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Abstract: 

A great variety of substrates can be used in MFCs for electricity production, ranging from pure compounds to complex mixtures 

of organic matter present in wastewater and organic waste. This study was designed to source mainly for agricultural wastes for 

MFC based on their nutritional components. Three (3) common agricultural wastes in Nigeria, Palm kernel waste (POPW), 

Kitchen waste (KW) and Cow dung (CD) were utilized singly or in synergy; POPW+ KW, POPW+ CD, POPW+ KW+ CD) as 

substrate for MFC. The proximate and mineral components of these substrates were analyzed to explicate the nutrient potentials 

for microorganisms (electrogens) associated with electricity generation. The ash content of the organic wastes ranged from 10.58- 

21.78mg/g; fat content (5.84-42.75mg/g); crude fibre (3.95-12.50mg/g); moisture content (8.24-32.24%); crude protein (8.21-

11.69mg/g), while the carbohydrate content was between 12.01 and 40.49%. Meanwhile, the mineral content of the wastes ranged 

from 1.04 - 3.80 x10
3
ppm for sodium (Na); 2.21-9.51 x 10

4
ppm for potassium (K) and 4.32-8.60x 10

3
ppm for calcium (Ca). The 

concentration of magnesium (Mg), iron (Fe), zinc (Zn), and lead (Pb) contents was low in each of the wastes. The power density 

generated in the different bio wastes was between 47.49 and 279.52mW/m
2
. In the meantime, the current and voltage generated 

ranged between 0.174mA in KW+ CD to 0.650mA in KW and 0.11V in POPW+ CD to 0.59V in KW respectively. The high 

energy potential derived from the kitchen waste and its synergistic component (s) can be credited to their high carbohydrate 

contents and the availability of metallic ions of Fe, Mg, Zn and Pb. The physicochemical constituents of these wastes make them 

good substrates for electricity generation. 

 

I. INTRODUCTION 

 

In MFCs, the substrate provides not just energy for the 

bacterial cells to grow but additionally influences the 

nutritional capability to sustain the microbes and the overall 

performance in generation of electricity. Rabaey and 

Verstraete (2005) also reported that in an MFC, the bacterial 

community present in the anode compartment uses the organic 

substrates as fuels to produce electrons and protons through 

biological processes. An extensive variety of organic 

compounds including organic matter in waste has been used to 

fuel MFCs (Pant et al., 2010). Cheng and Logan (2011) 

claimed that the composition, concentration and the type of 

substrate do affect the microbial community and therefore 

influence power production. Numerous organic substrates 

including carbohydrates, proteins, volatile acids, cellulose and 

wastewater have been utilized as nutrients in MFC studies 

(Pant et al., 2010).Wastewater, marine and fresh water 

sediment, soil and activated sludge are all rich sources for 

microorganisms (Niessen et al., 2006; Zhang et al., 2006). All 

the substrates had extraordinary potentials for sustainable 

bioenergy production(Logan and Regan, 2006).Liu et al. 

(2005) generated a power density (PD) of 506mW/m
2
from 

acetate; beer brewery wastewater, 528mW/m
2 

(Feng et al., 

2008);glucose fed-batch MFC, 161mW/m
2 

(Pant et al., 

2010);starch processing wastewater, 239.4mW/m
2
 (Lu et al., 

2009); and carboxymethyl cellulose, 272mW/m
2
 (Rezaei et al., 

2009), while paper recycling plant wastewater generated 

672mW/m
2
 (Huang and Logan, 2008).  Metal ions are 

important minerals to multiple microorganisms, as well as 

biological molecules, such as metalloproteins which play 

noticeable roles in most biological processes (e.g. iron for 

respiration)(Cvetkovic et al., 2010).The phenomenon of redox 

reaction, precipitation, or catalysis may have been affected by 

reactive metal ions, etc. and thus directly influencing the 

performance of MECs by affecting the microbial metabolism 

or the activity of enzymes (Lu et al., 2015). Wang et al. (2011) 

maintained that the comparison of results with and without 

ferrous iron as a cathodic reactant revealed that the addition of 

ferrous iron enhanced power generation in batch MFC. 

Likewise, Wei et al.(2013) discovered that the addition of 

ferrous sulphate to the anode medium has improved the power 

densities of MFCs during start-up period. Since the energy 

generated in an MFC is dependent upon the ‘fuel’, this study 

was therefore designed to source for novel substrates as 

catalysts in a single cell air cathode MFCs based on their 

nutritional components for the generation of electricity and the 

survival of electrogens. 

 

II. MATERIALS AND METHODS 

 

Source and Preparation of Organic Wastes 

The substrates for the work include Palm Oil Processing 

Waste (POPW), Kitchen Waste (KW) and Cow Dung (CD). 

Cow dung and the palm oil processing waste were obtained 

from Ekiti State University (EKSU) Farm while the kitchen 

waste was obtained from the exit waste pipe ofa restaurant in 

EKSU, Ado-Ekiti. 

 

Physicochemical Analysis 

The three main substrates, Palm waste (POPW), Kitchen waste 

(KW) and Cow dung (CD) were utilised singly or in synergy 

(POPW+ KW, POPW+ CD, POPW+ KW+ CD). These were 

analyzed for their proximate and mineral components using 
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standard analytic methods of Association of Official 

Analytical Chemists (AOAC) (2005)and amended procedure 

of Ojewumi (2016) to elucidate their nutrient potentials for the 

microorganisms (electrogens).Similarly, the hydrogen ion 

concentration (pH) and total titratable acidity concentration 

were determined (AOAC, 2005). 

 

Determination of Mineral Nutrients 

The substrates were digested and analysed for calcium, 

magnesium, iron, zinc, sodium, potassium and phosphorus 

with the aid of an Atomic Absorption Spectrophotometer 

(AAS)(Thermo Fisher Scientific-iCE 3300 Model) as 

described by AOAC (2005). The dilution factor for all the 

minerals except P and Mg was 100. For determination of Mg, 

further dilution of the original solution was done by using 0.5 

ml original solution and enough distilled water was added to it 

to make the volume up to 100 ml. Also for the determination 

of calcium, 1.0 ml lithium oxide solution was added to the 

original solution to unmask Ca from Mg (Ojewumi, 2016).  

 

Construction and Operational Condition of MFC 
Single chamber air cathode MFCs earlier described by 

Adebuleet al. (2005) were constructed. The MFC made up of 

an anode (11.6 cm
2
 projected surface area) and cathode (11.6 

cm
2
 surface area) positioned in a plastic cylindrical chambers 

with  regular electrode spacing of 2 cm and a proton exchange 

membrane (PEM) separating the anode and cathode chambers. 

The biowaste suspension was placed in the chamber and later 

sealed to stop the exchange of gas, hence forcing the 

microorganisms to undergo anaerobic condition thereby 

producing electron. The set up was maintained under ambient 

temperature (30
o
±2

o
C) and electrical readings (e.g. volt and 

current) were taken every 3h using multimeter (ALDA DT- 

830D) connected to the cathode and anode by a copper wire. 

 

III. RESULTS AND DISCUSSION  

 

The proximate and mineral components of the substrates 

revealed the nutrient potential for microorganisms involved in 

the production of electricity. The highest ash content (21.75 

mg/g) in the fresh mixed waste of palm oil processing waste 

and cow dung (POPW + CD) may have resulted from the 

presence of POPW, with an ash content of 20.78 mg/g in the 

mixture (Table 1).Meanwhile, the kitchen waste had very low 

ash content, which may have been due to the absence of 

‘renewable’ lignocellulolytic materials as found in POPW 

(Huang et al., 2008). This observation may have resulted from 

the heat applied during cooking. The high fat content in the 

palm oil processing waste (42.75 mg/g) and its entire 

derivatives was because the palm oil mill waste if untreated, 

contains high amounts of fatty acids and other plant 

materials(Ken et al., 2005). The low fat content in the kitchen 

waste (5.84 mg/g) can also be attributed to the effect of heat 

applied during cooking (Ikya et al., 2013). In the case of the 

cow dung (CD), which basically is the end product of the 

cow’s digestive process and contains a number of chemical, 

microbial and other biotic materials that are influenced by the 

nature of the plant material consumed (Zakpa et al., 2010). It 

had the highest crude fibre (12.50 mg/g) while the 

combination of cow dung and POPW, with the least fibre 

content (3.95 ± 0.94 mg/g) may have been as a result of the 

low concentration of fibre in POPW. The high moisture in 

fresh cow dung (32.24%) was greater than the value (18. 55%) 

reported by Chinwendu et al. (2013).  The high moisture 

content reported in this study may be due to proteolytic 

activity of microorganisms that released much water through 

hydrolysis of peptides (Anihouvi et al., 2012). Similarly, the 

CD had very high protein content (11.69 mg/g) (Table 1). The 

presence of cow dung influenced the moisture content of all its 

derivatives (i.e. POPW+ CD, KW+ CD and POPW+ KW+ 

CD) contributing about 79.64, 57.99 and 50.50% moisture to 

each of the wastes respectively. The protein content of the cow 

dung (11.69 mg/g) may have contributed to the high pH value 

(7.99) of the fresh cow dung (Fig. 1). This report is in 

agreement with the fact that the utilization of protein led to the 

production of some alkaline end products that raised the pH of 

the sample (Diawara et al., 1998). However, the total titratable 

acidity (TTA) of this waste was low (0.06%). Oyewole (1990) 

reported that a lower pH value led to an increased amount of 

total titratable acidity. Generally, an inverse proportional 

relationship exists between the values for the pH and the TTA. 

As the pH increased, the TTA values decreased relatively in 

all the wastes, which was in consonance with the report of 

Abdjo et al. (2010). Of all the wastes, the carbohydrate (CHO) 

content of the kitchen waste (40.49 mg/g) was the highest. The 

kitchen waste influenced the CHO contents of all its 

derivatives (POPW+ KW; KW+ CD; POPW+ KW+ CD), 

contributing 77.12, 65.37 and 54.75% of the CHO content 

respectively.  

 

Table.1. Proximate components* (mg/g) and electricity potential of biological wastes 

 

Biological 

wastes** 

Time of 

study 

ASH FAT FIB MC 

(%) 

CP CHO 

(%) 

PD 

(mW/ 

m
2
) 

 Current  

(mA) 

Volt 

(V) 

POPW Initial 20.78± 

0.06 

42.75± 

0.35 

7.33± 

0.31 

8.24± 

0.19 

8.89± 

0.00 

12.01 66.69 0.30 0.27 

2 weeks 21.94± 

1.24 

39.645± 

0.69 

9.69± 

0.61 

15.77± 

0.77 

8.86± 

0.18 

 23.02 0.24 0.13 

KW Initial 10.58± 

0.01 

5.84± 

0.42 

8.94± 

0.60 

23.36± 

0.11 

10.79± 

1.17 

40.49 279.52 0.65 0.59 

2 weeks 13.52± 

0.16 

6.175± 

0.19 

9.34± 

0.08 

31.32± 

0.24 

13.92± 

0.21 

 46.42 0.25 0.24 

CD Initial 14.80± 

0.39 

7.32± 

0.35 

12.5± 

0.23 

32.24± 

0.59 

11.69± 

1.10 

21.45 47.49 0.37 0.18 

2 weeks 15.83± 

0.43 

6.805± 

0.40 

10.32±

0.23 

35.57± 

0.99 

9.23± 

0.17 

 48.22 0.33 0.22 

POPW+ 

KW 

Initial 15.01± 

0.52 

17.89± 

0.52 

9.54± 

0.01 

15.63± 

0.40 

8.21± 

1.05 

33.72 153.83 0.44 0.52 
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2 weeks 14.94± 

0.17 

18.83± 

0.48 

11.80±

0.38 

24.09± 

0.11 

6.37± 

0.26 

 116.29 0.36 0.49 

POPW+ 

CD 

Initial 21.75± 

0.38 

29.01± 

0.99 

3.95± 

0.94 

16.05± 

0.06 

9.58± 

0.00 

19.66 15.62 0.17 0.11 

2 weeks 22.11± 

0.54 

28.4± 

1.05 

7.135± 

0.2899 

18.96± 

0.52 

9.44± 

0.88 

 45.15 0.34 0.18 

KW+ CD Initial 10.71± 

0.43 

14.58± 

0.04 

9.21± 

0.22 

22.91± 

1.26 

10.25± 

1.12 

32.34 166.16 0.60 0.40 

2 weeks 11.34± 

1.76 

6.995± 

0.36 

9.785± 

0.58 

28.23± 

0.65 

10.87± 

0.42 

 27.24 0.11 0.34 

POPW+ 

KW+CD 

Initial 16.70± 

0.93 

18.41± 

1.30 

9.38± 

0.06 

24.46± 

1.03 

9.52± 

0.15 

21.52 88.59 0.41 0.29 

2 weeks 16.15± 

0.45 

18.12± 

0.33 

9.57± 

0.41 

23.76± 

0.42 

8.64± 

0.59 

 49.24 0.20 0.37 

*ASH = Ash content; FAT = Crude Fat; FIB = Crude Fibre; MC = Moisture Content; CP = Crude Protein; CHO =                             

Carbohydrate (determined by difference in percentage) 

**POPW = Palm Oil Processing Waste; KW = Kitchen Waste; CD = Cow Dung 

 
    Biological Wastes 

Figure.1. pH and Total Titratable Acidity values of Fresh Biological Wastes 

 

Table 2 shows that potassium was the most prominent mineral 

in all the organic wastes investigated, ranging between 22.10 x 

10
3
ppm in the palm oil waste to 9.818 x 10

4
ppm in cow dung. 

The mineral content recorded in all the domestic wastes 

ranged from 2.21 x10
4
ppm in the palm oil processing waste 

(POPW) and 9.51 x 10
4
ppm in the CD for potassium; 4.32 to 

8.60 x10
3
ppm for calcium (Ca); 1.04 to 3.80 x 10

4
ppm for 

sodium (Na) (Table 2). This may have been as a result of the 

high ash content of all the domestic wastes since Arvelakis and 

Koukios (2002) maintained that the inorganic constituents, 

such as the organically bound cations, inorganic salts and 

minerals make up the ash present in or on the surface of 

biomass. Ashes are usually formed from CaO, K2O, Na2O, 

MgO, SiO2, Fe2O3, P2O5, SO3 and Cl (Reed et al., 1980). The 

concentrations of magnesium (15.96ppm in KW to 40.21ppm 

in POPW+CD) and iron (0.29ppm in POPW+KW to 1.57ppm 

in POPW) are low while Zinc (Zn), Lead (Pb) and Cobalt (Co) 

were almost undetectable with values ranging from 0.02 to 
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0.25ppm.  Interestingly, the concentrations of Na and K 

increased in all the substrates used for the MFCs except in 

POPW+KW+CD where there was reduction of about 91.45% 

and 38.38% in the respective minerals after 2 weeks of 

electricity generation which must have resulted from the 

reduction of ash contents (Table 1). Since, the reduction of the 

ash content through fermentation relatively correspond with 

decrease of mineral content (Antai and Obong, 1992) which 

could be due to contribution by fermenting microorganisms 

(Oseni and Akindahunsi, 2011). Meanwhile, only 6.54% of 

initial Ca content was utilized within 2weeks. Table 2 also 

revealed that Mg was essential in the growth of microbes in 

the MFCs especially when POPW+KW and KW+CD were 

used as substrates. About 4.46% and 15.57% of Mg were 

utilized by the microbes in these respective substrates which 

might be indicative of their utilization by the fermenting 

microorganisms for metabolic activities as reported by Osman 

(2007). Iron (Fe) also served as a critical ingredient for 

microbial growth, biofilm formation vis-a-vis energy 

generation(Hunter et al., 2013). In KW, about 37.5% of Fe 

was consumed within 2wks while 40.7% of this mineral was 

utilized within the same period in POPW+KW+CD. This 

might not be farfetched from the fact that reduced forms of Fe, 

play active role in electron shuttling in MFCs (Lovley et al., 

2004). The general Fe reduction may be due to its high redox 

activity, which may have accounted for the electricity 

generation in all biowastes due to the fact that the Fe
2+ 

is able 

to be oxidized at the anode in an air-cathode fuel cells which 

are capable of abiotic electricity generation (Cheng et al., 

2007) 

 

Table.2. Mineral Components (ppm) of Biological Waste Samples 

Biological  

Waste* 

Time of 

study 

Na K Ca Mg Fe Zn Pb Co 

POPW Initial 1036.43 22102.52 8601.03 19.14 1.57 0.21 0.05 0.04 

2 weeks 1136.02 23687.92 9026.15 20.34 1.08 0.28 0.03 0.01 

KW Initial 1877.60 83016.12 7592.86 15.96 1.2 0.25 0.04 0.03 

2 weeks 2006.18 84613.42 7640.63 18.66 0.75 0.31 0.05 0.03 

CD Initial 3804.56 95115.86 5064.38 30.76 0.36 0.12 0.02 0.01 

2 weeks 5162.73 98183.71 6316.58 34.66 0.53 0.18 0.04 0.02 

POPW+ KW Initial 1996.45 70250.59 4907.22 31.2 0.29 0.07 0.02 0.02 

2 weeks 2296.06 75418.12 4951.75 29.81 0.41 0.11 0.03 0.03 

POPW+ CD Initial 2034.77 54214.21 5761.93 40.12 0.61 0.13 0.02 0.02 

2 weeks 2740.08 58896.33 5506.1 43.56 0.47 0.24 0.02 0.03 

KW+ CD Initial 2369.92 76348.83 4315.64 40.02 1.11 0.09 0.02 0.01 

2 weeks 3369.15 76411.72 4738.27 33.79 0.96 0.13 0.03 0.03 

POPW+ 

KW+ CD 

Initial 35274.07 92245.04 6562.54 29.21 0.96 0.25 0.03 0.02 

2 weeks 3016.77 56839.34 6133.39 29.13 0.57 0.36 0.03 0.01 

Key: Na = Sodium, K = Potassium, Ca = Calcium, Mg = Magnesium, Fe = Iron, Zn = Zinc, Pb =Lead and Co = Cobalt. 

*See Table 1 for the description of biological wastes code 

 

The concentration of the heavy metals in the different wastes 

did not follow a defined trend. Obodo (2002) however reported 

similar observation using the palm oil processing wastes. These 

variations were probably due to different amounts of the trace 

contents of the agrowastes, contamination from the engine 

during the digestion process as in POPW (Abulude et al., 2007) 

and their cooking processes and effects for the KW. The 

various electrical parameters monitored are the current, 

voltages and power density. The highest current without 

inclusion of any mediator was 0.65mA in the kitchen waste. 

The highest current in KW might be attributed to the 

availability of its carbohydrate (CHO) content (40.49mg/ g) as 

against the fat (5.84 mg/g) and protein (8.89 mg/g) for the 

microbes (electrogens) as energy sources, since the quality of 

the substrate available determine the current output (Pant et al., 

2010). Though POPW was high in fat (42.75 mg/g),it does not 

amount to high current (0.47 mA). Similarly, the current 

generated (0.37mA) of CD was low, even with CD exhibiting 

the highest protein content (11.69 mg/g). This however may 

have been affected by its low CHO content (21.45 mg/g). The 

highest voltage generated (0.59V) was in the kitchen waste. 

This compared favourably to the values (0.4- 0.6V) earlier 

reported using other wastes(Liu and Logan, 2004; Logan et al., 

2006; Logan, 2008). This observation may again be attributed 

to the quantity of carbohydrate (CHO) (40.49mg/g) available to 

the electrogen for use. The maximum power density 

(279.52mW/ m
2
) obtained in this study was higher than that 

generated in the swine wastewater (261mW/m
2
) (Min et al., 

2005) and 146mW/m
2
 in the domestic wastewater (Liu and 

Logan, 2004). The palm oil processing waste generated the 

power density (59.08mW/m
2
) which was low compared to the 

power densities (371mW/m
2
) of corn stover waste biomass (a 

similar cellulolytic waste), using samples prepared through 

either neutral or acid steam-exploded hydrolytic processes that 

convert the hemicellulose to soluble sugars respectively (Zuo et 

al., 2006) and power density (367mW/m
2
) by an air-cathode 

containing a diffusion layer and increased solution conductivity 

for the neutral and acid hydrolysates respectively (Wang et al., 

2007). The highest power density recorded in the cow dung 

(48.94mW/m
2
) was slightly lesser than the amount obtained 
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from cellulose (55mW/m
2
) as the main substrate and cattle 

rumen microorganisms as the catalyst (Rismani–Yazdi et al., 

2007). The electrical performance of other substrates derived 

from the combination of POPW, KW and CD (singly and in 

synergy) was influenced by their parent wastes components.  

The high power outputs obtained from all the derivatives of the 

kitchen waste (i.e. KW+ CD: 166.16mW/m
2
; POPW+ KW: 

153.83mW/m
2
; POPW+KW+CD: 115. 25m W/m

2
) were 

attributed to high energy potential of the kitchen waste. 

Although the high occurrences of the various mineral nutrients 

in all the domestic wastes make them good sources of K, Na 

and Ca and Mg, it does not directly translate to or determine the 

high electricity yield. 
 

IV. CONCLUSION 
 

MFCs can generate electricity using any bio waste material that 

contains significant amount of carbohydrate, protein, and lipids 

(Khan, 2009). Since the energy generated in an MFC is 

dependent upon the ‘fuel’ produced by the microorganism (s), 

this study has thus evaluated the mineral and physicochemical 

components of some fresh domestic wastes, the practicability 

of using such as substrates in MFCs and their effects on 

electricity generated at zero hour. Although the physic 

chemical properties obtained from the domestic wastes, make 

them good substrates for electricity generation and revealed 

that these wastes could serve as alternative sources of 

generation of energy, further work should examine the 

microorganisms involved in the production of the electricity 
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