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Abstract 

Batch digestion experiments were conducted to determine the effects of inoculums/substrate ratio of three different 
ratios (ISRs) 0.3, 0.5 and 1. The substrate chosen in this study was slaughterhouse waste from Adrar city (south 
west of Algeria). The inoculation was made by sludge issued from wastewater treatment plant. During this study, 
several parameters of anaerobic digestion were measured, such as pH, VFA, AT and volume of the produced 
biogas. pH variation and VFA/TA values have shown high stability of anaerobic digestion process. 
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1. Introduction 

Industrial processes generate waste varying in composition and quantity at various stages, and disposal of such 
waste has become more and more difficult, particularly in view of stringent environmental pollution control 
standards stipulated by statutory authorities. With rapid depletion of conventional energy sources, the need to find 
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an alternative, preferably renewable, source of energy from waste is becoming increasingly important for the 
sustainable development [1]. 

It is important to evaluate appropriate techniques and/or technologies for effective energy recovery from waste. 
Anaerobic digestion is considered as the one of the best treatment method for organic fraction of the segregated 
waste. Anaerobic digestion process consists of hydrolysis, acidogenesis, acetogenesis, and methanogenesis stages, 
and each stage is a function of metabolic condition of the various microorganisms [2].  

Anaerobic digestion technologies ensure recovery of energy in the form of biogas, which is a clean fuel as 
compared to other conventional solid or liquid fuels. Among the many biological treatment methods experimented 
so far, anaerobic digestion possesses several advantages such as low energy requirement, low sludge production, 
low nutrient requirements and possibility of operation at high organic loading rate at a relatively low hydraulic 
retention time [3]. 

For the optimization of the anaerobic digestion process, the selection of inoculum source and the inoculum to 
substrate (ISRs) ratio are the important operational parameters for the assessment of anaerobic biodegradability of 
organic wastes [3]. 
A study of the anaerobic digestion of the solid waste generated from slaughterhouse was conducted at mesophilic 
temperature (35 °C) in batch mode. A laboratory scale multi-reactor system was used to compare the stability of 
anaerobic digestion process and biogas production at three different ratios (ISRs) 0.3, 0.5 and 1. 

 

Nomenclature 

ISRs Inoculum/Substrate Ratios 
VFA Volatile Fatty Acids 
TA Total Alkalinity 
TS Total Solid  
VS Volatile Solids 

 

2. Materials and methods  

2.1. Substrate and inoculum: 

The substrate used was a mixture of slaughterhouse waste collected from slaughterhouse of Adrar city. The 
digesters inoculation was carried out using sludge issued from wastewater treatment plant of Adrar city. Substrate 
and inoculums characteristics were summarized in table 1. 

2.2. Anaerobic digestion tests 

The experiments were carried out in 1L serum bottles with rubber caps of appropriate size. Three different 
inoculum/substrate ratios (ISRs)0.3, 0.5 and 1, which were achieved by keeping a constant inoculum concentration 

water-bath and inverted twice per day manually. The biogas volume produced in the digesters was determined by 
connecting the bottles to a water-filled manometer and measuring the water displacement at the beginning of each 
sampling event. Volumetric gas production was normalized to standard temperature and pressure conditions (25°C 
and 101.325 kPa) using the perfect gas law [5]. All the experiments were carried out in triplicate and the results 
were expressed as means. The experience was conducted until a small production of biogas was observed. 

2.3. Analytical methods 

The pH was measured using ph-meter HANNA 8141. The Volatile Fatty Acids (VFA) and the total alkalinity 
(TA) were recognized as a good working parameters of the anaerobic digestion [6], their concentrations has been 
achieved according to the method described by [7]. Total solid (TS) was determined by keeping a known mass (Ws) 
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of sample in the oven at 105°C for 24 h and measuring the new mass (Wdm) after heating at this temperature. The 
TS content was calculated from the expression (Wdm x 100)/Ws. The dried samples were then ignited at 550°C for 
12 h and the sample weight (Wash) was measured. The percentage of volatile solids (VS) was determined by the 
expression ((Wdm-Wash) 100)/Wdm [8, 9].  

3. Results and discussions 

Table 1.Substrate and inoculums characteristics. 

 Substrate (%) Inoculum (%) 

Volatile Solid (VS) 18.96 8.21 

Total Solid (TS) 91.97 52.51 

   

3.1. Process stability 

PH is a very interesting indicator in the stabilization process it shows us the good behavior of the anaerobic 
digestion [10]. Anaerobic processes are strongly influenced by changes in pH. The anaerobic digestion takes place 
optimally near neutrality pH 7 with optimal value between 6.5 and 7.5 [11]. 

 

Fig. 1.pH variation. 

As can be seen in Fig. 1, the pH evolution, for all ratios (ISRs), can be divided into three main parts. The first 
part lasted 10 days and characterized by a drop in pH from 7.5 to a minimum value of 6.5. During the anaerobic 
acid-phase stage of complex organic substrates, mainly constituted by carbohydrates, proteins and lipids, these are 
converted basically to volatile fatty acids (VFA) and to a lesser extent to other low molecular weight compounds 
[12]. 

In the second part, the pH values increased. This increase is due to the fatty acids consumption by bacteria 
acetogenesis [13] to produce the biogas precursors. And finally, the third part from the 22nd day, during which we 
noted a pH values stabilization between 6.8 and 7.6. It is explained by the stabilization process of anaerobic 
digestion and it reached of all the anaerobic digestion stages. These results were noted by [14,15] in their researches 
on anaerobic digestion of organic waste. 
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Fig. 2.VFA variation. 

Numerous observations related to anaerobic digestion suggest that volatile fatty acids (VFA), as one of the most 
important parameters for the accurate control of anaerobic digestion, have a direct correlation with the digester 
performance. As can be seen in Fig. 2 VFA values increase to 1.44 (gacetic acid /l) for 0.3 and 0.5 (ISRs). And to 
1.08 (gacetic acid /l) for 1(ISRs). This phase of VFA production corresponds to "hydrolysis acidogenesis" phase 
[16]. After this increase, a decrease of VFA was observed which is due to VFA consumption by bacteria which 
correspond to "acetogenesis" phase. 

Fig. 3illustrates the relationship that may exist between the VFA and the pH during anaerobic digestion. We can 
note a reverse in a case compared another form. So the variation of the two parameters is inversely proportional. 

 
a)                                                    b) 

 
c) 

Fig. 3.pH VFA variation: a): 0.3 (ISRs), b): 0.5 (ISRs) and c): 1 (ISRs) 
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The reactional medium has a high rate of alkalinity that allowing it to ensure a good anaerobic digestion 
operation. As can be seen in fig. 4, the 12th day is characterized by an increase in the TA values. This increase is 
followed by a decrease and stabilization of the TA values. The increase in pH from the 12th day is due to the 
medium buffering capacity (TAC = 2.5(gCaCO3/ l) and consumption of volatile fatty acids by bacteria. 

 
Fig. 4.TA variation 

The VFA/TA ratio can be used as a measure of process stability [17]: when this ratio is lower than 0.5(equiv. 
acetic acid/equiv. CaCO3). Fig. 5 illustrates the VFA /TA ratio values, and shows that the ratio was during the whole 
experience period less than 0.5. This indicates the feasibility of the process even with the significant production of 
VFA whose presence may inhibit the anaerobic digestion process [18]. Several authors consider that the control of 
VFA, pH and TA is necessary for a good operation of the anaerobic digestion [19]. 

 
Fig. 5.VFA/TA Ratio 

3.2. Biogas production 

The experiments lasted for 47 days. Fig. 6 shows the cumulative biogas production of slaughterhouse waste as a 
function of time at different (ISRs) ratios. As can be seen, the biogas production increased as the (ISRs) value 
decreased [20]. The cumulative biogas production after 47 days of digestion for the different 1, 0.5 and 0.3 (ISRs) 
was 504, 856 and 864 mL, respectively. Raposo and al. and Shujuan and al. [12, 21] published that the substrates 
amount contributed substantially in increasing the amount of produced biogas.  
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Fig. 6.Biogascumulative volume  

4. Conclusion  

The stability and progress of the reaction from solid substrate to biogas as an end product was monitored by 
measuring the pH, volatile fatty acids-total alkalinity and (VFA/TA) ratio. The results obtained demonstrated that in 
the ratios range (ISRs), the pH ranged from 7 to 8 and this parameter was always stable during the anaerobic 
digestion process. In addition, within the above (ISRs) range the VFA/TA ratios were always lower than the failure 
limit values (0.5), which demonstrated the high stability of the anaerobic digestion process of this substrate at 
mesophilic temperature. The biogas production increased as the (ISRs) value decreased. The production of VFA has 
not inhibited the anaerobic digestion process; this is due to the buffering capacity of the medium. 

 

Acknowledgements 

The authors would like to thank the members of bioconversion team at unit of renewable energy research in 
Saharan environment 

 

References 

 [1] Thangamani A, Suseela R, Ramanujam RA. Anaerobic co-digestion of hazardous tannery solid waste and primary sludge: biodegradation 
kinetics and metabolite analysis. Clean Techn. Environ. Policy 2010;12:517–524 . 

[2] Oliveira SVWB, Moraes EM, Adorno MAT, Varesche MBA,  Foresti E, Zaiat M. Formaldehyde degradation in an anaerobic packed-bed 
bioreactor. Water Res.2004; 38:1685–1694. 

[3] Sri BalaKameswari K, Chitra K, Porselvam S, Thanasekaran K. Optimization of inoculum to substrate ratio for bio-energy generation in co-
digestion of tannery solid wastes. Clean Techn. Environ. Policy 2010; 12:517–524. 

[4] Navarro AR,  Rubio  MC, Maldonado MC. A combined process to treat lemon industry wastewater and produce biogas. Clean Techn. 
Environ Policy. 2012; 14:41–45. 

[5] Li Y, Zhang R, Liu X, Chen C, Xiao X , Feng L, He Y, Liu G. Evaluating Methane Production from Anaerobic Mono- and Co-digestion of 
Kitchen Waste, Corn Stover, and Chicken Manure. Energ Fuel. 2013; 27:2085–2091. 

[6] Hao LP, Lü F, Shao LM, He PJ. Improving the performance of thermophilic anaerobic digester through recirculation of low hydrogen biogas. 
J. Environ .Sci. Heal. A. 2013; 48: 1431–1436. 

[7] APHA Standard methods for the examination of water and wastewater. American Public Health Association, Washington, DC. 1998. 

0 10 20 30 40 50
0

200

400

600

800

1000

cu
m

ula
tiv

e 
ga

s (
m

l)

Time (Days)

 0,3
 0,5
 1



 Kalloum slimane et al.  /  Energy Procedia   50  ( 2014 )  57 – 63 63

[8] King S, Courvoisier P, Guiot S, Barrington S. In-storage psychrophilic anaerobic digestion: acclimated microbial kinetics, Environ. Technol. 
2012; 33: 1763–1772. 

[9] Mussoline W, Esposito  G, Giordano A, Lens P. The Anaerobic Digestion of Rice Straw: A Review, Environ. Sci. Technol. 2013; 43: 895–
915. 

[10] Latif M, Ahmad AR, Ghufran  R, Wahid  ZA. Effect of temperature and organic loading rate on upflow anaerobic sludge blanket reactor and 
CH4 production by treating liquidized food waste. Environ. Prog.2012; 31:114-121. 

[11] Mona  H,  Zouheir F. Evaluation of microalgal alternative jet fuel using the AHP method with an emphasis on the environmental and 
economic criteria. Environ. Prog.2013; 32:721-733. 

[12] Raposo F, Borja R, Martín MA, Martín A, de la Rubia MA, Rincón B. Influence of inoculum–substrate ratio on the anaerobic digestion of 
sunflower oil cake in batch mode: Process stability and kinetic evaluation. 2009; Chemi.Engin. J. 2009; 149:70–77 

[13] Madan MA, Anand TNC, Ravikrishna RV. Full Chemical Kinetic Simulation of Biogas Early Phase Combustion in SI Engines.Energ Fuel. 
2013; 27:197–207. 

[14] Puja S, Usha B. Anaerobic digestion of flower waste for methane production: An alternative energy source. Environ. Prog. 2012; 31:637–
641.  

[15] Bárbara R,  Sonia H,  Charles J B, Yue Z.  Anaerobic Digestion of Whole-Crop Winter Wheat Silage for Renewable Energy 
Production.Energ.Fuel. 2012; 26:2357–2364. 

[16] Rasi S, Seppl M, Rintala  J. Organic silicon compounds in biogases produced from grass silage, grass and maize in laboratory batch assays. 
Energy. 2013; 52 :137-142. 

[17] Kalloum S, Bouabdessalem H, Touzi A, Iddou A, Ouali MS. Biogas production from the sludge of the municipal waste watertreatment plant 
of Adrar city (southwest of Algeria). Biomass Bioenergy 2011; 35: 2554-2560. 

[18] Anup G, Steven WVG, Woo-Chang  K, Naveed AQ, Sang-Eun O. Evaluation of marine biomass as a source of methane in batch tests: A 
lab-scale study. Energy.2012; 43:396-401. 

[19] Anna T, Maria DPC, Johnny A, Claes N, lona SHI. Improved Anaerobic Digestion by the Addition of Paper Tube Residuals: Pretreatment, 
Stabilizing, and Synergetic Effects.Energ Fuel. 2013; 27:277–284. 

[20] Shujuan Z, Xianzheng Y, Xiaoshuang S, Yanling Q. Effect of inoculum/substrate ratio on methane yield and orthophosphate release from 
anaerobic digestion of Microcystis spp. J. Hazar. Mater. 2010; 178:89–93 

[21] Shujuan Z, Xianzheng Y, Xiaoshuang S, Yanling Q. Effect of inoculum/substrate ratio on methane yield and orthophosphate release from 
anaerobic digestion of Microcystis spp. J Hazard. Mater. 2010; 178:89–93  


