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ABSTRACT:  Population growth in Malaysia has led to a rise in waste production. Soon, the 

capacity of the sanitary landfill will not be sufficient to accommodate the daily garbage 

production. Therefore, biogas plants are one of the finest answers to this issue. There has been 

numerous research on the use of food waste (FW) to make biogas, which can then be 

transformed into renewable energy. Food waste constitutes the largest percentage of 

municipal solid waste in Malaysia (MSW). In this study, the acclimatization process was 

conducted to profile the stages in this process for 27 days using cafeteria food waste (CFW) 

as a substrate. During the process, the pH sample and biogas production was recorded. The 

results showed that the hydrolysis stage occurred during day 0-1, indicated by a drop in pH 

from 7 to 2. This was followed by the acidogenesis stage from day 2-14, with the pH 

remaining within the acidic range of 3.5-6.5. The acetogenesis stage took place from day 15-

18, maintaining a similar acidic pH range. Lastly, the methanogenesis stage occurred during 

day 19-27, characterized by a significant increase in biogas production. Methanogenic archaea 

converted the produced acetate, hydrogen, and carbon dioxide into methane gas. Different 

total solid (TS) contents of CFW: 10%, 15%, and 20%, were investigated. The highest biogas 

production was observed with a TS content of 20%, resulting in an accumulated biogas 

volume of 360 ml over seven days of fermentation. Conversely, the lowest biogas production 

was observed with a TS content of 10%, yielding a biogas volume of 170 ml. This study 

demonstrates that biogas production increases with higher total solids (TS) content. Finally, 

this study proves that food waste is a potential feedstock for biogas production that can help 

to reduce the current issues of waste disposal. 
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1. INTRODUCTION

World populations are rising up to 64 million in 2022 [1]. The massive growth in

population has a tremendous effect on natural resources. As the global population increases, 

the management of solid waste has become a burden for global economies and the need for 

more energy consumption increases. Renewable and non-renewable energy are the two types 

of energy that can be classified. Non-renewable energy refers to a natural resource that does 

not regenerate while renewable energy is obtained from ongoing replenishment through natural 

processes [2].  Renewable energy obtains all its different forms directly from the sun, wind, 

rain, ocean tides and biomass. Due to its vast access and capacity to be produced as a byproduct 

of numerous industrial and agricultural activities, biomass is a renewable energy source that is 

expanding and has a high development potential [3].  
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Biomass can be derived from forestry crops and leftovers, industrial residues, animal 

residues, municipal solid waste, and sewage. As of 2013, the largest share of municipal solid 

waste (MSW) produced in Malaysia is food waste (FW) [4]. Many nations are becoming 

worried about the amount of food that is wasted globally. The challenges are the annual 

production of FW and the quantity of food consumed. As food consumption increases, so will 

FW. Landfill is the primary waste disposal method in Malaysia with up to 80% utilization [5]. 

In addition to depleting valuable land, landfilling pollutes the air, water, and soil by releasing 

chemicals, pesticides, and methane into the soil, groundwater, and atmosphere. Biogenic 

matter, which includes all sorts of biomasses, decomposes into biogas under anaerobic 

circumstances.  

Biogas typically refers to a gas generated by the biological breakdown of organic matter 

in lacking oxygen [6]. The major component of this naturally occurring biogas, methane, 

escapes into the atmosphere and significantly contributes to global warming. Due to the 

enormous environmental and financial advantages it provides, anaerobic digestion (AD) of 

food waste has drawn attention from all over the world. Digestion is indeed based on a 

reduction process consisting of a few biochemical events occurring in anoxic settings, which 

is why anaerobic digestion is frequently thought of as a complex process [7].  

Anaerobic digestion produces methane through four distinct processes: hydrolysis, 

acidogenesis, acetogenesis, and methanogenesis. By profiling each stage of acclimatization 

process for AD, we can understand the dynamics of microbial populations and their role in the 

degradation of FW. Production of biogas requires anaerobic digestion to be limited to one of 

the crucial factors such as total solid (TS) content of the food waste. The TS content of a sample 

is the mass of solids remaining after a sample has been dried divided by the original mass of 

the sample. Previous studies showed that the high-solids system was found to produce more 

methane production rate but there is also a study that found out the total methane production 

decreased with total solid (TS) content increasing from 10% to 25% [8]. Thus, this study was 

concentrated on profiling anaerobic digestion stages of cafeteria food waste for production of 

biogas. Furthermore, the TS content was also optimized to increase biogas production. 

2. MATERIALS AND METHODS 

Cafeteria food waste (CFW) used as a substrate was collected from Mahallah Faruq 

Cafeteria in IIUM Gombak campus. It consisted of leftover foods such as vegetables, meats, 

fish, rice, fruits, and sauces. The source of mixed culture sludge (MCS) used as inoculum in 

this experiment was Palm Oil Effluent (POME) collected from Biogas Plant in Pahang. 

2.1. Sample Preparation 

A food blender was used to homogenize the cafeteria food waste (CFW) into particles that 

are smaller than 2 mm in diameter. The CFW was blended with distilled water with the ratio 

of (4 g:1 ml) (CFW: distilled water). Prior to usage, the blended CFW was stored in a 

refrigerator at 4°C. The CFW was further diluted again with the same proportion of (4 g:1 ml) 

(CFW: distilled water) before being used in the experiment. 

Three different samples were prepared in this project. The three samples differ in terms 

of total solid (TS) content of the cafeteria food waste (CFW). The sample preparation for each 

content is shown in Table 1. 
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Table 1: Sample preparation of each total solid (TS) content 

TS content (%) 
Ratio (CFW: Distilled 

Water) 
 

20 20 g:100 ml   

15 15 g:100 ml   

10 10 g: 100 ml  

2.2 Acclimatization of Mixed Culture Sludge 

The modified Schott bottle with a working volume of 1000 ml was used as a reactor. In 

this study, the total volume in the reactor was at proportion (50:50) (CFW: MCS). The initial 

pH of the mixture was adjusted to pH 7. The daily production of biogas and the pH of the 

mixture was recorded for twenty-seven days. Besides, this seed was used as an inoculum for 

anaerobic digestion (AD) process. 

2.3 Optimization Total Solid Content 

For this experiment, 100 ml of acclimatization sample was added into 100 ml of the 

sample with TS content of 20%. The biogas production and pH were recorded for 7 days. 

Total carbohydrates of the samples were also analyzed. This step was repeated for TS content 

of 15% and 10%. Previous studies [8] and practical experiences have shown that anaerobic 

digestion tends to exhibit favorable performance within the 10-20% TS content range. 

3. RESULTS AND DISCUSSION 

3.1 Acclimatization of Mixed Culture Sludge 

The cumulative biogas collected and pH value throughout the acclimatization process was 

plotted in Figure 1. From biogas produced, it can be indicated that from day 0-1 is considered 

as hydrolysis stage (S1) where the initial pH observed dropped from pH 7 to pH 2.  The pH 

drop signifies the start of the acidogenesis stage in the acclimatization process. During 

hydrolysis stage, complex organic molecules in the substrate such as proteins, carbohydrates, 

and lipids are converted into smaller compounds such as sugars, amino acids, and fatty acids 

by hydrolysis bacteria. 

Once hydrolysis occurs, the acidogenesis stage (S2) took place from day 2-14 where the 

pH of the substrate remains within the acidic pH range. The acidogenic bacteria take over and 

convert the simpler organic compounds produced in the hydrolysis stage into organic acids, 

alcohols, and other volatile fatty acids. During acidogenesis, pH decreases due to acidification, 

and VFAs accumulate. The production of VFAs is accompanied by the release of carbon 

dioxide and hydrogen gas, contributing to initial biogas production. However, biogas 

production during acidogenesis is relatively low compared to the later stages of acetogenesis 

and methanogenesis. 

From day 15-18, with pH within the acidic range of 3.5-6.5, biogas production increases 

and further metabolizes the organic acids and volatile fatty acids produced in the acidogenesis 

stage (S3) into acetic acid, hydrogen and carbon dioxide. This stage is crucial for generating 

acetate, which is a key precursor for methane production in the next stage. 

The final stage of the acclimatization process, which is methanogenesis (S4), occurred 

between day 19-27 where methanogenic archea converts the acetate, hydrogen and carbon 

dioxide into methane gas or biogas. This stage is marked by a significant increase in biogas 

production and low concentrations of VFAs can also be observed. 
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Figure 1: Biogas production and pH value for each stage in the acclimatization process 

3.2 Optimization Total Solid Content 

The accumulation of biogas in mL for different TS content of CFW was recorded as in 

Figure 2. The cumulative biogas produced by TS content of 20%, 15%, and 10% accounted 

to 360 ml, 250 ml, and 170 ml. Hence, biogas production showed an increasing trend with 

increasing TS content of CFW. 

The acclimatization process aims to enhance biogas production in the anaerobic digester 

by ensuring efficient conversion of organic matter. This leads to higher biogas yields, stability, 

and sustainability. As a result, the cafeteria food waste (CFW) with 20% total solids (TS) 

content produced the highest biogas volume, as predicted by the initial total carbohydrates 

(TC) analysis. The results obtained were similar to previous study [8] in which substrates with 

higher TS content showed higher biogas production in the batch anaerobic digestion of CFW. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: The cumulative biogas production for different (TS) content of CFW 
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It is well known that FW is a high degradable substrate for anaerobic digestion. For TS 

content of 5%, 10% and 20% at a fixed 7 days of solid retention time (SRT), increased TS 

content of CFW meant higher applied organic loading rate (OLR) and larger proportion of 

easily degradable substrate of microorganism, which results in higher volumetric biogas [10]. 

OLR indicates the quantity of organic material that is being fed into an anaerobic digester. 

High OLR can improve the processing efficiency of AD, while it might inhibit biogas 

production [11]. In this study, it is difficult to determine if the high OLR inhibited the biogas 

production, but the biogas produced showed an increasing trend with increasing TS content of 

CFW. So, it can conclude that high OLR in CFW improved the efficiency of AD process. 

It is also clear that in Figure 2, the highest biogas production for all TS content was on 

day 5. It is difficult to point out a single factor affecting this, but one of the main factors is the 

peak concentration of carbohydrates just before day 5 of biogas production as shown in Figure 

3. During anerobic digestion (AD), carbohydrates are significant components of organic 

matter that can be degraded by microorganisms. As the concentration of carbohydrates 

increases, there is typically more substrate available for microbial fermentation, leading to 

enhanced biogas production. 

In the initial stages of anaerobic digestion, the total carbohydrates analysis value of food 

waste increases over time [12]. This rise occurs during hydrolysis and acidogenesis, where 

complex carbohydrates are broken down into sugars and fermented into volatile fatty acids 

(VFAs) like acetic acid, propionic acid, and butyric acid. These processes release soluble 

carbohydrates and VFAs into the digester, elevating the total carbohydrates analysis value. As 

digestion progresses, acetogenesis and methanogenesis take place. Acetogenic bacteria 

convert VFAs into acetic acid, hydrogen gas, and carbon dioxide, while methanogenic archaea 

utilize these compounds to produce methane gas. During acetogenesis and methanogenesis, 

some carbohydrates and VFAs are further broken down, resulting in a decrease in the total 

carbohydrates analysis value of the remaining digestate and higher biogas production. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Total carbohydrate content during biogas production 

 

Table 2 shows the pH values of substrates during AD. The average pH value for TS 

content of 20%, 15%, and 10% are 5.32, 5.31 and 5.30, respectively. These pH values were 
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not within the optimal range for AD which is between pH 6.8- pH 7.4. This may be due to 

organic acid accumulation. During the AD process, organic acids are produced as intermediate 

products. If the digestion process is not well-balanced, the accumulation of organic acids can 

cause a drop in pH. This can occur if the SRT is too short. At low SRT, conversion of feedstock 

is limited, and organic acids are the main fermentation products [13].   

  

Table 3: pH values of substrates for each TS during AD 

Day 

pH Value 

TS = 20%  TS = 15% TS = 10% 

0 7.00  7.00 7.00 

1 4.85  4.93 4.88 

2 4.90  4.95 4.98 

5 5.07  5.06 5.03 

6 5.05  4.99 4.96 

7 5.04  4.95 4.95 

 

4. CONCLUSION  

The AD of CFW was studied by profiling the stages in the acclimatization process 

between the CFW and MCS and investigating the feasibility of biogas production using 

different TS content of CFW. The profiles of anaerobic digestion were shown in this study; 

however, it is suggested to prolong the fermentation time for a better profiling stage. While 

biogas production showed an increasing trend with increasing TS content. This proved that 

the biogas production is highly dependent on the TS content of CFW undergoing the process 

of AD. 
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