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Abstract
Background/Objectives: Efficient management of organic waste is necessary to avoid negative impacts on the environment 
and highly potential to be converted into biofuel. The objective of this study was to conduct preliminary analysis of organic 
wastes that used for biofuel production and characterization of bio-liquids produced. Methods/Statistical Analysis: Cow 
dung, pineapple peel, vegetable waste, fish waste and leftover chicken were used in production of methanol from methane 
system using anaerobic co-digestion method conducted at room temperature, pH 6.4-7.0 for 19 and 30 days in 500 mL of 
bio-reactor. Gas Chromatography Thermal Conductively Detector (GC-TCD) was used in determination of methane while 
bio-alcohol formed was detected by High Performance Liquid Chromatography (HPLC). Findings: Co-digestion of R2 (cow 
dung mixed pineapple skin) produced highest methane (23.07% wt), bio-methanol (19.08 g/L), bio-ethanol (51.30g/L) 
and glucose (35g/L). This study proved that co-digestion of organic wastes able to produce biogas and bio-alcohol better 
than digestion of only one substrate. Application/Improvements: The upgrading stage of bio-liquid produced is required 
to optimize the yield of the bio-liquid and increasing the productivity in large scale study so that it will be qualified for 
biofuel application.

1. Introduction
Currently high demand of fuel as source energy, green-
house gases issues and increasing of organic wastes are 
critical problem that need to be solved1–3. Literature 
review state that 80% of world energy still comes from 
fossil fuel4. The organic wastes or biomass such as cow 
dung was produced in range 200-300 tonne/day5 and able 
to produced 250-500 L CH4/day6. About 70249 tonnes of 
pineapples wastes produced in year 2008 able to generate 
1.8 x 1015 MWj of electricity energy7. This phenomenon 
suggested for usage of solid organic wastes from agri-
cultural and farm to generate energy such as bio oil for 
human need. Besides, the issues of solid wastes manage-
ment can be solved while reducing the cost of operation. 
Anaerobic digestion is chosen by the most previous study 
because the ability to improve stability of the process 
so that maximum biogas and bio oil will achieve8,9. The 

focus of this paper is to carry out the physical analysis 
of bio wastes for bio oil production via anaerobic diges-
tion followed by characterization of biogas and bio liquid 
obtained.

2. Experimental

2.1 Sample Preparation and Physical 
Analysis
The cow dung was supplied from the Ladang Ternakan 
Bangi and the organic wastes (vegetables, pineapples, 
poultry and fish) were supplied by Seksyen 16 Market 
Bandar Baru Bangi. All samples were dried at tempera-
ture 40°C for 2-3 days and grinded until 1-2 mm of the 
size. Physical analysis of each sample (Moisture (M), Total 
Solid (TS), Volatile Solid (VS) ash and fix carbon) were 
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conducted according to American Society for Testing 
and Material (ASTM) E949-88 and E897-88 (2004) and 
National Renewable Energy Laboratory (NREL).

The ultimate analysis of component carbon, hydro-
gen, nitrogen, sulphur and oxygen were conducted by 
instrument CHNSO analyzer from Faculty of Forestry 
Universiti Putra Malaysia. The samples are mixed and 
label as R1 (cow manure mixed vegetables waste), R2 
(Cow manure mixed pineapple skin), R3 (wet leftover, 
fish and chicken leftover) and R4 (cow manure).

2.2 Anaerobic Co-Digestion
The anaerobic digestion was conducted in 500 mL of 
conical flask with ratio of organic wastes 1:1 which 2/3 
of the flask is filled with samples. This conical flask was 
closed with rubber stopper that contain two flexible tubes 
where the first tube for biogas collection while second 
tube for bio liquid collection. First and second digesters 
prepared contain of pineapple and vegetable substrate 
while third digester contain of fishery and poultry wastes 
where the digestion process was carried out for 18 day 
before the cow dung was added and left until reached 
days-30 at room temperature. The pH of wastes mixture 
was maintained until 6.8-7 by using Natrium Hydroxide 
(NaOH) solution. The N2 was purged into the flask before 
the digestion was started. The biogas sample was collected 
through water displacement method. 

2.3 Analysis of Biofuel
The liquid sample was centrifuged at 8000 rpm for 10 
minutes where the supernatant was filtered into vial bottle 
by using 0.45 µm syringe filter. The instrument of HPLC 
was used to examine the liquid component presence; 1) 
Alcohol and glucose under mobile phase 0.005 N sul-
phuric acid, fix mobile Rezex ROA, RI index detector at 
temperature 60°C and phase speed 0.6 mL/min 2) Organic 
acid under 0.0013 N sulphuric acid (mobile phase), fix 
mobile Rezex ROA, Ultraviolet detector at temperature 
40°C and phase speed 0.6 mL/min. The carbohydrate 
analysis was conducted by using 1 mL supernatant mixed 
with 1 mL of 5% phenol solution added into 5 mL of 
sulphuric acid. The biogas component was determined 
by using Gas Chromatography Thermal Conductivity 
Detector (GC-TCD) model Hewlett Packard 5890, USA 
with Carboxen type of column, 30 m x 0.25 mm x 0.10 µm 
operate at 50°C until 190°C for 10°C/minute.

2.4 Organic Acid
Mobile phase used was 0.0013 N sulphuric acid (H2SO4) 
while fix phase was Rezex ROA. Detector Ultraviolet 
(UV) used at 40oC and mobile phase velocity 0.6 mL/min. 

2.5 Analysis of Biogas
Biogas collected by water displacement method was 
analyzed by instrument Gas Chromatography Thermal 
Conductively Detector (GC-TCD) model Hewlett 
Packard 5890, USA with column carboxen, 30 m x 0.25 
mm x 0.10 μm. The instrument was operate at 50oC to 
190oC over 10oC/minit and helium was used as the gas 
carrier.

3. Results and Discussion

3.1 Physical and Ultimate Analysis
Physical data of biomass is shown in Table 1 where the 
high moisture content of all sample (29.10-46.35%) 
explained the potential of alcohol product formed while 
highest VS found in cow dung (4.87%) and chicken waste 
(4.60%). Value of carbon, hydrogen and nitrogen for each 
sample are illustrated in Table 2. Vegetables wastes con-
tain high value of element carbon and hydrogen than 
other wastes, so it highly potential to become bio-oil.

Table 1. Physical analysis data

Sample M (%) VS (%) Ash 
(%)

FC (%) Author

Cow dung 35.11 4.87 12.03 47.99 Present
Pineapple 
skin

46.35 0.43 3.65 49.57 Present

Vegetable 
waste

29.10 0.87 2.80 67.23 Present

Chicken 
waste

36.58 4.60 0.71 58.11 Present

Fishery 40.03 0.18 4.11 55.68 Present

The result in Table 3 shows both TS and VS decreased 
because of usage in digestion by methanogenic bacteria10. 
Value of VS was used to estimate the substrate quan-
tity that potential to form methane11 while ratio TS/VS 
indicate the performance of anaerobic digestion and pro-
ductivity of biogas. The sample R2 give highest value of 
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TS/VS ratio (5.29) and R1 give lowest TS/VS ratio (2.53) 
due to high content of lignin presence in the sample affect 
in slow digestion occur.

Table 2. Ultimate analysis data
Sample C (%) H (%) N (%) Author
Cow dung 18.67 4.84 2.44 Present
Pineapple skin 16.67 4.96 1.88 Present
Vegetable waste 32.41 8.95 4.91 Present
Chicken waste 15.72 5.06 9.73 Present
Fishery 20.85 6.01 9.03 Present

3.2 Biogas and Methane Production
The production of methane depends on reaction of H2 
and CO2 where these gases together with acetic acid were 
consumed by methanogen to form CH4 and CO2

12,13. 
Microorganism that is responsible to produce CH4 is 
obligate anaerobic and very sensitive in changing of sur-
rounding14. Note that methanogenic from acetate act as 
limited rate for wastes that easily hydrolyzed15. Biogas 
product was detected highest in sample R2 (13.17 mL/g 
substrate), followed by R1 (10.08 mL/g substrate) and R4 
(3.88 mL/g substrate). About 23.07% of CH4 produced by 
R2 considered highest than samples R4, R3 and R1 while 
about 5.71% to 14.01% CO2 was detected in each sam-
ple. These CO2 formed because of dominant hydrolysis, 
acidogenic and acitogenic phase compare to methanation 
phase. 

3.3 Volatile Fatty Acid (VFA) and Biofuels
Production of VFA such as acetic acid, propanoic acid 
and butyric acid are high as illustrated in Figure 1 until 
Figure 4 caused in decreasing of pH value drastically (7 
to 4.5). High values of acetic acid compare to butyric and 
propanoic acid explained the dominant phase of acido-

genic that interrupt the methanogenic phase in digester. 
The highest methanol and ethanol recorded are 19.08 g/L 
and 51.30g/L in sample R2. Methanol become intermedi-
ate for the next biochemical reaction caused this alcohol 
decreased as the time digestion increased. Note that glu-
cose and ethanol are substance that converted into acetate 
in third stage of anaerobic phase16. Through anaerobic 
digestion, methanol highly potential to become methane 
by methanogens under certain circumstance and also 
required to form acetate and butyric17. 

3.4 Carbohydrate and Glucose
The value of glucose presence indicated the substrate 
decomposition as the decreasing of glucose value in the 
samples caused in increasing of acetic acid value and 
decreasing of pH. Microorganism presence in the digester 
consumed glucose to form ethanol, propanoic and ace-
tic acid16,18. The result of HPLC shows that the fish and 
chicken wastes through more rapid hydrolysis phase 
compare to other samples supported by highest produc-
tion of VFA that sample. The R2 give highest amount of 
glucose (35 g/L) followed by R4 (7 g/L), R1 (8 g/L) and 
R3 (2 g/L). The amount of glucose obtained considered 
higher for maximum product of bio-methanol and bio-
ethanol compare to previous study19–21. The presence of 
lignin in dry wastes slow down the process of hydroly-
sis as lignin decomposition occurs slowly. The data of 
methanol production by present study are compared with 
previous study in Table 4 where the difference in the data 
caused by several factors such as pre-treatment (substrate 
size), type of digestion and pH controlled.

4. Conclusion
Co-digestion of substrate were form more methane and 
bio-fuel as proven by this study. The vegetable waste is 
suitable substrate for co-digest with cow manure because 

Table 3. Value of TS/VS and methane production

Sample TSi
(%)

TSf
(%)

Reduction
(%)

VSi
(%)

VSf
(%)

Reduction
(%)

TS/VS Methane (%)

R1 12.32 9.20 25.32 4.87 1.02 79.06 2.53 0.69

R2 19.99 7.37 63.13 3.78 0.99 73.81 5.29 23.07

R3 12.05 7.65 36.51 2.94 1.57 46.71 4.10 1.52

R4 11.18 7.21 41.14 2.82 0.78 72.34 3.96 1.64
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Figure 1. Bio-liquid composition in sample R1.

Figure 3. Bio-liquid composition in sample R3.

Figure 4. Bio-liquid composition in sample R4.Figure 2. Bio-liquid composition in sample R2.

Table 4. Production of methanol by anaerobic digestion

Reference Sample Methanol (%)
Present Cow manure 0.150

Cow manure and vegetable waste 0.682
Cow manure and pineapple waste 0.189
Cow manure and wet waste -

[19] Goat dung 0.940
[20] Cow manure and Bagasse 1.620

Cow manure and banana skin 0.040
Cow manure and leftover rice 1.040
Cow manure, bagasse, raw glycerine 0.00013
Cow manure, banana skin, raw glycerine -
Cow manure, leftover rice, raw glycerine 0.00010
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of its ability to decompose rapidly compare to other sub-
strate. This co-digestion successfully obtained biogas and 
bio-liquid that highly potential to become biofuel. The 
upgrading stage of bio-liquid produced is purposed for 
the future study to optimize the yield of the bio-liquid and 
increasing the productivity in large scale study. 
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