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ABSTRACT 
Gelatin molding compound resin, a raw material for compression molding, was prepared from bovine gelatin or fish 
gelatin mixed with glycerol at 25% of protein via heat-pretreatment of gelatin concentrate solution at 90 °C for 2 h, 
followed by drying and pelletizing. Bovine and fish gelatin resins had different chemical compositions and 
characteristics. Upon heat-pretreatment in resin preparation, both gelatins underwent partial degradation, as indicated 
by increased free-amino group content compared to the original gelatin powders (p<0.05). Thermal properties of 
obtained gelatin molding compound resins were investigated by means of differential scanning calorimetry (DSC) and 
thermo-gravimetric analysis (TGA). The thermal properties of gelatin resins depended on gelatin type and pre-
conditioning condition used. Generally, the gelatin resins with pre-conditioning at 25 °C and 60% RH for 2 days prior 
molding exhibited the glass-transition temperature (Tg) of 52.6 – 57.9 °C and degradation temperature (Td) of 248.83 – 
249.35 °C, depending on gelatin type.  Therefore, this thermal characteristic could suggest the range of processing 
temperature which was possibly used for thermal forming of gelatin resins.  
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INTRODUCTION 
Gelatins are natural high molecular weight polypeptides which are always extracted from bone, skin and 
connective tissue. Currently most of available gelatins are manufactured from mammalian resources, 
especially skin and bone of bovine or skin of porcine [1,2]. But nowadays fish gelatins have been receiving 
interest since gelatin from marine sources is without the risk associated with Bovine Spongiform 
Encephalopathy (BSE) disease and is not prohibited for some religions use. One of most gelatin 
applications is being used in preparation of edible or biodegradable film, due to the fact that gelatin film 
has good transparency, strength and be used as an outer film to protect food from drying and exposure to 
light and oxygen [3]. Edible and biodegradable films from various natural polymers including gelatin have 
been paid more attention as being used for alternative materials for petrochemical to reduce the 
environmental impact of plastic waste.  
Gelatin film has been majorly prepared by solution-casting technique. However, the preparation of gelatin 
films, especially from fish gelatin, via thermal forming processes such as thermo-compression molding is 
still rare. The thermal fabrication of gelatin films, if possible, will make it convenient and rapid production 
that nearly commercial manufacture more than the solution-casting method. The fabrication of gelatin 
films by thermal technique is based on the thermoplastic property of plasticized gelatin [4]. Among 
thermal processing method, compression molding is the most common and simple method of molding, 
which is typically used to investigate the feasibility of converting any polymers to designed product via 
thermoplastic processing [5]. Before molding to form film, preparation of compound resin based on 
gelatin and plasticizer, which is used as raw material for compression molding, is of importance [4]. Our 
previous study showed that the compound resin of glycerol-plasticized gelatin in the pellet form could be 
prepared by solution blending with the aid of proper heat-pretreatment at 90 °C for 2 h, followed by 
drying and cutting into small pellets [6]. The obtained gelatin resin could be used as raw material to from 
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film by compression molding. Basic thermal properties including glass transition, melting transition and 
degradation temperatures of the gelatin resin are important for thermal processing, which will be used to 
define the range of molding temperature. Therefore, this paper presents some physical properties and 
thermal properties of molding compound resin prepared from bovine or fish gelatin plasticized with 
glycerol as for raw material for compression molding. 

 
MATERIALS AND METHODS 
Chemicals and materials 
Commercial bovine hide gelatin and fish skin gelatin were purchased from Halamix International Co., Ltd. 
(Bangkok, Thailand) and LAPI GELATINE S.p.A. (Empoli, Italy), respectively. Glycerol and L-leucine were 
obtained from Sigma Chemical Co. (St. Louis, MO, USA).  
Analyses of composition and properties of gelatin powder  
Proximate composition 
Protein, lipid, moisture and ash contents of gelatins were determined according to the methods of AOAC 
[7]. 
Determination of hydroxyproline content 
Hydroxyproline content was analyzed according to the method of Berman and Loxley [8] with a slight 
modification. The samples were hydrolyzed with 6 M HCl at 100 °C 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; 0.1 ml 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 60 °C 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 gel strength of gelatin 
Gel strength or bloom strength was determined according to the method of Fernandez-Diaz et al. [9]. 
Gelatin powders were dissolved in distilled water to obtain the protein concentration of 6.67% (w/v). 
Solution was poured into PVC tube (inner diameter of 30 mm and height of 25 mm) and cooled at 7 C for 
16-18 h. Measurement was conducted using a Texture Analyzer (TA-XT2, Stable Microsystems Ltd., UK) 
for a 4 mm depression at a rate of 0.5 mm/s using a cylindrical probe (1 cm in diameter). 
Color measurement 
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*.    
Preparation of gelatin molding compound resin 
Molding compound resin (called in brief as ‘resin’), a mixture of gelatin and plasticizer, was prepared 
according to the method of Park et al. [4] with some modifications. Gelatin powders were first dissolved 
in hot (65 C) deionized water to obtain the protein concentration of 20% (w/v). Glycerol as plasticizer 
was added to gelatin solution at 25% of protein. The film-forming solutions (FFS) were then heated at 90 
C for 2 h in a water bath.  Upon heat-pretreatment, the FFS was gently stirred.  Then, the FFS was poured 
onto a stainless tray and partially dried for 12 h at ambient temperature. The obtained semi-dried resin 
was cut into small pellets (~0.5 x 0.3 x 0.3 cm3) and further dried in vacuum oven at 35 C for 48 h. The 
resin was conditioned at 25 C and 60% RH in an environmental chamber (TK120, NUVE, Belgium) for 48 
h before use. 
Analyses of gelatin molding compound resin 
Free amino group content 
Free amino group content of gelatin powders and resins was determined by the method of Benjakul and 
Morrissey [10] with some modifications. The gelatin samples were dissolved in an appropriate amount 
of deionized water. The gelatin solution of each sample was adjusted to obtain an equal protein 
concentration (5 mg/ml), determined by Biuret method [11], before the analysis. The gelatin solution 
(125 l) was mixed with 2 ml of 0.2121 M phosphate buffer (pH 8.2) and 1 ml of 0.01% TNBS solution. 
The mixtures were placed in water bath at 50 °C for 30 min in the dark. The reaction was terminated by 
adding 2 ml of 0.1 M sodium sulfite. After being cooled down at room temperature for 15 min under the 
dark surrounding, the absorbance was measured at 420 nm using an UV-1601 spectrophotometer 
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(Shimadzu, Kyoto, Japan). The standard curve was prepared using L-leucine in the range of 0-5 mM. The 
activity was expressed as mM L-leucine.  
Thermal properties 
Thermal properties of bovine and fish gelatin resins with being subjected to different pre-conditionings 
(under P2O5 for 2 weeks or under 25 C and 60% RH for 2 days) were analyzed using differential scanning 
calorimeter (DSC) (DSC 7, Perkin Elmer, Norwalk, CT, USA). The instrument was calibrated with Indium 
as a standard.  The samples of 2-4 mg were weighed in aluminum pans and were hermetically sealed. An 
empty pan of the same type as sample pan was used as a reference. The measurements were performed 
in the temperature range from -40 to 160 °C at 10 °C/min. After the first heating, the samples were rapidly 
cooled down with dried ice at 150 °C/min to -40 °C and reheated at the same rate of 10 °C/min from -40 
to 150 °C.  
The resin samples were also determined for thermal degradation using thermo-gravimetric analyzer 
(TGA 7, Perkin Elmer, Norwalk, CT, USA). The resins were scanned from room temperature to 800 °C at a 
rate of 10 °C/min. Nitrogen was used as the purge gas with flow rate of 20 ml/min. 
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 
Proximate compositions and properties of gelatin 
Proximate composition and hydroxyproline content of commercial bovine and fish gelatin powders are 
shown in Table 1. Bovine gelatin contained high protein content of 86.10%, followed by moisture, ash and 
lipid contents of 10.52%, 3.06% and 0.26%, respectively. Fish gelatin had protein, moisture, ash and lipid 
of 89.49%, 10.04%, 0.21% and 0.02%, respectively. The low lipid and ash contents suggested that the 
extraction processes were effective. Different sources as well as extraction and manufacturing processes 
most likely contributed to the differences in chemical compositions of bovine and fish gelatins [2]. High 
protein content found in both gelatins suggested that gelatin is a good source for protein-based film 
preparation.  
Hydroxyproline contents of bovine and fish gelatins were 120.47 and 111.36 mg/g gelatin, respectively. 
Hydroxyproline is the unique imino acid in collagen and gelatin. Higher hydroxyproline content of bovine 
gelatin compared to that of fish gelatin has been widely reported [1,12]. Hydroxyproline is an important 
amino acid involved in formation of network structure of gelatin gel and plausibly also gelatin film 
[12,13]. 
Generally, the network structure and the physical properties of gelatin gel and film mainly depend on 
bloom strength of gelatin [13]. Therefore, the bloom strength is one of the most important physical 
properties of gelatin and is a function of complex interactions determined by amino acid composition and 
the ratio of α/β-chains which are controlled by the sources and the conditions of extraction of gelatin. The 
gel 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 [14]. The quality of gelatin is generally determined by the gel 
strength or bloom value, including low (<150 g), medium (150-220 g) and high bloom (220-300 g); 
commercially, high viscosity gelatin has higher price [15]. The increase in bloom value is expected to 
affect the improvement of mechanical properties of gelatin film [16]. The bloom strength of bovine gelatin 
(252.02 g) was higher than that of fish gelatin (205.45 g) (Table 1). This result was in agreement with that 
reported by Norziah et al. [17]. They explained that it was due to the higher content of hydroxyproline in 
bovine gelatin, compared to that of fish gelatin.  A higher content of hydroxyproline led to higher 
viscoelastic properties and ability to develop the strong gel and film structure [1]. It is well established 
that hydrogen bonds between water molecules and free hydroxyl groups of amino acids in gelatin are 
essential for the gel strength [1,17]. Arnesen and Gildberg [18] studied the characteristic of gelatin from 
harp seal skin as compared to cod-skin gelatin and commercial gelatin from bovine and porcine skins. 
They explained that the low hydroxyproline content in cod-skin gelatin is a major reason for the low gel 
strength as compared with other gelatins. However, there was no significant difference between the 
hydroxyproline content of gelatin from harp seal and the other mammalian gelatins, which could explain 
the higher gel strength of this gelatin. A higher content of other amino acids with free hydroxyl groups 
(serine, threonine and tyrosine) may contribute to more hydrogen bonds, thereby increasing gel strength. 
Moreover, protein degradation during gelatin extraction at higher temperature exhibited lower gel 
strength [13]. Obviously, Kittiphattanabawon et al. [19] reported bloom strength of gelatin gels from the 
skins of brown banded bamboo shark and blacktip shark extracted with water at different temperatures 
(45, 60 and 75 °C) and various times (6 and 12 h) and suggested that both gelatins extracted at 75 °C had 
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extremely low bloom strength and bloom strength decreased when the extraction time was increased 
from 6 to 12 h (p < 0.05). 
Color parameters of the gelatins are shown in Table 2. Fish gelatin in both powder and gel forms had 
higher L*-value (lightness) than did that of bovine gelatin. The L*-values of fish gelatin were 90.51 and 
34.98 for its powder and gel forms, respectively. The L*-values of bovine gelatin powder and gel were 
78.37 and 29.56, respectively. Conversely, powder and gel of bovine gelatin exhibited higher b*-values 
(more yellowish) than those of fish gelatin. The color of gelatin depends on the raw materials extracted 
and whether it is the first, second or later extraction [20]. In general, color of gelatin powder, as a raw 
material, would directly influence the color of gelatin films. 
 
Table 1. Proximate compositions, hydroxyproline content and bloom strength of commercial bovine and 

fish gelatins. 
Composition (%) Bovine  gelatin# Fish gelatin# 

Protein 86.10± 0.22b 89.49± 0.01a¥ 
Moisture 10.52± 0.07a 10.04± 0.03a 
Lipid 0.26 0.02a 0.02± 0.01b 
Ash 3.06±0.04a 0.21± 0.02b 
Bloom strength (g) 252.02 1.41a 205.450.66b 

Hydroxyproline content (mg/g gelatin) 120.47±2.58a 111.36±0.49b 
 #Mean  SD from triplicate determinations.  
 ¥The different superscripts in the same row indicate the significant difference (p<0.05). 
 

Table 2. Color of commercial gelatins from bovine and fish. 
Form Sample L* a* b*#,† 

Powder Bovine 78.37±0.20a 3.45±0.12a 23.96±0.19a¥ 

Fish 90.51±0.43b 0.15±0.04b 17.30±0.13b 
Gel Bovine 29.56±0.35b 1.18±0.14a 18.69±0.77a 

Fish 34.98±1.38a -1.54±0.05b 9.37±0.49b 
#L*, a* and b*-values represent lightness, redness/greenness and yellowness/blueness, respectively. 
 † Mean  SD from triplicate determinations. 
¥The different superscripts in the same column within the same sample form indicate the significant 
difference (p<0.05). 
 
Properties and characteristics of bovine and fish gelatin molding compound resins 
Free-amino group content 
The free-amino group content was determined in this study as for the indicative of degradation of gelatin 
in the resin. Table 3 shows free-amino group content of resins obtained from heat-pretreatment of gelatin 
solutions at 90 °C for 2 h, in comparison to that of gelatin powder. Both bovine and fish gelatin resins had 
similar free-amino group content (p>0.05). However, the gelatin resins exhibited higher free-amino group 
content than did the corresponding gelatin powders (p<0.05), irrespective of gelatin type. Higher free-
amino group content suggested larger degree of peptide bond breakage, representing degradation of 
gelatin. The result indicated that there existed partial degradation of gelatin molecules upon resin 
preparation, compared to the corresponding gelatin powder. Hoque et al. [21] reported that excessive 
temperature (over 80 °C) for heat treatment of gelatin film-forming solution led to partial degradation of 
gelatin and resulted in a decrease in mechanical properties of the obtained gelatin films. Chuaynukul et al. 
[6] found that gelatin films prepared by compression molding of gelatin resin heat-pretreated at higher 
temperature had higher free-amino group content. The degradation of gelatin more likely took place 
during heat-pretreatment of gelatin solution in resin preparation step and additionally during film 
fabrication at high temperature.  
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Table 3. Free-amino group content of bovine and fish gelatin powders and their corresponding gelatin 
resins prepared with heat-pretreatment at 90 °C for 2 h. 

Sample 
Free-amino group content#  

(mmol/g protein) 

Bovine gelatin resin 0.306±0.004b¥ 

Fish gelatin resin 0.304±0.003b 

Bovine gelatin powder  0.280±0.003a 

Fish gelatin powder  0.274±0.003a 

#Mean  SD from triplicate determinations.  
¥The different superscripts in the same column indicate the significant difference (p<0.05). 

 
Thermal behavior of gelatin molding compound resins 
The gelatin molding compound resins (bovine or fish gelatin plasticized with glycerol at 25% of protein) 
were characterized by means of differential scanning calorimeter (DSC) and thermo-gravimetric analyzer 
(TGA), in order to reveal their thermal transition characteristics. The resins equilibrated at 25 C and 
60% RH for 2 days were analyzed in comparison with those dried under P2O5 for 2 weeks to obtain the 
most dehydrated samples. 
DSC analysis 
Fig.  1 shows DSC curves of bovine and fish gelatin resins (plasticized with 25% glycerol) after 
conditioning at 25 °C and 60% RH for 2 days (the moist resins) and those after drying under P2O5 for 2 
weeks (the dried resins). Their corresponding transition temperatures and moisture contents are 
presented in Table 4. From the first-heating scan from -40 to 150 °C (Fig. 1(A)), the thermograms of all 
resins showed glass transition at temperature (Tg) ranged from 52.6 to 71.6 °C, depending on samples. 
The glass transition temperature is generally the temperature at which the polymer softens (changes 
form the glassy state to the rubbery state, for a given heating rate) because of the onset of long-range co-
ordinated molecular motion of disordered (amorphous) structure [22,23]. This transition is associated 
with molecular segmental motion of disorder (amorphous) structure [22,24]. The DSC curves of the 1st-
heating scan of moist and dried fish gelatin resins and moist bovine gelatin resin exhibited also enthalpy 
relaxation peak (or aging enthalpy) superimposed on the glass transition change. This result was in 
agreement with that found in other gelatins and proteins [24,25]. This relaxation was more likely 
associated with destroying some residual order structures presented in the amorphous phase in the 
resin. This aging enthalpy peak was more pronounced in fish gelatin resins dried under P2O5 for 2 weeks. 
This result suggested that no true crystalline or ordered structure (i.e., triple helical structure of α-chains) 
existed in the moist and dried fish-gelatin resins and the moist bovine-gelatin resin. In contrast, bovine-
gelatin resin dried under P2O5 showed endothermic, melting-like peak at initial temperature of 86.1 °C 
(Tmax) following the glass transition. This endothermic peak was more likely due to the helix-coil 
transition (Tmax). Upon drying for long period of time, gelatin molecules could undergo more molecular 
aggregation/alignment (physical aging) and in some cases partial renaturation (triple helical structure) 
probably took place in some degrees.  
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Fig 1. DSC thermograms of bovine and fish gelatin resins (plasticized with 25% glycerol) with different 
pre-conditioning. (A) The first heating scan and (B) the second heating scan. 

 
For the resins equilibrated at 60% RH for 2 days (moist resins), which were the resins that will be used 
for film preparation using compression molding in next study, their glass transition shifted to lower 
temperature with concomitantly decreased endothermic peak, compared to those dried under P2O5 (dried 
resins). This was due mainly to the plasticizing effect of water adsorbed (17.51- 17.83% moisture 
content) in the resins [24,26]. Water was found to be an excellent protein plasticizer [24,27], which could 
significantly enhance chain mobility by increasing the free volume and thus decreasing ordering of 
protein molecules, resulting in decreased transition temperatures of proteins. As observed in the 1st-
heating scan, the moist gelatin resins had lower Tg (52.6 and 57.9 C for fish and bovine gelatins, 
respectively) than did the dried resins (Tg of 65.5 and 71.6 C for fish and bovine gelatins, respectively). 
Moreover, in the 1st-heating thermogram, it appeared large fluctuated endothermic peak at temperature 
in the range of 118-150°C, found in both bovine and fish gelatin resins equilibrated for 2 day at 60% RH. 
This was more likely associated with an evaporation of water adsorbed and molecularly bound to protein 
network. Gelatin is very sensitive to environmental conditions, notably to relative humidity (RH), due to 
its hygroscopic character that adsorbed more moisture [26]. The result was in accordance with 
Langmaier et al. [28] who found the wide endothermic peak due to adsorbed moisture from collagen 
hydrolysate films in the 40-150 °C regions. This fluctuated peak disappeared in thermogram of the 2nd-
heating scan (Fig. 1(B)), where most of water was already eliminated from the test sample. 
The DSC thermograms of the 2nd-heating scan are shown in Fig. 1(B). It was found that enthalpy 
relaxation peak and helix-coil transition peak disappeared for all films, with the concomitant increase in 
Tg values to 67.1-90.8 C (Table 4). This indicated that the ordered structure of gelatin could not be 
formed during fast or quench cooling (150 °C/min) upon the DSC analysis. At the end of the 1st-heating, 
most of adsorbed water, acting as plasticizer, evaporated out from the sample, leading to decreased chain 
mobility of gelatin molecules. As a result, their glass transition temperatures increased, especially for 
gelatins previously dried with P2O5. As noticed in the 2nd-heating scan, plasticized bovine gelatin resins 
had higher Tg (77.6-90.8 C) than plasticized fish gelatin resins (Tg of 67.1-84.2 C). This was mostly 
resulted from the higher interaction of bovine gelatin molecules which contain higher amount of imino 
acids (proline and hydroxyproline). Vanin et al. [26] pointed out that the Tg values of plasticized gelatins 
were above the room temperature due to the low humidity of the samples after conditioning while those 
conditioned at least 58% RH probably had Tg below room temperature because water is a very efficient 
plasticizer. Rahman et al. [29] reported that initial glass transition of tuna gelatin equilibrated at 11.3% 
RH was 30 C, which decreased to -19 and -8 C when equilibrated at 52.9% and 75.3% RH, respectively, 
whereas bovine and porcine samples equilibrated at 11.3%, 52.9% and 75.3% RH showed initial glass 
transition temperature of 61, 48, 34 C and 57, 44, 35 C, respectively. Bell and Touma [30] explained the 
variation of Tg that may be due to different types of gelatin transformed during different extraction 
method and characteristics of animals skins based on species, age and sex. 
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Table 4. Transition temperatures of bovine and fish gelatin resins (plasticized with 25% glycerol) with 
different pre-conditioning conditions. 

Gelatin 
1st-heating scan 

 

2nd-heating scan 
 

Moisture 
content (%) Tg (C) 

Tmax (C) 
Tg (C) Tonset Tpeak Tendset 

Moist bovine gelatin resin 57.9 - - - 
 

77.6 
 

17.51 
Moist fish gelatin resin 52.6 - - - 67.1 17.83 
Dried bovine gelatin resin 71.6 86.1 99.5 109.2 

 

90.8 
 

3.77 
Dried fish gelatin resin 65.5 - - - 84.2 3.27 
 
TGA analysis 
TGA is the conventional and most popular technique used to study the thermal stability and 
decomposition of materials. TGA thermograms of the moist and dried resins from bovine and fish gelatins 
(plasticized with 25% glycerol) and their corresponding degradation temperature (Td) and weight loss 
(w) are shown in Fig. 2 and Table 5, respectively. All resins showed similar behavior in which they 
exhibited two main stages of weight loss. The first stage weight loss (w1 = 17.41-17.88% and 4.07-
4.52% for moist resin and dried resin, respectively), observed up to ca. 200 °C, was related to the loss of 
adsorbed and bound water. This result was in accordance with Barreto et al. [25] and Limpan et al. [31]. 
The second stage weight loss (w2) of 65.81-67.47% and 77.27-80.34% for moist resin and dried resin, 
respectively, appeared at the initial (onset) temperature (Td2) of 248.83-249.35 °C and 254.68-255.10 °C 
for the former and the latter, respectively. This transition was associated with protein thermal 
degradation or decomposition. Barreto et al. [25] reported the degradation temperatures of 296 and 281 
°C for gelatin added without and with 40% sorbitol as plasticizer, respectively. From the results, for 
resins equilibrated at the same condition (moist or dried), resins derived from bovine and fish gelatin 
showed similar degradation temperature (Td2). In contrast, both resins equilibrated at 60% RH (moist 
resins containing ~17% moisture content) exhibited lower Td2 than did those dried under P2O5 (dried 
resins containing ~3% moisture content). Apparently, the water adsorbed affected the protein-protein 
interaction by decreasing the thermal stability of the gelatin system. In the presence of high water 
content, degradation of protein possibly via hydrolysis more likely took place in a greater degree 
especially at high temperature, leading to greater loss of thermal stability of protein. The plasticized 
gelatin resins had residual mass (or char content) at temperature 800 °C in the range of 14.65-18.21%. 
Bovine gelatin resins had higher residual mass than fish gelatin resins. The residual mass of both gelatin 
resins decreased when they were equilibrated at 60% RH, suggesting that the moist gelatin resin was 
more prone to thermal degradation than the dried resin, plausibly due to the hydrolytic degradation. 
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Fig 2. TGA thermograms of bovine and fish gelatin resins (plasticized with 25% glycerol) with different 
pre-conditioning. 
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Table 5.  Thermal degradation temperature (Td, onset, C) and weight loss (w, %) of bovine and fish 
gelatin resins (plasticized with 25% glycerol) with different pre-conditionings. 

Gelatin 
1*  2 Residual mass 

(%) Td1 w1  Td2 w2 

Moist bovine gelatin resin 58.66 17.41  248.83 65.81 16.78 
Moist fish gelatin resin 57.32 17.88  249.35 67.47 14.65 
Dried bovine gelatin resin 109.59 4.52  255.10 77.24 18.21 
Dried fish gelatin resin 92.73 4.07  254.68 80.34 15.59 

*1 and 2 referred to the first and second stage weight loss, respectively, as observed in TGA 
thermograms. 

 
CONCLUSION 
Molding compound resins from bovine and fish gelatins had different physical and thermal properties, 
due to differences in chemical and structural characteristics. There existed partial degradation of gelatin 
upon heat pretreatment at 90 °C for 2 h used in resin preparation. According to DSC and TAG results, the 
guideline for possible processing temperature range could be obtained. The results suggested that to 
make the gelatin films by using thermal process from the gelatin resins studied, which contained 25% 
glycerol and possessed ~15-17% moisture content, the processing temperature should be higher than 
their Tg (53 – 58 C  ) but lower than thermal degradation temperature (Td) (~250 C). The optimal 
processing temperature could be manipulated within this temperature range. This would be dependent 
on gelatin types, the moisture content of the gelatin resin as well as other processing parameters such as 
applied pressure and time, which allow sufficient transforming the resin from solid to melt completely 
and appropriate flow-ability without obvious degradation. 
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