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Abstract: Food waste generated from cafeterias in Universiti Kebangsaan Malaysia (UKM) was
evaluated using composter bin system. The aim of the study was to determine if all of the cafeteria
food waste in UKM could be composted using this system. The mixes of food waste and saw dust
was evaluated in composition ratio of 0.5 kg of sawdust to 10 kg of food waste. Three composter bins
were used, namely Bin 1, Bin 2 and Bin 3. Bin 1 consisted of uncooked waste, Bin 2 of uncooked
waste and effective microorganism and Bin 3 of cooked waste and effective microorganism.
Temperature, moisture content, pH value, Carbon to Nitrogen (C:N) ratio, Phosphorus (P) and
Potassium (K) were monitored during the composting process. The moisture content dropped from the
initial range of 87.38% to 51.15% with a final temperature varies between 32.3°C and 34.5°C. After
12 weeks, the C:N ratio dropped from 14 to 12 for Bin 1, 14 to 9 for Bin 2 and 8 to 6 for Bin 3
with the pH values ranging from 7-8. The concentrations of nutrients were within the standard limit.
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INTRODUCTION

Food waste accounts for 43.16 % (Tiew et al. 2009) of the total solid waste generated in Universiti
Kebangsaan Malaysia (UKM). Therefore, an effective system is required for the treatment of the food waste
from all cafeterias in the campus. Food waste is suitable for biological treatment such as composting method,
as this will help to reduce the volume of waste and also stabilize it (Huang et al. 2000).

Composting is considered as a biological transformation process in which municipal solid waste (MSW)
is converted into a product, compost, which can be beneficially used as fertiliser or as a soil conditioner
(Tchobanoglous et al. 1993). For composting to be accepted as a viable alternative to landfilling and to other
methods of MSW treatment such as incineration, effective separation of the organic fraction needs to be
achieved. It is possible to practice the separation of the degradable material at the source of generation, i.e.,
the individual cafeteria in UKM campus. Moreover, early separation of the waste flows and their decentralised
recycling could contribute to reduce the waste quantities to be transported by the contractor and to free
capacities which can be used elsewhere (Zurbrugg et al. 2004).

Food waste is defined as all food produced or purchased that is discarded by humans (Gallo 1980). Food
waste occurs during the food system stages of production, processing, distribution, acquisition, preparation, and
consumption (Sobal 1999, 2004). A 2006 study carried out by Japan International Corporation Agency shows
that 45% of Malaysian MSW consists of food waste. Food waste consists of uneaten portion of meals, leftover
and trimmings from food preparation from restaurants, kitchens and cafeterias (Chua et al. 2008). For this case
study, composting using the composter bin method was used to compost the food waste. The effective
microorganism (EM) was added to treat the food waste. EM consists of mixed cultures of beneficial and
naturally occurring microorganisms that can be applied as inoculants to increase the microbial diversity of soils
and plants (Higa and Parr 1994). EM can enhance decomposition of organic matter (Sekeran et al. 2007).

The main factors in the control of composting include: (i) environmental parameters (temperature, moisture
content, pH, aeration) and (ii) substrate nature parameters (C/N ratio, particle size and nutrient content). Among
environmental parameters, temperature is a key factor in composting, which has frequently been used to judge
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the efficiency and degree of stabilisation of the treatment process (Jeris and Regan, 1973; Diaz et al. 2003).
 Moisture is an important factor to be controlled during composting as it influences the structural and thermal
properties of the material, as well as the rate of biodegradation and metabolic process of the microbes (Young
et al 2005). 

Carbon, nitrogen, phosphorus and potassium are the primary nutrients required by microorganisms involved
in composting, as well as the primary nutrients for plants, influencing the value of compost (Dick and McCoy
1993; Wilkinson et al 2005). Almost all organic materials used for composting contain all of these nutrients
at various levels which microorganisms use for energy and growth. An insufficient or excessive supply of
nutrients may result in low quality compost (Sandra and Tirado 2008). 

For this study, three composter bins were used, whereby Bin 1 and Bin 2 were dedicated for uncooked
waste (consisting of fruits and vegetables waste), while Bin 3 was dedicated for cooked waste (leftover meal).
The effective microorganism was added in Bin 2 and Bin 3. The rationale of using three bins is to evaluate
the performance of composter bins in composting the uncooked waste and cooked waste in UKM, and to
evaluate the effectiveness of adding the effective microorganism towards uncooked and cooked waste.

MATERIALS AND METHODS

Composter bin:
A composter bin with 325 liter capacity was used. The dimension of the bin is 735 x 735 x 820 mm and

it is made up of an ultra violet stabilized polypropylene material. The bin cover is half-side lid with two
adjacent opening at sides of bin to take out compost. The bottom of the bin was designed to be uncovered to
drain off excess water to the ground. Figure 1 shows the composter bin.

Fig. 1: Composter bin

Feedstock:
Food waste was collected from four residential college cafeteria at UKM campus, namely Dato’ Onn

College Cafeteria, Rahim Kajai College Cafeteria, Keris Mas College Cafeteria and Ibu Zain College Cafeteria,
and brought to the compost site located at Dato’ Onn College.  Daily collections of food waste from four cafes
were variable. The quantity of food waste collected from four college cafeterias are shown in Table 1. The
food waste was first separated from inorganic waste, grinded using a food processor and then weighed and
loaded into the three composter bins. All the three bins were filled up with food wastes up to half of the bin
which took about 4 weeks, and further monitoring up to 12 weeks. During the study, only food waste
(consisting of fruit, vegetables and leftover food), sawdust, and soil were being used. The EM was used to
enhance the process. A solution for EM was prepared by mixing 1.5 liters water to 3 ml EM. The compost
was prepared with four different proportions of feedstock as detailed in Table 2.
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Table 1: Quantity of food waste collected in various cafeterias
College cafeterias Quantity (kg)
Dato' Onn 232.2
Keris Mas 128.8
Ibu Zain 60.7*
Rahim Kajai 8.3*
Total 430.0
*The quantity of food waste from these two cafeterias was low due to poor cooperation from operators.

Table 2: Initial composition of compost feedstock
Feedstock material Bin 1 Bin 2 Bin 3
Total weight of mixture (kg) 248.03 201.2 152.27
Food waste (uncooked) (kg) 188.13 144.0 -
Food waste (cooked) (kg) - - 97.4
Soil (kg) 40 40 40
Saw dust (kg) 9.4 7.2 4.9
Dried leaves (kg) 10 10 10

Process and Operation:
Prior to the composting process, the food waste was first separated from inorganic waste such as

aluminium cans, plastics and polystyrene. Then the food waste was chopped and grounded to reduce the
particle size ranging from 1.3 cm and 7.6 cm in order to provide better aeration and moisture control (Eng
2005). Initial input in the composter bins were dried leaves and then followed by a layer of soil. The average
weight of food waste loaded in each bin was 5-12 kg at a time. For every loading of food waste, sawdust and
soil were put in layers. Then the EM was sprayed over this layer. The ratio of the sawdust to food waste used
was 0.5 kg of sawdust to 10 kg of food waste. The piles were turned manually using a digging fork on a daily
basis and samples were taken weekly for laboratory analysis. The lid was opened for 10 minutes after the
loading to provide aeration in the bins.

Sampling and Analysis:
Each sample consisted of five subsamples, taken after turning the piles. All grab samples were mixed

together to achieve a representative sample (Kalamdhad et al. 2008). Measurement of the total N and the total
C in compost were carried out on the dried sample by catalytic tube combustion using Thermo Finnigan EA112
Elemental Analyser. The C:N (carbon to nitrogen ratio) was calculated as the quotient of total C over total N
(Iqbal et al. 2010). Fresh samples were determined by stirring the samples with distilled water at a
solid-to-water ratio of 1:10 (w/v) (Rasapoor et al. 2009) for pH values and measured by using the pH electrode
meter. Moisture contents were determined gravimetrically by heating to constant weight at 105 °C in an oven
for 24 h (Bueno et al. 2008). Temperature was measured five times per week with a mercury
thermometer 50 cm long. In order to determine the P and K, samples were digested with nitric acid and then
analyzed using inductively coupled plasma mass spectrometry (ICPMS) (Stoffella and Kahn 2001). The mass
of the final compost was weighed to get the reduction in weight.

RESULTS AND DISCUSSIONS

Waste characteristics such as moisture content, pH value, temperature, C: N ratio, Phosphorus and
Potassium were evaluated. The composting process can reduce the weight of food waste depending on the
initial feedstock. Some research has shown that the percentage of weight reduction in compost ranges between
80% to 90% (Iyengar and Bhave 2006). Table 3 shows the final characteristics of compost feedstock.

Table 3: Characteristics of final compost
Parameter Bin 1 Bin 2 Bin 3
Weight reduction, % 74.05 81.26 68.66
Moisture content, % 51.15 52.16 52.51
pH 7.99 7.67 8.53
Temperature, oC 30 29 30
Total Carbon, mg/g 6.17 4.31 3.18
Total Nitrogen, mg/g 0.53 0.48 0.52
C:N 12:1 9:1 6:1
Phosphorus, ppm 0.156 0.159 0.194
Potassium, ppm 0.403 0.425 0.478
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Moisture Content:
The maximum permissible moisture content is a function of the structural strength of the particle that

makes up the materials to be composted (Diaz et al. 2007). Regan et al. (1973) and Murwira et al. (1990)
reported that the optimum moisture content for compost is between 50%-70%. Figure 2 shows the moisture
content during the composting process, whereby the initial moisture content of the feedstock is 87.38% for
uncooked waste and 74.53% for cooked waste as suggested by Thakur (2006).

Generally the moisture content for three bins decreased towards the end of the process. Initial moisture
in Bin 1 and Bin 2 were slightly decreased in week 3 and 1 respectively. The initial moisture reduction for
Bin 1 and Bin 2 were in a range of 34.79% - 20.58%. The reduction was due to proper mixing of food waste
and sawdust. However, the moisture in Bin 1 and Bin 2 rose abruptly after week 3 and week 1 due to slow
absorption of excess water from the compost mass and rain to the ground. From the physical observation, the
ground was rigid. Modification has been made to ensure the stagnant water absorbed to the ground. The
moisture in Bin 3 decreased 22.02% during the composting process. The moisture content for all three bins
were in a range of 51.15% - 52.51%.

Fig. 2: Moisture content of compost during composting period.

Temperature:
Changes in temperature are commonly used as a measure of microbiological activity underlying the

composting process. Thus, the temperature profile of the composting process can be used to determine the
stability of organic material (Fogarty and Tuovine 1991). Temperature observations were taken at five different
locations in the composter bins; i.e. at their four corners and one at the centre by using a mercury
thermometer. At the beginning of this study, after the formation of the piles, a rapid increase in temperature
was observed in all piles, indicating a marked increase in microbial activity (Rasapoor et al. 2009). Variations
of the compost temperature, plotted in Figure 3, shows that under the experimental conditions, the compost
temperature increases rapidly to reach its maximum temperature on week 3 for Bin 1 (38.6°C) and Bin 3
(52.8°C), whereas in Bin 2, the maximum temperature of the mixture attained 37.0°C on week 2. Bin 2
reached its maximum temperature earlier due to less waste content inside the bin, allowing faster microbial
activity on the pile. With decreased microbial activity, the temperature may then stabilised. During this period,
the temperatures in all 3 bins were found to vary from 32.3°C to 34.5°C, indicating normal composting
conditions. 

Fig. 3: Temperature pattern during composting process.
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2.2 pH Value:
The pH of the composting material initially increased and then suddenly dropped during the initial weeks

of composting due to the formation of organic acids, i.e., amino acids and other volatile fatty acids (Hagerty
et al. 1973). It then increased and became alkaline and finally dropped back to near neutral as a result of
humus formation (Poincelot 1974). During the maturation phase, the pH settled down to 7.99 for Bin 1, 7.67
for Bin 2 and 8.53 for Bin 3 (See Figure 4).

Fig. 4: pH value during composting process

Nutrient Contents:
C:n Ratio:

Nutrient balance is very much dependent on the type of feed material being processed. Carbon provides
the preliminary energy source and nitrogen quantity determines the microbial population growth. Hence,
maintaining the correct C:N ratio is important to obtain good quality compost (Young et al 2005). The
optimum C:N ratio to begin composting of food waste is 15:1 (Thakur 2006). From the study, the initial C:N
ratio is 14:1 for uncooked waste and 6:1 for cooked waste. The decomposition of organic matter was due to
the usage of carbon by microorganisms as the energy resource and nitrogen for building the cell structure
(Miller et al. 1995; Kalamdhad et al. 2009). The C:N ratio is an important index to evaluate the degree of
compost maturity. It is normally expected that compost should have a C:N value of less than 12 (Jimenez and
Garcia 1992). The C:N value usually has a decreasing tendency as the composting process progresses (Lin
2008). Based on Table 3, the C:N ratio for the final compost decreased for Bin 1, Bin 2 and Bin 3 which were
12:1, 9:1 and 6:1 respectively.

Phosphorus and Potassium:
Levels of Phosphorus along with Nitrogen and Potassium are important to determine the quality of compost

since Phosphorus is also one of the essential nutrients for plant growth (Young et al 2005). Phosphorus is not
lost by volatilization or lixiviation during the composting process, rather its concentration might increase as
composting process proceeds (Warman and Termeer 1996). It was found that Phosphorus content during the
last study was 0.156 ppm for Bin 1, 0.159 ppm for Bin 2 and 0.194 ppm for Bin 3. Potassium content in Bin
1 was 0.403 ppm, Bin 2 was 0.425 ppm and Bin 3 was 0.478 ppm. According to Polprasert (1989), Potassium
is the element that is present in leachate. The value of Potassium recommended by Yusof (2007) is 1%. The
result shows that the value of potassium is less than the recommended value. This is due to leachate production
from the food waste being absorbed by the saw dust, whereby this bulking agent has potential to hold the
structure of the food waste and keep the Potassium from leaching.

Conclusion:
Close monitoring and analysis of the aerobic composting process of food wastes were carried out. The

final compost had a dark colour, earthlike odour and a particle size of less than 15 mm. Qualitative and
quantitative data for nearly all parameters monitored were within their normal range. In practice, using the
composter bins to treat food wastes in UKM’s cafeterias is not the best solution because this system needs
intensive proper care and takes a longer period to achieve its maturity, i.e. more than 12 weeks. If this has
to be applied, then there will be a lot of waiting time to mature the food waste in bins outside UKM
cafeterias, and thus requiring larger areas. 
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The effective microorganism applied in Bin 2 and Bin 3 did not turn out a good result. From the
comparison made with Bin 1, which no effective microorganism added, the parameters and time taken to
compost food waste were nearly the same. The effective microorganism need to be improved to suit the UKM
food waste characteristic, so that the food wastes mature faster. The temperature in the bins reached a
maximum of 42.3°C on average. It shows that the waste was composted in the mesophilic range.

However, this research on composting of food waste using composter bin is a good start for UKM to
discover better control of composting system which suits the campus environment and surroundings. All data
gathered from this research are useful as base line information for future research on composting systems in
the UKM campus

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the financial support by a research grant (UKMOUP-PLW-14-58/2011)
under the Initiative of Zero Waste Campus Universiti Kebangsaan Malaysia. The authors thank Alam Flora
for being a co-researcher in the Initiative of Zero Waste Group.

REFERENCES

Bueno, P., R. Tapias, F. Lopez and M.J. Diaz, 2008. Optimizing Composting Parameters for Nitrogen
Conservation In Composting. Bioresource Technology, 99(11): 5069-5077. 

Chua, K.H., W.L.S. Nie and C.H. Yip, 2008. A Case Study on the Anaerobic Treatment of Food Waste
and Gas Formation. International Conference of Consruction & Building Technology. Universiti Tenaga
Nasional, Malaysia.

Diaz, M.J., M.E. Eugenio, L. Jimenez, E. Madejo and F. Cabrera, 2003. Modelling vinasse/cotton waste
ratio incubation for optimum composting. Chem. Eng. J., 93(3): 233-240.

Diaz, L.F., M.D. Bertoldi and W. Bidlingmaier, 2007. Compost Science and Technology. Elsevier Ltd.
Dick, W.A. and E.L. McCoy, 1993. Enhancing soil fertility by addition of compost. Science and

Engineering of composting: Design, environmental, microbiological and utilization aspects. Renaissance
Publishing, pp: 622-644.

Dougherty, M., 1998. Composting For Municipalities: Planning And Design Considerations. Natural
Resource, Agriculture, and Engineering Service, Corporate Extension.

Eng, L.P., 2005. Evaluation of Options For Solid Waste Management In Penang. School of Chemical
Sciences Universiti Sains Malaysia. 

Fogarty, A.M. and O.H. Tuovinen, 1991. Microbiological Degradation of Pesticides in Yard Waste
Composting. Department of Microbiology, The Ohio State University. Microbiological Reviews, pp: 225-233.

Gallo, Anthony E., 1980. Consumer Food Waste in the United States. National Food Review, 3: 13-16.
Hagerty, D.J., J.L. Pavoni and J.E. Heer, 1973. Solid Waste Management. Van Nostrand Reinhold

Company.
Higa, T. and Parr, J.F., 1994. Beneficial and effective microorganism for a s sustainable agriculture and
environment. International Nature Farming Research Center, Atami Japan.

Huang, J.S., C.H. Wang and C.G. Jih, 2000. Empirical Model and Kinetic Behavior of Thermophilic
Composting of Vegetable Waste. J. Environmental Engineering, ASCE, (126): 1019- 1025. 

Iqbal, M.K., T. Shafiq, A. Hussain and K. Ahmed, 2010. Effect Of Enrichment On Chemical Properties
of MSW Compost, Bioresource Technology, 101(15): 5969-5977.

Iyengar, S.R. and P.P. Bhave, 2006. In-Vessel Composting of Household Wastes. Waste Management,
26(10): 1070-1080.

Jeris, J.S. and R.W. Regan, 1973. Controlling environmental parameters for optimum composting: Part I.
Experimental procedures and temperature. Compost Sci., 14: 10-15.

Jimenez, E.I. and V.P. Garcia, 1992. Determination of Maturity Indices For City Refuse Composts. Agri
Eco Envi., (38): 331-343.

Kalamdhad, A.S., M. Pasha and A.A. Kazmi, 2008. Stability Evaluation of Compost by Respiration
Techniques In A Rotary Drum Composter. Resources, Conservation and Recycling, 52: 829-834.

Kalamdhad, A.S., A.A. Kazmi, Y.K. Singh, M. Ali and M. Khwairakpam, 2009. Rotary drum composting
of vegetable waste and tree leaves. Bioresource Technology, 100: 6442-6450.

Lin, C., 2008. A Negative-Pressure Aeration System for Composting Food Wastes. Bioresource
Technology, 99: 7651-7656.



Aust. J. Basic & Appl. Sci., 5(7): 1107-1113, 2011

1113

Miller, J.H., N. Jones and W. Bank, 1995. Organic and Compost-Based Growing Media for Tree Seedling
Nurseries. World Bank Publications.

Murwira, H.K., H. Kirchmann and M.J. Swift, 1990. The Effect of Moisture on The Decomposition Rate
Of Cattle Manure. Plant Soil., 122: 197-199.

Poincelot, R.P., 1974. A scientific examination of the principles and practice of composting. Compost Sci.,
15(3): 24-31.

Polprasert, C., 1989. Organic Waste Recycling. John Wiley and Sons Ltd. 
Rasapoor, M., T. Nasrabadi, M. Kamali and H. Hoveidi, 2009. The Effects Of Aeration Rate On Generated

Compost Quality, Using Aerated Static Pile Method. Waste Management, 29: 570-573.
Regan, R., J.S. Jeris, R. Basser, K. Mccann and J. Hudek, 1973. Cellulose Degradation In Composting.

Usepa Washington DC.
Sandra, M. and B.S. Tirado, 2008. Effects of turning frequency, pile size and season on physical, chemical

and biological properties during composting of dairy manure/sawdust (dm+s). The Ohio State University.  
Sekeran, V., C. Balaji and B. Pushpa, 2007. Evaluation of Effective Microorganisms (EM) in Solid Waste

Management. In: Global Environment: problems and policies. Gupta, K.R.Ed. Atlantic Publishers &
Distributors, pp: 107-111.

Sobal, J., 1999. Food waste globalization, eating transformations, and nutrition transitions. Westview Press.
Sobal, J., 2004. Food and nutrition system. New York: Oxford University Press.
Stoffella, P.J. and B.A. Kahn, 2001. Compost Utilization in Horticultural Cropping Systems. Lewis

Publisher, CRC Press Llc. 
Tchobanoglous, G., H. Theisen and S. Vigil, 1993. Integrated Solid Waste Management: Engineering

Principles and Management Issues. McGraw- Hill Inc.
Thakur., 2006. Industrial Biotechnology: Problems and Remedies. I. K. International Pvt Ltd.
Tiew, K.G., I.K. Ahmad, N.E.A. Basri and H. Basri, 2009. Solid Waste Characterization in UKM. In the

Proceedings of the 2009 Civil & Structural Engineering Seminar, Faculty of Engineering and Built
Environment, Universiti Kebangsaan Malaysia.

Warman, P.R. and W.C. Termeer, 1996. Composting and evaluation of racetrack manure, grass clippings
and sewage sludge. Bioresource Technology, 55: 95-101.

Wilkinson, T.F., H.A.J. Hoitink, H.M. Keener, 2005. Evaluation of Approaches for composting cardboard
bedding/horse Manure - Phase II: Plant Gowth in Compost mixes. The Society for engineering in agricultural,
food and biological systems. Lewes, Delaware, USA, NABEC Northeast Agricultural & Biological Engineering
Conference.

Young, C.C., P.D. Rekha and A.B. Arun, 2005. What Happens During Composting?. Food & Fertilizer
Technology Center, Taiwan.

Yusof, S.M., 2007. Perbandingan di antara penggunaan tanah dan serbuk kayu ke atas pengkomposan sisa
dapur secara aerobik, B.Sc. thesis Faculty of Engineering and Built Environment, Universiti Kebangsaan
Malaysia.

Zurbrgg, C., S. Drescher, A. Patel and H.C. Sharatchandra, 2004. Decentralised composting of urban waste
- an overview of community and private initiatives in Indian cities. Waste Management, 24: 655-662.


