.1.2. Ash content of starch 

The percentage of ash determined in this study for Kello and Qulle cassava varieties was found 

to be 1.1% and 0.133 respectively. The ash content of starch is well-known as an important 

parameter since it indicates the mineral richness and non-volatiles content of the starch [15]. 

From this result we can understand that starch has very small amount ash particularly for Qulle 

in this study. These ash content observed in this research  are in compliance with the rule which 

states that the ash content of starch should not exceed 1.5% [67].   

4.1.3. Crude fiber content 

The results of crude fiber contents of the starches are presented in table 4.1 given below. It was 

found that Qulle has higher crude fiber than that of Kello starch. The differences in crude fiber 

content of the starches of the two cassava varieties could be the difference in genotype of the 

cassava variety. It is well known that the fiber content of cassava roots starch varies depending 

on the variety and age at harvest [15].  

The result of this study was also in agreement with the rule which states that cassava starch is 

characteristically low in fiber content with values in the ranges of ( 0.10 – 0.15)% [15]. As it 

indicated in this research, the fiber content of the starch for both varieties was found to be very 

small. The possible reason for this to happen could be almost all of the fiber may be removed 

before sedimentation during starch was processed.  

4.1.4. Crude protein and nitrogen content 

Crude protein is defined as the complete protein content of a starch or other food product that 

can be determined by the nitrogen content [68]. Table 4.1 below indicates the protein content of 

the starches of the two cassava verities. The protein values of this study are complying with other 

previous findings. For example: the observed values for crude protein are between 0.28 - 0.52% 

for starches from the different varieties of cassava [69]. And also, when compared to other roots 

and tubers, cassava roots have a low protein content of about (1–3) % on dry basis [15].  

Protein effects on starch characteristics are dependent on the amount of protein present in the 

starch. Also, protein content will have an adverse effect on the starch's pasting characteristics. 

The loss or reduction of hydroxyl groups in starch to Millard (condensation) processes, 
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especially during starch drying, is indicated by high protein content; hydroxyl groups in starch 

are a major physicochemical factor [67].  

Thus, the low protein content obtained for Qulle starch in this research implies Qulle starch from 

the two cassava verities are of high quality. The starch's low protein content would have a good 

impact on its pasting properties. Starch with high protein content reduces the viscosity of the 

starch, which reduces the quality of the starch, so do not expect in utilization for different end 

use [70]. It is also been found that protein and starch will create a compound with the surface of 

the granules and thus lowering starch viscosity and resulting in low gel strength. 

4.1.5. Crude fat content of starches 

The result of this study for crude fat content of starches is indicated in the table 4.1 below. The 

results obtained in this study agree with the previous study for crude fat content average values 

of 0.1% for different varieties of cassava [71]. Cassava starch crude fat contents from prior 

investigations were reported as 0.37% [72], 0.79% [73], and 1.00% [74]. Low-fat starch samples 

in general are more important since they ensure a longer period of realistic usage for the items. 

Furthermore, because all fat-containing starches contain some dissolved fat contents, they are 

very susceptible to oxidative rancidity [68]. Increased fat content has been shown to increase 

starch textural characteristics and viscosity stability, hence improving starch quality.   

4.1.6. Carbohydrate values of the starch  

The carbohydrate content of the starches was determined using the formula in equation 3.8 and 

the values are indicated in table 4.1 given below. From this research, it was found that the 

carbohydrate contents of both varieties were higher. The results of this study in terms of 

carbohydrate were found to be greater than the previous values obtained as 83.92 to 85.55 % for 

several cassava varieties [75]. The literature classifies cassava root as a high calorie food with a 

high percentage of carbohydrates (80–90)%  on dry basis consisting almost entirely of starch 

[15].  
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Table 4.1: A comparison of the proximate composition of starches from two cassava varieties  

 

Proximate analysis 

Results from this study (%) Literature data 

Kello Qulle Result (%) Reference 

          Moisture 11.4 10.6 14.04 – 16.66 [24] 

          Ash 1.1 0.13 <1.5 [67] 

          Fat 0.11   0.13 0.37 [73] 

          Protein 0.52 0.35 0.28 - 0.52  [69]  

          Crude fiber 0.01 0.09 1.17 - 2.31 [75] 

          Total carbohydrate 86.85 88.7  83.92 - 85.55 [75] 

Note: Since Kello and Qulle cassava verities are only found in Ethiopia, there is no literature data for 

these verities. Due to this, the literature data is for general cassava starches.  

4.2. Physico-chemical and functional properties of cassava starch 

4.2.1. Amylose and amylopectin content 

The amylose and amylopectin content for the isolated cassava starches is indicated in the table 

4.2 below. The differences in amylose and amylopectin content are primarily attributable to 

genotype or variety differences in cassava [76]. The amount of amylose in starch determines 

whether it is waxy, semi-waxy, normal/regular, or high-amylose. When amylose content is 0–

2%, it is waxy, when amylose is 3–15% it is semi waxy starch. And also, when amylose value is 

15–35% and > 40% it is normal or regular starch  [77]. Consequently, in the current research, the 

cassava starch varieties can be classified as normal or regular starches. 

Table 4.2. Amylose and amylopectin result of starches 

 

 

 Results from this study Literature data 

 Kello  Qulle Result  Reference 

Amylose content (%) 19.16±0.01  26.29±0.01 14.20 – 25.31  [77] 

Amylopectin (%) 80.83±0.99  73.71 ±0.99  74.69 – 85.80 [77]  
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Note: Since Kello and Qulle cassava verities are only found in Ethiopia, there is no literature data for 

these verities. Due to this, the literature data is for general cassava starches.  

The amount of amylose in starch controls its qualities (such as water binding capacity, 

thickening, gelling, and so on) and thus the majority of its applications. The result obtained in 

this research was  similar with the previous values which is reported as in the range of 16.04–

26.95% of different cassava varieties [77]. In addition to this, another study report the values of 

amylose content of different cassava starches in the ranges of 13.2% – 23.45% [75]. Starch 

granules with high amylose content had low ash content. And also amylose molecules bond to 

lipids, forming an amylose-lipid complex that competes with iodine to create a complex. 

According to this study, Qulle cassava starch has a greater amylose-iodine complex absorbance. 

The high amylose content can raise the level of resistant starch. Low amylose contents lead to 

increased relative crystallinity of starch due to reduced amorphous regions within the starch 

granule. Amylose content has an impact on starch retrogradation qualities, with high amylose 

starches showing greater retrogradation tendencies due to amylose aggregation, which acts as 

nuclei [75]. The influence of amylose on the pasting properties depends on its leaching out of the 

amylopectin network during heating into the solution affecting the starch‘s viscoelastic 

properties. Due to the delayed departure of amylose from the amylopectin network during the 

gelatinization of starch, causing prolonged swelling of starch granules and thus raising the 

temperature necessary to make a starch paste, an increase in amylose content increase the pasting 

temperature [50].  

4.2.2. Swelling power of the starch 

The result of the swelling power of the starches of the two cassava varieties is indicated in the 

table 4.3 given below. The size of the starch granules, the amount of interactions between 

amorphous and crystalline regions, and the molecular structure of amylose and amylopectin may 

all contribute to the difference in swelling power of the two verities.  Higher swelling power is 

observed in Kello starch. The reason for this is that Kello starch has lower amylose content than 

Qulle starch.  
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Table 4.3. Swelling power of the two cassava starches 

No Variety Swelling power(g/g) 

1 Qulle          5.32 

2 Kello           7.56 

The swelling power values reported in this study are consistent with swelling powers  of cassava 

starches in the temperature range of 50 °C to 90 °C from six distinct cassava varieties which is 

reported as 2.22 to 15.63 g/g [77]. The results obtained in this study were slightly lower when we 

compared to previous findings. A swelling power value can be as high as 27.2 - 42.3(g/g) [71], 

while another study shows a reading between (9.0 - 16.9) g for swelling power at temperature 

80°C [78].  

The values  obtained in this research was also lower compared with corn starch (4–18 g/g), but 

lower than potato starch (42–168 g/g) [15]. Swelling power is a significant parameter in the 

characterization of starches from various botanical origins, which display varying swelling 

powers at a given temperature [50]. It also has an impact on the quality of cassava roots for 

consumption as well as the utilization of starch in a variety of industrial applications. The 

decrease in the swelling power is indicative of its potential for solubilization of starch molecules. 

Swelling power also reveals the presence of non-covalent interactions between starch molecules 

[79].  

4.2.3. Water absorption capacity of starches 

The result for water absorption capacity of the two cassava starches is indicated in the table 4.4 

below. Water absorption capacity is known to be linked to the composition and physical 

properties of starch granules after being mixed with water [70]. It determines the starch's 

integrity in aqueous dispersion by measuring the volume occupied by the starch after swelling in 

excess water.  
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Table 4.4. Water absorption capacities of the cassava starch 

No Variety Water absorption capacity (g/g) 

1 Qulle          24.853 

2 Kello            9.828 

As it indicated in the table 4.3 above, the observed variation in WAC imply differences in the 

intensity of hydrogen bond formed among the starches, such as size, shape, structural features, 

and the degree of availability of water binding sites. Furthermore, the differences also could be 

attributed to the difference in their content or granular interactions with water molecules [15]. A 

high water absorption capacity is related to the starch polymer's loose structure, whereas a low 

value shows the molecular structure's compactness [80].  

A similar researches obtain 18.0 g/g of water absorption capacity for cassava starch [81]. Food 

materials' tendency to absorb water is sometimes related to their protein content [82]. Because 

polar amino acids in protein have been suggested to be major sites for water interaction, the 

increased water absorption capacity of cassava starch may be partly owing to enhanced 

availability of polar amino acids. However, cassava starches in particular are low in protein, the 

observed water absorption capacity of the starches investigated in this study cannot be 

attributable to their protein content. 

Cassava starch had a higher water absorption capacity than other samples, which could be due to 

the increased carbohydrate content [46]. As a result of this, the high water absorption capacity 

observed in Qulle starch could be the high amount of carbohydrate. It has been discovered that 

the loose association of amylose and amylopectin molecules in starch granules is responsible for 

the high water absorption capacity [83].  

4.2.4. Oil absorption capacity of starches 

The ability of starch to absorb oil is a measurement of the starch's emulsifying capability. It is 

particularly significant since it increases mouth feel and flavor retention. The ability of starch to 

absorb oil is closely linked to the lipophilic characteristics of the starch molecule in cassava 

varieties.  
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The degree of probability of the hydroxyl group forming hydrogen and the covalent bond 

between the starch granule networks determine the different value in oil absorption capacity of 

starch. Furthermore, intrinsic variables such as amino acid content, protein structure, and surface 

polarity of protein hydrophobicity influence oil absorption ability of the starch [84]. The oil 

absorption capacity of starches of the two cassava verities is indicated in the table 4.5 given 

below. Because oils can form complexes with amylose, which limits swelling of starch granules 

and makes gelatinization difficult, the combination of oil and starch is likely to influence the 

physical properties of starch [70].  

Table 4.5. Oil absorption capacity of cassava starches 

No Variety Oil absorption capacity (g/g) 

1 Qulle          21.93 

2 Kello            19.94 

The values of oil absorption capacities investigated in this research was found to be lower than 

the values of bean starches (2.42–3.35 g/g) [85]. That the oil absorption of cassava starch was 

recorded as 1.0 g/g [86]. The oil absorption capacity of the starches in this study is also higher 

than the value ranges (9.20-11.30) for cassava and potato [87]. 

4.2.5. Water solubility of starch 

Water solubility results obtained in this study is indicated in the table 4.6 given below. The 

amount of interactions between starch chains within the amorphous and crystalline domains can 

be determined by the solubility of starch in water. The differences in starch solubility could be 

attributed to granular and molecular structural differences between the starches [88].   

Table 4.6. Water solubility of cassava starches 

              No Variety Water solubility (%) 

              1 Qulle 36.90 

              2 Kello 31.50 

Cassava starch solubility values were found to be 32.19 %, [81] and (1.62–71.15) % [77]. 

Another study show that the solubility of cassava starch was found to be in the ranges of (1.03-
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47.07) % [78]. Thus, the values obtained in this research comply with the values obtained by 

different previous studies. In previous investigations, amylose and amylopectin content in 

cassava starch were discovered to alter starch solubility qualities. This shows that starches with a 

higher solubility have more amylose value [49]. Qulle starch had higher amylose content than 

Kello starch, as a result of this; the Qulle starch is more soluble than Kello. 

Solubility of the starch indicates the degree of intermolecular cross bonding with the starch 

granule. When compared to other tuber crops, cassava starch has a higher solubility, which can 

be attributed in part to the considerable swelling it experiences during gelatinization. Source, 

swelling power, inter-associative forces within the amorphous and crystalline domains, and the 

presence of additional components like phosphorous are all factors that may influence starch 

solubility [89]. 

4.3. Pasting profile for the isolated starch 

4.3.1. Pasting temperature 

The temperature at which the viscosity begins to increase during the heating process is known as 

the pasting temperature [73] . The pasting temperature for starches of the two cassava verities is 

indicated in the table 4.7 given below.  The values of these pasting temperature obtained in this 

research were similar to the values of the pasting temperature( 64.54–70.54) ℃ reported 

previously [77]. Qulle starch has a greater pasting (gelatinization) temperature, implying that the 

crystalline sine and association within their granules are of a higher order of magnitude than 

Kello cassava starch.  

Differences in pasting temperature between the two cassava varieties could be related to 

differences in amylose content and starch granule sizes [77]. It was also indicated that high 

amylose starches had high pasting temperatures. Qulle had high amylose content and as a result 

of this high amount of amylose content it resulted in higher pasting temperature. In starch 

characterization, achieving the pasting temperature is critical for assuring swelling, 

gelatinization, and subsequent gel formation during processing for the starch's eventual usage in 

various applications [86]. As it indicated in the table 4.7, cassava starch has a low pasting 

temperature, which saves money on energy expenditures since less thermal energy is used for 
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pasting compared to higher temperature-resistant starches. When heated in solution, cassava 

starches lose their structural integrity quickly [15]. 

4.3.2.  Peak viscosity 

The maximal viscosity created during or shortly after heating is known as peak viscosity [73]. 

Values obtained from this study are higher than the previous findings on pasting properties of 

cassava starch which is reported as (782.3–983.5) cP  [49]. However these values are lower than 

the values obtained with other researchers who reported the peak viscosity of different cassava 

verities (253.01 - 344.96) RVU which is equivalent to (3036.12 – 4139.52) cP [50].  Higher peak 

viscosity indicates that the starch has a higher thickening capacity.  

The presence of interfering non-starch components is the cause for the higher peak viscosity 

values seen in Kello starch. It could also be attributed to variations in viscosity caused by 

amylase activity in starch. Amylase activity has been linked to a reduction in cassava starch's 

capacity to gel and thicken [73]. Changes in peak viscosity between genotypes imply variations 

in paste strength and, as a result, differences in processing behavior.  When compared to Qulle 

starches, the high peak viscosity values obtained in Kello starch shows the low amylose level. 

Starches with a low amylose content gelatinize readily, resulting in amylose leaching and rapid 

viscosity rises [50].  

4.3.3.  Breakdown viscosity 

Table 4.7 also indicates the values of the breakdown viscosity values of cassava starches. The 

difference between peak and tough viscosity is the breakdown viscosity, and it indicates the rate 

of gelling stability, which is based on the nature of the product [90]. The values obtained in this 

research were higher than the ranges of (383.8–506.8) cP [91]. 

Starches with low amylose content have a high breakdown viscosity [91]. Kello starch had low 

amylose content than Qulle; as a result of this, it had high breakdown viscosity than Qulle starch. 

A breakdown in viscosity is caused by rupture of swollen starch granules. Lower breakdown 

viscosity corresponds to a slower rate of rupturing of starch granules and associated with the 

starch's cooking or hot stability or ease of cooking; exposes varied starch granule heating 
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stabilities. Thus the higher breakdown viscosity observed in Kello starch indicates higher 

stability compared to Qulle.  

4.3.4.  Final viscosity  

The final viscosity values of cassava starches are indicated in the table 4.7 below. The 

differences in final viscosity between the two varieties could be due to variations in amylose and 

crude fat contents of the starches. Starches with low amylose content  have to high final 

viscosities  [91]. However, in this study the reverse result was investigated. The reason for this to 

happen could be as a result of the lipid-amylose complexes since it has a tendency to limit 

swelling, affecting viscosity of the starch.  

The values obtained in this research is higher than the values obtained previously for different 

verities of cassava in the ranges of  (462.0–569.7) cP  [91]. Beside this, it was found that the 

values of this research comply with other studies like (145.96 - 227.17) RVU or (1751.52 – 

2726.04) cP [50]. Final viscosity was the paste viscosity upon cooling at 50°C. The starch 

granules experienced restructuring of starch molecules and retrograded. Final viscosity measure 

the ability of the starch to form viscous paste after cooking and cooling [92].   

Cassava starches of both verities have a low tendency to retrograde, since they have low final 

viscosities relative to peak viscosities as indicated in the table 4.7. The ability of a material to 

form a thick paste or gel after cooking and cooling is indicated by final viscosity, which is the 

most widely used measure to define a sample's quality.  

4.3.5. Setback viscosity 

The setback viscosity of cassava starches indicated in the table 4.7 below. These differences in 

setback viscosity between starches of the two varieties could be accredited to variations in 

amylose contents and its gelation capacities. The setback viscosity of starches with a high 

amylose content was low [77].  

During cooling, starches with a high setback viscosity may experience a significant rate of starch 

retrogradation. Recrystallization of amylose molecules in the gel causes the setback viscosity 

which is a measure of the gelling capacity or retrogradation ability of starches [93]. The values 
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obtained in this research were in agreement with the higher setback viscosity values in cassava 

starches ranges (278.1– 487.0) cP  [77].   

4.3.6.  Peak Time 

Peak time result for starches obtained in this research is indicated in table 4.7 given below. The 

values obtained in this research was in agreement with the pasting time of different cassava 

verities in the range of 4.37 to 5.46 min [86]. 

Table 4.7: Summary of pasting properties of starch from two cassava varieties 

Variety PV(cP) TV(cP) BV(cP) FV(cP) SB(cP) PT(
O
C) 

Peak 

time(min) 

Qulle 1550.00 859.00 691.00 1335.00 476.00 68.50 5.00 

Kello 1610.00 834.00 776.00 1296.00 462.00 67.85 4.87 

Where: PT: Pasting temperature (
O
C) , TV: Trough(minimum viscosity) (cP), PV: Peak viscosity 

(cP) , SB: Setback (cP), FV: Final viscosity (cP) and BV: Breakdown viscosity. 
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Figure 4.1. A pasting profile of starch isolated from (A) Kello (B) Qulle 

4.4. Physicochemical properties of the developed film 

4.4.1. Moisture content  

It is commonly recognized that edible films can be used for different purposes, including food 

packaging. As a result, measuring the moisture content of the film is crucial, since the moisture 

content of the film can limit its application at a certain temperature and humidity. The moisture 

content of films prepared in this research with fixed glycerol concentrations are shown in table 

4.8.The moisture content of the films was determined in order to estimate their water bonding 

capacity.  

Table 4.8. Moisture content of cassava starch films 

No Variety  Moisture content values (%) 

1 Kello            13.25 

2 Qulle            11.62 
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The values of moisture content of the edible films obtained in this research comply with the 

values of moisture content for cassava starch based film for food packaging between 14.4 and 

16.4% [94]. The physical and barrier properties of starch-based films can be greatly influenced 

by their moisture level. Significant amount of moisture content in edible packaging of food will 

cause damaging to food products. In order to protect the food from damage, moisture absorption 

must be taken into account.  

It is preferable to use food packaging that has a low moisture absorption rate [47]. Although the 

effect of the plasticizer was not considerable, its components may have contributed to the 

reduction of moisture sorption. The amount of water in the film is explained by the moisture 

content of the film, which affects the shelf life of the products stored in the film.  

4.4.2. Analysis of the film color 

The color of the film is a crucial characteristic since it has a direct impact on the product's 

appearance and consumer acceptance. The results of the color parameters of the films 

investigated in this study are shown in table 4.9. The L
*
 value of the Qulle film was higher than 

that of the Kello film, indicating that it is whiter than the Kello starch film.  

Table 4.9. Observed average color parameters of the two cassava starch edible films 

Parameters  Varieties 

Samples  Reference Qulle  Kello 

L
* 

89.14 45.12±0.22
 

44.02±0.61
 

a
* 

-0.82 -0.35±0.03 -0.49±0.10 

b
* 

1.51 -3.07±0.09 -1.02±0.96 

ΔE
* 

 44.26 45.19 

Chroma(C
*
)  4.60 2.55 

 As shown in the table 4.9 above, color parameters reveal differences. They are affected by 

starch varieties, starch granule size and shape as well as thickness. Qulle starch film was lighter 

than kello starch film. Furthermore, the existence of small amounts of other components in the 

starch, such as proteins, fibers, sugars, pigments, lipids, and minerals, which are not removed 
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during the extraction, can cause color variances as it observed in table 4.9. These extra 

ingredients may cause chemical changes in the starch, making film development more difficult 

[35]. 

From table 4.9 it is important to note that all the films were fairly transparent according to their 

L
*
 values. Both the films showed a

*
 values of around zero. Thus, the films derived from cassava 

starches showed a slight tendency towards negative values, indicating that they tended towards a 

green color. The parameter b* indicates a tendency towards a blue coloration. The greatest 

differences in the color of the films, ΔE, were observed in both films made from cassava starch, 

reinforcing the idea that these films are whiter.  

4.4.3. Film transparency 

Transparency is a physical characteristic of the film that refers to the amount of light that passes 

through the structure of the film. It is known that transparent food packaging allows visual 

identification of the food content, which is an important feature that influences the consumer's 

perception of food quality. Transparent food packaging film not only allows customers to see the 

products, but it also allows brands to maintain  feeling of good quality and appropriate condition 

of the food even after the food packets have been shipped. The average transparency values of 

films made from each starch type are given in table 4.10. 

Table 4.10. Transparency of Cassava film 

No Variety Transparency (%) 

1 Kello 11.62 

2 Qulle 12.30 

Consumers generally prefer more transparent bio-edible packaging films; nevertheless, low 

transparency does not automatically imply poor quality and may not protect the food as 

efficiently from photo-oxidation-induced lipid oxidation [63]. As a result, Kello starch films are 

less attractive when great transparency is required, but they may have a benefit in preserving 

food that is susceptible to light damage.  
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Figure 4.2. Appearance of the developed film 

The optical characteristics of edible films are an important sensory factor for consumers to 

accept edible films and coatings. They should be colorless, with a transparency similar to that of 

polymeric packaging materials, or close to the color of the food to be packaged [95]. Higher film 

thickness was observed for Kello than Qulle film as a result of this the thicker Kello edible film 

has a color that is not clear and is less attractive.   

Additionally, when employing starch-based film for packaging development, appearance may be 

a critical consideration. Film printing and clear reading of inscriptions are made possible by good 

transparency. If reading was difficult or impossible, no packaging manufacturer would choose 

this option because the product's aesthetic value would be compromised [96]. 

4.4.4. Film thickness 

Thickness is a physical attribute defined as the distance between the top surface and bottom 

surface of the film. The thickness of the film used in the packaging of the product is an important 

factor to consider. Other films' mechanical properties, like as tensile strength and elongation, can 

be affected by thickness [29]. The average thickness of edible films for each variety is indicated 

in the table 4.11 given below. 
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Table 4.11. Results of bio-edible film thickness 

No Variety  Average thickness (mm) 

1 Kello 0.13±0.01 

2 Qulle 0.12±0.01 

The values of the thickness obtained in this research is higher than the values obtained by [47], 

who worked on development and performance evaluation of edible film by using cassava starch 

and report the values of film thickness as 0.100 mm to 0.110 mm. Controlling film thickness 

during casting needs significant care because any fluctuation might alter film qualities, including 

as mechanical and barrier properties, compromising the package's performance [47].  Despite 

constant weight of the casting solutions, the differences in thickness can also be related to 

differential film drying kinetics, which influences the ultimate thickness and structure of the film 

[95].  

 The higher film thickness observed in Kello starch film can also be attributed to the base 

material effect, which is linked to the starch's particular colloidal properties, such as thickening 

and suspending agents, as well as the interaction between components. The thickness value of 

edible films in this study is quite good because it is below the maximum standard thickness 0.25 

mm [29]. Thick edible packaging films (more than 0.25 mm) are undesirable because they inhibit 

the interchange of gas caused by respiration, making the product more vulnerable to 

deterioration. The thickness of edible films should be tailored to the type of food being covered. 

These findings suggest that the thickest edible film observed in Kello still meets the requirements 

for use as a primary food packaging material. The formulation mixing material, its type, 

character, interaction among the components, and chemical nature all influence the thickness of 

the film [97]. The film thickness is a critical factor that influences the drying rate and structure of 

the film, as well as the physical and barrier properties of the film.  

4.4.5. Mechanical properties of films 

In order to assure the integrity and content of packaging materials, knowledge of mechanical 

properties of films is required. Tensile strength, percent elongation, and Young's modulus values 
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were used to assess the films' mechanical properties, which were linked to structural parameters 

[98].  

4.5.2.1.Tensile strength 

The highest tensile force in the film until it is cut off is called tensile strength [99]. The value of 

tensile strength obtained in this study for the two cassava verities starch film is indicated in the 

table 4.12 given below. The highest tensile strength value was obtained for Qulle starch films as 

it indicated in the table 4.12. The reason for this is that Qulle starch has higher amylose content 

than Kello starch, thus, Qulle starch content typically have a higher number of crystalline 

domains, which could be responsible for the higher tensile strength films observed in this study. 

And also, the high moisture content observed in Kello films can also reduce the tensile strength 

of Kello film.  

The standard of tensile strength of edible films could be at least 3.92 MPa [99] ,so that  both 

films had meet the standards. The results of tensile strength values obtained in this study were 

higher  than edible films from cassava starch for food packaging application with tensile strength 

values of maximum 5.9 Mpa [94].  And also the tensile value was found to be  higher than 

tensile strength values of cassava film 5.53 MPa [100].  

The tensile strength value of edible film is important to consider when choosing edible film as a 

packaging material. Edible films with high tensile strength like Qulle film can be used as 

packaging materials for products that require a lot of protection, like ink, whereas edible films 

like Kello film with low tensile strength can be used as packaging materials for light products 

like candy, noodles, snacks, and other food items [29].  

4.5.2.2.Elongation 

Elongation is the change in maximum length from the time the film sample is stretched until it is 

torn. When producing a tensile force until the film is torn, the elongation at the point of break 

displays a change in the maximum film length relative to the initial length. The extension of the 

edible film indicates its plasticity. Edible films require plasticity to keep their integrity when 

applied to food products [101]. 
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Edible films must have high elongation value or breaking strength in order to withstand normal 

pressure when applied to food. The tensile strength of the edible film can be inversely 

proportional to its elongation value. When the elongation value is low, the tensile strength is 

high, and when the elongation value is large, the tensile strength is low. This is due to the 

molecular bond between the film and the plasticizer in the form of glycerol [99]. Therefore, high 

TS is required [31].  The tensile strength value of edible film is important to consider when 

choosing edible film as a packaging material [102]. The values of (TS), Young‘s modulus (Y), 

and percent of elongation (E) obtained in this research is indicated in the table 4.12 given below.  

Table 4.12. Mechanical properties of the edible packaging films 

No Variety 
Tensile 

strength (MPa) 

Percent of 

Elongation (E) 

Young‘s 

modulus (Y),MPa 

1  Kello      13.554                72.457       23.117 

2        Qulle          14.983           59.222  32.325 

The results of this study are consistent with the Japanese Industrial Standard (JIS), which states 

that if the percent elongation is less than 10%, it is not acceptable, and if it is more than 50%, it 

is very good. The edible film developed in this study can be used as primary packaging for food 

products since elongation value of both films are higher. The molecular weight and amylose 

content of starch, film thickness, polymer chain packing, chain interaction, and crystallinity of 

the film could all play a role in the differences in mechanical properties. Generally, Edible films 

as food packaging function to protect food during handling, transportation and marketing.  
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Figure 4.3. Stress- Strain curves for Kello film (A) Qulle film (B) 

4.5.2.3.Young’s modulus (Y) 

Young's modulus, also known as elastic modulus, is the most basic measure of film stiffness; the 

higher the Young's modulus, the stiffer the material. Plasticizer content was increased, resulting 

in films with a lower Young's modulus and thus better flexibility [103]. As it indicated in the 
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table 4.12 above, the elasticity value (modulus young) is directly proportional to tensile strength 

and inversely proportional to elongation.  

The minimum value of elasticity (modulus young) of edible films is 0.35 MPa. A value of 

elasticity (modulus young) of less than 0.35 MPa in edible film can be caused by a number of 

factors, including a manual stirring technique that only employs a glass stirrer, causing the 

mixture to be unevenly distributed in the solution [104]. Therefore, the result of this study was 

found to be higher than the minimum standards.  

4.5.3. Water absorption of the film 

The water absorption of the edible film was calculated with equation 3.18 and the measured 

percentage water absorption values of the films were presented in the table 4.13 below. 

Table 4.13. Water Absorption of Cassava starch Films 

No Variety Water Absorption (%) 

1 Qulle 29.39 

2 Kello 33.08 

The water absorption values obtained in this study comply with the values of water absorption of 

cassava films obtained previously which is in the ranges of 23.04- 37.97% [47]. The differences 

in water absorption of the two types of films could be the difference in morphology of the films 

(crystalline, amorphous) and crude fiber fraction and orientation of the films.  

Water absorption is crucial parameters since it is used to determine the amount of water absorbed 

by the films under specified conditions.  Because any introduction of external components might 

degrade the quality of packed food materials, water absorption is a vital aspect to consider.  

The absorption of ambient vapor or liquid can cause film plasticization to increase, resulting in a 

loss of mechanical characteristics of the films. This leads to a decrease in the affinity of the 

cassava starch film towards water [47]. The ability of edible packaging films to absorb water is 

critical in determining their stability during packing and storage.  
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4.5.4. Analysis of water vapor transmission rate of the film 

One of the most important functions of a packaging is to act as a barrier that separates and 

protects the product from exposure to the environment. Browning, lipid oxidation, and enzyme 

activity, as well as the pace of microorganism growth and textural changes, can all be accelerated 

by water. Controlling water permeability is therefore critical in the development of edible films 

and the selection of future applications [105]. 

In this work, the WVTR is determined from the slope of the regression line of sample weight 

versus time graph whereby the slope is then divided by the area of the film being exposed to the 

transmission (Equation 3.17). The water vapor transmission rate (WVTR) is the rate of water 

vapor permeating through the film. This test is carried out to determine the ability of edible film 

to resist water transfer.     

Food packaging's primary goal is to prevent or limit moisture transfer between the food and the 

environment, or between two components of a heterogeneous food product; hence, the film's 

WVP should be as low as possible [106]. The WVTR of both films is shown in table 4.14.   

Table 4.14. Water vapor transmission rate of the cassava films 

No Variety water vapor transmission rate WVTR (g/h.m
2
)  

1  Kello 0.127 

2 Qulle 0.136 

As it indicates in table 4.14 above, there is a difference in water vapor transmission rate values of 

films because of the difference in film thickness.  Kello starch film is thicker than Qulle film, 

thus the water vapor transmission rate through Qulle film is found to be higher than Kello film. 

Furthermore, Water vapor permeability rate of edible films depends on several factors, such as 

the integrity of the film, the thickness, the glycerol content, the hydrophilic-hydrophobic ratio, 

the crystalline fraction, and the films chain mobility, and thus depends on the starch origin [107]. 

Kello starch film can absorb more water from the environment than Qulle and increase its 

plasticity so that water is easier to diffuse. WVTR for edible films is a maximum of 10 g/m
2
/24 

hours or 0.416 g/m
2
/h [99]. Thus, both films developed in this study had met the standards set.  
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WVTR is the most extensively studied property of edible films mainly because of the importance 

of water in deteriorative reactions in foods and made to impede moisture transfer between food 

and surrounding atmosphere. The measured values of the WVTR in this study are lower than the 

values that previously reported for different starch films. For example, the values of WVTR for 

maize, potato, oat, rice, and tapioca  starch film was found to be in the ranges of (46.0 – 

46.7)g/(m
2
.h) [96] .     

4.5.5. Water solubility of the film 

The water solubility values of the film obtained in this research is indicated in the table 4.15 

given below. The differences in the water solubility of films obtained in this research may also 

result from the difference in thicknesses of the films and the inhomogeneous and porous 

structure. The purpose of the solubility test was to examine the ability of edible film to dissolve 

and retain water when used as food packaging. To improve product integrity and provide a 

moisture-resistant package, edible films may be required to have a high water resistance. 

However, in other cases, such as; when encapsulating food additives, adequate solubility of the 

films prior to usage may be needed. Film solubility is an important property since the film can 

protect food from water. Furthermore, certain types of applications may require soluble films, 

therefore this value must be evaluated while selecting an acceptable application [108].  

Table 4.15. Water solubility of the films  

No Variety Water solubility (%) 

1 Qulle 28.85 

2 Kello 26.37 

The water solubility  values obtained in this study were in agreement with the cassava starch 

films (27.5%)  [109]. The differences in solubility of cassava starch films might be advantageous 

because it allow for different applications. For the application of edible coatings on fresh and 

little processed products; films may require water insolubility to maintain product integrity or 

high water solubility. The size and shape of starch granule can affects the solubility of edible 

packaging films. Water solubility of edible films decreases as the availability of the hydroxyl 
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group (OH) to interact with water decreases. Hydrophilic molecules would be expected to 

improve a film's solubility, while hydrophobic ones would be expected to decrease it [110]. 

Higher solubility may have a key impact in the organoleptic qualities of products where the film 

is applied as a coating and consumed along with the entire product. As a result, films having a 

higher solubility contain less moisture.  High solubility is desired in the application of a film as a 

suitable packaging material, and vice versa. The source of the film's base material has a big 

influence on its solubility. Higher solubility of edible films observed in Qulle indicates that it is 

simple to consume than Kello films.  

4.5.6. FTIR analysis of cassava starch edible films 

The presence of a functional group in edible film was determined by using the FTIR spectrum. In 

figure 4.4 and 4.5, the FTIR spectra of starches and their edible films are shown, with the 

interpretation of each peak given in table 4.16. FTIR is widely used to investigate organic 

compounds, which result in primarily two types of changes: stretching vibration causes changes 

in bond length and bending vibration causes changes in bond angle. Because stretching requires 

more energy than bending vibrations, changes in bond length usually occur at a greater 

frequency or energy [48].   

  

Figure 4.4. FTIR analysis of Qulle cassava starch and Films 
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Figure 4.5. FTIR analysis of Kello cassava starch and Films 

Table 4.16. Bands found in the FTIR spectra of starches and their respective edible films 

 

No 

 

Wave number 

literature 

Wave number(cm-1)  

Assigned 

functional groups 

Kello 

starch 

Qulle 

starch 

Kello 

film 

Qulle 

film 

1 3570–3200 3402.77 3389.28 3255.24 3265.48 Hydroxy group, H-bonded O-H stretch 

2 3000 - 2840 2938.01 2930.30 2931.70 2933.03 C - H stretching 

3 1648-1638 1644.01 1642.08 1643.01 1643.03 Alkenyl C = C stretch 

4 1420-1330 1386.56 1377.88 1340.31 1336.54 Phenol or tertiary alcohol, OH bend 

5 1400-1000 1017.26 1021.12 1012.46 1015.26 Strong C-F stretching 

6 680-610 615.18 614.21 --- ---- Alkyne C- H bend 

7 500-430 ------ ----- 433.91 477.01 Aryl disulfides( S-S stretch) 
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5. Conclusions and Recommendation 

5.1. Conclusions  

Based on the result obtained within the frame work of this study; the following conclusions can 

be drawn:   

 the proximate composition of cassava starches obtained from kello and qulle cassava 

varieties were different due to the genetic makeup and the activities of cassava crops. 

Resulting, qulle starch is preferable due to its low moisture content, low ash content and 

low protein content since it indicates the quality of starches. 

  qulle starch has higher amylose content than kello starch and this amylose content can 

affect swelling power of the starch, water solubility of the starch and pasting properties of 

starch or any other properties of starch related to amylose. 

 in terms of the properties of the two cassava starch based films, qulle starch film is better 

for food packaging applications because of its low moisture content, high transparency, 

high tensile strength, low water absorption capacity and high water solubility.  

 generally, different varieties of cassava starches possess different physicochemical 

properties and these properties highly affect the effectiveness of the developed film. Due 

to this, the knowledge of physic-chemical properties of starch is very important for the 

specific end use of starch. 
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5.2. Recommendation  

The following recommendations were made for further study in the isolation, characterization 

and production of cassava starch based film. 

 Physicochemical properties of cassava starch may differ on the basis of their 

geographical locations. Thus, it is recommended for future researcher in order to study 

physicochemical properties of cassava starch varieties of different geographical locations. 

 Sun dried of the final starch for 48 hours was the mechanism for this study. Thus, it is 

recommended to do the effect of sun dried cassava starch film and oven dried on the 

physicochemical of cassava starch. 

 During film developing process, constant amount glycerol and constant amount of starch 

were employed in this study. However, it is recommended for future research in order to 

study the effects of glycerol and starch amount on physico -chemical properties of 

cassava starch edible films. 

 In this study, final film drying process was carried out at constant drying temperature. For 

future researcher it is recommended to study the effect of drying temperature on 

mechanical properties of cassava starch based edible packaging film. 

  In this study glycerol was used as plasticizer during film forming process. Thus, for 

further researcher it is recommended to use other plasticizer like sorbitol and ethylene 

glycol during cassava starch based edible film preparation.  

 Oxygen transmission rate is one of the properties of films. However, this test was not 

done in this study due to lack of instrument for this test. Thus, if possible, future 

researcher is recommended in order to perform this test for cassava based starch film.  
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Appendices 

Appendix I: some selected view of common procedures in laboratory work 

 

Figure 1. Laboratory work for isolation of starch from Cassava root 

Where:  

 A represents raw cassava roots, B and C represent peeled and chopped cassava roots 

 D represents blende pulverizer, E and F represent pulps of cassava roots  

 G stands for filtration of cassava root pulps  

 H and I represent wet and dry starch respectively  

A B 

G 

E F 
D 

C 

H I 
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Figure 2: Film forming procedures 

Where: 

 A represent gelatinization of starch  

 B is casting of film forming solution on petridishes 

 C represents drying of the film  

 D represents the final dried film   
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Appendix II: Some selected calculations in the study 

Crude fiber data for starches of the two varieties: 

Sample 

code 

Sample 

weight 

Crucible 

weight crucible Dry 

sample weight 

crucible Ash 

sample weight 

Dry 

weight 

Ash 

weight 

crude 

fiber% 

Average 

fiber 

K1 1.5017 27.631 27.6396 27.6394 0.0086 0.0084 0.0133 

0.0133 K2 1.5025 25.6814 25.6845 25.6843 0.0031 0.0029 0.0133 

Q1 1.5006 28.6652 28.6694 28.6681 0.0042 0.0029 0.0866 

0.0900 Q2 1.5006 26.8014 26.8142 26.8128 0.0128 0.0114 0.0933 

 

The crude fiber content was determined using equation 3.33 as follows: 

                  
     
  

     

Where: 

 W1 = Weight of crucible with fiber after drying 

 W2 = Weight of crucible with ash 

 Ws = Sample dry weight 

For example for K1 starch, the fiber content can be calculated as:  

                  
               

      
            

Here, experiments were done duplicate and finally the average values were reported. The same 

calculations were performed for the determination of crude fiber content for Qulle starch. 

Protein data for starches: 

Sample 

code 

Sample 

weight 

Initial 

(ml) 
Final (ml) 

Difference 

(ml) 

sample volume 

-blank volume 
N% P% 

Average 

p% 

Blank1   0.00 0.10 0.10 

           0.1 

      

Blank2   0.10 0.20 0.10       

Q1 0.5046 0.00 0.30 0.30 0.20 0.0555 0.3468 

0.347 Q2 0.5045 0.30 0.60 0.30 0.20 0.0555 0.3469 

K1 0.5039 0.60 1.00 0.40 0.30 0.0833 0.5209 

0.521 K2 0.5041 1.00 1.40 0.40 0.30 0.0833 0.5207 

 

The % N can be calculated by applying equation 3.36 as follows:  
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        ( )  
           (  )      

                          
     

F1 is acid factor equals to one. Therefore, the % Nitrogen for Q1, for instance can be calculated 

as: 

        ( )  
               

      
             

The % of nitrogen is converted to % of protein by using appropriate conversion factors as 

follows:  

                                 

Similar calculations can be performed for the duplicate experiment and the percent nitrogen and 

protein is determined accordingly. Finally the average values for both nitrogen and protein were 

reported as indicated in the table. 

Water solubility data for starches 

Sample 

code 

Sample 

weight 

empty beaker 

weight 

empty beaker weight Dry 

sample weight 

dried soluble 

starch(g) 
%Solubility 

Q1 0.5067 41.0966 41.1764 0.0798 31.50 

K1 0.5014 34.4447 34.5372 0.0925 36.90 

Water solubility of the isolated starch was calculated by the following equation: 

          
                          ( )

                    (         ) ( )
     

Therefore, for Q1, solubility of the starch can be determined as follows. 

          (
      

      
)               

Similar calculations were done and average values are reported for each experiment.   

Swelling experiment data for starch 

Sample 

code 

Sample 

weight 

Empty 

tube 

weight 

Empty tube 

weight+ weight of 

sediment paste(g) 

Weight of 

sediment 

paste(g) 

Swelling 

power(g) 
Average(g) 

Q1 0.101 18.54 19.0777 0.5377 5.32 

5.325 Q2 0.103 18.54 19.2112 0.5381 5.33 

K1 0.106 18.3389 19.14 0.8011 7.56 

7555 K2 0.105 18.3321 19.21 0.8132 7.55 

Swelling power of the starch can be determined by applying the following equation; 

               
                          ( )

                                ( )
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Applying the above equation, the swelling power for Qulle starch can be determined as: 

               
      

     
        

Other calculations were done in this manner and average values are reported as it indicated in the 

table above. 

Oil absorption data 

Sample 

code 

Sample 

weight 

Initial 

amount of 

oil (ml) 

Final volume of 

supernatant(ml) 

Difference 

(ml) 

Oil absorption 

capacity(ml/g) 
OAC% Average 

Q1 1.0029 10 7.80 2.20 2.194 21.936 

21.925 Q2 1.0030 10 7.79 2.28 2.191 21.852 

K1 1.003 10 8.0 2.0 1.994 19.94 

19.895  K2 1.0029 10 7.88 1.98 1.985 19.91  

 

Oil absorption was calculated as the difference between the initial volume of the oil added and 

the volume of the supernatant. The result was stated as milliliter per g of starch (ml / g). 

For instance, for Q1, oil absorption capacity is determined as:  

                                             

Similarly, other calculation for the rest experiment was done accordingly and average values 

were reported as it indicated in the table above.  

Water absorption data for starch 

Sample 

code 

Sample 

weight 

Initial 

distilled 

water(ml) 

Final volume of 

supernatant(ml) 

Difference 

(ml) 

water 

absorption 

capacity(ml/g) 

WAC% Average 

Q1 1.0059 10 7.5 2.5 2.485337 24.853 

24.7525 Q2 1.0049 10 7.45 2.39 24.48321 24.652 

K 1.0175 10 9 1 0.982801 9.828 

9.8515 K2 1.0177 10 8.12 2.11 0.89745 9.875 

The calculation for water absorption of the two cassava starches were similar except that distilled 

water is used instead of oil and finally average values were reported. 

Amylose and amylopectin data for starches 

Variety 
Absorbance 

trial 1 trial 2 trial 3 trial 4 trial 5 Mean 

Kello 0.317 0.324 0.301 0.328 0.296 0.3132 

Qulle 0.457 0.418 0.428 0.412 0.433  0.4296  
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Amylose and amylopectin contents can be calculated using the following equations: 

                                   

                                        

For example, the amylose content for Kello can be determined as 

                                        

                                         

Similar calculation can be determined for Qulle starch in order to determine the amylose and 

amylopectin content.  

Water vapor testing data for films 

Time(hr) Wi(g) 
Weight gain 

Kello Qulle 

0 84.1248 84.1248 84.1248 

8 84.1248 85.4874 85.7854 

24 84.1248 87.9835 88.8216 

32 84.1248 88.8812 89.5451 

48 84.1248 90.3529 90.8116 

72 84.1248 91.2254 91.8621 

 

 
 

Transparency data for developed films 

The transparency value of each film was calculated by using Equation: 

             
      
 

 

For example, for Qulle starch film, the opacity can be determined as: 
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Similar calculation was performed for Kello starch and its value is indicated in the table given 

below. 

 

– 

 

 

 

 

 

 

 

 

 

 

Water absorption test data for films 

 

 

 

 

 

 

 

 

 

 

 

The differences in the initial and final masses of the samples were calculated using equation 

given below: 

                ( )  
     
  

     

Where: 

 W2 and W1 represent the weights of the wet and air dried samples. The measurement 
was repeated three times for each type of film, and an average was taken as the result 

For instance, the water absorption capacity Qulle film can be calculated as: 

                ( )  
         

     
                  

Similar calculation was done for Kello starch film and values are indicated in the table.  

Trial Absorbance 

1 1.595 

2 1.325 

3 1.425 

4 1.552 

5 1.485 

Average 1.4764 

SD 0.095309 

Transparency (%) 12.30333 

Qulle starch film 

Trial  Absorbance 

1 1.481 

2 1.584 

3 1.523 

4 1.459 

5 1.512 

Average 1.5118 

SD 0.042602 

Transparency (%) 11.62923 

Kello starch film 

Trial Mass of dried 

sample(mg),W1 

Mass of wet  

sample(g),W2 

1 91.2 117.8 

2 92.5 118.1 

3 94.5 122.6 

4 92.3 121.8 

5 93.2 119.7 

Average 92.74 120 

WA (%) 29.39400474 

Qulle film 

Trial Mass of dried 

sample(mg),W1 

Mass of wet  

sample(g),W2 

1 101.2 135.8 

2 98.5 133.1 

3 102.5 134.6 

4 102.3 132.8 

5 98.2 132.7 

Average 100.54 133.8 

WA(%)  33.08136065 

Kello film 


