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ABSTRACT

	Aims: To evaluate the effect of abattoir waste as an amendment on the physiochemical properties (Temperature, PH, EC, MC, VS, and TOC) of household organic waste in windrows composting. 
Study design:  Field and laboratory experiment were employed during the experiment.
Place and duration of study: project laboratory and waste-to-resource project site, department of environmental science, University of Buea, Cameroon from January to April 2025.
Methodology: The study used abattoir waste as an amendment in four different ratios; 70:30%, 80:20%, 90:10% and 100:00% in composting household waste. A total of eight treatments in 8 chambers were set up at the waste-to-energy resource project site. The various treatments were monitored twice a week for pH, Temperature, EC, MC, TOC and VS, data collected and the composting process was completed in 100 days.
Results: The highest temperature recorded was 51.70c and was experienced from 70:30% treatment and the lowest temperature recorded was 39.10c from household waste 100:00% treatment. The treatments were highly acidic at the beginning with treatment 80:20% being the highest 4.42 and treatment 100:00% being the lowest 3.28. The highest electrical conductivity (EC) was observed in the 70:30% treatment at 2.8 μs/cm, and treatment 100:00% being 0.3 μs/cm, while MC content was highest 83.75 from treatment 100:00% and lowest 82.07 from treatment 70:30%. For vs and TOC, there were no significant differences between the various treatments with a p-value > 0.05 (0.701). The MC, VS and TOC in all the treatments started high and kept decreasing till the end of the experiment.
Conclusion: the addition of abattoir waste in a higher proportion of 70:30% enhances the physiochemical properties of the composting material as compared to treatments 80:20%, 90:10% and 100:00%.
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1. INTRODUCTION

Globally, urbanization as well as steady rise in human population has resulted in the generation of large quantities of organic and inorganic abattoir wastes [1], as global meat consumption has seen a 40% increase in the last decade [2]. Due to the extensive upsurge in demand for meat, the number of abattoirs is also amassed thereby increasing the production of eco-friendly organic waste. Several management techniques for abattoir waste exist but effective application of abattoir waste management is still absent in developing countries. Several challenges arise from managing abattoir waste streams [3, 4, 5, 6], as large proportions of the waste generated are not disposed of properly posing potential environmental threat. Animals and humans can be infected by the presence of pathogens in the untreated abattoir waste [7].
Huge amounts of organic waste are produced in order to meet the ever-increasing global demand for food and other livestock products like beef, pork, milk and eggs [8]. Waste management concerns have increased in the past decades resulting from large quantities of waste produced from the urban and rural areas, especially from households. Municipal bodies or waste management companies in various cities collect these waste, transport and dispose of it in open dumpsites or landfills. Landfill is problematic as improper management which is the case in most developing countries like Cameroon produces greenhouse gases and leachate that pollutes the air, soil, ground water and affects biodiversity [9]. Ammonia and other greenhouse gases emitted from these waste are very toxic and problematic to the environment [10]. Therefore, it is necessary to find a suitable alternative to reduce the environmental problems associated with the management of waste. Research works conducted on wastes in developing countries suggested that wastes can be recycled or processed for conversion into useful products such as nutrient input for agricultural production [11]. Recycling a variety of organic wastes (including abattoir waste, and household organic waste) to form compost is an environment-friendly alternative strategy and technology for waste management [12]. 
Composting is one of the best-known processes for the biological stabilization of solid organic wastes by transforming them into safer and more stabilized agricultural applications [13]. Composting helps to reduce air pollution and greenhouse gas (GHG) emissions, and generates useful products while serving as a waste treatment technology. Among the different types of composting, windrow composting is known for its low capital cost, relatively simple operation and eco-friendliness [14]. Much importance was given to the composting of household waste because of its eco-compatibility, availability and easy operational procedure. The composition of the composting materials determines the metabolic processes of various microorganisms during the composting process. The principles of composting for different kinds of waste are mostly the same even though the individual properties of particular waste materials may have their special characters during the composting [15, 16, 17, 18]. To produce quality compost, it is important to monitor and control the parameters that affect the decomposition process. This process is governed by physiochemical parameters such as; pile temperature, moisture content, volatile solid, total solid, pH, carbon-to-nitrogen ratio, total organic carbon (TOC) and electrical conductivity [13], which greatly influence the composting process. Abattoir waste, when incorporated into household organic waste composting, can enhance the nutrient profile of the compost, potentially improving its value as a soil amendment. This study was therefore carried out to evaluate the effect of abattoir waste as an amendment on the physiochemical properties of household organic waste in windrows composting.
2. material and methods 
2.1. RESEARCH SITE
This research was carried out at the waste-to-energy resource project site and project laboratory of the department of environmental science of the University of Buea, Cameroon between January and April 2024. The facility is made up of 18 composting chambers; each with a dimension of 0.7 × 0.9 × 1 m. Each chamber has 3 closed walls with an open front and top (figure 1). The closed walls are made of cement blocks at a height of 1 m from the ground. The floor of each chamber is fully concreted with a gentle slope that channels leachate outwards. The entire composting facility is roofed at a height of 3 m from the ground [19].  The projected site is located at 4º10'n, 9º14'e and 400 meters above sea level.
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Figure 1: Composting facility at the University of Buea

2.2 SUBSTRATE COLLECTION
The main materials used for the composting were abattoir waste (cow dung and stomach waste) and organic household waste (fruit wastes, vegetable wastes, leftover food). The abattoir waste was sourced locally from Buea Town and Mutengene abattoirs; Household organic waste was collected from households in Buea and from Muea Market. All the waste (the different substrates) used for the experiment were collected in empty rice bags and transported by a tricycle to the experimental site at UB a day before the establishment of the experiment and stored inside the waste-to-energy resource project site to prevent degradation before the experiment. Buea is located at the foot of Mount Cameroon and has a humid subtropical highland climate with neighborhoods at higher elevations enjoying cooler temperatures while lower neighborhoods experience hotter climate. Extended periods of rainfall, characterized by incessant drizzle, which can last for weeks, are common during the rainy season as are damp fogs, rolling off the mountain into the town below. The Average sunrise is at 06:16 and sunset at 18:10. In effect, it has an equatorial climate with 2 major seasons. Rainy season which runs from March to October and Dry season, from November to March). Temperature ranges between 20 °C to 28 °C while, annual rainfall ranges between 3000mm to 5000mm.

2.3 EXPERIMENTAL SET-UP 
2.3.1 SUBSTRATE PREPARATION
Household Organic Waste was shredded to particles of 2-5 cm in size with sharpened cutlasses before using in the experiment. This helped to increase the surface area for reaction hence facilitating decomposition process. At the composting site, the weights of the different waste types were obtained using a scale balance (Type: Analog Hanging Scale, Shangzing Quan Heng, China). 250kg of shredded household organic substrate plus abattoir waste as amendment was measured and placed in the chambers in ratios of 70:30, 80:20, 90:10 and 100:00 respectively. A shovel was used to mix the materials in four treatments with two replications in a randomized complete block design as shown in Table 1. One liter of water was sprinkled on the waste content in each chamber and mixed thoroughly at the beginning of the experiment. This was to maintain the right moisture content in order for microorganisms to live and work to decompose organic waste. The composting was carried out in eight composting rooms of equal dimensions under aerobic conditions. The treatments were turned ones a week to enhance aeration and ensure optimal decomposition, and physiochemical parameters (temperature, volatile solid, electrical conductivity, total organic carbon, pH and moisture content) were taken twice a week for analysis till the end of the experiment which ran for a period of 100 days. Fig. 2 shows the composting process from shredding to placement in the composting facility to the mature compost. 
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 Figure 2: The composting process from shredding to placement in the composting facility to the mature compost.
Table 1: Composting Chambers with different Ratios of Household Organic Waste and Abattoir Waste Amendments
	Household Organic Waste: Abattoir Waste
	

	Chamber 1. 80:20

	Chamber 2. 100:00

	Chamber 3. 70:30

	Chamber 4. 90:10

	REPLICATES

	Household Organic Waste: Abattoir Waste

	Chamber 5. 100:00

	Chamber 6. 80:20

	Chamber 7. 90:10

	Chamber 8. 70:30



2.3.2 MEASUREMENT OF PHYSIOCHEMICAL PARAMETERS
Temperature and pH were measured in-situ twice a week (between 10:00am and 12:00 noon) with the use of a compost thermometer (TFA Dostmann, Wertheim, Germany) and an AL10pH portable pH meter (Aqualytic, Dortmund, Germany). They were placed in the compost pile for 5 minutes at 3 different points and depth ranging from 30-40 cm. Three different readings were collected for each of the chambers; the average of these three readings was considered to be the temperature and pH of the pile. The pH probe was cleaned with 70% ethanol between each sample measurement to preclude the build-up of films from sample organic acids, which could reduce accuracy. Samples were collected into duplicate vials for the analyses of EC, moisture content (MC) and VS using method 1648 of the U.S. Environmental Protection Agency [20, 21, 22]. Total organic carbon (TOC) was calculated according to [23].

2.4 STATISTICAL ANALYSIS 
Statistical analyses of the data were carried out using MINITAB version 21. Analysis of Variance (ANOVA) test was used to assess differences in the various physiochemical parameters in the windrow compost piles at a p-value of 0.05. Where significant differences were observed, a post-hoc analysis was carried out using the Tukey HSD test to assess the various physiochemical parameters of the different treatments in the windrow composting.

3. results and discussion

3.1 Temperature Variation
The temperature trends in the various household organic waste treatments with different ratios of abattoir amendments are shown in fig. 3. All the treatments began with ambient temperatures and experienced a sharp increase within the first seven days of composting. During the first seven days, the highest recorded temperature was 42.20C in the 70:30% treatment and the lowest temperature 36.90C was experienced in the 80:20% treatment. A gradual increase in temperature was noticed in all the treatments from the 8th day to the 14th day after which there was a sharp increase in treatment 70:30% with a temperature of 51.70C from the 14th day to the 18th day. All the treatments experienced a gradual decrease in temperature from the 19th day till the end of the experiment. The sharp increase in temperatures within the first seven days of composting can be ascribed to the direct relationship that exists between microbial activities and temperature during composting as supported by [24]. Treatment with the highest percentage of abattoir waste 70:30% had the highest temperature (51.70C) because of the high organic load from the abattoir waste resulting to high microbial activities that lead to a rapid increase in temperatures, as compared to the other treatments. The sharp increase in temperature 51.70C from the 14th day to the 18th day in treatment 70:30% shows that the addition of abattoir waste in greater proportion plays a significant role in providing optimal C/N ratio to microorganisms, and this encourages active microbial biomass, organic matter degradation and rise in temperature as compared to the other treatments. The lowest temperature 41.80C from 100:00% treatment indicates a decrease in microbial activities due to the absence of abattoir waste in the treatment. The decrease in temperature till the end of the experiment is an indication that the microbes in the compost treatments have completed the decomposition process in the experiment. The temperature evolution during the experiment followed a similar pattern as those of other reports like; [25, 26, 27, 8]. The Anova results showed that there were no statistical significant differences between the various treatments with a p-value = 0.05 (0.707).
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Figure 3: Temperature trend during the experiment.

3.2 PH VARIATION
Fig. 4 shows the pH values of the various treatments which were found to be highly acidic at the beginning of the composting process with treatment 100:00% having the lowest value 3.28 and treatment 80:20% having the highest value 4.42. There was a sharp increase in the pH values in all the treatments from the beginning till the tenth day and a sharp decrease from the eleventh day till the fourteenth day, after which there was a sharp increase till the twenty-first day. The pH value was almost constant till the end of the experiment from the twenty-first day. At the beginning of the experiment, the treatment had varying degrees of acidity ranging 3.28 to 4.42. Low pH at the start of composting indicates the development of organic acids, which subsequently became more basic in all the treatments and reached 7.09 in treatment 80:20% by the tenth day. The gradual increases in pH throughout the composting process restrict fungal development that thrives in an acidic environment. Treatment with 100:00% household organic waste had a more acidic pH 3.28 as compared to treatment 70:30% which pH 4.0 was closer to basic condition. This is as a result of the organic content found in the 70:30% treatment. A sharp increase in pH (5.05 to 7.09) within the fourth day and seventh day was recorded by treatment 80:20% during the experiment. This indicates that sufficient air was being supplied to the system, maintaining it at aerobic conditions as supported by [28, 29, 27]. After a decrease in all the treatments between day ten and day fourteen, there was a rapid increase in all the treatments from the fifteenth day to the eighteenth day with the highest basic value being 8.23 in treatment 70:30% and the lowest value being 5.03 in treatment 100:00%. From week three, all the treatments had basic values till the end of the experiment in line with the findings of [30]. Rise and fall in pH values exhibited by the treatments could be linked to the biodegradation of the organic acids, mineralization of organic compounds and the consequent release of volatile NH3 [31, 18]. The ANOVA results indicated no statistically significant differences between the various treatments with a P-value = 0.05 (0.765).
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Figure 4: pH trend during the experiment

5.3 ELECTRICAL CONDUCTIVITY (EC) VARIATION

Electrical conductivity (EC) is a measure of the soluble salts present in compost, which can affect plant health and growth. The optimal EC range for compost generally falls between 2.0 and 4.0 μS/cm. All the treatments had low electrical conductivity (EC) values which reduced gradually during the first week of the experiment, increased steadily during the second week and started dropping from the third week till the end of the experiment. The highest EC value was 2.8 μS/cm in the 70:30% treatment, with the lowest value being 0.3 μS/cm in treatment 100:00%.Fig. 5 shows that there was a steady rise in EC value (2.3 μS/cm-2.8 μS/cm) in the 70:30% treatment from the third week to the fourth week of the experiment. This treatment has a high proportion of abattoir waste amendment with high organic matter content whose degradation forms inorganic compounds and the relative concentration of ions increases owing to waste mass loss leading to a high EC value. The EC values during this experiment falls within the acceptable EC range. The 80:20% treatment had the second highest EC value 2.38 μS/cm because of the proportion of the abattoir waste in the treatment.  Treatment 100:00% had the lowest EC value 0.3 μS/cm because of the absence of abattoir content in the treatment. The decrease in EC values in all the treatments during the first week is likely due to the leaching of salts from the substrates due to the addition of water, as well as changes in the absorption capacity of the compost piles in the treatments. Similar results were reported by [16, 25]. [5], explained that the volatilization of ammonia and the precipitation of mineral salts may cause a decrease in EC at the later stage of composting. The ANOVA results showed that there were statistically significant differences between the various treatments with a P-value = 0.05 (0.000).
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Figure 5: Electrical Conductivity trend during the experiment

5.4 MOISTURE CONTENT (MC) VARIATION
At the beginning of the experiment, all the treatments had high moisture content (MC) which kept decreasing till the end of the experiment, with the highest being 83.75 from the 100:00% treatment and the lowest being 82.07 from treatment 70:30% as shown in Fig.6. The final moisture content was lower for all the treatments with the highest being 44.26 from treatment 100:00% and the lowest being 32.68 from treatment 70:30%. The presence of high moisture content from treatment 100:00% is because this treatment is made up only of household organic waste with a majority of it being vegetable waste. This finding is supported by [32] stating that, vegetable waste is one kind of organic waste holding very high moisture. The high proportion of abattoir waste in the 70:30% treatment produces high microbial activities which uses more water producing heat thus reducing the moisture content as compared to the other treatments. The ANOVA results showed that there were no statistically significant differences between the various treatments with a P-value = 0.05 (0.181).
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Figure 6: Moisture Content trend during the experiment

3.5 VOLATILE SOLID (VS) AND TOTAL ORGANIC CARBON (TOC) VARIATIONS
Fig. 7a and 7b shows that both VS and TOC in all the treatments had very high values at the beginning of the experiment with treatment 70:00% having the highest values within the first two weeks and treatment 100:00% having the lowest values. From the third week till the end of the experiment, treatment 100:00% had the highest values while treatment 70:00% had the lowest values of both VS and TOC in all the treatments. Higher temperatures, within the thermophilic stage (45-700C) accelerate the breakdown of volatile solids and significantly speed up the activity of microorganisms that decompose organic matter. During the experiment, VS and TOC decreased significantly during the composting process with the maximum reduction occurring during the thermophilic stage. There was a great reduction in the VS value in the 70:30% treatment within the first and second week of the experiment as compared to treatments; 100:00%, 80:20% and 90:10% due to the higher degradation of the organic matter, during the active thermophilic and post thermophilic stage of the experiment. This is in support of the findings by [33]. Microorganisms break down organic matter by consuming volatile solids thus the continuous reduction in both VS and TOC till the end of the experiment in all the treatments.  However, a reduction in VS and TOC is a very good indicator of the decomposition rates of the piles. This experiment had the same trend as the findings of [27]. The ANOVA results showed that both VS and TOC values were not significantly different along the treatments with P-value = 0.05 (0.701).
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Figure 7a: Volatile Solid trend during the experiment
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Figure 7b: Total Organic Carbon trend during the experiment


4 CONCLUSION 
[bookmark: _Hlk180402183][bookmark: _Hlk183680988]Composting is a simple and useful technique to manage the organic fraction of household waste. The use of abattoir waste as an amendment influences both the efficiency of the composting process and the quality of the compost obtained. While the statistical analysis did not reveal significant differences in temperature and pH between the treatments with varying ratios of abattoir waste to household organic waste, clear trends were observed, suggesting that a higher proportion of abattoir waste may lead to faster initial heating. The results indicate that treatment 70:30% with a higher proportion of abattoir waste is more efficient and degrades faster than treatments 80:20%, 90:10% and 100:00%. The study thus concludes that household organic waste should be amended with higher proportion of abattoir waste and used for the production of compost.
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