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Abstract. Composting is sustainable alternative method which can be 
utilized to recycle organic wastes. In this research, black soldier fly (BSF) 
larvae and effective microorganisms (EM) were used together to compost 
organic waste. This study seeks to investigate the effectiveness of 
composting food waste using EM together with BSF larvae and to 
determine whether the growth of BSF larvae is affected by the presence of 
EM. 5 g of BSF larvae and 300 g of food wastes were put in four different 
containers with different concentration of EM (0-25%). The larvae were 
weighed throughout the 13-day experiment, and the changes in food waste 
volume were recorded to calculate the percentage of frass. Results showed 
that  BSF larvae in the container which has the highest EM concentration 
(25% EM) produced the highest percentage of compost (89%). Meanwhile, 
there is a slight difference in the weight of larvae in all samples, where the 
weight ranges from 5.6 g to 6.5 g. In conclusion, the presence of EM can 
assist BSF larvae  in accelerating the rate of food waste composting. 

1 Introduction 

Proper management of municipal solid wastes is a challenging task in most developing 
countries. The increasing generation of solid wastes is the most significant environmental 
problem in Malaysia. The Malaysian population is growing, which has led to the increased 
generation of solid wastes [1-2]. Malaysia adopts a number of waste management systems. 
The most preferred method is landfilling [3-4] and most of the landfills are open-dumping 
areas since it incurs the lowest cost; it is a commonly used method to treat solid wastes 
containing a high percentage of organic components [5]. This method has had adverse 
environmental impacts, such as contamination of surface and groundwater by the leachates 
produced in the decomposition of organic materials present in food wastes [6-7] as well as 
the production of toxic elements such as aromatic compounds, halogenated compound, 
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phenols, pesticides, heavy metals and ammonium. These pollutants have a harmful effect 
on the survival of aquatic organisms, ecology, and food chains, which eventually leads to 
health problems [8]. Other impacts of landfilling are air pollution caused by the burning of 
wastes; soil contamination; the spread of diseases by vectors such as birds, insects and 
rodents; odour in landfills; and uncontrolled methane production due to the decomposition 
of organic wastes. It is estimated that over 97 % of food wastes are buried in landfills in the 
United State [9]. Composting is one of the alternatives for the proper management of food 
wastes. In Malaysia, this technique has a promising potential to reduce the amount of food 
wastes being dumped in landfills. It is also a sustainable method for producing bio-
fertilizers. Composting method has been improved over time by using black soldier fly 
larvae (BSFL), Hemertia illucens, as an agent to compost food waste in a shorter period of 
time. The nutritious larvae can then be used as feed stock for farm animals, for instance as 
chicken feed. However, one of the issues in composting food waste is the emission of 
unpleasant odours because of the formation of trace volatilization of kitchen wastes during 
the decomposition process. The unpleasant odour is much stronger when the compost is 
acidic compared to when it is neutral or alkaline [10–12]. The odour has a significant effect 
on human health because hydrogen sulphide (H2S) is a highly toxic gas. It leads to death if 
the concentration reaches 200 ppm [13]. The current composting methods are tumbler 
composting, vermicomposting and effective microorganism (EM) composting. Tumbler 
composting is a fully sealed container which can be rotated to mix the compost materials. 
The sealed container also helps to contain the heat generated during the composting 
process, thereby speeding up the process of converting the waste into compost. It was 
invented to make composting process simpler and faster. However, it is more expensive 
than compost bins and was designed for a maximum capacity of 9.5 ft3. Vermicomposting 
is a process in which worms are used to convert organic material wastes into a humus-like 
material known as vermin-compost [4]. EM composting is a system generally used for 
composting with effective microorganism [14].  

Effective microorganisms (EM) is commercially available. EM are a type of microbial 
inoculant developed by Teruo Higa (1991) [15]. The use of EM in compost production has 
been proven to accelerate composting process, reduce odour emission, and produce 
compost with higher nutrient content [16-19]. Some studies have demonstrated that EM 
does not necessarily ensure a good composting [20]. This indicates that the use of EM is 
only effective for certain types of wastes. EM may be useful for decomposing with 
microorganisms that are compatible with the characteristic of the waste to be composted. 
Compost materials produced in the presence of EM is able to produce bio-fertilizers that 
promote plant growth. Additionally EM has the ability to ensure the growth and 
establishment of other beneficial microorganism. The aim of this study is to determine the 
growth of BSF larvae in the presence of EM in the composting of food wastes. 
Furthermore, this experiment seeks to determine the effect of using EM as a catalyst on the 
rate of composting by BSF larvae.  

2  Materials and method  

In this experiment, BSF larvae (H. illucens) were used as an agent to decompose food 
wastes. The three to five day old larvae were supplied by a farm in Selangor. Effective 
microorganism (EM) was added together with the BSF larvae to establish its effectiveness 
in composting food wastes. The EM was supplied by a local company. The food wastes 
were collected from the cafeteria at the Faculty of Engineering and Built Environment, 
Universiti Kebangsaan Malaysia (UKM), Bangi. The food wastes were grounded. The 
experiment was conducted in a batch of four containers labelled S1, S2, S3 and S4. Each 
container was filled with 500 g food waste, 5 g BSF larvae, and different concentrations of 
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EM of 0%, 5%, 15%, and 25%, respectively. Figure 1 (a) shows the material used in the 
experiment, i.e. BSFL, EM and food waste, and Figure 1 (b) presents a schematic diagram 
for the entire experimental design. The experiment was carried out for 13 days. 30 larvae 
were collected randomly every three days and weighed to monitor the mass of the larvae. 
The volume of food waste was also recorded every three days to determine the percentage 
of compost production, which was calculated using equation 1. 
 

Percentage of frass = Initial volume of food waste – Final volume of food waste        (1) 
                                      Total volume of food waste         

 
 

(a) 

 
Black Soldier Fly Larvae 
(BSFL) 

   
Effective Microorganism 
(EM) 

 
Food waste (FW) 

(b) 

 
 Schematic diagram for the experimental design

Fig. 1. (a) Materials used in the experiment, and (b) Schematic diagram for the experimental design 
for samples S1, S2, S3 and S4. 

3 Results 

3.1 Larval weight 

Larval growth was determined by weighing 30 larvae from each sample (S1, S2, S3 and S4) 
every three days for 13 days. Figure 2 shows larval weight (g) over a period of 13 days. The 
figure shows a uniform increase in the weight of the larvae in S1, S2 and S4 until day 10, 
and the weight began to decrease at day 13 as larvae had molted into prepupae and pupae 
[21]. Based on observation, there were almost 90% of larvae in S1, S2 and S4 had turned 
into prepupae and pupae at day 13. However, 60% of larvae in S3 are still not molted into 
prepupae and pupae yet that may due to smaller larvae size from early stage, thus extend 
their development time. Therefore, larval weight in S2 still uniformly increased until day 
13. In this experiment, the larvae in S1 has the highest weight of 6.5 g while larvae in S4 
has the lowest weight of 5.6 g at the end of the experiment. Overall, the presence of EM has 
an effect on larval weight, with the higher percentage of EM resulting in lower larval 
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weight in this study. Despite this, the presence of EM increases the rate of composting, 
which will be discussed in section 3.2. 
 

 
Fig. 2. Larval weight over a period of 13 days from each samples. 

3.2 Frass production 

The food wastes in each container were weighed every three days to determine the rate of 
composting based on the percentageof frass produced. Figure 3 shows the percentage of 
frass produced by BSF larvae over a period of 13 days from each samples. The figure 
shows that the percentage of frass produced  increased uniformly from day 1 to day 13. The 
amount of frass continued to increase even though the weight of larvae for samples S1, S2, 
and S4 has decreased on day 13 due to larvae molting to prepupe and pupae [21]. At the 
end of the experiment, the percentage of frass produced are 80%, 84%, 75% and 89% for 
samples S1, S2, S3 and S4, respectively.  S1 produced the lowest percentage of frass, 80% 
in comparison to S2 and S4 which produced 84% and 89% frass, respectively. It can be 
concluded that EM can increase the rate of composting as EM consists of fermenting fungi 
and lactic acid bacteria that can help to accelerate decomposition of organic matter process 
[10]. It is also proven by previous studies that showed EM can accelerate the degradation of 
organic wastes [16]. This experiment hypothesized that the higher concentrations of EM 
will increase the rate of composting. However, the percentage of frass produced in S3 is 
much lower (75%) than S1 (80%). Exceptionally, sample S3 has the lowest rate of 
composting that could be due to the fact that smaller larvae in S3 compost at a slower rate 
than larger larvae in other samples. In conclusion, the presence of EM can assist BSF larvae 
in accelerating the rate of food waste composting, which the rate of composting in S2 and 
S4 is higher than S1. Furthermore, the previous study solely used EM for composting food 
waste, which takes approximately 28 days to settle [20], whereas composting using BSF 
larvae and EM takes only 13 days. Also as reason, the combination of BSFL and EM is 
more effective on the rate of decomposition than EM alone. 
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Fig. 3. Percentage of frass produced by BSF larvae over a period of 13 days from each samples. 

4 Conclusion 

In Malaysia, BSF larvae have been widely used as an alternative method for managing food 
wastes or organic wastes. Previous studies have proven that effective microorganism (EM) 
is beneficial in accelerating the decomposition of food wastes. However, despite the 
apparent benefits of using EM in the decomposition process, not much information is 
available about the effect of using EM and BSF larvae to decompose food wastes. This 
experiment has found that, at the end of the experiment, the weight of the BSFL are 6.5 g, 
6.2 g, 6.4 g and 5.6 g for samples S1, S2, S3 and S4, respectively. The percentages of 
compost produced by samples S1, S2, S3 and S4 are 80%, 84%, 75% and 89%, 
respectively. Hence, it can be concluded that the use of EM in a certain amount does affect 
larval growth. Instead, use of EM with BSF larvae was able to increase the rate of 
decomposition. Based on this study, since the difference of larval weight from 5.6 g to 6.5 g 
is not concerning, the optimum concentration of EM added in BSF larvae composting is 
25%. 
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