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This study was carried out to extract gelatin from the bone of Buffalo (Bubalus bubalis) by 
incorporating enzymatic pre-treatment. Papain-aided extraction (PE) (9.1 ppm of papain at 
50 °C water) was employed in the pre-treatment step, in which non-enzymatic extraction (NE) 
was carried out for comparison. The gelatin obtained were next evaluated for their 
physicochemical properties such as moisture, protein, and ash content, colour, and UV-vis 
absorption. Functional properties of the gelatin which included emulsifying and foaming 
properties were also determined. Four-fold increments in yield (wet basis) were obtained for 
PE (29.92 %) as compared to NE (7.5 %). Moreover, no significance difference (p > 0.05) in 
moisture content was observed for both PE and NE, although the protein content of the gelatin 
was observed in the range between 70-90 %. The resulting gelatin from both extractions was 
generally yellowish in appearance and was confirmed by the colourimetry data where no 
significant difference (p > 0.05) was observed for both samples. The maximum absorption 
peak for both PE and NE were observed at 210 nm, which was in the range commonly reported 
for gelatin. In addition, the emulsifying and foaming capacity of PE and NE had no significant 
difference (p > 0.05), although emulsion stability for PE was shown to be significantly higher 
(p < 0.05) compared to NE. The present study was an attempt to evaluate the potential use of 
local buffalo bone as raw material for gelatin production, which found that extractability could 
be improved with enzymatic pre-treatment in obtaining acceptable gelatin qualities. 
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Introduction 
 

Gelatin has been widely used in the food industry as an 
additive for stabilising, gelling, and emulsifying agent (Arioui et 
al., 2018), in which the market value by 2023, has been 
estimated to reach USD 3.53 billion at a compound annual 
growth rate (CAGR) of 6.6 % (Research and Market, 2019). As a 
hydrocolloid, it is regarded as one of a kind given its distinctive 
functional and technological characteristics. In recent years, the 
application of gelatin has expanded in pharmaceutical and 
microencapsulation fields due to its regulating release of active 
ingredients and medicine delivery capacity (Research and 
Market, 2019). 

The industrial source of gelatin raw material is often 
derived from the hide and bone of vertebrae such as porcine and 
bovine. Religious and safety constraints of these sources have 
led researchers to search for an alternative source of gelatin, 
which commonly reported, are those extracted from aquatic 
sources (Jamilah et al., 2011; Li et al., 2018; Mi et al., 2019). 
However, gelatin derived from aquatic sources is generally 
associated with inferior quality as compared to their 
mammalian counterpart given the low gelling property, thermal 
stability and its low amino acid content (Jamilah et al., 2011). 

Nevertheless, the extractability of gelatin from raw material 
and the quality of the resulting gelatin is significantly affected by 
the steps within the pre-treatment process. The pre-treatment 
process is important in order to induce the weakening of inter-
molecular and intra-molecular bonds in the bone matrix, which 
promotes the breakdown of complex crosslink that exists in 
collagen (Ma et al., 2019). The use of protease enzyme in gelatin 
manufacturing especially in the pre-treatment (swelling 
process) stage, is consequently attracting significant attention of 

researchers to reduce the environmental impact and also 
towards the ability of the enzyme to increase the yield and 
quality of gelatin extracted (Ma et al., 2019). Here, modified 
enzymatic pre-treatment is often used to substitute the acid or 
liming process to hydrolyse the native collagen which 
demonstrates shorter processing time, higher yield and 
generating less water (Damrongsakkul et al., 2008; Ma et al., 
2019). 

Nonetheless, it is interesting to explore the underutilised 
group of bovine, namely Buffalo, as a raw material for gelatin 
production. In Asia, Buffalo (Bubalus bubalis) plays a significant 
role in social advancement since it provides milk, meat, skins, 
and draft control for agricultural activities. Buffalo bone, which 
is usually discarded following meat processing, is a collagen-rich 
biomaterial that can be utilised as gelatin raw material. Indeed, 
Buffalo has been reported to be resistant to prion-diseases 
(Zhao et al., 2016), making it a safer choice compared to other 
bovine counterparts. Although, limited research is found 
reporting on the extraction of gelatin from buffalo bone. 
Therefore, the current study is undertaken in an attempt to 
evaluate the potential use of buffalo bone as gelatin raw material 
using enzymatic pre-treatment. 

 
Materials and Method 
 

The Buffalo bones were obtained from Huswani Enterprise 
in Kota Kinabalu, Sabah, and maintained at a temperature of -20 
°C until for later use. Papain enzyme EC 3.4.22.2 (from Carica 
papaya) 30000 USP-U/mg from Merck (Darmstadt, Germany) 
and commercial bovine gelatin were obtained from Sigma-
Aldrich, United States. All chemicals used in this study were of 
analytical grade. 
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Raw material preparation 
 

The bones were crushed into small pieces (1 x 1 cm) prior 
to gelatin extraction. 

 
Modified enzymatic extraction 
 

Pre-treatment to remove any unwanted materials from the 
bone was carried out according to Li et al. (2009) with slight 
modification. The Buffalo bone (50 g) soaked in hexane (1:15 
w/v) for 48 h to remove fat. The defatted bone was then desalted 
using 0.5 mol/L ethylenediamine tetra-acetic acid disodium 
(EDTA-2Na, pH 7.4) with (1:15 w/v) ratio for 48 h at room 
temperature to reduce the mineral content. The defatted and 
desalted bone was next pre-treated with enzyme for swelling of 
the raw material before gelatin extraction (Hosseini-Parvar et 
al., 2009). The bone was then mixed with papain (9.1 ppm) in 
glycine buffer (1:10 w/v), pH 2 at 50 °C for 12 h, upon which 
time the reaction mixture was heated at 100 °C for 1 min to 
deactivate the enzyme. The pH of the mixture was neutralised to 
7 using 1 M NaOH. Next, hot water extraction was undertaken 
on the pre-treated swollen bone according to Hosseini-Parvar et 
al. (2009) with slight modification in which temperature was set 
at 70.3 °C for 72 h. The slurry was then filtered with Whatman 
no. 4 filter paper and stored in a blast freezer at -80 °C before 
freeze-drying. 

 
Non-enzymatic extraction 
 

Non-enzymatic pre-treatment was carried out as described 
by Arioui et al. (2018). Here, 50 g of buffalo bone underwent 
defatting and the demineralising process by soaking in 2 % HCl 
for 48 h at room temperature before washing with distilled 
water, until reaching a neutral pH. The defatted and 
demineralised bone was then treated with 1 M NaOH for 48 h at 
4 °C to remove non-protein molecule. The extraction of gelatin 
was carried out according to Hosseini-Parvar et al. (2009) 
where the bone was soaked in distilled water (1:3 w/v) at a 
temperature of 70.3 °C for 72 h. The slurry was then filtered with 
Whatman filter paper no.4 and stored in a blast freezer at -80 °C 
before freeze-drying. 

 
Analyses 
 
Yield of Gelatin 
 

The gelatin yield was calculated as the ratio of dried gelatin 
to the total weight of buffalo bone on a weight basis using the 
following formula as given in Eq. 1: 
 

Yield (g 100 g⁄ )

=
Weight of freeze dried gelatin (g)

Wet weight of buffalo bone (g)
X 100 

 
 
 

(1) 

Proximate composition 
 

The moisture, protein, and ash content of the buffalo bone 
gelatin were determined applying the method based on AOAC 
(2000) guidelines. Each measurement was carried out in 
triplicate. 
 
Colour measurement 
 

The colour properties of powdered buffalo bone gelatin 
were measured using colourimetry (Hunterlab Colorflex Ez, 
USA), which is based on the Hunter references expressed in 
lightness (L*), redness (a*), and yellowness (b*). 

Uv-vis absorption 
 

The UV-vis absorption spectra of buffalo bone gelatin were 
recorded using a UV-vis spectrophotometer (Perkin Elmer, 
Lambda 25, USA). Here, a sample (1 mg/mL) was dissolved in 
distilled water where the absorbance of the sample was 
recorded ranging between 190 and 400 nm, and the resolution 
was set at 0.5 nm, with distilled water as the standard. The 
reading for bovine gelatin standard was taken for comparison. 

 
Emulsifying capacity and stability 
 

Buffalo gelatin solution (3 %, 6 mL, w/v) was homogenised 
with (2 mL) of soybean oil at 20,000 rpm for 1 min. The emulsion 
was then pipetted out at 0 and 10 min and diluted 100-fold with 
0.1 % SDS. The solution was mixed thoroughly for 10 s using a 
vortex mixer before inserting into the cuvette to be analysed by 
the spectrophotometer to 500 nm absorbance. The emulsion 
activity index (EAI) and emulsion stability index (ESI) were 
calculated using Eqs. 2 and 3 as given below: 

 

EAI (m2/g) = 
2 x 2.303 x A xDF

1ɸC104  
(2) 

         
Where A = A500, DF = dilution factor (100), l = path length 

of cuvette (m), Φ = oil volume fraction, and C = protein 
concentration in aqueous phase (g/ml). 
 

ESI (min) = 
A0

(A0-A10) x Δt
 

 

(3) 

Where A0 = absorbance at 500 nm at the time point of 0 min, 
A10 = absorbance at 500 nm at the time point of 10 min, and Δt 
= 10 min. 
 
Foaming activity and stability 
 

Foam expansion (FE) and foam stability (FS) of buffalo 
gelatin were determined, according to Xu et al. (2017). Gelatin 
solution (3 %, w/v) was transferred into 100 mL cylinders and 
homogenised at 13,400 rpm for 1 min at room temperature. The 
sample was then allowed to stand for 0, 30, 60 min and FE and 
FS were determined according to Eqs. 4 and 5 below: 

 
FE(%) = (VT/V0) / V0 x 100 (4) 

 
FS(%) = (Vt/V0) / V0 x 100 (5) 

 
Where VT = total volume after whipping, V0 = original 

volume before whipping, and Vt = total volume after leaving at 
room temperature for different times (30 and 60 min). 

 
Statistical analysis 
 

All data obtained were analysed using the Statistical 
Package for the Social Sciences (SPSS) version 26.0 (IBM Corp., 
Armonk, NY). 

 
Results and Discussion   
 
Yield of gelatin 
 

The yield of the extracted gelatin from buffalo bone 
with/without papain enzyme is presented in Table 1. Non-
enzymatic pre-treatment exhibited 7.50 ± 0.08 % while papain-
aided extraction (PE) was observed to increase the yield up to 
29.92 ± 0.52 %. Generally, the yield of gelatin depends 
substantially on the nature of raw material and the extraction 
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methods employed (Jamilah et al., 2011). Also, depending on the 
initial content of collagen in the source material, a lower yield 
might be observed should the processing conditions be 
ineffective in releasing high crosslinking of the covalent bond 
within the collagen molecule to release gelatin. 

The use of enzyme during the swelling process successfully 
increased the yield. This is also supported by previous gelatin 
production by Damrongsakkul et al. (2008) who extracted 
gelatin from rawhide with PE (60 % dry wt), Xu et al. (2017) for 
Yak skin with PE (26.34 ± 0.23 %) and Ahmad et al. (2019) for 
bovine skin using PE (24.56 ± 0.23 %) concluding that the 
extraction of gelatin using the enzyme enhances the yield of 
gelatin. However, the incorporation of the enzyme to be 
observed in order to enhance gelatin yield needs to be 
monitored, as this is a critical process to ensure good quality 
gelatin is obtained. 

 
Table 1. Physico-chemical properties of buffalo bone gelatin 

Properties NE PE 
Yield (%)* 7.50 ± 0.08a 29.92 ± 0.52b 
Moisture (%)* 3.09 ± 0.71a 2.50 ± 0.22b 
Protein (%)* 89.81 ± 1.87a 70.21 ± 0.24b 
Ash (%)* 6.39 ± 0.78a 8.45 ± 0.43b 
Colour   
    ‘L’ 76.08 ± 0.45a 77.16 ± 0.60a 
    ‘a’ 1.86 ± 0.02a 1.69 ± 0.02b 
    ‘b’ 6.76 ± 0.14a 7.68 ± 0.25b 
    Absorbance 
(nm) 

210  210 

*Values signify means ± standard deviation of triplicates. 
Different superscript letters indicate significant differences (p < 
0.05) within the same row. 
 
Moisture content 
 

The moisture content for powdered PE and NE was (2.50 ± 
0.22 %) and (3.09 ± 0.71 %) respectively, as shown in Table 1. 
Accordingly, this shows that the drying method by freeze-drying 
was highly effective for both gelatin. The slight difference in the 
moisture content between the samples was due to two different 
types of pre-treatment. The values obtained were in agreement 
with the GMIA standard (2019), which states that the moisture 
content of commercial gelatin should not exceed 12 %. The 
moisture content for PE and NE was much lower when 
compared to chicken feet gelatin (6.34 %) by Rahman and 
Jamalulail (2012) and cow bone (7.87 %) reported by Arioui et 
al. (2018). The moisture content percentage is strongly 
influenced by the drying time, temperature, humidity level 
during storage, and the type of packaging used (Rahman and 
Jamalulail, 2012). 

 
Protein Content 
 

The protein content of gelatin derived from buffalo bone is 
presented in Table 1. Here, the protein content of PE and NE are 
shown to be relatively high, with NE being significantly higher 
(p < 0.05) compared to PE. The lower protein content observed 
in PE was possibly due to over hydrolysis of the protein by 
enzymatic pre-treatment. Ahmad et al. (2019) stated that papain 
pre-treatment at a certain concentration and contact time 
caused severe cleavage of collagen chains which led to the 
formation of shorter chains. In contrast, Haryanti et al. (2019) 
reported that the increased concentration of enzyme and 
contact time resulted in lower protein content for gelatin 
derived from rabbitfish skin. Nonetheless, the protein content in 
NE for this study was found to be higher than those reported for 
Yellowfin sole fish gelatin (84.67 %) by Mi et al. (2019), Tiger-
toothed croaker fish (82.05 %) and Pink perch (69.49 %) by Koli 
et al. (2012). 

Ash content 
 

The ash content of PE and NE was found to be significantly 
higher (p < 0.05) than that of NE (refer to Table 1). The NE 
process in this study was found to remove ash more efficiently 
compared to the enzymatic process. This may be due to the 
presence of trace elements in the buffer solution used in the 
enzymatic treatment. However, the ash value obtained for the 
buffalo bone gelatin was lower than reported for pekin duck feet 
gelatin (9.54 ± 1.44 %) (Abedinia et al., 2017) and bovine bone 
gelatin (13.33 ± 0.57 %) (Arioui et al., 2018). Therefore, this 
indicates that the demineralising process during pre-treatment 
utilised in this study effectively reduced the minerals in the 
sample. 

 
Colour 

 
The colour measurement results for NE and PE are shown 

in Table 1. Here, the ‘L’ (lightness) value for both NE and PE 
showed no significant difference (p < 0.05). However, there 
were significant differences (p < 0.05) in ‘a’ (redness) and ‘b’ 
(yellowness) between the NE and PE gelatin. According to GMIA 
(2019), the gelatin colour is impacted by raw materials but does 
not influence the nature and chemical quality of gelatin. The 
results obtained agree with the work by GMIA (2019), where the 
standard for the colour of gelatin ranged from colourless to 
yellow. This could be observed by the high ‘L’ value in the gelatin 
samples as portrayed by the higher ‘b’ value than ‘a’ which 
indicates the colour properties were closer to yellowness. 
Accordingly, the results suggest that buffalo gelatin colour 
properties are similar to the industrial standard, therefore 
allowing it to be applied in various types of products since no 
significant colour alteration will be observed. 

 
UV-Vis Absorption 
 

The UV-vis absorption spectra of PE and NE gelatin is 
depicted in Table 1. The results show that the absorption peak 
of NE and PE gelatin was at 210 nm. Commercial bovine gelatin 
was also reported for comparison, in which the absorption peak 
was recorded at 220 nm. Moreover, the UV-vis peak absorption 
of PE and NE are paralleled with the spectrum characters of 
bovine and porcine gelatin in Hermanto et al. (2013). Likewise, 
a similar absorption peak range was reported in gelatin from the 
source of various aquatic species such as red snapper (209 nm) 
by Jeya Shakila et al. (2012) and Yellowfin sole (211 nm) by Mi 
et al. (2019). As such, the absorption reading of NE and PE at a 
wavelength between 270 nm and 280 nm (data is not shown) 
indicates the presence of amino acid residues aside from the 
main amino acids in gelatin, the amino acid (Phe), tyrosine (Tyr) 
and tryptophan (Trp) (Mi et al., 2019). In general, usual UV-vis 
absorption of gelatin in the range between 190 nm and 240 nm 
confirms the presence of peptide bonds (C=O) existing in the 
gelatin polypeptide chain (Xu et al., 2017). 

 
Emulsifying property and capacity 
 

The EAI and ESI of the PE and NE gelatin are presented in 
Table 2. Here, the EAI obtained for PE and NE was (11.19 ± 0.29 
m2/g) and (12.03 ± 0.54 m2/g), respectively. There was no 
significant difference observed for both samples (p > 0.05). The 
EAI value or NE was similar to gelatin extracted by Mulyani et al. 
(2019) (12.03 m2/g). In contrast, PE was slightly lower as 
compared to Mulyani et al. (2019) for gelatin extracted from 
buffalo skin. Meanwhile, for the ESI value, PE (30.05 ± 0.38 min) 
was significantly higher than that of NE (3.76 ± 0.74 min). 
Moreover, the ESI value of PE and NE was much lower than 
gelatin extracted from cow bone using crude acid protease cow 
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Table 2. Functional properties of buffalo bone gelatin 

Properties NE PE 
Emulsifying Activity Index/EAI (m2/g) 12.03±0.54a 11.19±0.29a 
Emulsion Stability Index/ESI (min) 3.76±0.74a 30.05±0.38b 
Foam Expansion/FE (%) 18.87±1.21a 20.33±0.58a 
Foam Stability/FS (%)   
         30 min 13.33±1.15a 13.00±1.00a 
         60 min 12.67±1.53a 11.33±0.58a 

*Values signify means ± standard deviation of triplicates. Different superscript letters indicate significant differences (p < 0.05) within the 
same row. 
 
abomasum (CAPC) (50.52 min) as reported by Mulyani et al. 
(2019). Here, the EAI was mainly influenced by the variations in 
intrinsic properties, protein conformation, in addition to the 
composition of amino acids (Zilhadia et al., 2018). Moreover, the 
ESI was impacted by the high molecular weight of peptide and 
the concentration of hydrophobic peptides (Duan et al., 2018). 
 
Foaming capacity and stability 
 

As shown in Table 2, the foam expansion (FE) of NE was 
18.87 ± 1.21 %, and PE was 20.33 ± 0.58 % with no significant 
difference (p > 0.05). Whereas the foam stability for NE was 
(13.33 ± 1.15 %) and PE (13.00 ± 1.00 %) at 30 min, while at 60 

min, PE (12.67 ± 1.53 %) and NE (11.33±0.58 %) showing no 
significant difference (p > 0.05). Mulyani et al. (2019) reported 
a higher FE (102.93 %) and FS (44.91-55.00 %) value compared 
to the result of this study. The study by Khiari et al. (2013), of 
enzymatically extracted fish gelatin, resulted in more stable 
foam as compared to NE due to high negatively charged amino 
acids in the gelatin. Accordingly, this prevents the charge 
neutralisation in gelatin prompting high stability of the foam. As 
such, protein concentration plays an important role in creating 
a more stable and dense foam mainly due to interconnected 
space film (interfacial) paralleled with the increment of protein 
concentration (Mi et al., 2019). 

 
Conclusion 
 

Gelatin from buffalo bone was successfully extracted using 
non-enzymatic and enzymatic pre-treatment. Papain extraction 
resulted in significantly higher yield compared to non-
enzymatic extraction (NE). As such, the gelatin obtained were of 
acceptable properties, even though some differences were 
observed in both treatments. In future research, the 
incorporation of enzymatic pre-treatment in gelatin extraction 
could be further explored with a specific focus on the 
improvement of process efficiency without compromising the 
quality of gelatin. 
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