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Abstract 

One of the main basic materials used to prepare gelatin is the cattle bone. There are numerous additional 

biological contaminants, such as leftover protein and fat, in the crushed bones. In order to determine the 

quality and characteristics of gelatin that would satisfy the intended purpose, collagen purity is crucial. 

Purified collagen is typically obtained by removing unwanted contaminants through chemical and 

physical pre-treatment. Regular chemical pre-treatment has the drawbacks of causing environmental 

contamination and bone deterioration. The employment of enzymes lessens the adverse effects on the 

environment by lowering the amount of chemicals, energy, wash water and waste that is subsequently 

produced. These days, a wide range of industries use lipases extensively as degreasing agents. There 

were three stages of the study viz., Temperature optimisation for incubation; concentration of lipase; 

microbial lipase incubation period, leading to the development of a standard for the lipase enzyme-based 

degreasing of crushed bone. The effectiveness of fat reduction percentage before and after enzyme 

therapy was essentially the basis for selecting the ideal conditions throughout the investigation. The 

results indicated that incubation temperature of 47.5 °C, lipase concentration of 1% of bone weight and 

incubation duration of two hours had significantly beneficial effect on lipase activities in degreasing of 

crushed bone. Using the standardised procedure, the fat content of bones was found to be reduced by 

22.42% when subjected to the action of microbial lipase. Thus, the enzyme lipase can be used as one of 

the best options for degreasing of the crushed bones. 

 

Keywords: Microbial lipases, incubation temperature, incubation period, concentration, degreasing, 

bones 
 

1. Introduction  

The demand for gelatin is increasing worldwide especially in food and pharma industry. 

Gelatin is a product obtained by the partial hydrolysis of collagen, derived from the white 

connective tissue, bones and skin of animals. Type A gelatine is derived from an acid-treated 

precursor and Type B gelatine is derived by alkali-treatment (U.S. pharmacopoeia, 2011). The 

gel forming quality of gelatin is one of its important physical properties. The gelling ability is 

directly proportional to amount of gelatin present in solution, which varies according to 

different applications. The behaviour of gelatin gels is influenced by concentration of gelatin, 

pH and temperature (Schreiber, 1976) [63]. The most important property that makes gelatin very 

favourable to be used in the food industry is its low melting temperature, molten at human 

body temperature and has higher gel strength, when compared to other common gelling agents 

(Boran et al., 2010) [2]. The uniqueness of the gelatin is its ability to form thermos-reversible 

gels with a melting temperature close to body temperature and its solubility in water (Zhou et 

al., 2006) [80]. Johnston (1990) [25, 26] reported that the properties of gelatin such as gel strength, 

viscosity, setting behaviour and melting point depend on their molecular weight and amino 

acid composition. The major food applications of gelatin are in confectionery (for providing 

texture, chewiness and foam stabilization) and jelly desserts (to provide creaminess, fat 

reduction and mouth feel), in meat products (to provide water-binding) and in dairy products 

(To provide texturization and stabilization) (Nishimoto et al., 2005; Karim and Bhat, 2009) [53, 29].  
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Manning and Schryver (1921) [42] suggested that the gelatin is 

extracted by hydrolysis of ossein and by decalcification of 

bovine bone. Eastoe (1955) [3] and Stainsby et al. (1977) [66] 

suggested that, gelatin is a fundamental pure protein that can 

be obtained by controlled hydrolysis of a fibrous insoluble 

protein collagen which is widely found in bone, skin and 

connective tissue of mammalian origin. Most of the 

commercial gelatin is sourced from cattle bone, hides, and pig 

skins and more recently from various species of fish. The 

cattle bone is used as one of the principal raw materials for 

gelatin preparation. The crushed bones mainly contain the 

extraneous biological impurities like residual protein and fat. 

The purity of collagen is very important to establish the 

quality and other properties of gelatin to meet the intended 

end use. The extraneous substances are removed by chemical 

and physical pre-treatment to give purified collagen. The 

pretreatment methods can cause both physical and chemical 

changes in the collagen molecules. (Haug and Draget, 2009) 

[13]. Pre-treating of the collagenous raw material is generally 

followed in the commercial line of gelatin preparation to 

improve rate of extraction and quality of gelatin. The pre-

treatment of gelatin involves short time soak in the dilute acid 

solution or prolonged soak in a saturated lime solution. 

Although there are several physical and chemical methods 

available for removal of these biological impurities, certain 

limitations like longer pre-treatment time affect various 

physico-chemical properties of the gelatin. Chemical 

processes used have inherent drawbacks from environmental 

point of view. The use of acid or alkali during pre-treatment 

process also needs high capital investment, specially designed 

equipment and control systems. The disposal of unwanted by-

products formed during pre-treatment with chemicals may 

involve high cost. High energy consumption and chemicals as 

well as harmful by-products have a negative impact on the 

environment. Therefore, it has become vitally important to 

develop new techniques to remove the extraneous impurities 

using some biological systems. By using enzymes, some or all 

the drawbacks of using chemical can be eliminated. Enzyme 

reactions may often be carried out under mild conditions. 

They are highly specific and involve high reaction rates. As 

only small amounts of enzymes are needed in order to carry 

out reactions even on an industrial scale, enzymatic pre-

treatment can be one of the best suitable alternative methods 

to remove the biological impurities attached with bones. The 

advantages of enzymatic treatment may also include 

prevention of physical or chemical damage to bones which 

might happen during routine chemical cleaning process. 

Enzymes treatment also reduces the negative impact on the 

environment by reducing the consumption of chemicals, wash 

water, energy and the subsequent generation of waste. Lipases 

are now extensively used to remove the fat between collagen 

fibres during leather processing in many parts of the world 

and they require no cofactors to catalyze hydrolytic reactions 

and remain active in the presence of organic solvents 

(Sangeetha et al., 2011) [61].  

 

2. Materials and Methods 

2.1 Source of materials  

Crushed, washed and dried bones obtained from Nitta Gelatin 

India Pvt. Limited, Koratty, Kerala were used as the raw 

material during the study of standardization of procedure. 

Enzyme Lipase (Lipozyme TL 100 L) supplied by 

Novozymes, India was used as source of microbial lipase for 

the experiment. 

 

2.2 Experimental design  
The present study was conducted as three different 
experiments to optimize three different parameters viz., 1. 
Incubation temperature for microbial lipase 2. Concentration 
of the microbial lipase 3. Optimisation of the Incubation 
duration. 

 

2.2.1 Optimising the Incubation Temperature (IT)  
Since no literature was available regarding the incubation 
temperature for degreasing of bone, preliminary studies were 
conducted at different temperatures (45, 50, 55 and 60 ˚C) and 
the lipase activities were found only at temperature ranging 
from 45 to 50 ˚C. The incubation temperature (IT) was 
evaluated by using three different temperatures of incubation 
in a thermostatically controlled water bath i.e., 45 °C, 47.5 °C 
and 50 °C keeping the lipases concentration as 1% of the bone 
weight and time of incubation as one hour. The samples were 
divided into four groups as follows 

 C: control (crushed bone without incubation) 

 T1: crushed bone subjected to IT of 45 °C 

 T2: crushed bone subjected to IT of 47.5 °C 

 T3: crushed bone subjected to IT of 50 °C.  
 
The control and the samples were analysed for fat percentage, 
Hunter color and weight loss. The most effective IT among 
T1, T2 and T3 was selected based on their highest fat reduction 
percentage in the samples.  

 

2.2.2 Optimisation of the concentration of the Microbial 

Lipase (ML)  
Studies were conducted to evaluate the concentration of ML 
at three different levels i.e., 0.75% (T4), 1% (T5) and 1.25% 
(T6) of the bone weight. The best selected IT of experiment-1 
was kept as incubation temperature for this experiment and 
incubation time was fixed as one hour. The samples were 
divided into four groups as follows 

 C2: Control 2 (T2, the best selected treatment of 
experiment 1) 

 T4: Crushed bone treated with ML at 0.75% of bone 
weight and IT of 47.5 ˚C 

 T5: Crushed bone treated with ML at of 1% of bone 
weight and IT of 47.5 ˚C 

 T6: Crushed bone treated with ML at of 1.25% of bone 
weight and IT of 47. 5 ˚C 

 
The control and the samples were analysed for fat percentage, 
hunter color and weight loss. The best ML concentration 
among T4, T5 and T6 was selected based on their highest fat 
reduction percentage in the samples. The experiment was 
repeated six times. Treatment T5 was selected as best 
concentration and used for experiment 3 

 

2.2.3 Optimisation of the Incubation Period (IP)  
Studies were conducted to evaluate the best incubation period 
by using three different incubation period viz., one hour, two 
hour and three hours at the best selected IT of experiment:1 
and best selected concentration of ML of experiment:2. The 
sample was divided into three groups as:  

 C3: Control 3 = T5 

 T7: Crushed bone subjected to 1 hr. IP at IT of 47.5 °C 
and ML of 1% 

 T8: Crushed bone subjected to 2 hr. IP at IT of 47.5 °C 
and ML of 1%  

 T9: Crushed bone subjected to 3 hr. IP at IT of 47.5 °C 
and ML of 1% 

https://www.veterinarypaper.com/
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The control and the samples were analysed for fat percentage, 
hunter color and weight loss. The best IP among T7 and T8 
was selected based on their highest fat reduction percentage in 
the samples. The experiment was repeated six times. 
Treatment T8 was selected as the standardised procedure for 
degreasing of bone using lipase. 

 

2.3 Fat percentage  
The fat percentage of the bones before and after treatment 
with lipase was determined by the standard procedure of 
AOAC (1990) using socsplus apparatus.  
 

2.3.1 Fat reduction percentage (FRP) 
FRP= (Fat% of sample before treatment) - (Fat% of sample 
after treatment) 

 

2.4 Weight loss percentage 
The weights of the crushed bones before and after treating 
with microbial lipase were recorded.  
 

 
 
Weight loss (%) = 100 - Weight yield (%). 

 

2.5 Hunter lab Colour (L*, a*, b*)  
Colour of the enzyme pre-treated crushed bone was 
determined using Hunter Lab Mini Scan XE Plus 
Spectrophotometer (Hunter Lab, Virginia, USA) with diffuse 
illumination. The instrument was set to measure Hunter L*, 
a* and b* using illuminant 45/0 and 10˚ standard observer 
with an aperture size 2.54cm. It was calibrated using black 
and white calibration tiles before starting of the measurement 
and colorimeter score recorded with ‘L’ of black equals zero 
and ‘L’ of white equals 100, ‘a’ of lower numbers equals 
more green (less red), higher numbers equals more red (less 
green) and ‘b’ of lower numbers equals more blue (less 
yellow), higher numbers equals yellow (less blue). The colour 
co-ordinates L* (lightness), a* (redness), b* (yellowness) of 
the samples were measured thrice and mean values were 
taken. 

 

2.6 Statistical analysis  
Each experiment was repeated six times and the data obtained 
from fat reduction, weight loss and Hunter lab value were 
statistically analysed as per Snedecor and Cochran (1994) by 
repeated measure ANOVA, one-way ANOVA and Kruskal-
Wallis test using SPSS software version 24. 
 
3. Results 
The study was conducted to optimize the conditions required 
for the action of microbial lipase for the degreasing of crushed 
bones in gelatin production line. The present study was 
conducted in three phases, viz., 1. Optimization of incubation 
temperature 2. Optimization of concentration of microbial 
lipase 3. Optimization of incubation period of microbial 
lipase. In all the phases of the study the fat percentage was 
analysed for least fat retention after the enzyme action. The 
Hunter colour was determined to compare the colour 
difference before and after the enzyme action. The weight loss 
of samples was also determined before and after the enzyme 
action to evaluate the effect of the enzyme on the weight loss 
of the samples. 
 

3.1. Optimization of the incubation temperature (IT) 
Based on the experimental design the incubation temperature, 
viz., 45 ºC, 47.5 ºC and 50 ºC were taken as three different 

actions of lipase. This study was undertaken for selecting an 
optimum incubation temperature for microbial lipase activity. 
The best incubation temperature was assessed, primarily on 
the reduction of fat percentage on the sample. 

 

3.1.1. Fat 
The fat percentage of the control and the samples subjected to 
different incubation temperature are presented in the table 1. 
The fat percentage of C1, T1, T2 and T3 were 2.21 ± 0.25, 2.28 
± 0.33, 1.52 ± 0.17,2.17 ± 0.17, respectively. It can be noted 
that among the treatment samples T2showed significantly (p < 
0.01) lower fat per centage than control C1 and T1and 
showedno significant difference with T3. The control T1had 
significantly (p < 0.01) higher and T2 had significantly (p < 
0.01) lower fat retention per centage than that of others in the 
group. 

 
Table 1: Effect of incubation temperature on lipase activity 

 

Treatment Fat percentage 

C1 2.21 ± 0.25 ab 

T1 2.28 ± 0.33a 

T2 1.52 ± 0.17b 

T3 2.17 ± 0.17ab 

Mean ± SE with same superscript in a column does not differ 
significantly (p < 0.01) 
C1- Control 1(Crushed bones without incubation temperature) 
T1 - Treatment 1(Crushed bones with IT of 45 °C at 1 hr. IP and ML 
of 1%)  
T2 - TreatmenT2(Crushed bones with IT of 47.5 °C at 1 hr. IP and 
ML of 1%) 
T3 - Treatment 3(Crushed bones with IT of 50 ºC at 1 hr. IP and ML 
of 1%)  
IT - Incubation temperature, IP - Incubation period, ML - Lipase 
concentration 

 

3.1.2. Weight loss 
The weight of the samples was measured before and after 
enzymatic treatment to determine the percentage of weight 
loss of the samples due to enzyme action and are depicted in 
tables 2. 
The weight loss per centage of T1, T2 and T3 were 2.16 ± 1.01, 
7.1 ± 2.42, 1.40 ± 0.35 respectively. The weight loss was 
found to be significantly (p < 0.05) higher for treatment T2 

than T1and T3. 

 
Table 2: Effect incubation temperature of microbial lipase on weight 

loss 
 

Treatment Weight loss% 

T1 2.16 ± 1.01b 

T2 7.1 ± 2.42a 

T3 1.40 ± 0.35b 

Mean ± SE with same superscript in a column does not differ 
significantly (p < 0.05) 
T1 - Treatment 1(Crushed bones with IT of 45 °C at 1 hr. IP and ML 
of 1%)  
T2 - TreatmenT2(Crushed bones with IT of 47.5 °C at 1 hr. IP and 
ML of 1%) 
T3 - Treatment 3(Crushed bones with IT of 47.5 ºC at 1 hr. IP and 
ML of 1%)  
IT - Incubation temperature, IP - Incubation period, ML - Lipase 
concentration 

 

3.1.3. Colour 

The Hunter colour L* a* b* colour values of the control and 

the three treatments of crushed bones when treated at different 

incubation temperatures i.e., 450C, 47.50C and 500C are given 

in tables 3. 

https://www.veterinarypaper.com/


 

~ 26 ~ 

International Journal of Veterinary Sciences and Animal Husbandry https://www.veterinarypaper.com 
Table 3: Effect of incubation temperature of microbial lipase on colour of crushed bones 

 

Parameters C1 T1 T2 T3 

L* (lightness) 75.47 ± 0.52ab 73.88 ± 0.42b 79.07 ± 0.76a 69.08 ± 1.11 C 

a* (redness) 2.75 ± 0.09 a -0.13 ± 0.21C 2.89 ± 0.10a 1.69 ± 0.13b 

b* (yellowness) 19.41 ± 0.16ab 11.92 ± 0.20b 19.47 ± 0.21ab 16.46 ± 0.14b 

Mean ± SE with same superscript in a column does not differ significantly (p < 0.01) 

C1- Control 1(Crushed bones without incubation temperature) 

T1 - Treatment 1(Crushed bones with IT of 45 °C at 1 hr. IP and ML of 1%)  

T2 - TreatmenT2(Crushed bones with IT of 47.5 °C at 1 hr. IP and ML of 1%) 

T3 - Treatment 3(Crushed bones with IT of 47.5 ºC at 1 hr. IP and ML of 1%)  

IT - Incubation temperature, IP - Incubation period, ML - Lipase concentration 

 

The lightness (L*) value of C1, T1, T2 and T3 ranged from 
69.08 - 79.07. The redness (a*) value varied from -0.13 - 
2.89. The yellowness (b*) values ranged from 11.92 - 19.47. 
Lightness value was significantly (p < 0.01) higher recorded 
in T2and T3was significantly (p < 0.01) lower among all. The 
redness value was significantly (p < 0.01) higher for T2 and 
no significant difference was noted among T1 and C1for 
redness. The yellowness value was significantly higher 
forT2and lowest for T1. On the basis this observation it was 
found that the incubation temperature had influence on the 
lightness value, the redness and yellowness value. 

 

3.2. Optimization of enzyme concentration 
Three different levels of microbial lipase, viz., 0.75%, 1% and 
1.25% of the bone weight were taken and added in the wash 
water as per the experimental design. The study was 
undertaken for selecting the best level of concentration of 
lipase. The best level was assessed, primarily on the reduction 
of fat percentage on the sample. 

 

3.2.1. Fat 
The fat percentage of the control and the samples subjected to 
different concentration of lipases are presented in the Table 4. 
The protein percentage of C2, T4, T5 and T6 were 1.50 ± 0.27, 
2.44 ± 0.34, 1.39 ± 0.18, and 2.44 ± 0.34, respectively. 
Among the treatments sample treated with 1% (T5) showed 
significantly (p < 0.01) lower fat per centage than T4 and T6. 

T6had significantly (p < 0.01) higher and T5 had significantly 
(p < 0.01) lower fat retention per centage than that of others 
in the group. There was no significant difference in values of 
fat percentage. The addition of lipase above 1% did not show 
significant benefit in cleaning process. T5 was selected as the 
best concentration. 
 

Table 4: Effect of enzyme concentration of lipase 
 

Treatment Fat percentage 

C2 1.50 ± 0.27b 

T4 2.45 ± 0.34a 

T5 1.39 ± 0.18b 

T6 2.44 ± 0.34a 

Mean ± SE with same superscript in a column does not differ 
significantly (p < 0.05) 
C2 - Control 2 = T2  

T4 - Treatment 1Crushed bone with ML of 0.75%, at 1 hr. IP and IT 
of 47.5 °C  
T5 - Treatment 2Crushed bone with ML of 1%, IT of 47.5 °C and1 
hr. IP at 2hrs. 
T6 - Treatment 3Crushed bone with ML of 1.25% at IT of 47.5 ºC 
and 1 hr. IP at 3hrs. 
IT - Incubation temperature, IP - Incubation period, ML - lipase 
concentration 
 

3.2.2. Weight loss 
The weight of the samples was measured before and after 
enzymatic treatment to determine the percentage of weight 

loss of the samples due to enzyme action and are shown in 
Table 5. 

 
Table 5: Effect of concentration of microbial lipase on weight of 

crushed bones 
 

Treatment 2 Weight loss% 

T4 2.2 ± 0.28b 

T5 6.9 ± 0.38a 

T6 2.3 ± 0.53b  

Mean ± SE with same superscript in a column does not differ 

significantly (p < 0.05) 

T4 - Treatment 1Crushed bone with ML of 0.75%, at 1 hr. IP and IT 

of 47.5 °C at 1hr. 

T5 - Treatment 2Crushed bone with ML of 1%, IT of 47.5 °C and1 

hr. IP at 2hrs. 

T6 - Treatment 3Crushed bone with ML of 1.25% at IT of 47.5 ºC 

and 1 hr. IP at 3hrs. 

IT - Incubation temperature, IP - Incubation period, ML - Lipase 

concentration. 

 

The weight loss per centage of T4, T5 and T6 ranged between 

2.2- 6.9 respectively. The weight loss of the samples treated 

with 1% of lipase (T5) was significantly (p < 0.05) higher 

among treatments. 

 

3.2.3. Colour 

The colour characteristics of the control and the three 

treatments of crushed bones when treated at different 

concentrations of enzyme i.e., 0.75%, 1% and 1.25% are 

given in table 6. 

 
Table 6: Effect of concentration of lipase on colour of crushed bones 

 

Parameters C2 T4 T5 T6 

L* (lightness) 
76.48 ± 

1.06a 

75.55 ± 

1.55ab 70.98 ± 0.67b 62.27 ± 

0.51c 

a* (redness) 1.37 ± 0.58c 3.41 ± 0.15b 3.83 ± 0.15ab 6.63 ± 0.10a 

b* 

(yellowness) 

15.69 ± 

1.43c 

23.06 ± 0.17 

ab 

23.15 ± 

0.32ab 

27.08 ± 

0.37a 

Mean ± SE with same superscript in a column does not differ 

significantly (p < 0.01) 

C2 - Control 2 = T5 

T4 - Treatment 1Crushed bone with ML of 0.75%, at 1 hr. IP and IT 

of 47.5 °C  

T5 - Treatment 2Crushed bone with ML of 1%, IT of 47.5 °C and1 

hr. IP at 2hrs. 

T6 - Treatment 3Crushed bone with ML of 1.25% at IT of 47.5 ºC 

and 1 hr. IP at 3hrs. 

IT - Incubation temperature, IP - Incubation period, ML - Lipase 

concentration 

 

The lightness (L*) value of C2, T4, T5, T6 varied from 62.27 - 

76.68. The redness (a*) values of C1, T4, T5, T6 ranged from 

1.37 -6.63. The yellowness (b*) value of C2, T4, T5, T6 were 

15.69 ± 1.43, 23.06 ± 0.17,23.15 ± 0.32, 27.08 ± 0.37 

respectively. The lightness (L*) value was significantly (p < 
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0.01) higher recorded with C2 and T6 recorded significantly (p 

< 0.01) lower among all. The increase in concentration of 

microbial lipases significantly (p < 0.01) lowered the 

lightness value at incubation temperature of 47.5 ºC. Whereas 

the redness and yellowness value significantly (p < 0.01) with 

increase in concentration of lipase. 

 

3.3. Optimization of incubation period for enzyme lipase 

Based on the experimental design three different incubation 

period of application of lipase, viz., 1hr, 2hrs and 3hrs were 

taken as three treatments T7, T8, T9 and the best incubation 

temperature and concentration of experiment 1 and 2 

respectively are used for this experiment. The best incubation 

period was assessed, primarily on the reduction of fat 

percentage on the sample. 

 

3.3.1. Fat 

 
Table 7: Effect of incubation duration on lipase activity 

 

Treatment Fat percentage 

C3 1.62 ± 0.19b 

T7 3.11 ± 0.46a 

T8 2.22 ± 0.25b 

T9  ± 0.56ab 

Mean ± SE with same superscript in a column does not differ 

significantly (p < 0.05) 

C3 - Control 3 = T5 

T7 - Treatment 1(Crushed bones subjected to 1% of enzyme for 1 hr 

at 47.5 °C)  

T8 - Treatment 2(Crushed bone subjected to 1% of enzyme for 2 hrs 

at 47.5 °C) 

T9 - Treatment 3(Crushed bone subjected to 1% of enzyme for 3 hrs 

at 47.5 °C) 

IT - Incubation temperature, IP - Incubation period, ML - Lipase 

concentration 

 

The fat percentage for different treatment varied from 2.22 ± 

0.25 - 3.11 ± 0.46. The fat percentage was significantly (p < 

0.05) lower and higher in T7and T8 respectively. No 

significant difference was noted among T8 and T9. The result 

of this experiment indicates that incubation temperature at 

47.5 ºC, lipase concentration at rate of 1 percent of the bone 

weight and incubation of 2h was selected as standardized 

procedure for cleaning of crushed bones for the gelatin 

preparation. 

 

3.3.2. Weight loss 

 
Table 8: Effect of incubation duration of microbial lipase on the 

weight of crushed bones 
 

Treatment 3 Weight loss% 

T7 2.63 ± 0.28 b 

T8 6.43 ± 0.95 a 

T9 3.80 ± 0.83 b 

Mean ± SE with same superscript in a column doesnot differ 

significantly (p < 0.01) 

T7 - Treatment 1(Crushed bones subjected to 1% of enzyme for 1 hr 

at 47.5 °C)  

T8 - Treatment 2(Crushed bone subjected to 1% of enzyme for 2 hrs 

at 47.5 °C) 

T9 - Treatment 3(Crushed bone subjected to 1% of enzyme for 3 hrs 

at 47.5 °C)  

 

The weight loss percentage of T7, T8 and T9 were 6.43 ± 

0.95a,2.63 ± 0.28 band3.80 ± 0.83brespectively. The weight 

loss percentage of the sample incubated for two hours showed 

significantly (p < 0.01) higher weight loss among treatments. 

3.3.3. Colour 

The colour characteristics of the control and the three 

treatments of crushed bones when treated at different 

incubation duration of enzyme i.e., 1hr., 2hrs.and 3hrs are 

given in table 9. 
The lightness values of C3, T7, T8 and T9 were 70.98 ± 0.83b, 

80.81 ± 0.83a,74.87 ± 0.65ab and 74.87 ± 0.65abrespectively. 
The redness values of C3, T7, T8 and T9 were3.83 ± 0.15b,3.72 
± 0.11c, 4.20 ± 0.07b and 4.55 ± 0.48a. The values of 
yellowness of C3, T7, T8 and T9 were 23.15 ± 0.32b, 20.44 ± 
0.44c, 22.85 ± 0.41b and 23.44 ± 0.32a respectively. Lightness 
(L*) was significantly (P < 0.01) higher recorded with 
T7recorded significantly (p < 0.01) lower T8 and C3among all. 
The redness was significantly higher for T9 and T 8 and lower 
for T7. No significant difference was obtained among T9 and 
C3. The yellowness value of treatment of T7, T8 and T9 were 
significantly higher in T9 and C3 and values lowest in T7 and 
T8. 

 
Table 9: Effect of incubation period of lipase on colour of crushed 

bones 
 

Parameters C3 T7 T8 T9 

L* (lightness) 
70.98 ± 
0.67c 

80.81 ± 
0.83a 

74.87 ± 
0.65ab 

74.87 ± 
0.65ab  

a* (redness) 3.83 ± 0.15ab 3.72 ± 0.11c 4.20 ± 0.07b 4.55 ± 0.48a 

b* 
(yellowness) 

23.15 ± 
0.32b 

20.44 ± 
0.44c 22.85 ± 0.41b 23.44 ± 0.34a 

Mean ± SE with same superscript in a column does not differ 
significantly (p < 0.05) 
C3 - Control 3= T5 

T7 - Treatment 1(Crushed bones subjected to 1% of enzyme for 1 h 
at 47.5 °C)  
T8 - Treatment 2(Crushed bone subjected to 1% of enzyme for 2 h at 
47.5 °C) 
T9 - Treatment 3(Crushed bone subjected to 1% of enzyme for 3 h at 
47.5 °C)  
 

3.4. Determining the efficiency of microbial lipase on 

quality of raw crushed bones 
The efficiency of the standardized process was validated on 
the raw crushed bones by treating these bones with lipase 
enzyme at optimized conditions standardised procedure for 
pre- treatment (SPPT) i.e., incubation temperature at 47.5 °C, 
1% lipase concentration and incubation period for 2h and then 
determining its efficiency by comparing the fat percentage of 
the samples before and after the enzyme treatment are 
compared in the Table 10. 
 
Table 10: Efficiency of lipase on fat degreasing using standardized 

conditions 
 

Treatment Fat 

Control 2.23 ± 0.18a 

SPPT 1.73 ± 0.31b 

Mean ± SE with same superscript in a column does not differ 
significantly (p < 0.05) 
Control - without any treatment; SPPT - standardized procedure for 
pre-treatment 

 

The standardized procedure showed significant (p < 0.05) 

higher value for fat reduction percentage in comparison to 

that of the control samples. Statistically significant difference 

was observed in mean fat percentage in raw crushed bones 

before and after the enzymatic wash (p < 0.05). The fat 

percentage were the least in raw bones after the treatment 

with lipase compared to the raw crushed bones before the 

treatment inferring that the enzyme was efficient in the 

washing of crushed bone under standardized conditions. 
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Fig 1: Raw crushed bones which has not been pre-treated 

 

 
 

Fig 2: Dried crushed bones before enzyme action 

 

 
 

Fig 3: Dried crushed bones after enzyme treatment 

 

4. Discussion 

4.1. Optimization of incubation temperature (IT) 

The demand for industrial enzyme, particularly for microbial 

lipase is increasing in recent past due to its wide range of 

application. The activity of microbial lipase depends on the 

incubation temperature. The lipase enzyme isolated from 

thermostable gram positive bacteria had optimum activity at 

30 °C - 60 °C. The maximum stability of lipase enzyme 

obtained from Lactobacillus sp was in the range of 30-50 °C 

at the pH range of 8-9 (Balakrishnan, 2011) [1]. Cai et al. 

(2009) [82] reported that lipases obtained from Pseudomonas 

showed higher lipase activity in the incubation temperature 

range of 40 - 60˚C. In aqueous media the enzyme lipozyme 

obtained from Thermomyces lanuginosus is stable being 

active over the pH range of 7-11 and it maintains activity 

reasonably well at 55-60˚ C although the recommended 

temperature for application between 30-40 (Fernandes et al. 

2004) [4]. However, in the present study significantly (p < 

0.05) higher lipase activity was seen at incubation 

temperature of 47.5 °C. Higher and lower temperatures than 

47.5 °C showed lower enzyme activity. 

 

4.2. Optimization of concentration of microbial lipase 

(ML) 

Lipase produced from bacteria, yeasts and fungi shows 

diversified physical, chemical and biological properties. we 

expected increasing the concentration level of enzyme 

increase the degreasing effect, however in the present study, 

1% microbial lipase concentration was found to show 

significantly (p < 0.05) higher degreasing effect on crushed 

bones when compared to 0.75% and 1.25% concentration 

level, it might be due to the effect of the incubation 

temperature we applied. 

 

4.3. Optimization of incubation duration (ID) 

The longer an enzyme is incubated with its substrate, the 

greater the amount of product that will be formed. However, 

optimizing incubation duration for the enzyme to act on the 

substrate is important as different enzymes need different 

incubation duration and conditions. In the present study the 

optimal incubation duration of lipase was found to be two 

hours and with increase in the incubation duration to three 

hours showed no significant effect in degreasing, so 

incubation duration of two hours is selected for the 

standardization procedure. 

 

4.4. effect of enzyme incubation parameters on colour of 

crushed bones 

Products like bones which are rich in fats have a possibility of 

undergoing certain colour changes depending upon the 

processing conditions. The samples prepared in this study 

have undergone enzyme action under different conditions of 

incubation temperature, concentration of microbial lipase and 

incubation duration and are expected to show variable tones 

of browning. The change in colour was measured objectively 

in terms of lightness, redness and yellowness values. 

According to the present study the action of microbial lipase 

had a significant effect on the colour of the crushed bones. 

The three parameters i.e. incubation temperature, 

concentration of enzyme and incubation duration had 

different effects on the colour of the crushed bones. 

The data revealed that increase in temperature increased 

lightness of bones. Maximum whiteness was observed at T2. 

But the lightness decreased with further temperature increase. 

So T2 can be concluded as temperature at which microbial 

lipase have maximum activity. Redness of the bones had a 

notable decrease at increased temperature. Initial temperature 

increase caused increased yellowness which in turn can be 

termed as increased greyness, whereas decreased yellowness 

was observed with increase in temperature. The incubation 

duration also had a significant (p < 0.01) effect on the 

lightness, redness and the yellowness of the sample. The 

highest value of lightness was observed in 2hrs incubation 

duration with 47.5 ºC and 1 per cent as incubation 

temperature and concentration respectively, whereas it had the 

lowest redness among the other samples indicating that 47.5 

ºC incubation temperature, 1% concentration and 2h duration 

were the optimal condition for the action of microbial lipase 

in cleaning of crushed bones.  

 

4.5. Effect of enzyme incubation parameters on weight loss 

of crushed bones 

The data revealed that there was significant (p < 0.05) 

reduction in weight of the samples after the treatment with 
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lipase under standardized conditions (Table 4.3.2) which 

indicate that the enzyme is effective in removing unwanted 

residual fat from the crushed bones when we subject the 

enzyme under an optimum condition.  

 

4.6. Determining the efficacy of microbial lipase on raw 

crushed bones 

Statistically the efficacy of lipase in degreasing process was 

validated by analyzing fat percentage before and after treating 

the bones with lipase enzyme under the standardized 

condition. Sirisha, et al. (2010) [64] reported that maximum 

activity of lipase was observed at 36 ºC temperature and at pH 

7 during their study using oil contaminated soil. However, in 

the present study, it was observed that lipase had a significant 

(p < 0.05) effect in degreasing (there was 22.42 percent 

reduction in fat) under optimized conditions of 47.5 ºC, 1% 

enzyme concentration for two hrs of incubation. From the 

above study it can be suggested that enzyme lipase under 

standardized conditions can be used as an alternative to 

chemical pretreatment of crushed bone. 

 

5. Conclusion 

The present investigation was undertaken to standardize the 

optimum conditions for lipase activities in the process oof 

bone degreasing for gelatin preparation. The investigation was 

conducted in three phase to develop a standardized procedure 

for degreasing of crushed bone using lipase enzyme. In the 

first phase optimization of incubation temperature of the 

lipase activity was standardised with the enzyme, microbial 

lipase shows maximum activity at 47.5 °C. In the second 

phase optimization of the lipase concentration was done and 

the maximum fat reduction was noted at concentration of one 

percent-treatment T5. In the last phase of study, the maximum 

fat reduction due to the activity of the lipase enzyme was 

noted at the incubation duration of two hours (T8). Thus, the 

incubation temperature of 47.5 °C, lipase concentration of one 

percentage of bone weight and incubation duration of two 

hours had more beneficial effect on lipase activities in 

degreasing of crushed bone used for gelatine preparation has 

been standardised. Then the efficiency of lipase was validated 

using the standardised procedure by analysing the fat 

percentage before and after the enzyme treatment on the bone 

collected from the slaughter houses. The fat content of bones 

was found to be reduced by 22.42% when subjected to the 

action of microbial lipase. From the above investigation it is 

inferred that enzymes lipase can be used as the best possible 

option for degreasing of the crushed bones. 
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