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chemical structure contain in sample material will produce a unique structure of fingerprint, thus 

making FTIR analysis is a great tool to identify chemicals obtain in the sample. 

2.10.3 Differential Scanning Calorimetry (DSC) 

DSC is a technique used to study changing behavior towards a polymer when they are 

being heated or what is called as thermal transitions or glass transition of a polymer. There are 

two pans in DSC instrument, one is reference and one is sample pan where polymer sample were 

put while the reference pan is left empty. Both pans were sits on top of a heater, DSC system will 

heat both sample in the same rate throughout the test is held. By observing the difference in heat 

flow between the sample and reference, differential scanning calorimeters are able to measure 

the amount of heat absorbed or released during such transitions. DSC may also be used to 

observe more subtle physical changes, such as glass transitions. 

2.10.4 Thermogravimetric Analysis (TGA) 

TGA test was held to observes and measured the amount of weight change of a material 

as either the function of increasing in temperature, or being isothermally function with time, in 

atmosphere of nitrogen, helium or any gases as low as 30mTorr. This technique can characterize 

the materials that exhibit a weight loss or gaining due to sorption or desorption of volatiles and 

reduction. TGA consist of sample pan that is supported by precision balance, this pan will reside 

in a furnace and heated or cooled during test was held according to the findings. Mass of the 

sample will be monitored through the experiment, an inert or reactive gas will act as sample 

purge gas that controls the sample environment and flows over the sample and finally exits 

through and exhaust (PerkinElmer, Inc.) 
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3.3 Film Preparation 

Film preparation is according to Lowry Method (Lowry et al., 1951) firstly, distilled 

water as much as 98mL were heated and stirred at 60 degree Celsius. 2 gram of gelation which is 

fish scales gelatin that has been extracted also various types of plasticizer were added into 

distilled water and stirred for 30 minutes at 60 degree Celsius then the solution were let cooled 

before next procedure is taken. Before film casting is done, we need to sonicate the solution first 

to remove any tiny bubble in order to prevent any damage to the film produced. Finally Then 

film forming solution (FFS) was poured onto a rimmed silicone resin plate (50 x 50 mm) placing 

on a level surface and dried in an environmental temperature of room at 28 degree Celsius for 24 

h or more until it dried as shown below in Figure 3. Then the resulting films were manually 

peeled off. 

. , ........ 1=i�, 
\ � 1,1.i�'UI __ ., 

Figure 4: Film Casting 
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3.4 Calculation of Extracted Yield Gelatin 

Yield of fish gelatin was obtained by measuring the weight of dried gelatin extracted 

from the weight of fish scales used. Equation 3 .1 below stated the gelatin yield estimation used 

in this experiment obtained from (Muhammad et al., 2016). 

Dry weight of gelatin (g) 
Gelatin Yield (010) =

D . h ff. h 
x 100% 

ry weig to is waste used (g) 

3.5 Mechanical Properties -Tensile Strength and Elongation at Break 

The film thickness were measured by using a micrometer (Thickness Gauge; Ozaki MFG 

Co., Tokyo, Japan) to the nearest 0.001 mm at five random spots on the films and texture 

analyzer (TMS-PRO; Food Technology Co., USA) with 100 N load of cell were used to 

measured tensile strength (TS) and elongation at break (EAB). Three to four rectangular shape of 

strips with width 15mm and length 60mm were cut from each gelatin film to measure the 

mechanical properties of it. Mechanical crosshead speed at 0.5 mm/sec were set to start the 

analysis and some of the setting were set up according to the analysis desired, height and force 

were calibrate too before the analysis began as shown below in Figure 5. From the graph of 

tensile obtained, TS in MP A and EAB (%) can be calculated by dividing the maximum load (N) 

necessary to pull sample apart by the cross-sectional area (m2) and dividing the film elongation 

at the moment of rupture by the initial grip length of sample strips then multiplied them by 100 

respectively. Each test took five samples from each type of plasticizers used. 
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in the sample pan and heated. The weight loss as function of temperature was depicted as 

thermal-gravimetric analysis (TOA) cwve. 

3.8 Fourier-transform infrared spectroscopy (FTIR) 

The sample :was sent to Material Characterization Laboratory (MCL) Faculty of 

Engineering University Putra Malaysia (UPM). All spectra were obtained and examined using a 

FTIR (Omnic spectra) spectrophotometer (Perkin Elmer, USA). A measurement technique 

whereby spectra are collected based on measurements of the temporal coherence of a radiative 

source. A total of 0.5 g film was fixed onto the crystal and knob of the Nicole i50 and placed on 

the FfIR apparatus. At an interval of 1.0 cm-1, each sample was subjected to 32 scans from 4000 

to 400 cm·• at a resolution of 4.0 cm·1• s. 
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4.1.1 Amino Acid Composition in Gelatin Extracted 

There are differences between mammalian and aquatic living in term of their amino acid 

composition as it will affects the molecular structure of its own collagen. The collagen's 

structure and composition in solution will then affects its physical properties, it is one of the most 

common proteins and due to its fibrous nature, collagen will provide structural rigidity to the 

connective tissues such as scales and skins (David, R., V., Jaime, L., & Dalia, L., 2018). 

Collagen triple helix consist of repeating sequences of X-Y-Gly in which X is Proline, Y 

is Hydroxyproline and Gly will represent Glycine, this statement is supported with a result of 

analysis that has been made. From the results obtained in amino acid analysis which was done in 

University Kebangsaan Malaysia (UKM) laboratory, found out that the amount of glycine had 

given the highest value with the average of 20.792g/100g amino acid, followed by 

hydroxyproline which holds as much as 14.380g/100g of amino acid and Proline value contain in 

l00gram amino acid was 10.466g. Each of them has their own characteristics that make it

functional to the structure of the collagen. 

The ability of the pyrolidine rings which consists of proline and hydroxyproline to open 

the geometry of the peptide chain in the regions which they happened to locate acts as important 

factor for collagen's molecular structure (Harrington, 1958). Hydroxyproline holds an important 

role in collagen stability mainly because of it is crucial to the formation of intramolecular 

hydrogen bonds, presences of this type of amino acid have promote the initiation of hydrogen 

bonding between hydroxyproline residues that is belong to the X and Y position in the adjacent 

chains (Aiah et al., 2015), they was initially been proposed that the collagen's stabilization was 

due to the hydrogen bonding network linking the prolyl hydroxyl groups with the main chain of 

carbonyl group that was formed by water molecules. The ladder of hydrogen that is formed in 
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crystal structure is important to hold the triple helix together, this case will enable the detailed 

study of the structure and stability of collagen triple helices (Mathew D., S., & Ronald T., R., 

2009) thus, stability will affect the physical properties of the collagen. Higher thennal stability 

also makes the collagen thus the gelatin suitable for many food and industrial applications. 

Due to glycine simplest structure and has no side chain, it may fit in many places where 

other type of amino acids can do, hence, it will provide the structural compactness to the 

collagen. Glycine also plays an important role in fibrous structural proteins where in collagen, 

glycerin is needed at every third position due to the gathering of the triple helix puts this type of 

amino acids residue at the axis of the helix, which where there is no available space for a larger 

side group compared to glycine with single hydrogen atom. High glycine content in collagen is 

important with respect to hydroxypoline and proline function to stabilize the collagen helix as 

glycine will allows the very close association of the collagen fibers within the molecules, 

facilitating the hydrogen bonding formation also the formation of intermolecular cross-links, as 

to be proven this statement the comparison for amino acids content between tilapia fish scales 

and grass carp fish scales collagen have been attached in Table 1 below according to 

(Mahadevappa K., 2018). Reason of comparison between tilapia scales collagen with grass carp 

fish scales collagen is to prove that the amount of Glycine, Hydroxyproline and Proline in 

Tilapia fish scales have better amount rather than another fish, thus, the stability of tilapia fish 

scales collagen were much more suitable to be produced to biodegradable film that can withstand 

some application required. 
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been added at the concentration of 30% in value which brought to 0.6g of plasticizer in amount, 

and in order to facilitate the dispersion of gelatin into the solution, heating the solutions will help 

it out. Finally, this will allows the productions of smoother and consistent film, solution is then 

casted and dried at the most favorable temperature which is 28 degree Celsius and 56% to 57% 

relative humidity for specific time mostly for two to three days. These will results of the 

production of a free-standing film as shown in Figure 6 below. 

Figure 6: Free standing film 

4.2.1 Addition of Plasticizers 

As mentioned in section 2.5 above, plasticizer is a material particularly to be gaseous or 

liquid, which is compatible with the polymer thus absorbing into the space around the polymer 

molecular chain. Due to its compatibility of polymer, they are able to permeate into the free 

volume among the polymer chains, this permeation or interaction between polymer and 
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stretching in the plasticized films, based on the results obtain in Table 1, G-plasticized films 

happened to do not having this kind of molecular structure, this condition prove by its stress vs 

strain in discussion 4. 6 where sorbitol plasticized film �hich obtain C=O group reaction giving 

the highest peak of strain and stress value before it was deform. 

Moreover, Amide band II can be determined by the present ofN-H bending vibrations in 

the range of 1650-1580 cm·1
, from the data tabled above, shown that N-H bending vibration were 

presents at all different types of plasticized films, N-H bending vibration can be contributed also 

to the present of amine group in the plasticized films. Finally, Amide band m was indicated to 

the present of C-H bending in the plasticized films. 

4.4 Effect of Plasticizer on Glass Transition Temperature (T 8)

Glass transition temperature (T g) is the most important thennophysical transitions for 

gelatin based films just like any other type of films, to be specific, T g is the temperature at which 

the binding force of intermolecular structure of gelatin are relaxed or free to allow large-scale of 

molecular movements. Thus, the T g of Unplasticized and different plasticized fish gelatin based 

films were obtained by Differential Scanning Calorimetry (DSC) test and results were as shown 

below in Table 1. The results from previous research from (Muhammed et al., 2015) shows that 

unplasticized fish gelatin film has a T & of 145.19 degree Celsius, as plasticizer were introduced to 

the films, it has reduced the T g according to the plasticizer types. Obtained results were proves to 

several finding that reported the decrease of T & as plasticizers are incorporated into gelatin based 

films, eventually, the polymer matrix becoming less dense and the polymer mobility chain is 

increases (Sanyang et al., 2015). 
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GS-plasticized films were showing a lot reduction ofT8 with only 60.38 degree Celsius to 

compared with others, this condition can be explained to the high hygroscopic characteristic of 

glycerol since the amount of glycerol contribute to 80% of the pl�sticizers amount in that film, 

which glycerol that tends to retain water easily into films matrix. Addition of glycerol into fish 

gelatin based films will generates more hydrophilic hydroxyl groups as active sites which then 

will be occupied by water molecule. Thus, this condition will reflect to higher moisture content 

of fish gelatin based films (Sanyang et al., 2015), moisture content will affect their T g as water is 

known to have plasticizing effect and also could be considered as a polymer inter-chain 

molecular enhancer so finally, the free volume of films will be increase and then lowered the T
1

values (Mali et al., 2006). Plus, the present of sorbitol in GS-plasticized films have brought even 

more interactions to be present during the reactions towards plasticizer-gelatin and plasticizer­

plasticizer bonding, thus, reducing the T
I 

easily. This amount of the lowest T
I 

obtain in GS­

plasticized films have also contribute to the highest number of its elongation at break because of 

the freely molecules movement that makes it harder to break just like in discussion 4.6.2 below. 

As seen in Table 1 below, S-plasticized type of films exhibits the highest amount of T 1

values at 79.98 degree Celsius, sorbitol as known it have a low moisture content rather than 

glycerol (Rajan et al., 2006), it will forms strong interaction with the intermolecular chain of fish 

gelatin films due to its high molecular structure that similar with glucose units, hence, reducing 

the possibility of plasticizers-water interactions to occur. Strong interaction of molecular 

structure between sorbitol and gelatin molecules have also brings the effect to its mechanical 

properties where the ductility of the films will be higher, thus, reflect back to its bonding 

mechanisms, the higher the bond attraction the higher the glass transition temperature. 
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Table 4: Weight losses upon in the function of temperature

No. Temperature range (°C) 

1. < 150 0.0590 

4.6 Mechanical Properties of Plasticized Films 

Weight Losses (mg)

0.1100 0.1107 

Stress vs. Strain 

20 

15 

-control

0.1338 

l. 10 -Diethyelene Glycol

-Glycerol

-sorbitol

-Glycerol + Sorbitol

-5

Figure 7: Stress vs. Strain of Different Plasticized Films 

Stress vs. strain curves in Figure 7 above shown that the different types of plasticizer 

have brought different tensile and flexibility of the films. For control films which is the ones that 

is unplasticized or non any plasticizer were added in the films showing that the films behavior is 

so much brittle than any other, just like diethylene glycol. As for diethylene glycol, the 
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Figure 14: DSC results on different type of plasticized films 
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