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Abstract

:

Compost is considered a soil-amending product that can be used for soil improvement and to increase the productivity of organic vegetable crops. Composting can be an alternative solution for solid waste management. In this research, the efficacy of various bakery wastes and bulking agents, such as cow dung, to produce compost were studied. The bin composting method was applied in this research. Commercial effective microorganism was used to study its effectiveness in composting bakery waste compared to common ways of composting. Six compost trials were designed by using different ratios of feedstocks such as creamy and non-creamy bakery waste, paper boxes, eggshells, cow dung, dry leaves, and effective microorganism (EM). For the assessment of the maturity, stability, and quality of the compost, various physical and chemical parameters were routinely monitored, including temperature, pH, electrical conductivity (EC), moisture content, water holding capacity (WHC), phytotoxicity and color intensity of water extract, total organic carbon (TOC), total nitrogen (N), phosphorus (P), potassium (K), and C/N ratio. All six compost trials reached the four important phases of temperature, which are the mesophilic phase, thermophilic phase, second mesophilic phase (cooling phase), and maturation phase. The pH, EC, N, P, and K of every compost trial complied with standard compost requirements. Phytotoxicity study proved that all the compost trials were phytotoxic-free when tested with Phaseolus vulgaris (green bean). The water holding capacity of all six trials ranged from 2.18 to 4.30 g water/g dry material. Various compost trials achieved C/N ratios ranging from 12.01 to 14.48, which is considered within the satisfactory limit. The results showed that bakery waste can be turned into compost, with its quality complying with standard requirement.
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1. Introduction


Food waste is a biodegradable discharge from various sources, which eventually affects the environment, population health, and sustainable development [1]. According to FAO, nearly 1.6 billion tonnes of food—including fresh vegetables, fruits, meat, bakery, and dairy products—are lost along the food supply chain. This amounts to a loss of an estimated USD 2.6 trillion [2]. The amount of food waste has been projected to increase in the next 25 years due to economic and population growth, mainly in the Asian countries. In Asia alone, food waste could rise from 278 to 416 million tonnes from 2005 to 2025 [3]. Annually, 28% of the world’s agricultural lands are used to produce food that is lost or wasted. Apart from these resource wastages, the carbon footprint of food waste contributes 3.3 billion tonnes of greenhouse gas, namely CO2, into the atmosphere per year [4]. Traditionally, food wastes are either incinerated or dumped in open areas. This undoubtedly causes severe health and environmental issues. Incineration of food waste results in the release of dioxins [5], which are highly toxic and will lead to several other environmental problems. Hence, suitable techniques need to be in place to manage food waste [6].



The bakery industry is among the world’s major food industries, with various production scales and processes. Traditionally, bakery wastes are a coalescence of different types of wastes, and thus have varied composition [7]. In 2009, it was reported that nearly 800,000 tonnes of bakery waste is disposed of in the UK annually [8]. Bakery wastes are rich in nutrients that can be utilized in other industries but end up in dumping grounds. Several works to convert bakery waste into useful products have been reported. Zhang et al. [9] have demonstrated the novel use of bakery waste as a generic feedstock for the sustainable production of succinic acid as a platform chemical in food waste biorefinery. Han et al. [10] developed a bioconversion method of turning bakery waste into value-added products in a sustainable way.



Compost is produced through a bio-oxidative process involving the mineralization and partial humification of the organic matter. The final product will be stable, free of phytotoxicity, free of pathogens, and with certain humic properties [11]. Compost can be applied as a soil conditioner or organic fertilizer since it is rich in nutrients for the soil. Moreover, compost rich in microbial communities such as bacteria, fungi, and worms can also stabilize the degradable organic matter [12]. Studies reported that a large variety of mesophilic, thermos-tolerant, and thermophilic aerobic microorganisms, including bacteria, actinomycetes, yeasts, and various other fungi, have been extensively found in composts and other self-heating organic materials [13]. Compost has most of its essential nutrients in the organic forms. Hence, they are released slowly, and leaching issues are less likely to occur compared to inorganic fertilizer. This is one of the supportive criteria of compost, which enable it to become a choice of organic vegetable farmers [14].



Our sponsor claims that over one ton of bakery wastes are being disposed of monthly in their plant. Large amounts of dairy-product-based wastes may lead to serious consequences such as pest issues, strong garbage smells, and high maintenance and storage costs. Those bakery wastes are rich in nutrients, which can be utilized in other industries but end up in dumping grounds. Wastes such as cake and bread wastes are good carbon and nitrogen sources, which can be composted into organic fertilizer using bulking agents such as cow manure. Therefore, composting can be an alternative solution for solid waste management. Increase of waste can be controlled through composting, where useful products can be produced from waste [12]. Wet and odorous organic waste can also be transformed into an aesthetically acceptable, drier, decomposed, and reusable product if the composting is conducted in the correct way [15]. Maintenance costs can be reduced if those wastes are converted into something reusable.



The conversion of bakery waste into compost, to the best of our knowledge, has never been reported. We are of the opinion that the high variedness of bakery waste is probably the reason why there is limited research in this area.



As such, we attempt to add value to these bakery wastes instead of disposing them into the environment. Here, we have described and explored several parameters including the physiochemical properties, temperature, pH, EC, moisture, and water holding capacity. The framework of this study also included determination of nutrient content of the final product and phytotoxicity studies.




2. Materials and Methods


2.1. Collection of Feedstocks


Bakery waste consisting of cake skins, cake waste, and expired breads and cakes was collected separately from Fairy Food Industries Sdn. Bhd., in Sungai Petani, Kedah. The bakery waste was crushed into smaller parts (less than 2 cm) and mixed to improve uniformity [11]. Non-biodegradable materials such as plastics, foil, and wrappers were removed from the bakery waste. Paper boxes were collected from a recycling items storage area on the Fairy premise. Only plain paper boxes without coloured inks were chosen for composting. The boxes were shredded into smaller pieces, less than 5 cm, and stored in a plastic bag. Cow dung was collected from a nearby dairy farm located in Sungai Petani. Fresh cow dung was dried in shed for 7 days [16]. Dry leaves were collected from AIMST University and Fairy’s surrounding compounds and stockpiled in plastic bags. Eggshells left after the egg-cracking process were collected from Fairy Food Industries Sdn. Bhd.’s manufacturing site. After the collection, the eggshells were cleaned with tap water to remove albumen, dirt, or any impurities found on the eggshells [11,16,17,18].




2.2. Characteristics of the Feedstock


All the feedstock used for the composting determined its pH, electrical conductivity, moisture content, total organic carbon (TOC), nitrogen, phosphorus, potassium and C/N ratio. Nitrogen was determined by using the Kjeldahl method [18]. Phosphorus and potassium were determined using ICP-OES [19]. The TOC was determined using a total organic carbon analyzer. The results of TOC and nitrogen were used to determine the C/N ratio of each type of feedstock [20].




2.3. Composting Bin


Eighteen-liter (18 L) plastic bins of similar types, with dimensions 38 cm × 31 cm, were collected from a recycling items storage area at Fairy Food Industries Sdn. Bhd. Holes of 4 mm were drilled surrounding the pails in similar order to facilitate the aeration process. The number of holes and the distance between every hole were kept the same for all the composting bins.




2.4. Preparation of Microbial Inoculant


Commercial effective microorganism (EM) and molasses were purchased from EMRO Malaysia Sdn. Bhd. For the activation, one part EM microbial inoculants and one part molasses were mixed with 18 parts of chlorine-free water (1:1:18). This solution was then stored for three to five days in an airtight expandable container (non-glass) for fermentation until the pH was below 3.5. Built up gas was released once daily [21].




2.5. Composting


For beginning the composting, the feedstocks were added to the piles by alternating between green and brown materials [22]. The compost materials were covered with plastic sheets to trap the heat during the composting process [23,24]. For piles with inoculation with EM, a 1 L EM solution was used to spray each layer of feedstock in the pile while alternating between green and brown materials. Six compost trials were created. Bakery waste (BW), cow dung (CD), dry leaves (DL), paper boxes (PB), and eggshells (ES) were mixed as stated in Table 1 below:



All trials were replicated 3 times. The compost trials were turned at weekly intervals using garden forks. Turning was performed until the compost temperature was not increasing after turning [11,24].




2.6. Physicochemical Analysis of Compost


For every physical and chemical analysis performed, samples were made by mixing five subsamples taken from five points in the pile [15].



2.6.1. Determination of pH and Electrical Conductivity


The pH and electrical conductivity of the compost trials were taken weekly by using IONIX digital pH meter and HANNA DiST 4 HI98304 electrical conductivity tester. The compost solution was made by adding distilled water into compost sample in w/v 1:10 ratio. It was placed for 2 h at room temperature (25 °C) to dissolve the maximum salts [15,20,25,26].




2.6.2. Determination of Moisture Content


Moisture content was recorded on a weekly basis. Ten grams (10 g) of each compost sample was dried in an electric oven at 105 °C. The process was carried out until a constant weight was obtained. Moisture content was adjusted at each turning time and maintained by the addition of distilled water [11,20,24,27,28,29].


   Moisture   Content    =      Wet   weight   of   sample      W 1   −  Dry   weight   of   sample      W 2      Wet   weight   of   sample      W 1       × 100 %  



(1)




where W1 refers to compost weight before drying (in grams) and W2 refers to compost weight after drying.




2.6.3. Determination of Temperature


Temperature of the compost was measured using a compost thermometer on a daily basis over the entire experimental duration until there was no increase in temperature. The temperature was taken from a constant depth at the centre of the compost system and 4 other different spots surrounding the compost. Once there was no increase in temperature, the compost trials were allowed to mature for a period of 8 weeks with no turning [26,30].




2.6.4. Determination of Water Holding Capacity (WHC)


A wet sample of known initial moisture content was weighed (Wi) and placed in a beaker. After soaking in water for 2 days and draining the excess water through a Whatman No. 2 filter paper, the saturated sample was weighed again (Ws). WHC is the amount of water retained by the dry sample [15]. The WHC (g water/g dry material) was calculated based on the formula below:


   WHC   =         Ws    −    Wi         +   MC   ×   Wi       1    −    MC       ×   Wi       ×   100 %   



(2)




where Wi is the initial weight of sample (g), Ws is the final weight of sample (g), and MC is the initial moisture content of sample.




2.6.5. Nitrogen, Phosphorus, Potassium (N,P,K), and Total Organic Carbon (TOC) Analysis of End Product


The samples were screened through a 10 mm sieve and kept in airtight plastic bags. The N, P, K content and total organic carbon (TOC) were analyzed for the end products. Nitrogen was determined by using the Kjeldahl method [18]. Phosphorus and potassium were determined using ICP-OES [19]. TOC was determined using a total organic carbon analyzer [20].




2.6.6. Color Intensity of Water Extract


Aqueous compost extracts were prepared from 10 g of solid (dry basis) with 100 mL of distilled water (1:10). After soaking for 2 h, the extracts were filtered using Whatman No.2 filter paper. The aqueous extracts’ colors for each compost trial were then compared [31].




2.6.7. Determination of Phytotoxicity


Phytotoxicity was evaluated based on the effects on seed germination and root growth of aqueous compost extracts prepared from 1.5 g of solid (dry basis) with 15 mL of distilled water (1:10) and shaken for one hour in an orbital shaker at room temperature. The compost solutions were filtered using Whatman No.2 filter paper, and 5 mL from each compost trial’s extract was placed in each Petri dish with 10 seeds of Phaseolus vulgaris [32]. Three replicates were done per sample. The Petri dishes were left at room temperature in dark conditions for 72 h. A control test was prepared with distilled water. The Petri dishes were sealed with parafilm to minimize water loss while allowing air penetration. The number of germinated seeds and their root length were measured after 72 h [24,33]. According to Zucconi et al. [34], the relative seed germination (RSG), relative root elongation (RRE), and germination index (GI) were calculated using the following formulation:


   RSG     %  =      Number   of   seeds   germinated   in   the   aqueous   extract       Number   of   seeds   germinated   in   control        × 100 %  



(3)






   RRE     %  =      Mean   root   length   in   the   aqueous   extract     Mean   root   length   in   control    × 100 %  



(4)






   GI     %  =     RSG ×  RRE      100    



(5)









2.7. Statistical Analysis


The experimental data were analysed statistically by one-way analysis of variance (ANOVA) at 95% confidence level using SPSS Version 21.





3. Results and Discussion


3.1. Physicochemical Properties


3.1.1. Analysis of Compost Feedstocks


It is essential to perform analysis of every feedstock to obtain a high level of accuracy when assessing feedstocks for developing compost recipes. Feedstocks or input materials will influence not only the nutrient contents of the finished compost; they also ensure the stable humus content of the end product and the composition of the microbial population. The abundant presence of microorganisms in cow dung enhances the fast decomposition process once there are sufficient levels of moisture and oxygen.



The dry leaves provide aeration and thereby help to enable air penetration to all parts of the compost pile, including its core [31]. The technical preparation of the feedstocks also plays an important role in guaranteeing a good composting process. The initial C/N ratio of the starting mixture has to be kept between 20 and 40, with sufficient moisture content for proper microbial activity. Carbon serves primarily as a food source, and nitrogen is the primary constituent of protein [31,35]. In this study, the initial C/N ratio for C1, C2, C3, C4, C5, and C6 were 41.68, 41.14, 41.68, 41.14, 33.81, and 33.38, respectively. Table 2 shows the analysis results of compost feedstocks. In this study, creamy bakery waste, non-creamy bakery waste, dry leaves, and paper boxes were large contributors of carbon sources for the compost. However, creamy bakery waste, non-creamy bakery waste, and cow dung were large contributors of nitrogen sources. Less than 1% of phosphorus and potassium were contributed by all six feedstocks. The results show that the moisture content of the cow dung was high compared to other feedstocks used. The bakery wastes, cow dung, and eggshells showed a C/N ratio < 30. According to Chai, feedstock with a C/N ratio < 30 can be used as a nitrogen source in composting. The C/N ratios of cow dung, paper boxes, and dry leaves match with the standard values reported by Cooperband [36]. Paper boxes and dry leaves have high carbon content and are therefore used as carbon sources for composting in this study. In this study, cow dung [37] and eggshells [38] recorded high pHs, which were more than 9.0 due to their alkaline natures. However, dry leaves’ pH value falls in the acidic range and bakery waste’s pH ranged between 6.01 and 6.53. Feedstocks with a pH of between 6 and 8 are within the normal range, and dairy manure is typically high-pH [39]. The electrical conductivity (EC) ranged between 0.11 and 2.42. Table 3 shows the key parameters for organic composting and the recommended range.




3.1.2. Temperature Analysis of Compost Trials


The temperature profile of every compost trial is depicted in Figure 1. Throughout the composting period, there were four common composting phases that were clearly identified: a mesophilic phase, a thermophilic phase, a cooling phase, and a maturation phase [42]. Temperature profile is vital to verify that there was a good thermophilic and mesophilic range, and consequently, a good biodegradation and compost produced. The mesophilic phase at the beginning is usually short-lasting, taking only a couple of days due to active microbial activity, which leads to a quick temperature rise. The thermophilic phase plays a vital role in composting to ensure the safety of compost from pathogens [31,43,44]. The mesophilic microbes rapidly breakdown the soluble, readily degradable compounds and cause a rapid increase in compost temperature. Once temperatures exceed 40 °C, the heat-loving thermophilic microbes replace mesophilic microorganisms as it becomes less competitive. The thermophilic stage will begin after 40 °C. During the thermophilic stage, breakdown of proteins, fats, and complex carbohydrates like cellulose and hemicellulose, the major structural molecules in plants, will be accelerated by high temperatures. As the time progress, the temperature of the compost gradually decreases as the supply of these compounds becomes exhausted, and mesophilic microorganisms once again take over for the final phase of maturation of the remaining organic matter [11,45]. Some studies reported that thermophilic temperatures are approximately from 45 °C to 70 °C [46,47]. In a composting project by Hashemi et al. [48] using 5 L plastic buckets, a temperature range between 25 °C and 60 °C was recorded. However, the smaller compost systems are not likely to get as hot as compost in large piles or windrows. A well-designed indoor compost system, >10 gallons in volume, can heat up to 40 to 50 °C. A soda bottle bioreactor, because it is so small, is more likely to peak at temperatures of 40–45 °C [45]. In this study, starting from the first day, the core temperature of compost trials had started to increase above 40 °C. The temperature rise above 40 °C was observed until day 20. Maximum temperature reached by the compost trials was 50 °C. Although in these composting trials hygienization temperature was not achieved, high temperature ranges (above 40 °C) were achieved in the composting process. The one-way ANOVA statistical analysis showed that there are significant differences between the temperature profiles of each compost trial. According to Ayilara et al. [49], the volume of the wastes treated sometimes determines the temperature or heat generation; if the volume of waste is low, a high temperature may not be attained. Sometimes the temperature during composting does not rise to hygienization temperature, but pathogens could die due to exhausted nutrients present in the composting materials, and when competitive organisms excrete enzymes that are capable of destroying the pathogens. Aeration provides the necessary aerobic conditions for rapid and odourless decomposition of the organic matter and the generation of thermophilic conditions with high temperatures that will allow the destruction of pathogens. During composting, a continuous supply of fresh air is required for the aerobic microorganisms to maintain their metabolic activities. Aeration also plays a role in controlling the temperature and moisture content [50]. In this study, aeration was provided by performing turning the compost pile using a shovel. It was done weekly. Some researchers suggested turning be performed in 1-week intervals [51] and 10-day intervals [50]. The mean values of compost temperature were stable starting from day 65. Moreover, after 90 days, the compost trials were left undisturbed for maturation, where no turnings were performed. According to Palaniveloo et al. [35], at the end of the composting phase, the amount of readily available substrates becomes a limiting factor, resulting in a decline in microbial activity, which implies reduced oxygen uptake and heat output. Therefore, the temperature profile was not continued after day 90 and the compost trials were left to mature until Day 119.




3.1.3. pH Analysis of Compost Trials


The pH profiles of the compost trials are shown in Figure 2. In this study, at the beginning of the composting process, all of the trials were acidic, and as the composting process progressed, the pH increased. At the end of the composting period, overall pH ranged between 6.0 and 8.0. A pH between 5.5 and 8.0 is the optimum range for composting, which was observed during this composting study [50]. The increase in pH value throughout the composting was as a consequence of the degradation and mineralization of organic compounds [52]. According to Wurff et al. [31], organic matters are comprised of easily degradable compounds such as sugars and proteins. Bacteria are better competitors compared to fungi for easily degradable carbon sources. Thus, fungi are quickly outcompeted by bacteria. At the mesophilic stage, bacteria such as Lactobacillus and Acetobacter are often present and produce organic acids such as lactic and acetic acids. The acidic condition at the beginning of composting was due to the accumulation of these organic acids. However, as the composting progresses, other groups of bacteria, usually present in the composting pile, degrade these organic acids quickly. As the temperature continues to rise, microorganisms adapted to higher temperatures gradually replace the mesophilic bacteria and fungi. The one-way ANOVA test revealed significant differences between the pHs of the compost trials.




3.1.4. Moisture Content Analysis of Compost Trials


Figure 3 shows the moisture content recorded for every week throughout the composting process. During the composting process, the presence of water is essential for microbial growth. The moisture content needs to be controlled at the proper level in order to achieve optimum degradation and to assist in the dissipation of heat [50]. At the beginning of the composting process, the moisture contents of all the trials were low due to the addition of various dry feedstocks such as food waste, dry leaves, paper boxes, and eggshells. During the 7th day and 14th day of composting, the moisture content was recorded as being as low as 34.63%. This was due to the thermophilic stage of the compost. According to Chaher et al. [42], the moisture content declines during the composting process due to the degradation of feedstock and the heat generated by microbial activity, temperature variation, and water evaporation. The optimum moisture content for compost lies between 40% and 65% by weight [20,29]. The values match with this research’s findings, where at the ending of the maturation phase (day 91), the moisture contents recorded for all the compost trials were within the range of 40–65%. Significant differences were noticed between each compost trial according to the one-way ANOVA statistical analysis. Moisture content above 65% will hinder the process of decomposition, promote nutrient leaching, and may initiate anaerobic degradation due to lack of oxygen, since the interparticle air spaces within the compost are filled with water [50]. Slowing of biological activities or inactivation of microbial activities will happen when the moisture content is below 40%. Therefore, only dried compost with moisture content of below 40% should be packaged in order to prevent the development of anaerobic spots within the packaging [29,50].




3.1.5. Electrical Conductivity Analysis of Compost Trials


Electrical conductivity (EC) indicates the level of dissolved salts by measuring the ability of a solution to carry an electric current by ions (Figure 4). Due to higher electrical conductivity, a plant may lose its productivity. In agricultural field, electrical conductivity is a limiting factor of plant growth and seed germination [8]. In this study, at the end of 119th day, all the compost trials have shown EC values ranging between 1.13 and 2.14 mS/cm. The highest EC values were shown by C1 (non-creamy bakery waste without EM), and the lowest value was shown by C6 (creamy bakery waste with eggshells and EM culture). The one-way ANOVA results showed that there is significant difference between each compost trial. Most of the past research studies proved that electrical conductivity of less than 4.0 mS/cm is the optimum for most of the plants [15,26,50,53]. Based on A&L Canada Laboratories [54], the compost may be used directly as a media for small plants and seeding if the EC ratio is between 0 and 2.0. However, if it is between 2.0 to 3.5, it may be used for transplanting potted plants and mature plants with high nutrient demand. In applications with tender plants, the compost may need to be diluted with 25–50% soil.




3.1.6. Water Holding Capacity (WHC) Analysis of Compost Trials


Water holding capacities recorded at the end of the composting process are shown in Figure 5. The water holding capacities recorded in this study ranged from 1.91 to 5.14 g water/g dry sample. The lowest value of water holding capacity was found in the compost trial C5, with non-creamy bakery waste with EM culture and eggshells. However, the highest value was recorded in the compost trial C3, with creamy bakery waste with EM culture. Results showed that the compost trials with eggshells have lower water holding capacity compared to other compost trials. The water holding capacity of compost trials in ascending order is C5 < C6 < C1 < C4 < C2 < C3. The values obtained in this study almost match with a previous study by Khater [15] on compost made up of cow manure and plant residues, where it was reported that water holding capacity ranged from 3.50 to 4.40 g water/g dry sample. The C3 water holding capacity is the highest compared to others, followed by C2. It might be due to the hydrophobic nature of creamy bakery waste found in the compost, which repels water and increases the water content in the compost matrix. The least water holding capacity found in compost trials was with eggshells. It was reported that the chemical composition of the eggshell is 94% calcium carbonate, 1% magnesium carbonate, 1% calcium phosphate, and approximately 4% organic matter [55]. High levels of CaCO3 in the eggshell are able to absorb more water [56]. This might be the reason for less water in the compost matrix. The one-way ANOVA results showed that there are significant differences between water holding capacity of the compost trials.




3.1.7. NPK and TOC Analysis on Compost Trials


The nitrogen, phosphorus, potassium, and total organic carbon (TOC) values obtained for the end products are shown in Figure 6 and Figure 7, respectively. Lower organic carbon was recorded in the compost trials with EM culture. This might be due to high degradation of carbon by microbes in EM as found by Daur [57]. Similar findings were reported by Kadir et al. [12], Khater [15], and Mutairi et al. [58]. Total organic carbon (TOC) values obtained during this study were similar to those in the study conducted by Khater [15]. The results obtained in our study complies with the standard N, P, K values of compost as suggested by Weitbrecht et al. [59]. The one-way ANOVA results showed that significant differences were observed between N, P, K, and TOC values of compost trials. It was noticed that the compost trials with eggshells (C5 & C6) showed reduced N, P, and K values compared to the other trials. Studies by Elamin et al. [60] show that the nitrogen and phosphorus amount will be reduced in the presence of calcium carbonate, which is the main component of eggshells. This is possibly due to the adverse effect of calcium carbonate on the availability of nitrogen by increasing ammonia volatilization. Monteith and Sherman [61] reported that phosphorus availability might be reduced in the presence of calcium carbonate where phosphorus fixation is increased. In a calcareous environment, potassium fixation might be overriding and result in a lower value of potassium [62].




3.1.8. C/N Ratio of Compost Trials


The C/N ratio of every compost trial after 120 days is presented in Figure 8. C/N ratio is one of the crucial parameters affecting the microbiology of compost. It plays a vital role in detecting the maturation of compost and classifying the quality of the compost produced. According to Jiménez and García [63], a C/N value between 10 and 20 is within the acceptable range for mature compost. A C/N ratio of <20 is considered as acceptable, but a C/N ratio of <12–15 is the preferred range that indicates proper compost maturity [52,64]. A study by Neves [11] on high-lipid-content food produced compost with a C/N ratio of 10–18. The C/N ratio in this study ranged from 5.32 to 14.48. The highest C/N ratio was obtained from C2, and the lowest ratio obtained from C4. For compost trials C1, C2, C5, and C6, the C/N ratio was within the acceptable range. However, the compost trials C3 and C4 showed C/N ratios of less than 10. Compost trials C5 and C6 proved that the addition of eggshells improved the C/N ratio of the compost, as the trials without the addition of eggshells, C3 and C4, showed C/N ratios less than 10. Similar to a study by Neves [11], the addition of creamy bakery waste in this study was not impeditive of a faster achievement of compost maturity. On the contrary, creamy bakery waste gave similar results as non-creamy bakery waste. The statistical analysis of one-way ANOVA showed that there is a significant difference between the C/N ratios of compost trials.




3.1.9. The Color Intensity of Water Extract of Compost Trials


Figure 9 shows the color intensity of water extract of compost trials. The color intensity of water extract of compost can be used as an indication of the maturity of the compost. The water extract from a young lignin-rich compost will be dark, and its color becomes lighter with increasing maturity. This is because the humus molecules present in young composts are small and soluble in water. During the maturation of compost, the microorganisms construct more complex humus molecules that are no longer soluble, thus making the extract lighter. However, the darkness of the extract of young compost can also depend on the composition of the starting mixture [31]. In this study, the color intensity of C2 and C3 (comprised of creamy bakery waste) showed a slightly darker water extract, but all other compost trials recorded light brown water extract. The dark color extracts of C2 and C3 might be due to the effect of creamy feedstocks.





3.2. Phytotoxicity Analysis of Compost Trials


Figure 10 shows the germination index of each compost trial. Microbial activity will be prolonged in the soil if immature compost is applied to the soil and nutrients may not be available for plant growth [65]. Therefore, the germination index study was performed to determine the maturity and phytotoxicity of the compost trials. Currently, there are multiple viewpoints on the analysis and judgment of seed germination tests. Firstly, GI is widely adopted because it combines relative seed germination (RSG) with relative root elongation (RRE), both of which can reflect the toxicity of compost [34,66]. Secondly, RRG is a more sensitive indicator than RSG to the toxicity [67,68]. Thirdly, the toxic level of the compost that inhibits seed germination is higher than that that inhibits radicle elongation, thus RSG and RRE are used to evaluate the toxicity separately. It is because if the compost inhibits seed germination, it is not necessary to evaluate the effect of it on radicle elongation; if not, the effect on the radicle needs to be evaluated [69]. In this study, Phaseolus vulgaris seeds were used for the phytotoxicity study. There is no recognized seed species that can be used to evaluate the compost toxicity, and locally obtained seeds are commonly used [69]. According to Weitbrecht et al. [59], the definition of seed germination can be divided into three groups by radicle length (only visible, at least 2 mm, and at least 5 mm), and the operational definition of germination is based on the length that the radical reached. The extraction ratio of 1:10 (w/v) was used in this study since it is one of the most-used ratios in other studies. All the compost extracts from compost trials after 120 days showed GI value more than 100%. These results are similar to findings of studies conducted by Fan et al. [33]. The GI recorded ranged between 104.85% and 132.19%. The highest GI was recorded for compost trial C6, and the lowest value was recorded in compost trial C4. Qian et al. [70] suggests that GI values reaching more than 100% after 90 days signals zero phytotoxicity problems in the final compost. Compost can be considered immature when the GI values are less than 80%, mature when they are between 80% and 90%, and highly mature at GI values higher than 90% [71]. Therefore, based on the GI values obtained in this study, all the compost trials can be considered phytotoxic-free. However, the one-way ANOVA statistical analysis showed that there were no significant differences between the GI values of the different compost trials. In addition, post hoc results calculated with Tukey’s tests and insignificance differences were recorded between the trials.





4. Conclusions


In this study, a composting method was performed as one of the feasible alternative methods for handling bakery industry waste. Creamy bakery waste was not impeditive to yielding a good quality of compost. However, the results obtained from this study proved that the developed composting method could produce a satisfactory finished product that complies with standard values for compost. Moreover, the addition of commercially available effective microorganism did not impact the compost development. Since the compost produced complies with standard requirements, it could potentially be used as an organic amendment for crops in the agricultural field. As Malaysia is facing increasing food waste issues, composting can be considered a cost-effective method to deal with huge amount of bakery waste, and this method can be the nation’s sustainable solid waste management framework. Considering the lack of scientific data on the bakery waste compost, we believe that our work will provide useful new insights to strengthen local industries for more sustainable waste management.
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Figure 1. Temperature profile of compost trials throughout composting. 
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Figure 2. The pH profiles of compost trials throughout the composting period. 
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Figure 3. The moisture content of compost trials throughout the composting period. 
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Figure 4. The electrical conductivity of compost trials throughout the composting period. 
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Figure 5. Water holding capacity (WHC) of compost trials. Different lowercase letters indicate a significant difference among the compost trials. The ‘a’ letter in a column indicate significant differences compared to the letter ‘b’ based on Tukey’s HSD test (p < 0.05). The bars with the same letters are not significantly different based on Tukey’s HSD test (p < 0.05). 
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Figure 6. N, P, K Analysis of compost trials. Different lowercase letters indicate a significant difference among the compost trials. The ‘a’ letter in a column indicates significant differences com-pared to the letter ‘b’, the ‘c’ letter in a column indicates significant differences compared to the letter ‘d’ and ‘e’, and the ‘f’ letter in a column indicates significant differences compared to the letter ‘g’ and ‘h’, based on Tukey’s HSD test (p < 0.05). The bars with the same letters are not significantly different based on Tukey’s HSD test (p < 0.05). 
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Figure 7. Total organic carbon of compost trials. Different lowercase letters indicate a significant difference among the compost trials. The ‘a’ letter in a column indicates significant differences compared to the letter ‘b’ and ‘c’, based on Tukey’s HSD test (p < 0.05). The bars with the same letters are not significantly different based on Tukey’s HSD test (p < 0.05). 
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Figure 8. C/N ratios of compost trials. Different lowercase letters indicate a significant difference among the compost trials. The ‘a’ letter in a column indicate significant differences compared to the letter ‘b’ based on Tukey’s HSD test (p < 0.05). The bars with the same letters are not significantly different based on Tukey’s HSD test (p < 0.05). 
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Figure 9. Color intensity of water extract of compost trials. (From top: C6, C5, C4, C3, C2, C1). Each trials consist of three replicates (left to right). 
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Figure 10. Phytotoxicity of compost trials. Different lowercase letters indicate a significant difference among the compost trials. The bars with the same letter are not significantly different based on Tukey’s HSD test (p < 0.05). 






Figure 10. Phytotoxicity of compost trials. Different lowercase letters indicate a significant difference among the compost trials. The bars with the same letter are not significantly different based on Tukey’s HSD test (p < 0.05).



[image: Sustainability 13 02835 g010]







[image: Table] 





Table 1. Composition of each compost trial.
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	Trials
	Non-Creamy BW
	Creamy

BW
	CD
	DL
	PB
	ES
	EM

Culture





	C1
	1 kg
	−
	1.5 kg
	1 kg
	0.5 kg
	−
	−



	C2
	−
	1 kg
	1.5 kg
	1 kg
	0.5 kg
	−
	−



	C3
	−
	1 kg
	1.5 kg
	1 kg
	0.5 kg
	−
	1 L



	C4
	1 kg
	−
	1.5 kg
	1 kg
	0.5 kg
	−
	1 L



	C5
	1 kg
	−
	1.5 kg
	1 kg
	0.5 kg
	1 kg
	1 L



	C6
	−
	1 kg
	1.5 kg
	1 kg
	0.5 kg
	1 kg
	1 L
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Table 2. Analysis of compost feedstocks. Values are means (± standard error). The p-value results are from one-way ANOVA.
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	Feedstocks
	Moisture Content (%)
	pH
	EC (ms/cm)
	TOC (%)
	N (%)
	P (%)
	K (%)
	C/N Ratio





	Non-creamy bakery waste
	21.80

(±0.32)
	6.54

(±0.04)
	1.85

(±0.02)
	40.60

(±0.15)
	1.45

(±0.02)
	0.49

(±0.02)
	0.18

(±0.01)
	28.07

(±0.24)



	Creamy bakery waste
	32.23

(±0.35)
	6.01

(±0.02)
	1.59

(±0.02)
	31.47

(±0.09)
	1.21

(±0.02)
	0.30

(±0.01)
	0.17

(±0.01)
	26.09

(±0.47)



	Dry leaves
	11.53

(±0.20)
	4.34

(±0.02)
	1.07

(±0.01)
	31.70

(±0.10)
	0.73

(±0.02)
	0.15

(±0.01)
	0.34

(±0.01)
	43.46

(±0.81)



	Paper boxes
	0.00

(±0.00)
	7.14

(±0.02)
	0.35

(±0.02)
	34.57

(±0.18)
	0.24

(±0.01)
	0.00

(±0.00)
	0.02

(±0.00)
	147.10

(±8.57)



	Cow dung
	71.40

(±0.83)
	9.16

(±0.02)
	2.44

(±0.03)
	14.53

(±0.15)
	1.71

(±0.01)
	0.43

(±0.02)
	0.53

(±0.03)
	8.48

(±0.11)



	Eggshells
	0.00

(±0.00)
	9.06

(±0.03)
	0.14

(±0.01)
	1.80

(±0.06)
	0.79

(±0.01)
	0.36

(±0.01)
	0.05

(±0.00)
	2.29

(±0.10)



	p-value
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
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Table 3. Key parameters for organic composting and the recommended range.
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	Parameters
	Acceptable Range
	References





	Temperature
	43–66 °C
	



	Moisture (%)
	40–65%
	



	pH
	5.0–8.0
	



	EC (mS/cm)
	<6
	[40,41]



	C/N ratio
	10–25
	



	Nitrogen (%)
	0.5–6.0
	



	Phosphorous (%)
	0.2–3.0
	



	Potassium (%)
	0.10–3.5
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