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ABSTRACT 

This study investigates the potential use of soluble papaya puree pectin-based 

films on stored agar-agar powder. Two objectives of the study were to characterize the 

soluble papaya puree pectin-based films properties, including water solubility, tensile 

strength, seal strength, water vapour permeability, surface roughness and optical, and to 

evaluate the effect of the films on the quality changes in stored agar-agar powder. The 

soluble papaya puree pectin-based film was made using a formulation ratio of 1 :0.5: 1 

(pectin:glycerol:papaya puree). The formulation for soluble pectin film (control) is 1 :0.5 

(pectin:glycerol). Water solubility test, texture analyzer, water vapour permeation test, 

atomic force microscopy and colorimeter were used to characterize the films. The agar­

agar powders were stored for 39 days �t ambient (28 °C) and chill (4 °C) temperatures. At 

selected storage time, moisture content, true density and colour of agar-agar powder were 

evaluated using moisture analyzer, gas pycnometer and colorimeter, respectively. The 

results revealed that soluble pectin film has higher solubility percentage than soluble 

papaya puree pectin-based film where the solubility percentage of soluble pectin film and 

papaya puree pectin-based film were 93.7 ± 5.8% and 84.5 ± 5.2%, respectively. The 

tensile properties of the soluble papaya puree pectin-based film were 4.8 ± 0.1 MPa for 

tensile strength (TS), 54.9 ± 3. 7% for elongation at break (EAB), 0.17 ± 0.0 for Young 

Modulus (YM) and 1.77 ± 0.02 MJ/m3 for toughness. Meanwhile, the soluble pectin film 

showed values of TS, EAB, YM and toughness of 4.3 ± 0.1 MPa, 42.1 ± 1.2%, 0.19 ± 0.0 

and 1.1 ± 0.0 MJ/m3
, respectively, which were slightly lower that the soluble papaya puree 

pectin-based film. The soluble papaya puree pectin-based film also had better seal strength 

compared to the soluble pectin film, which papaya puree pectin-based film had seal 
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ABSTRAK 

Kajian ini menyelidiki potensi penggunaan filem berasaskan pektin betik larut 

pada serbuk agar-agar yang disimpan. Dua objektif kajian adalah untuk mencirikan sifat 

filem berdasarkan pektin betik yang larut, termasuk kelarutan dalam air, kekuatan 

tegangan, kekuatan meterai, kebolehtelapan wap air, kekasaran permukaan dan optik, dan 

untuk menilai kesan filem terhadap perubahan kualiti dalam serbuk agar-agar yang 

disimpan. Filem berdasarkan pektin betik larut peptik dibuat menggunakan nisbah 

formulasi 1: 0.5: 1 (pektin: gliserol: puri betik). Rumusan untuk :filem pektin larut 

(kawalan) adalah 1: 0.5 (pektin: gliserol). Uji kelarutan air, penganalisis tekstur, uji 

permeasi uap air, mikroskopi kekuatan atom dan kolorimeter digunakan untuk mencirikan 

filem. Serbuk agar-agar disimpan selama 3 9 hari pada suhu sekitar (28 ° C) dan suhu sejuk 

( 4 ° C). Pada waktu penyimpanan yang dipilih, kandungan kelembapan, kepadatan sejati 

dan warna serbuk agar-agar dinilai masing-masing menggunakan penganalisis 

kelembapan, pycnometer gas dan colorimeter. Hasil kajian menunjukkan bahawa filem 

pektin larut mempunyai peratusan kelarutan yang lebih tinggi daripada filem berasaskan 

pektin betik larut di mana peratusan kelarutan :filem pektin larut dan :filem berdasarkan 

pektin betik puri adalah 93.7 ± 5.8% dan 84.5 ± 5.2%. Sifat tegangan filem berasaskan 

pektin betik yang larut ialah 4.8 ± 0.1 MPa untuk kekuatan tegangan (TS), 54.9 ± 3.7% 

untuk pemanjangan semasa rehat (EAB), 0.17 ± 0.0 untuk Young's Modulus (YM) dan 

1. 77 ± 0.02 MJ / m3 untuk ketangguhan. Sementara itu, filem pektin larut menunjukkan

nilai TS, EAB, YM dan daya tahan 4.3 ± 0.1 :MPa, 42.1 ± 1.2%, 0.19 ± 0.0 dan 1.1 ± 0.0 

MJ I m3
, masing-masing, yang sedikit lebih rendah daripada pektin pekat betik larut filem 

berdasarkan. Filem betik larut pektin juga mempunyai kekuatan meterai yang lebih baik 
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1.2 PROBLEM STATEMENT 

A major amount of contemporary food packaging materials is made of non­

biodegradable synthetic plastics produced from non-renewable fossil resources. Production, 

usage, disposal, and accumulation have all been seen as severe hazards to our society and 

environment. To safeguard the environment and decrease the cost of combating plastic 

pollution, several countries and districts are gradually eliminating the use of single-use 

plastics in food packaging. 

When it comes to waste disposal, the use of plastic packaging is always a 

consideration. How long can it be degraded, the environmental impact of the degradation 

process; and the most effective way to reduce plastic waste, environmental issues should 

always be a concern. To help alleviate these problems, biodegradable and renewable 

packaging, such as pectin, is being used. 

Food waste has also become one of the primary sources of municipal waste (MSW) 

because of the high production of tropical fruits, posing increasing environmental challenges. 

Food is lost or wasted for various reasons, including bad weather, processing issues, 

overproduction, and volatile markets, resulting in food waste before it reaches the 

supermarket. In addition, fruit overproduction will result in more waste generation because it 

has a shorter shelf life. 

This is because overripe fruits will not be consumed or even sold due to their soft 

shape and bruises, which make them unappealing and unpleasant to eat. In addition, these 

uneaten fruits cause unnecessary environmental damage by wasting valuable resources such 

as water and farmland. Papaya fruits were chosen for the project due to high post-harvest 

losses in the past. As a result, this project contributes to the reduction of environmental issues 

associated with fruit waste. 
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a few minutes, and the film's components biodegrade into natural substances in less than 

three months. The water-soluble plastic film has a number of advantages in addition to its 

environmental benefits. The water-soluble plastic film helps to reduce waste by reducing 

the amount of packaging that needs to be discarded. In fact, unlike traditional packaging, 

we can get small unit doses of concentrated products by using a water-soluble packaging 

solution. As a result, the packaging size and waste generated are reduced. This reduction 

in packaging has a dual positive impact on the environment, as it allows us to reduce both 

plastic packaging and CO2 emissions associated with bulky product transportation. 

The biodegradable water-soluble film also has the advantage of allowing the user 

to hold a pre-dosed liquid or solid product in his hands. This unit dose simplifies and 

streamlines its application. With the water-soluble plastic film dose, there will be no 

waste. Finally, the packaging for some harsh products must be user-friendly. This is true 

for crop protection chemicals as well as chlorinated pool water treatment products. The 

user is protected by the water-soluble film, which reduces or eliminates any risk associated 

with handling or inhaling the product (What Are the Benefits of Biodegradable Water 

Soluble Plastic Film?, n.d). Other functions and advantages of soluble film include shelf­

life extension and safety enhancement. Food products with a higher protective function 

have a longer shelf life and are less likely to be contaminated by foreign matter. 
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powdered pectin with water. Furthermore, when the pH is reduced, the polysaccharide 

chains will no longer repel against one another and will attach to form a gel. Biodegradable 

plastic is what pectin is classified as Codex Alimentarius, a non-profit organization that 

sets global food safety standards, has determined that pectin is safe for human 

consumption. The Codex General Standard for Food Additives covers pectin, but there is 

no recommended maximum daily intake (IPP A, 2008). Because of its natural abundance, 

low cost, and renewable nature, pectin has been selected as one of the most essential raw 

materials for manufacturing soluble films. It was a huge success innovation to replace the 

synthetic film that is not environmentally friendly due to its biodegradable nature. When 

used as a film, pectin is an excellent barrier to oxygen, aroma preservation, and oil barriers, 

but it must be limited. Because pectin is a hydrophilic polymer soluble in water, it has a 

water limiting property Tulimandi et al. (2016) created a biodegradable and edible 

packaging film using papaya puree, gelatin, and defatted soy protein. 
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for determining a film's WVP since it is inexpensive and straightforward. Liu et al. (2020) 

also used a similar approach 

The moisture content of the soil refers to the amount of water present in the soil 

(sample). The percentage ratio is calculated by dividing the quantity of water in a sample 

by the mass of solids in the sample. A moisture analyzer can be used to determine the 

moisture content of the powder because it is quick and affordable. The moisture content 

is strongly influenced by the WVP and WVTR of the type of film used for food packing. 

As a result, pectin-based film incorporating papaya puree is expected to have lower 

moisture content in agar-agar powder than pectin film, which has a higher WVP. 

According to Alves et al. (2011) and Liu et al. (2020), incorporating fruit and vegetable 

macromolecules would improve the stability of moisture barrier ability. 
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2.7 TENSILE PROPERTIES AND HEAT SEAL STRENGTH 

The tensile properties of films are important for maintaining the mechanical 

integrity of food packages. Tensile strength (TS), elongation at break (EAB), and Young's 

modulus (YM) measurements are required to compare the strength of both types of films 

to develop a sustainable soluble and soluble film. A texture analyzer based on the standard 

D882-02 is one of the most common methods for determining tensile strength {ASTM, 

2002). It is a texture measurement system that compresses or stretches a sample in either 

an up or down direction, making it ideal for determining the TS and EAB of film. Several 

studies on measuring the TS and EAB of biopolymer films, such as Liu et al., (2020), have 

used a similar method. 

To prevent product leaking inside the package during storage, processing, or 

handling, the packaging material must have appropriate seal strength. According to Liu et 

al. (2020), a major disadvantage of soluble films is that they have poor heat seal properties. 

According to preliminary research, melting and fusion of pectin-based and papaya puree 

pectin based films could be achieved by using heat seal level 8 of the impulse heat-sealer 

Model SP-300H and heat sealing the film strip three times (Nur et al., 2020). According 

to Liu et al. (2020), a major disadvantage of soluble films is that they have poor heat seal 

properties. 
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2.8 ATOMIC FORCE MICROSCOPY OF BIO-BASED FILM 

Atomic force microscopy (AFM) is a popular technique for producing 

topographical pictures of a sample surface by scanning the cantilever across a region of 

interest. The deflection of the cantilever is influenced by the peak and trough 

characteristics on the sample surface, which is monitored by the position-sensitive light 

diode (PSPD). Thus, AFM enables researchers to study the surface roughness of the 

samples, which is suitable for analyzing the surface roughness of a film. Liu et al. (2020) 

also performed the same method for analyzing the surface roughness. 

According to the AFM results, the addition of gelatin, which caused tiny clusters 

to develop on the film's surface when the weight excess of soybean polysaccharide (SSPS) 

was too considerable, influenced the shape of the resulting film, according to Liu et al. 

(2020). Because both gelatin and pectin are thickening agents, pectin-based film 

incorporating papaya puree is expected to have a rougher film surface than pectin film. 

Moreover, the addition of papaya puree in pectin film will thicken the film, thus expected 

to increase the surface roughness. 
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2.10 FILM APPLICATION 

The pectin film and papaya puree pectin-based film developed for this study were 

designed to pack 3 g of agar-agar powder in a small batch. This packaging pouches were 

made in accordance with (Liu et al., 2020). One of the most notable advantages of edible 

packaging systems over synthetic packaging systems is that they are an intrinsic 

component of the food product; they may be consumed without unpacking and discarding 

the package. The ability of edible films to dissolve in water so that they can be properly 

digested when consumed or decompose naturally if released into the environment is 

referred to as solubility. Soluble-film packaging is ideal for use in ready-to-eat food 

products since it melts in hot water or in the mouth of the consumer (Yai, 2008)). 

Banana films produced by Sothomvit & Pitak, (2007) have good sealability, 

suggesting that they could be employed as dry food sachets or pouches. Thus, a pectin­

based papaya puree film with good sealability can be used as a dry food sachet or pouch. 

Active substance carriers and controlled release are two of the functions and advantages 

of soluble film. Food components, pharmaceuticals, nutraceuticals, and agrochemicals can 

all benefit from soluble films and coatings in the form of capsules, microcapsules, soluble 

strips, flexible pouches, and coatings on hard particles (Suput et al., 2015). 
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2.11 AGAR-AGAR POWDER 

The agar-agar powder used was for this study is Nona Serbuk Agar-agar. The 

ingredients composition in the agar-agar powder are 96% sugar, 3 .25% agar-agar powder 

and 0. 7% vanilla powder. The agar-agar powder needs to be packed with soluble pectin 

film for reducing the waste produce by using the synthetic polymer packaging. Also, this 

soluble packing packed with agar-agar powder can be dissolved in water and can be eaten 

without having to unpack and discard the package. Liu et al. (2020), published a paper in 

which they used soluble film to make heat sealable soluble soybean polysaccharide/gelatin 

blend edible films for food packaging applications. 

2.12 TRUE DENSITY 

The gas pycnometer is frequently used to determine the true density of powder (Pathare 

et al., 2013). This instrument uses gas displacement to determine the true density of a 

porous sample. The displacing medium is usually an inert gas like helium. After sealing 

the sample in a known-volume instrument chamber, helium gas is introduced to allow 

expansion into a second precision internal volume. The sample solid phase volume can be 

calculated using the pressures measured when the sample chamber is filled and then 

discharged into a second empty chamber. The true density of solid material is the density 

minus the volume of any open and closed pores. Yu et al. (1995) also used a similar 

method. 

28 

@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



3.5 PREPARATION OF PACKAGE MADE FROM PECTIN-BASED FILM 

A heat seal machine Model SP-300H. (Triumph Mercantile Corp, Taipei, Taiwan) was 

used to create a series of two-sided sealed semi-finished pouches (5 cm x 6 cm). Agar­

agar powder (3 g) was manually transferred through the unsealed pouch's opening on one 

side. The pouches were then immediately heat sealed using the same seal condition. For 

the package test for food packaging application, sealed pouches containing agar-agar 

powders were stored for 39 days at ambient (28 °C) and chill temperatures (4 °C) for the 

study of the effect of the films on the quality changes in stored agar-agar powder. Figure 

3.2 shows the sample of pouch filled with agar-agar powder used in the study. 

Figure 3.2: Pouch prepared from pectin film and papaya puree pectin-based film 

33 

@
 C

OPYRIG
HT U

PM



3.6 CHARACTERIZATION OF PAPAYA PUREE PECTIN-BASED FILM 

3.6.1 WATER SOLUBILITY TEST 

The percentage solubility of polymeric pectin films in water was determined using 

a water solubility test. With some modifications, the procedure analysis method was 

implemented using (Tulamandi et al., 2016) procedure. A razor blade was used to cut 

films into a square shape ( 4 cm x 4 cm) before testing the pectin. The films were then 

dried for 24 hours at 105 °C in a hot air oven until they reached a constant weight. The 

dried films were then placed in a desiccator containing silica gel at 0% relative humidity 

(RH) for 30 minutes. Following that, the films' initial dry weight was determined (Wi). 

The dried films were then immersed in 50 mL of distilled water and left at room 

temperature for 24 hours in a Shaking Water Bath (Model BS-21, Jeio Tech Inc., Korea). 

After 24 hours of water immersion, the insolubilized films were filtered with filter paper 

(Whattnan No. 541), dried, and weighed at 105 °C for 24 hours. Following filtration, the 

insoluble films were removed from the filter paper and dried in a hot air oven under the 

same conditions, yielding the final dry weight (Wr). Finally, the water solubility of each 

pectin film was tested in triplicate. The percentage of water solubility was calculated using 

the following equation: 

where: 

W·-W, 
Water Solubility(%)= 

i r 
X 100 

wi 

Wi = initial dry weight of film (g), 

W r = final dry weight of pectin film (g) 
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3.6.2 TENSILE TEST 

To determine the average thickness, the average value was taken from five random 

locations around each film. The thickness of the film was measured using a Digimatic 

micrometer (Mitutoyo, Model ID-Cl 12PM, Serial No. 00320, Mitutoyo Corp., Kawasaki­

shi, Japan). The tensile strength (TS) and elongation at break (EAB) of the films were 

measured using a texture analyzer (Stable Micro System, model TA. TX plus, Surrey, 

England) according to the standard method D882-02 (Liu et al., 2020). {ASTM, 2002). As 

shown in Figure 3.3, the films were cut into a long strip with dimensions of 15 mm x 100 

mm (length x width). Before testing, they were conditioned for 48 hours in an 

environmental chamber (BH-TH_50, SH Guangpin (Bogong) Test Equipment 

Manufacturing Co.Ltd., Shanghai, China) at 25 ± 1 °C and 50 ± 5% RH. 

A rectangular strip of each type of films was cut which was cut for the tensile test, 

clamped between two grips on fixtures before moving until the film failed. It enables the 

analyzer to produce a load extension graph, which can report overall strength, tensile 

strength, percentage elongation at break, and film toughness. Pneumatic grips with a 

rubber coating allow for precise control of gripping pressure. A 5 kN load cell with a 5

mm/sec crosshead speed was used for the test. The force (N) and elongation (mm) were 

measured at the point of failure. For the data analysis, three out of five results of films that 

broke in the middle of the strip were used to clarify the mechanical features of the film in 

food packaging, which are tensile strength (TS), elongation at break (EB), Young's 

modulus (YM) and toughness of the film. 

35 

@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



3.7.2 TRUE DENSITY TEST 

Micromeritics AccuPyc II 1340 Gas Pycnometer (Series #676, One Micromeritics 

Dr., Norcross, Ga 30093-1877 U.S.A.) was used for the measurement. True density refers 

to the mass of a unit volume of a solid in the air, minus any pore volume, permeable or 

impermeable. This value must be measured by passing a helium medium through all pores 

that does not interact with the substance. The analysis involves a helium gas used to 

displace the amount of the powder particle in terms of volume. 

In this method, the volume and true density of the powder was obtained. The agar­

agar powder from the pouch made from pectin film and pectin papaya puree-based film 

was filled¾ into the 3.5 cm3 cylinder for density measurement. The weight of the empty 

cylinder was weight, then filled in the agar-agar powder into the cylinder to obtain the 

sample weight. It was then placed inside the gas pycnometer, and the sample data were 

input into the software. The step was then repeated for each pouch containing product at 

ambient temperature (28 °C) and chill temperature ( 4 °C). 

The data analysis was performed when 10 readings of the volume and the true 

density were obtained at the end of the analysis. The average of the readings was also 

given. Thus, the sample's true density can be calculated by dividing the average of the 

three volumes measurements into the sample weight in grams: 
(3.10) 

D=G/x 

where D = sample density, G = sample weight (g), and x = average sample volume in cm3
. 
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3.7.3 OPTICAL TEST 

Colour measurement of the agar-agar powder inside the pouch made from either 

pectin film and papaya puree pectin-based film was determined using a Precise Color 

Reader (Model WR-18, Shenzhen Wave Optoelectronics Technology Co., Ltd., China). 

The CIELab colour parameters were used for determine the accurate measurement and 

comparison of all perceivable colors using three color values. To execute the test, the 

device was first calibrated using standard white tiles, and the reading was taken at least 

three times. 

Then, after constant reading of the white tiles was done, about 2 g of the agar-agar 

powder was placed on the white tiles for the colour measurement. The measurement was 

also done in triplicate. L *, a* and b* values were averaged from three readings across for 

each sample and total colour difference (AE) was calculated according to Equation (3.6). 

LJL *, L1 a* and L1 b * are the differentials between a sample colour parameter and the colour 

parameter of a standard (L*=88.35, a*=0.44, b*=l.51) used as the standard. 
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Table 4.1: Solubility value for pectin film and papaya puree pectin-based film. 

Type of Films Solubility(%) 

Pectin Film 93.7+5.aa

Papaya Puree Pectin-based Film 84.5 + s.za

For each film, the data are reported as mean SD (n=2). Two columns with different letters (a, b) have 
significantly different mean values (p <0.05). 

In addition, water vapour permeability (WVP) decreases in blend films as water 

solubility decreases. This could be explained by the fact that papaya puree aids in the 

production of more compact polymeric matrices, allowing the free volume in the blend 

film to decrease, resulting in lower WVP values (Liu et al., 2020). According to the results, 

papaya puree pectin-based film achieved similar water solubility values as mention in 

Tulamandi et al., (2016), where the water solubility of control papaya films is 77 .54% 

±1.04. The water-soluble pectin compound found in papaya films contributes significantly 

to the WS. The different in WS obtained for papaya puree pectin-based film could be due 

to the different composition of the film. According to Tulamandi et al. (2016), the papaya 

films were particularly hygroscopic in nature due to the pectin concentration in the papaya 

puree, which was shown to be readily wettable in water. In comparison to the pectin films, 

papaya puree pectin-based film had shown not significantly different (p > 0.05) water 

solubility (WS). 

46 

@
 C

OPYRIG
HT U

PM



120 

100 

� 
80 

� 
60 

:.0 
=> 
0 
V) 

40

20 

0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . ............... . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . ............... . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . .............. . . . . . . . . . . . . . ............... . . . . . . . . . . . . . . .............. . . . . . . . . . . . . . . 
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Figure 4.1: Water solubility (%) of Pectin film and Papaya Puree Pectin -based Film 
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4.1.2 TENSILE PROPERTIES 

Films must have mechanical strength and flexibility in order to maintain the 

integrity of food packages. Table 4.2 shows the tensile strength (TS), elongation at break 

(EAB), Young's modulus (E), and toughness of pectin and papaya puree pectin-based 

films. The maximum stress that a material can withstand is measured in tensile strength. 

Elongation is determined by applying tensile force to the material or stretching it in the 

same way as previously described, then measuring the difference in length from the 

original. Young's modulus (E) measures a material's elasticity, which is defined as the 

relationship between a material's deformation and the force required to deform it. 

The thickness of film used in the study is ranging from 0.1 until 0.08 mm. The 

thickness for pectin film is 0.085 mm while for the papaya puree pectin-based film is 

1.0568 mm. The value of average thickness obtained from five reading. 

Table 4.2: Tensile Strength (TS), Elongation at Break (EAB), Young's Modulus (E) and 
Toughness of Pectin Film and Papaya Puree Pectin-based Film 

Type of Films 

Pectin Film 

Papaya Puree 

Pectin-based Film 

Tensile 

Strength (TS) 

(MPa) 

4.3 + 0.1
8

4.8 + 0.4
8

Elongation at 

break (EAB) 

(%) 

42.l +1.28

54.9 + 3.7
8

Young Toughness 

Modulus (E) (MJ/m3) 

(MPa) 

0.19 + 0.01
8 1.07 +0.08

0.17 +0.048 1.77+0.2
°

For each film, the data are reported as mean SD (n=2). Two columns with different letters (a, b) have 
significantly different mean values (p <0.05). 
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The tensile properties result of the pectin film and papaya purees pectin-based film 

are shown in Table 4.2. Pectin film ( control) shows a lower TS value with only 4.3 MP a 

± 0.18
, as shown in Figure 4.2 (a). However, when papaya purees are added into the film­

forming solution, the TS value shows slightly higher than pectin film with 4.8 MPa ± 0.48
• 

The intense contact between the polymer and the fruit purees caused a cross-linking effect, 

which boosted tensile strength (Tulamandi et al., 2016). The findings were compared with 

several previous studies that noticed an increase in film strength after incorporating fruit 

purees. Edible films made from fruits and vegetables have tensile strengths ranging from 

0.03 to 30 MPa, with papaya fruit with pectin binding agent having a tensile strength of 

4.98-8.36 MPa at 33% (RH) (Otoni et al., 2017). Thus, the papaya puree pectin-based film 

results for tensile strength are in the range as mention. 

Shown in Figure 4.2 (b ), pectin film incorporated with papaya puree shows higher 

elongation at break (EAB) value with 54.9 ± 3.7 while control film with 42.1 ± 1.2. The 

high value of EAB shows that papaya puree incorporated with pectin film implements a 

strong elasticity and flexibility of film due to the cohesiveness of polymer molecules. 

Moreover, the incorporation of fruit purees increased the film's elongation because of the 

rise in free volume inside the film structure. TS and EAB were typically linked with the 

film through the intermolecular interaction between them. Otoni et al. (2017) observed 

that the elongation at break and WVP was increased, indicating that the puree had a 

plasticizing effect. The elongation at break of edible films was reported to range from 

1.8% to 217% based for fruit and vegetable, while for papaya fruit with pectin binding 

agent with 33% (RH) has a 13.9-24.6% of EAB value (Otoni et al., 2017). The results 

obtained for the study for EAB is higher compare to the result obtained for film made of 
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film had shown not significantly different (p>0.05) tensile test. Because of the plasticizing 

effects of short-chain carbohydrates, more fruit and vegetable content are expected to 

result in reduced mechanical strength and stiffness, as well as greater extensibility (Otoni 

and others 2014), although the reverse behaviour has been documented (Souza et al., 

2012). The presence of starch, cellulose derivatives, pectin, and other fibers has been 

responsible for the latter outcome. 

4.1.3 SEAL STRENGTH 

The edible films' seal strength (SS) was tested to verify their sealability and 

appropriateness as a principal packaging material for holding the actual food. Papaya films 

have a similar SS to bilayered com zein and soy protein isolate films, as well as whey 

protein isolate films (Cho et al., 2010). 

Table 4.3 shows the seal strength for pectin fihn and papaya puree pectin-based 

film. Heat-seal level 8 of the impulse heat-sealer Model SP-300H, and heat seal the film 

strip three times provided sufficient melting and fusion of pectin-based and papaya puree 

pectin-based film (Nur et. al, 2020). During the heat-sealing process, the heat would melt 

the crystalline bio polymer on the surfaces of two films that were pressed together between 

the heating plates. When heat and pressure were applied, the interfacial interactions 

between the films formed a joint. Based on the surface chemistry of the sealing material( s ), 

a hot junction was formed after cooling due to re-crystallization of the polymers 

{Tulamandi et al., 2016). A strong and reliable packing meets the criteria to withstand the 

storage condition over a long period. 
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The color's redness-greyness is represented by a*. a* values that are positive are 

red, while negative values are green. a* level of O is considered neutral. The a* value for 

pectin film, -0.9 ± 0.0, indicates a green tone, while 2.2 ± 0.2 for papaya puree pectin­

based film indicates a red tone. The red tone indicates the presence of papaya puree in the 

pectin film b* indicates the color's yellow-blueness, with positive values indicating yellow 

and negative values indicating blue. Each film shows a positive b value which indicates 

the colour yellow. Thus, the colour of pectin film with the addition of papaya puree was 

less colourless with a slight yellowish red colour. 

The total colour difference (LlE) increased significantly from 13.0 to 22.8 when 

papaya  puree was added. The results obtained throughout the storage period were compare 

to the colour parameter of agar-agar powder at day O (L *= I 00.94, a*=0.04, b*=0.03). 

The higher the value of LlE of fihn, the greater the difference between the sample and the 

standard colours in that dimension. Therefore, the pectin film is closer to the standard 

compared to the papaya puree pectin-based film. In comparison to the pectin films, papaya 

puree pectin-based film showed a significantly different optical parameter (p < 0.05). 

Table 4. 7: Transparency and opacity value of Pectin film and papaya puree pectin­
based JUm 

Film Transparency value Opacity value 

Pectin Film 0.92 + o.o3a 0.92 + 0.03°

Papaya Puree Pectin-based Film 0.85 + 0.02
b 0.85 + 0.02

b

The results are presented as means SD (n=2) for each film. The mean values of two columns with different 
letters (a, b) differ significantly (p < 0.05). 
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Because efficient water vapour barrier ability is crucial for managing moisture 

content inside food packages, the drop in WVP values generated by the addition of papaya 

puree to pectin film would be useful for increasing the stability of packaged food products. 

Figures 4.7 and 4.8 show the moisture content of agar-agar powder ambient (28 °C, RH 

50%) and chill ( 4 °C, RH 50%) respectively, from day 0 until day 39. The moisture content 

for the agar-agar powder is at 11.8% when measured from when it is store in the 

commercial synthetic food packaging. After 39 days in the pouch made from pectin film 

and papaya puree pectin-based film store in ambient temperature and chiller temperature, 

the moisture content for agar-agar powder in both films shows an increase in moisture 

content. These results indicate the agar-agar powder absorbed less moisture (water 

vapour) by using papaya puree pectin-based film pouches. This finding is supported by 

the value o f  WVP and WVTR of the papaya puree pectin-based film. 

The result obtained related to the previous film analysis were the penneability of 

film with the addition of papaya puree increases film penneability (WVP of pectin film 

increase with addition of papaya puree from 115.5 x 10·8 g/m. day Pa± 9.9 to 116.3 x 10· 

8 g/m. day Pa ± 33.2). The film barrier properties have improved due to matrix 

organization enhancement and obstructing water vapor passage through the film. Both 

papaya puree pectin-based film values were smaller than the pectin film, suggesting that 

papaya puree pectin-based film has better barrier properties. Thus, papaya puree pectin­

based film is a better type of packaging for storing agar-agar powder in both ambient and 

chill temperature. 

It can also be observed that the moisture content of agar-agar powder store at chill 

temperature has a higher increase in moisture content than the moisture content of product 
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at the ambient temperature storage. This may be because the film absorbs the moisture 

present in the chiller more than in ambient temperature. The moisture content for the 

papaya puree pectin-based film in both ambient temperature and chiller temperatures is 

lower than the product in pectin film. Thus, it proves that the incorporation of pineapple 

puree in the pectin-based film makes the soluble film a better choice for food packaging 

application. According to Otoni et al. (2017), the fact that the puree is a hydrocolloid that 

acts a s  a binding agent with the film matrix improved the barrier qualities of the soluble 

film integrated with fruit puree. 

4.3 TRUE DENSITY 
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39 

Figure 4.9: True density of agar-agar powder in pectin film and papaya puree pectin­

based film in ambient temperature 
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Figure 4.10: True density of agar-agar powder in pectin film and papaya puree pectin­

based /Um in chill temperature 

True density refers to the mass of a unit volume of a solid in the air, minus any 

pore volume, permeable or impenneable. This value is calculated by passing a medium 

through all pores that does not interact with the substance, commonly helium (Stanton, 

1982). The true density measurement of agar-agar powder aids to determine the effect of 

the films on the quality changes in stored agar-agar powder, such as agglomeration of the 

powder. When water is added to agar-agar powder, agglomeration occurs, as the amount 

of agglomeration depends on how the powder is handled (Yu et al., 1995). 

Figures 4.9 and 4.10 show the true density of agar-agar powder in ambient and 

chill temperature from day O until day 39. The true density of agar-agar powder at day 0 

is 1.406 g/cm3 when measured from when the agar-agar powder is store in the commercial 

synthetic food packaging. The true density for the agar-agar powder at day 39 is 1.3575 

g/cm3 for pectin film and 1.355 g/cm3 for papaya puree pectin-based film for the ambient 
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temperature. Both agar-agar powder in pectin film and pectin film with the addition of 

papaya puree shows a reduction in the density value than day O. 

However, the value of average density for pectin film at day 39 is higher compared 

to papaya puree pectin-based film as it related to the moisture intake more for the agar­

agar powder in pectin film. The value of moisture content for agar-agar powder in pectin 

film is at an average of 18.6%, while for agar-agar powder in papaya puree pectin-based 

film is 18.2%. The agglomeration of powder particles, which increases as the moisture 

content rises, causes intraporosity. Because true density is defined as the density that 

excludes all open and closed pores, the agar-agar powder's true density decreased as the 

intraporosity caused by agglomeration of agar-agar powder particles increased. This 

theory is supported by the findings of a study on coal agglomeration due to moisture 

content (Yu. et al., 1995). 
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4.3.1 OPTICAL PROPERTIES 

Tables 4.8 and 4.9 show parameters observed for pectin film and pectin papaya 

puree-based film in storage condition from day O until day 39 at ambient is 28 °C and RH 

50%. Tables 4.10 and 4.11 on the other hand, show the results at a chill temperature from 

day O until day 39 at 4 °C and at RH 50 %. L* represents lightness. All of the films have 

high lightness (L *) values, which remained generally consistent until day 39, with a minor 

drop ranging from 94.3 ± 0.0 on day Oto 86.7 ± 3.0 for the lowest value ofL* for agar­

agar powder in pectin film at ambient temperature. A higher L * value indicates lightness. 

According to Addala (2015), a longer period of storage and higher irradiation doses 

resulted in a significant (p<0.01) reduction in paprika powder carotenoids. Therefore, to 

have better understanding of the optical properties of agar-agar powder in pouches made 

from pectin films and papaya puree pectin-based film, colour parameters L *, a*, b*, and 

total colour difference (LlE) were analyzed. 

a* represents the redness-greyness of the color. Both agar-agar powder in pectin 

film and pectin papaya puree-based film has a positive value of a*, indicating a red tone. 

The range for a* value for both film types in ambient and chill temperatures is 2.6 + 0.0 

for the highest value and 1.3 ± 0.3 for the lowest value for agar-agar powder in pectin film 

at chill temperature. b* denotes the yellow-blueness of the color. Positive values of b* are 

yellow tone. Each film shows a positive b value which indicates the colour yellow. The 

range for b* value for both films in ambient and chill temperatures is 15.9 ± 0.4 for the 

highest value, and 12.1 ± 0.2 for the lowest value for agar-agar powder. The results 

obtained throughout the storage period do not shows an obvious change in the colour 
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/ parameter than the colour parameter of agar-agar powder at day 0 (L *= 94.3, a*= 1.4,
b*=l5.3). I t  is revealed that storage condition at chiller losses its colour intensity more
than the one stored at ambient temperature for both type of films.

At ambient temperature, when agar-agar powder is in from pectin film, the total
colour difference (LlE) decreased significantly from 15.0 to 12.0. In contrast, agar-agar
powder in a pouch made from papaya puree pectin-based film, the total colour difference
(LlE) decreased significantly from 15.0 to 10.8. On the other hand, at chill temperature,
LlE decreased significantly from 15.0 to 10.8 when agar-agar powder was in pectin film
while the agar-agar powder in pouch made from pectin papaya puree-based film, LlE
decreased significantly from 15.0 to 11.9.

As mentioned above, the lower the value, the greater the difference in that
dimension between the sample and the standard colour (white tile). The decrement of total
colour difference (�) on both storage temperatures and types of film indicates that the
agar-agar powder loses its yellowish colour intensity during the 39 days storage time.
Thus, agar-agar powder stored in pectin film shows less changes in colour (originally
yellowish colour) compare to agar-agar powder stored in papaya puree pectin-based film.
These findings contradict the results obtained in Liu et al., (2020), who found that due to
the excellent transparency of the films in the visible range, all dry powders packaged in
these pouches made from sealable soybean polysaccharide (SSPS)/gelatin retain their
original colours .

68

@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



CHAPTERS 

CONCLUSION AND RECOMMENDATIONS FOR FUTURE WORK 

5.1 CONCLUSION 

In conclusion, this project aimed which to explore the characterization and storage 

studies of soluble papaya puree pectin-based films on agar-agar powder has been 

achieved. The results showed that soluble pectin film has a higher solubility percentage 

than soluble papaya puree pectin-based film, with solubility percentages of 93.7% ± 5.8 

and 84.5% ± 5.2 for soluble pectin film and papaya puree pectin-based film, respectively. 

Tensile strength {TS) was 4.8 ± 0.1 MPa, elongation at break (EAB) was 54.9% ± 3.7, 

Young Modulus (YM) was 0.17 ± 0.0, and toughness was 1.77 ± 0.02 MJ/m3 for the 

soluble papaya puree pectin-based film. Meanwhile, the soluble pectin film had TS, EAB, 

YM, and toughness values of 4.3 ± 0.1 MPa, 42.1 %± 1.2, 0.19± 0.0, and 1.1 ± 0.0 MJ/m3
,

which were all slightly lower than the soluble papaya puree pectin-based film. 

The soluble papaya puree pectin-based film also had a higher seal strength than 

the soluble pectin film, with a seal strength of 0.5 ± 0.1 N/mm for the papaya puree pectin-
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based film and 0.4 ± 0.0 Nlmm for the pectin film. Furthennore, the water vapour 

permeability (WVP) of soluble papaya puree pectin-based film was higher than that of 

soluble pectin film, with WVP values for papaya puree pectin-based film is 116.3·8 g Im.

day Pa± 33.2 and 115.5·8 g Im. day Pa± 9.9 for pectin film. Furthennore, when compared 

to soluble pectin film, the optical properties of the soluble papaya puree pectin-based film 

revealed that the papaya puree pectin-based film was less transparent and opaque. The 

surface of soluble papaya puree pectin-based film is rougher than that of soluble pectin 

film, according to the AFM test. 

The moisture content of agar-agar powder packed with soluble papaya puree 

pectin-based film film was lower than that of agar-agar powder packed with soluble pectin 

film a t  both storage temperatures in the studies of quality changes on the agar-agar 

powder. Meanwhile, on both storage temperatures and types of soluble film, the true 

density of agar-agar powder decreased. On both storage temperatures, the colour of agar­

agar powder degraded. The decrease in total colour difference (LlE) across all storage 

temperatures  and film types indicates that the agar-agar powder loses its yellowish colour 

intensity over time. As a result, both objectives were met, and it is clear that the addition 

of papaya puree improved the pectin film's characteristics as well as reduce the quality 

changes in agar-agar powder during storage. 

Soluble films were made using pectin, glycerol as a plasticizer, and fruit purees to 

serve as new soluble films in this study. Fruit purees were added to the film-forming 

[ solution to improve the mechanical properties. Due to its fibrous structure, papaya puree 

appears to be  a promising candidate for incorporating pectin, as it improves the film's 

mechanical properties. It also has a nice and appealing appearance and is easy to handle 

72 

@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



5.2 RECOMMENDATIONS FOR FUTURE WORK 

Some limitations are identified in the current study. Thus, in-depth studies of 

pectin films should be continued. The papaya puree used in this study showed a good seal 

strength value for the films. However, there is still much work on product storage study, 

such as water solubility test of the pouch with the product at various storage conditions. 

The test of the packaging testing should be done to determine the solubility of the product 

with the soluble packaging. Additionally, developing soluble film as a substitute for 

synthetic polymers can aid in testing films' active potential in a wider range of food 

packaging systems. It can also check the compatibility of natural films on food goods in 

terms of interaction with the matrix, in addition to optimizing the variable that would 

influence bio-packaging. 

The shelf life or expiry of the films is one of the important criteria to film 

manufacturers. Other film's characterization like chemical migration or exposure to 

sunlight, can be performed on the soluble pectin and papaya puree-pectin based film. 

These pectin-based films can also be stored for a longer time to know when they start to 

fail the performance criteria be for use as packaging film. The suitable formulated pectin­

based films can fulfill the market demand for environmentally film packaging, by 

knowing this information. Thus, this research may aid the food industry in achieving zero 

food packaging waste and may pose a positive impact against on environmental pollution. 
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