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Abstract 
Food waste is the most suitable feedstock for anaerobic digestion. However, methane yield from the digestion of food waste is low. 

Therefore thermal pretreatment serves as the best solution. Also, the effect of thermal pretreatment on food waste (Malaysian dietary) before 

anaerobic digestion has low documentation. Hence this research aims to analyze the methane production and its kinetics from the digestion 

of thermally treated food waste. The result showed that thermal treatment improves the bioavailability of food waste, subsequently improve 

the methane production of food waste. The ultimate methane yield for thermally treated food waste at 80°C was 883.08 CH4/gVS higher 

than untreated food waste. The kinetic parameters observed from Modified Gompertz modeling were slightly lower from the laboratory data 

for both substrates. Thus, thermal pretreatment undoubtedly improved the anaerobic digestion of food waste. 
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List of symbols and unit1 
Symbols and Unit Description 

AD Anaerobic digestion 

OFMSW 
Organic Fraction of Municipal 

Solid Waste 

MSW Municipal Solid Waste 

FW Food Waste 

FW80 
Thermally treated food waste at 

80°C 

BMP Biomethane Potential 

AMPTS II 
Automated Methane Potential 

Test II 

TS (g/L) Total Solid 

VS (g/L) Volatile Solid 

COD (mg/L) Chemical Oxygen Demand 

 (mgCaCO3/L) Alkalinity 

GM Modified Gompetrz Model 

𝝀(day) Lag phase 

(mlCH4/gVS) Ultimate methane yield 

(mlCH4/gVS-day Methane production rate 

 

1 Introduction 
Municipal solid waste (MSW) is defined as unwanted waste 
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thrown from the residential, commercial and institutional areas, 

and it is characterized in ranges of 52 and 66 % in moisture 

content. MSW increases proportionally with population growth in 

developed and developing countries. The MSW is rising at the 

rate of  0.5-0.8 kg/person-day and is expected to exceed 9 Mt/year 

in the year 2020 [1]. The disposal of MSW in an open dumping 

area is producing environmental impacts on soil, water, and air. 

Dumping MSW on soil affecting soil fertility by reducing the crop 

yield, the degradation of organic waste in the landfill produced 

the leachate. The discharge of untreated leachate  into the river  

causes groundwater contamination. Also, the landfill area 

associated with an unpleasant odor and uncontrolled release of 

methane through waste decomposition [2]. The landfill is also 

diminishing the nation's land area to 54% from the year 1990-

2008 in Malaysia [1]. 30% of MSW is food waste [3]. Food waste 

causes alarming problems to its surroundings due to its essence as 

material that is easy to decompose [3]. 

Food waste can be segregated into four groups, which are 

edible, non-edible, avoidable, and unavoidable. The edible food 

waste, also known as avoidable food and is defined as the food 

and drinks that are eaten by people. Others choose not to 

consume, whereas the non-edible and unavoidable food waste is 

the residue food preparation [4]. Food waste consists of complex 
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organic compounds (e.g carbohydrate polymers, lipids, protein, 

and some other inorganic components (e.g silica) [3]. About a 

quarter of 1.3 billion food was lost along the food chain due to 

human consumption, in the way of preparation of food (e.g food 

processing factory) [5]. 

The method for treating MSW includes incineration, landfill, 

and anaerobic digestion [1]. Anaerobic digestion was used for 

treating the organic fraction of municipal solid waste (OFMSW), 

particularly food waste [6]. Anaerobic digestion is a devoted 

method to manage food waste due to its high bio-methane 

potential [7]. It can develop renewable energy (methane and 

hydrogen), volatile fatty acid (VFA), and alcohol. Anaerobic 

digestion is the cost-effective treatment in managing waste 

because of high energy recovery and low environmental impact 

[3]. Besides, anaerobic digestion is the biochemical method that 

occurs when there is no oxygen at all [8]. The absence of oxygen 

is a significant difference between anaerobic and aerobic 

digestion [9]. Anaerobic digestion involves several biochemistry 

processes, such as hydrolysis, acidegenosis, acetogenesis, and 

methanogenesis [10]. The implementation of anaerobic digestion 

can improve the economic feasibility and become an 

environmentally sustainable solution in managing waste [11]. For 

instance, methane from anaerobic digestion can replace fossil fuel 

power used and reduce greenhouse emissions [12]. 

The ultimate methane yield from the digestion of food waste 

is low [13] because the solubilization of particulate matter to 

simple monomer during the hydrolysis stage of the anaerobic 

digestion process requires a long time and thus making this step 

problematic [14]. Pretreatment was applied to enhance the biogas 

production and overcome problems during the hydrolysis stage of 

anaerobic digestion of food waste. The pretreatment methods are 

mechanical, biological, chemical, and thermal [13]. Thermal 

pretreatment was introduced at a mild temperature of 55 to 90 oC 

[15]. Thermal pretreatment increased the organic particle 

solubilization, subsequently making it more assessable by 

anaerobic microbes [13]. 

Thermal pretreatment is a proven approach, as it improved the 

digestion process [16]. The characteristics of food waste such as 

COD, carbohydrate, and protein  were also enhanced as well as 

methane production after undergoing thermal pretreatment [17]. 

Gandhi et al., [18] observed an improvement in protein 

solubilization after the thermal pretreatment process. According 

to Jin et al., [19], the changes in pH after thermal pretreatment are 

lesser in low temperature and higher in high temperature 

depending on the duration of the pretreatment. Longer period with 

the high temperature of pretreatement, increased the release of 

organic acid, making the pH of the substrate to reduce [19]. 

Thermally treated food waste obtained a higher value of total 

solids, volatile solids, and chemical oxygen demand (COD) than 

the untreated food, indicated that the thermal pretreatment 

increased bioavaiability. Bioavailability makes the thermally 

treated food waste easily digested subsequently resulted in higher 

methane yield [20]. Meanwhile, according to Ariunbaatar et al., 

[13], the thermal pretreatment at 80°C for 1.5 hours produces 

higher methane yields than untreated food waste. The difference 

in methane yield between untreated food waste and thermally 

treated food waste at 80°C was about 221.5 ml CH4/gVS. 

Kinetic analysis is implemented to predict and express the 

performance of anaerobic digestion systems [21]. The kinetic 

analysis of anaerobic digestion can be accomplished using First 

Order Kinetic, the Logistic Function Model, and Modified 

Gomperts Modelling [22]. Modified Gompertz is regarded as the 

kinetic model of asigmoid function, which is used for a time series 

as a mathematical model [23]. Modified Gompertz is the highest 

feature in anticipating the output of biogas, as the model has one 

of the highest fits for methane manufacturing information as a 

function of time [24]. In this model, the rate of biogas production, 

the maximum biogas production, and the lag phase can be 

estimated [25]. Gandhi et al., [18] evaluated the kinetics of 

anaerobic digestion of food waste using Modified Gompertz 

modeling, and it is reported that the ultimate biogas yield was 

improved from the digestion of thermally treated food waste at 

80°C and the lag phase was reduced significantly. Unfortunately, 

there is limited information on the anaerobic digestion of 

thermally treated food waste in Malaysia. Therefore this research 

aspiration is to study the effect of thermal pretreatment of food 

waste towards the methane yield. 

 

2 Material and Methodology 
2.1 Substrate and inoculum 

 The food waste was collected from a cafeteria. The collected 

food waste consists of cooked food such as meat, rice, bone, and 

vegetables [26]. Impurities such as bone, tissue, and plastic were 

manually removed and sorted [11]. The fresh food waste was 

collected for two days. The collection during this period is due to 

the cafeteria operation period. The special treatment such as 

sterilization is not conducted on food waste. Then, the fresh food 

waste was diluted with tap water at a ratio of 1:1 for food waste 

slurry preparation [27]. After that, the food waste was 

homogenized with the aid of kitchen blender [22]. The food waste 

was filled in a 1 L glass bottle (Schott Duran) and then was 

thermally treated in the oven at 80°C for about 1.5 hours [13]. 

After 1.5 hours, the bottle was left to cool at room temperature 

before it was used for biochemical methane potential (BMP) test 

[13]. 

 Anaerobically digested sludge used as inoculum was collected 

from an anaerobic digester treating POME. The sludge was stored 

in a plastic container and refrigerated at 4°C prior used for BMP 

testing [28]. 

 

2.2 Biodegradability assay (biochemical methane potential) 

 BMP is a well known effective technique for evaluating the 

rate of methane transformation of organic matter [29]. The batch 

test was conducted by practicing Automated Methane Potential 

System Test System II (AMPTS II), as shown in Figure 1 

[1][26][30]. The system serves swift service of measuring 

biomethane flow and ultra-low biogas in determining biogas 

potential [30]. 

 The digestibility of food waste was studied through a series of 

batch anaerobic digester conducted using a 500ml digester with a 

mass of 400g [31]. The value of substrate and inoculums added 

into the mixture were calculated based on VS [31]. Substrate and 

inoculums were mixed at inoculum to substrate ratio of 2.0 [28]. 

This ratio is recommended to avoid the inhibitory effect [32]. The 

pH of each reactor was recorded between 7.2 to 7.4. This pH is in 

the range for anaerobic digestion, which is from 6.5 to 7.5 [33]. 

The reactor was flushed with nitrogen for two minutes to provide 

an anaerobic condition [30]. Mesophilic state (37±0.5°C) was 

maintained by a thermostatic water bath incubator [26]. The 

reactor was stirred with a mechanical mixing at 90rpm [18]. 
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Figure 1: AMPTS II 

 

2.3 Analytical methods 

 The method used to measure the characteristic of the substrate 

was stated in Table 1. The results were triplicate and calculated in 

mean values. 

 

Table 1: Methods of characterization 

Parameter Method of Measurement References 

COD 
Hach™ 2011 procedure method 

8000 
[18] 

Protein Lowry method [34] 

Carbohydrate Phenol-Sulphuric Acid [35] 
VS Section 2540G (APHA 2005) [18] 

TS Section 2540G (APHA 2005) [18] 

Alkalinity Section 2320B (APHA 2005) [33] 
pH pH meter [34] 

 

2.4 Modified Gompertz Model (GM) 

 GM was used to complement the result of data obtained from 

the BMP test [28]. The use of the GM equation is based on the 

premise that methane production is evidence of bacterial growth 

[36]. The lag (λ) phase in batch growth can be obtained from the 

GM equation. 

 

𝑀 =  𝑃 · exp  {−exp [ (
𝑅·𝑒

𝑃
) (𝜆 − 𝑡) + 1]      (1) 

 

where M is cumulative methane production (mL CH4/g VS added), 

P is methane production potential (mL CH4/g VS added), R is 

methane production rate (mL/g VS-d), 𝜆  is lag phase (d), t is 

duration of the assay (d), and e is [exp(1) =2.7183].  

 

3 Results and Discussion 
3.1 Characteristics of untreated food waste (FW), thermally 

treated food waste (FW80) and inoculum 

 FW and FW80 underwent several testings to determine their 

characteristics. The results were tabulated in Table 2. The pH of 

FW and FW80 was 7.2 and 7.3. Saragih et al., [37] observed a pH 

of 7.0-8.5 for food waste and thermally treated food waste. The 

TS and VS values for FW80 were higher than FW. It is similar to 

the observation by Ma et al., [38]. The COD of FW80 was greater 

than FW, and this is similar to that observed by Pagliaccia et al., 

[20]. The alkalinity was 250 ± 117.9 mgCaCO3/L for both 

samples. Oliveira et al., [39] also reported the alkalinity of food 

waste which is lesser than 300 mg/L as CaCO3. 

 The complex organic content (carbohydrate and protein) of 

FW and FW80 is also shown in Table 2. Carbohydrate and protein 

concentration was higher, as observed from FW80. Yeshanew et 

al., [17] also measured higher carbohydrate and protein content in 

thermally treated food waste. Carbohydrate is higher than protein 

for FW and FW80, similar to the observation by Ariunbaatar et 

al., [13]. 

 The characteristics of inoculum are also shown in Table 2. The 

pH obtained is 8.7. Vrieze et al., [40] stated that full-scale 

anaerobic digester used inoculums with pH ranging from 8.0-9.0. 

The TS and VS attained for this study are lower than what was 

observed by Ariunbaatar et al., [13]. The alkalinity observed for 

this study was 758.33mg/L as CaCO3, which is lower than what 

was found in [41]. The protein concentration is much higher than 

the carbohydrate. The result shown here is similar to the result 

obtained by Ariunbaatar et al., [13]. 

 

Table 2: Characteristic of FW, FW80, and inoculum (N=3) 
Characteristics FW FW80 Inoculum 

pH 7.2±0.1 7.3±0.1 8.7±0.1 

Total Solid (TS) (g/L) 198.5 ± 6.4 264.6 ± 39.7  20.82 ± 1.53 
Volatile Solid (VS) (g/L) 143.9 ± 67.3  233.6 ± 27.9 11.18 ± 1.12 

Alkalinity (mgCaCO3/L) 250 ± 117.9 250 ± 117.9 758.33 ± 11.79 

Chemical oxygen demand 
(mg/L) 

1399 ± 3.6 2317.3 ± 2.5 798±3.0 

Protein  (mg/L) 108.5 ± 0.1 114.3 ± 0.4 94.89 ± 0.11 

Carbohydrate  (mg/L) 277.2 ± 0.1 279.7 ± 0.1 279.73 ± 0.12 

 

3.2 Methane Accumulation 

 Figures 2 and 3 show the methane accumulation for 20-day 

assay, each for FW and FW80, respectively. For both substrates, 

the methane accumulation started to reach the plateau at day 15. 

The BMP assay was terminated at day 20 after the methane 

production became insignificant consistantly for several days. 

The net collection was higher for FW80, which the net collection 

for FW was lesser by 501.8ml as compared to the FW80. 

 

 
Figure 2: Methane accumulation of FW for 20 days duration 

 

3.3 Ultimate Methane Yield 

 Table 3 shows the methane yield for FW and FW80. The 

ultimate methane yield for FW80 was about 1916.72 mlCH4/gVS, 

meanwhile for FW was about 1033.64 mlCH4/gVS. The higher 

ultimate methane yield observed from this study was higher than 

the observation in Ariunbaatar et al., [13]. Besides, Seswoya et 

al., [31] found the higher methane yield for untreated food waste, 

which exceeded 1000 CH4/gVS. Ariunbaatar et al., [13] and Jin 
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et al., [19] also observed that the thermally treated food waste at 

80°C has a higher ultimate methane yield compared to the 

untreated food waste. 
 

 
Figure 3: Methane accumulation of FW80 for 20 days duration 

 

 The higher ultimate methane yield observed from thermally 

treated food waste (FW80) as compared to the untreated food 

waste (FW) was due to the improved bioavailability of FW80 

(Table 2). VS/TS ratio is referred to as the organic content [42]. 

In this study, the VS/TS ratio of FW80 is 0.95, indicating that 

more organic presence in FW80. Guo et al., [43] differentiated the  

ultimate methane yield from the waste with different VS/TS  ratio, 

and found that the waste with higher VS/TS ratio resulted in the 

higher methane yield. 

 

Table 3: The methane yield (mlCH4/gVS) for FW and FW80 for 

20 days duration 

Day FW FW80 

0 0.00 0.00 

1 408.47 462.84 

2 668.22 816.98 

3 798.98 1105.00 

4 855.93 1318.02 

5 903.47 1508.36 

6 945.17 1647.76 

7 962.29 1715.78 

8 965.85 1762.41 

9 971.78 1795.34 

10 987.63 1815.60 

11 1002.37 1821.90 

12 1018.22 1841.47 

13 1025.34 1856.55 

14 1031.36 1877.50 

15 1035.25 1899.83 

16 1033.90 1912.67 

17 1033.64 1916.72 

18 1033.64 1916.72 

19 1033.64 1916.72 

20 1033.64 1916.72 

 

 Besides, the higher in COD has resulted in high methane 

production [44]. Thermal pretreatment  enhanced the digestibility 

of protein in a short time hence improving the methane production 

[44]. Based on Xue et al., [45], a higher value of protein and 

carbohydrate results in higher methane production. Carbohydrate 

concentration is associated with a higher methane production 

[45].  

 

3.4 Modified Gompertz Model (GM) 

 Table 4 tabulates the kinetic parameters for FW and FW80. 

The methane production rate for FW is lower than the methane 

production rate for FW80. Gandhi et al., [18] observed a similar 

observation where they reported that the lag phase of 0.5 and 0.02 

for untreated food waste and thermally treated food waste. 

Meanwhile, the lag phase observed in this study remained the 

same for both substrates. The difference between the laboratory 

and modeling is possible. The modeling data are lower compared 

to the experimental data similar with to what observed in Gandhi 

et al., [18]. 

 

Table 4: Comparison of the test result and modeling result of 

FW and FW80 

BMP Kinetic parameter Laboratory 
Modified 
Gompertz 

FW 

Ultimate methane yield (mlCH4/gVS) 1033.64 993.40 

Methane production rate 

(mlCH4/gVS/day) 
408.47 361.63 

Lag phase (day) 0.04 0.00 

FW80 

Ultimate methane yield (mlCH4/gVS) 1916.72 1857.18 

Methane production rate 
(mlCH4/gVS/day) 

462.84 394.09 

Lag phase (day) 0.04 0.00 

 

4 Conclusion 
Food waste that has undergone thermal pretreatment at 80°C 

improves bioavailability in term of higher total solids, volatile 

solids, chemical oxygen demand, protein, and also carbohydrates 

were observed. Thermal pretreatment support breaking the 

complex component in food waste hence preparing the food waste 

to be digested easily as well as improves the methane production. 

The net methane accumulation for thermally treated food waste 

(FW80) was higher by 501.8ml as compared to the untreated food 

waste (FW). The increase of bioavailability in the food waste 

increased the ultimate methane yield and methane production rate 

as well. As expected, the kinetic parameters from the digestion of 

FW80 were higher, observed from laboratory data and modeling 

analysis. However, the modeling analysis consistently showed the 

lower value of each kinetic parameter, both for FW and FW80. 
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