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   Abstract 
 

In this study, Copper (Cu) phthalocyanine pigments, coded PD1 and PD2, were characterized, and the 
possibility of using them as blue colorants in gelatin-based materials for aquatic packaging was 

evaluated. Synthesized phthalocyanine pigments were compared with imported commercial PB15:1 

(control) in terms of Fourier Transform Infrared Spectroscopy (FTIR), high-performance liquid 
chromatography (HPLC) results, Cu, and ash content. It was found that the synthesized PD1 and PD2 

samples were the ones closest to the commercial powder in terms of FTIR peaks, Cu amount, and HPLC 

results. The selected sample coded PD1 at 0.5 wt% with respect to the solution was further added to 
gelatin-containing solutions containing 10% and 5% glycerol, and dried films of GL10 and GL5 were 

obtained, respectively. Although the 10% glycerol-added film showed better color properties, L, a, b, 

Hue angle, and Chroma parameters were insignificant (p>0.05). Tensile tests and creep/recovery curves 

showed that GL10 had 107% higher elongation at break, 29% lower Young’s modulus, and higher strain 

values compared to GL5, making it softer and more flexible. Deformation parameters such as hardness, 

chewiness, and gumminess were also compared at different deformation rates for the selected GL10 

sample. Results indicated that blue pigment-added gelatin films can be used in aquatic food product 
packages. 

 
 

 

 

1. Introduction* 

 

1.1. Importance of Phthalocyanine for 

Packaging 

 

Since the blue color is commonly used on packages of 

seafood products, its use in packaging materials for 

aquaculture has been increasing. Blue color may give 

associations with water, sea, and ocean, and could evoke 

feelings of trust, honesty, calmness, and security [1, 2]. It 

may also help create a brand identity that consumers 

associate with freshness and quality, and can be used to 

convey a message of trustworthiness in the product. Hallez 

et al. [3] stated that blue color-based package designs may 

lead to higher health perceptions for consumers [4]. Because 

of its association with water and freshness, it may be 

effective for aquaculture packaging materials. In 2024, the 

Marine Stewardship Council released specific guidelines for 

using the blue label in packages to ensure consistency, trust, 
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and recognition among consumers for certified aquatic 

products [5–10].  Therefore, blue color pigments in aquatic 

food product packages will be important to ensure quality, 

appeal, and consumer satisfaction with the continued 

expansion of sales [6–9, 11].  

Phthalocyanines are compounds with a structure 

similar to porphyrins that are naturally found in molecules 

such as chlorophyll and hemoglobin, with a central cavity 

large enough to accommodate more than 70 metals and 

metal ions [12, 13]. Despite their porphyrin-like structure, 

they are synthetic compounds that are not naturally found 

[14]. Phthalocyanine was first obtained in 1907 by Braun 

and Tschernak as a by-product during the synthesis of o-

cyanobenzamide from acetic anhydride and phthalimide. 

The physical and chemical properties of phthalocyanines 

vary depending on whether they have a metal in their center. 

The first Cu phthalocyanine blue pigment was produced in 

1935. Today, it is widely used in applications, such as 

printing inks, paints, and coatings, due to its bright, clean 
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shades and excellent weather-fastness and lightfastness. It is 

also an effective colorant for painting various surfaces and 

coloring plastics or polymers, including low-density 

polyethylene, high-density polyethylene, polypropylene, 

polyvinyl chloride, and polystyrene [15]. Moreover, there is 

no alternative to Pigment Blue 15 (PB15); potential 

substitutes do not have the same colour brilliance or they 

have greyish tones when blended with white pigments.  

The Food and Drug Administration (FDA) released the 

Inventory of Food Contact Substances Listed in Code of 

Federal Regulations (CFR) 21 database. This database 

contains an inventory of substances authorized in Title 21 of 

the 21 CFR for uses in contact with foods [16]. 

Phthalocyanine blue, listed in 21 CFR178.3297, is under the 

category of Food Contact Substances [17]. According to 

Sec. 178.3297 Colorants for polymers, phthalocyanine blue 

can be used in the aquatic food packaging materials. So, this 

pigment is allowed to be used in materials that come into 

contact with aquatic food as a colorant for polymers 

intended for use in processing, packaging, and transporting 

food, but subject to specific provisions [16, 17]. According 

to the regulation, there is a limited amount, which should 

not exceed the minimum required for the intended color 

effect. The pigment is permitted for I, II, IV-B, VI-A, VII-

B, and VIII food type categories, which include aqueous, 

acidic, and fatty foods. Table 1 of 21 CFR 176.170 provides 

information on the types of food [17]. Type I covers 

nonacid, aqueous products; that may contain salt or sugar or 

both, and include oil-in-water emulsions of low- or high-fat 

content. Type II covers acid, aqueous products; that may 

contain salt or sugar or both, and include oil-in-water 

emulsions of low- or high-fat content. Type IV-B: Low-

moisture fats and oils. Type VIII covers aqueous, acidic 

products containing free or combined oil. So this colorant is 

allowed under conditions of use B through H. These 

conditions relate to the temperature and duration of contact 

with food are stated as: B: Refrigerated storage; C: Frozen 

storage; D: Room temperature storage, with no thermal 

treatment in the container. E: Room temperature storage 

with thermal treatment in the container; F: High-

temperature, above 121°C, heat-sterilized; G: Aseptic 

processing and packaging. H: Hot-filled or pasteurized 

above 66°C. For aquatic food products, considered under 

food type I (nonacid, aqueous products), the package 

colored with phthalocyanine blue must comply with the 

conditions of use that correspond to the intended storage and 

handling. For instance, if the aquatic food is to be stored 

refrigerated (condition of use B) or frozen (condition of use 

C), its in-package must comply with those conditions. 

According to the regulation quantity of color additive 

should not exceed 0.5% of the material weight [16]. For 

phthalocyanine blue usage in seafood packages, the 

regulation emphasizes the minimum quantity to obtain the 

desired color without specifying a particular percentage. 

This is to ensure that the colorant is applied safely without 

penetrating the food package in high amounts. Excessive 

amounts could migrate into food, raising safety concerns.  

The presence of Cu-Phthalocyanine in paper and 

plastic products has been previously studied [18]. Cu-

Phthalocyanine is subject to regulations, including (EC) No 

1935/2004, Art. 3, Risk Assessment and Commission 

Regulation (EU) No 10/2011, have been left to 

manufacturer/supplier responsibility. Self-assessment 

should be done by the manufacturer/supplier according to 

Art. 19 10/2011 and Art.31935/2004, concerning especially 

the purity requirements on phthalocyanine blue [18]. The 

aquatic food packaging industry must ensure safe use and 

regulatory acceptance. In the US, the food contact 

notification process requires industry to provide sufficient 

scientific information to demonstrate that the additives 

employed are safe for their intended use. According to the 

EU Regulation (EU) No 10/2011, the total quantity of 

substances migrating into food simulants is limited to 

10 mg/dm2 (= 100 μg/cm2) per food contact surface area 

[18]. 

Cu-phthalocyanine is unlikely to diffuse out into polar 

solvents. According to the study by Zhang et al. [19] no Cu 

release was detected in the polypropylene plates, and 

eventually, no released pigment nanoparticles were found. 

So even at 5% w/w pigment concentrations of Cu-

phthalocyanine, no Cu release was detected. This could be 

attributed to its hydrophobicity, which leads to hydrophobic 

interactions with the polymer [19].  In the same study, the 

specific grade of Cu-phthalocyanine is designed for food 

contact. When pigment concentration increased to 5% 

(w/w), a deep blue color occurred, but a concentration of 

0.5 % would be enough to obtain a blue color, which is more 

appropriate for the materials that are available on the market 

[19]. 

 

1.2. Gelatin Films for Aquatic Food Packaging  

 

Gelatin is derived from collagen and is a natural 

biopolymer with good film-forming, biodegradability, and 

good barrier properties, making it an environmentally 

friendly alternative to plastics in the food packaging 

industry  [20]. Therefore, there is a growing interest in the 

production of gelatin films. Due to its low production cost 

on a large scale and good film-forming properties, it is a 

potential candidate. Plasticizers can be added to improve the 

flexibility, extensibility, and dispensability of the gelatin 

films. Since glycerol reduces inter-chain interactions and 

modulates the macroscopic functional properties, it has been 

used plasticizer in gelatin films [21] [22]. It should be noted 

that the mechanical properties and flexibility of gelatin-
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based films may depend on glycerol content [23].  

Since Türkiye still imports these blue pigments, in 

parallel with the development and growing industry, the 

need for these pigments in Türkiye is increasing day by day. 

The only phthalocyanine that has commercial importance as 

a pigment is Cu phthalocyanine. It is the most commercially 

important phthalocyanine, code-numbered PB15.  PB15 Cu 

phthalocyanines are widely used in printing inks, packaging, 

paper, and plastics coloring. Since gelatin films are good 

capping mediators for metallic ions, they are ideal for Cu 

phthalocyanine capping [24]. Also, it has been reported that 

Cu-phthalocyanine films can also be used for gas sensing 

functions, which shows their possibility for intelligent 

packaging functions [25, 26]. Therefore, this study 

examined the use of synthesized Cu phthalocyanines in two 

different gelatin-based films for aquatic food packaging 

purposes. 

 

2. Material and Method 

 

2.1. Material 

 

The commercially available blue pigment, code 

PB15:1, was supplied by BASF (Germany). The samples 

coded PD1 and PD2 we synthesized in our study, were 

obtained as a result of R&D work. The samples we 

synthesized in our laboratory and a commercially purchased 

sample were used as sample material. Bovin skin gelatin 

Bloom: 200-220, Mesh: 30, Lot Number: K309035 was 

obtained from the Gerede Gelatin company (Bolu).  Acetic 

acid (Glacial 100%) was purchased from Merck (Germany). 

Glycerol (99.5%, CAS 56-81-5) in liquid form and distilled 

water were also used for the experiments.  

 

2.2. Method 

 

2.2.1. Production and Analysis of Cu-

Phthalocyanine Pigments 

 

Ash is a residue formed by the oxides of inorganic 

substances left over as a result of the burning of organic 

substances. Ash content determinations are made to 

determine the inorganic substance content of products, 

especially those containing organic matter in their structure. 

Ash determination is carried out in a crucible brought to a 

fixed weight at 600 °C for 45 minutes (Nabertherm 30-

3000 °C muffle furnace) for 2 hours, and then the crucible 

is weighed and the ash content is calculated. Pigments PD1 

and PD2 obtained as a result of pigmentation were 

characterized using different spectroscopic methods and 

elemental analysis according to the literature [27]. Two 

produced compounds with code numbers PD1 and PD2 

were synthesized. HPLC (Zivak®) and Zivak® Tandem 

Gold Triple quadrupole mass spectrometer, having a 

Phenomenex Synergi 4u Max-RP 80A column (150 x 2.0 

mm i.d., 4u m particle size) and Agilent 7700 series 

Inductively coupled plasma mass spectrometry (ICP-MS) 

were used for instrumental analyses.  FTIR data were 

obtained with a Perkin Elmer Spectrophotometer (Lambda 

25, Waltham, MA) equipped with an ATR device at 4/cm 

resolution. Samples were examined in the transmission 

mode in the wavenumber range of 4000–650 cm-1. 

 

2.2.2. Gelatin Film Production and Analysis 

 

For gelatin film production, at first, 30% wt gelatin and 

10% glycerol (GL10), and 5% glycerol (GL5) as a 

plasticizer were dissolved in a 4:1 acetic acid: distilled water 

mixture, by stirring at 50 °C for half an hour (Table 1). Then, 

the synthesized selected PD1 was added at 0.5% to the film-

forming solution. Since a concentration of 0.5wt% is 

sufficient to impart a full blue color that is more typical for 

materials available on the market [19].  

 

Table 1: Film compositions. 

Sample Gelatin 

(%) 

Glycerol 

(%) 

Solvent 

(%) 

PD1 

(%) 

GL10 30 10 59.5 0.5 

GL5 30 5 64.5 0.5 

 

After the homogenization on a magnetic stirrer, the 

mixture was poured into glass Petri dishes (10x10 cm) and 

dried for two days at room temperature. Then, the obtained 

films were removed from the Petri dish and stored before 

the color, mechanical, and compression tests. The 

thicknesses of the GL10 and GL5 films were measured as 

300 ± 10 µm and 370 ± 10 µm, respectively, using a digital 

compass. 

L lightness (0-100 black-white), a (redness + and 

greenness-), b (yellowness +, and blueness −) of gelatin 

films were measured using Fru® Precise Color Reader 

(Model: WR-10; S/N: 1000200469; Shenzhen Wave 

Optoelectronics Technology Co., Ltd.) equipped with an 8-

mm caliber. Hue angle (tone or hue, color saturation) and 

chroma (Chroma, color intensity) were calculated using the 

equations below [28]: 

Hue angle = arctan (b/a) 

Chroma = (a2 + b2)1/2 

The mechanical properties were calculated by using 

Texture Analyser (Lamy Rheology, TX-700) with the 

modified method of He et al. [29]. A rectangular piece of 

the film sample (0.3mm×2mm) was pulled with a crosshead 

speed of 0.1 mm/s at room temperature. Initial distance was 

fixed at 20 mm between the film ends. Three specimens of 

each film were analyzed, and the average values of 
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mechanical property parameters were reported with 

standard deviations.  

The solid-state viscoelastic behavior of the samples 

was evaluated by creep tests conducted on a dynamic 

mechanical analyzer (SII Nanotechnology, ExStar DMS 

6100). In creep tests, a constant stress of 0.5 MPa was 

instantaneously applied to the specimen at room 

temperature, and the resulting time-dependent creep strain 

was monitored for 30 min. Then, the stress was removed, 

and the recovery response was also monitored for 30 min. 

Brookfield CT3 1000 V.19 (Brookfield Engineering 

Laboratories, Middleboro, USA) was utilized to determine 

deformation rates using a modified single compression test. 

Accessories Rotary Base Table (TA-RT-KIT), TA44 

Cylinder probe (4 mm diameter, stainless steel) was used. 

Data rate was 10 points/sec. Deformation tests at 25, 50, 75, 

and 100% target values were utilized. Deformation rates 

were as follows: 25%: 0.31 mm, 50%: 0.65 mm, 75%:1.23 

mm, 100%:1.72 mm. Differences at various deformations in 

terms of hardness (Newton), springiness (mm), 

cohesiveness, gumminess (Newton), chewiness (mj), load at 

target (Newton), and average peak load (Newton) were 

revealed at room temperature. Parameters were derived 

from force-deformation curves and interpreted in the 

context of thin film behavior. 

 

2.2.3. Statistical Analysis 

 

Data were presented as mean value ± standard 

deviation for the compression test and color results. The 

data were analyzed by one-way analysis of variance 

(ANOVA) using the Tukey test to determine if there were 

significant differences in the mean values. 

 

3. Results and Discussion 

 

3.1. Chemical Analysis of Pigments 

 

Using ash determination and ICP analyses, the amount 

of Cu in the existing compound was determined and 

compared with that of the commercial one (control; Cu 

11.99%; Ash 10.8%). Therefore, after several trials, it was 

determined that the closest ones to the commercial sample 

were the PD1 (Cu: 11.94%, Ash 23.8%) and PD2 (Cu: 

12.41%, Ash 12.3%) coded trials in terms of both the 

amount of Cu and the FTIR result for the synthesis. The 

most appropriate method was decided by obtaining the 

purity value data clearly and performing cross-validation. 

We have included the HPLC purity data in our report and 

made informed decisions based on cross-validation. 

HPLC analyses were performed on all samples to 

remove impurities and detect interferences. Upon 

examining the results, the purity of PD2 is nearly identical 

to that of the commercial sample (Figure 1a). Retention time 

indicates how long a compound stays in the column before 

being detected.  The height of the peaks represents the 

intensity and the concentration of the compounds. Closer 

peak retention times and similar symmetrical shapes show 

that compounds are similar in terms of concentration and 

molecular structure. Baseline instabilities were observed in 

both samples between 2-2.7 and 3.2-3.4 minutes.  

 

 
Figure 1. HPLC results of PD2 (pink) and PB 15 control (black) samples (a). HPLC results of PD1 (pink) and PB 15 control 

(black) samples (b) 
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Figure 1. (Cont.) HPLC results of PD2 (pink) and PB 15 control (black) samples (a). HPLC results of PD1 (pink) and PB 15 

control (black) samples (b) 

 

In sample PD1, although the retention times of the first 

peak were similar, impurities were detected. Peak intensities 

were higher, and the peak shapes were different. 

Additionally, a second peak was detected around minute 

3.7. While impurity removal efforts on PD1 are ongoing, 

this is the closest synthesized sample to our commercial 

sample code PB15:1. 

 

3.2. FTIR Analysis Results 

 

FTIR analysis is one of the most crucial tests to 

confirm the synthesis of the compound and one of the 

widely used spectroscopic methods for characterizing the 

chemical structures of molecules Yılmaz and Bayıl [30]. 

FTIR analysis plays an important role in the chemical 

characterization of components and is a simple method that 

provides fast results compared to traditional analytical 

methods. We have proved that the synthesis took place by 

comparing FTIR results with commercial PB15 pigment. 

Compounds were synthesized, and the existing 

interferences were detected in the spectra. The bands of the 

pigments and the commercially purchased PB15 code 

pigment are seen in Figure 2. The pink bands are 

commercial, black and gray ones are the bands of the newly 

synthesized samples. 

 

 
         Figure 2. FTIR spectrums of PB15 (pink), PD1 (black) and PD2 (gray) pigments 
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C-H bending vibrations in the range of 750-850 cm⁻¹, 

C-N vibrations in the range of 1100-1300 cm⁻¹, C=C and 

C=N stretching vibrations in the range of 1400-1600 cm⁻¹, 

and N-H bending vibrations in the range of 3200-3400 cm⁻¹ 

were observed. It was also observed that the PD2 sample 

had higher stretching vibrations than the PD1 sample. 

Overall, around 2900, 2000 cm⁻¹, 1450 cm⁻¹, similar bands 

were seen in all three samples’ spectra. It can be concluded 

that PD1 sample peak stretchings were closer to the 

commercial sample. 

 

3.3. Color of the Gelatin-Based Films 

 

According to the literature, L values are relatively high 

for neat gelatin films. For instance, it has been previously 

stated that gelatin films incorporated with 10% chitosan and 

glycerol had an L value of 96.50 ± 0.50 [24]. However, it 

would be expected that colorants reduce the L value. For 

instance, in a study by Cetinkaya et al. [31] addition of red 

colorant extract reduced the L value from 93 to 79.  In the 

current study, for the GL10 sample, L was found as 27.91 ± 

0.25, showing a strong effect of colorant on the L value 

(Table 2). Since a higher value represents redness, it should 

be close to 0. Our results were 2.9 and 3.36 for the GL10 

and GL5, respectively. According to the color scale, the b 

value must be lower than 0 for the blue color. In both 

samples, it was lower than 0, supporting each other that the 

color is blue. Results showed that glycerol didn't 

significantly affect the color properties of the films, 

indicating high color stability (p>0.05). 

 

Table 2. L, a, b, Hue angle, and chroma value parameters of 

the gelatin-based films 

Parameter GL10 GL5 

L 27.91 ± 0.25a 29.16 ± 1.75a 

a 2.9 ± 0.32a 3.36 ± 1.05a 

b -0.94 ± 0.25a -0.66 ± 1.13a 

Hue Angle 342.12 ± 3.28a 353.19 ± 18.92a 

Chroma Value 3.05± 0.37a 3.53± 1.16a 
(a)Means values with the same superscripts within the same line are not 

significantly different (p > 0.05). 

 

A Hue angle value lower than zero can be adjusted by 

adding 360 degrees. This adjustment brings the value within 

the standard range of 0 to 360 degrees, which is commonly 

used in color measurements [32]. In a study by Francis [33], 

for blueberries, blue Hue was found as -6.8, which then 

converted to 353.2, identified in quadrant 4 (270-360). In 

our study, when these values, -17.88 and -6.81, were 

adjusted, the results were found as 342 and 353, 

respectively. Hue angle >280° and <360 illustrated with a 

blue hue and b<0 [34]. So, our results prove the blue color 

of the samples. Similarly, Anter [35] found the Hue angle of 

the blue color as -2. 

Chroma refers to the strength or saturation of a color. 

Chroma may describe the color intensity or purity. Colors 

with low chroma may be more dull or muted. Chroma values 

were 3.05 and 3.53 for GL10 and GL5 samples, 

respectively. A chroma value less than 5 generally indicates 

a muted or less vibrant shade of blue. When using 

phycocyanin blue at 1%, paper, plastic, polylactic 

acid, polyamide, and polyurethane-based materials also 

showed a deep blue color [18]. 

According to all color parameters, both samples had 

high stability. Although differences were insignificant, the 

GL10 sample showed better blue color results.  

 

3.4. Mechanical Properties of Films 

 

Figure 3 presents representative tensile test 

photographs of a specimen at various strain steps, including 

the breaking point. As can be seen, films showed high 

extensibility under tensile stress, making them suitable for 

flexible packaging applications. 

 

 

 

 

 

 

 
         Figure 3. Representative photographs of the tensile test 
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Figure 4 illustrates the typical stress–strain curves of 

samples. The tensile test results showed that GL5 and GL10 

exhibited distinct mechanical responses, particularly in 

terms of modulus and elongation at break (εb). As evidenced 

by the stress–strain curves, neither sample did not display a 

yielding behavior, which was also confirmed by the fact that 

no necking formation occurred in the test photograph. The 

mechanical properties of the samples were evaluated using 

several parameters obtained from the stress-strain curves, as 

listed in Table 3. 
 

 
   Figure 4. Stress-strain curves of samples 

 

GL5 exhibited a higher Young’s modulus (Ea) 

compared to GL10. In addition to the Young’s modulus 

(also called tangential modulus), which is determined from 

the initial slope of the stress–strain curve, the elasticity of 

the samples was also evaluated in terms of the secant 

modulus (E), defined as the slope from a selected point on 

the curve to the origin. This approach is particularly relevant 

for soft and amorphous specimens that do not exhibit 

necking, since their elasticity is more appropriately 

characterized by the stress resistance or load-bearing 

capacity at relatively higher strains rather than by the initial 

loading region, where relaxation effects are more 

pronounced. Considering the strain at break values of the 

samples, a strain of 100% was selected as the comparative 

point in this study, and the E100% values were calculated 

accordingly as the secant modulus. It is seen that GL5 also 

exhibited a higher secant modulus compared to GL10.  

Table 3. Mechanical properties of samples 

Sample Ea  

(MPa) 

E100%*  

(MPa) 

TS 

(MPa) 

b 

(%) 

GL5 1.62 ± 0.3 1.23 ± 

0.08  

2.25 ± 

0.09 

198.5 ± 

1.5 

GL10 1.05 ± 

0.06 

0.85 ± 

0.03 

2.05 ± 

0.17 

305.3 ± 

8.8 
*E100%: %100 secant modulus 
TS: tensile strength 

Suderman, Isa, and Sarbon [36] indicated that 2.67:1 

bovine gelatin: glycerol films prepared with distilled water 

show a peak load in the range of 2.97 MPa. The difference 

could be attributed to the presence of acetic acid or gelatine: 

glycerol ratio. GL10 exhibited higher elongation at break 

and lower modulus values compared to GL5, while the 

tensile strengths of the two samples were relatively close, 

with GL5 being slightly higher. These differences can be 

attributed to the plasticizing effect of glycerol. Overall, 

these findings indicate that GL10 was softer than GL5, 

making it more ideal for flexible packaging, which is 

selected for compression tests. 
 

3.5. Solid-state Viscoelastic Properties of Films 
 

Figure 5(a) shows the creep and recovery curves of the 

samples. In creep curves, both samples exhibited an 

instantaneous strain upon loading, which was subsequently 

followed by a time-dependent creep deformation. It was 

found that GL10 exhibited higher strain values than GL5 in 

both the instantaneous deformation region and the total 

strain measured during the 30-minute test period.  

 
Figure 5. (a) Creep and recovery, (b) Burger model fit, and 

(c) relative recovery curves of samples  
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In Figure 5(b), the creep response of the samples is 

modeled with the four-element Burger equation. This 

viscoelastic representation combines the Maxwell and 

Kelvin-Voigt systems and is regarded as one of the most 

widely applied mathematical approaches to describe the 

viscoelastic behavior of thermoplastics, elastomers, and 

composites [37–40]. This model has also been successfully 

applied to various polymeric systems, including 

biopolymers such as gelatin and starch [41, 42]. The 

mathematical expression of the Burger model is given as; 

 

ε(t) =  
σ

EM

+
σ

EK

 [1 − exp (−
EK

ηK

)] +
σt

ηM

 

 

where (t) is the strain as a function of time, σ represents the 

applied stress, EM and ηM correspond to the elastic and 

viscous parameters of the Maxwell element. Similarly, EK 

and ηK indicate the elastic and viscous components of the 

Kelvin element. Comprehensive mathematical and physical 

descriptions of the Burger model are provided in the 

literature [43]. The creep behavior of the samples was 

successfully fitted using the Burger model, and the 

corresponding parameters are presented in Table 4. 

 

Table 4. Burger model parameters of samples 

 

Sample 

EM EK M K 

(MPa) (MPa) (MPa.s) (MPa.s) 

GL5 5.5 2.1 11032 490.0 

GL10 3.9 1.6 8566 348.0 

 

It was found that all viscoelastic parameters of GL5 

were higher than GL10. The parameter EM is commonly 

regarded as the elastic modulus, corresponding to the elastic 

or Young’s modulus of a viscoelastic material. The lower 

EM value of GL10 (3.9 MPa) compared to GL5 (5.5 MPa) 

indicates that GL10 is softer and more flexible than GL5. 

These findings are consistent with the tensile test results, 

where GL10 demonstrated higher elongation at break and 

lower modulus values, confirming the plasticizing effect of 

glycerol.  

Figure 5(c) shows the recovery curves of samples 

normalized with the final strain of the creep deformation. 

The results indicate that there is no significant difference in 

the recovery behavior of the samples. This demonstrates that 

the addition of glycerol increases flexibility without 

affecting the material's elastic recovery capacity. This 

behavior can be attributed to the relaxation behavior of 

samples, mainly dependent on the polymer phase rather than 

the amount of plasticizer. 

 

3.6. Compression Tests of the Selected Gelatin 

Film 

 

Compression tests are important when describing the 

qualified characteristics of films [44]. It was found that there 

is a relationship between mechanical and textural properties 

and glycerol concentration of gelatin-based films [45]. As 

can be seen from Figure 6 and Table 5, the selected sample 

GL10 has the highest load at 100% deformation rate, at the 

maximum point of distance, 1.72 mm. The hardness values 

for similar gelatin films were reported to have values 

ranging from approximately 2 to 5 Newton previously [46, 

47]. Our results were in accordance, since the first cycle 

hardness values were between 2.32-6.71 Newton. 

Springiness is the film’s ability to return to its original shape 

after being compressed, which may be an important 

parameter for film packages that need flexibility and 

resilience.  

 

 
 

Figure 6. Load changes over time (a) and required force with deformation of GL10 film at 25 (red), 50 (orange), 75 (pink), 

and 100% (green) deformations (b) 

 

 

a 
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Figure 6. (Cont.) Load changes over time (a) and required force with deformation of GL10 film at 25 (red), 50 (orange), 75 

(pink), and 100% (green) deformations (b) 

 

Yap et al. [48] reported that the cohesiveness value for 

gelatin films with 10% glycerol was 0.66, confirming that 

our results were consistent. 

Gumminess is another important parameter for 

applications when the film requires maintaining a certain 

level of chewiness or resilience. Gumminess is correlated 

with hardness; therefore, similar to hardness, its value 

increased at the highest deformation rate. However, 

Porayanee et al. [44] observed higher gumminess values in 

gelatin films, compared to our results. The load at target, a 

force measured in Newton, is required to compress the 

sample to a predetermined distance or percentage of its 

original height. The load at the targeted value was also 

increased with increasing hardness values. The average 

peak load is the maximum force that the film can withstand 

during a test before deformation.  

 

Table 5. Compression test parameters of the GL10 film at 

25, 50, 75, 100% deformations 

 Deformation Rate 

Parameter 25 50 75 100 

Hardness Cycle 1 (N) 2.32 2.74 4.71 6.71 

Springness (mm) 0.41 0.62 1.24 1.65 

Cohesiveness - 1.1 0.98 1.15 

Gumminess (N) - 3.05 4.59 7.7 

Chewiness (mj) - 1.89 5.7 12.7 

Load at target (N) 1.64 2.74 4.45 6.13 

Average peak load (N) 1.98 2.83 4.7 6.95 

 

4. Conclusions 

 

While designing packages' visual appearance, it’s 

necessary to ensure that they successfully deliver the desired 

message and are compatible with consumer expectations. 

Blue is perceived as a color that represents honesty and 

truth, which may affect the perception of consumers. 

According to 21 CFR §178.3297, it is permitted for use in 

coloring polymers that are intended for use in contact with 

aquatic food, under certain conditions. The regulation 

specifies that the colorant can be used when it is used in 

amounts not to exceed the minimum required to produce the 

intended color. For this purpose, commercial PB15 

properties are compared with synthesized samples. HPLC 

peaks in the synthesized samples matched those in the 

commercial (control) sample. Cu content in the PD1 

(11.94%) sample compound was closer to the commercial 

sample (11.98%). After PD1 addition to gelatin solution and 

film manufacturing, Hue angle values between 280°-360, b 

values less than 0, and Chroma less than 5, resulted in a dull 

blue color of the films. Color parameters revealed that the 

30% gelatin and 0.5% phthalocyanine blue pigment-

containing film, GL10, had higher stability. Moreover, it 

showed higher εb, making it more flexible, which is often 

preferred in the meat industry because of its versatility, cost-

effectiveness, and barrier properties. Therefore selected 

GL10 film compression test showed up to 6.95 N peak load 

at 100% deformation rate. It was concluded that 

phthalocyanine blue pigment at 0.5% can be used as a 

colorant in aquatic food packaging materials, provided that 

all requirements are met. In the future, the minimum 

effective concentration required for adequate coloring must 

be determined, while ensuring compliance with safety 

standards, such as migration rate. 

 

Declaration of Ethical Standards 

 

The author of this article declares that the materials and 

methods used in this study do not require ethical committee 

permission and/or legal-special permission. 

 

Conflict of Interest 

 

The authors declare that they have no known 

competing financial interests or personal relationships that 

could have appeared to influence the work reported in this 

paper. 

b 



Sibel BAYIL et al. / Koc. J. Sci. Eng., 8(2): (2025) 186-197 

195 

References 

 

[1]  Heide M., Olsen S.O., 2017. Influence of packaging 

attributes on consumer evaluation of fresh cod. Food 

Quality and Preference, 60. pp. 9–18. 

https://doi.org/10.1016/J.FOODQUAL.2017.02.015. 

 

[2]  Labrecque L.I., Milne G.R., 2012. Exciting red and 

competent blue: The importance of color in marketing. 

Journal of the Academy of Marketing Science, 40. pp. 

711–727. https://doi.org/10.1007/S11747-010-0245-

Y. 

 

[3]  Hallez L., Vansteenbeeck H., Boen F., Smits T., 2023. 

Persuasive packaging? The impact of packaging color 

and claims on young consumers’ perceptions of 

product healthiness, sustainability and tastiness. 

Appetite, 182 pp. 106433. 

https://doi.org/10.1016/J.APPET.2022.106433. 

 

[4]  Steiner K., Florack A., 2023. The Influence of 

Packaging Color on Consumer Perceptions of 

Healthfulness: A Systematic Review and Theoretical 

Framework. Foods, 12 pp. 31911. 

https://doi.org/10.3390/FOODS12213911. 

 

[5]  Marine Stewardship Council. 2024. MSC label 

guidelines | Marine Stewardship Council. MSC label 

guidelines. 

 

[6]  Li X., Liang H., Wang J., Liu W., 2025. From notice 

to decision: How does packaging color shape 

consumers’ perception and purchase intention toward 

over-the-counter drugs. Food Quality and Preference, 

pp. 105642. 

https://doi.org/10.1016/J.FOODQUAL.2025.105642. 

 

[7] Shirai M., 2025. Combined effects of packaging 

colour and shape on consumers’ sweetness 

expectations and purchase intentions for hedonic 

foods. British Food Journal, 127 pp. 2271–2285. 

https://doi.org/10.1108/BFJ-07-2024-0667. 

 

[8]  Romeh R.M., Elhawary D.M., Maghraby T.M., Elhag 

A.E., Hassabo A.G., 2024. Psychology of the color of 

advertising in marketing and consumer psychology. 

Journal of Textiles, Coloration and Polymer Science, 

21 pp. 427–434. 

https://doi.org/10.21608/JTCPS.2024.259025.1272. 

 

[9]  Rawan M., Elhawary R.D.M., Maghraby T.M., Elhag 

A.E., 2024. Psychology of the Color of Advertising in 

Marketing and Cons. Journal of Textiles, Coloration 

and Polymer Science, 21. 

 

[10]  Cadrin S.X., Shuya N., 2024. Marine Stewardship 

Council’s Fisheries Standard: Updated best practices 

for promoting sustainable seafood. Marine Policy, 163 

pp. 106083. 

https://doi.org/10.1016/J.MARPOL.2024.106083. 

[11]  George JF., 2008. Seafood packaging, part 1 - 

Responsible Seafood Advocate. Packaging materials, 

traits. 

 

[12]  Jeong J., Kumar R.S., Kim I.J., Son Y.A., 2017. 

Synthesis, characterization of symmetrical and 

unsymmetrical naphthoxy substituted 

metallophthalocyanines. Molecular Crystals and 

Liquid Crystals, 644 pp. 249–256. 

https://doi.org/10.1080/15421406.2016.1277498. 

 

[13]  García-Sánchez MA., Rojas-González FE., 

Menchaca-Campos E.C., Tello-Solís S.R., Iris Y., 

Quiroz-Segoviano L.I.Y., Diaz-Alejo L.A., Salas-

Bañales E,, Campero A., 2013. Crossed and Linked 

Histories of Tetrapyrrolic Macrocycles and Their Use 

for Engineering Pores within Sol-Gel Matrices. 

Molecules, 18 pp. 588–653. 

https://doi.org/10.3390/MOLECULES18010588. 

 

[14]  Ma C., Ye K., Yu S., Du G., Zhao Y., Cong F., Chang 

Y., et al. 2007. Synthesis and hypochromic effect of 

phthalocyanines and metal phthalocyanines. Dyes and 

Pigments, 74 pp.141–147. 

https://doi.org/10.1016/J.DYEPIG.2006.01.044. 

 

[15]  Christie R., Abel A., 2021. Phthalocyanine pigments: 

General principles. Physical Sciences Reviews, 6 pp. 

671–677. https://doi.org/10.1515/PSR-2020-0194. 

 

[16]  U.S. Food & Drug Administration., 2024. Inventory of 

Food Contact Substances Listed in 21 CFR | FDA. 

 

[17]  U.S. Food & Drug Administration., 2024. Code of 

Federal Regulations. CFR - Code of Federal 

Regulations Title 21. 

 

[18]  Ruggiero E., Katherine Y., Persson SM., Delpivo C., 

Wohlleben W., 2022. Food contact of paper and plastic 

products containing SiO2, Cu-Phthalocyanine, Fe2O3, 

CaCO3: Ranking factors that control the similarity of 

form and rate of release. NanoImpact, 25 pp. 100372. 

https://doi.org/10.1016/J.IMPACT.2021.100372. 

 

[19]  Zhang Z., Kappenstein O., Ebner I., Ruggiero E., 

Müller P., Luch A., Wohlleben Wendel., Haase 

Andrea., 2020. Investigating ion-release from 

nanocomposites in food simulant solutions: Case 

studies contrasting kaolin, CaCO3 and Cu-

phthalocyanine. Food Packaging and Shelf Life, 26 pp. 

100560. https://doi.org/10.1016/J.FPSL.2020.100560. 

 

[20]  Lu Y., Luo Q., Chu Y., Tao N., Deng S., Wang L., Li 

L., 2022. Application of Gelatin in Food Packaging: A 

Review. Polymers, 14  pp. 436. 

https://doi.org/10.3390/POLYM14030436. 

 

[21]  Liu F, Chiou B.S., Avena-Bustillos RJ., Zhang Y., Li 

Y., McHugh T.H., Zhong F., 2017. Study of combined 

effects of glycerol and transglutaminase on properties 



Sibel BAYIL et al. / Koc. J. Sci. Eng., 8(2): (2025) 186-197 

196 

of gelatin films. Food Hydrocolloids, 65 pp. 1–9. 

https://doi.org/10.1016/J.FOODHYD.2016.10.004. 

 

[22]  Lukasik K.V., Ludescher RD., 2006. Molecular 

mobility in water and glycerol plasticized cold- and 

hot-cast gelatin films. Food Hydrocolloids, 20 pp. 96–

105. 

https://doi.org/10.1016/J.FOODHYD.2005.03.007. 

 

[23]  Bandeira SF., Da Silva RDSG., De Moura JMotta., de 

Almeida PLA., 2015. Modified Gelatin Films from 

Croaker Skins: Effects of pH, and Addition of 

Glycerol and Chitosan. Journal of Food Process 

Engineering, 38 pp. 613–620. 

https://doi.org/10.1111/JFPE.12191. 

 

[24]  Said N.S., Sarbon Norizah Mhd., 2022. Physical and 

Mechanical Characteristics of Gelatin-Based Films as 

a Potential Food Packaging Material: A Review. 

Membranes, 12 pp. 442. 

https://doi.org/10.3390/MEMBRANES12050442. 

 

[25]  Lee Y.L., Hsiao C.Y., Chang C.H., Yang Y.M., 2003. 

Effects of sensing temperature on the gas sensing 

properties of copper phthalocyanine and copper tetra-

tert-butyl phthalocyanine films. Sensors and Actuators 

B: Chemical, 94 pp.169–175. 

https://doi.org/10.1016/S0925-4005(03)00329-0. 

 

[26]  Baş H., Kahriman N., Biyiklioğlu Z., 2020. Synthesis 

and electrochemical properties of copper(II), 

manganese(III) phthalocyanines bearing chalcone 

groups at peripheral or nonperipheral positions. 

Turkish Journal of Chemistry, 44 pp. 1549–1555. 

https://doi.org/10.3906/kim-2006-21. 

 

[27]  Borker P., Salker A.V., 2006. Synthesis, 

characterization and photocatalytic studies of some 

metal phthalocyanines. Indian Journal of Chemical 

Technology, 13 pp. 341–346. 

 

[28]  Protonotariou S.V., Chaloulos P., Mandala I.G., 2024. 

Encapsulated Opuntia spp. fruit powder as a natural 

colorant in biscuit filling cream. Journal of Food 

Measurement and Characterization, 18 pp. 5567–5576. 

https://doi.org/10.1007/S11694-024-02588-6. 

 

[29]  He J., Wanli Z., Goksen G., Khan M.R., Ahmad N., 

Cong X., 2024. Functionalized sodium alginate 

composite films based on double-encapsulated 

essential oil of wampee nanoparticles: a green 

preservation material. Food Chemistry: X, 24 pp. 

101842. 

https://doi.org/10.1016/J.FOCHX.2024.101842. 

 

[30]  Yılmaz Y., Bayıl S., 2019. PB15 kodlu pigmentler; 

sentezi, karakterizasyonu ve endüstriyel uygulamaları. 

KSÜ Tarım ve Doğa Dergisi, 22 pp. 466-472. 

https://doi.org/10.18016/ksutarimdoga.vi.497752.  

 

[31]  Cetinkaya T., Bildik F., Altay F., Ceylan Z., 2024. 

Gelatin nanofibers with black elderberry, Au 

nanoparticles and SnO2 as intelligent packaging layer 

used for monitoring freshness of Hake fish. Food 

Chemistry, 437 pp. 137843. 

https://doi.org/10.1016/J.FOODCHEM.2023.137843. 

 

[32]  Mclelan M.R., Lind L.R., Kime R.W., 1995. Hue 

Angle Determinations and Statistical Analysis for 

Multiquadrant Hunter L,a,b Data. Journal of Food 

Quality, 18 pp. 235–240. 

https://doi.org/10.1111/j.1745-4557.1995.tb00377.x. 

 

[33]  Francis F.J., 1985. Blueberries as a Colorant 

Ingredient in Food Products. Journal of Food Science, 

50 pp. 754–756. https://doi.org/10.1111/j.1365-

2621.1985.tb13789.x. 

 

[34]  Jamila dSA., Canabarro N.I., Boeira C.P., Melo P.T.S., 

Aouada M.R.D.M., da Rosa C.S., 2023. Design of 

Biodegradable Films Using Pecan Nut Cake Extracts 

for Food Packing. Foods, 12 pp. 1405. 

https://doi.org/10.3390/FOODS12071405. 

 

[35]  Anter KF., 2000. What colour is the red house? : 

perceived colour of painted facades. Dept. of 

Architectural Forms, Institution of Architecture, Royal 

Institute of Technology (KTH): 338, Stockholm. 

 

[36]  Suderman N., MIN Isa., Sarbon NM., 2018. 

Characterization on the mechanical and physical 

properties of chicken skin gelatin films in comparison 

to mammalian gelatin films. IOP Conference Series: 

Materials Science and Engineering, 440 pp. 012033. 

https://doi.org/10.1088/1757-899X/440/1/012033. 

 

[37]  Yang J.L., Zhang Z., Schlarb A.K., Friedrich K., 2006. 

On the characterization of tensile creep resistance of 

polyamide 66 nanocomposites. Part II: Modeling and 

prediction of long-term performance. Polymer, 47 pp. 

6745–6758. 

https://doi.org/10.1016/J.POLYMER.2006.07.060. 

 

[38]  Alanalp M.B., Durmus A., 2025. Easy synthesis of 

self-healing thermoplastic elastomer (TPE) via 

functionalization of styrene block copolymer (SEBS) 

with a cyclic amine compound in melt state and 

rheological assessment of non-covalent dynamic 

interactions. Polymer, 320 pp. 128083. 

https://doi.org/10.1016/J.POLYMER.2025.128083. 

 

[39]  Georgiopoulos P., Kontou E., Christopoulos A., 2015. 

Short-term creep behavior of a biodegradable polymer 

reinforced with wood-fibers. Composites Part B: 

Engineering, 80 pp. 134–144. 

https://doi.org/10.1016/J.COMPOSITESB.2015.05.0

46. 

 

[40]  Eftekhari M., Fatemi A., 2016. Creep behavior and 

modeling of neat, talc-filled, and short glass fiber 



Sibel BAYIL et al. / Koc. J. Sci. Eng., 8(2): (2025) 186-197 

197 

reinforced thermoplastics. Composites Part B: 

Engineering, 97 pp. 68–83. 

https://doi.org/10.1016/J.COMPOSITESB.2016.04.0

43. 

 

[41]  Martucci J.F, Ruseckaite R.A., Vázquez A., 2006. 

Creep of glutaraldehyde-crosslinked gelatin films. 

Materials Science and Engineering: A, 435–436 pp. 

681–686. 

https://doi.org/10.1016/J.MSEA.2006.07.097. 

 

[42]  Hernandez-Perez, P., Flores-Silva PC., Velazquez G., 

Morales-Sanchez E., Rodríguez-Fernández O., 

Hernández-Hernández E., Mendez-Montealvo G., 

Sifuentes-Nieves I., 2021. Rheological performance of 

film-forming solutions made from plasma-modified 

starches with different amylose/amylopectin content. 

Carbohydrate Polymers, 255 pp.117349. 

https://doi.org/10.1016/J.CARBPOL.2020.117349. 

 

[43]  Kasgoz A., Akın D., Durmus A., 2016. Quantifying 

Structural and Solid-State Viscoelastic Properties of 

Poly(propylene) (PP)/Poly(oxymethylene) (POM) 

Blend Films. Macromolecular Materials and 

Engineering, 301 pp. 1402–1414. 

https://doi.org/10.1002/MAME.201600109. 

 

[44]  Porayanee M., Katemake P., Duangmal K., 2015. 

Effect of gelatin concentrations and glucose syrup to 

sucrose ratios on textural and optical properties of 

gelatin gel Journal of Food Science and Agricultural 

Technology, 1 pp. 26–30. 

 

[45]  Rivero S., García M.A., Pinotti A., 2010. Correlations 

between structural, barrier, thermal and mechanical 

properties of plasticized gelatin films. Innovative Food 

Science & Emerging Technologies, 11 pp. 369–375. 

https://doi.org/10.1016/J.IFSET.2009.07.005. 

 

[46]  Wittaya T., 2012. Protein-Based Edible Films: 

Characteristics and Improvement of Properties. 

Structure and Function of Food Engineering. 

IntechOpen, London, England. 

https://doi.org/10.5772/48167. 

 

[47]  Pouralkhas M., Kordjazi M., Ojagh S.M., Farsani 

O.A., 2023. Physicochemical and functional 

characterization of gelatin edible film incorporated 

with fucoidan isolated from Sargassum tenerrimum. 

Food Science & Nutrition, 11 pp. 4124–4135. 

https://doi.org/10.1002/FSN3.3402. 

 

[48]  Yap K.L., Kong I., Saleena L.A.K., Pui L.P., 2022. 3D 

Printed gelatin film with Garcinia atroviridis extract. 

Journal of Food Science and Technology, 59 pp. 4341–

4351. https://doi.org/10.1007/S13197-022-05508-Y. 

 

 

 

 

 

 

 

 

 


