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Abstract 

Antimicrobial packaging is one of the most promising active packaging systems. Starch based 

film is considered an economical and environmentally-friendly material for antimicrobial 

packaging. This study aimed at the development of food packaging from corn starch 

incorporated with methanol extract of plumbago zeylanica root as antimicrobial agents. The 

antimicrobial activity of the extract was tested on three bacterial strains namely Staphylococcus 

aureus, Salmonella typhi, E. coli and one fungal strain known as aspergilla niger. Inhibition of 

bacterial growth was examined using zone of inhibition test on solid media. For this 200 µl of 

various concentrations, 200mg/ml 100mg/ml, 50mg/ml and 25mg/ml plant extract were added 

into 8 mm hole diameter using micropipette. Hence 200µl of 200mg/ml extract could inhibit 

13.5, 8.75, 10.5 and 27 mm diameter for Salmonella typhi, E. coli, staphylococcus aureus and 

Aspergilla niger respectively. Minimum inhibitory concentration was determined involving broth 

dilution method.   From minimum inhibitory concentration findings, 1.25mg/ml, 2.5mg/ml 

,1.25mg/ml and 0.625 mg/ml crude extract in liquid medium completely inhibited the growth of 

S. aureus, E. coli, Salmonella typhi and aspergilla niger respectively. This result showed that 

plumbago zeylanica exhibited a potential antimicrobial activity on selected pathogenic 

microorganisms. Consequently, the control and antimicrobial agent films were produced by 

casting method. From the observations, antimicrobial packaging films exhibited inhibitory zones. 

Interestingly, a wide clear zone on solid media was observed for Salmonella typhi and aspergilla 

niger growth inhibition whereas inhibition for E. coli and Staphylococcus aureus were not as 

effective as Salmonella typhi and aspergilla niger. These results showed that the incorporation of 

plumbago zeylanica extract had a significant influence on the growth of each selected 

microorganism (P<0.05). Overall, the current study manifested that plasticized corn starch can be 

regarded as a promising biodegradable antimicrobial packaging film.  

Keywords: Antimicrobial activity, Corn Starch, Packaging Film, Plumbago Zeylanica, 

Production 



 

Chapter One 

1. Introduction 

1.1. Background 

Nowadays food preservation, quality maintenance, and safety are major growing concerns of the 

food industries and consumers.  Due to these reasons, developing active packaging is one of the 

strategic solutions to solve these issues. Active antimicrobial packaging is used to actively 

modify the internal environment by continuous interaction with the food over the specified shelf-

life. Antimicrobial food packaging is one the active packaging (Malhotra et al., 2015). The main 

functions of packaging are to isolate foods from external environment and protects the foods 

against deterioration by the actions of microorganisms, moisture, gases, dusts, odors as well as 

mechanical forces (Sung et al., 2013).  

Therefore, antimicrobial (AM) compounds are directly applied in food systems or incorporated 

with the packaging film to change the internal environment of the packaging.  The packaging 

must be inert, nontoxic, impermeable to microorganisms and strong enough to withstand possible 

amount of mechanical forces from easily rupture. And also have good ability reduce passage of 

surrounding contaminants into foods. In addition to the functions of extending shelf-life and 

maintaining food quality,  packaging also important for marketing and advertising, standardizing, 

provides useful information to consumers while making products more usable and convenience 

in the modern world to simplify living style (Sung et al., 2013). 

Antimicrobial agent has to extend the lag period and reduce the growth rate of microorganisms 

to prolong shelf life and maintain food safety. It is not meant as a substitute for good 

manufacturing and handling practices but is meant to serve as an additional hurdle for bacteria to 

overcome (Cooksey, 2005). The usage of AM packaging has more advantages compared to 

direct adding of AM agents on to foods because AM agents added on food surfaces by sprays or 

drips are not effective enough to inhibit microorganisms. This is due to rapid diffusion of AM 

agent into foods and denaturation of the active substances by food constituents which reduce the 

reactivity of AM agent. Whereas, AM packaging offers slow and continuous migration of AM 
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agent from packaging material to food surfaces which enable AM agent to maintain a high 

concentration over a long period (Sung et al., 2013).  

 Due to this reason extracting and incorporating antimicrobial agent with packaging film material 

is one of the researcher‟s areas in modern era. Therefore, in this paper extract antimicrobial agent 

from herbal plants (plumbago zeylanica) and its effect on food pathogenic microorganisms 

explained in detailed. Plumbago zeylanica is the medicinal herb of family Plumbaginaceae. A 

native of South Asia, the species is distributed throughout most of the tropics and subtropics 

growing up to 2000 m altitude (Karthika, 2015).  

This species has several names in different parts of the world, it is commonly known as Ceylon, 

leadwort, Chitraka, Chitramoolan and Amira in Amharic language (Giday et al., 2007). Based on 

different literature reports several naphthoquinones, binaphthoquinones, flavonoids, coumarins, 

alkaloids, glycosides, tannin, saponions, steroids and plumbagin have been earlier isolated from 

P. zeylanica (Rayalu et al., 2014). 

 Plumbago Zeylanica play an important role in traditional system of medicines against various 

diseases, as anti-inflammatory, anti-malarial, anti-oxidant, wound healing,  memory enhancer, 

anti-cancer and anti-microbial, antifungal, and ant-diabetic person (Tyagi & Menghani, 2014). 

Because of those usage, Plumbago zeylanica is known as Doctor of bush which is shrubby, 

widely distributed throughout the tropical and sub-tropical regions of world and including in 

different part of Ethiopia (Karthika, 2015). 

The active compounds isolate for their antimicrobial potential against wide spectra of organism, 

these properties are mainly due to many active constituents including flavonoids, terpenoids, 

alkaloids etc. and the alkaloids are natural nitrogen containing secondary metabolites mostly 

derived from amino acids and found in about 20% of plants. The methanol extract of plumbagin 

shows strong antibacterial activity against Escherichia coli, Salmonella typhi (gram negative) 

and Staphylococcus aureus (gram positive) & Lactobacillus acidophilus. (Renuga & Babu, 

2013). Therefore, in this paper antimicrobial packaging films develop from starch, glycerol, and 

Plumbago zeylanica extract using casting process. 
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1.2. Statement of the Problems 

Since microorganisms are living everywhere, it enters to the food at different stages such as 

during processing, handling, and storage.  Microorganisms are present in canned and pasteurized 

foods.  These microorganisms create food infection and toxicities which affect human health 

seriously. When it reaches to minimum ineffective dose, it can cause illness of people. Even they 

can be died unless they get treatment immediately.  

 Food loss due to microorganisms from farm to fork causes considerable economic and 

environmental effects. Due to spoilage of food by microorganisms and other problems, our 

country Ethiopia is under self-sufficient in food.  Microorganisms cause spoilage of food which 

is foods to be undesirable or unacceptable for human consumption due to changes in sensory 

characteristics that may not be acceptable for the consumer. This is one of the ways to affect the 

economy of individuals and country as a whole.  

However, there are some food preservation techniques like drying, freezing, heating, 

fermentation, salting can extend the shelf life of food products, some microorganisms escape 

during processing treatments and recontamination may occur that may render the food 

unpleasant for the consumers. In spite of their numerous advantages, petroleum-based plastics 

area great source of environmental pollution, as they are non-biodegradable. Packaging products 

made from these non-biodegradable polymers are highly resistant to microbial attacks and thus 

persist in the environment for several decades after disposal.  

To relive these problems the use of starch based antimicrobial packaging/preserving system is a 

novel development which incorporates antimicrobial agent into a food to suppress the activities 

of targeted microorganisms that are contaminating foods. This antimicrobial agent (plumbago 

zeylanica) provides dual purposes such as: - one it serves as antimicrobial action and the second 

application is giving some healthful nutrients. 
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1.3. Objective of the Study 

1.3.1. General Objective 

The main objective was to develop and evaluate the effect of bioactive components towards the 

inhibition of microbial activities of films antimicrobial food packaging film corn starch with the 

involvement of plumbago zeylanica root extract 

1.3.2. Specific Objectives 

The specific objectives were: - 

 Analysis of phytochemicals exist in plumbago zeylanica  

 Determine anti-microbial activity of plumbago zeylanica for some selected food 

pathogenic microorganisms 

 Develop packaging film by incorporating crude extract of Plumbago zeylanica  

 Characterization of the physical properties of antimicrobial packaging film 

1.4. Significance of the Study 

Different methods are used to inhibit the activity of pathogenic microorganisms in the food with 

having characteristic side effects. These methods are: thermal methods may losses the nutritional 

value of the foods, and non-thermal methods like chemical methods may cause toxicity and 

allergic to human. Some packed foods are susceptible to different microorganisms during the 

storage. Therefore, the main significance of the present study was inhibiting the growth of 

microorganisms or killing the pathogenic bacteria in the food by providing natural based 

prevention of microorganism. 

 Developing innovative antimicrobial packaging film from plumbago zeylanica extract and corn 

starch is an alternative way of inhibiting the growth of microorganism and extends the shelf life 

of the food. Hence this developed packaging film is not altered nutritional value, do not cause 

toxicity, without decreasing quality and safety of food by incorporated with some potential active 

ingredients which are very useful for human being. 
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Chapter Two 

2. Literature Review   

2.1. Microbial Food Spoilage and Preservation Technique 

Food spoilage results when microbiological, chemical or physical changes occur, rendering the 

food product unacceptable to the consumer. Microbiological food spoilage is caused by the 

growth of microorganisms which produce enzymes that lead to objectionable by-products in the 

food.  Chemical food spoilage occurs when different components in the food react with each 

other or with some added component which alter the food‟s sensory characteristics. It includes:-

oxidation, enzymatic browning; and no enzymatic browning. Physical food spoilage results when 

moist foods are excessively dehydrated or dried foods absorb excessive moisture (Petruzzi et al., 

2016) 

Food spoilage is the process of contamination of foods leading to loss of color, texture, and their 

nutritive value and permits growth of pathogenic microbes, which deteriorates the quality of the 

product and makes it non-edible. Food contamination can occur with its exposure to the 

environment while food processing, and packaging (Malhotra et al., 2015). Some literatures 

reported that, food is considered spoil when exceed a total microbial count of 107 CFU/g. Most 

of the time, When total count reaches 108 CFU/g and above, unpleasant odor started to build up 

(Sung et al., 2013). 

In recent years there is observed  increasing demand for minimally processed, ready-to-use and 

fresh food in in many countries, which are often exposed  to contamination by microorganisms 

(Borowicz et al., 2013). This is true in Ethiopia, currently there are many food production centers 

in Ethiopia but some of them did not use proper handling system. Due to this reason, most of 

foods are contaminated by pathogenic organisms. 

Some articles state that 72% of the street food samples had pathogenic bacterial contaminations 

in Ethiopian (Bereda et al., 2016).  Because of poor handling of food, a great number of people 

are victim by various diseases in Ethiopia.  According to Ethiopian Ministry of Health annual 
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report of 2011, dysentery and gastroenteritis were among the top ten diseases  of  outpatient  

visits  although  the  report  did  not  include  all regions activity (Haymanot et al., 2015) 

For thousands of years, humans have used various methods of microbial control for food 

preservation. Common control methods include the application of high temperatures, radiation, 

filtration, and desiccation (drying), refrigeration and etc. Some traditional food preservation 

techniques like drying, freezing, heating, fermentation, salting can extend the shelf life of food 

products, but recontamination may occur that may render the food unpalatable for the 

consumers. Antimicrobial packaging system is a novel development which incorporates 

antimicrobial agent into a polymer film to suppress the activities of targeted microorganisms that 

are contaminating foods (Sung et al., 2013).  

2.2. Antimicrobial food packaging 

Antimicrobial packaging is one of many applications of active packaging. Active packaging is 

the packaging system which possesses attributes beyond basic barrier properties, which are 

achieved by adding active ingredients in the packaging system and/or using actively functional 

polymers. Antimicrobial packaging is the packaging system that is able to kill or inhibit spoilage 

and pathogenic microorganisms that are contaminating foods (Ahvenainen, 2003). 

The new antimicrobial function can be achieved by adding antimicrobial agents in the packaging 

system and/or using antimicrobial polymers that satisfy conventional packaging requirements. 

When the packaging system acquires antimicrobial activity, the packaging system (or material) 

limits or prevents microbial growth by extending the lag period and reducing the growth rate or 

decreases live counts of microorganisms. Compared to the goals of conventional food packaging 

such as (i) shelf-life extension, (ii) quality maintenance, and (iii) safety assurance which could be 

achieved by various methods, antimicrobial packaging is specifically designed to control 

microorganisms that generally affect the above three goals adversely. Therefore, some products, 

which are not sensitive to microbial spoilage or contamination, may not need the antimicrobial 

packaging system. However, most foods are perishable and most medical/sanitary devices are 

susceptible to contamination. Therefore, the primary goals of an antimicrobial packaging system 

are (i) safety assurance, (ii) quality maintenance, and (iii) shelf-life extension, which is the 

reversed order of the primary goals of conventional packaging systems (Ahvenainen, 2003). 
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Nowadays food security is a big issue and antimicrobial packaging could play a role in food 

security assurance. 

 

 

A, Convectional packaging 

 

B. Antimicrobial packaging system 

Source: (Ahvenainen, 2003) 

Figure 2. 1 Hurdle technology antimicrobial packaging compared to conventional packaging 

system 

All antimicrobial agents have different activities which affect microorganisms differently. There 

is no „Magic Bullet‟ antimicrobial agent effectively working against all spoilage and pathogenic 

microorganisms. This is due to the characteristic antimicrobial mechanisms and due to the 

various physiologies of the microorganisms. Simple categorization of microorganisms may be 

very helpful to select specific antimicrobial agents. Such categories may consist of oxygen 

requirement (aerobes and anaerobes), cell wall composition (Gram positive and Gram negative), 

growth-stage (spores and vegetative cells), optimal growth temperature (thermophilic, 

mesophilic and psychotropic) and acid/osmosis resistance. Besides the microbial characteristics, 

Single layer 

packaging (EVOH) 

Single layer 

packaging (LDP) 
Composite packaging 

(EVOH/LDP) 
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the characteristic antimicrobial function of the antimicrobial agent is also important to 

understand the efficacy as well as the limits of the activity. Some antimicrobial agents inhibit 

essential metabolic (or reproductive genetic) pathways of microorganisms while some others 

alter cell membrane/wall structure. For example, lysozyme destroys cell walls without the 

inhibition of metabolic pathways and results in physical cleavages of cell wall, while lactoferrin 

and act as coupling agents of essential cationic ions and charged polymers. Two major functions 

of microbial inhibition are microbial-cidal and microbial-static effects. In the case of microbial-

static effects, the packaging system has to possess the active function of maintaining the 

concentration above the minimal inhibitory concentration during the entire storage period or 

shelf-life in order to prevent regrowth of target microorganisms. Traditional preservation 

methods sometimes consist of antimicrobial packaging concepts, which include sausage casings 

of cured/salted/smoked meats, smoked pottery/oak barrels for fermentation, and bran-filled 

pickle jars. The basic principle of these traditional preservation methods and antimicrobial 

packaging is a hurdle technology which is described in Fig 2.1. The extra antimicrobial function 

of the packaging system is another hurdle to prevent the degradation of total quality of packed 

foods while satisfying the conventional functions of moisture and oxygen barriers as well as 

physical protection. The microbial hurdle may not contribute to the protection function from 

physical damage. However, it provides tremendous protection against microorganisms, which 

has never been achieved by conventional moisture and oxygen barrier packaging materials. 

2.2.1. Types of Antimicrobial Packaging system 

Antimicrobial functions which are achieved by adding antimicrobial agents in the packaging 

system or using antimicrobial polymeric materials show generally three types of mode; (i) 

release; (ii) absorption; and (iii) immobilization. Release type allows the migration of 

antimicrobial agents into foods or headspace inside packages and inhibits the growth of 

microorganisms (Quintavalla & Vicini, 2002). The antimicrobial agents can be either a solute or 

a gas. However, solute antimicrobial agents cannot migrate through air gaps or over the space 

between the package and the food product, while the gaseous antimicrobial agents can penetrate 

through any space. Absorption mode of antimicrobial system removes essential factors of 

microbial growth from the food systems and inhibits the growth of microorganisms. For 

example, the oxygen-absorbing system can prevent the growth of molds inside packages. 



Production and Characterization of starch Based Antimicrobial Packaging Film through Incorporation 

of Plumbago Zeylanica (Amira) Root Crude Extract 

 

AAiT, 2018 Page 9 
 

Immobilization system does not release antimicrobial agents but suppresses the growth of 

microorganisms at the contact surface. Immobilization systems may be less effective in the case 

of solid foods compared to the liquid foods because there is less possibility for contact between 

the antimicrobial package and the whole food products 

 

Source:(Quintavalla & Vicini, 2002) 

Figure 2. 2-Antimicrobial Packaging Systems 

2.3. Factor Affecting physical properties of Antimicrobial Packing Film 

There are different factors to be consider during the production of antimicrobial packaging film. 

These are amylose and amylopectin of the raw starch, the type and the content of plasticizer and 

type and content of lipid are the most important factors (Wittaya, 2012).     

Amylose and amylopectin content: Starch consists of two polysaccharides, the essentially 

linear amylose, and the branched amylopectin. The pure amylose structure is very stable, with 
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strong molecular orientation, forming films denser, higher glass transition temperature, tensile 

strength and modulus of elasticity values and lower elongation values than low amylose starch 

films. 

Type and content of plasticizers: Reduce the minimum required processing temperature, reduce 

the plastic‟s hardness and improve low temperature flexibility. The content of plasticizer 

necessarily varies from 10-60% (dry basis) according to the nature and type of film and the 

method of application. Therefore in order to get more transparent, flexible, easy to peel and 

handle, not sticky packaging film, 2:1 ration of Glycerol (G) and sorbitol (S) used as plasticizers 

(M L Sanyang et al., 2016). 

Type and content of lipids: Biodegradable starch films barrier against water vapor is poor due 

to their hydrophilic nature. The way to obtain a better water vapor barrier in starch films is to 

produce a composite film by adding hydrophobic components such as lipid and wax materials 

2.4. Antimicrobial Compound in Food Packaging 

Antimicrobial agents and additive from plant origin are very important modern technology for 

food preservation. These antimicrobial agents and additives are derived from of herbs, spices and 

their derivatives. Since large number of secondary  metabolites found in spices and herbs  that  

can inhibit the  growth of infectious organisms (Marathe, 2008). Natural additives/antimicrobial 

agent from plant extracts is less harmful to human and environment. Most of natural additives 

and their derivatives are classified as generally recognized as Safe (GRAS) substances( Valdés et 

al., 2017). 

 The main application of antimicrobial agent to preserve food is by providing some specific 

chemical to food products to achieve the inhibition of microbial growth and chemical change that 

can cause food spoilage. Incorporation of antimicrobial compound from plants in food systems 

can be done either added directly into the food itself or by slow release from packaging materials 

(Marathe, 2008). In addition to that, the antimicrobial compound may not necessary for the 

interior part of food as most of microorganisms grow on the surface of food products. Therefore, 

it may cause an excessive use of preservative which then affect the quality of the foods for 

example negatively affects the organoleptic (Marathe, 2008). 
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2.5. Source of Antimicrobial Agent 

There are different herbal plants that are used as source of antimicrobial agent. Plumbago 

Zeylanica is one of the herbal plants that have high antimicrobial effect. It has different active 

compounds such as alkaloids, flavonoids, naphthoquinones, glycosides, steroids, saponions, tri 

terpenoids, tannins, phenolic compounds, and fixed oil. All these active compounds were used to 

as antimicrobial agents. For example alkaloids h (active component quercetin), flavonoids 

(active component Gallic acid), phenolic(active component cinnamic acid), and fixed oil to 

inhibit the growth of different microorganisms such as Escherichia coli, Bacillus subtilis and 

Klebsiella pneumonia types (Marathe, 2008). Of all the chemical constituents‟ plumbagin is the 

principle active compound (Dohare et al., 2015). Plumbagin (5-hydroxy-2-methyl-1, 4-

naphthoquinone-C11H8O3) is primarily present in roots in higher amounts with only about 1% 

in the whole plant. The structure of plumbagin given the figure below 

 

Source:(Dohare et al., 2015) 

Figure 2. 3-Chemical structure of Plumbagin 

Also  research work described that saponions very important phytochemicals that found in 

different natural plant to inhibit the growth of microorganisms such as  insect, fungi and 

pathogenic bacteria attacks in the field and under storage conditions (Astuti & Erprihana, 2014) 



Production and Characterization of starch Based Antimicrobial Packaging Film through Incorporation 

of Plumbago Zeylanica (Amira) Root Crude Extract 

 

AAiT, 2018 Page 12 
 

 

Source: Ethiopian Public Health Institute(EPHI) 

Figure 2. 4-Plumbago Zeylanica 

From three tested plumbago species for mosquito larvicidal activity, the crude extracts exhibiting 

the highest larvicidal activity against were hexane and chloroform extracts from Plumbago 

zeylanica showed LC50 6.4 and 6.7µg/ml respectively. Therefore plumbago zeylanica also act as 

larvicidal agent (Mandavkar & Jalalpure, 2011). A very little amount of antimicrobial agent of 

plumbago zeylanica is required to inhibit the growth of microorganisms. For example, the 

methanol extract of plumbagin shows strong antibacterial activity against Escherichia coli, 

Candia albicans, Pseudomonas aeruginosa and Staphylococcus aureus. 

Table 2. 1-MIC and ID for Different Bacteria Strain 

Tested 

microorganism 

MIC(µg/ml) MBC (µg/ml) ID (mm) 

Staphylococcus 1.56 25 27 

Candia albicans 0.78 1.56 20 

Escherichia coli 31.25 --- 15 

Pseudomonas 

aeruginosa 

0.97 --- 18 

Source:  (Paiva et al., 2003 & Renuga & Babu, 2013) 
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2.6. Source of Starch 

There are different natural sources of starch; plant (polysaccharides) and animal (glycogen) are 

the main sources. Plant starch sources such as potatoes, wheat, rice, corn, and banana are used to 

extract starch for packaging film. The physical properties of packing film depend on the types of 

starch sources. The amount amylose and amylopectin in starch are very important variable 

during production of packaging. 

Table 2. 2-Amylose and Amylopectin Content in Natural Cereal Starches 

Sources of starches Amylose (%) Amylopectin (%) 

Potatoes 23 77 

Wheat 20 80 

Rice 15-35 65-85 

Corn 25 75 

Banana 17 83 

Source (Cedex, 2013) 

Therefore, corn starch has averagely high amount of amylose than other sources and used for 

production of antimicrobial packaging.  

2.7.  Extraction of Active Components of Plumbago Zeylanica 

There are different extraction methods to separate the main constituent of the plant plumbago 

zeylanica. One of these methods is solvent extraction method since plumbagin is soluble in 

alcohol, acetone, chloroform, benzene, and acetic acid because. Among those solvent, methanol 

was used for extraction purpose because it reduce the toxicity of plumbago zeylanica (Ganesan 

& Gani, 2013).  And some literature states that methanol extract of plumbago zeylanica root 

exhibited maximum free radicle scavenging activity which is recommended for health.  Root was 

cleaned, chopped, shade dried and powdered. Dried powder (100 g) by using Soxhlet solvent 

extractor with 600 ml of methanol for 48 h. Methanol extracts was concentrated under reduced 

pressure using a rotary evaporator at 40 ºC and then keeps either refrigerated at 4 ºC. Dried roots 

contain less plumbagin and show less activity than fresh ones. Therefore, to obtain good result, 

use freshly harvest root in order to minimize the losses.  
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2.8. Minimum Inhibitory Concentration (MIC)  

Validating the effectiveness of antimicrobial agent and decontamination is a vital and often 

challenging task (Pradeep & Suneetha, 2015). The minimum inhibitory concentration test is an 

important evaluating tool in the field of microbiology. It gives an idea of the microbial activity 

assessment in any source sample containing microbes. Minimum inhibitory concentration is the 

least concentration of an antimicrobial agent that inhibits the growth of a microorganism after a 

given period of incubation. Minimum inhibitory concentrations are considered the `gold 

standard‟ for determining the susceptibility of organisms to antimicrobials and also help to 

monitor the activity of new antimicrobial agents (Andrews, 2006). 

 Determination of MIC is done using dilution method which is also a reference for various other 

methods like disc diffusion. For comparative testing of new agent‟s minimum inhibitory 

concentration test is very effective. There are three conditions under which MIC test is favoured, 

first in case of equivocal results in disk tests, second when a more accurate result is required, and 

third for tests when disk tests may not give appropriate and reliable results. MIC values are used 

to determine susceptibilities of bacteria to drugs and also to evaluate the activity of new 

antimicrobial agents (Pradeep & Suneetha, 2015). 

Results are interpreted with the help of UV Spectrophotometric techniques absorbance at 625 nm 

in the UV Spectrometer tells us about the microbial activity after overnight incubation if liquid 

broth are used or by simply visual detect. Higher the absorbance more the microbial activity and 

the table below show that MIC determination of grass extract on E. coli using serial dilution 

method. 

The minimal inhibitory concentration (MIC) was determined by a broth macro-dilution method, 

using LB broth and final inoculum of 105 and 106 cfu/ml. Ten different concentration of 

plumbago zeylanica extract prepared was tested against Escherichia coli O157:H7, Salmonella, 

Bacillus cereus and Staphylococcus aureus. Sterile centrifuge tubes were arranged in rows of sets 

for each bacterial inoculum to cover the ten different concentration of antimicrobial agent in 

duplicate. two mL volumes of each concentration of antimicrobial extract were transferred to the 

tubes accordingly, containing final inoculums of 105 cfu/mL test bacteria. The contents in the 
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tubes were mixed thoroughly and incubated at 37°C for overnight. The MIC endpoint is the 

lowest concentration at which there is no visible growth in the tubes. 

Table 2. 3- Absorbance of UV Spectrophotometry after incubating of E. coli with grass extract 

overnight at 35°C 

Concentration 

of grass extract 

0 min 15 min 30 min 45 min 60 min 

1% 1.110 0.937 0.965 0.850 0.845 

5% 1.475 1.300 1.550 1.453 1.450 

10% 1.626 0.543 0.517 1.500 1.470 

15% 1.658 1.645 1.553 1.558 1.68 

Source:(Pradeep & Suneetha, 2015) 

2.9. Antimicrobial Packaging Film Production Method 

There are different methods to incorporate antimicrobial agent in film packaging but 

antimicrobial agent such as volatile compounds are heat sensitive and it is better use one the 

following methods. These are solvent compounding, surface coating, and surface ionizing. 

Among these methods, coating was the most popular approach to apply antimicrobial agents onto 

biopolymer surface due to simplicity of the process. The films will prepare by conventional 

solution-casting technique using plumbago zeylanica extract, glycerol, sorbitol, and starch. In 

order to get more transparent flexible easy to peel and handle, not sticky packaging film 2:1 

ration of Glycerol (G) and sorbitol (S) used as plasticizers (M L Sanyang et al., 2016). Also 5% 

EVA (has affinity of hydroxyl group) is used to effectively reduce the losses of volatile AM 

agent (Sung et al., 2013). Film forming dispersion prepared using about five grams of starch and 

50 ml distilled water. Then stir for 60 min and then dispersion will gelatinize in a shaker water 

bath at 78-80°C for 10-15 min. This step helps to provide homogeneous dispersion by 

disintegrating the starch granules. Then 5 ml of starch solution, while still hot, mixture will 

transfer into petri dishes of 100 mm diameter and 15 mm deep. The dishes place for 24 hrs. in an 

oven set at 95°C. Subsequently the dishes remove from the oven and the films Peele off. Starch 

based films have been prepared under aseptic condition in microbiology laboratory. The content 

of plasticizer necessarily varies from 10-60% (dry basis) according to the nature and type of film 
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and the method of application (Wittaya, 2012). The heating process continues for an additional 

15mins at 95±2 °C. The film solutions leave to cool, prior to their casting in glass petri-dishes. 

The glass petri-dishes serving as casting surface, enables the film to have a smooth and flat 

surface. The freshly cast films place in an oven (40°C) to allow evaporation. All films prepare in 

triplicate including films without antimicrobial agent. In order to evaluate the biological activity 

of plumbago zeylanica extract, the mixing ration of plumbago zeylanica extract, starch as well as 

glycerol varies based the antimicrobial effect and desired physicochemical properties of 

packaging film (Shittu et al., 1935). In order to enhance the attachment of antimicrobial onto 

plastic matrix, plastic films usually undergo surface modification process by corona treatment or 

UV radiation prior application of antimicrobial agents 
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Chapter Three 

3. Materials and Methods 

3.1. Experimental Frame Work of the Thesis 

The main experimental frame work of this thesis work was included sample collection and 

transportation, sample preparation and storage, extraction of the root of Plumbago Zeylanica, 

phytochemical analysis, checking antimicrobial activity of Plumbago Zeylanica for selected 

microorganisms, film production and characterization of the antimicrobial packaging film. 

3.2.  Chemicals and Equipment 

 Muller Hinton agar and broth, Sabroud dextrose agar and broth, methanol, ferric chloride, 

starch, glycerol, are some of the chemicals and materials used for this thesis work. The 

equipments used for this study were microbiological hood, spectrophotometer, test tubes, shake 

flasks, magnetic stirrer, shaker, petri dish, refrigerator, water bath, auto clave, oven dryer, 

moisture analyzer, vacuum evaporator and pH meter. 

3.3. Raw Materials Collection and Transportation 

Species of Plumbago Zeylanica were identified in the department of Botany, at the College of 

Natural Science, AAU and Ethiopian Public Health Institute (EPHI). Plumbago Zeylanica was 

found from Addis Zemen town which is located around 634 km northwest of Addis Ababa. Then 

root of raw material (PZ) was collected and packed with ice box and transported to Addis Ababa 

University‟s Food Process Engineering laboratory.  

Escherichia coli (ATCC29212), Staphylococcus aureus (ATCC25923) and Salmonella 

typhimurium (ATCC13311) bacterial strains as well Aspergilla Niger (ATCC10535) fungal 

species were used for the test. These microorganisms are commonly known as standard 

pathogenic microorganisms that attack people by cause food spoilage. The organisms were taken 

from Ethiopian Public Health Institute (EPHI). 



Production and Characterization of starch Based Antimicrobial Packaging Film through Incorporation 

of Plumbago Zeylanica (Amira) Root Crude Extract 

 

AAiT, 2018 Page 18 
 

3.4. Sample Preparation and Storage 

The root of Plumbago Zeylanica was washed by using running tap water and blotted with filter 

paper, then dried by putting in oven dryer at 45 °C.  After complete drying the root of the plant 

material, it was then grounded into powder by using size reduction equipment. Finally, the 

sample was stored in plastic bag at room temperature prior to use. Also, bacterial strain in Muller 

Hinton agar and fungus strain in sabouraud dextrose agar were preserved and stored at 4°C until 

used. 

3.5.  Processing Methods 

3.5.1. Extraction of Root of Plumbago Zeylanica  

One hundred gram of dried and powdered root of plumbago zeylanica was measured and put in 

tumble. The extraction was carried out with 600 ml methanol with a Soxhlet extractor for 48h at 

a temperature not exceeding the boiling point of the solvent. The extract was filtered through 

Whitman No.1filtr paper and then concentrated in a vacuum at 40°C using a rotary evaporator. 

The extraction of the root of Plumbago Zeylanica has performed by the method done by 

Karthika, 2015. Finally, it was transferred to glass vials and kept at 4°C before use  

3.5.2. Preliminary Phytochemical Screening Plumbago Zeylanica Root Extract 

Different chemical constituents of plumbago zeylanica were identified in the crude 

extraction such as alkaloids, flavonoids, saponions, phenolic component, plumbagin and 

glycosides as describe in Eldhose et al., (2013). 

 Detection for saponions: The extract was shake with distilled water and then heated to boil. 

The appearance of small bubbles showed the presence of saponions. 

Detection of Phenols and Tannins: Aqueous solution of plant extract, distilled water was 

followed by few drops of 10% aqueous FeCl3 solution was added. Then dark green color was 

formed which indicate the presence of tannin and phenols  
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3.6.   Activity test for the Root of Plumbago Zeylanica 

3.6.1. Medium Preparation 

The following medium were used for antimicrobial activity test such as Muller Hinton broth and 

Muller Hinton agar (oxide), for antibacterial activity test since Muller Hinton agar is drug 

sensitive. Sabourd dextrose agar and broth were also used for antifungal activity. Therefore, the 

media were prepared according to the instruction labeled on medium. Muller Hinton agar 

medium was prepared by dissolving 38g in 1000 ml of distilled water. Sabroud dextrose agar 

medium was prepared by dissolving 62g in 1000ml of distilled water. Also, Muller Hinton broth 

were prepared by dissolving 21g in 1000 ml of distilled water. Therefore, the measurements and 

calculations for medium preparation were based on these standards. Then after calculating and 

measuring the amount of medium required, it was dissolved in predetermined volume of distilled 

water. Hence it was shaken gently by heating to dissolve very well. The dissolved medium was 

autoclaved at 121°C for 15 min and cooled down to 45 ° C until use. 

3.6.2.  Preparation of Stock Solution for Antimicrobial Agent 

The stock solution for preliminary antimicrobial test was prepared by dissolving a thousand 

milligram of extract in 5ml dimetsulfoxid (5% concentration). Then different concentrations of 

methanol extracts of the root such as 200 mg/ml, 100 mg/ml, 50 mg/ml and 25 mg/ml were 

prepared using dilution method. Also, the stock solution for MIC test was prepared by dilution 

method. Four hundred gram of extract were dissolved in 8 ml which gave 50mg/ml. Then 4 ml of 

50 mg/ml solution was diluted with 4 ml DMSO (5%) which gave 25 mg/ml. This procedure was 

repeated until the concentration reached 12.5 mg/ml. MIC was determined by taking 2 ml of 

each concentration per plate. Then the stock solution was calculated according to CLSI  

        C1 × V1 = C2 × V2 …………………………………………………………………. Eq-3.1  

where C2 is the final concentration of stock solution per liquid medium, V2=20ml and V1=2ml. 

3.6.3. Preparation and Standardization of Inoculum 

First microorganisms were refreshed to get the young strain using slant test tube. Five milli letter 

Muller Hinton agar for bacteria and 5ml Sabroud dextrose agar for fungal were prepared in 
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different test tube for each organism and incubated at desired condition for 24h. After 

refreshment, Cultures of the test organisms were prepared following the method adopted from 

(Chikezie, 2017). Four to five morphologically identical colonies were inoculated in 5 ml of 

Muller Hinton Broth and Sabourd Dextrose Broth into different test tubes for each 

microorganism. The turbidity of broth cultures was then equilibrated with similar broth to match 

that of a half of McFarland standard (1 to 2 x 10
8
 CFU/ml). Then turbidity of microorganisms 

was read using UV spectrophotometer; Muller Hinton and Sabroud dextrose broth as a control at 

625 nm to adjust concentration to be between 0.08-0.13 by adding broth or growth 

microorganisms. Because 0.08 to 0.13 absorbance at 625 nm is equivalent to a half of McFarland 

standard (1 to 2 x 10
8
 CFU/ml). After standardizing the suspension, 200 µl bacterial suspension 

was diluted with the 2ml Muller Hinton broth to obtain approximately the organisms number in 

the range of 10
7 

CFU/ml. Therefore, the readings for each organism was, 0.085, 0.09, 0.13 and 

0.123 for E. coli, salmonella, staphylococcus aureus and aspergilla niger respectively.  

3.6.4. Preliminary Screening Test of Anti-Bacterial and Anti-Fungal Activity 

Preliminary screening test, anti-bacterial and antifungal activity were carried out for the crude 

plant extracts by using hole plate diffusion method (Paiva et al., 2003). The standard organisms 

for test included in this study were Staphylococcus aureus (ATCC 25923), E. coli (ATCC25922), 

Salmonella (ATCC13311), aspergilla Niger (ATCC10535) and candida. The Muller Hinton and 

sabourd dextrose agar plate was prepared for each organism separately as follows. Two hundred 

microliter of Staphylococcus aureus, E. coli, salmonella, and aspergilla niger of standardized 

inoculum was mixed with 20 ml MHA at a temperature of 45 ° C in sterile condition and were 

spread on the distinct plates with the help of a sterile glass spreader and allowed to solidify at 

room temperature. 

 The holes were prepared using sterilized borer (8 mm). A thousand milligram of extract was 

measured and dissolved by in 5 ml dimetsulfoxid (5% concentration). Then different 

concentrations of methanol extracts of the root such as 200 mg/ml, 100 mg/ml, 50 mg/ml and 25 

mg/ml were prepared using dilution method. Then 200 µl from each concentration 200mg/ml, 

100 mg/ml, 50 mg/ml and 25 mg/ml of plant extract were added into each 8 mm hole diameter 

using micropipette. The plates were then left at room temperature for 1 h in order to favors 
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diffusion. Similarly, 5% dimetsulfoxid as a negative control and standard antibiotics as a positive 

control were prepared. The inhibition diameters of bacteria and fungus were measured after 

incubated at 37 °c for 24 h and at 28 °c for 72 h respectively 

3.6.5. Minimum Inhibition Concentration (MIC) of Plumbago Zeylanica Extract 

The MIC of Plumbago Zeylanica root extract against the tested organisms was determined using 

tube dilution method (Naz, Bano et al., 2011) by inoculating the standardized test organisms 

with different concentrations of the extract per plate. In order to determine the MIC, take 2ml 

antimicrobial agent per 20ml plate was taken according to CLSI. Therefore, crude plant extract 

was prepared to have the final concentration of 0.625, 1.25, 2.5 and 5 mg/ml in liquid media 

when 2 ml of different concentrations were added to 18 ml of pre-sterilized molten agar at 45 °C. 

All the plates were incubated at 37 °C for 24 h for bacterial strains and at 28 °C for 72 h for 

aspergilla niger in aerobic environment. Finally, the presence or absence of growth at each 

concentration of plumbagin was examined.  The MIC that completely inhibited the growth of 

bacteria for test compound was recorded. All the tests were carried out in duplicate and the 

results were reported as the average of these replications. 

3.7.  Preparation of Starch Based Packaging Films  

The corn starch-based films were prepared by conventional solution-casting technique. A film 

forming dispersion was prepared using the procedure adapted by Naz et al., (2011) having 

different ratio of glycerol/starch and antimicrobial agent. The films were prepared with two 

different thicknesses such as 0.5 and 1mm. The level of glycerol/starch ratio and antimicrobial 

concentration were 0.67, 1, 1.5 (wt. /wt.) and 0.5, 1, 1.5 gram respectively. The film preparation 

procedures are described as follows: Initially, 8% (wt./wt.) aqueous dispersion of gelatinized 

corn starch was prepared by heating the film forming solution at 80 °C for 15 min under constant 

stirring in a hot water bath. This step helps to provide homogeneous dispersion by disintegrating 

the starch granules. Thereafter, the different plasticizers were added into the dispersions at 40%, 

50%, and 60% (w/w, starch basis). The heating process continued for an additional 15 min at 80 

°C. Then solution was cooled down to a temperature around 50 °C and different amount of 

extract added with gently mixing. Film forming solutions still in hot were transferred into casting 

in glass petri-dishes having 200 mm diameter by 15 mm deep. The glass petri-dishes served as 
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casting surfaces, enabling the film to have a smooth and flat surface. Since the antimicrobial 

agent is temperature sensitive dishes were placed for two days in an oven set at 45°C to allow 

evaporation. The film without plasticizers was used as controls. 

 After 4 days of drying, films were peeled from the casting surfaces and stored in desiccators 

(Muhammed L et al., 2015). In order to evaluate the biological activity of PZ extract (flavonoids, 

alkaloid, and saponins), the mixing ration of PZ extract, starch as well as glycerol varies based 

the antimicrobial effect and desired physicochemical properties of packaging film (Shittu et al., 

1935)  

3.8. Antimicrobial Activity Test for Packaging films  

Different formulations of packaging films averagely having 2.5 cm diameter were inserted. Film 

without antimicrobial compound was used as a control. Inhibition zone of bacteria species were 

measured after incubation at 37 ºc for 24 h. Also, inhibition zone of fungus was measured after 

72 h incubation period at 28 ºC (Salleh et al., 2009). 

3.9.  Characterization of Physical Properties of Antimicrobial Packaging 

Films  

3.8.1. Moisture Content of Antimicrobial Packaging Films 

The moisture content was determined according to the method proposed by Zinash & Shimelis, 

(2013). The sample was heated for 10 min at 100 °C. The experiment of moisture content was 

performed in 2 replicates and the average was then recorded. The moisture content (MC) of the 

starch-based film was determined gravimetrically using the equation given below 

                      
     

  
x100……………………………………. Eq-3.2 

 Where Mi the mass the film after drying, Mf the mass the film after drying 

3.9.2. Swelling of Antimicrobial Packaging Films 

The swelling of film was determined by soaking a known weight of the film in distilled water at 

room temperature for 30 minutes. The starch film was blotting with a filter paper to remove the 

excess water and weighted immediately (Gashaw & Shimelis, 2013). The percentage of a water 

adsorption (WSW) was calculated using equation below 
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x100…………………………………………………………………. Eq-3.3 

Where- W1 is the weight of the starch film after 30 minutes of sorption and W0 is the initial 

weight of the starch film. 

3.9.3. Solubility of Antimicrobial Packaging Films 

A piece of films with dimension of 2cmx3cm was immersed in distilled water for 24h with slow 

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

solution by filtration and drying in oven dryer (60ºC for 24h). The film solubility was calculated 

by weight difference using  the following equation (Farahnaky et al., 2013): 

            
       

   
    ………………………….…………………………………. Eq-3.4 

Where- Wti is the initial weight of starch film and Wtf is the weight of film after immersion 

3.9.4. Tensile Strength of Antimicrobial Packaging Films 

Tensile strength (TS) of films were determined by using the method described by Parra et al., 

(2004), with a tensile testing machine at Ethiopian Standard Conformity Assessment. Uniform 

film specimens of 100 mm by 5 mm size were prepared from the starch-based antimicrobial film 

samples. The film strips were placed in the pneumatic grips of the tensile testing machine, which 

was set at initial separation of 50 mm. The crosshead speed was set at 50 mm min
−1

.  

3.9.5. FTIR Analysis of Antimicrobial Packaging Films  

The spectra of the films were recorded at room temperature as KBr pellets on Shimadzu type FT-

IR 65, Perkin/Elmer spectrophotometer. The light source of transmittance was in the range of 

4000-400 cm-1. The films were mounted directly in the sample holder (Rahmawati et al., 2016) 

3.10. Experimental Design and Statically Data Analysis 

Since it is multiple variables with multiple responses, the Statically Data Analysis of the 

experimental data were performed with two experimental stages for simplicity of work.  In stage 

one, the activity of plumbago zeylanica on the microorganisms was studied and inhibition 

diameter and minimum inhibitor concentration of Plumbago Zeylanica extract for each organism 

were determined.  In stage two experiments, the physiochemical properties of packaging film 
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such as moisture content, solubility, swelling and mechanical properties were determined 

separately. 

 Data obtained from experiments were analyzed by a single way ANOVA (Analysis of Variance) 

using general factorial method experimental design of statistical analysis software in order to 

determine the effect of variables on each response separately. The variables were glycerol/starch 

ratio (wt. /wt.), concentration Plumbago Zeylanica extract (gram), and thickness of the 

packaging films. Response is inhibition diameter (in mm). The level of factors is 3, 3, and 2 for 

glycerol/starch ratio, antimicrobial concentration, and film thickness respectively. Significant 

differences among treatments were identified at 95% probability of confidence interval level. 

Randomization of the experimental runs as well as appropriate analysis technique was ensured 

through proper utilization of software – Design – Expert 6.0.8 version.   

 

 

 

 

 

 

 

 

 

 

 

 

 



Production and Characterization of starch Based Antimicrobial Packaging Film through Incorporation 

of Plumbago Zeylanica (Amira) Root Crude Extract 

 

AAiT, 2018 Page 25 
 

Chapter Four 

4. Results and Discussions  

4.1. Phytochemical Constituents Present in Plumbago Zeylanica Root 

Using the procedure adapted from Astuti & Erprihana, (2014), saponions, phenols and tannins 

were found in methanol crude extract of plumbago zeylanica root. Hence tannin and phenols 

were determined by the Braymer‟s Test method and therefore dark green color was formed 

which indicate the presence of phenols and tannin. The picture which illustrates this 

demonstration was put in the appendix E. Also saponions was determined by the method adapted 

Eldhose et al., (2013), and miss creamy froth appears indicated the presence of saponions and 

illustrated in appendix E. This indicates that crude extract plumbago zeylanica using methanol 

can potential inhibit the growth of microorganisms (Astuti & Erprihana, 2014).  

4.2. Preliminary Test Results of Crude Extract of Plumbago Zeylanica 

The activity of plumbago zeylanica was more effective on aspergilla niger. Two hundred 

microliter of 200mg/ml extract was added in 8 cm hole diameter which have been seeded 

aspergilla Niger, the average inhibition diameter was 27 mm. Plumbago zeylanica has also been 

more effective on salmonella typhi than staphylococcus aureus and E. coli next to aspergilla 

Niger. From the result obtained, plumbago Zeylanica had almost similar effect on E. coli and 

staphylococcus aureus. The inhibition diameter for negative control was null. This difference 

may be related to biological nature of the organisms. Sulphamethazaxole was used for both 

salmonella typhi and E. coli as control and inhibited 33mm. Also, gentamicin was used as 

positive control for staphylococcus aureus and inhibited 24 mm including hole diameter. 

Detailed information about inhibition diameter at different concentrations for each organism is 

given in the table below. 
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Table 4. 1-Inhibition Diameter of Microorganisms at Different Concentrations 

Concentration of 

PZ (mg/ml) 

Inhibition diameter (mm) for crude Extract 

S. typhi E. coli S. Aureus A. Niger 

200 13.5 8.75 10.5 27 

100 9.75 6.75 6 14.5 

50 3.8 2.75 3 4.5 

25 1.5 0 1 3.5 

The methanol extract of the root of Plumbago Zeylanica on Enterococcus sps , Klebsiella 

pneumonia , Lactobacillus acidophilus , E.coli and Staphylococcus was stated by Paiva et al., 

(2003), in this paper work approximately same results were found on E.coli and Staphylococcus. 

4.3. Determination of MIC of plumbago zeylanica crude Extract 

The MIC that completely inhibited the growth of bacteria for test compound was recorded and 

the results are presented in table 4.2 

Table 4. 2-Minimum Inhibition Concentration for each Organism 

Concentration 

mg/ml 

Visible growth of microorganisms 

E. coli Staphylococcus 

aureus 

Salmonella 

Typhi 

Aspergilla 

Niger 

     

5 No No No No 

2.5 No No No No 

1.25 Yes No No No 

0.625 Yes Yes Yes No 

Control 

(without AMA) 

Yes Yes Yes Yes 

 

Where AMA is antimicrobial agent 

Therefore, the table 4.2 given above shows that 2.5mg/ml of liquid medium completely inhibited 

the growth of E. coli and it is minimum inhibition concentration for E. coli. The growth of 
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staphylococcus aureus and salmonella typhi were completely inhibited by 1.25mg/ml of liquid 

medium. The growth of aspergilla niger was totally inhibited by 0.625mg/ml of liquid medium. 

It could be observed from the table that E. coli high resistant to antibiotics/drug than 

staphylococcus aureus, salmonella typhi, and aspergilla niger. The MIC results obtained varies 

for each organism, these probably because of the biological nature of the microorganisms. When 

compared to the data presented by Rayalu et al., (2014) which are  5, 5, and 1.25 mg/ml  for 

salmonella typhi, staphylococcus aureus and E.coli respectively. However, the MIC of 

salmonella typhi, staphylococcus aureus and E. coli were found to be 1.25, 1.25 and 2.5mg/ml, 

respectively. Therefore the current results presented on salmonella typhi and staphylococcus 

aureus were relatively better than reported in Rayalu, et. al., (2014).  

4.4. The Process Variables of Antimicrobial Packaging film 

The gly/starch ratio, concentration of antimicrobial agent and film thickness were taken as the 

process variables to navigate the effect of variables on antimicrobial activity of the film as well 

as physical and mechanical properties of packaging film. It was possible to observe that the films 

with high antimicrobial concentration and low glycerol content had good crystallite. The film 

prepared from high gly/starch ratio, high concentration of Plumbago Zeylanica and thin film 

thickness were exhibited good antimicrobial and antifungal activity which is demonstrate later on 

in section 4.5. But the films were prepared from low gly/starch ratio with thick film thickness 

were found good physical and mechanical properties of packaging films. Solubility and swelling 

properties of the film were increased as the ratio of gly/starch ratio increased. Also, it could 

possible to observe that the film prepared from low ratio of gly/starch is flexible, easy to peel and 

have high release rate of active components incorporated within the film. This concept was 

supported with the analysis of variance of the raw data were collected during the experiment 

which is demonstrated later on in section 4.5. 

4.5. Statistical Analysis of antimicrobial activity of the packaging film 

The three factors such as glycerol to starch ratio, concentration of antimicrobial agent, thickness 

of films and their interaction that had on Physical and mechanical properties of packaging films 

as well as on antimicrobial activity were demonstrated briefly. The experimental design selected 

for this study was general factorial method with three factors having mixed level and the 
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response were described by inhibition zone.  Physical and mechanical properties of the 

packaging films also describe graphically using Microsoft excel. The Design Expert 6.0.8 

software was used in analysis of variance (ANOVA). The actual experimental data at different 

formulation of packaging films were recorded and given in appendix A. Each response of the 

packaging films was used to develop a mathematical model that correlates the antimicrobial 

activity as well as physical and mechanical properties of the packaging films with the three 

factors. The model fit summary for each responses and statistical analysis of the ANOVA are 

given from appendix D1-D4. The multiple regression coefficients were obtained by employing a 

least square technique to predict a two factorial (2FI) model for the responses. 

4.5.1. Development of Empirical Model 

Empirical models for the output responses of antimicrobial activity as well as physical and 

mechanical properties of packaging films in terms of the glycerol to starch ratio, antimicrobial 

concentration and thickness of packaging films in actual and coded factors were developed by 

using general factorial methodology. The sequential model Sum of Squares and Model Summary 

Statistics are given from appendixes D1-D4 and was found that two factorial (2FI) model was the 

most suitable model for the present study, because two factorial (2FI) model had no aliased and 

high R-squared, adjusted R-squared and predicted R-squared for each organisms‟ response of the 

packaging films.  

4.5.2. Model Adequacy Check 

The quality of adequacy model was tested by analysis of variance which has been indicated in 

appendixes D1, D2, D3, and D4. The regression model was found to be highly significant with the 

correlation coefficients of determination of R-Squared (R), adjusted R-Squared and predicted R-

Squared which are given in table 4.3 below for each organism. The value of R-squared for the 

developed correlation is 0.9287, 0.9521, 0.9597, and 0.9590. It implies that 92.87%, 95.21%, 

95.97%, and 95.90 % of the total variation in each response of the packaging films for each 

organism such as E. coli, S. Aureus, S. typhi and A. Niger respectively is attributed to the 

experimental variables studied.  
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 Table 4. 3-R-Squared, adjusted R-Squared, predicted R-Squared and Adeq Precision for each 

Organism 

 R-Squared 

(R) 

Adjusted 

R-Squared 

Predicted R-Squared Adeq Precision 

 

E. coli 0.9287 0.8898 0.8054 17.006 

S. Aureus 0.9521 

 

0.9260 

 

0.8495 

 

19.332 

S. typhi 0.9597 0.9378 0.8913 

 

24.467 

A. Niger 0.9590 0.9367 0.8686 24.251 

 

The signal to noise ratio is measured by adeq precision ration.  A ratio greater than 4 is desirable.  

In this experimental work, the adeq precision ratio for each organisms are 17.006, 19.332, 24.467 

and 24.467 indicate an adequate signal. Therefore this model can be used to navigate the design 

space. The table 4.3 given in the above indicates  that the "Pred R-Squared" of 0.8054, 0.8495, 

0.8913 and 0.8686 are reasonable agreement with Adj R-squared 0.8898, 0.9260, 0.9378 and 

0.9367 for each organism respectively. 

The adequacy of the model was further checked by through graphical analysis of predicted 

versus actual, outlier T versus run number, normal probability plot of residual versus studentized 

residual, and residual versus run number as shown in the figure below respectively. The model 

adequacy checking using predicted versus actual Plot for each organism are given in the figure 

4.1 below 
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              E. coli                                                                                                                   S. typhi 

                                                                                                                      

                      S. Aureus                                                                                A. Niger 
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Figure 4. 1-Predicted versus Actual plot for each organism 

From the above figures 4.1 the plots represent the line of perfect fit with points corresponding to 

zero error between predicted values and actual values and demonstrated that the regression 

model equation provided accurate description of the experimental data for all organisms, in 

which all the points are close to the line of perfect fit. These results indicate that it was 

successful in capturing the correlation between the three variable factors of the packaging film to 

the inhibition zones of on E. coli, Staphylococcus, Salmonella typhi and Aspergilla Niger. 

Also, model adequacy can be checked by plot of outlier T vs run number which gives an 

information whether experiments were done in appropriate condition or not. The plots of outlier 

T vs. run numbers presented in the figure 4.2 below. Hence from the outlier vs run number show, 

each experiment is within the outlier T boarder. It implies that no bad data and all experimental 

runs were done in the appropriate condition. The outlier vs run number for E. coli, 

staphylococcus aureus, salmonella typhi and aspergilla niger also supported that the model was 

adequate.  Hence no experiments repeat again. 
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c, Salmonella typhi                                                                    d, Aspergilla Niger 

Figure 4. 2-Outlier Versus Run Number Plot for each Organism 

Another methods of validating the adequacy of the model is normal probability plot of the 

residual through graphical interpretation as shown the figure 4.3 below. The graph of normal 

probability plot of residuals is approximately straight line. It indicates that the error is normally 

distributed with a mean of zero and hence the raw data fitted by the model were developed. 
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      c, Salmonella typhi                                                            d, Aspergilla Niger            

Figure 4. 3-Normal Probability Plots for each Organism 

Data have been collected in randomized run order or some other order that is not increasing or 

decreasing in any of the predicator variables used in the model to emphasize in experiment 

design. Hence it is better to check whether the data collection method has an effect on the 

adequacy of the model by graphical method as shown the figure 4.4 below. 
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a, E. coli                                                                    b, Staphylococcus aureus 

 

c, Salmonella typhi                                                                    d, Aspergilla Niger 

Figure 4. 4-Residual Versus Run Number Plots for each Organism 

This graph demonstrates that the data were collected in randomized run order and it could be 

concluded that data collection were in appropriate way and it has no effect on the adequacy of 

the model. As shown Table-4.4 values of "Prob > F" less than 0.0500 indicates model terms are 
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significant.   In this case A, B, C, AB, and BC are significant model terms whereas AC is 

insignificant model term. This shows that the glycerol/starch ration, concentration of 

antimicrobial agent, film thickness, interaction between glycerol/starch ration and concentration 

of antimicrobial agent and interaction between concentration of antimicrobial agent and film 

thickness affects the response of inhibition zone was created on E. coli much significantly.   

Each variables factor‟s effects and their interaction effects on zone for each organism are 

discussed with a help of figures in the subsequent section 4.5.5 & 4.5.6 

Table 4. 4-Analysis of Variance (ANOVA) for the Regression Model Equation and Coefficients 

for each Organism 

Source 

 

Sum of 

Squares 

DF Mean 

Square 

F 

Value 

Prob > F 

 

Significant 

 

Model 627.49 6 104.58 23.88 < 0.0001 Significant 

 

A 88.86 1 88.86 20.29 0.0009 * 

B 410.70 1 410.70 93.78 < 0.0001 ** 

C 43.47 1 43.47 9.93 0.0092 * 

AB 22.23 1 22.23 5.08 0.0457 * 

AC 6.09 1 6.09 1.39 0.2631  

BC 39.60 1 39.60 9.04 0.0119 * 

Residual 48.17 11 4.38 23.88   

Core total 675.66 

 

17     

E. coli 

Source Sum of 

Squares 

DF Mean 

Square 

F 

Value 

Prob > F Significant 

 

Model 645.44 6 107.57 36.43 < 0.0001 Significant 

 

A 19.20 1 19.20 6.50 0.0270 * 

B 524.22 1 524.22 177.53 < 0.0001 ** 
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C 32.80 1 32.80 11.11 0.0067 * 

AB 23.14 1 23.14 7.84 0.0173 * 

AC 5.67 1 5.67 1.92 0.1934  

BC 15.76 1 15.76 5.34 0.0413 * 

Residual 32.48 11 2.95 36.43   

Core total 677.92 17     

S. Aureus 

Source Sum of 

Squares 

DF 

 

Mean 

Square 

F 

Value 

Prob > F 

 

Significant 

 

Model 2038.27 6 339.71 43.70 < 0.0001 ** 

 

A 1021.77 1 1021.77 131.44 < 0.0001 ** 

B 854.02 1 854.02 109.86 < 0.0001 ** 

C 42.99 1 42.99 5.53 0.0384 * 

AB 80.58 1 80.58 10.37 0.0082 * 

AC 29.53 1 29.53 3.80 0.0772  

BC 52.08 1 52.08 6.70 0.0252 * 

Residual 85.51 11 7.77 43.70   

Core total 2123.78 17     

Analysis of variance for S. Typhi 

Source Sum of 

Squares 

DF Mean 

Square 

F 

Value 

Prob > F Significant 

Model 2148.16 6 358.03 42.93 < 0.0001 ** 

 

A 994.50 1 994.50 119.23 < 0.0001 ** 

B 954.96 1 954.96 114.49 < 0.0001 ** 

C 54.44 1 54.44 6.53 0.0217 * 

AB 102.87 1 102.87 12.33 0.0039 * 

AC 29.39 1 29.39 3.52 0.0659  
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BC 63.02 1 63.02 7.56 0.0049 * 

Residual 91.75 11 8.34 42.93   

Core total 2239.90 17     

 A. Niger 

Where *significant ** highly significant 

The Model F-value of 23.88, 36.43 , 43.7 and  42.93 implies the model is significant and given in 

appendixes D1-D4.  There is only a 0.01% chance that a "Model F-Value" this large could occur 

due to noise. Values of "Prob > F" less than 0.0500 indicate model terms are significant.  In this 

case A, B, C, AB, BC are significant model terms.  Values greater than 0.1000 indicate the 

model terms are not significant. This shows that the interaction between glycerol/starch ratio and 

film thickness not significantly affect the inhibition diameter of each organisms. 

4.5.3. Development of Regression Model Equation 

The regression coefficients of the developed model are determined from the regression analysis. 

As indicated in fit summery which is given from the appendixes D1-D4 for each organism, the 

two factorial (2FI) models is suggested, as the p-value of this model is smaller than that of other 

models and no aliased. The model equation that correlates the response (inhibition diameter) to 

the process variables in terms of actual value is given below. As indicated in appendixes D1-D4 

the predicted model for inhibition zone in terms of the actual factors is given by Eq-4.1-4.4 

Final Equation in Terms of Actual Factors for each organisms given below: 

Inhibition zone of E.coli = -23.31482 + 19.60393  * gly/starch + 31.29640 * antmicrobial 

+15.69469 * thickness  - 7.97767  * gly/starch * antmicrobial- 14.53333 * antmicrobial * 

thickness…………………………………………………………………………………...Eq-4.1 

 Inhibition  zone of staphylococus aureus  =- 4.26777 + 6.23238 * gly/starch   +28.97042  *             

antmicrobial - 3.38877  * thickness  - 8.13920 * gly/starch * antmicrobial + 6.57823  * gly/starch 

* thickness -9.16667  * antmicrobial * thickness…………………………………………Eq-4.2 

Inhibition Salmonella typhi  =  -19.96041 + 18.15391 * glycerol/starch +12.95032  * 

antimicrobial +26.75536 *  thickness  + 15.18897  * glycerol/starch * antimicrobial -15.01559  * 
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glycerol/starch * thickness  - 16.66667 * antimicrobial *thickness…………………………Eq-4.3 

Inhibition zone of Aspergilla Niger  =-14.47629 + 15.27725 * glycerol/starch + 14.06926 * 

antimicrobial+ 23.57979  * thickness + 12.39502  * glycerol/starch * antimicrobial-11.37940  * 

glycerol/starch * thickness - 16.33333  * antimicrobial *thickness……………………….Eq-4.4 

4.5.4. The Effect of Process Variables on Inhibition Zone 

The activity of prepared packaging film having three process variables with different 

combination formulation were tested on each organism. Full general factorial design method of 

statically analysis was used to estimate the effect of three process variables on the responses.  

Perturbation plots were drawn by using full factorial to investigate the effect of all the factors on 

the responses. Based on the analysis of variance, the activity of the packaging films were 

significantly affected by various interactions between the process variables. On the other hand, 

individual process variables that significantly affect the activity of the packaging films were 

glycerol/starch ration (A), concentration of antimicrobial agent (B), and thickness of the films 

(C). 

4.5.5. The Main Effect of Process Variables on Inhibition Zone 

The effects of three factors such as glycerol/starch ratio, concentration of antimicrobial agent and 

film thickness on the anti-microorganism‟s activity of packaging film were demonstrate briefly 

through graphically results from design expert software 6.0.8.  

4.5.5.1. Effect of Glycerol/Starch Ratio on Inhibition Zone 

It is known that one of the main task in packaging film preparation is that determine the right 

ratio of glycerol/starch for the film preparation. Because the anti-microorganism‟s activity, 

physical and mechanical properties of the packaging film directly related to this process variable 

factor. As shown the figure 4.5 below glycerol/starch ratio is one of the important factors that 

affect the activity of the packaging film. Hence from the graph inhibition diameter of each 

organism increased as the ratio of glycerol/starch increased. Because the increasing in the ratio 

of glycerol/starch  means,  decreasing the formation of strong hydrogen bonds with hydroxyl 

groups on starch chains without decreased the crystallite level which intern increase the release 

rate of antimicrobial agent (Ganesan & Gani, 2013). Films with greater glycerol content 
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exhibited higher film solubility. As reported by Nemet et al., 2010 in general, hydrophilic 

plasticizers, such as glycerol, enhanced water solubility dry matter in the film. It is probably 

because increasing the plasticizer content in the film increased the water-soluble dry content 

which intern increase the release amount of antimicrobial agent from packaging film to the 

medium. The relationship between water-soluble dry mater and hydrophilic plasticizer content is 

linear  
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                       c, Salmonella typhi                                                          d, Aspergilla Niger 

Figure 4. 5-The Effect of Glycerol/starch Ratio on Inhibition Zone of each Organism 

4.5.5.2. Effect of Antimicrobial Concentration on Inhibition Zone 

Concentration of antimicrobial and antifungal agent has highly significant effect on the activity 

of the packaging film. In this work, the three different concentrations such as 0.5gram, 1 gram 

and 1.5 gram were taken. Their effect on the response (inhibition diameter) is illustrated 

graphically in figure below 4.6, as the concentration of anti-microorganisms in the packaging 

film increased, the inhibition diameter increased too. Therefore, highest inhibition diameter was 

found at 1.5 gram keeping other process variable constant. 
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                 c,Salmonella tyohi                                           d,Aspergilla Niger 

Figure 4. 6-The Effect of Antimicrobial Concentration on Inhibition Zone of each Organism 

4.5.5.3. Effect of Film Thickness on Inhibition Zone 

As you see from the fig 4.7 below, inhibition zone of each organism decreased as film thickness 

is increased. When the thickness large enough the physical and mechanical properties of film 

packaging was changed. Thin layer exhibited with high water solubility, sorption and poor 

mechanical properties whereas the thick films were found that low water solubility and sorption 

with good mechanical strength. Hence the release rate of antimicrobial agent from the film to the 

medium is increased. This is probably because of increasing surface area of the packaging films. 
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a, E. coli                                                                 b, Staphylococcus Aureus 

      

c, Salmonella Typhi                                                d, Aspergilla Niger 

Figure 4. 7-The Effect of Film Thickness on Inhibition Zone of each Microorganism 

4.5.6. The Interaction Effect of Process Variables on Inhibition Zone 

The two process variables were found to have significant interaction effects.   Figure 4.7 show 

that the interaction effects between glycerol/starch ratio and concentration of antimicrobial agent 
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as well as interaction effects of antimicrobial concentration and film thickness on the inhibition 

activity of packaging film. Also, in the developed regression model could be possible to 

observed that the coefficient of AB, AC, and BC are positive, negative, and negative 

respectively. This implies that the interaction of antimicrobial concentration and glycerol/starch 

ratio has positive effect on the inhibition diameter of each organism. AC, and BC affected the 

inhibition diameter negatively from analysis of variance given in the appendixes 2-5, AB and BC 

are significant with p-value of greater than 0.95 probability of confidence interval for each 

organism. But the interaction of AC was not significant since p-value less than less than 0.95 

probability of confidence interval. This probably because of that without antimicrobial agent, 

glycerol/starch ratio and film thickness by itself could not significantly inhibit the growth of 

microorganisms. 
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a2, Staphylococcus Aureus                                     b2, Staphylococcus Aureus 
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a4, Aspergilla Niger                                                            b4 Aspergilla Niger 

Where „a‟ represents the interaction effect between glycerol/starch ratio and antimicrobial 

concentration, „b‟ represents the interaction effect between antimicrobial concentration and 

packaging film thickness. 

Figure 4. 8-The Interaction Effect of Process Variable on the Inhibition Zone of each 

Microorganism  

4.5.8. Physiochemical and Mechanical Properties of  Antimicrobial Packaging Film 

Color of  antimicrobial packaging film: Color is one of the importante propeties the packaging 

materils because it could affect consumer acceptance during their applications. The color 

different combination of glycerol, satrch and antimicrobial agent of the packaging films were 

visual detected. Therefore color of the packging film were  totally changed as the concentration 

of antimicrobial concentartion was increased and it was transparency for 0.5mm thickness. But 

as thickness and concentration of antimicrobial agent is increased, the transparency of packaging 

film was decreased which was observed during the experiment. 
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              a, Film without Antimicrobial agent               b, Film with antimicrobial agent 

Figure 4. 9-Packaging Films and their Color 

The above figures 4.10 manifested that the prepared films were transparency. Film without 

antimicrobial agent was used as control to compare the effect antimicrobial agent on the color of 

packaging films  

Moisture of Antimicrobial Packaging Films: The moisture content in starch films can affect 

significantly the physical properties of starch-based antimicrobial films. The water content of 

films prepared with different plasticizer concentrations are shown in figure 4.11. The highest 

moisture content (14.5 %) was recorded at the 1.5 of gly/starch ratio, 0.5 gram of antimicrobial 

concentration and 1 mm film thickness. And the lowest moisture content was recorded at o.67 

glycerol/starch ratio, 1.5gram antimicrobial, and 0.5 mm of film. These results indicate that an 

increasing glycerol/starch ration had an important favorable effect on the equilibrium water 

content as its concentration enhanced. Glycerol contains three hydrophilic alcoholic hydroxyl 

groups, which are responsible for its solubility in water and its hygroscopic nature. It is a highly 

flexible molecule forming both intra- and intermolecular hydrogen bonds (Pagliaro et al., 2008). 

When the glycerol/starch ratio increased, the moisture content of packaging films increased. This 

may be related glycerol increased the higher content of hydrophilic hydroxyl groups of 

polysaccharides which increased the water absorbability of starch based antimicrobial packaging 

films. Farahnaky et al., (2013), were reported that higher levels of plasticizer increased the films 



Production and Characterization of starch Based Antimicrobial Packaging Film through Incorporation 

of Plumbago Zeylanica (Amira) Root Crude Extract 

 

AAiT, 2018 Page 47 
 

moisture affinity and these results could be attributed to the hydrophilicity of the plasticizers, 

with accessible hydroxyl group 

 The difference in moisture content could be related to the difference in composition of the films. 

The increase in moisture content could also be related to the hydrophillicity of glycerol.  Also, it 

could possible to observe that the moisture content of antimicrobial packaging films decreased as 

the concentration of antimicrobial crude extract increased. The films prepared with glycerol were 

more soluble than films without plasticizer. The effect of glycerol/starch and concentration of 

antimicrobial agent ratio demonstrated on the moisture content has been demonstrated in the two 

figures 4.11 below. These figures were grouped into 0.5 mm and 1 mm film thickness and it 

indicate that the films with 1 mm thickness were exhibited in high moisture content. 
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Figure 4. 10-The Effect Gly/starch, Antimicrobial and Thickness on Moisture Content of Films  

Solubility of Antimicrobial packaging film: The water solubility of the corn starch via 

incorporating plumbagogo crude extract films as a function of glycerol content  is shown in 

figure 4.12. It indicat of glycerol, in all concentrations, increased the water solubility of starch 

films.  It is probably because increasing the plasticizer content in the film increased the water-

soluble dry content. The relationship between water-soluble dry mater and hydrophilic plasticizer 

content is linear (Nemet et al., 2010). Also it could observe that the solubility of the films was 

influenced by the amount of the antimicrobial agent incorporated in the films. As can be seen 

in figure 4.12 the films containing a small amount of the crude extract had a higher solubility. On 

the other hand, the films containing a larger amount of antimicrobial agent had a lower 

solubility. It is probably because since plumbago zeylanica root extract has fat and oil, an 

increasing the extract amount, might be increasing the lipid content in the film. Based on results 

it can be recommended that films having a low solubility are favorable for the packaging 

purpose. In first figure the thickness of films is 0.5 mm and 1 mm in the second figure and it can 

observe that thickness affect the solubility of the films (Zinash & Shimelis, 2013). The higher 

film thickness had low solubility of films. 
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Figure 4. 11-Solubility of Films as Function of Glycerol/starch Ratio, Antimicrobial 

Concentration and Film Thickness 

Swelling of antimicrobial packaging  films: When the glycerol/starch ratio increased, the 

swelling capacity of the films increased because glycerol is hydrophilic polymers, show high 

affinity towards water (Gashaw & Shimelis, 2013). The effect of glycerol, antimicrobial 

concentration and film thickness on the swelling of the films was manifested in figure 4.13 

below. As it indicated the swelling capacity of the films were increased as glycerol content and 
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film thickness increased. But swelling capacity decreased as the antimicrobial concentration 

increased because the higher concentration increased the crystallite of the films. From the figures 

presented below it could possible to understood that the film with higher thickness had higher 

swelling capacity compared to thin films.  

 

 

Figure 4. 12-Swelling of the Films as function of Gly/starch ratio, Antimicrobial and Films 
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Tensile strength of the antimicrobial packaging film: The tensile strength (TS) of the 

antimicrobial films prepared from corn starch via incorporating plumbago zeylanica crude 

extract presented in the figure below. As indicated in the figures, the tensile strength (TS) of the 

films is affected by glycerol/starch ratio, antimicrobial concentration and film thickness. Hence 

as the glycerol content is creased the tensile strength of the films was decreased. 

The presence of plasticizer at lower concentration of 0.67 (glycerol/starch ratio), higher 

concentration of antimicrobial concentration (1.5grm) and films thickness (1 mm) demonstrated 

high tensile strength value of 19.52 MPa. The possible reason for the high tensile strength at low 

plasticizer concentration is the domination of strong hydrogen bonds produced by starch–starch 

intermolecular interaction over starch–plasticizer attraction (Muhammed L Sanyang et al., 2015). 

When glycerol/starch ratio is increased, the hydrogen bond weakened. This may be related to the 

amount of starch decreased which results decreasing the amylose and amylopectin in the film. 

The pure amylose structure is very stable, with strong molecular orientation, forming films 

denser, higher glass transition temperature, tensile strength and modulus of elasticity values and 

lower elongation values than low amylose starch films. 

Also, the presence of plasticizer at higher concentration of 1.5 (glycerol/starch ratio), lower 

concentration of antimicrobial concentration (0.5grm) and films thickness (0.5mm) demonstrated 

low tensile strength value of 5.2MPa. Therefore, these results also describe that high 

antimicrobial concentration and film thickness had positive effect on the tensile strength of the 

antimicrobial packaging films. 
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Figure 4. 13-The effect glycerol/starch ratio, antimicrobial and film thickness on tensile strength 

4.8.9. Fourier Transform Infrared Spectrometry (FTIR) Analysis of Antimicrobial 

Packaging films 

The FT-IR spectra of corn starch-glycerol based films with plumbago zeylanica extract C1 and C2 are 

shown in Figure 4.15. The spectra show similar patterns. An absorption band at 3364.28cm-1 for film C1 

and 3353.89 cm-1 for film C2 appear. An extremely broad peak appeared between 3000-3600 cm-1 is the 

region of hydrogen-bonded hydroxyl groups associated with free, inter- and inter- molecular bound 

hydroxyl groups (Rahmawati et al., 2016). Also, Salleh et al., (2009) reported that the broad band 

at 3346.7 due to the hydrogen-bonded hydroxyl groups, the sharp band at 2926.3 cm-1 is 
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characteristic of C-H stretches associated with the ring methane hydrogen atoms, the bands at 

1658.7 and 1459 cm-1 are assigned to the  (O-H) bending of water and CH2, respectively, and 

the bands from 763.7 to 1150.4 attributed to the C-O bond stretching. 
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Figure 4. 14-FTIR Analysis of Prepared Antimicrobial Packaging Films for different 

concentration of glycerol C1 & C2 

Peak for pure starch is shifted to 3364.28 and 3353.89 cm-1 due to addition of glycerol and 

plumbago zeylanica extract. This indicated that there is chemical interaction between starch, 

glycerol, and plumbago zeylanica extract not physical attachment. Also, due to the addition 

plumbago zeylanica each peak varies each other for C1 and C2 because of the chemical 

interaction with plumbago zeylanica extract with glycerol and starch. Peaks, 334628, 

3014.83,2942.87, 2860.506, 2337.54,2037.27,1546.69 and1022.92 for C1, 3353.89, 

3025.28,2942.87, 2870.506 2337.57, 2037, and 1546.69 cm-1 for C2 were shown in the when 

the film has more concentration of glycerol in film C2. 
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At peak with wave numbers 2140.99 - 2059.98 cm-1, corresponds to the absorption caused by 

the triple bonds of C≡C (alkaline type compounds). At the peak with the wave numbers 1948.10 

cm-1 and 1550.77 cm-1, corresponding to the absorption caused by the bonding C = O (a type of 

aldehyde, ketone, carboxylic acid, esters) and C = C (a type of alkene compound). At peak with 

wave numbers of 1477.47 cm-1 to 459.06 cm-1, corresponds to absorption caused by the C-H 

bond (alkane type compound), and C-O (a type of alcohol, carboxylic acid, ester) (Rahmawati et 

al., 2016). Therefore, the antimicrobial packaging film developed from starch, glycerol and 

plumbago zeylanica has a functional group which is a combination of specific functional groups 

contained in its constituent components such as C-H, O-H, C-O, C≡C, C = O, and C = C. The 

wavelength of the functional group OH in the films differs from the bio plastic starch of corn 

seed with the addition of glycerol plasticizer and plumbago zeylanica where in the addition of 

glycerol and plumbago zeylanica extract causes the functional group OH to shift with wave 

length 3622.32 cm-1 to 3346.28 and 3353.89 cm-1.  

It identifies that there is a process of forming new bonds between matrix corn starch, glycerol 

and plumbago zeylanica. In bio plastics with the addition of glycerol, the C-O and OH groups 

form a random carbon chain, thus causing the sample to become more elastic (Maulida et al., 

2018). Chemical interactions are reflected by changes in the characteristics of the absorption 

peak spectrum after mixing of two or more matrix intermediates with added chemicals such as 

plumbago zeylanica extract and glycerol. 
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Chapter Five 

5. Conclusions and Recommendations 

5.1. Conclusions 

In this study, corn starch containing plumbago zeylanica based antimicrobial films were prepared 

using surface casting technique. The technique allowed to develop novel food packaging 

materials for the controlled release of the antimicrobial agent. The results have clearly shown 

that the effectiveness of packaging film of inhibiting the growth of microorganisms depend on 

glycerol/starch ratio, concentration of antimicrobial concentration and film thickness. The release 

rate of antimicrobial agent (plumbago zeylanica) from the films could be tailored by changing 

the composition of the initial casting solution. Antimicrobial activities decreased while 

decreasing the solubility of film and antimicrobial concentration with increasing corn starch 

content in the solution.  Tensile strength of the films increased with increasing antimicrobial 

content in the solution. The incorporation of plumbago zeylanica into the films prepared with 

0.5gram, 1gram and 1.5gram plumbago zeylanica cause changes in the mechanical properties of 

the films. On the other hand, significant reductions in tensile strength values of the antimicrobial 

films prepared from 0.67, 1, and 1.5 ratio of glycerol/starch. Experimental studies conducted 

with different combination of glycerol/starch ratio and plumbago zeylanica extract into two 

group of film thickness. Finally, maximum antimicrobial activity of film was found at 1.5 

glycerol/starch ratio, 1.5gram content of plumbago zeylanica and 0.5mm film thickness.  

It was possible to observe that the films with high antimicrobial concentration and low glycerol 

content had good crystallity. The film prepared from high glycerol/starch ratio, high 

concentration of Plumbago Zeylanica and thin film thickness were exhibited good antimicrobial 

and antifungal activity. But the films were prepared from low glycerol/starch ratio with thin film 

thickness were found poor physical and mechanical properties of packaging films. Solubility and 

swelling properties of the film were increased as the ratio of glycerol/starch ratio increased. Also, 

it could possible to observe that the film prepared from low ratio of glycerol/starch is flexible, 

easy to peel and have high release rate of active components incorporated within the film. 
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Results obtained suggest that corn starch films containing antimicrobial agents (plumbago 

zeylanica extract) can be used as novel food packaging materials. However, further studies are 

needed to test the effectiveness of these films on selected food systems.  

5.2. Recommendations 

Exploring packaging material is required detail work. In this paper a little work has been done 

concerning the three process variables such as effect plasticizer, thickness and antimicrobial 

concentration of plumbago zeylanica. Having the concept of this study, the following 

recommendations should be considered for future work: 

 Quantitative analysis of phytochemicals presents in the root of plumbago zeylanica 

should be determine 

 Antimicrobial activity of the plant using different solvent extraction and their effect on E. 

coli, staphylococcus aureus, salmonella typhi and aspergilla niger 

 Growth kinetics of microorganisms with the presence of this antimicrobial agent for 

different time interval 

 Release rate of antimicrobial agent for different formulation of packaging films 

 The use different mixture of plasticizer in order to get more transparent, flexible, easy to 

peel and handle, not sticky packaging film 

 The effectiveness of these antimicrobial packaging films on different foods during 

storage and interaction with food 

 The effect of processing on antimicrobial properties of plumbago zeylanica root extract in 

the bioactive films 
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Appendixes 

Appendix A 

Preparation medium: The following medium were used for antimicrobial and antifungal 

activity such Muller Hinton agar and broth for antibacterial test, and sabourd dextrose agar and 

broth. Therefore, to prepare medium the following calculation method was used. If the amount 

volume required is X ml, then the amount medium was required to dissolve in distilled water 

calculated in following correlation  

For Muller Hinton agar, 38 grams= in 1000 ml of distilled water 

                                                 ? = X ml of distilled water 

For Muller Hinton broth, 21 grams= in 1000 ml of distilled water 

                                                     ? = X ml of distilled water 

For Sabroud dextrose agar, 62 grams= in 1000 ml of distilled water 

                                                      ? = X ml of distilled water 

Appendix B 

Preparation stock solution of antimicrobial solution: Objective is to check at which 

concentration of stock solution such as 5mg/ml, 2.5mg/ml, 1.25mg/ml and 0.625 mg/ml in liquid 

medium can existed and the test duplicate. The three organisms had been seeded in a plate. The 

following formula was used to calculate the stock solution C1*V1=C2*V2 where C2=5mg/ml, 

V2=20ml and V1=2ml. Hence C1=C2*V2/V1=5mg/ml*20/2=50mg/ml. Therefore, 400gram of 

extract were dissolved in 8 ml which gave 50gram/ml. Then 4ml stock solution were diluted in 

4ml 5%DMSO which is give 25mg/ml stock solution. This procedure was repeated until the 

concentration reached 12.5mg/ml 
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Appendex C1 

Inhibition diameter for each organisms  for diferent formulation of pacaking films  

Std Factor1 

Gly/starch 

Factor 2 

Antimicrobial 

Concentration 

Factor 3 

Film 

thickness 

Inhibition 

for E.coli 

Inhibition 

for S.aureus 

Inhibition 

for 

S.typhi 

Inhibition 

for 

A.Niger 

1 0.67 0.50 0.50 7.2 9.5 10 12 

2 1.00 0.50 0.50 8 10.95 10 15 

3 1.50 0.50 0.50 15 15 24 25 

4 0.67 1.00 0.50 10 19.5 17 17 

5 1.00 1.00 0.50 16 20.43 26 25 

6 1.50 1.00 0.50 22 20.78 35 40 

7 0.67 1.50 0.50 24 31 20 30 

8 1.00 1.50 0.50 28 24.81 34 32 

9 1.50 1.50 0.50 25 27 52 56 

10 0.67 0.50 1.00 5.5 8.02 12 15 

11 1.00 0.50 1.00 10 10.22 12 16.5 

12 1.50 0.50 1.00 13 13.86 23 25 

13 0.67 1.00 1.00 14 16.78 15 18 

14 1.00 1.00 1.00 15 18 26 25 

15 1.50 1.00 1.00 17 21.16 30 28 

16 0.67 1.50 1.00 17.5 20.36 18 20 

17 1.00 1.50 1.00 17 23.35 28 30 
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Appendix C2 

Experimental Data Results  for Physical and Mechanical Propeties  

Std Gly/starch antimicrobial Thickness moisture solubility swelling Tensile 

strength 

1 0.67 0.50 0.50 7.5 11 25 8.41 

2 1.00 0.50 0.50 8.9 15 28 6.32 

3 1.50 0.50 0.50 10.43 22.8 35 5.25 

4 0.67 1.00 0.50 7.14 9 20 9.46 

5 1.00 1.00 0.50 8.25 15 22 6.5 

6 1.50 1.00 0.50 9.85 22 23 5.73 

7 0.67 1.50 0.50 6.5 11 19 10.57 

8 1.00 1.50 0.50 7.98 14 21 7.21 

9 1.50 1.50 0.50 9.57 20.5 24 6.44 

10 0.67 0.50 1.00 8.11 9 10 8.21 

11 1.00 0.50 1.00 9.54 8 14 7.65 

12 1.50 0.50 1.00 14.5 18 15 7.22 

13 0.67 1.00 1.00 7.59 7.8 13 19.12 

14 1.00 1.00 1.00 9.32 10 16 12.23 

15 1.50 1.00 1.00 13.67 13 18 9.33 

16 0.67 1.50 1.00 7.15 5 11 19.52 

17 1.00 1.50 1.00 8.66 6 15 15.64 

18 1.50 1.50 1.00 11.42 11 14 10.46 
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Appendex D1 

 Response: inhibition E.coli 

         ANOVA for Response Surface 2FI Model 

 Analysis of variance table [Partial sum of squares] 

Source 

 

Sum of 

Squares 

DF Mean 

Square 

F 

Value 

Prob > F Esignificant 

Model 627.49 6 104.58 23.88 < 0.0001 Significant 

 

A 88.86 1 88.86 20.29 0.0009 * 

B 410.70 1 410.70 93.78 < 0.0001 ** 

C 43.47 1 43.47 9.93 0.0092 * 

AB 22.23 1 22.23 5.08 0.0457 * 

AC 6.09 1 6.09 1.39 0.2631  

BC 39.60 1 39.60 9.04 0.0119 * 

Residual 48.17 11 4.38 23.88   

Core total 675.66 17     

                                           Where * significant, ** highly significant 

The Model F-value of 23.88 implies the model is significant.  There is only a 0.01% chance that 

a "Model F-Value" this large could occur due to noise. Values of "Prob > F" less than 0.0500 

indicate model terms are significant.  In this case A, B, C, AB, BC are significant model terms.  

Values greater than 0.1000 indicate the model terms are not significant. 

If there are many insignificant model terms (not counting those required to support hierarchy),  

model reduction may improve your model. 

Std. Dev.    2.09                       R-Squared            0.9287 

Mean         15.73                      Adj R-Squared 0.8898 

C.V.          13.30                      Pred R-Squared 0.8054 

PRESS      131.49                   Adeq Precision 17.006 
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The "Pred R-Squared" of 0.8054 is in reasonable agreement with the "Adj R-Squared" of 0.8898. 

"Adeq Precision" measures the signal to noise ratio.  A ratio greater than 4 is desirable.  Your 

ratio of 17.006 indicates an adequate signal.  This model can be used to navigate the design 

space. 

 Final Equation in Terms of Coded Factors: 

 Inhibition zone of  E.col = +15.92  + 2.70 * A  + 5.87 * B - 1.56 * C - 1.66 * A * B 

                                                     - 0.71 * A * C - 1.82 * B * C 

Final Equation in Terms of Actual Factors: 

Inhibition zone of E.coli = -23.31482 + 19.60393  * gly/starch + 31.29640 * antmicrobial 

  +15.69469 * thickness  - 7.97767  * gly/starch * antmicrobial 

  -6.81937  * gly/starch * thickness - 14.53333 * antmicrobial * thickness 

 Diagnostics  Statistics 

Standard 

Order 

Actual 

Value 

Predicted 

Value 

Residual Leverage Student 

Residual 

Cook's 

Distance 

Outlier 

t 

Run 

Order 

1 7.20 4.73 2.47 0.527 1.721 0.472 1.919 16 

2 8.00 8.75 -0.75 0.283 -0.425 0.010 -0.408 4 

3 15.00 14.86 0.14 0.606 0.110 0.003 0.105 13 

4 10.00 14.07 -4.07 0.254 -2.250 0.246 -2.920 1 

5 16.00 16.78 -0.78 0.114 -0.395 0.003 -0.380 7 

6 22.00 20.89 1.11 0.299 0.635 0.025 0.617 14 

7 24.00 23.41 0.59 0.527 0.410 0.027 0.394 6 

8 28.00 24.80 3.20 0.283 1.803 0.183 2.049 18 

9 25.00 26.92 -1.92 0.606 -1.461 0.469 -1.551 8 

10 5.50 6.65 -1.15 0.527 -0.803 0.103 -0.789 11 

11 10.00 9.56 0.44 0.283 0.250 0.004 0.239 3 

12 13.00 13.95 -0.95 0.606 -0.727 0.116 -0.711 9 

13 14.00 12.36 1.64 0.254 0.905 0.040 0.897 10 

14 15.00 13.95 1.05 0.114 0.533 0.005 0.515 17 
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15 17.00 16.35 0.65 0.299 0.369 0.008 0.354 5 

16 17.50 18.07 -0.57 0.527 -0.398 0.025 -0.382 15 

17 17.00 18.34 -1.34 0.283 -0.758 0.032 -0.742 12 

18 19.00 18.75 0.25 0.606 0.189 0.008 0.181 2 

Fit summery 

 Response: inhibition E.coli 

  Sequential Model Sum of Squares 

Source Sum of 

Squares 

DF Mean 

Square 

F 

Value 

Prob > F  

Mean 4455.68 1 4455.68    

Linear 559.56 3 186.52 22.49 < 0.0001  

2FI 67.92 3 22.64 5.17 0.0180 Suggested 

Quadratic 0.87 2 0.44 0.083 0.9209 Aliased 

Cubic 21.56 5 4.31 0.67 0.6688 Aliased 

Residual 25.74 4 6.43    

Total 5131.34 18 285.07    

"Sequential Model Sum of Squares":  Select the highest order polynomial where the 

  additional terms are significant and the model is not aliased. 

                                              Model Summary Statistics 

Source Std. 

Dve 

Adjusted 

R-Squared 

Predicted 

R-Squared 

R-Squared Press  

Linear 2.88 0.8282 0.7914 0.7168 191.32  

2FI 2.09 0.9287 0.8898 0.8054 131.49 Suggested 

Quadratic 2.29 0.9300 0.8678 0.7243 186.26 Aliased 

Cubic 2.54 0.9619 0.8381 -0.3913 940.05 Aliased 

"Model Summary Statistics":  Focus on the model maximizing the "Adjusted R-Squared" 

  and the "Predicted R-Squared". 

Appendix D2 

 Response: Inhibition zone of Staphphylococuss Aureus  



Production and Characterization of starch Based Antimicrobial Packaging Film through Incorporation 

of Plumbago Zeylanica (Amira) Root Crude Extract 

 

AAiT, 2018 Page 67 
 

         ANOVA for Response Surface 2FI Model 

 Analysis of variance table [Partial sum of squares] 

Source 

 

Sum of 

Squares 

0.0270 Mean 

Square 

F 

Value 

Prob > F significant 

 

Model 645.44 6 107.57 36.43 < 0.0001 Significant 

A 19.20 1 19.20 6.50  * 

B 524.22 1 524.22 177.53 < 0.0001 ** 

C 32.80 1 32.80 11.11 0.0067 * 

AB 23.14 1 23.14 7.84 0.0173 * 

AC 5.67 1 5.67 1.92 0.1934  

BC 15.76 1 15.76 5.34 0.0413 * 

Residual 32.48 11 2.95 36.43   

Core total 677.92 17     

Where * significant, ** highly significant 

The Model F-value of 36.43 implies the model is significant.  There is only a 0.01% chance that 

a "Model F-Value" this large could occur due to noise. Values of "Prob > F" less than 0.0500 

indicate model terms are significant.  In this case A, B, C, AB, BC are significant model terms.  

Values greater than 0.1000 indicate the model terms are not significant. If there are many 

insignificant model terms (not counting those required to support hierarchy), model reduction 

may improve your model. 

          Std. Dev. 1.72 R-Squared            0.9521 

 Mean             18.48 Adj R-Squared 0.9260 

 C.V.             9.30 Pred R-Squared 0.8495 

            PRESS     102.05  Adeq Precision 19.332 

The "Pred R-Squared" of 0.8495 is in reasonable agreement with the "Adj R-Squared" of 0.9260. 

"Adeq Precision" measures the signal to noise ratio.  A ratio greater than 4 is desirable.  Your 

ratio of 19.332 indicates an adequate signal.  This model can be used to navigate the design 
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space. 

 Final Equation in Terms of Coded Factors: 

Inhibition zone of staphylococus  aureus   = +18.57 + 1.26  * A + 6.6 * B - 1.35 * C 

                                               -1.69  * A * B + 0.68  * A * C -1.15 * B * C 

 Final Equation in Terms of Actual Factors: 

   Inhibition  zone of staphylococus aureus  =   

                               - 4.26777 + 6.23238 * gly/starch   +28.97042  * antmicrobial 

        - 3.38877  * thickness  - 8.13920 * gly/starch * antmicrobial 

        + 6.57823  * gly/starch * thickness -9.16667  * antmicrobial * thickness 

               Diagnostics Case Statistics 

Standard 

Order 

Actual 

Value 

Predicted 

Value 

Residual Leverage 

 

Student 

Residual 

Cook's 

Distance 

Outlier 

t 

Run 

Order 

1 9.50 9.88 -0.38 0.527 -0.325 0.017 -0.312 3 

2 10.95 11.68 -0.73 0.283 -0.504 0.014 -0.486 8 

3 15.00 14.41 0.59 0.606 0.548 0.066 0.530 14 

4 19.50 19.35 0.15 0.254 0.100 0.000 0.096 16 

5 20.43 19.81 0.62 0.114 0.385 0.003 0.370 4 

6 20.78 20.50 0.28 0.299 0.196 0.002 0.187 2 

7 31.00 28.82 2.18 0.527 1.847 0.544 2.121 15 

8 24.81 27.93 -3.12 0.283 -2.145 0.260 -2.682 11 

9 27.00 26.59 0.41 0.606 0.382 0.032 0.367 10 

10 8.02 8.10 -0.082 0.527 -0.069 0.001 -0.066 1 

11 10.22 10.99 -0.77 0.283 -0.527 0.016 -0.509 17 

12 13.86 15.36 -1.50 0.606 -1.388 0.423 -1.457 9 

13 16.78 15.28 1.50 0.254 1.013 0.050 1.014 5 

14 18.00 16.82 1.18 0.114 0.730 0.010 0.714 18 

15 21.16 19.15 2.01 0.299 1.394 0.118 1.464 6 

16 20.36 22.45 -2.09 0.527 -1.771 0.500 -1.998 12 
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17 23.35 8.90 0.70 0.283 0.481 0.013 0.463 7 

18 22.00 11.18 -0.95 0.606 -0.882 0.171 -0.873 13 

 

Fit summery for Inhibition zone of Staphylococuss Aureus 

Response: inhibition zone 

  Sequential Model Sum of Squares 

Source Sum of 

Squares 

DF Mean 

Square 

F 

Value 

Prob > F  

Mean 6150.14 1 6150.14    

Linear 600.88 3 200.29 36.40 < 0.0001  

2FI 44.56 3 14.85 5.03 0.0196 Suggested 

Quadratic 9.38 2 4.69 1.83 0.2156 Aliased 

Cubic 11.09 5 2.22 0.74 0.6329 Aliased 

Residual 12.01 4 3.00    

Total 6828.07 18 379.34    

"Sequential Model Sum of Squares":  Select the highest order polynomial where the 

  additional terms are significant and the model is not aliased. 

Model Summary Statistics 

Source Std. 

Dve 

Adjusted 

R-Squared 

Predicted 

R-Squared 

R-Squared Press  

Linear 2.35 0.8864 0.8620 0.7948 139.12  

2FI 1.72 0.9521 0.9260 0.8495 102.05 Suggested 

Quadratic 1.60 0.9659 0.9356 0.8316 114.19 Aliased 

Cubic 1.73 0.9823 0.9247 0.5193 325.90 Aliased 

 

  "Model Summary Statistics":  Focus on the model maximizing the "Adjusted R-Squared" 

  and the "Predicted R-Squared". 
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Appendix D3 

 Response: Inhibition salmonella typhimrium 

         ANOVA for Response Surface 2FI Model 

 Analysis of variance table [Partial sum of squares] 

Source 

 

Sum of 

Squares 

DF Mean 

Square 

F 

Value 

Prob > F significant 

Model 2038.27 6 339.71 43.70 < 0.0001 significant 

 

A 1021.77 1 1021.77 131.44 < 0.0001 ** 

B 854.02 1 854.02 109.86 < 0.0001 ** 

C 42.99 1 42.99 5.53 0.0384 * 

AB 80.58 1 80.58 10.37 0.0082 * 

AC 29.53 1 29.53 3.80 0.0772  

BC 52.08 1 52.08 6.70 0.0252 * 

Residual 85.51 11 7.77 43.70   

Core total 2123.78 17     

Where * significant, ** highly significant 

The Model F-value of 43.70 implies the model is significant.  There is only a 0.01% chance that 

a "Model F-Value" this large could occur due to noise. Values of "Prob > F" less than 0.0500 

indicate model terms are significant.  In this case A, B, C, AB, BC are significant model terms. 

Values greater than 0.1000 indicate the model terms are not significant. If there are many 

insignificant model terms (not counting those required to support hierarchy), model reduction 

may improve your model. 

Std. Dev. 2.79 R-Squared  0 .9597 

Mean 23.89 Adj R-Squared   0.9378 

C.V. 11.67 Pred R-Squared  0.8913 

PRESS                         230.95                Adeq Precision             24.467 

The "Pred R-Squared" of 0.8913 is in reasonable agreement with the "Adj R-Squared" of 0.9378. 

"Adeq Precision" measures the signal to noise ratio.  A ratio greater than 4 is desirable.  Your 
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ratio of 24.467 indicates an adequate signal.  This model can be used to navigate the design 

space. 

Final Equation in Terms of Coded Factors: 

 Inhibition salmonella typhi  = +24.51 + 9.16  * A + 8.47 * B - 1.55 * C 

                                      +3.15 * A * B - 1.56  * A * C -2.08  * B * C 

Final Equation in Terms of Actual Factors: 

Inhibition Salmonella typhi  = -19.96041 + 18.15391 * glycerol/starch +12.95032  * 

antimicrobial +26.75536 *  thickness  + 15.18897  * glycerol/starch * antimicrobial  -15.01559  

* glycerol/starch * thickness  - 16.66667 * antimicrobial * thickness 

Diagnostics Case Statistics 

Standard 

Order 

Actual 

Value 

Predicted 

Value 

Residual Leverage Student 

Residual 

Cook's 

Distance 

Outlier 

t 

Run 

Order 

1 10.00 7.95 2.05 0.527 1.071 0.183 1.079 6 

2 10.00 13.97 -3.97 0.283 -1.680 0.159 -1.858 14 

3 24.00 23.09 0.91 0.606 0.522 0.060 0.504 1 

4 17.00 15.34 1.66 0.254 0.688 0.023 0.670 18 

5 26.00 23.87 2.13 0.114 0.812 0.012 0.798 13 

6 35.00 36.79 -1.79 0.299 -0.765 0.036 -0.750 10 

7 20.00 22.74 -2.74 0.527 -1.430 0.326 -1.511 16 

8 34.00 33.77 0.23 0.283 0.096 0.001 0.092 11 

9 52.00 50.49 1.51 0.606 0.865 0.164 0.854 2 

10 12.00 12.13 -0.13 0.527 -0.067 0.001 -0.064 4 

11 12.00 15.67 -3.67 0.283 -1.554 0.136 -1.678 8 

12 23.00 21.04 1.96 0.606 1.122 0.277 1.137 3 

13 15.00 15.36 -0.36 0.254 -0.149 0.001 -0.142 17 

14 26.00 21.41 4.59 0.114 1.751 0.056 1.965 15 

15 30.00 30.57 -0.57 0.299 -0.244 0.004 -0.233 5 

16 18.00 18.59 -0.59 0.527 -0.307 0.015 -0.294 9 



Production and Characterization of starch Based Antimicrobial Packaging Film through Incorporation 

of Plumbago Zeylanica (Amira) Root Crude Extract 

 

AAiT, 2018 Page 72 
 

17 28.00 27.14 0.86 0.283 0.363 0.007 0.349 7 

18 38.00 40.10 -2.10 0.606 -1.202 0.317 -1.229 12 

Fit summery Inhibition zone of salmonella typhi 

 Response: Inhibition zone of salmonella typhi  

  Sequential Model Sum of Squares 

Source Sum of 

Squares 

DF Mean 

Square 

F 

Value 

Prob > F  

Mean 10272.22 1 10272.22    

Linear 1876.08 3 625.36 35.34 < 0.0001  

2FI 162.19 3 54.06 6.95 0.0068 Suggested 

Quadratic 8.04 2 4.02 0.47 0.6414 Aliased 

Cubic 50.65 5 10.13 1.51 0.3553 Aliased 

Residual 26.83 4 6.71    

Total 12396.00 18 688.67    

"Sequential Model Sum of Squares":  Select the highest order polynomial where the 

  additional terms are significant and the model is not aliased. 

Model Summary Statistics 

Source Std. 

Dve 

Adjusted 

R-Squared 

Predicted 

R-Squared 

R-Squared Press  

Linear 4.21 0.8834 0.8584 0.7926 440.44  

2FI 2.79 0.9597 0.9378 0.8913 230.95 Suggested 

Quadratic 2.93 0.9635 0.9311 0.8431 333.32 Aliased 

Cubic 2.59 0.9874 0.9463 0.7659 497.10 Aliased 

 "Model Summary Statistics":  Focus on the model maximizing the "Adjusted R-Squared" 

  and the "Predicted R-Squared". 
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Appendix D4 

 Response: Inhibition zone of Aspargilla Niger 

         ANOVA for Response Surface 2FI Model 

 Analysis of variance table [Partial sum of squares] 

Source Sum of 

Squares 

DF Mean 

Square 

F 

Value 

Prob > F 

 

Significant 

 

Model 1581.36 6 263.56 64.76 < 0.0001 Significant 

 

A 767.52 1 767.52 188.60 < 0.0001 ** 

B 694.53 1 694.53 170.67 < 0.0001 ** 

C 29.06 1 29.06 7.14 0.0217 * 

AB 53.66 1 53.66 13.19 0.0039 * 

AC 16.96 1 16.96 4.17 0.0659  

BC 50.02 1 50.02 12.29 0.0049 * 

Residual 44.76 11 4.07 64.76   

Core total 1626.13 17     

 

The Model F-value of 64.76 implies the model is significant.  There is only a 0.01% chance that 

a "Model F-Value" this large could occur due to noise. Values of "Prob > F" less than 0.0500 

indicate model terms are significant.  In this case A, B, C, AB, BC are significant model terms.  

Values greater than 0.1000 indicate the model terms are not significant.  

If there are many insignificant model terms (not counting those required to support hierarchy),   

model reduction may improve your model. 

                                  Std. Dev.      2.02                  R-Squared                     0.9725 

                                  Mean          25.25                Adj R-Squared                0.9575 

                                  C.V            7.99                   Pred R-Squared              0.9137 

                                 PRESS       140.27              Adeq Precision                 29.886 

The "Pred R-Squared" of 0.9137 is in reasonable agreement with the "Adj R-Squared" of 0.9575. 

"Adeq Precision" measures the signal to noise ratio.  A ratio greater than 4 is desirable.  Your 
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ratio of 29.886 indicates an adequate signal.  This model can be used to navigate the design 

space. 

Final Equation in Terms of Coded Factors: 

Inhibition Aspergilla Niger  = +25.79 +7.94  * A +7.63 * B - 1.28 * C +2.57 * A * B 

                                                -1.18 * A * C - 2.04  * B * C 

 Final Equation in Terms of Actual Factors: 

Inhibition Aspergilla Niger  =-14.47629 + 15.27725 * glycerol/starch + 14.06926 * antimicrobial 

+ 23.57979  * thickness + 12.39502  * glycerol/starch * antimicrobia  -11.37940  *      

glycerol/starch * thickness - 16.33333  * antimicrobial * thickness 

Standard 

Order 

Actual 

Value 

Predicted 

Value 

Residual Leverage Student 

Residual 

Cook's 

Distance 

Outlier 

t 

Run 

Order 

1 12.00 10.84 1.16 0.527 0.836 0.111 0.824 3 

2 15.00 16.05 -1.05 0.283 -0.615 0.021 -0.596 16 

3 25.00 23.94 1.06 0.606 0.835 0.153 0.823 2 

4 17.00 17.94 -0.94 0.254 -0.542 0.014 -0.524 11 

5 25.00 25.20 -0.20 0.114 -0.105 0.000 -0.100 1 

6 35.00 36.19 -1.19 0.299 -0.704 0.030 -0.687 8 

7 27.00 25.05 1.95 0.527 1.408 0.316 1.482 17 

8 32.00 34.35 -2.35 0.283 -1.374 0.107 -1.440 12 

9 50.00 48.44 1.56 0.606 1.234 0.335 1.267 7 

10 15.00 14.74 0.26 0.527 0.191 0.006 0.182 6 

11 16.50 18.07 -1.57 0.283 -0.917 0.047 -0.910 15 

12 25.00 23.11 1.89 0.606 1.489 0.487 1.589 10 

13 18.00 17.76 0.24 0.254 0.140 0.001 0.134 4 

14 25.00 23.13 1.87 0.114 0.984 0.018 0.982 9 

15 28.00 31.28 -3.28 0.299 -1.941 0.229 -2.282 13 

16 19.00 20.78 -1.78 0.527 -1.281 0.262 -1.324 18 

17 30.00 28.20 1.80 0.283 1.055 0.063 1.061 5 
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18 40.00 39.44 0.56 0.606 0.440 0.043 0.423 14 

Fit summery 

 Response:for  inhibition zone of  Aspargilla Niger 

  Sequential Model Sum of Squares 

Source Sum of 

Squares 

DF Mean 

Square 

F 

Value 

Prob > F 

 

 

Mean 11476.13 1 11476.13    

Linear 1460.72 3 486.91 41.21 < 0.0001  

2FI 120.64 3 40.21 9.88 0.0019 Suggested 

Quadratic 3.63 2 1.81 0.40 0.6837 Aliased 

Cubic 17.20 5 3.44 0.57 0.7224 Aliased 

Residual 23.93 4 5.98    

Total 13102.25 18 727.90    

 "Sequential Model Sum of Squares":  Select the highest order polynomial where the 

  additional terms are significant and the model is not aliased. 

  Model Summary Statistics 

Source Std. 

Dve 

Adjusted 

R-Squared 

Predicted 

R-Squared 

R-Squared Press  

Linear 3.44 0.8983 0.8765 0.8149 301.03  

2FI 2.02 0.9725 0.9575 0.9137 140.27 Suggested 

Quadratic 2.14 0.9747 0.9522 0.8998 162.98 Aliased 

Cubic 2.45 0.9853 0.9374 0.6017 647.74 Aliased 

 "Model Summary Statistics":  Focus on the model maximizing the "Adjusted R-Squared" 

  and the "Predicted R-Squared". 

Appedexis E 

Some Picture Taken During Experiments 
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Soxhlet extraction 
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Miss creamy froth appears indicates 

saponions 
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Inhibition zone for salmonella typhi 
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Inhibition zone of Aspergilla Niger at different concentration 
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Microbiological laminar hood 

No growth at 2.5 and 5 mg/ml of liquid medium 

UV-spectrophotometer 
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 Growth of microorganisms at 
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Casting techniques of packaging films 
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Film without Antimicrobial agent Film with antimicrobial agent 


