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In this work, the tomato canning waste from Adrar city -southwest of Algeria- 

are valued using anaerobic digestion (AD). The inoculum is used as an alkaline 

agent for pH adjustment. Six substrate to inoculum ratios of 0.25, 0.5, 1, 2, 3, and 4 

are investigated under mesophilic conditions (37 ± 1 °C) for 45 days. The pH, 

chemical oxygen demand (COD), volatile solid (VS) reduction and volatile fatty 

acids/total alkalinity ratio (VFA/TA) are the measured parameters at the beginning 

and end of the digestion and the methane yield is daily measured. The best methane 

yield corresponds to the substrate to inoculum ratio of 0.5 with a CH4 production of 

260.98±7.24 mL/g VS. 

Keywords: pH adjustment, Tomato canning waste, Substrate/inoculum ratio, 

Anaerobic digestion (AD), Biogas 

1. Introduction 

Since the 1970s, tomato (Solanum lycopersicum) culture has been grown 

in the Adrar region of southwestern Algeria. The generated waste from the tomato 

cannery (WTC) represents 4 to 13% of the weight of the tomato [1]. Nearly 90% 

of Adrar’s WTC is discarded without any treatment and causes adverse 

environmental impacts and liquid releases of leachates into the basement by 
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polluting the water table, unpleasant smells and greenhouse gas emissions. A part 

of the WTC, which accounts for almost 10%, is used to feed cattle (camels). 

Heuzé et al., [2] have shown that the use of tomato organic waste as livestock feed 

is not beneficial because of the low nutrient values. 

Practically, there are several methods and solutions for recovering this 

organic waste, which permits the benefiting of their energy and protecting the 

environment. Anaerobic digestion is one of these promising solutions that 

combine several economic and environmental benefits. It makes it possible to 

recover bioenergy, which is the biogas mainly composed of CH4 and CO2 used as 

fuel, a digestate used as fertilizer for the agricultural soils and protects the 

environment against all pollution types [3]. In this context, Bacenetti et al., [4-5] 

have found that the use of the anaerobic digestion allows reductions of the climate 

change of 6.4% and ozone depletion of 13.4%. 

The acidic nature of WTC (pH = 4.23) is a parameter limiting the use of 

this waste as a substrate in anaerobic digestion. Li et al., [6] have shown that the 

WTC negatively influences the anaerobic digestion process due to their acid pH. 

To adjust the acidic pH of the WTC, the addition of an alkaline agent is an 

adequate treatment solution. Alnakeeb et al., [7] and Calabrò et al., [8] have used 

an alkaline pretreatment with NaOH (pH = 11.13). The lime (pH = 12.3) can be 

used to the pH control by Zhang et al., [9].  

The inoculum rich in the microbial population can improve anaerobic 

digestion by reducing the technical digestion time and increasing biogas 

production. Suksong et al., [10] have demonstrated that the use of an appropriate 

inoculum improves methane production and increases microbial activity. In 

addition to these advantages, the inoculum recovered from the lagoon station is 

the most favorable alkaline agent from the economic viewpoint, because it is 

recovered free of charge in Adrar city in the south of Algeria. Therefore, the 

relatively high pH inoculum (8.32) can be used as a source of alkalinity for pH 

adjustment of the WTC anaerobic digestion. 

In this work, a valorization study of the waste of the tomato cannery 

(WTC) by anaerobic digestion is conducted. The objective of this work is the use 

of the inoculum as an alkaline agent to adjust the pH of WTC and minimize the 

digestion time and cost. To realize this objective, six substrate/inoculum ratios of 

0.25, 0.5, 1, 2, 3, and 4 are experimented to obtain the best proportion of 

substrate/inoculum that gives the highest methane production.  

2. Materials and methods 

2.1. Substrate  

The subject substrate of this study is the collected waste from Fouggara 

brand tomato cannery located in Reggane, south of Adrar city, in southwest 

Algeria. The substrate consists of skins, grains and peels. In order to avoid aerobic 
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degradation of the substrate as well as its contamination by yeasts and mold, a 

drying process of the substrate is carried out directly after its collection using an 

indirect solar dryer. The obtained humidity after drying is less than 7%. The dried 

tomato waste was milled in a Janke and Kunkel micro mill to obtain particle sizes 

smaller than 500 μm [11]. 

2.2. Inoculum preparation  

The inoculum was recovered by decantation from a batch digester that 

operates at 37 °C for two months treating the dried sludge recovered from the 

lagooning station of the Adrar city. Thereafter, a quantity of 40 g VS of inoculum 

was introduced into each reactor. According to the potential bio-methane protocol, 

a reactivation and degassing operation for seven days at 37 °C was carried out 

before launching the experiments [12]. 

2.3. Reactor preparations 

Batch digesters in the glass vials form with a capacity of 1000 mL (800 

mL of useful volume) were used in the experimental tests. The experiment was 

launched for eight reactors. Seven reactors were filled with constant inoculum 

initial loads of 40 g VS/L as mentioned in Section 2.2. Six of these seven reactors 

were supplied by the substrate with quantities of 10, 20, 40, 80, 120 and 160 g 

VS/L which correspond to the substrate/inoculum ratios of 0.25, 0.5, 1, 2, 3 and 4 

to guarantee a wide range of this ratio. The seventh reactor was used as a blank 

(inoculum without waste) to determine the methane yield/g VS. The methane 

volume obtained from the blank reactor was subtracted from that obtained by the 

reactors containing the different substrate to inoculum ratios [13]. The eighth 

digester contains only 40 g VS/L of tomato waste, which was used as a control. 

Each reactor was completed to 800 mL with tap water. Two digesters that contain 

only the WTC substrate and the inoculum were used as control and blank 

respectively. The reactors were hermetically closed and incubated in a 

thermostatically controlled water bath at 37 ± 1 °C [14]. In order to avoid 

stratification, the manual agitation of the reactors for one minute was applied 3 

times a day [15]. All digesters are prepared in triplicate, and the average of the 

three results was considered.  

2.4. Biochemical potential of methane 

The substrate to inoculum ratio influence on the methane production from 

the tomato waste was evaluated using the biochemical methane potential test 

following the protocol described by Angelidaki et al., [12]. The displaced liquid 

method was used for measuring the volume of the produced biogas [16]. Fig. 1. In 

order to minimize the dissolution of CO2, the biogas was measured using a burette 

immersed in a saturated NaCl solution (10 g/L of NaCl and acidified by the 

addition of HCl at pH = 2) [17]. 
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Fig. 1. Measurement of the volume of biogas and methane. 

The produced biogas passes through a bottle that captures CO2 (filled with 

sodium hydroxide solution (3 mol/L)). After the CO2 removal, the remaining 

volume represents the produced CH4 that converts to the standard conditions 

(temperature and pressure (STP)) [17].  

2.5. Analytic method 

Total solids (TS) and volatile solids were determined before feeding the 

digesters and at the experiment end according to the standard method, 2540 G 

[18]. Total alkalinity, volatile fatty acids and chemical oxygen demand were 

determined at the digestion start by sampling from the digesters using a 50 ml 

syringe after one hour of launching the reactors. The same measurements by the 

same means were made at the digestion end. The COD was measured by closed 

reflux titrimetric according to the standard method 5220 C [18]. Total alkalinity 

(TA) was measured according to the standard method 2320 B 4c [18]. Volatile 

fatty acids (VFA) were measured according to the method described by Dilallo et 

al., [19] and Anderson et al., [20] using titrimetric method and the results were 

expressed in acetic acid equivalent. The pH values were measured using a model 

pH-meter (HANNA HI 8314). 

3. Results and discussions 

3.1. pH  

The hydrogen potential is one of the most important parameters affects the 

DA process stability. Wellinger et al., 2013 [21] have confirmed that an optimum 

and uniform pH presents one of the basic conditions must be met to enable the 

bacteria to degrade the substrate efficiently. Pishgar, 2015 [22] has concluded that 

the pH range of 6.5-7.5 provides an environment suitable for most anaerobic 

bacteria including methanogenic bacteria. Moreover, a considerable diminution in 
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the risk of bacteria methanogens inhibition is recorded when the pH is adjusted 

between 7.0 to 8.0 [23]. 

The initial pH value of tomato waste (control) is acidic (pH = 4.23) which 

provides a not suitable environment for methanogenic bacteria and provokes 

inhibition of these bacteria in the control digester [23]. Whereas, the initial pH 

value of the inoculum (blank) is alkaline (8.32), which made it possible used to 

adjust the acid pH of the tomato waste and to contribute to overcoming the 

inhibition of the anaerobic digestion (AD) process. This is confirmed by the initial 

pH values of 7.36, 7.24, 7.03, 6.86, 6.33 and 6.05 obtained in the reactors 

containing the substrate to inoculum ratios of 0.25, 0.5, 1, 2, 3 and 4 respectively, 

where these pH values are higher than that of the control reactor (4.23). Fig. 2. 

The substrate to inoculum ratios of 0.25, 0.5, 1 and 2 have allowed the 

initial pH adjustments of 7.36, 7.24, 7.03 and 6.86 respectively, these pH values 

are in the optimal range that can promote the microbial activity of methanogenic 

bacteria [22]. While the substrate to inoculum ratios of 3 and 4 led to initial pHs 

below 6.5 with values of 6.33 and 6.05 respectively, which can negatively 

influence the AD process [22]. Fig. 2. 

The final pH value of the tomato waste (control) decreased to 4.17 due to 

the high production of VFAs that causes the inhibition of the process during the 

experiment [21]. In contrast, the final pH value of the inoculum (blank) increased 

to 8.48 due to its protein content that can be allowed to maintain the pH during the 

AD process [6]. The final pH value of the reactors containing the substrate to 

inoculum ratios of 0.25 and 0.5 maintain their initial pH close to neutrality with 

values of 7.33 and 7.31 respectively that are in the range of the optimal pH of 

methanogenic bacteria. This is explained by the balance achieved between the 

bacteria forming acid and acetate with that forming methane. Fig. 2. Tao et al., 

[24] have reported that the efficiency and stability of AD processes are ensured by 

the balance between microbial groups. 

Finally, the reactors containing the substrate to inoculum ratios of 1, 2, 3 

and 4 have encountered a remarkable decrease in pH values of 6.39, 5.38, 5.62 

and 5.56 respectively, which are outside the optimal pH range of methanogenic 

bacteria (<6.5). In addition, these values are the result of developed imbalances. 

Fig. 2. Kawai et al., [25] have reported that an accumulation of acetic and butyric 

acid leads to a decrease in pH value. 
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Fig. 2. Initial and final pH of anaerobic digesters of the tomato canning waste at different substrate 

to inoculum ratios (SIR). 

3.2. Chemical oxygen demand 

COD represents the quantity of oxygen required to oxidize the organic and 

inorganic matter contained in the digestion solution [26]. A significant COD 

removal at the digestion end indicates a good functioning of the AD process with 

an intense activity of methanogenic bacteria that is due to the weak presence of 

inhibitors [27]. 

The initial COD values of 15520, 19520, 23843, 27442, 28344 and 32882 

mg O2/L obtained by the digesters containing the substrate to inoculum ratios of 

0.25, 0.5, 1, 2, 3 and 4 respectively, show that the increase in the substrate loading 

in these reactors leads to an increase in the COD values. Fig. 3. The same results 

and findings are found by Raposo et al., [28]. 

At the digestion end, a significant COD removal is recorded for the 

reactors containing the substrate to inoculum ratios of 0.25, 0.5, 1, 2, 3 and 4 with 

rates of 51.8, 61.68, 26.04, 32.13, 42.64 and 29.63% respectively. Fig. 3. The 

COD removal indicates the conversion of organic carbon from the hydrolysis 

phase to biogas and the consumption of a part of the volatiles solid by 

microorganisms [29]. The highest COD removal of 51 and 61% are obtained by 

the reactors containing the substrate to inoculum ratios of 0.25 and 0.5 

respectively. In comparison with the literature, the maximum COD removal of 

50.18% is obtained by Kumar et al., [30] using a substrate to inoculum ratio of 0.5 

and the Azolla pinnata as substrate. 
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Fig. 3. Initial and final COD of anaerobic digesters of the tomato canning waste at different 

substrate to inoculum ratios. 

3.3. Volatile solid removal 

The volatile solid removal represents the ratio of the difference of initial 

and final volatile solids divided by the initial volatile solids; this rate indicates a 

good bioconversion inside the digesters when the removal rate is high. 

Conversely, it indicates a bad biomass bioconversion when it is low. VS removal 

represents the organic compound consumption of the digestate during the AD 

process [31]. 

The VS removals with values of 52.95, 49.11, 48.63, 32.11, 29.29 and 

24.06 are obtained the reactors that contain the substrate to inoculum ratio of 0.25, 

0.5, 1, 2, 3 and 4 respectively. The VS removals are important for the substrate to 

inoculum ratios of 0.25, 0.5 and 1, which probably shows the bioconversion of the 

organic compound into biogas in these reactors due to their favorable pH [21-22]. 

The same results are found by Liu et al., [32]. Low VS removals were obtained by 

the reactors containing the substrate to inoculum ratios of 2, 3 and 4 (Fig. 4).  

In addition, the conversion of the organic compound to biogas has not 

been achieved [33], which was caused by the acid pH that causes an inhibition in 

these reactors and leads to methane yields considerably lower [34].  
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Fig. 4. Initial and final VS of anaerobic digesters of the tomato canning waste at different 

substrate to inoculum ratios. 

3.4. Volatile fatty acids / total alkalinity ratio 

The VFA/TA ratio is the indicator of the digestion process stability. 

Rasapoor et al., [35] have divided the AD process stability according to three 

ranges of the VFA/TA ratio, a stable process for VFA/TA <0.4; an unstable 

process for 0.4 < VFA/TA <0.8 and a significantly unstable process for VFA/TA 

> 0.8. 

At the start-up of the digestion, the VFA/TA ratios of 0.28, 0.31 and 0.38 

are recorded for the substrate to inoculum ratios of 0.25, 0.5 and 1 respectively, 

indicate stable processes of AD, probably due to the initial buffer capacity 

produced by a large amount of inoculum in these reactors. VFA/TA ratio values 

of 0.41, 0.44, 0.47 and 0.52 were measured at the start of the experiment for the 

digesters containing the substrate to inoculum ratios of 2, 3, 4 and the control 

respectively, indicate unstable processes of AD in these reactors. Fig. 5. Li et al., 

[6] have proved that the sufficient quantity of inoculum can provide a sufficient 

number of microorganisms with a high buffering capacity that allows ensuring the 

AD process stability. 

At the end of digestion, the reactors containing the substrate to inoculum 

ratios of 0.25 and 0.5 kept the ratio of VFA/TA less than 0.4 with values of 0.18 

and 0.23 respectively. These reactors have a decrease in VFA/TA ratios indicating 

the conversion of VFAs to biogas and permit to avoid acidification and the 

inhibition in these reactors, and represent a stable AD process. The reactors 

containing the substrate/inoculum ratio of 1, 3 and 4 have known an increase in 

the VFA/TA ratio with values of 0.45, 0.62 and 0.64 respectively, indicating an 

unstable process. Finally, final VFA/TA ratios exceeding 0.8 were recorded in the 

reactors with the substrate/inoculum ratio of 2 and the control indicating a 
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significantly unstable process in these reactors. Fig. 5. The same results and 

findings are found by Feng et al, [36] and Feng et al, [37]. 
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Fig. 5. Initial and final VFA/TA ratio of anaerobic digesters of the tomato canning waste 

at different substrate to inoculum ratios. 

3.5. Daily yield of methane 

After 24 hours of digestion, methane production is recorded in all reactors. 

The highest CH4 yields measured after the first day are obtained by the substrate 

to inoculum ratios of 2 and 3 that exceed 30 mL CH4/g VS/day, and then they 

decrease rapidly to near zero (0.5 – 1 mL CH4/g VS/day) from the fourth day to 

the digestion end. Methane yield of 15.83 mL CH4/g VS/day is measured for the 

reactor contains the substrate to inoculum ratio of 4 during the first day, and then 

they decrease rapidly until reaching nearly zero values from the third day. This is 

due to the high VFA accumulation that has led to the irreversible acidification 

within the reactors of the substrate to inoculum ratios of 2, 3 and 4 because the 

methane production has not been regenerated [38-39]. Fig. 6. In this context, Zuo 

et al., [40] have demonstrated that high methane yield during the first days of 

digestion is due to the presence of easily degradable fractions in the substrate.  

A large production is recorded during the second day in the reactor of the 

substrate to inoculum ratio of 1, then it is entirely reduced to values lower than 1 

mL CH4/g VS/day during the period of 4
th
 to 12

th
 day. A new production of 

methane is observed in the same reactor during the period of the 13
th

 to the 19
th 

day. This new production is mainly due to the possible consumption of VFA. The 

short time of this new production is the result of the insufficient quantity of the 

inoculum in the digester, the nature of the acidic pH and the increase of the 

VFA/TA ratio. Fig. 6. 
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Fig. 6. Daily yield of methane of anaerobic digesters of the tomato canning waste at 

different substrate to inoculum ratios. 

The methane yield obtained for the substrate to inoculum ratios of 0.25 

and 0.5 is around 12 and 10 mL CH4/g VS/day respectively during the first 15 

days. This production is decreased to values below 4 mL CH4/g VS/day in the 

remaining digestion period for the substrate to inoculum ratio of 0.25, and is 

around 7 mL CH4/g VS/day in the period from 16
th

 to 25
th
 day of digestion for the 

substrate to inoculum ratio of 0.5, then decreases to values below 4 mL CH4/g 

VS/day for the remaining period of the digestion. The maintaining of the biogas 

production in the reactors contained the substrate to inoculum ratios of 0.25 and 

0.5 is due to the inoculum availability (microbial population), the pH stability 

around a neutral pH, the high COD and VS removals and the keep of VFA/TA 

ratio less than 0.4 [34]. Fig. 6. 

3.6. Accumulated yield of methane 

The accumulated methane yields of 56, 32, 48 and 29 mL CH4/g VS are 

obtained by the reactors containing the substrate to inoculum ratios of 1, 2, 3 and 

4 respectively. These methane yields don’t exceed 60 mL CH4/g VS that 

represents only 11-21% of the optimal accumulated methane yield. Moreover, the 

biogas production was stopped in the first week probably due to their acid pHs 

and unstable processes that provoke an inhibition in these reactors. The same 

results are obtained by Pellera et al., [39] for the juice industry waste (pH= 4.62), 

they found that the inhibition was produced for a substrate to inoculum of 2 with 

an acid pH of 5.11. They have obtained for this case an accumulated methane 

yield of 34 ml CH4/g VS that represents only 8% of the optimal accumulated 

methane yield. 
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Fig. 7. Accumulated yield of methane of anaerobic digesters of the tomato canning waste 
at different substrate to inoculum ratios. 

The reactor with the substrate to inoculum ratio of 1 has known a new 

production during the period from the 13
th
 to the 21

st
 day. The lowest accumulated 

CH4 yield of 28.53±1.74 mL CH4/g VS is obtained by the substrate to inoculum 

ratio of 4. The nature of the acidic final pH, the low COD and VS removals and 

the high VFA/TA ratios in the reactors of the substrate to inoculum ratios of 1, 2, 

3 and 4 are the responsible of produced inhibitions in these reactors and 

consequently failure process. In other words, this instability is induced by an 

imbalance in the bioavailability of acidogenic and methanogenic microorganisms 

[40], this imbalance slows the syntrophic metabolism of fermentation 

intermediates (alcohol, propionate and VFA ... etc.), inhibits the methanogenic 

phase, increases VFA and NH3, and results lower pHs [42-43]. An acceptable CH4 

accumulated yield of 210.97±9.78 mL CH4/g VS is obtained by the substrate to 

inoculum ratio of 0.25. The optimal accumulated methane yield is obtained for the 

substrate to inoculum ratio of 0.5 (260.98±7.24 mL CH4/g VS). Fig. 7. The best 

methane yield of the human fecal material of 254 ml CH4/g VS is obtained by a 

substrate to inoculum ratio of 0.5 as reported by Michael O Fagbohungbe et al., 

[38]. 

4. Conclusions 

The present study focuses on the valorization study of the organic waste 

outcome from the tomato canning in the Adrar city using the anaerobic digestion 

technic. Experimental anaerobic digestion tests were carried out at the laboratory 

of the renewable energy research unit in the Saharan Medium - Adrar - Algeria. 

The inoculum of the lagooning station of the Adrar city is used as an alkaline 
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agent for pH adjustment. Six substrate to inoculum ratios of 0.25, 0.5, 1, 2, 3, and 

4 were studied experimentally. In this work, the stability of the anaerobic 

digestion process was assessed based on the pH and VFA/TA ratio measurements. 

A VFA/TA ratio (<0.4) was recorded according to a substrate to inoculum ratio of 

0.5 and a favorable pH at the beginning and end of the digestion indicating the 

buffer capacity of the inoculum. A COD removal of 61.68 %, as well as an VS 

removal of 49 % were obtained by the same substrate to inoculum ratio, due to the 

bioconversion of the organic compounds into biogas during the anaerobic 

digestion process. These results confirm the stability of the anaerobic digestion in 

the reactor containing the substrate to inoculum ratio of 0.5 and allow the obtain 

the optimal cumulative methane yield of 260.98 ± 7.24 mL CH4/g VS. 

Finally, based on the obtained results, it is recommended to use the 

inoculum with a substrate to inoculum ratio of 0.5 for the anaerobic digestion of 

tomato waste according to the following advantages: Allow the reduction of the 

digestion time due to their richness in methanogenic bacteria; Allow the acid pH 

adjustment of the tomato waste; Allow the reduction of the anaerobic digestion 

cost, since it is recovered free of charge in comparison with other alkaline agents; 

Allow obtaining an acceptable methane yield. 

R E F E R E N C E S 

[1]. M.R. Ventura, M.C. Pieltin and J.I.R. Castanon, “Evaluation of tomato crop byproducts as feed for 
goats”, Anim. Feed Sci. Tech., vol. 154, 2009, pp. 271-275. 

[2]. V. Heuzé, G. Tran, D. Bastianelli, P. Hassoun and F. Lebas, “Tomato pomace, tomato skins and 
tomato seeds”, Feedipedia, a programme by INRA, CIRAD, AFZ and FAO, 2015. 

http://www.feedipedia.org/node/689. 
[3]. A. Tahri, S. Kalloum and Z. Babaamer, “Effect of organic loading rates on methane production 

using household”, U.P.B. Sci. Bull., Series B, Vol. 81, no. 3, 2019, pp. 41-48. 
[4]. J. Bacenetti, M. Negri, D. Duca and M. Fiala, “Environmental impact of tomato purée: anaerobic 

digestion of by-products as mitigation strategy”, Procedia Environ. Sci. Eng. Manage., vol. 2, 
no. 3, 2015, pp. 169-175. 

[5]. J. Bacenetti, D. Duca, M. Negri, A. Fusi and M. Fiala, “Mitigation strategies in the agro-food 
sector: The anaerobic digestion of tomato purée by-products. An Italian case study”, Sci. Total 

Environ., vol. 526, 2015, pp. 88-97. 
[6]. Y. Li, Y. Wang, Z. Yu, J. Lu, D. Li, G. Wang, Y. Li, Y. Wu, S. Li, F. Xu, G. Li, and X. Gong, “Effect 

of inoculum and substrate/inoculum ratio on the performance and methanogenic archaeal 
community structure in solid state anaerobic co-digestion of tomato residues with dairy manure 

and corn stover”, Waste Manag., vol. 81, 2018, pp. 117 - 127. 
[7]. A.N. Alnakeeb, N. Khudhayer and A. Ausama, “Anaerobic digestion of tomato wastes from 

groceries leftovers: effect of moisture content”, Int. J. Curr. Eng. Technol., vol. 7, no. 4, 2017, 
pp. 1468-1470. 

[8]. P. S. Calabrò, R. Greco, A. Evangelou and D. Komilis, “Anaerobic digestion of tomato processing 
waste: Effect of alkaline pretreatment”, J. Environ. Manage., vol. 163, 2015, pp. 49-52. 

[9]. J. Zhang, C. Yao, P. Zheng and L. Zang, “Synergistic effects of anaerobic digestion from sewage 

sludge with lime mud”, Int. J. Hydrogen Energy, vol. 42, no. 16, 2017, pp. 12022-12031. 
[10] W. Suksong, C. Mamimin, P. Prasertsan and P. Kongjan, “Effect of inoculum types and microbial 

community on thermophilic and mesophilic solid-state anaerobic digestion of empty fruit 
bunches for biogas production”, Ind. Crop. Prod., vol. 133, 2019, pp. 193-202. 

http://www.feedipedia.org/node/689


Valorization study of the organic waste resulting from the tomato canning by methanisation    107 

[11]. D. J. Hills and K. Nakano, “Effects of particle size on anaerobic digestion of tomato solid wastes”, 

Agric. Wastes, vol. 10, 1984, pp. 285-295. 
[12]. I. Angelidaki, M. Alves, D. Bolzonella, L. Borzacconi, J.L. Campos, A.J. Guwy, S. Kalyuzhnyi, P. 

Jenicek and J.B. Van Lier, “Defining the biomethane potential (BMP) of solid organic wastes 
and energy crops: a proposed protocol for batch assays”, Water Sci. Technol., vol. 59, no. 5, 

2009, pp. 927-934. 
[13]. A. Boulanger, E. Pinet, M. Bouix, T. Bouchez and A.A. Mansour, “Effect of inoculum to substrate 

ratio (I/S) on municipal solid waste anaerobic degradation kinetics and potential”, Waste 
Manag., vol. 32, 2012, pp. 2258-2265. 

[14]. M. Djaafri, S. Kalloum, K. Kaidi, F. Salem, S. Balla, D. Meslem and A. Iddou, “Enhanced 
Methane Production from Dry Leaflets of Algerian Date Palm (Phoenix dactylifera L.) Hmira 

Cultivar, by Alkaline Pretreatment”, Waste Biomass Valor., 2019. 
[15]. V. Córdoba, M. Fernández and E. Santalla, “The effect of different inoculums on anaerobic 

digestion of swine wastewater”, J. Environ. Chem. Eng., vol. 4, no. 1, 2016, pp. 115-122.  
[16]. T.H. Ergüder, E.Güven and G.N. Demirer, “Anaerobic treatment of olive mill wastes in batch 

reactors”, Process Biochem., vol. 36, no. 3, 2000, pp. 243-248. 
[17]. S. Kalloum, H. Bouabdessalem and A. Touzi, “Biogas production from the sludge of the municipal 

wastewater treatment plant of Adrar city (southwest of Algeria)”, Biomass Bioenergy, vol. 35, 

no. 7, 2011, pp. 2554-2560. 
[18]. AWWA-APHA-WEF (Ed.), “Standard methods for the examination, of water and wastewater”, 

20th Editi. ed. Washington, 1999. 
[19]. R. Dilallo and O.E. Albertson, “Volatile acids by direct titration”, Water Pollut. Control Fed., Vol. 

33, no. 4, 1961, pp. 356-365. 
[20]. G.K. Anderson and G. Yang, “Determination of bicarbonate and total volatile acid concentration in 

anaerobic digesters using a simple titration”, Water Environ. Res., Vol. 64, 1992, pp. 53-59. 
[21]. A. Wellinger, M. Jerry and D. Baxter, “The biogas handbook, science, production and 

applications”, Woodhead Publishing Limited, Cambridge, 2013. 
[22]. R. Pishgar, “Biological Treatment”, Biochemical Engineering and Biotechnology, 2015, pp. 557-

595. 
[23]. X. Meng, D. Yu, Y. Wei, Y. Zhang and Q. Zhang, “Endogenous ternary pH buffer system with 

ammonia-carbonates-VFAs in high solid anaerobic digestion of swine manure : An alternative 
for alleviating ammonia inhibition ?”, Process Biochem., Vol. 69, 2018, pp. 144-152. 

[24]. Y. Tao, M. Evren, D.S.M. Ghasimi, H. Ozgun, H. Wang, X. Zhang, M. Guo, Y. Yang, D.C. Stuckey 
and J.B. Van Lier, “Biogas productivity of anaerobic digestion process is governed by a core 

bacterial microbiota”, Chem. Eng. J., vol. 380, 2020, pp. 122425. 
[25]. M. Kawai, N. Nagao, N. Tajima, C. Niwa, T. Matsuyama, and T. Toda, “The effect of the labile 

organic fraction in food waste and the substrate/inoculum ratio on anaerobic digestion for a 
reliable methane yield”, Bioresour. Technol., vol. 157, 2014, pp. 174-180. 

[26]. P.Tsapekos, P.G. Kougias, and I. Angelidaki, “Biogas production from ensiled meadow grass; 
effect of mechanical pretreatments and rapid determination of substrate biodegradability via 

physicochemical methods”, Bioresour. Technol., vol. 182, 2015, pp. 329-335. 
[27]. C. Huang, L. Xiong, H. Guo, H. Li and C. Wang, “Anaerobic digestion of elephant grass 

hydrolysate : Biogas production, substrate metabolism and outlet effluent treatment”, Bioresour. 
Technol., vol. 283, 2019, pp. 191-197. 

[28]. F. Raposo, C.J. Banks, I. Siegert, S. Heaven, and R.Borja, “Influence of inoculum to substrate 
ratio on the biochemical methane potential of maize in batch tests”, Process Biochem., vol. 41, 

no. 6, 2006, pp. 1444-1450. 

[29]. J. Tang, X.C. Wang, Y. Hu, Y. Pu, J. Huang, H. Hao, Y. Zeng, and Y. Li, “Nutrients removal 
performance and sludge properties using anaerobic fermentation slurry from food waste as an 

external carbon source for wastewater treatment”, Bioresour. Technol., vol. 271, 2019, pp. 125-
135. 



108              K. Kaidi, H. Moghrani, M. Djaafri, Y. Sahli, S. Kalloum, M. Taleb Ahmed 

 

[30]. V. Kumar, P. Kumar, P. Kumar and J.Singh, “Anaerobic digestion of Azollapinnata biomass 

grown in integrated industrial effluent for enhanced biogas production and COD reduction : 
Optimization and kinetics studies”, Environ. Technol. Innov., vol. 17, 2020, pp.100627. 

[31]. W. Wei, Q. Wang, L. Zhang, A. Laloo, H. Duan, D.J. Batstone and Z. Yuan, “Free nitrous acid pre-
treatment of waste activated sludge enhances volatile solids destruction and improves sludge 

dewaterability in continuous anaerobic digestion”, Water Research, vol. 130, 2018, pp. 13-19. 
[32]. G. Liu, R. Zhang, H.M. El-Mashad and R. Dong, “Effect of feed to inoculum ratios on biogas 

yields of food and green wastes”, Bioresour. Technol., vol. 100, no. 21, 2009, pp. 5103-5108. 
[33]. J. Zhang, W. Li, J. Lee, K.-C. Loh, Y. Dai and Y.W. Tong, “Enhancement of biogas production in 

anaerobic co-digestion of food waste and waste activated sludge by biological co-pretreatment”, 
Energy, vol. 137, 2017, pp. 479-486. 

[34] L. Zhang, K. Loh, J. Zhang, L. Mao, Y. Wah and C. Wang, “Three-stage anaerobic co-digestion of 
food waste and waste activated sludge : Identifying bacterial and methanogenicarchaeal 

communities and their correlations with performance parameters”, Bioresour. Technol., vol. 285, 
2019, pp. 121333. 

[35]. M. Rasapoor, B. Young, R. Brar, A. Sarmah, W. Zhuang, and S. Baroutian, “Recognizing the 
challenges of anaerobic digestion : Critical steps toward improving biogas generation”, Fuel, vol. 

261, 2020, pp. 116497. 

[36]. J. Feng, Y. Li, Yeqing, E.Zhang, J. Zhang, W. Wang, Y. He, G. Liu and C. Chen, “Solid-State Co-
digestion of NaOH-Pretreated Corn Straw and Chicken Manure Under Mesophilic Condition”, 

Waste Biomass Valor., vol. 9, no. 6, 2018, pp. 1027-1035. 
[37]. L. Feng, Y. Li, C. Chen, X. Liu, X. Xiao, X. Ma, R. Zhang, Y. He and G. Liu, “Biochemical 

methane potential (BMP) of vinegar residue and the influence of feed to inoculum ratios on 
biogas production”, Bioresources, vol. 8, no. 2, 2013, pp. 2487-2498. 

[38]. M.O. Fagbohungbe, B.M.J. Herbert, H. Li, L. Ricketts and K.T. Semple, “The effect of substrate to 
inoculum ratios on the anaerobic digestion of human faecal material”, Environ. Technol. 

Innovation, vol. 3, 2015, pp. 121-129. 
[39]. F.M. Pellera and E.Gidarakos, “Effect of substrate to inoculum ratio and inoculum type on the 

biochemical methane potential of solid agroindustrial waste”, J. Environ. Chem. Eng. Vol. 4, no. 
3, 2016, pp. 3217-3229. 

[40]. X. Zuo, H. Yuan, A.C. Wachemo, X. Wang, L. Zhang, J. Li, H. Wen, J. Wang and X. Li, “The 
relationships among sCOD, VFAs, microbial community, and biogas production during 

anaerobic digestion of rice straw pretreated with ammonia”, Chinese J. Chem. Eng., vol. 28, no. 
1, 2020, pp. 286-292. 

[41]. S.O. Masebinu, E.T. Akinlabi, E. Muzenda and A.O. Aboyade, “A review of biochar properties and 
their roles in mitigating challenges with anaerobic digestion”, Renewable Sustainable Energy 

Rev., vol. 103, 2019, pp. 291-307. 
[42]. Y. Wu, C. Wang, X. Liu, H. Ma, J. Wu, J. Zuo, and K. Wang, “A new method of two-phase 

anaerobic digestion for fruit and vegetable waste treatment”, Bioresour. Technol., vol. 211, 
2016, pp. 16-23. 

[43]. E.A. Scano, C. Asquer, A. Pistis, L. Ortu, V. Demontis and D. Cocco, “Biogas from anaerobic 
digestion of fruit and vegetable wastes: experimental results on pilot-scale and preliminary 

performance evaluation of a full-scale power plant”, Energy Convers. Manag., vol. 77, 2014, pp. 
22-30. 

 


