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ABSTRACT 

Chemical composition and some characteristics including bloom strength, hydroxyproline content and physical 
properties of bovine (Type B) gelatin were examined. The bovine gelatin used in this study showed good film-forming 
ability. The properties of the gelatin film were dependent on glycerol, a protein miscible plasticizer, incorporated. The 
effect of glycerol content (0, 15, 20, 25 and 30% (w/w) of protein) on mechanical, physical and water-vapor barrier 
properties of bovine gelatin film was investigated. With increasing glycerol content the strength and stiffness of the films 
decreased as evidenced by the decreased tensile strength (TS) and Young’s modulus (E), respectively (p<0.05). 
Elongation at break (EAB), representing the stretchability, of the films increased with glycerol content (p<0.05). 
Moisture content and water-vapor permeability (WVP) of films increased as glycerol content increased (p<0.05), 
associated with the increase in polar groups in gelatin film. Addition of glycerol increased light transmission in the 
visible range (350-800 nm) of bovine gelatin film. However, glycerol added showed no impact on color of the resulting 
films (p>0.05). Therefore, glycerol at appropriate amount could improve flexibility, accompanied with decreased water-
vapor barrier properties, of bovine gelatin films. This plasticizing effect most likely resulted from the decrease in inter- 
and intra molecular attractive forces and the increase in intermolecular spacing, thereby increasing chain mobility.    
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INTRODUCTION 
Gelatin is a protein with a wide range of industrial applications employed worldwide. It enhances 
functional properties of food products by improving their elasticity, consistency and stability, and it may 
also be used as an outer film to protect food against drying, light and oxygen, especially in those cases 
where oxidative and microbiological deterioration occurs [1].  
In recent years, there is an increasing interest in the development of materials from renewable resources, 
which are environmental friendly. Various types of biodegradable films and coatings have been prepared 
from different renewable materials including polysaccharides, lipids and proteins [2]. Gelatin is one type 
of protein found mainly in animal skin and bone. Bovine and porcine wastes are the most frequent 
sources to obtain gelatin of good quality. Proteins are biopolymers capable of forming the film and their 
properties can be varied with many factors, e.g. level of plasticiser, amount and type of protein [3]. 
Gelatins from several sources have been widely used as film forming materials [3-5]. Biodegradable films 
are thin, transparent and flexible materials generally obtained from natural biopolymers such as proteins 
and polysaccharides [5]. They can be used as alternative materials replacing plastic films obtained from 
synthetic polymers. Gelatin continues to be used in studies on biodegradable/edible film because it is an 
abundant raw material, produced in the whole world at low cost and has excellent film-forming 
properties. Gelatin film can be used as alternative materials replacing plastic films obtained from 
synthetic polymers. Gelatin film properties were determined by gelatin source and film making process 
[6]. Gelatin films have excellent barrier properties against gas, volatile compounds and UV light [3].  
The making of gelatin films generally needs the incorporation of the minimal content of plasticizer to 
reduce its brittleness. Nevertheless, gelatin forms a three-dimensional network with zones of 
intermolecular microcrystalline junctions and the dehydration of the system, which produce brittle films 
[7]. So, addition of plasticizer is necessary to overcome the brittleness of films, to improve flow and 
flexibility, to increase toughness and impact resistance of film coating, and to prevent them of cracking 
during packing and transportation [7]. As a result, the film properties would depend on type and amount 
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of plasticizer used. The most common plasticizers used are polyols and mono-, di- and oligosaccharides 
[8]. Plasticizer selection is normally based on the compatibility between plasticizer and protein, 
performance in the film and amount necessary to plasticization [7]. Despite different possibilities of 
additive that can be used as plasticizer in protein-based film, glycerol is most used as plasticizers in 
gelatin-based film. Glycerol, as a plasticizer, has been incorporated into most hydrocolloid films. It is a 
high boiling point plasticizer, water soluble, polar, non-volatile, protein miscible and has a low molecular 
weight and one hydroxyl group on each carbon [8]. These properties make glycerol a suitable plasticizer 
for use with a compatible water-soluble polymer, especially protein. In this paper, some characteristics of 
gelatin from bovine and its film properties as affected by glycerol level were investigated and their 
correlation was described. 

 
MATERIALS AND METHODS 
Chemicals  
Bovine hide gelatin (Type B) was obtained from Halamix International Co., Ltd. (Bangkok, Thailand). 
Glycerol was purchased from Wako Pure Chemical Industry, Ltd. (Tokyo, Japan). 
Compositional and property analyses of bovine gelatin   
Proximate composition 
Protein, lipid, moisture and ash contents of gelatin were determined according to the methods of AOAC 
[9]. 
Determination of hydroxyproline content 
Hydroxyproline content was analyzed according to the method of Berman and Loxley [10] with a slight 
modification. The samples were hydrolyzed with 6 M HCL at 100oC for 24 h in an oil bath. The hydrolysate 
was clarified with activated carbon and filtered though Whatman No. 4 filter paper. The filtrate was 
neutralized with 10 M and 1 M NaOH to obtain the pH of 6.0-6.8. The neutralized sample (0.1 ml) was 
transferred into a test tube and isopropanol (0.2 ml) was added and mixed well; 0.1ml of oxidant solution 
(mixture of 7% (w/v) chlororamine T and acetate/citrate buffer (0.42 M sodium acetate, 0.13 M 
trisodium citrate, 0.03 M citric acid and 38.5% isopropanol) pH 6, at a ratio of 1:4 (v/v)) was added and 
mixed thoroughly; 1.3 ml of Ehrlich’s reagent solution (mixture of solution A; 2 g of p-dimethylamino-
benzaldehyde in 3 ml of 60% (v/v) perchloric acid (w/v)) and isopropanol at a ratio of 3:13 (v/v)) was 
added. The mixture was mixed and heated at 60oC for 25 min in a temperature-controlled water bath 
(Memmert, Schwabach, Germany) and then cooled for 2-3 min in the running water. The solution was 
diluted to 5 ml with isopropanol. Absorbance was measured against water at 558 nm. Hydroxyproline 
standard with the concentrations ranging from 10 to 60 ppm were prepared. Hydroxyproline content was 
calculated and expressed as mg/g sample. 
Determination of bloom strength 
Gelatin gel was firstly prepared following the method of Fernadez-Diaz et al. [11] with a slight 
modification. Dried gelatin (2 g) was dissolved with de-ionized water (30 ml) to obtain 6.67% protein 
content in 50 ml beaker. The gelatin solution was then heated at 60oC for 15 min in a temperature-
controlled water bath and cooled in a refrigerator (4oC, maturation temperature) for 16-18 h. 
The bloom strength was determined by the method of Fernádez - Diaz et al. [11] with a slight 
modification. The bloom strength was determined using a texture analyzer (Stable Micro System, Surrey, 
UK) with a load cell of 5 kN, cross-head speed of 1 mm/s, equipped with a 1.27 diameter flat-faced 
cylindrical Teflon® plunger. The dimensions of the sample were 3.8 cm diameter and 2.7 cm height. The 
maximum force (in grams), taken when the plunger had penetrated 4 mm into the gelatin gels, was 
recorded. The measurement was performed in triplicate determinations. 
Color 
The color of gelatin powder and gelatin gel (6.67% (w/v)) was measured by using colorimeter (model 
ColorFlex, HunterLab Reston, Virginia, USA), and reported in CIE color parameters of L*, a* and b*.    
Study on effect of glycerol level on properties of bovine gelatin film 
Preparation of film-forming solution (FFS) 
Bovine gelatin powder was dissolved with de-ionized water to obtain the final protein concentration of 
2% (w/v) [3]. The solution was incubated at 60°C for 30 min. The glycerol was added to gelatin solution 
with different concentrations (0, 15, 20, 25 and 30% (w/w) of protein). The film-forming solution was 
stirred gently for 30 min. 
Film casting and drying 
The FFS obtained (4 g) was cast onto a rimmed silicone plate (5x5 cm2) and air blown for 12 h at room 
temperature prior to further drying at 25๐C and 50% relative humidity (RH) for 24 h in an environmental 
chamber (WTB Binder, Tuttlingen, Germany). Finally, the resulting films were manually peeled off and 
used for analysis. 
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Determination of film properties 
Film thickness 
The thickness of film was measured using a micrometer (Mitutoyo Absolute, Tokyo, Japan). Five random 
positions of each film of five films were used for thickness determination.  
Mechanical properties 
Prior to the measurement of mechanical properties, the films were conditioned for 48 h in a ventilated 
oven at 25°C and 50±5% RH. Elastic modulus (E), tensile strength (TS) and elongation at break (EAB) of 
films were determined as described by Jongjareonrak et al. [3] with a slight modification using a 
Universal Testing Machine (Lloyd Instruments, Hampshire, UK) equipped with tensile load cell of 100 N. 
Ten samples (2x5 cm2) with initial grip length of 3 cm were used for testing. The samples were clamped 
and deformed under tensile load with the cross-head speed of 30 mm/min until the samples were broken. 
The maximum load and the final extension at break were used for calculation of TS and EAB, respectively. 
The elastic modulus (E) was calculated as the initial slope of the linear portion of stress-strain curve. 
Water vapor permeability (WVP) 
WVP of conditioned films was determined using a modified ASTM D-882 method as described by 
Jongjareonrak et al. [3]. The film was sealed on an aluminum cup containing silica gel (0% RH) with 
silicone vacuum grease and rubber gasket. The cup was placed at 30°C in a desiccator containing the 
distilled water. The cup was weighed at 1 h intervals over a 10 h period. WVP of the films was calculated 
as follows: 

         WVP (g m-1s-1 Pa-1) = wlA-1t-1(P2-P1)-1 
Where w is the weight gain of the cup (g); l is the film thickness (m); A is the exposed area of film (m2); t is 
the time of gain (s); (P2-P1) is the vapor pressure difference across the film (Pa). Five films were used for 
WVP testing. 
Color, light transmittance and transparency value 
Color of films was determined using a CIE colorimeter (Hunter associates laboratory, Inc., Reston, 
Virginia, USA) and expressed as L*-, a*- and b*-values. The light transmittance of films was measured at 
the ultraviolet and visible range (200 – 800 nm) using UV-Vis spectrophotometer (Jasco V530, Tokyo, 
Japan) as described by Jongjareonrak et al. [3]. The transparency value of films was calculated by the 
following equation: 

Transparency value = -logT600/x 
Where T600 is the fractional transmittance at 600 nm and x is the film thickness (mm).  
The higher value represents the lower transparence of the film. 
Statistical analysis 
Experiments were run in triplicate. Data were subjected to Analysis of Variance (ANOVA) and the 
differences between means were evaluated by Duncan’s Multiple Range Test. SPSS statistic program 
(SPSS Inc., Chicago, IL, USA.) was used for data analysis. 
 
RESULTS AND DISCUSSION 
Composition and characteristics of bovine gelatin 
Proximate composition and hydroxyproline content 
The proximate composition and hydroxyproline content of commercial bovine gelatin are shown in Table 
1. Protein was found as a major constituent (at 85.02%) of the gelatin sample. The composition of gelatin 
depended on raw material and extraction processes [12]. Bovine gelatin sample contained 
hydroxyproline content of 162.50 mg/g dried sample (Table 1). Bovine gelatin was high in 
hydroxyproline content. Hydroxyproline is the unique imino acid in collagen and gelatin [12]. 
Hydroxyproline content has been reported to contribute to the bloom strength and thermal stability of 
gelatin [3]. 

 
Table 1. Proximate composition and hydroxyproline content of bovine gelatin used in this study. 

Compositions  Content (%) 
Moisture 
Protein 
Lipid 
Ash 

12.61±0.14# 
85.02±0.82 
0.18±0.01 
2.31±0.04 

Hydroxyproline (mg/g dry sample) 162.50±2.74 
              #Values are mean ± SD (n=3). 
Bloom strength and color  
Bloom strength and color of bovine gelatin are shown in Table 2. Bloom strength of gel from gelatin was 
high, approximately 248. As compared to other gelatins, bovine gelatin had higher bloom strength than 
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did porcine skin gelatin (90-110 g). In general, the high molecular weight of bovine gelatin gives a high 
bloom strength value [12,13].  Bloom strength is the most important physical property of the gelatin and 
is dependent on the hydrogen bonds between water molecules and free hydroxyl groups of amino acids, 
size of protein chains, concentration, and molecular weight distribution of the gelatin [13]. The strength 
of commercial gelatin has been reported to range from 100 to 300 g; however, gelatin with bloom values 
of 250–260 g is most preferred especially for preparation of film with high strength [14]. Hydroxyproline, 
a unique imino acid of gelatin, had the marked influence on gel strength due to its hydrogen bonding 
ability, via the hydroxyl group [13,14]. High bloom strength of gelatin correlates in part to the large size of 
protein molecules, which is one of the prerequisites for the formation of polymeric film with high 
strength.   
L*, a* and b*-values of powder and gel from bovine gelatin are shown in Table 2. Bovine gelatin gel showed 
the high L*-value than did bovine gelatin powder (p<0.05). A commercial gelatin powder is usually 
dehydrated by progressive increases in air temperature, but a gelatin gel is formed by cooling of heated 
gelatin solution. The yellow color of gelatin powder and gel might be developed during thermal process. A 
small amount of sugar and carbohydrate added in a commercial gelatin possibly interacted with amino 
group of gelatin via Maillard reaction, resulted in yellowing.  

 
Table 2. Bloom strength and color of the powder and gel from commercial bovine gelatin used in this 
study.  

Physical properties Gelatin  powder Gelatin gel 
L* 
a* 
b* 

27.36±1.11 
-1.18±0.34 
11.71±2.30 

  34.76±1.76# 
-0.95±0.24 
13.51±1.52 

Bloom strength (g) — 247.90±1.21 
             # Values are mean ± SD (n=3). 

 
Effect of glycerol content on properties of bovine gelatin film 
Thickness and mechanical properties 
The average thickness of bovine gelatin film without glycerol (0% glycerol) and gelatin films added with 
glycerol at different levels (15, 20, 25 and 30% (w/w) of protein) was 0.030±0.025 mm. The thickness of 
the films was not influenced by glycerol concentrations (p>0.05) (data not shown). 
Fig. 1 illustrates tensile stress-strain behavior of representative film samples. Gelatin film without 
glycerol showed rather brittle characteristic and more resistant to tensile deformation, mostly due to 
high inter-molecular interaction of the gelatin chains in the matrix of film [15]. In contrast, the films with 
glycerol addition exhibited ductile behavior in which highly plastic deformation was observed. This 
behavior was more pronounced when the increasing amount of glycerol was added. This was attributed 
to the plasticizing effect, most likely resulted from the decrease in inter- and intra molecular attractive 
forces [7,16]. 

 

 
Fig 1. Representative tensile stress-strain diagrams of selected bovine gelatin films incorporated with glycerol at 
different concentrations. 
  
TS, EAB and E of gelatin films prepared from film-forming solution (FFS) added with glycerol at different 
concentrations are shown in Fig. 2. Gelatin film without glycerol exhibited the higher TS and E but lower EAB than 
did the films added with glycerol. The result was in agreement with that of Moore et al. [15] who reported that TS 
and E of keratin films without glycerol was higher than the films added with glycerol. TS and E of the film 
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decreased and EAB increased when glycerol concentration increased (p<0.05). Bergo and Sobral [16] studied 
effects of plasticizer on physical properties of pig skin gelatin films various glycerol concentrations (0, 15, 
30 and 45 g of glycerol/100 g of gelatin). They found that the TS and elastic modulus of these films 
decreased and the EAB increased, with increasing glycerol concentration. The results agreed with other 
studies concerning the effect of plasticizer concentrations on protein–based films from wheat gluten and soy 
proteins [17] and fish muscle proteins [18]. The results showed that glycerol could improve the flexibility and 
decrease the stiffness of gelatin films. This resulted mainly from the plasticizing effect of glycerol added, which 
increased intermolecular spacing, thereby increasing chain mobility.  

 
Fig 2. Mechanical properties of bovine gelatin films incorporated with glycerol at different 
concentrations: (A) tensile strength: TS, (B) Young’s modulus: E and (C) elongation at break: EAB. Bars 
represent the standard deviation (n=3). Different letters on the bars indicate the significant differences 
(p<0.05). 
 
Moisture content and water vapor permeability  
Moisture content (MC) and water vapor permeability (WVP) of the conditioned gelatin films with 
different glycerol concentrations are shown in Fig. 3. In general, the gelatin films without glycerol had 
lower MC and WVP than did those added with glycerol (p<0.05). The increase in glycerol concentration 
increased the values of MC and WVP of the resulting films (p<0.05). The result was in agreement with other 
studies [3,8]. Glycerol is hydrophilic in nature. Thus, incorporation of this compound led to the 
hygroscopic characteristic of resulting film. This attributed to the increase in MC of the film and thereby 
increasing the WPV of the film. Moreover, the addition of glycerol of low molecular mass reduced 
protein–protein interactions, resulted in an increase in molecular mobility, and thus facilitating migration 
of water molecules [8]. In addition, it might provoke a reorganization of protein network which become 
less dense with a larger free volume [19], thereby enhancing the ease of water diffusion. As a 
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consequence, greater water-vapor permeation through the film matrix was obtained. 
 

 
Fig 3. Moisture content (A) and water vapor permeability (B) of bovine gelatin films incorporated with 
glycerol at different concentrations. Bars represent the standard deviation (n=3). Different letters on the 
bars indicate the significant differences (p<0.05). 
Optical properties 
Light transmission and film transparency 
Transmission of UV and visible light at selected wavelength in the range of 200 – 800 nm of films from 
gelatin with different glycerol concentrations is shown in Table 3. Transmission in visible length (350 – 
800 nm) of the films varied from 44.05 to 77.46%. The transmission of UV light at 280 nm was in the 
range of 26.25–36.61%. Very low transmission (1.18–3.48%) was found at 200 nm. Therefore, those 
gelatin films effectively prevented the UV light and potentially retarded lipid oxidation induced by the UV 
light. Gelatin constituents low content of tyrosine and phenylalanine (aromatic amino acids) [3]. In 
general, tyrosine and phenylalanine are well known to be sensitive chromophores, which absorb light at 
the wavelength below 300 nm [20]. The aromatic amino acids of protein might play an important role in 
the UV barrier properties of protein films. Gelatin film without glycerol had the higher barrier for light 
transmission in UV range than did the gelatin films added with glycerol. Light transmission of the films 
slightly increased with increasing glycerol content. 
For transparency value, all films obtained had similar transparency value (p>0.05) (Table 3). Therefore, 
the glycerol added had no impact on transparency of bovine gelatin film. The gelatin films had 
comparable transparency value to some synthetic films such as polyvinylidene chloride (PVDC: 4.58) and 
low-density polyethylene (LDPE: 3.05) [21]. Therefore, the resulting gelatin film was transparent and 
cleared enough for use as a see-through packaging. 
Color of films 
L*, a* and b*-values of bovine gelatin films with different glycerol concentrations are shown in Table 4. The 
addition of glycerol at different concentrations studied had no impact on color of the resulting films 
(p>0.05). From the results, besides being transparent, the gelatin films were light in color. The gelatin 
films were lighter in color as compared to some other protein films such as myofibrillar protein films (L* = 
88.69, a*= -1.37, b*= 2.91) [22] and wheat gluten film (L* = 62.37, a*= -2.35, b*=5.26) [23]. 
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Table 3. Light transmittance (%) and transparency value of bovine gelatin films incorporated with 
glycerol at different concentrations. 

Films 
Wave length (nm) Transparency 

value 200 280 350 400 500 600 700 800 
Control 1.18 26.30 44.05 66.01 67.16 67.72 68.02 68.48 3.35±0.17a* 

15% Glycerol 2.15 36.61 54.39 70.78 70.78 71.88 72.95 74.14 3.38±0.09a 
20% Glycerol 2.56 32.98 52.95 72.56 72.56 73.21 74.15 75.93 3.41±0.06ab 
25% Glycerol 2.91 35.80 54.87 74.35 74.35 75.70 76.65 77.22 3.42±0.04ab 
30% Glycerol 3.47 34.31 55.21 73.44 73.44 75.37 76.95 77.47 3.42±0.09ab 

# Values are Mean ± SD (n=3). The difference superscripts in the same column indicate the significant 
differences (p<0.05). 

 
Table 4. L*, a* and b*-values of bovine gelatin films incorporated with glycerol at different concentrations. 

Films L* a* b* 
Control 90.59 ± 0.14a¥ -1.16 ± 0.01a 1.46 ± 0.01a# 

15% Glycerol 90.30 ± 0.23a -1.20 ± 0.05a 1.50 ± 0.13a 
20% Glycerol 90.17 ± 0.20a -1.20 ± 0.07a 1.44 ± 0.06a 
25% Glycerol 90.27 ± 0.75a -1.12 ± 0.11a 1.39 ± 0.11a 
30% Glycerol 90.64 ± 0.56a -1.15 ± 0.06a 1.47 ± 0.08a 

# Values are Mean ± SD (n=3). The difference superscripts in the same column indicate the significant 
differences (p<0.05). 
 
CONCLUSION 
Bovine gelatin used in this study could form film effectively and the properties of resulting films were 
determined by gelatin’s composition and characteristics as well as the glycerol added as plasticizer. 
Glycerol at an appropriate level was required in order to produce sufficiently flexible gelatin film. 
Increasing glycerol content resulted in decreased TS and stiffness (i.e. E) but increased EAB and WVP of 
the gelatin film. The bovine-gelatin film incorporated with glycerol at 25% of protein had sufficient 
flexibility to be handled without being easily broken. 
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