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ABSTRACT 

The objective of this study is to develop and evaluate the 
properties of smoked edible film (EF) composed of carrageenan, 
myofibril, and collagen. The smoked EF was prepared by incor-
porating 0.8% liquid smoke. The analysis focused on various pa-
rameters including pH, physical properties such as thickness, 
solubility, tensile strength, elongation percentage, and water va-
por transmission rate (WVTR). Sensory evaluation was also con-
ducted to assess the texture attributes of the coated product, 
including wateriness, firmness, elasticity, hardness, and juici-
ness. The findings revealed that the concentration of the ingre-
dients influenced the thickness of the EF, with myofibril proteins 
exhibiting higher concentrations compared to carrageenan and 
collagen. Both collagen and myofibril demonstrated maximum 
solubility at a concentration of 6%, while carrageenan achieved 
optimal solubility at concentrations ranging from 2 to 2.5%. 
Carrageenan exhibited significantly higher tensile strength com-
pared to myofibril and collagen, whereas collagen demonstrated 
greater elasticity than carrageenan and myofibril protein. 
Moreover, myofibril protein film exhibited a lower water vapor 
transmission rate compared to carrageenan and collagen films. 
In terms of sensory assessment, carrageenan displayed high 
elasticity and juiciness, while collagen and myofibril showed 
high firmness and hardness. All EFs showed better antioxidant 
activity compared to Trolox (EC50 < 95.57 µg/mL). 
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INTRODUCTION 

Over the past two decades, packaging materials derived 
from petrochemical polymers have gained significant popu-
larity. This can be attributed to their numerous benefits, in-
cluding flexibility, strength, transparency, and affordability. 
However, it is important to acknowledge the drawbacks as-
sociated with plastic polymers as well. One significant con-
cern is the potential transmission of monomer contaminants 
into the packaged contents. Additionally, plastic waste is 
known for its non-biodegradable nature, posing environ-
mental challenges. Increased human population gives a con-
sequence of increased non-biodegradable wastes (Bishop et 
al., 2021). On the other hand, the wastes of fisheries prod-
uct are still high, i.e., 20 – 30%, meaning that about 1.3 mil-
lion tons of waste are produced from 6.5 million tons of 
Indonesian landed fish every year. This is the reason why re-
search on the utilization of fisheries waste is important to be 
conducted (Thirukumaran et al., 2022). Edible film (EF) is an 
up-to-date material generated after biodegradable packag-
ing materials. The advantages are the materials can be 
eaten together with the food and applied as coating materi-
als for many kinds of food, especially snacks. According to 
(Donhowe & Fennema, 1994), EFs are classified into three 
categories based on their component properties: hydrocol-
loids (containing proteins, polysaccharides, or alginates), 
lipids (constituted by fatty acids, acylglycerols or waxes), 
and composites (made by combining substances from the 
two categories). Two kinds of hydrocolloids usually used are 
proteins and polysaccharides. Fish meat contains about 15 – 
24% of protein and still becomes a main source of protein 
in Indonesia (Karl et al., 2014). Bones and skins can also be 
utilized as sources of gelatin and collagen. 

According to Nurilmala et al. (2022), fish skin contains thick 
connective tissues and collagen. It is a potential source of col-
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lagen as an alternative to mammalian skin especially pig skin 
which is not “halal” for Muslim society. Fish protein is a main 
component of surimi dominated by myofibril protein consist-
ing of myosin, actins, and actomyosin. In response to this, the 
belly meat of Black Marlin contains high myofibril protein and 
the potential as a material for EF or coating. 

Liquid smoke is a condensate of smoke originating from the 
pyrolysis process of wood, as an alternative to conventional 
fish smoking process. Problems of traditional smoked fish are 
high contents of polycyclic aromatic hydrocarbon (PAH), es-
pecially benzopyrene, low edible portion, no processing stan-
dard, flavor varied, difficulty in packaging, low performance, 
and short shelf life. Liquid smoke is an alternative because 
PAH content is low, the concentration is easily controlled, and 
the quality of the product can be standardized, easy to pro-
duce, needs simple equipment only, and is easily found in the 
market (Xin et al., 2021). Smoked EF can be used for food, 
especially easily oxidized food. The compounds resulting from 
the smoking process, especially phenol, have antimicrobial 
and antioxidant agents (Lingbeck et al., 2014; Soares et al., 
2016). Therefore, this research aims to produce and analyze 
the physical characteristics of smoked EFs made from car-
rageenan, collagen, and myofibril protein of black marlin in-
dustrial waste. Moreover, the radical scavenging activities of 
the produced EFs are also evaluated in this study. 

MATERIALS AND METHODS 

Fresh Black Marlin (Makaira indica) skin and belly meat was 
taken from the Bersehati Fish Market of Manado, which was 
further identified and authenticated at the Faculty of Fisheries 
and Marine Science, Sam Ratulangi University, Manado 
95115, Indonesia. Liquid smoke was produced using smoke 
condensation equipment (Patent P00201405308) consisting 
of three main parts: the fuel combustion furnace, the smoke 
distribution or separation section, and the condenser part 
where cooling is carried out, to accelerate smoke condensa-
tion; with coconut shells as fuel (Berhimpon et al., 2018; Dien 
et al., 2019). The smoking process uses raw materials as 
much as 10 kg with a smoking duration of 4 to 6 hours at a 
combustion furnace temperature of 400 – 600 °C. The results 
obtained include liquid smoke of 1900 – 2290 mL with a con-
centration of 7.5 – 23% and by-products in the form of resid-
ual activated charcoal of 2.5 – 3.5 kg. 

Processing Procedure of EF or Coating 

Collagen extraction from Black Marlin skin used a method 
modification of Li et al. (2013) and Nagai & Suzuki (2000), 
while extraction of myofibril from fish meat employed a mod-
ified method of Heruwati et al. (2017). Carrageenan was ex-
tracted from seaweed Kappaphycus alvareziii, following 
Montolalu et al. (2008). The EF was produced using a modi-
fication of Santoso’s method (Santoso et al., 2007).  

Treatments 

Three EF materials were used, i.e., collagen and myofibril 
from the waste of Black Marlin, and carrageenan. Five con-
centrations were set, 2%, 4%, 6%, 8%, and 10%, for colla-
gen and myofibril, and five concentrations for carrageenan, 
1.5%, 2%, 2.5%, 3%, and 3.5%. All EFs were added with 
0.8% liquid smoke. 

Sample Analysis 

Analyses were done for physical characteristics i.e., pH with 
a pH meter, thickness using a micrometer with an accuracy of 
0.001 mm (ISO 4591, 1979), solubility (Gontard et al., 1992), 
tensile strength and % elongation (SNI 0778, 2009), and wa-
ter vapor transmission rate (WVTR) using WVTR Tester 
(ASTM E-96-99).  

Antioxidant Assay  

The DPPH radical scavenging activity test was employed to 
evaluate the antioxidant properties. The test followed the pro-
cedure outlined in a previous study (Wagey et al., 2023). 
Carrageenan, myofibril, and collagen EF were combined with 
3 mL of the DPPH reagent in a testing vial. After cooling to 
room temperature, the mixtures were left undisturbed for 30 
minutes. The change in DPPH concentration was measured by 
determining the absorbance at 517 nm. To ensure the relia-
bility of the data, each sample was analyzed in triplicate (n = 
3). Trolox, a known antioxidant compound, served as a posi-
tive control in the DPPH test. The EC50 (half-maximal effec-
tive concentration ratio) was utilized to assess the radical 
scavenging capability of all tested samples, including Trolox. 
EC50 signifies the concentration of a sample that leads to a 
50% reduction in the initial radical concentration. The inhibi-
tion of the DPPH assay was expressed as a percentage and 
calculated using the following formula: The absorbance of the 
blank (A0) was subtracted from the absorbance of the stan-
dard or sample (A1). 

Antioxidant Activity (%) = [(A0 – A1)/A0] × 100%         (1) 

Statistical Analysis 

A completely randomized trial with a factorial design was 
used to analyze the data. Two separate experiments were 
done with the treatment of collagen and myofibril and the 
treatment of carrageenan and myofibril. Both experiments 
used 2 replications. The ANOVA (F test) was used to assess 
the treatment effect, which was then continued with the 
Duncan test. 

RESULTS AND DISCUSSION  

pH 

The higher the concentration of collagen, myofibril, and 
carrageenan, the higher the pH will be. ANOVA, however, 
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showed that the treatments did not significantly affect pH 
(P > 0.05). The range of pH was very small, only 7.6 to 7.9. 

Solubility 

The solubility of EF ranged from 35.4% to 55% for collagen 
material, 33.3% to 50% for myofibril, and 72.08 to 94.2% for 
carrageenan. Compared to EF made from collagen and my-
ofibril to carrageenan, the solubility of EF made of collagen 
and myofibril was low in the water at room temperature. The 
higher solubility for collagen EF occurred at the concentration 
of 4% and 6% and that for myofibril EF was at the concen-
tration of 6%. ANOVA also showed no significant effect of the 
treatments on the solubility (P > 0.05). 

Thicknesses 

The EF thickness ranged from 0.159 mm to 0.211 mm for 
collagen, 0.186 mm to 0.223 mm for myofibril, and 0.120 to 
0.168 mm for carrageenan. The possibility of protein denat-
uration of protein could cause the EF of collagen and my-
ofibril to become thicker. The thickness curve is presented in 
Figure 1. The higher the concentration is, the higher the 
thickness will be. ANOVA indicated that the concentrations 
gave a highly significant effect (P < 0.01).  

Tensile Strengh 

The tensile strength of EF ranged from 21.54 kg/cm2 to 
38.33 kg/cm2 for collagen, 20.800 kg/cm2 to 94.74 kg/cm2 
for myofibril, 99.88 to 260.78 kg/cm2 for carrageenan 

(Figure 2). The tensile strength of collagen EF was lower 
than that of myofibril and carrageenan. ANOVA showed that 
the effect of protein types on thickness was highly significant 
(P < 0.01), while the effect of concentration and interaction 
between a kind of proteins and concentration were non-sig-
nificant (P > 0.05).  

Percent of Elongation 

The range of elongation percentage was from 69.945% to 
165.745% for collagen, 16.795% to 41.075% for myofibril, 
and 9.33 to 24.0% for carrageenan (Figure 3). The elongation 
percentage of collagen EF was higher than that of myofibril 
and carrageenan. It means that the collagen EF was more flex-
ible. ANOVA revealed that the effect of kind proteins, concen-
trations, and interaction between all kinds of proteins and con-
centrations were highly significant (P < 0.01). 

Water Vapor Transmission Rate (WVTR) 

The range of WVTR of EF was from 1450.665 to 1648.0 
g/m2 per 24 h for collagen, 1205 to 1391g/m2 per 24 h for 
myofibril, and 1916.665 to 2266.0 g/m2 per 24 h for car-
rageenan (Figure 4). WVTR of EF made from carrageenan 
and collagen was higher than that of myofibril. It means that 
myofibril EF is better than collagen and carrageenan in pre-
venting water vapor. ANOVA showed that the effect of 
biopolymer types and concentrations was highly significant 
(P < 0.01) while the interaction between protein types and 
concentrations was significant (P < 0.05).  
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Figure 1. Thicknesses of EF from Carrageenan (Purple), Myofibril (Orange), and Collagen (Red)



Radical Scavenging Activity 

From Figure 5, it is seen that all EFs had a lower EC50 value 
compared to the Trolox as the control (EC50 Trolox = 95.57 
μg/mL). It can be inferred that EFs from carrageenan, my-
ofibril, and collagen have better antioxidant potency in terms 
of DPPH radical scavenging activity compared to the standard 

drug Trolox. Between all EFs, EF myofibril has the highest ef-
fective concentration in terms of DPPH inhibition activity 
(EC50 EF Myofibril = 49.33 μg/mL), followed by EF collagen 
and EF carrageenan (EC50 EF Collagen = 60.94 μg/mL, EC50 
EF Carrageenan = 61.47 μg/mL), meaning that EF myofibril 
exhibits best antioxidant activity. 
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Figure 2. Tensile strength of EF from Carrageenan (Purple), Myofibril (Orange), and Collagen (Red)

Figure 3. Percent of elongation of EF from Carrageenan (Purple), Myofibril (Orange), and Collagen (Red)
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Figure 4. WVTR of EF from Carrageenan (Purple), Myofibril (Orange), and Collagen (Red)

Figure 5. Antioxidant Activity of EF from Carrageenan, Myofibril, and Collagen



The utilization of EF layers derived from fish waste or ma-
rine waste has significant importance in various applications. 
First, it addresses global problems in waste management by 
converting by-products from the fish and marine industries 
into edible films, which promotes sustainability and reduces 
environmental impact. Secondly, EF coating provides a pro-
tective barrier for food products, extending their shelf life 
and preventing damage. It is very beneficial in maintaining 
the freshness of perishable products, such as fruits, vegeta-
bles, and meat, by reducing moisture loss and inhibiting mi-
crobial growth. In addition, EF coating can enhance the sen-
sory properties of food, providing an additional layer to taste, 
texture, and appearance. This EF coating can serve as a car-
rier of bioactive compounds, such as antioxidants or antimi-
crobial agents, providing functional benefits to food 
(Lingbeck et al., 2014; Soares et al., 2016). The use of fish 
waste or marine waste in edible film coating presents an in-
novative and sustainable approach to waste reduction, food 
preservation, and value addition in the food industry 
(Ibrahim et al., 2022). 

EF production using carrageenan, myofibril, and collagen 
produces EFs with a pH range between 7.6 to 7.9. The pH of 
a film is an important parameter because it affects the struc-
tural integrity, stability, and functionality of the film (Gioffrè et 
al., 2012). In these cases, films produced using carrageenan, 
myofibril, and collagen have a slightly alkaline pH, exhibiting 
relatively neutral to slightly alkaline properties. The pH of the 
film is influenced by the pH of the starting materials used in 
the formulation of the film. Carrageenan, a type of polysac-
charide derived from seaweed, has a pH value of around 8.5 
(Irawan, 2021), while myofibrils, a component of proteins 
found in muscle tissue, usually have a pH close to neutral 
(Sun & Holley, 2011). Collagen, a protein abundant in con-
nective tissue, has a pH range between 5.6 to 7.4 (Latorre et 
al., 2016). The pH range of an edible film has implications for 
the functionality and application of the film. For example, 
films with a slightly alkaline pH are generally more stable and 
more resistant to degradation than films with acidic proper-
ties. This pH range also indicates that the films may have en-
hanced resistance to microbial growth, which is advantageous 
for food packaging applications (Goel et al., 2021). In some 
cases, a certain pH range is desirable to ensure compatibility 
with certain types of food or prevent unwanted chemical re-
actions (Zhao et al., 2020). 

Solubility is one of the important characteristics of edible 
films that can affect the application and stability of the film. 
In this study, EFs derived from collagen and myofibril exhib-
ited lower solubility when exposed to water at room tem-
perature, compared to EF from carrageenan (72.08 to 
94.2%). As a comparison, Tamaela & Lewerissa (2007) 
found that the solubility of EF from carrageenan has a range 
between 71.3% to 96.3%. The high solubility of car-
rageenan could result from carrageenan that is a water-sol-

uble polymer with a linear chain of partially sulfated galac-
tan that presents high potential as film-forming material, 
while collagen and myofibril are proteins in which heating at 
80 °C during the EF processing makes them be partly dena-
turized (Suwa et al., 2016). Furthermore, the high solubility 
of carrageenan can be due to the hydrophilic (easily soluble 
in water) nature of carrageenan. When carrageenan is used 
as the main ingredient in the manufacture of edible film, the 
film has a strong affinity with water, making it more easily 
dissolved (Alam et al., 2019). The solubility of edible films 
made of myofibrils and collagen (proteins abundant in con-
nective tissue) tends to be lower, as these proteins have hy-
drophobic properties (Piez & Trus, 1977). The higher solu-
bility of edible carrageenan film can provide advantages in 
practical applications. More soluble films can easily decom-
pose and dissolve in water, thereby reducing the risk of en-
vironmental contamination and optimizing the use of films 
as environmentally friendly packaging materials. In addition, 
high solubility can also affect the texture and organoleptic 
properties of the film when used in food products (Kirtil et 
al., 2021). Nevertheless, it is important to note that the sol-
ubility of edible films is determined not only by the type of 
material used, but also by a variety of other factors, includ-
ing film formulation, processing, and environmental condi-
tions. Therefore, for specific applications, it is important to 
consider all these factors comprehensively to select materi-
als and design suitable edible films. 

EFs from myofibril and collagen are the thickest in this 
study’s findings. These findings suggest that EF’s thickness 
varies depending on the type of material used. The possibil-
ity of protein denaturation in collagen and myofibrils can 
cause the film thickness to become thicker (Schmid et al., 
2014). Changes in film thickness can be influenced by sev-
eral factors, such as the concentration of the material, the 
nature of the material itself, and the interaction between the 
materials used. In these cases, the increased concentration 
in the film formulation results in a film of greater thickness. 
This can be due to the presence of stronger molecular inter-
actions or different physical influences on the structure of the 
film with an increase in the concentration of the material. 
Proteins such as collagen and myofibrils tend to interact and 
form denser aggregates or tissues at higher concentrations, 
which in turn can lead to an increase in film thickness (Yang 
et al., 2016). However, it is important to note that the thick-
ness of the film has implications on the nature and perfor-
mance of the film. Greater thickness can affect the texture, 
mechanical strength, permeability rate of water vapor and 
gas, and physical stability of the film. In some applications, 
such as food packaging, the appropriate film thickness can 
be an important factor in maintaining product quality and 
freshness. However, film thickness can also affect the solu-
bility, solubility, and functional properties of films in different 
environments (Das et al., 2022). 
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The results of this study revealed that the tensile strength 
of EF varies depending on the type of material used. Tensile 
strength is an important parameter that describes the extent 
to which edible films can withstand tensile loads before they 
crack or break. In this study, films made of carrageenan have 
higher tensile strength compared to films of collagen and 
myofibrils. This may be due to differences in the physical and 
structural properties of each of these proteins. Collagen, as 
an abundant protein component in connective tissue, has 
lower elastic properties and lower tensile strength compared 
to myofibrils and carrageenan (Kwansa et al., 2016). 
Myofibril, which is a component of protein in muscle tissue, 
has better elastic properties and higher tensile strength 
(Washio et al., 2019) while carrageenan, as a natural 
polysaccharide extracted from seaweed, has strong mechan-
ical properties and high tensile strength (Briones et al., 
2004). The results of ANOVA analysis showed that the effect 
of protein type on film thickness was significant, but the ef-
fect of concentration and interaction between protein type 
and concentration was not significant. This suggests that the 
tensile strength of the film is more influenced by the type of 
protein used than the concentration of the material. In the 
context of practical application, the tensile strength of the 
edible film is an important parameter to be considered. Films 
with high tensile strength can provide better protection 
against physical damage and provide safety in the packaging 
and use of food products. Therefore, the selection of the 
right material and understanding of the tensile strength char-
acteristics of edible films are very important in the develop-
ment of quality films. 

The results of this study show variations in the percentage 
of EF elongation depending on the type of material used. The 
elongation percentage is a parameter that describes the ex-
tent to which the film can stretch before it cracks or breaks. 
The results showed that collagen EF has a higher percentage 
of elongation compared to myofibrils and carrageenan EF. 
This shows that collagen films have better softness and flex-
ibility than myofibrils and carrageenan films. Furthermore, 
ANOVA revealed that the effect of protein type, concentration, 
and interaction between all protein types and concentrations 
had a very significant influence on the percentage of elonga-
tion (P < 0.01). The increase in the percentage of elongation 
in the EF collagen film can be due to the intrinsic nature of 
the collagen itself. Collagen, as a component of proteins in 
connective tissue, has a fibril structure that gives it high soft-
ness and elasticity (Kirkness et al., 2019; Shoulders & Raines, 
2009). This makes the EF collagen film more able to stretch 
and return to its original shape without significant damage. 
This discovery has important implications for the development 
of edible film applications. Films with a high percentage of 
elongation can provide better flexibility in the packaging and 
use of food products. This is especially important in the con-
text of applications that require the film’s ability to adjust to 
changes in product shape or position, such as unusually 

shaped packaging or products that are prone to changes in 
size or shape. 

WVTR is a parameter that describes how easily water va-
por can pass through the film. The higher the WVTR, the 
higher the film’s ability to release or absorb moisture. The re-
sults showed that EF myofibrils had a lower WVTR compared 
to EF collagen and carrageenan. This suggests that myofib-
rils have better properties in preventing moisture transmis-
sion, which could mean they are more effective in protecting 
products from environmental moisture (Gaikwad et al., 
2019). ANOVA showed that the effect of biopolymer type and 
concentration had a very significant influence on WVTR (P < 
0.01), while the interaction between protein type and con-
centration had a significant effect (P < 0.05). These results 
suggest that the type of material and concentration used in 
edible film manufacturing affect the WVTR of the film. The 
increase in WVTR in EF carrageenan and collagen films can 
be due to the intrinsic properties of these materials. 
Carrageenan is a polysaccharide that can absorb water well 
(Alam et al., 2019), while collagen has a high affinity for wa-
ter (Gonzalez & Wess, 2013). Both properties can cause films 
made of carrageenan and collagen to have a higher ability to 
absorb and release moisture. Meanwhile, EF myofibrils, 
which are made of muscle protein components, may have a 
denser structure and be less reactive to water vapor, result-
ing in a lower WVTR (Piez & Trus, 1977). These findings have 
important implications for edible film applications. Films with 
lower WVTR can be used to protect moisture-sensitive food 
products, such as dry food or perishable products due to 
moisture exposure (Gaikwad et al., 2019). In this case, EF 
myofibrils show better potential in maintaining product qual-
ity because they have a lower WVTR. 

Antioxidant testing in this study found that EF made from 
ingredients such as carrageenan, myofibril, and collagen has 
strong antioxidant potential. A lower EC50 value indicates 
that the EF has a better ability to capture free radicals, which 
is an indicator of antioxidant activity. EF myofibrils exhibit the 
best antioxidant activity with the lowest EC50, suggesting 
that they may be an attractive option for product develop-
ment with antioxidant properties. It is important to note that 
Trolox was used as a control in this study because it is known 
to have strong antioxidant activity. In this regard, the EF 
tested showed better antioxidant activity than Trolox, demon-
strating its potential use as a natural antioxidant agent that 
can be used in food or health supplement applications. These 
findings have important implications for the development of 
EF-based products (Rangaraj et al., 2021). By having strong 
antioxidant activity, EF from carrageenan, myofibrils, and col-
lagen can be used as natural additives to improve the stabil-
ity and oxidative resistance of food products. In addition, EF 
can also potentially be an active ingredient in the formulation 
of health supplements or beauty products. 
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CONCLUSIONS 

Edible films (EF) could be produced from collagen, myofib-
ril, and carrageenan of Black Marlin waste. Nevertheless, re-
search on the application of the EF or coating to food needs 
to be done. The pH and solubility of EF made from collagen, 
myofibril, and carrageenan were the same. Their thickness EF 
was similar as well but seemed to rise with increased con-
centration. The tensile strength of myofibril EF was better 
than that of collagen and there are no differences by concen-
tration. The percent elongation of collagen EF was higher 
than that of myofibril and carrageenan and sharply rose with 
increased concentration. The WVTR of collagen EF was 
slightly higher than that of myofibril and carrageenan. All EF 
from all kinds of proteins showed better antioxidant activity 
compared to Trolox (EC50 < 95.57 µg/mL). All EFs have been 
successfully characterized and should be utilized based on the 
intended purpose or characteristics. 
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