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ABSTRACT
To produce biogas, an anaerobic digestion utilized various types of organic KEYWORDS

waste as substrate for the reaction process. Keratin waste is a protein Keratin .

complex of organic waste that mainly produced from the poultry and Hyd.rolysm

farming industry. Biological pretreatment was selected because it more Bacilhus sp. C4 .
energy saver and generating diverse types of amino acid monomers. Three Dry anaerobic digestion
types of keratins used in this research were feathers, wool, and hair. Culture
of Bacillus sp. C4 were inoculated into keratins and incubated for 24 hours,
48 hours, and 72 hours. The chicken feather and sheep wool produced the
highest soluble proteins as 45.99 mg/ml and 38.75 mg/ml respectively with
72h incubation time. Meanwhile, keratin hair cannot be degraded by Bacillus
sp. C4. Dry anaerobic digestion system prepared using oxygen free capped
vials then incubated at 37C for 50 days. Free ammonia formed by
hydrolysis of proteins is suspected to be an inhibitor in the methanogenesis
process, as total methane produced from degraded keratin only 256,6 ml
C4/gr VS in 36 days retention time.

INTRODUCTION

A growing population followed by economic growth is a major factor in increasing energy
needs. Until now, the fulfillment of global energy needs is still based on petroleum fuels, coal,
and natural gas. The use of fossil fuels has a detrimental effect on the environment and its
availability is not sustainable. Therefore, meeting energy needs to be balanced with a
sustainable supply of renewable energy. Biogas is renewable energy in the form of methane gas.
The excess of biogas energy is environmentally friendly, easy to produce, and inexpensive.
(Deublein & Steinhauser, 2010)

Biogas is produced from the anaerobic fermentation of methane. The anaerobic reaction
process is complex because it consists of 4 reaction phases: hydrolysis, acetogenic, acidogenic,

*Corresponding Author: sinta.setyaningrum@polban.ac.id 010)
ITATR is licensed under a Creative Commons Attribution-Share Alike 4.0 International License. @ v s



INTERNATIONAL JOURNAL OF APPLIED TECHNOLOGY RESEARCH

and methanogenesis. Various types of organic materials can be used as substrates for biogas
production. Types of waste commonly used for biogas production include forest and plantation
waste, urban organic waste, and livestock waste.

One of the most common organic materials is keratin. Keratin is a protein-rich material
and has a complex physiochemical structure. Keratin has two types, namely o-keratin and -
keratin. o-keratin has an o-helical structure and it is elastic. Examples types of o-keratin include
wool, hair, and horns. Meanwhile 3-keratin has a pleated sheet structure and is not elastic (Hill
et al., 2010). Several periods of keratin waste from poultry feathers are used as a source of
nitrogen for animal feed. This utilization option is further constrained by regulations related to
the outbreak of the avian influenza virus (Mezes & Tamas, 2015). Ancther benefit is the
industrial production of the enzyme keratinase. The industrial enzyme production process
requires high costs in the purification process. Another option that can be done is to use keratin
waste as a substrate for biogas production. (Brandelli et al., 2010)

Keratin is not easy to decompose. To reuse keratin, pretreatment is often done. The
function of pretreatment is to break down the complex structure of keratin into amino
monomers. Some pretreatment methods are mostly done by thermal and pressure, chemical,
enzymatic, and biological. Enzymatic and biological pretreatment is known to require a long
time but does not require a large amount of energy. Biological hydrolysis results as desired
because enzymes work in specific processes (Forgacs et al., 2013). To be able to degrade keratin,
microorganisms that have proteolytic keratinase enzymatic activity are needed. Various
literature reports the many types of microorganisms: bacteria, yeast, and fungi with keratinase
activity. In this study, a bacterium with a high potency of the keratinase enzyme, Bacillus sp.
strain C4. A strain of Bacillus sp. C4 is able to degrade keratin poultry feathers and sheep wool
completely. (Fellahi, 2014)

Anaerobic digestion operating system is a system used to produce biogas. Dry anaerobic
digester (DAD) is an operating condition with a total solid substrate character of more than
10%. The advantages of dry digestion systems include organic loading rates of high solid
substrates, low energy consumption, smaller reactor volumes, and the production of less liquid
leachate (De Baere, 2000)(Rocamora et al., 2020)(Pavan et al., 2000). The purpose of this study
was to evaluate the production of biogas by the dry anaerobic digestion process using a
substrate resulting from the degradation of keratin complex proteins.

MATERIALS AND METHODS
Materials

Three types of keratin were used as the primary substrate in this study, including poultry
feathers, sheep's wool, and human hair. Each keratins was washed and chopped before
biological pretreatment experiments.

This experiment used two different types of bacterial inoculums, namely bacterial
inoculums with strains of Bacillus sp. C4 and anaerobic bacterial flocculant granules inoculum.
Bacillus sp. C4 is a bacteria that has enzymatic keratinase activity and has been registered under
the University of Gothenburg culture collection as CCUG 66887. Bacillus sp. C4 is used as an
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inoculum culture in keratin pretreatment experiments. Anaerobic flocculant bacterial inoculums
were used in the dry digestion experiments. Anaerobic flocculant granules inoculum were
obtained from the UASB wastewater treatment reactor in Hammarby Sjostad, Sweden.

Three types of media were used in this study as bacterial growth media and enrichment
media at each stage of the experiment. Luria-Bertani (LB) is used as a growing medium for
Bacillus sp. C4 Modified Basal Medium II was used in the keratin pretreatment experiment as
an enrichment medium. MBM II composition is 0.5 g/L NH,Cl; 0.5 g/L NaCl; 0.5 g/L KoHPO,;
0.4 g/L KH,PO4; 0.1 g/L MgCL.6H,0; 1.5 g/L yeast extract; and 1 g/L peptone. In the dry
digestion experiment for biogas production, Basal Medium is used as an enrichment medium
for flocculant anaerobic culture. The composition of Basal Medium is divided into 5 stock
solutions. Stock A of solution consists of 100 g/L NH,Cl; 10 g/L NaCl; 10 g/L MgCL.6H,0; and 5
g/L CaCl,.2H,0. Stock of solution B consists of 200 g/L K;HPO,.3H,O. Stock of C solution is a
0.5 g/L resazurin solution. Stock D solution is a trace metal solution consisting of 2 g/L
FeClL,.4H,0; 0.05 g/L H3BOs; 0.05 g/L ZnCl; 0.038 g/L CuClL.2H,0; 0.05 MnClL..4H,O; 0.05
(NH)6Mo0,0-4,.4H0;  0.05 AlCl;; 005 CoCL6HO; 0092 NiCL6HO; 05
ethylenediaminitetraacetate; 1 ml of concentrated HCL, 0.1 g/L. Na,SeOs.5H,0. Stock of solution
E is a vitamin solution, consisting of 2 mg/L biotin; 2 mg/L folic acid; 10 mg/L pyridoxine acid;
5 mg/L riboflavin; 5 mg/L thiaminehydrochloride, 0.1 mg/L cyanocobalamine; 5 mg/L nicotinic
acid, 5 mg/L P-aminobenzoic acid, 5 mg/L lipoic acid; and DL-pantothenic acid. To make 1 L
Basal Media, 10 ml stock A solution, 2 ml stock B solution, 1 ml stock C solution, 1 ml stock D
solution, and 1 ml stock E solution are added to 975 ml distilled water.

Biological Pretreatiment Keratin

In this study, the keratin pretreatment process used a biological method with the help of
bacterial culture with the enzymatic activity of keratinase, Bacillus sp. C4. The total work
volume in the pretreatment stage was 20 ml in a 250 ml Erlenmeyer flask. As much as 20% W/
of each type of keratin (4g dry weight keratin) was added to Modified Basal Medium II and
sterilized using an autoclave. Inoculum of bacteria Bacillus sp. C4 was then inoculated into a
mixture of sterilized media and keratin. The incubation process of the keratin pretreatment
stage was carried out in a 160 rpm water bath shaker at 37°C. Two variations in the amount of
inoculum used, namely 5% Y/, and 10% V/,. The variation of incubation time for pretreatment is
divided into three, namely 24 hours, 48 hours, and 72 hours.

Dry Anaerobic Digestion System

Dry anaerobic digestion experiments were carried out using selected degraded keratin
substrates. The basis for selecting keratin substrate samples was the average pretreatment
operating conditions that have enzymatic activity of keratinase and high dissolved protein
concentrations. Variations of the experiment were made by the ratio of the keratin substrate
and the flocculant anaerobic inoculum. There were two kinds of substrate dry weight: inoculum
ratio used, which was 1: 1 and 1: 2 ratio. Dry anaerobic digestion is carried out using a vacuum
vial as a reactor with a total volume of 118 ml, while the working volume of the reaction is no
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more than two-thirds of the total volume. Anaerobic conditions are created by exchanging gases
in the reactor using a mixture of 80% nitrogen gas and 20% CO, gas. All variations of the
experiment were incubated at 37°C for 50 days.

Analysis

The results of the keratin pretreatment experiment were analyzed into three general methods,
namely biological, physical, and chemical analysis. Biological analysis for samples of keratin
pretreatment results is the calculation of the number of viable bacteria in the total broth of the
experiment. The number of viable bacteria is determined using the Total Plate Count method.
Physical and chemical analysis of the keratin pretreatment experimental sample was carried out
by separating solid and liquid material from the total broth using vacuum. The solid sample
obtained was then analyzed to obtain the weight loss of keratin treated with pretreatment. The
liquid sample is then analyzed to obtain the final pH value of the pretreatment experiment, the
concentration of dissolved protein, and the amount of enzymatic activity of keratinase. Analysis
of dissolved protein concentrations was carried out using the Lowry analysis method.

Biogas production activities in the form of methane and carbon dioxide are carried out
periodically during the incubation process of dry anaerobic digestion. The biogas production
analysis was carried out using Gas Chromatography (Perkin-Elmer, USA) equipped with
columns (6 'x 1.8" OD, 80/100, Mesh, Perkin Elmer, USA) and thermal conductivity detectors
(Perkin Elmer, USA), and with a 150°C temperature injector (Teghammar et al., 2013).

THE RESULTS AND DISCUSSION
Biological Pretreatiment Keratin

Keratin pretreatment is done so that complex proteins can be broken down into amino acid
monomers and more easily digested by microorganisms in the anaerobic fermentation process.
Keratin biological pretreatment was carried out with the help of enzymatic activities of
keratinase enzymatic. In previous experiments reported by Patinvoh, Bacillus sp. C4 successfully
degrades keratin from poultry feathers into dissolved protein by up to 70% after incubation for
5 days with the provision of 5% /v keratin against total broth (Patinvoh et al., 2016). The use of
three types of keratins, two concentrations of inoculum, and keratin with a high load were
carried out in this study with the hope of getting optimum dissolved protein yields.

From Figure 1, Graph A can be seen that for the keratin substrate of poultry feathers and
sheep's wool, Bacillus sp. C4 can grow up to an incubation time of 772 hours, but Bacillus sp. C4
was no longer viable after 24 hours of incubation on human hair substrates. Inoculum culture
cells Bacillus sp. C4, which can grow in the keratin substrate, correlates with the production of
the enzyme keratinase. The keratinase enzyme is alkaline, so the mixture of substrate and
media that has been regulated at a neutral acidity level of pH 7 will turn into alkaline when
keratinase activity increases. This result was similar according to experiments by Suntornsuk
(Suntornsuk & Suntornsuk, 2003). Increasing the acidity is an indication of the presence of the
enzyme keratinase. The highest value of the enzymatic activity was produced through variations
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that used 5% inoculum and after 48 hours incubation time for pretreatment of sheep's wool,
which was 49 U/ml.

C4 GROWTHCURVES || PHCHANGES DURING GROWTH ENZYMATICACTIVITY CONCENTRATIONS

o

Figure 1. Keratin biological pretreatment results graph. A) Bacillus sp. Growth. C4; B) concentration of
enzymatic activity; C) changes in the degree of acidity

Another analysis to see the success of the degradation test is through the calculation of the
weight loss of keratin and the concentration of dissolved protein. Figure 2 is a graph of weight
percent loss of keratin and dissolved protein concentrations from each treatment of keratin
degradation test. The most lost keratin mass is poultry feather keratin. With 72 hours
incubation time treatment, the mass of poultry feather keratin with inoculum variations of 5%
and 10% can disappear by 27.7% and 26.3%, while sheep's keratin wool disappears by an
average of 14.9%. No amount of keratin hair mass was lost in this experiment. The most keratin
that is converted to dissolved protein after biodegradation testing is poultry feathers. Laba also
reported that hair keratin and pig bristle were hardly to degraded by keratinase
microorganisms (Laba & Rodziewicz, 2014). In the incubation range of 24 hours and 48 hours, a
number of degraded keratin feathers produce a high dissolved protein with a difference of 25.1
mg/ml (5% inoculum) and 25.2 mg/ml (10% inoculum).
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Figure 2. Keratin biological pretreatment results graph. A) percent lost by keratin; B) dissolved protein
concentration (CF: feather, W: wool, H: hair, and MK: mixed keratin)

Dry Anaerobic Digestion

Figure 3 is a graph of cumulative methane gas production per day with hydrolyzed keratin
substrate. Six variations of experimental treatment were performed for each use of the keratin
substrate. The keratin substrate used is keratin which has been hydrolyzed for 48 hours. The
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timing of this keratin pretreatment is due to the fact that 48 hours have been able to degrade
keratin in an optimum amount.

The cumulation graph of methane gas production with hydrolyzed poultry feather
substrate can be observed in Figure 3A. There are 2 graphs that have the highest value, namely
the cumulative methane gas production graph variant CFctrl (1: 2) and CF5% (1: 2) reaching
the amount of 169.25 ml CH,/gr VS after 6 days incubation and 152.03 ml CH,/gr VS after
incubation for 18 days in a row. Based on the graph, it can be seen that the production of
methane gas for all variants began to be invisible after the 6th day, while the control methane
gas production graph continued to increase until the retention time of the 24th day. It can be
assumed that there is an inhibition of the process of methanogenesis, because of the low C/N
ratio in the biogas substrate composition (Kovacs et al., 2013).

Figure 3B is a graph of the accumulation of methane gas production with sheep's wool
substrate from several variations. Based on Figure 3B it can be seen that the highest methane
gas production rate occurs at 6 days retention time with a value of 146.7 ml CH,/gr VS for
variants W5% (1: 2) and W10% (1: 2), and 126.1 ml CH, / gr VS for the Wctrl variant (1: 2).
Methane gas production continues to increase after the retention time of the 6th day to the 5oth
day, although it is not high. In the anaerobic digester process with hydrolyzed wool substrate,
there is inhibition, just like the anaerobic digester process with degraded feather poultry
substrate. The graph of cumulative methane gas production in the DAD system with keratin
hair substrate is shown in Figure 3C. The methane gas production activity of the DAD system
for hair substrate is very different from the methane gas production activity of the DAD system
for poultry feathers and sheep wool substrates. In the DAD system the hair substrate does not
inhibit the process of methanogenesis, so that the methane gas can continue to be produced at a
stable rate. This can be attributed to the results of biological hydrolysis test on hair, i.e. the hair
detected cannot be hydrolyzed by microorganisms with keratinase Bacillus sp. C4 It can be
assumed that the inhibitor of the process of methanogenesis originates from the hydrolysis of
poultry feathers and sheep wool (Lange et al., 2016).
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Figure 3. Graph of total methane gas production through the dry anaerobic digestion system. A) poultry feather
keratin substrate; B) sheep's wool; C) hair; D) mixed keratin; E) untreated keratin
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3D image is a graph of cumulative methane gas production from the DAD system with a
mixture of wool and hair keratin (Mixed Keratin = MK). Similar to the results of methane gas
production in other keratin substrate DAD systems, this graph can also be seen that the DAD
system by adding 1: 2 gr of substrate and inoculum gives the highest methane gas yield reaching
an average of 256.6 ml CH,/gr VS. The activity and rate of methane gas production were
monitored to be stable and there was no apparent inhibition of the anaerobic digestion process.
It can be assumed that the presence of inhibiting components of the methane gas production
process is far below the limit so that it does not affect the DAD MK substrate system
(Kornitowicz-Kowalska & Bohacz, 2011).

A DAD system using a keratin substrate without pretreatment was carried out to compare
the results of methane gas production across all treatment variations. Through this treatment it
was observed that the yield of methane gas from substrates without pretreatment produced was
much higher than the yield of methane gas produced from hydrolyzed keratin substrates. Even
though methane gas yield from keratin substrate without pretreatment is higher, the rate of
methane gas production with hydrolyzed keratin substrate is faster.

The use of substrates and inoculums with a ratio of 1: 2 gr VS can always produce biogas
which is higher than the ratio of 1: 1 gr VS. This is consistent with the theory that states that the
use of the substrate: inoculum ratio that provides the best yield is in the range of 1: 2 to 1: 4
(Kayhanian, 1999). The production of methane gas from the keratin substrate of poultry
feathers and hydrolyzed sheep wool occurs rapidly, which is only about 6-9 days incubation,
then the production of methane gas appears to be inhibited. Keratin substrate without
pretreatment (Figure 3E) will produce biogas with a high amount of accumulation, but requires
along retention time, around 40 days.

CONCLUSION

Based on the analysis results in each stage of the experiment, it can be concluded that the use of
200 mg/ml substrate and Bacillus sp. C4 as a degrading bacterium with an initial cell density of
1.8 x 10°® and 3.6 x 10® cfu/ml provide insignificant degradation results to the poultry feathers
and sheep wool. The incubation time of 48 hours is the best incubation time compared to 24
hours or 72 hours, which was able to degrade keratin poultry feathers and sheep wool with an
average of 35 mg/ml of soluble protein, but hair keratin cannot be degraded by Bacillus sp. C4.
The biogas production process with a dry anaerobic digestion system utilizing degraded keratin
waste cannot operate optimally, assuming that the low ratio of C/N in the substrate and the
inhibition mechanism by free ammonia in the reactor system.
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