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1. Introduction 

Food waste was a worldwide issue which obtaining additional concern due to food security problems and associated 

environmental impacts. According to Muth et. al., (2019) upstream production and post-harvesting process contribute 

Abstract: Food waste is one of the critical issues which has been discussed in many countries including Malaysia. 

Apart from that, about 50% of food waste usually being dumped at landfill sites and incinerators which root to more 

problems towards the environment, economic and society. In this research, Taman Pura Kencana, Johor was chosen 

to identify the average total of food waste generation from selected households in 3 months from April 2021 to June 

2021 and to determine decomposing days of food waste using BSFL. Raosoft Sample Size Calculator was used to 

calculate sample respondents bringing 48 households in this research. Hence, the average total of food waste 

generation from households per month was 1056.82 kg The collection of food waste from selected households in 

Taman Pura Kencana during the normal month of June was the highest compared to the fasting month in April and 

Eid month in May. 25 samples of food waste were examined to identify duration of decomposing days using BSFL 

based on pH, temperature and moisture content. The results showed that, the food waste successfully decompose 

after 10 days compare to control sample which was taking the longest time to fully decompose at about 90 days. The 

range of average temperature of the food waste using BSFL were 27℃ to 34℃. The initial range of average pH value 

for the food waste samples were 3.22 to 4.00 while on the last decomposing days of the food waste samples were 

7.06 to 7.12. Moisture content for food waste samples is 51% except for control sample. Inconclusion, BSFL were 

the ideal insects to decrease amount of food waste in landfills and incinerators as they could accelerate the time of 

composting food waste and could reduce the negative impacts towards the environment, economic and society.This 

research’s findings will help create awareness and a better understanding of how much food waste could be generated 

from residential area, as this contributes to many negative issues when discarding them through landfills and 

incinerators. 
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nearly 54 % of food waste in the global food supply chain. In contrast, the remaining 46 % of food waste is generated 

during manufacturing, consumption and transportation. Notably, the global value of annual food waste is appraised at $1 

trillion which indicating a large amount of money needed to spend specifically on food waste production (Septianto et. 

al., 2020).  

Food waste usually consist of 90% organic matter such as leftover rice, vegetables and fruits whose moisture level 

could reach up to 80% (Charkhestani et. al., 2022). Among all types of organic waste, 40% to 50% was from food waste 

contributing to the percentage of municipal solid waste in Malaysia (Zamli et. al., 2021). This statement is also supported 

by (Woon et. al., 2021) which mentioned about 45% from 70% of the total municipal solid waste in Malaysia was food 

waste. Additionally, food waste is usually produced in three places namely residential, commercial and institutional but 

the highest amount of food waste was found in households (Maroušek et. al., 2020).  
Notably, about 38.32% of food waste in Malaysia generated from households making it the primary contributor to 

food waste productions (Wong et. al., 2021). At the same time, Mohd Yatim et. al., (2019) 50% out of 70% of daily 

generated municipal solid waste in Malaysia was food waste which usually disposed of at landfill sites. Based on previous 

researches, food waste generation kept increasing yearly contributing to many negative issues in many countries. 

Significantly, large food waste production was due to population growth, consumer behaviours, food processing stages 

and food waste policies.  

One of the biggest challenges to dispose of food waste was non-adequate landfill sites as there was too much waste 

to fill up the sites in a short time. Moreover, human population was getting increased annually, leading to high cost of 

land and lack of land available (Mohd Yatim et al., 2019). Other than that, assorted environmental problems could occur 

from landfill sites such as groundwater contamination, leachate, toxic gases and odour diffusion which mostly came from 

food waste. These problems are also related to the condition of weather in Malaysia which are experiencing hot and rainy 

days suited for microbes to degrade solid waste and food waste. At the same time, waste degradation could diffuse 

leachate together with bad odour. Regarding to these issues, food waste must be managed sustainably in order to prevent 

environmental problems and subsequently provide convenient infrastructure for future generations. 

Correspondingly, (Foday et al., 2017) mentioned that food waste was also being the main problem in Johor as it was 

the second highest percentage of waste composition after plastic waste. Specifically, in Taman Pura Kencana, Johor, the 

highest ranking of generated waste was from food waste (Abdul Kadir et al., 2017). According to Abdul Kadir et al., 

(2017) food waste production in Taman Pura Kencana became a main contributor of waste composition generating about 

47.87% of food waste per week. The food waste in this mixed area of residential and commercial sources mostly came 

from households. Most of the food waste consisted of leftover, expired food, rotten fruits and vegetables.  

Subsequently, SWM Environment Sdn. Bhd. was the concession company that managed the waste collection in 

Taman Pura Kencana, Johor. The food waste was disposed of by using landfill sites at Kulai, Johor. However, these 

methods were not practically sustainable as they brought a lot of disadvantages to the environment, economics and 

society. This could be seen through a statement from Rasool et al., (2021) which mentioned that discarding food waste 

on landfill sites would cause many negative issues namely greenhouse gases productions, toxic leachate and bad odours. 

In other cases, incinerators produced excessive carbon dioxide, toxic chemicals and high maintenance cost which proved 

this method unsuitable for use (Sridhar et al., 2021).  

Particularly, 8% of total greenhouse gases was produced from global food waste generation, equivalent to 4.4 billion 

tonnes of carbon dioxide (Jeswani et al., 2021). According to Usmani et. al., (2021) one tonne of food waste on landfills 

sites could generate about 580 tonnes of carbon dioxide. Currently, Malaysia produced 29 million tonnes of carbon 

dioxide per year and 10 million from it was produced by 16,687 tonnes of food waste in 2019 (Sinha et al., 2021), 

(Mohamed Zain & Abdul Rahman, 2021) At the same time, one tonne of food waste incinerated could produce 700 kg 

of carbon dioxide which also pollutes the air (Christensen & Bisinella, 2021). 

Other than that, the excessive water content in food waste could generate high leachate production and toxic gases 

in landfills and also during incineration. This could harm peoples’ health as this could affect natural resources, namely 

air and groundwater when there were no protective measures were taken during discarding the waste (Silva et al., 2020). 

Some options to minimize environmental issues such as using sanitary landfills which providing better treatments during 

discarding the waste and installed gas trap technology while using incinerators. However, they created another issue 

when the capital cost for sanitary landfills and incinerations in Malaysia were extremely high which took about RM 114 

million and RM 68 million respectively (Ooi & Woon, 2021).  

Thus, to reduce the amount of food waste at landfill sites and incinerators, some initiatives published by the 

government of Malaysia in its main policy include waste reduction, reuse of materials and recycling projects (Yong et 

al., 2019). This could be seen by 3R’s concept namely reduce, reuse and recycle. However, this concept was ineffective 

due to lack of awareness of the concept and the unbothered attitude of people, which made this concept only contributed 

about 5% (Wong & Roslan, 2019). 

 

2. Background of Study 

Subsequently, food waste from households in Taman Pura Kencana was disposed of through landfills and 

incinerators in Johor. Based on previous studies, landfills in Malaysia are not adequate to handle the capacity of various 

types of waste, including food waste as the amount of waste keeps increasing. Other than that, (Al-Obadi et al., 2022) 
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mentioned that disposing of food waste at landfills could pollute ground water and cause the appearance of leachate. At 

the same time, the production of greenhouse gases could take place along with methane gases once the landfills operate 

and even after they shut down. In the meantime, using incinerators still contributed to environmental issues regarding the 

presence of flue gases and the high production of nitrous oxide (Simanjuntak et al., 2022). Flue gases from incinerators 

consist of gases and particles which genuinely risky and toxic to the environment. 

Particularly, Ali et al., (2019) discussed that the investment cost and operational cost for a landfill were overall RM 

26 million to RM 42 million and RM 31 million to RM 77 million tonnes of municipal solid waste which contained 50% 

of food waste per year respectively. This could be worse when using incinerators as the cost was genuinely high. This 

could be seen when the operational cost for incinerators in Malaysia was RM 93 million to RM 232 million per ton of 

food waste. At the same time, the capital cost of an incinerator facility with a capacity 800 to 1000 tonnes of food waste 

is approximately RM 500 million until RM 800 million (Bashir et al., 2019). 

In the meantime, discarding food waste through landfills could bring high leachate contamination to groundwater, 

allowing inorganic pollutants to pass through the water (Kurwadkar et al., 2020). This could be harmful to humans’ 

health as groundwater was one of the primary sources of drinking water. Other than that, the rising level of greenhouse 

gases caused by landfills was due to the enormous amount of carbon dioxide, methane and nitrous oxide released into 

the air and trapping heat which also caused global warming. Meanwhile, toxic organic pollutants released from 

incinerated food waste could irritate human’s skin and human carcinogens that root to cancer (Rovira & Domingo, 2019). 

On the other hand, flue gases usually emitted from incinerators could impact the society’s health by having birth 

defects and tumors which could even lead to mortality (Di Maria et al., 2021). As a result, the public need to face these 

kinds of illnesses namely heat stroke, hypotension, and loss of consciousness which in several cases could lead to death 

(Ahima, 2020). (Gholami et al., 2020) mentioned that eye irritation, chest tightness, nausea and headache could occur if 

a lot of nitrous oxide is released into the air.  

 

3. Black Soldier Fly Larvae (BSFL) 

There were 5 genes belong to sub family Hermetiinae namely Chaetosargus, Patagiomyia, Chaetohermetia, 

Notohermetia and Hermetia illucens. Particularly, the most popular gene which being used in animal feeding was 

Hermetia illucens which also known as black soldier fly (BSF). This species was highly distributed in warm temperature 

zone of America and currently spread in warmer regions throughout the world (Salomone et al., 2017). 
Lifecycle of BSF involved 5 phases namely eggs, larvae, prepupae, pupae and adults. Among all of these phases, 

hatching eggs and adults BSF were having minimal time in this lifecycle compared to larvae and pupae phase. The 

lifespan of adults BSF was 5-8 days and depend to environmental condition where BSF would live longer if it was in 

favourable conditions (Muhamadi Saifulizan, 2021). 
Kim et al., (2021) and Al-Obadi et. al., (2022) stated that one of the practical method for sustainable waste 

management in Malaysia was using Black Soldier Fly Larvae (BSFL) which provided environmentally friendly treatment 

in food waste. This method could be used for composting organic waste which consequently generated high nutrients of 

natural fertilizer (Muhamadi Saifulizan, 2021). BSFL also helped in decreasing the food waste at landfill sites and 

protecting the environment since there were no harmful chemicals involved in this method. In addition, BSFL method 

have been used in Malaysia to compost food waste and also being used in animal feeding which mentioned by Ahmad et 

al., (2022); Jalil et al., (2021); and Ng et al., (2021). Additionally, application of BSFL method could least the negative 

impacts to the environment, economic and society.  

 

4. Materials and Methods 

4.1 Materials 

Food waste from selected households in Taman Pura Kencana was used in this research. A food waste bin was 

allocated to every selected households to put the food waste. In the meantime, a kilogram weighing machine was used to 

measure the weight of food waste.  

The experiments for decomposing process was using six bioponds where each five bioponds was having five 

replicated samples of food waste except for control sample which using only one biopond without having any replications. 

The control sample was labelled as TC (Test Control) with 2 kg of food waste without having any BSFL to decompose. 

Meanwhile, the other 5 samples were labelled as T1 (Test 1), T2 (Test 2), T3 (Test 3), T4 (Test 4) and T5 (Test 5) with 

different amount of food waste starting from 2 kg until 4 kg of food waste by having 12g of 4-day-old BSFL in each 

sample.  

The temperature of the surrounding area was measured by using temperature meter while temperature for food waste 

was taken by food thermometer. At the same time, pH value of the food waste was recorded by using digital pH meter. 

The accuracy of digital pH meter was done by performing callibration test by using distilled water and buffer solutions. 

The pH for residue of the food waste samples were measured using digital soil pH meter while temperature for residue 

was measured using soil thermometer. The digital soil pH meter was used due to final condition of the food waste after 

decomposing process which called as residue was in a state of soil. Moisture content of the food waste and residue were 
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measured by using gravimetric method where they needed to be heated in oven at laboratory for 24 hours at 105 degree 

celcius.  

 

4.2 Methods 

A few methods that could be used to determine sample sizes in research such as Taro Yamane Formula and Krejcie 

& Morgan. However, these methods were suitable for survey research but unsuitable for experiment research (Uakarn, 

2021). Thus, the number of sample respondents was measured by using Raosoft Sample Size Calculator where this 

method was suitable for experimental research and was also used by previous researchers namely (Ahmat et al., 

2018),(Almeslet, 2019) and (Al-Balas et al., 2020).  

Number of sample respondents was calculated by taking into account the significant parts of the sample size elements 

namely margin of error, percentage confidence level and population size. In the meantime, margin of error was defined 

as accuracy related to evaluating population data. The margin of error (%) also needed to be small to make the data more 

reliable (Kosar et al., 2018). Based on (Chiarini et al., 2021) and (Conroy, 2021), the acceptable margin of error for 

experiment research was not more than 10%. At the same time, the preferred percentage confidence level was more than 

80% for experiment research as used by previous researchers namely (Xu et al., 2022) and (Jamshidi et al., 2020). 

Minimum recommended sample size with 10% margin of error and 80% confidence level was 39 respondents according 

to Raosoft Sample size Calculator.  
However, this research managed to achieve 48 sample respondents in Taman Pura Kencana in alternate scenarios. 

Subsequently, 48 sample respondents in this research could decreased the margin of error from 10% into 8.92% and 

increased percentage of confidence level from 80% into 84.5% which suitable for experiment research. According to 

Sekaran 2000, the ideal sample size of a research was more than 30 and less than 500 which also depend with budgets 

and time constraints (Asiimwe et al., 2021) and (Halim & Ishak, 2014). In this research, it proved that 48 sample 

respondents from Taman Pura Kencana was accepted for this research. Furthermore, (Khodier et al., 2020) mentioned 

that the minimum weight of waste to analyse in sample research was at least 200 kg to make it accurate which was also 

applied in this research. Hence, this could prove an 8.92% margin of error and 84.5% confidence interval of this research 

could be accepted and accurate to estimate data in population. 

Through sample size calculation, data on food waste generation were collected from 48 households as selected 

respondents in Taman Pura Kencana. Particularly, food waste generation from households were taken from 48 

respondents out of the 671 population in Taman Pura Kencana. Food waste was collected 3 times a week but during the 

fasting month, the food waste was collected 2 times per week from the allocated bin for each household. At the same 

time, this research has a collaboration with SWM Environment Sdn. Bhd. They were assisting in collecting food waste 

from Taman Pura Kencana to Solid Waste Research Centre (SWRC). Food waste collection was conducted for 3 months, 

from April 2021 to June 2021. All food waste was weighted by using the weighing machine in kilograms to get the total 

amount of food waste generated by households in Taman Pura Kencana. The data collection process for food waste 

generation from households in Taman Pura Kencana could be seen clearly through the flowchart in Figure 1. 

 

 

Fig. 1 - Flowchart of food waste collection from households 
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The temperature for surrounding area was recorded at the site before starting the experiments. After the food waste 

samples have been placed in the bioponds according to their weight, the temperature and pH value of the food waste were 

rapidly recorded. After done measuring all the temperature and pH value, 12 g of BSFL was poured on top of each food 

waste samples except for control sample. Physicochemical parameters such as moisture content, temperature and pH 

were recorded within 2 days interval and on the last decomposing day of the food waste samples.  

 

5. Results and Discussions 

5.1 Food Waste Generation 

Table 1 showed food waste generation from selected households in Taman Pura Kencana respectively.  

 

Table 1 - Food waste generation in Taman i Purar Kencana (48 selected households) 

 

Based on Table 1 data food waste generation for households were analysed in column graph based on three months 

collection showed in Figure 2. Food waste generation from households showed inclination data from April to June 2021. 

The least amount of food waste could be seen in April which was 776.27 kg for households as the fasting month for 

Muslims was started on 12th April 2021. Most residents in Taman Pura Kencana are Muslims and usually they would 

only have their early meal in the morning before fasting and break fasting after sunset.  

In the meantime, the amount of food waste in May drastically increased for households, namely 1057.88 kg. This 

might regard the end of the fasting month which ended on 12th  May 2021. Muslims were celebrating Eid and some of 

them were celebrating holidays in their hometown which might reduce the amount of food waste produced inside the 

house. On the other hand, the highest food waste production was in June when 48 households generated about 1336.32 

kg of food waste. Food waste production during this month could be seen as a guideline for the normal month of food 

waste generation in Taman Pura Kencana. The total of food waste generation was about 3170.47 kg with average per 

month 1056.82 kg which showed more than 1 tonne of food had been wasted every month. 

 

5.2 Decomposing Process of Food Waste 

Data for decomposing process of food waste samples through physicochemical parameters would be used to justify 

decomposing days of food waste samples using BSFL as showed in Table 2. 

Table 2 - Decomposing days of food waste samples 

EXP T1=2.0kg T2=2.5kg T3=3.0kg T4=3.5kg T5=4.0kg TC=2.0kg 

1 10 10 12 12 12 90 

2 10 12 10 12 12 - 

3 10 12 12 12 12 - 

4 10 10 12 12 12 - 

5 10 10 10 12 12 - 

 

Table 2 shows ten food waste samples decomposed on the 10th day of experiments namely T1,T2,T3,T4,T5 from 

experiment 1, T1,T4,T5 from experiment 2, and T2,T5 from experiment 3. The other fifteen food waste samples 

decomposed on the 12th day of experiments which were T2,T3 from experiment 2, T1,T3,T4 from experiment 3, 

T1,T2,T3,T4,T5 from experiment 4, and T1,T2,T3,T4,T5 from experiment 5. In the meantime, TC was taking the longest 

time to fully decompose which about 90 days. From this result, it could be conclude that without using BSFL, the 

decomposing days of the food waste would be numerous and needed to wait for several months compared to food waste 

samples decomposed using BSFL.  

 Months  

Households April May June 

48 Households 776.27 kg 1057.88 kg 1336.32 kg 

Total 776.27 + 1057.88 + 1336.32 = 3170.47 kg 

Average per month 3170.47/3 = 1056.82 kg 



Ummu Salamah et al., International Journal of Sustainable Construction Engineering and Technology Vol. 13 No. 4 (2022) p. 165-174 

170 

 

 

Fig. 3 - Moisture content of food waste samples % based on experiments 

Figure 3 shows moisture content of food waste samples in percentage. Moisture content for food waste samples 

which decomposed during day 10 were in a range of 51% to 62% compared to moisture content for food waste samples 

which decomposed during day 12 except for TC. Sample TC took longer time to decompose due to no BSFL along the 

decomposing process even though moisture content of the food waste was 65.2%. Particularly, when the range of 

moisture contents were between 30% to 50%, the food waste samples decomposed more slower than other samples. 

Conversely, even though moisture contents were below 50%, BSFL could still able to grow and decomposed the 

food waste samples in this condition. From the results, it can be concluded that the best condition of food waste samples 

for BSFL to decompose was with more than 50% of moisture content. According to Fadhilah et. al., (2020), excessive 

moisture content more than 85% could decreased the decomposition rate of the food waste samples. Thus, the best range 

of moisture content for food waste samples were between 50% to 85%.  

 

Fig. 4 - Average temperature of food waste samples in days 

Figure 4 illustrates average temperature of food waste samples in days. Line pattern for average temperature of the 

food waste samples were increasing with the lowest temperature of 27℃. On 12th day of the experiment, mostly average 

temperature of the food waste samples were in the range of 33℃ to 34℃. This may be happened due to heat produced by 

BSFL while decomposing food waste samples. However, temperature of TC was also rising due to the activity of natural 

microorganisms which could also decompose the food waste. Thus, from this result, the range of average temperature of 

the food waste using BSFL were 27℃ to 34℃. 
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Fig. 5 - Average pH of food waste samples in days 

Figure 5 illustrates average pH of food waste samples in days. Line graph for average pH of the food waste samples 

indicated two variations of pattern. The first pattern shows decreasing value of pH from day 1 to day 4. The second 

pattern shows increasing value of pH from day 4 to day 10 while on day 12, the pH value was slightly increased. The 

initial range of average pH value for the food waste samples were 3.22 to 4.00 while on the last decomposing days of the 

food waste samples were 7.06 to 7.12. However, pH value for TC on 12th day of the experiment was 6.50 which showed 

this sample was still in acidic condition while others were alkaline. This showed the use of BSFL in food waste was able 

to fasten the decomposing process of food waste compared to TC. 

Notably, according to Fadhilah et. al., (2020), the declination of the pH value occurred due to the decomposing 

process of food waste becoming into organic acids. On the contrary, the inclination of the pH value also happened 

regarding to the formation of ammonia during decomposing process of food waste samples. From these statements, the 

decomposing process of food waste using BSFL in this research were showing accurate results as the previous research. 

Overall, these proved BSFL were having good endurance in pH value where they could live in acidic and alkaline 

condition which concurrently suitable to be used for decomposing food waste. 

 

6. Conclusions 

Inconclusion, the least amount of food waste generated by 48 households could be seen in April which was 776.27 

kg while the highest food waste production was in June which about 1336.32 kg of food waste. This brought a total of 

food waste generation in Taman Pura Kencana was about 3170.47 kg with average per month 1056.82 kg which showed 

more than 1 tonne of food had been wasted every month. At the same time, average decomposing days of food waste 

samples using BSFL were only took about 10 to 12 days compared to control sample which fully decomposed in 90 days. 

Additionally, the range of average temperature of food waste samples using BSFL were 27℃ to 34℃. The initial range 

of average pH value for the food waste samples were 3.22 to 4.00 while on the last decomposing days of the food waste 

samples were 7.06 to 7.12. Moisture content for food waste samples which decomposed during day 10 were in a range 

of 51% to 62% compared to moisture content for food waste samples which decomposed during day 12 except for TC. 

This showed BSFL could survived in various condition of food waste which is effective to dispose food waste without 

using landfills and incinerators. Hence, this study could be apply in reducing food waste at the source and decrease 

negative impacts to the environment, economic and society.  

 

7. Research Contribution in UNSDG 

United Nations of Sustainable Development Goals was focussing on zero hunger by achieving food security among 

people and performing sustainable methods to solve problems. Production of food waste based on three months data 

collection from selected households in Taman Pura Kencana was more than one tonne per month which might decline 

the level of food security in this area. Other than that, application of landfills and incinerators as the dispose methods of 

food waste in Taman Pura Kencana were not sustainable to the environment, economic and society. Throughout this 

research, level of awareness among users could be increased to decrease food waste and finding sustainable applications 

to discard food waste. 
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