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ABSTRACT: Fish-derived gelatin has recently been spotlighted as an alternative source following the negative issues 
of mammalian gelatin, but unfortunately it has poor mechanical properties that limit its application. Herein, an 
environmental-friendly film was prepared from milkfish (Chanos chanos) bone waste-derived gelatin and modified 
by adding chitosan, glycerol and sorbitol plasticizers as well as green tea extract to improve its mechanical properties. 
Gelatin was processed from milkfish bone waste using various concentrations of H2SO4 solution (2%, 3%, and 5%) 
(v/v) and soaking times of 18 h and 36 h for each of the solutions. The measurement test of pH, ash content, and 
moisture content were conducted on the gelatin product, and the characteristic functional groups were investigated 
using Fourier-Transform Infrared Spectroscopy (FTIR). The effect of green tea addition was also evaluated on the 
thickness, tensile strength, and elongation of the resulting films. The results showed that treatment using H2SO4 
concentration of 3% with 36 hours of immersion time produced the best gelatin quality with a pH value of 5.9. Water 
content and ash content were 14.286% and 3.09%, respectively. The plastic film from this study has mechanical 
properties similar to polypropylene plastic so that it is expected to be a potential material for food packaging 
applications. 
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I. INTRODUCTION 

Since the 20th century, plastics and petroleum polymers 
have been widely used in the food industry as a packaging 
material due to their excellent properties such as flexibility, 
light weight and barrier. However, those polymers are mostly 
non-biodegradable and nonrenewable, thereby causing harm to 
humans and the environment (Mohamed et al., 2020). Previous 
report stated that during the COVID-19 crisis, pollution from 
plastic waste such as food packages increased the risk of 
infection and the possibility of global transmission (Oliveira et 
al., 2021). The worldwide lockdown enforced in response to 
the spread of COVID-19 at the beginning of 2020 prompted a 
notable increase in demand for packaged goods and take-home 
food, thereby significantly altering consumption trends 
(Hossain et al., 2024). This rise in demand has led to a 
corresponding uptick in the utilization of single-use plastics 
(Patrício Silva et al., 2021), typically derived from petroleum-
based polymers (Oliveira et al., 2021). The challenge with the 
extensive utilization of these materials for one-time purposes 
lies in their non-biodegradable nature, which means they 
persist in the environment without breaking down. Given the 
escalating peril of plastic pollution, there is an urgent need to 
innovate new plastic formulations that prioritize renewability 
and biodegradability. In order to transition away from 

traditional plastics, food manufacturers are now prioritizing the 
widespread adoption of bio-alternative plastics, commonly 
known as bioplastics, as a key initiative (Ghasemlou et al., 
2024). In recent years, biodegradable films used to package 
various foods to extend their shelf life have attracted more and 
more attention (Qazanfarzadeh & Kumaravel, 2023; Zehra et 
al., 2022). In addition to reducing the risk of environmental 
hazards, biological materials used for food packaging exhibit a 
great barrier against moisture and oxygen, thus increasing 
protection against microbiological spoilage (Etxabide et al., 
2017). 

Among biopolymers, gelatin, a chemically modified 
derivative of the animal protein collagen, is a very popular 
material for the preparation of biodegradable food packaging 
because of its excellent film formability, renewability, 
biodegradability, high transparency, biocompatibility, UV 
protection properties, and low cost (Bang et al., 2019). 
However, food packaging films made from gelatin have poor 
mechanical properties compared to petroleum-based plastic 
materials. Various attempts have been made to improve the 
mechanical, optical, physical and chemical properties of the 
film by combining gelatin with other biopolymers, such as 
chitosan (Duan et al., 2023; Fu et al., 2021; Rezaee et al., 2020; 
Tessaro et al., 2021). In addition, in order to provide more 
protection to food against oxidation and microbial spoilage, 
bioactive compounds can also be incorporated into the gelatin 
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film. The use of phenolic-rich plant extracts which act as 
antioxidant agents were carried out to enhance the functional 
properties of the films (Duan et al., 2023; Mortazavi 
Moghadam et al., 2023; Tessaro et al., 2021). Green tea, 
obtained from Camellia sinensis L. leaves, contains abundant 
polyphenol antioxidants, notably catechins (Martins et al., 
2018). Green tea contains more catechins than black tea or 
oolong tea, which makes it possess stronger antioxidant 
properties compared to other types of tea (Vishnoi et al., 2018). 
Many studies have reported that the incorporation of green tea 
extract in packaging films enhances the antioxidant properties 
as well as the ability to inhibit microbial growth, improve 
mechanical, water-vapour barrier properties, and 
biodegradable rate (Jamróz et al., 2019; Martins et al., 2018; 
Sadeghi et al., 2022). 

Gelatin consumed worldwide is mostly sourced from bones 
and skins of mammals (pigs and cows), and a small amount is 
obtained from fish-derived sources and poultry (Abedinia et 
al., 2017). However, there are religious and ethical concerns 
regarding the use of mammalian gelatin, as well as 
contamination of bovine gelatin by pathogens that cause mad 
cow disease, foot and mouth disease, and Bovine Spongiform 
Encephalopathy (BSE) (Mad-Ali et al., 2017). Gelatin 
extracted from fish processing waste including skin, bones, 
swim bladder and scale is a potential alternative to 
mammalian-based gelatins (Maihemuti et al., 2023; Nurilmala 
et al., 2021; Xia et al., 2022). They have been observed to have 
good film forming ability, resulting in transparent, nearly 
colorless films, and are highly scalable for environmentally 
friendly food packaging. Still, gelatin from fish has limited 
commercial application because of the lower gelling 
temperature and poorer gel properties than those derived from 
mammals (Nurilmala et al., 2022). The properties of fish 
gelatin are greatly determined by the species or tissue from 
which it is extracted, as well as by the conditions such as pH, 
temperature, and time during both pre-treatment and extraction 
process (Ahmad et al., 2017). Gelatin from warm water fish, 
which constitutes the majority of farmed fish species, was 
reported to show higher gel strength compared to gelatin from 
cold-water fish varieties (Nurilmala et al., 2021). In addition, 
a study showed that tropical fish gelatin had similar or even 
better gel strength, foaming properties, and emulsifying 
properties than mammalian gelatins (Peng et al., 2022). 

This present study aims to extract gelatin from milkfish 
(Chanos chanos) bone waste, which is a type of warm water 
fish, for further processing into plastic film packaging with the 
addition of chitosan and green tea extract to improve its 
mechanical properties. Extraction of gelatin from fish with acid 
pretreatment can increase the yield up to several degrees 
compared to conventional methods, but on the other hand it 
reduces the gel properties. Acid pretreatments using sulfuric 
acid, citric acid, and acetic acid in gelatin extraction from 
various fish skin such as golden carp (Probarbus Jullieni) (Ali 
et al., 2018), pangasius (Pangasianodon hypopthalmus) 
((Nurilmala et al., 2021), and codfish (Gadus morhua) (Alves 
et al., 2022) have previously been reported. Most of these 
studies have focused on the extraction of gelatin from fish skin. 
However, the extraction of gelatin from bone waste of milkfish 
(Chanos chanos) for packaging film application has not been 

carried out by any researcher. Hence, there is a need for studies 
on the use of sulfuric acid in the extraction of gelatin from bone 
of milkfish, considering the lack of information in this regard. 
In this work, the effect of sulfuric acid concentration on the 
yield and properties of the resulting gelatin was studied. The 
resulting gelatin was then applied to prepare plastic films at 
various green tea concentrations and the effect on the tensile 
strength and film elongation was examined. 

II. MATERIALS AND METHODS 
 

A. Materials 
Milkfish bone waste as the main raw material for the gelatin 

extraction was collected from one of the milkfish satay 
production houses in Serang, Indonesia, while food-grade 
chitosan with deacetylation degree (DD) of 87.2 % for film 
preparation was produced by PT. Biotech Surindo, Cirebon, 
Indonesia and green tea extract was from CV Lansida Group, 
Yogyakarta, Indonesia. Sulfuric acid (H2SO4) (Merck), 
sorbitol, and glycerol were purchased from Alfa Kimia, 
Cilegon, Indonesia.  

 
B. Methods 

1) Gelatin Preparation 
Gelatin was prepared following the procedure outlined by 

Winarti et al. (2021) with some alterations. Gelatin preparation 
was done through degreasing, demineralization, and extraction 
stages. The degreasing stage was carried out to clean the bones 
from the remnants of meat and adhering fat. The milkfish 
bones were cleaned with running water until there were no 
remaining meat and fat attached, then soaked in boiling water 
(100 oC) for 30 min with a 1:15 (w/w) of bone to water ratio. 
The fish bones were later ground to a size of 3-5 cm, and 
subsequently dried in the sun. The demineralization stage was 
carried out to remove calcium and other salts contained in the 
bones. Dried milkfish bones were soaked in sulfuric acid 
(H2SO4) solution with concentrations of 2%, 3% and 5% for 18 
h and 36 h soaking time until ossein (soft bones) was formed. 
The utilization of H2SO4 during the demineralization stage in 
this study was grounded in the research of Prasetya et al. 
(2022). Ossein was then washed using distilled water to a pH 
of around 5-7. In the extraction stage, ossein was put into a 
beaker glass and extracted using distilled water in a ratio of 1:3 
(w/w) in an overhead stirrer with a stirring speed of 516 rpm at 
a temperature of 70 °C within 2.5 h. The ratio of ossein to 
distilled water utilized was derived from the investigation 
conducted by Winarti et al. (2021), while the extraction 
temperature was determined according to the findings reported 
by Ismail et al. (2019). The filtrate formed from the extraction 
process was filtered, after which the liquid was taken and 
placed in a beaker glass, then concentrated using a rotary 
vacuum evaporator. The filtrate was put into the oven at a 
temperature of 80 °C for ± 6 h to obtain dry gelatin. Dry gelatin 
was mashed to become gelatin powder and then analyzed for 
yield, ash content, water content, pH, and characterized by 
using FTIR. The symbols and descriptions for the variables of 
gelatin preparation used in this work are shown in Table 1. 
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Figure 1. Preparation procedures of milkfish bone gelatin. 

 

Table 1. Symbols of gelatin preparation. 

No. Symbol Definition 

1 Gelatin I Gelatin treated with 2% H2SO4 and 18 h 
immersion time 

2 Gelatin II Gelatin treated with 3% H2SO4 and 18 h 
immersion time 

3 Gelatin III Gelatin treated with 5% H2SO4 and 18 h 
immersion time 

4 Gelatin IV Gelatin treated with 2% H2SO4 and 36 h 
immersion time 

5 Gelatin V Gelatin treated with 3% H2SO4 and 36 h 
immersion time 

6 Gelatin VI Gelatin treated with 5% H2SO4 and 36 h 
immersion time 

 

 

 

 

 

 

 

 

2) Gelatin Powder Yield 

The gelatin powder yield (GPY) was determined and 
calculated with the formula shown in Eqn. (1): 

 

GPY(%) =  
    

   
𝑥 100                      (1) 

3) Active Film Synthesis 
The process of making active films from gelatin and 

chitosan in this study followed the procedures of Chen et al. 
(2021), with modifications made to the addition of green tea 
extract and the concentration of the ingredients used. Gelatin 
solution was prepared by mixing 3 g of gelatin with 50 mL of 
distilled water in a 100 mL beaker, then stirring and heating at 
45 oC for 2 h. 3 g of chitosan and 0.5 mL of acetic acid were 
added to a 100 mL beaker and then stirred for 2 h to form a 
chitosan solution. Gelatin solution and chitosan solution were 
mixed and then added with 12 mL of glycerol, 5 mL of sorbitol, 
and pure green tea extract with various concentrations of 1; 1.5; 
and 2.5 % (v/v) then stirred with an overhead stirrer for 1 h. 
The film solution formed was then put into a 250 mL beaker 
glass, poured into a 15 x 15 cm plastic mold, after which it was 
dried at room temperature for 48 h. 

  
III. RESULTS AND DISCUSSION 

 
A. Characteristics of Gelatin from Milkfish 

Figure 1 shows the process of milkfish bone gelatin 
production using sulfuric acid pretreatment and the application 
for active food packaging film. The color of commercial 
gelatin usually ranges from pale yellow to dark yellow which 
is influenced by raw materials and extraction conditions 
(Alfaro et al., 2015). All gelatin products extracted from 
milkfish bones from this study provided color characteristics 
that matched those of commercial gelatin. 
 
 
 

 

 
 
 
 
 
 
 
 

 
 

   
 
 
 

 
 
 
 
 
B.        Gelatin powder yield from milkfish bone 

The yield of gelatin powder indicates the amount of 
dehydrated gelatin obtained from raw materials or the relative 
ratio of dehydrated gelatin (Kim et al., 2020). The yield of 
gelatin from different raw material sources can be affected by 
several factors including temperature, pH, and extraction time 
(Ahmed et al., 2020). Gelatin powder yield from milkfish bone 
in this study ranged from 0.3 to 1.1 % (Figure 2). The yields 
obtained from this study are in line with another study, where 
Ismail et al. (2019) extracted gelatin from milkfish bones using 
acetic acid and sodium hydroxide and obtained yields around 
0.2 to 4.6 %, depending on the type and concentration of acid 
used, while milkfish bone gelatin using acetic acid and citric 
acid objected yields ranged between 2.48 to 10.48 %, and 
showed an interaction between the acid type and acid 
concentrations in the analysis of variance (ANOVA) results 
(Winarti et al., 2021). The low yield of fish gelatin in the 
present study may be due to incomplete hydrolysis of collagen 
or the loss of collagen during the washing process (Alfaro et 
al., 2015). 

In general, there is an increase in the yield of milkfish bone 
gelatin in acid treatment with increasing concentrations, as 
previously reported by some researchers Ismail et al., 2019; 
Rafael et al., 2021. The reason for this is that a high 
concentration acid can disassemble the triple-helix structure 
into single chains, thereby enhancing the solubility of gelatin 
in water during the extraction process Winarti et al., 2021; 
Zuraida & Pamungkas, 2020. However, treatment with sulfuric 
acid of the present study showed that the gelatin yield 
increased at a concentration of 3% but decreased at a 
concentration of 5%. Similar results were also obtained when 
using acetic acid treatment for milkfish bone extraction 
(Winarti et al., 2021). Furthermore, it has been explained that 
the greater the concentration of acid, the more it can enlarge 
and open up the collagen structure. This increased opening rate 
results in a higher yield of extracted collagen. The quantity of 
acid plays a crucial role in dissolving calcium salts and 
consequently augmenting both the collagen content in ossein 
and the production of gelatin during extraction. This process 
involves the hydrolysis of the triple helical chain by H+ ions, 
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Figure 2. Yield of gelatin powder at various 
acid treatments 

Figure 3. FTIR spectra of commercial gelatin and gelatin from milkfish 

converting it into a single water-soluble chain. Excess acid 
concentration leads to additional hydrolysis, resulting in the 
degradation of some gelatin and subsequently reducing its 
quantity. Comparable results were reported, where higher 
gelatin yields were obtained when using an acid concentration 
of 0.15 M compared to 0.2 M, valid for both types of acid used 
(acetic acid and hydrochloric acid) Sántiz-Gómez et al., 2019. 
In addition, See et al. (2015) observed a comparable pattern of 
acid extraction, wherein weak organic acids such as acetic and 
citric extracted a greater amount of gelatin from African catfish 
(Clarias gariepinus) skin compared to a strong acid like 
sulfuric acid. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
The pretreatment time also affects the yield of gelatin. 

Hence, various pretreatment times (18 and 36 h) were studied. 
When using sulfuric acid in various concentrations (2, 3, and 
5%), soaking time in the pretreatment stage showed a 
significant difference in the extraction results. Pretreatment 
using longer immersion time in sulfuric acid solution (36 h) 
gave greater yields compared to shorter immersion time (18 h). 
This increase in gelatin yield could result from organic acids 
solubilizing uncrosslinked collagens and disrupting inter-chain 
cross-links within the collagens, ultimately facilitating 
additional solubilization of collagen during the extraction 
process (Liu et al., 2015). Yessirita & Prima Putra (2023) also 
reported that gelatin yield increased continuously with 
increasing the soaking time from 6 to 24 h in 3 % of acetic acid. 
In another report, gelatin yield from shortfin scad (Decapterus 
macrosoma) heads increased from 1 to 8 h of soaking time in 
citric acid and declined at 12 h (Kuang & Mohtar, 2018). 

 
C.  FTIR Study 

Carbonyl (C=O), amine (NH), and hydroxyl (OH) groups 
are common in the gelatin structure and give rise to five main 
peaks, which lie in the wavenumber region from 3440 to 3201 

cm-1 (amide-A), from 3000 to 2923 cm-1 (amide-B), from 1698 
to 1633 cm-1 (Amide-I), from 1543 to 1447 cm-1 (Amide-II) 
and the wavenumber region at 1365 to 1200 cm-1 (Amide-III) 
(Ashrafi et al., 2023).  

Figure 3 shows the similarity between the functional 
groups that appear in milkfish bone extract gelatin and 
commercial gelatin. In commercial gelatin, the peak of Amide-
A is found at a wavelength of 3406.20 cm-1, while in milkfish 
bone gelatin at a wavelength of 3537.45 cm-1. Amide-A 
corresponds to the vibration of the NH group coupled with 
hydrogen bonding. The amide-A peak of milkfish bone gelatin 
appeared at a higher wavelength compared with the 
commercial gelatin. This may due to the higher intermolecular 
interaction via hydrogen bonding between commercial gelatin 
molecules. The absorption peaks of Amide-B (illustrating CH 
and -NH3+ stretching) for commercial gelatin and milkfish 
bone gelatin appear at wavelengths of 2927.56 and 2941.44 
cm-1, respectively. Amide-I of milkfish bone gelatin appears at 
1631.78 cm-1 while for amide-II there are 2 peaks namely at 
1546.91 and 1409.96 cm-1. The absorption peak of amide-I also 
appears in commercial gelatin sample, which is at the 
wavelength of 1624.81 cm-1. Amide-I represents the C=O 
stretching/hydrogen bonding coupled with COO- and amide-II 
illustrates the NH bending coupled with CN stretching 
(Theerawitayaart et al., 2019). Because there are similarities in 
functional groups with commercial gelatin, it can be 
ascertained that the sample obtained from milkfish bone 
extraction in this study is gelatin. 
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D. Degree of acidity (pH), water content, and ash content of 
gelatin 

This study produced gelatin from milkfish bones in 
the form of dark yellow to yellowish-white powder, with the 
characteristics shown in Table 2. 
Table 2. Gelatin characteristics from the milkfish bones 

No. Product pH Water 
content  
(%) 

Ash 
content 
(%) 

Color 

1 Gelatin I 5.74 64 6.4 dark 
yellow 

2 Gelatin II 5.81 43 7.3 dark 
yellow 

3 Gelatin III 5.27 29 9.1 pale 
yellow 

4 Gelatin IV 5.06 21 4.6 pale 
yellow 

5 Gelatin V 5.51 14 3.1 pale 
yellow 

6 Gelatin VI 5.90 36 5.5 pale 
yellow 

 
The pH value of gelatin is affected by the soaking time 

and washing process during bone preparation, before the 
extraction stage. Moreover, the pH of the gelatin solution 
indicates the chemical treatment used in the extraction stage 
(Alfaro et al., 2015). The higher the acid concentration, the 
more acid cations are trapped in ossein so that the measured 
pH becomes lower (Winarti et al., 2021). Previous studies 
showed similar trend in results, where there was a decrease in 
the pH value as the concentration of acids increased. A study 
reported that variations in increasing concentrations of 
hydrochloric acid, sulfuric acid and acetic acid used to soak 
beef bones resulted in a decrease in the pH value of gelatin 
(Fatimah et al., 2023). Likewise, with the results reported on 
gourami (Ospheronemus Gouramy Lac) bone gelatin, when 
collagen was soaked with HCl during the demineralization 
process, large amounts of unreacted HCl were purportedly 
absorbed into the collagen. This absorbed HCl was trapped in 
the collagen fibril network, making neutralization difficult 
during washing (Rahmi Hafsari et al., 2020). This 
phenomenon is thought to have an impact on the acidity level 
in the current extraction process. pH values of gelatin from 
bones of milkfish in this study are ranged from 5.06 to 5.90. 
pH value is one of the important factors affecting gel strength, 
gelling and melting temperatures, and viscosity which is 
generally used to characterize commercial gelatin, and to 
determine in what fields gelatin can be applied. For many 
applications, high viscosity gelatin is preferred and appreciated 
at a higher price, and this condition is achieved in gelatin with 
an acidic pH (Lin et al., 2017). Gelatin with a low pH is used 
in the food industry, while neutral pH gelatin finds applications 
in meat products, pharmaceuticals, chromatography, and 
paints (Fatimah et al., 2023). 

The recommended maximum moisture and ash content 
for gelatin are 15% and 2%, respectively (Gelatine 
Manufacturers of Europe, 2022). Figure 4a shows the water 

content values of milkfish bone gelatin which vary with 
increasing concentration and soaking time using sulfuric acid. 
The lowest water content of gelatin from this study was 14%. 
This value is the only one that complies with the required 
commercial gelatin standard, and is obtained by immersing in 
3% of sulfuric acid for 36 h. In the use of gelatin for 
applications in the food sector, the value of water content has 
an important role since it affects the texture and determines the 
shelf life against damage caused by microbes (Fatimah et al., 
2023). Previous studies resulted different effects of acid 
concentration and soaking time on the water content of the 
gelatin produced. A decrease in gelatin water content due to 
longer soaking time was found (Yessirita & Prima Putra, 
2023), and the using of acid concentrations from 1 to 5% 
resulted in various gelatin water contents, with the lowest value 
obtained at a concentration of 3 % and the highest value at an 
acid concentration of 5 % (Rahmi Hafsari et al., 2020). 

The ash content of gelatin products from this study is in 
the range of 3.1 to 9.1% (Figure 4b), and all of them are above 
the maximum value of the required standard. The gelatin 
produced from this study exhibits a comparatively elevated ash 
content, potentially attributed to suboptimal demineralization 
processes. This could also stem from inadequate filtration, 
allowing other minerals to remain mixed in the gelatin solution 
prior to the drying phase (Fatimah et al., 2023). High ash 
content in gelatin products from shortfin scad heads also 
reported from a previous study, which probably resulted from 
a combination of high mineral content and low acid 
concentration used (Kuang & Mohtar, 2018). The relatively 
high ash content (>2%) suggested that the extracted gelation is 
of poor quality. However, the lowest ash content from this 
study which is closest to the standard is gelatin with 3% 
sulfuric acid pretreatment and 36 h of soaking time. This 
research shows that soaking in a sulfuric acid solution for a 
longer time leads to a reduction in the ash content of gelatin 
derived from milkfish. This aligns with the findings of 
Yessirita & Prima Putra (2023), who also observed that the ash 
content of tuna gelatin decreased with prolonged soaking. 
Additionally, it has been clarified that the ash content is 
influenced by the demineralization process in gelatin 
processing, whereby greater dissolution of minerals leads to 
lower ash content. When immersed in an acid solution, a 
reaction takes place between the acid and calcium phosphate, 
resulting in the formation of soluble calcium salts, 
consequently reducing the ash content of the resulting gelatin. 
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Figure 6. Thickness value of gelatin films. 
Figure 7. Effect of green tea extract on the film mechanical 
properties. 

 

D. Appearance and thickness of gelatin film with green tea 
extract 

The thickness and color of biopolymer-based films are 
critical parameters in food packaging and coating applications. 
They significantly impact the quality of the applied food and, 
ultimately, influence consumer decisions (De Carli et al., 
2022). The physical appearances and thickness values of the 
gelatin films at the addition of different amounts of green tea 
extract (1, 1.5, and 2 %) (w/w) are shown in Figure 5 and 
Figure 6, respectively. The overall appearance of the gelatin 
film is transparent, although it changes to yellowish brown as 
more green tea extract is added (Figure 5). The color change 
due to the addition of green tea extract may be caused by the 
chlorophyll content and carotenoids which have the property 
of giving yellow-green pigmentation (Jamróz et al., 2019). 

 
 

x 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

The film thickness obtained was between 0.59 mm to 
0.62 mm, where the thinnest and thickest samples are at a green 
tea concentration of 1% and 2%, respectively (the average of 
three times data collection). This indicates that an increase in 
the green tea extract concentration in the film solution is 
directly proportional to the thickness of the gelatin film. A 
similar trend was observed in previous studies, which reported 
that incorporation of extracts or essential oils into the 
biopolymer film matrix led to a decrease in film transparency 
along with an increase in film thickness (De Carli et al., 2022; 
Jamróz et al., 2019; Zhang et al., 2020). It was also reported 
that the density of furcellaran/gelatin film increased with an 
increased amount of tea extracts added to the film matrix 
(Jamróz et al., 2019). 
 

D. Tensile strength and elongation of gelatin film with green 
tea extract 

The mechanical performance and the effect of green 
tea extract content of the gelatin films were evaluated by 
tensile and elongation tests (Figure 7). The incorporation of 
more green tea extract into the gelatin matrix resulted to an 
increase in the tensile strength, but on the other hand, it 
decreased the elongation. Tensile strength values sequentially 
from the largest to the smallest are obtained by adding 2 %, 1 
%, and 1.5 % green tea extract. Gelatin film containing 1.5 % 
green tea extract results in a decrease in tensile strength of 2.7 
% compared to gelatin with a concentration of 1 % green tea 
extract, but there is an increase of 19.6 % when using 2 % 
concentration of green tea extract. However, some published 
studies exhibited that the addition of green tea extract had a 
different effect on the tensile strength and film elongation 
produced. Sadeghi et al., (2022) reported that the incorporation 
of green tea extract into the film matrix of polycaprolactone 
and polylactic acid resulted in better mechanical properties (an 
increase in tensile strength and elongation at break), while 
different results were previously reported by Martins et al. 
(2018), where the addition of green tea extract caused an 
increase in molecular mobility thereby reducing the tensile 
strength of the PLA film. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. The water content and ash content of gelatin. 

Figure 5. Gelatin film products with various green tea extract 
concentration. 
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IV. CONCLUSION 

 
The study established that both the immersion time and 

concentration of sulfuric acid during the pretreatment stage has 
a significant effect on the properties of gelatin extracted from 
milkfish bone. Key parameters such as pH, water content, ash 
content and yield were influenced by these variables. 
Specifically, Soaking using 3% sulfuric acid for 36 h produced 
gelatin with the best characteristics, with a pH of 5.51, water 
content 14%, and ash content 3.1%. The best film produced 
with 1% green tea extract has 0.59 mm thickness, 1.12 MPa 
tensile strength, and 70.5 % elongation. These findings suggest 
that the processing conditions and additive concentrations can 
be tailored to enhance both the mechanical and physical 
properties of gelatin-based films. This offers the potential for 
diverse applications in food packaging and biomedical fields. 
Further works could explore the use of sulphuric acid at 
different concentration levels and immersion times to optimise 
gelatin yield as well as the expected qualities. Other natural 
additives such as plant extracts could also be investigated on 
the mechanical and biodegradability of geltin. 

 
 

AUTHOR CONTRIBUTIONS 
D. R. Barleany: Conceptualization, Methodology, 

Writing – original draft. D. K. Sari: Data curation, Project 
administration R. S. D. Lestari:  Supervision. H. Alwan: 
Visualization, Software. M. Yulvianti: Writing – review & 
editing. A. N. Afifah: Investigation, Resources. N. Nisrina: 
Formal analysis. A. Gunawan: Validation. 
 

REFERENCES 
Abedinia, A.; F. Ariffin; N.  Huda and A. M.  Nafchi. 

(2017). Extraction and characterization of gelatin from the feet 
of Pekin duck (Anas platyrhynchos domestica) as affected by 
acid, alkaline, and enzyme pretreatment. International Journal 
of Biological Macromolecules, 98, 586–594. 
https://doi.org/https://doi.org/10.1016/j.ijbiomac.2017.01.139 

Ahmad, T.; A. Ismail; S. A. Ahmad; K. A. Khalil; Y. 
Kumar; K. D. Adeyemi and A. Q. Sazili. (2017). Recent 
advances on the role of process variables affecting gelatin yield 
and characteristics with special reference to enzymatic 
extraction: A review. Food Hydrocolloids, 63: 85-96.  

Ahmed, M. A.; H. A. Al-Kahtani; I. Jaswir; H. 
AbuTarboush and E. A. Ismail. (2020). Extraction and 
characterization of gelatin from camel skin (potential halal 
gelatin) and production of gelatin nanoparticles. Saudi Journal 
of Biological Sciences, 27(6): 1596-1601. 

Alfaro, A. da T.; E. Balbinot; C. I. Weber; I. B. Tonial 
and A. Machado-Lunkes. (2015). Fish Gelatin: 
Characteristics, Functional Properties, Applications and Future 
Potentials. Food Engineering Reviews, 7(1): 33-44. 

Ali, A. M. M.; H. Kishimura and S. Benjakul. (2018). 
Physicochemical and molecular properties of gelatin from skin 
of golden carp (Probarbus Jullieni) as influenced by acid 
pretreatment and prior-ultrasonication. Food Hydrocolloids, 
82: 164-172 

Alves, A. L.; F. J. Fraguas; A. C. Carvalho; J. 
Valcárcel; R. I. Pérez-Martín; R. L. Reis; J. A. Vázquez 
and T. H. Silva. (2022). Characterization of codfish gelatin: A 
comparative study of fresh and salted skins and different 
extraction methods. Food Hydrocolloids, 124: 107238 

Ashrafi, A.; H. Babapour; S. Johari; F. 
Alimohammadi; F. Teymori; A. M. Nafchi; N. N. Shahrai; 
N. Huda and A. Abedinia. (2023). Application of Poultry 
Gelatin to Enhance the Physicochemical, Mechanical, and 
Rheological Properties of Fish Gelatin as Alternative 
Mammalian Gelatin Films for Food Packaging. Foods, 12 (3): 
670 

Bang, Y.-J.; S. Shankar and J.-W. Rhim. (2019). In 
situ synthesis of multi-functional gelatin/resorcinol/silver 
nanoparticles composite films. Food Packaging and Shelf Life, 
22: 100399. 

Chen, M.; T. Yan; J. Huang; Y. Zhou and Y. Hu. 
(2021). Fabrication of halochromic smart films by 
immobilizing red cabbage anthocyanins into 
chitosan/oxidized-chitin nanocrystals composites for real-time 
hairtail and shrimp freshness monitoring. International Journal 
of Biological Macromolecules, 179: 90-100. 

De Carli, C.; V. Aylanc; K. M. Mouffok; A. 
Santamaria-Echart; F. Barreiro; A. Tomás; C. Pereira; P. 
Rodrigues; M. Vilas-Boas and S. I. Falcão. (2022). 
Production of chitosan-based biodegradable active films using 
bio-waste enriched with polyphenol propolis extract 
envisaging food packaging applications. International Journal 
of Biological Macromolecules, 213: 486-497 

Duan, M.; J. Sun; Y. Huang; H. Jiang; Y. Hu; J. Pang 
and C. Wu. (2023). Electrospun gelatin/chitosan nanofibers 
containing curcumin for multifunctional food packaging. Food 
Science and Human Wellness, 12 (2): 614–621. 

Etxabide, A.; J. Uranga; P. Guerrero and K. de la 
Caba. (2017). Development of active gelatin films by means 
of valorisation of food processing waste: A review. Food 
Hydrocolloids, 68: 192-198.  

Fatimah, S.; S. Sarto; M. Fahrurrozi and B. 
Budhijanto. (2023). Characterization and Development of 
Gelatin from Cow Bones: Investigation of the Effect of 
Solvents Used for Soaking Beef Bones. Applied Sciences 
(Switzerland), 13 (3): 1550. 

Fu, B.; S. Mei; X. Su; H. Chen; J. Zhu; Z. Zheng; H. 
Lin; C. Dai; R. Luque and D.-P. Yang. (2021). Integrating 
waste fish scale-derived gelatin and chitosan into edible 
nanocomposite film for perishable fruits. International Journal 
of Biological Macromolecules, 191: 1164-1174. 

Gelatine Manufacturers of Europe. (2022). 
Standardised Methods for the testing of Edible Gelatine 
Gelatine Monograph G M E Gelatine manufacturers in Europe. 

Ghasemlou, M.; C. J. Barrow B. Adhikari. (2024). The 
future of bioplastics in food packaging: An industrial 
perspective. Food Packaging and Shelf Life, 43: 101279. 

Hossain, M. A.; N. Ferdous and E. Ferdous. (2024). 
Crisis-driven disruptions in global waste management: 
Impacts, challenges and policy responses amid COVID-19, 
Russia-Ukraine war, climate change, and colossal food waste. 
Environmental Challenges, 14: 100807. 



8                                                                   NIGERIAN JOURNAL OF TECHNOLOGICAL DEVELOPMENT, VOL. 21, NO.3, SEPTEMBER 2024 

Ismail, I.; N. Hamzah; S. Qurrataayyun; S. Rahayu; 
K. Tahir and M. Djide. (2019, June 17). Extraction and 
Characteristic of Gelatin from Milkfish (Chanos chanos) 
Scales and Bones with Variation in Acid and Base 
Concentrations, Extracting and Drying Method. Paper 
presented at 1st International Conference on Science and 
Technology (ICOST 2019), Makassar, Indonesia, 210-215, 
European Alliance for Innovation. 

Jamróz, E.; P. Kulawik; P. Krzyściak; K. Talaga-
Ćwiertnia and L. Juszczak. (2019). Intelligent and active 
furcellaran-gelatin films containing green or pu-erh tea 
extracts: Characterization, antioxidant and antimicrobial 
potential. International Journal of Biological Macromolecules, 
122: 745-757.  

Kim, T. K.; Y. K. Ham; D. M. Shin; H. W. Kim; H. 
W. Jang; Y. B. Kim and Y. S. Choi. (2020). Extraction of 
crude gelatin from duck skin: effects of heating methods on 
gelatin yield. Poultry Science, 99 (1): 590-596. 

Kuang, C. Y. and Mohtar, N. F. (2018). Effects of 
different soaking time on the extraction of gelatin from shortfin 
scad (Decapterus macrosoma) heads. Journal of 
Environmental Biology, 39 (5), 888-894.  

Lin, L.; J. M. Regenstein; S. Lv; J. Lu and S. Jiang. 
(2017). An overview of gelatin derived from aquatic animals: 
Properties and modification. Trends in Food Science & 
Technology, 68: 102-112. 

Liu, D.; M. Nikoo; G. Boran; P. Zhou and J. M. 
Regenstein. (2015). Collagen and gelatin. Annual Review of 
Food Science and Technology, 6: 527-557. 

Mad-Ali, S.; S. Benjakul; T. Prodpran and S. 
Maqsood. (2017). Characteristics and gelling properties of 
gelatin from goat skin as affected by drying methods. Journal 
of Food Science and Technology, 54 (6): 1646-1654.5 

Maihemuti, A.; H. Zhang; X. Lin; Y. Wang; Z. Xu; D. 
Zhang and Q. Jiang. (2023). 3D-printed fish gelatin scaffolds 
for cartilage tissue engineering. Bioactive Materials, 26: 77–87 

Martins, C.; F. Vilarinho; A. Sanches Silva; M. 
Andrade; A. V.  Machado; M. C. Castilho; A. Sá; A. 
Cunha; M. F. Vaz and F. Ramos. (2018). Active polylactic 
acid film incorporated with green tea extract: Development, 
characterization and effectiveness. Industrial Crops and 
Products, 123: 100–110. 

Mohamed, S. A. A.; M. El-Sakhawy and M. A.-M. El-
Sakhawy. (2020). Polysaccharides, Protein and Lipid -Based 
Natural Edible Films in Food Packaging: A Review. 
Carbohydrate Polymers, 238: 116178. 

Mortazavi Moghadam, F. A.; A. Khoshkalampour; F. 
A. Mortazavi Moghadam; S. PourvatanDoust; F. Naeijian 
and M. Ghorbani. (2023). Preparation and physicochemical 
evaluation of casein/basil seed gum film integrated with guar 
gum/gelatin based nanogel containing lemon peel essential oil 
for active food packaging application. International Journal of 
Biological Macromolecules, 224: 786-796. 

Nurilmala, M.; N. Darmawan; E. A. W. Putri; A. M. 
Jacoeb and T. T. Irawadi. (2021). Pangasius Fish Skin and 
Swim Bladder as Gelatin Sources for Hard Capsule Material. 
International Journal of Biomaterials, 2021: 6658002. 

Nurilmala, M.; H. Suryamarevita; H. Husein 
Hizbullah; A. M. Jacoeb and Y. Ochiai. (2022). Fish skin as 

a biomaterial for halal collagen and gelatin. Saudi Journal of 
Biological Sciences, 29 (2): 1100-1110. 

Oliveira, W. Q. de; H. M. C. de Azeredo; I. A. Neri-
Numa and G. M. Pastore. (2021). Food packaging wastes 
amid the COVID-19 pandemic: Trends and challenges. Trends 
in Food Science and Technology, 116: 1195-1199. 

Patrício Silva, A. L.; J. C.  Prata; T. R. Walker; A. C. 
Duarte; W. Ouyang; D. Barcelò and T. Rocha-Santos. 
(2021). Increased plastic pollution due to COVID-19 
pandemic: Challenges and recommendations. Chemical 
Engineering Journal, 405: 126683 

Peng, J.; Y. Zi; J. Xu; Y. Zheng; S. Huang; Y. Hu; B. 
Liu; X. Wang and J. Zhong. (2022). Effect of extraction 
methods on the properties of tilapia scale gelatins. International 
Journal of Biological Macromolecules, 221: 1150–1160. 

Prasetya, A. Y.; J. Triastuti and E. Saputra. (2022). 
The effect of differences extraction solutions on the gelatin 
characteristic fishbone of bader bang (Barbonymus 
balleroides). IOP Conference Series: Earth and Environmental 
Science, 1036 (1): 012078. 

Qazanfarzadeh, Z. and Kumaravel, V. (2023). 
Hydrophobisation approaches of protein-based bioplastics. 
Trends in Food Science and Technology, 138: 27-43. 

Rafael, R.; D. Paragas; E. Landingin; L. Quitos; S. 
Lazaro and F. Medina. (2021). Response surface 
optimization of alkali/acid pretreated gelatin extraction from 
the by-products of milkfish (Chanos chanos) processing. The 
1st International Conference on Science Technology & 
Innovation-Maejo University, 82–90. 

Rahmi Hafsari; A. D. Rosmiati and D. Jamaludin. 
(2020). The Effect of Hydrochloric Acid (HCL) Concentration 
on the Quality of Gourami Bone Gelatin (Ospheronemus 
Gouramy Lac). Paper presented at The 1st International 
Conference on Recent Innovations (ICRI 2018), Jakarta, 
Indonesia, 2983–2989, SciTePress – Science and Technology 
Publications, Lda 

Rezaee, M.; G. Askari; Z. EmamDjomeh and M. 
Salami. (2020). UV-irradiated gelatin-chitosan bio-
based composite film, physiochemical features and 
release properties for packaging applications. 
International Journal of Biological Macromolecules, 
147: 990-996. 

Sadeghi, A.; S. M. A. Razavi and D. Shahrampour. 
(2022). Fabrication and characterization of biodegradable 
active films with modified morphology based on 
polycaprolactone-polylactic acid-green tea extract. 
International Journal of Biological Macromolecules, 205: 341–
356. 

Sántiz-Gómez, M. A.; M. A. Mazorra-Manzano; H. E. 
Ramírez-Guerra; S. M. Scheuren-Acevedo; G. Navarro-
García; R. Pacheco-Aguilar and J. C. Ramírez-Suárez. 
(2019). Effect of acid treatment on extraction yield and gel 
strength of gelatin from whiptail stingray (Dasyatis brevis) 
skin. Food Science and Biotechnology, 28 (3): 751–757. 

See, S. F.; M. Ghassem; S. Mamot and A. S. Babji. 
(2015). Effect of different pretreatments on functional 
properties of African catfish (Clarias gariepinus) skin gelatin. 
Journal of Food Science and Technology, 52 (2): 753–762. 



Barleany  et al: Preparation and Characterization of Waste Fish Bone-Derived Gelatin/Chitosan Plastic Film Incorporated with Green Tea Extract                        9 

Tessaro, L.; R. V. Lourenço; M. Martelli-Tosi and P. 
J. do Amaral Sobral. (2021). Gelatin/chitosan based films 
loaded with nanocellulose from soybean straw and activated 
with “Pitanga” (Eugenia uniflora L.) leaf hydroethanolic 
extract in W/O/W emulsion. International Journal of 
Biological Macromolecules, 186: 328–340. 

Theerawitayaart, W.; T. Prodpran and S. Benjakul. 
(2019). Enhancement of hydrophobicity of fish skin gelatin via 
molecular modification with oxidized linoleic acid. Journal of 
Chemistry, 2019: 5462471. 

Vishnoi, H.; R. B. Bodla and R. Kant. (2018). Green 
tea (Camellia sinensis) and its ydant property: A Review. 
International Journal of Pharmaceutical Sciences and 
Research, 9 (5), 1723. 

Winarti, S.; U. Sarofa and M. Y. R. Prihardi. (2021). 
The effect of type and concentration of acid on the 
characteristics of gelatine from bones of milkfish (Chanos 
chanos). Food Research, 5 (4), 404-409. 

Xia, Y.; F. Meng; S. Wang; P. Li; C. Geng; X. Zhang; 
Z. Zhou and F. Kong. (2022). Tough, antibacterial fish scale 
gelatin/chitosan film with excellent water vapor and UV-
blocking performance comprising liquefied chitin and silica 
sol. International Journal of Biological Macromolecules, 222: 
3250-3260. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Yessirita, N. and Prima Putra, D. (2023). Effect of 
Soaking Time with Acetic acid on tuna skin gelatin (thunnus  
albacores). Journal of Scientific and Engineering Research, 10 
(5), 82-87. 

Zehra, A.; S. M. Wani; T. A. Bhat; N. Jan; S. Z. 
Hussain and H. R. Naik. (2022). Preparation of a 
biodegradable chitosan packaging film based on zinc oxide, 
calcium chloride, nano clay and poly ethylene glycol 
incorporated with thyme oil for shelf-life prolongation of sweet 
cherry. International Journal of Biological Macromolecules, 
217: 572–582. 

Zhang, W.; X. Li and W. Jiang. (2020). Development 
of antioxidant chitosan film with banana peels extract and its 
application as coating in maintaining the storage quality of 
apple. International Journal of Biological Macromolecules, 
154: 1205-1214. 

Zuraida, I. and Pamungkas, B. F. (2020). Effects of 
acid pretreatment and extraction temperature on the properties 
of gelatin from striped snakehead (Channa striata) scales. 
AACL Bioflux, 13 (5). 2937-2945. 

 
 


