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ABSTRACT 
 

Anaerobic digestion offers a potential means for converting organic solid waste 
into fuel and thereby provides a supplemental and readily utilizable source of 
energy. Manufacturing of Gelatin from animal bones generates solid wastes in the 
form of semisolids, having fat and protein in the range of 52.7  2.6 and 36  3.2 
percent respectively. The waste seemed to have good potential for generation of 
biogas. Biogas produced from these wastes by anaerobic digestion process would 
replace part of furnace oil used as fuel in the boiler to produce process steam. This 
would not only improve techno-economic viability of the gelatin production from 
wastes but also reduce the Green House Gas emission. 

In the present investigation, biomethanation potential of Gelatin industry solid 
wastes particularly sinews has been assessed using batch reactor. The studies have 
been carried out at various Organic Loads and Retention to times, in order to 
determine the specific gas production with respect to volatile solids fed and to 
develop batch kinetics for anaerobic digestion of sinews. 
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INTRODUCTION 
Anaerobic digestion of organic matter 

results in the production of methane and 
carbon dioxide. The volume of biogas 
produced and its methane content depends on 
the nature and quantity of biopolymers 
present in the organic matter and group of 
microorganisms active therein. A waste rich 
in fat and protein has potential to yield 

higher volume of biogas than that rich in 
cellulose and lignin.  The solid wastes 
generated particularly from slaughter houses, 
meat processing industry, leather and allied 
industries are rich in lipids and have large 
potential in generating methane. The solid 
wastes like bones, flesh, etc are suitable for 
recovery of products like glue and gelatin. 
The gelatin thus produced from solid wastes 
has several applications in the manufacturing 
processes of food and food products, * Author for correspondence 
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photographic materials, pharmaceutical 
products, cosmetics, etc. In view of its 
potential applications the residues generated 
after extraction of the gelatin has to be 
managed in an environmental friendly 
manner.  In the present study anaerobic 
digestion of the solid wastes generated from 
an industry manufacturing gelatin from 
animal bones has been carried out with a 
view to develop an appropriate technology 
for the management of solid wastes from 
gelatin industry.   

Manufacture of gelatin 
Gelatin is manufactured from animal 

bones in two stages. In the first stage an 
organic matter called Ossein is produced 
from animal bones. In the second stage 
Ossein is converted into Gelatin. 

The green bones from the slaughter 
house are cleaned, degreased, dried, sorted, 
and crushed to a particle size of about 1-2 
cm. The pieces of bones are then treated with 
dilute hydrochloric acid to remove mineral 
salts. The resulting sponge-like material is 
called Ossein. Gelatin is extracted from 
Ossein by means of hot bath.  The steam 
required for Gelatin manufacturing process is 
generated using coconut shell and furnace oil 
as fuel.  During the hydrolysis of Ossein, the 
waste materials like flesh, hair, oil and fatty 
matters called “Sinews” are generated as 
solid waste.  The Sinews require appropriate 
treatment for the safe disposal.  

The anaerobic digestion of Sinews 
seemed to be an attractive proposition as the 
biogas produced would replace part of 
furnace oil used as fuel in the boiler 
generating process steam. This would not 
only improve techno-economic viability of 
the gelatin production from wastes but also 
reduce the Green House Gas emission. 
Keeping this in view a study on the 
feasibility of anaerobic digestion of solid 

wastes containing mainly fat generated from 
Gelatin manufacturing plant has been 
undertaken and the results obtained are 
discussed in this paper. 

Review of literature 
Colleran1 and Perle et al.2 have suggested 

anaerobic digestion as appropriate 
technology for the treatment and disposal of 
agricultural and food processing wastewaters 
including dairy wastewater keeping in view 
the inherent  advantages of anaerobic 
digestion like lower energy consumption, 
lower excess sludge production than aerobic 
processes, and a relatively low land demand. 

Cuetos et al.3 reported that specific gas 
production in the anaerobic digestion of 
slaughterhouse waste ranged between 0.1 
and 0.8 m3/kg VS feed and in co-digestion 
with organic fraction of municipal solid 
waste between 0.7 and 0.8 m3/kg VS feed for 
the different periods studied.    

Bernd Linke4 studied anaerobic 
treatment of solid wastes from potato 
processing industry using continuous stirred 
tank reactors (CSTR) at 550C. The effect of 
organic loading rate (OLR) on the biogas 
yield has been studied and the result showed 
that with an increase of the OLR in the range 
of 0.8 - 3.4 g L-1d-1

, biogas yield and methane 
content were in the range of 0.65 L/g – 0.85 
L/g and 50% - 58% respectively. 

Cammarota and Freire5 have carried out 
treatment of wastewater with high oil and 
grease content using hydrolytic enzymes. 
Wastewater from dairies and slaughterhouses 
containing high concentration of fats and 
proteins require pretreatment to prevent a 
host of problems that arise in the biological 
process, such as reduction in the cell-aqueous 
phase transfer rates, development and 
flotation of sludge with poor activity, 
clogging and emergence of unpleasant odors, 
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and poor treatment efficiency. The 
application of a pretreatment to hydrolyze 
lipids accelerates the biological process of 
degradation of wastewaters containing lipids 
and improves the efficiency. Two identical 
activated sludge systems operated 
continuously with an HRT of 20 hr and an 
OLR of 3 kg COD/(m3.d), where one system 
was fed with crude effluent (control) and the 
other system was fed with enzymatically 
hydrolyzed effluent. Both systems produced 
similar chemical oxygen demand (COD) 
removal efficiencies (80-90%). The Oil and 
Grease accumulation rate in the control 
bioreactor flocs was 1.7 times higher than 
that in the bioreactor fed with the hydrolyzed 
effluent. 

The influence of lipid concentration on 
hydrolysis and biomethanation of a lipid-rich 
model waste has been studied by 
Cirne.et,al.6. The effect of addition of lipase 
on enzymatic hydrolysis of lipid was 
reported. The results indicate that the 
addition of lipase upto 18% of lipid enhanced 
(w/w, COD basis) the hydrolysis of lipids. 
The advantages of enzyme hydrolysis on the 
overall process were offset due to 
accumulation of intermediates (LCFAs), for 
higher lipid concentrations (more than 31% 
of lipid concentration w/w COD basis) and 
LCFAs inhibited lipid degradation. 

Masse.et,al.7 studied the slaughterhouse 
wastewater containing pork fat particles with  
average particle sizes ranging from 60 to 450 
µm. The wastewater was pretreated at 250C 
for 5.5 hr with 250 mg/L of Pancreatic 
Lipase 250 (PL-250). Approximately 35% of 
substrate neutral fat was hydrolyzed at 250C 
during pretreatment. It was concluded that 
the rate limiting step of fat anaerobic 
digestion appears to be LCFA oxidation as 
opposed to neutral fat hydrolysis. However, 
LCFA removal rates have increased 

particularly in reactor operated at higher 
temperature with pretreated wastewater. 

Albertson et al.8 have identified 
anaerobic digestion as a cost effective 
approach for energy production with high 
concentration of methane. According to their 
study animal waste and municipal solid 
waste seemed to be potential resources to 
produce methane. The residual solids were 
odor free and serve as excellent soil compost. 

Gebauer [9] have carried out mesophilic 
anaerobic treatment of saline fish effluents in 
continuously stirred tank reactors at 350C. 
COD stabilization between 36% and 55% 
and methane yields between 0.114 and 0.184 
L/g COD added were reported. However, the 
stabilization process was strongly inhibited, 
presumably by sodium, and unstable, with 
propionic acid being the main compound of 
the volatile fatty acids. When diluting the 
sludge 1:1 with tap water, the inhibition was 
overcome and a stable process with low VFA 
concentrations was observed. 

MATERIAL AND METHODS 
The analyses of Sinews were carried out 

to characterize the feed compositions. The 
samples were analyzed for pH, Total Solids 
(TS), Volatile Solids (VS), Oil and Grease, 
Total Kjeldahl Nitrogen (TKN), Ammonical 
nitrogen, and Phosphorous. The procedures 
recommended in the “Standard Methods for 
the Examination of Water and Wastewater10, 
have been followed for the estimation of the 
above mentioned parameters. The daily gas 
production was measured by water 
displacement technique. The performance of 
batch anaerobic digester was evaluated based 
on biogas generation. 

Batch study 
The Sinews obtained from the Gelatin 

industry were used as substrate and 
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experiments were carried out in batch 
reactors to study the kinetics of anaerobic 
digestion of Sinews. Five batch reactors of 
100 ml each were used. The first reactor was 
kept as control and the other four reactors 
were kept to conduct batch study at various 
retention times of 25, 30, 35 and 40 day. The 

experimental setup is shown in Fig. 1.  The 
VS loading maintained in each reactor and 
corresponding retention time to which the 
study was conducted are shown in Table 1.  
The characteristics of sinews are given in 
Table 2. 

1

1

2

3

4

4

5

6

7

1  SERUM BOTTLE                      2  INOCULUM WITH SOLIDWASTE
3  RUBBER TUBING                    4   HYPODERMIC NEEDLE
5  CONICAL FUNNEL                   6  WATER
7  SUPPORT STAND  

4

 
Fig. 1 : Batch reactor experimental setup 
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Table 1 : Retention time, VS loading rate, specific gas production, rate constant values 

Reactor 
Retention 

Time, 
day 

VS added 
per 100mL 

g 

Specific gas production  (L 
/ g VS added) k value day-1 

First 
cycle 

Second 
cycle 

Third 
cycle 

First 
cycle 

Second 
cycle 

Third 
cycle Average 

R1 25 1.2561 0.809 0.468 0.382 0.0027 0.0024 0.0024 0.0025 

R2 30 1.5073 1.1 0.582 0.5 0.0019 0.0016 0.0018 0.0018 

R3 35 1.7584 0.723 0.653 0.609 0.0013 0.0015 0.0013 0.0014 

R4 40 2.0098 0.887 0.586 0.582 0.001 0.001 0.001 0.001 

 
Table 2 : Characteristics of Sinews 

Parameters Characteristics 
pH  
Total solids (%) 
Volatile solids (%) 
Oil & Grease (%) 
Nitrogen (w/w) 
a) Total Kjeldahl Nitrogen 
b) Ammonical Nitrogen 
Protein (%) 
Phosphorous (%) 

6.3 – 7.7 
22 – 35 
83 – 89 
30 – 33 
 
0.078 
0.194 
37 – 44 
0.05 – 0.06 

 
The experiments were conducted at room 

temperature. Anaerobically digested cow 
dung was used as seed sludge. Each bottle 
was filled with 20 mL of seed solution and 
made up to 100 mL by adding sinews and 
water. The gas produced was collected over 
water in a sealed bottle and the daily gas 
production was estimated by measuring the 
volume of water displaced from the gas 
collection bottle.  

RESULTS AND DISCUSSION 
The daily gas production is shown in 

Fig. 2 (a, b, c, d). After completing the first 
cycle in each reactor for the respective 
retention times, as given in Table 1, the 
experiments were repeated for the second 
cycle and third cycle to determine the biogas 
generation potential of Sinews. 

The first two cycles were operated to 
acclimatize the feed with the seed. In the 
third cycle daily biogas production was 

measured and shown in Fig. 2 (a, b, c, d). 
The maximum biogas production of 27 and 
34 ml were observed in R1 and R2 
respectively on 5th day. It was maintained in 
the same range up to 15th and 25th day and 
then decreased gradually. The maximum gas 
production of 38 ml was observed in the 
third reactor on 14th day. It was maintained 
in the same range for 12 days and then 
gradually decreased. In the 4th reactor the 
maximum gas production of 42 ml was 
observed on 19th day, and then started 
decreasing gradually. 

The specific gas productions calculated 
based on VS added are shown in Table 1.  
The batch study showed that the sinews are 
anaerobically treatable and the specific gas 
productions obtained were similar to the 
values reported in the literature on anaerobic 
digestion of solid wastes from poultry 
slaughterhouse3.   
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Fig. 2 : Biogas production – third cycle 



Journal of Environmental Research And Development Vol. 3 No. 2, October-December 2008 

462 
 

Batch kinetics 
Kinetic studies of anaerobic digestion 

process are useful to predict the performance 
in terms biomethanation potential and also 
helpful in understanding inhibition of 
intermediates on methanogenesis of 
anaerobic digestion of the substrates. First 
order kinetic model is the simplest model 
applied to the anaerobic digestion of 
complex substrates as they provide a simple 
basis for comparing stable process 
performance under practical conditions. A 
first order kinetic model is considered based 
on the availability of substrate as the limiting 
factor. The basic equation is  

dB / dt = - kB    
k – First order substrate utilization rate 

constant (time-1) 
B - Biodegradable substrate concentration 

(mg/L) 
On integration  

B/B0 = exp (-kt) 
B0 – initial biodegradable substrate 

concentration (mg/L) 
Substrate concentration is correlated with 
biogas production 

(G∞ - G) / G∞ = B / B0  
G –  Biogas production at time‘t’, mL  
  
G∞ -  ultimate biogas production, mL 

G = G∞ [1- exp (-kt)]  
k -  First order biogas production rate 

constant (time-1) 
The values of k can be obtained 

graphically from an exponential regression 
analysis.  

From the above kinetic equation, the k 
value for batch reactors were obtained from 
the slope of the graphs drawn between time 
(day) and [ln(G∞ -G)/ G∞].  The k value 
obtained for each cycle and their average 

corresponding to each reactor are shown in 
Table 1. 

CONCLUSION 
Solid wastes from gelatin industry are 

amenable for biomethanisation. The specific 
gas productions obtained were similar to the 
values reported in the literature on anaerobic 
digestion of organic solid poultry 
slaughterhouse waste and near similar 
wastes3. 

REFERENCES 
1. Colleran E., Anaerobic digestion of 

agricultural and food processing 
effluents. Microbiol. Cont. Poll., 199-
226, (1991). 

2. Perle M., Kimchie Sh. and Shelef G., 
Some biochemical aspects of the 
anaerobic degradation of dairy 
wastewater. Water Res.; 29(6), 1549-
1554, (1995). 

3. Cuetos Maria Jose, Xiomar G’omez, 
Marta Otero and Antonio Mor’an., 
Anaerobic digestion of solid 
slaughterhouse waste (SHW) at 
laboratory scale: Influence of co-
digestion with the organic fraction of 
municipal solid waste (OFMSW), Bio. 
Chem. Eng. J, 40, 99-106, (2008). 

4. Bernd Linke, Kinetic study of 
thermophilic anaerobic digestion of solid 
wastes from potato processing,  Biomass 
and Bioenergy, 30, 892-896, (2006). 

5. Cammarota M.C. and Freire D.M.G, A 
review on hydrolytic enzymes in the 
treatment of wastewater with high oil 
and grease content, Bio Resour. Tech., 
97, 2195-2210, (2006). 

6. Cirne D.G, Paloumet X., Bjornsson L., 
Alves M.M. and Mattiasson B., 
Anaerobic digestion of lipid-rich waste – 
Effects of lipid concentration, Renewable 
Energy; 32, 965-975, (2007). 



Journal of Environmental Research And Development Vol. 3 No. 2, October-December 2008 

463 
 

7. Masse L., Masse D.I. and Kennedy K.J., 
Effect of hydrolysis pretreatment on fat 
degradation during anaerobic digestion 
of slaughterhouse wastewater, Process 
Biochem. 38, 1365-1372, (2003). 

8. Maurice L. Albertson, Amy Pruden and 
Oliver R.T., Enhanced anaerobic 
digestion of biomass waste for optimized 
production of renewable energy and 

solids for    compost, Int. Congress 
Series; 1293: 221-229, (2006). 

9. Ruth Gebauer, Mesophilic anaerobic 
treatment of sludge from saline fish farm 
effluents with  biogas production, Bio 
Resour. Tech.; 93, 155-167, (2004). 

10. Andrew D Eaton, Lenone S Clesceri, 
Arnold E. and Greenbers. Standard 
Methods for the Examination of Water 
and Wastewater, (19th edn), (1995). 









SAVE THE ENVIRONMENT 
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