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ABSTRACT:  

Physico-biochemical conditions and nutrient composition are important considerations in evaluating aerobic 

compost. This study investigated the influence of sugarcane (Saccharum officinarum L.) molasses (SOM) on the 

physico-biochemical properties of aerobic compost using an integrated soil sensor. A quantitative experimental 

design was employed with an SOM-treated experimental group and an untreated control group, each comprising 

five independent compost samples (n = 5). The pH, moisture content, temperature, nitrogen (N), phosphorus (P), 

and potassium (K) were monitored over a 14-day composting period, with Day 14 designated as the sampling 

endpoint for statistical comparison. The Mann–Whitney U test showed no significant differences between groups 

in pH (U = 3, p = .056), moisture content (U = 12, p = 1.000), and temperature (U = 3, p = .056). Significant 

differences were observed in N, P, and K (all U = 0, p = .008), with higher mean concentrations in the SOM-

treated group. Effect-size analysis indicated complete separation of the observed N, P, and K values between 

groups (rrb = 1.00). At Day 14, mean N, P, and K concentrations were 278.40, 744.20, and 705.20 mg/kg, 

respectively, in the SOM-treated group, compared with 139.00, 208.00, and 188.80 mg/kg in the control group. 

Overall, SOM treatment primarily influenced the measured nutrient parameters under the conditions of this 

study. Further studies with longer composting periods, laboratory validation of sensor measurements, microbial 

and maturity indicators, and larger independent samples are recommended. 

Keywords: sugarcane (Saccharum officinarum L.) molasses (SOM), aerobic compost, physico-biochemical 

parameters, Mann-Whitney U-test 

INTRODUCTION 

Saccharum officinarum L., commonly known as sugarcane, is one of the most widely cultivated crops 

worldwide. In addition to its global value as the main source of sucrose, sugarcane possesses a variety of 

bioactivities owing to its myriad constituents ( Ezz, S., Farag, M., & Shengpeng, W., 2021). Sugarcane 

byproducts, such as molasses, are an ideal source of carbon for biorefinery and microbial growth. The sugarcane 

industry is a primary sector of the agricultural industry (Lee et al., 2023).  Due to the limited functional potential 

of the microbial decomposer community in tropical sandy soils, a significant proportion of organic inputs with 

a high C/N ratio and cellulose (CL) content may remain undecomposed. Moreover, high C/N ratio organic inputs 

led to N immobilization and suppressed succeeding crop yield. Inoculation of competent microbial decomposers 

to such soils could constitute a promising approach to overcome this problem, with beneficial effects on soil 

organic carbon (SOC) accumulation (Phukongchai, W., Kaewpradit, W., & Rasche, F., 2022).  

Molasses is versatile and extends to applications in beverages, acetic acid production, baker's yeast cultivation, 

fermentation processes, and utilization as a component in animal feed and fertilizer. In its high solid content, 

molasses has advantages for enhancing the microbiological quality of fruits and vegetables, and serves as an 
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effective medium for osmotic dehydration (Abera, B. D., Alemu Teferi, D., Asemu, A. M., Belachew, M. T., 

Geremew Kassa, M., & Satheesh, N., 2024).  

Aerobic composting is the decomposition of organic wastes in the presence of oxygen (air); products from this 

process include CO2, NH3, water, and heat. This can be used to treat any type of organic waste, but effective 

composting requires the right blend of ingredients and conditions. These include moisture contents of around 

60-70%  and carbon-to-nitrogen ratios (C/N)  of  30/1.  Any significant variation inhibits the degradation process. 

Generally, wood and paper provide a significant source of carbon while sewage sludge and food waste provide 

nitrogen. To ensure an adequate supply of oxygen throughout, ventilation of the waste, either forced or passive, 

is essential (Huvaneshwari, M & Indian Raj, N., & Kumar, S., 2022). 

Although previous studies have examined the use of sugarcane molasses in composting, limited evidence is 

available on its influence on the physico-biochemical properties of aerobic compost using integrated soil sensor 

technology, particularly at a predefined Day-14 sampling endpoint. To address this gap, the present study 

investigated the influence of sugarcane (Saccharum officinarum L.) molasses (SOM) on the pH, moisture 

content, temperature, nitrogen, phosphorus, and potassium of aerobic compost over a 14-day composting period. 

The experimental group treated with SOM and the untreated control group were monitored using an integrated 

soil sensor, with Day 14 designated as the predefined sampling endpoint for statistical comparison. Differences 

between the groups were evaluated using the Mann–Whitney U test. It was hypothesized that SOM treatment 

would significantly influence the measured physico-biochemical properties of aerobic compost, particularly its 

nitrogen, phosphorus, and potassium concentrations. 

Significance of the Study  

This study is important as it provides insights into the impact of SOM on the physico- biochemical parameters 

of aerobic compost. By analyzing the physico-biochemical parameters such as pH level, moisture, temperature, 

nitrogen, phosphorus, and potassium at the day 14 sampling endpoint using an integrated soil sensor, the 

researcher contributes to optimizing composting practices for more nutrient-rich organic production.  

The findings will help farmers and waste management practitioners determine whether SOM can enhance 

compost quality. Additionally, the use of integrated soil sensors promotes the integration of low-cost, real-time 

monitoring technology in sustainable agriculture and environmental management. 

LITERATURE REVIEW 

Sugarcane (Saccharum officinarum L.) molasses (SOM) has gained considerable attention as an organic additive 

because of its high nutritional value and ability to stimulate microbial activity during biological processes. 

Chemical analyses have shown that molasses is primarily composed of sugars, nitrogenous compounds, 

carbohydrates, sucrose, amino acids, and bioactive compounds such as phenolics and flavonoids, which 

collectively enhance microbial metabolism and antioxidant activity (Abas et al., 2022; Djordjević et al., 2025). 

These properties have also led to its application as a substrate for beneficial microorganisms capable of 

promoting plant growth and improving soil health (Brito Bispo, 2023). Consequently, the nutrient-rich 

composition of molasses makes it a promising amendment for accelerating aerobic composting and enhancing 

compost quality. 

The effectiveness of composting largely depends on maintaining favorable physico-biochemical conditions that 

support microbial succession and organic matter decomposition. Studies consistently report that moisture 

content, pH, total carbon, and nitrogen availability significantly influence bacterial and fungal communities 

throughout the composting process (Cheng et al., 2022). Carbon and nitrogen provide essential substrates for 

microbial growth (Ali et al., 2022), while phosphorus and potassium contribute to nutrient stabilization and 

compost maturity. Furthermore, additives containing potassium and phosphorus have been shown to accelerate 

the thermophilic phase, improve degradation of soluble organic compounds, reduce carbon loss, and enhance 

nutrient retention during composting (Aiguo et al., 2019; Duan et al., 2023). These findings suggest that nutrient 

supplementation can improve both composting efficiency and the quality of the final compost product. 
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Maintaining optimal composting parameters is equally important for producing mature and nutrient-rich 

compost. Previous studies recommend phosphorus concentrations of 30–50 ppm, pH values between 5.5 and 

8.0, nitrogen levels below 500 mg/kg, potassium concentrations above 280 mg/kg, and moisture content between 

20% and 60% to maximize microbial activity and nutrient availability while minimizing environmental risks 

(Beegle & Durst, 2017; Ho et al., 2022; Permies, 2022; Stehouwer et al., 2022; Zakarya et al., 2021). These 

threshold values serve as important reference points for evaluating compost maturity and quality. To improve 

compost quality and shorten the composting process, it is important to understand microbial communities, their 

interactions, and their responses to the physicochemical properties of compost, including temperature, which 

plays an important role in microbial activity during the different phases of composting (Finore et al., 2023). 

The duration and management of aerobic composting also influence decomposition efficiency. Frequent turning 

promotes oxygen availability and shortens composting time, allowing mature compost to be produced within 

approximately two to three weeks under favorable conditions (Raabe, 2007). Compost maturity, however, is 

more appropriately determined by physicochemical characteristics rather than composting duration alone, as 

maturity standards may be achieved before the curing phase is completed (Composting Consortium, 2024). To 

ensure reliable interpretation of composting outcomes, adequate replication and appropriate statistical analyses 

are essential. Replication improves the precision of treatment estimates and provides a basis for estimating 

experimental error (Montgomery, 2012). When sample sizes are small and data violate normality assumptions, 

the Mann–Whitney U test provides a robust nonparametric approach for comparing independent groups (Batucan 

et al., 2025).  

Recent advances in composting technology have integrated automation and real-time monitoring through smart 

composting systems. Jocosol (2025) demonstrated that an automated composting machine equipped with 

environmental sensors successfully maintained optimal composting conditions and produced compost with 

acceptable moisture, pH, nitrogen, phosphorus, and potassium levels. Similarly, multi-parameter soil sensors 

capable of simultaneously measuring temperature, moisture, pH, electrical conductivity, and NPK concentrations 

have become valuable tools for monitoring compost dynamics (Raju et al., 2023). Nevertheless, because nutrient 

measurements are often estimated indirectly through conductivity algorithms, calibration against standard 

laboratory methods remains essential to ensure measurement accuracy and scientific reliability (Dhamu et al., 

2025; Musanase et al., 2023). 

The reviewed literature establishes that sugarcane molasses provides a rich source of readily available nutrients 

capable of stimulating microbial activity, while optimal physicochemical conditions and accurate monitoring are 

fundamental to successful aerobic composting. Although previous studies have independently investigated 

molasses supplementation, compost quality parameters, sensor-based monitoring, and automated composting 

technologies, limited research has integrated these components into a single experimental framework. This gap 

provides the rationale for the present study, which evaluates the physico-biochemical parameters of aerobic 

compost at the Day 14 sampling endpoint with and without sugarcane molasses using an integrated multi-

parameter soil sensor. By combining nutrient supplementation with real-time sensor monitoring, the study aims 

to provide a more comprehensive assessment of the influence of sugarcane molasses as a composting enhancer. 

METHODOLOGY  

Research Design 

This study employed a quantitative experimental research design to determine the influence of sugarcane 

(Saccharum officinarum L.) molasses (SOM) on the physico-biochemical properties of aerobic compost. The 

experiment consisted of two groups: an experimental group treated with SOM and an untreated control group. 

Each group comprised five independent compost samples (n = 5), with each sample weighing approximately 0.5 

kg. Both groups underwent aerobic composting for 14 days under the same experimental conditions. The sample 

size of five independent compost samples per group was determined based on time constraints and material 

availability. 
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Six physico-biochemical parameters such as pH, moisture content, temperature, nitrogen (N), phosphorus (P), 

and potassium (K) were monitored using an integrated soil sensor throughout the 14-day composting period. 

Day 14 was designated as the predefined sampling endpoint for statistical comparison between the experimental 

and control groups. An NBL-S-TMC-7 7-in-1 Soil Integrated Sensor (Changsha Zoko Link Technology Co., 

Ltd., n.d.) was used for sensor-based monitoring. According to the manufacturer's specifications, the 

measurement ranges were −40 to 80 °C for temperature, 0–100% for moisture, 0–10 for pH, and 0–2,000 mg/kg 

for NPK, with stated accuracies of ±0.5 °C, ±5%, ±1 pH unit, and ±2%, respectively. 

Differences between the experimental and control groups at Day 14 were evaluated using the Mann–Whitney U 

test at a significance level of α = .05. The nonparametric test was selected because the study involved two 

independent groups with a small sample size (n = 5 per group), for which the assumptions required for parametric 

testing could not be reliably established. 

Sampling Size and Materials 

 

Fig.1 2.5 kilograms of brown Carbon-rich materials (Abas, P. E., Choo, M., & Suhaimi, H., 2023). 

 

Fig.2 1 kilogram of Greens. Nitrogen-rich materials (Abas, P. E., Choo, M., & Suhaimi, H., 2023). The compost 

mixture followed the recommended carbon-to-nitrogen (C: N) ratio, with materials carefully weighed to maintain 

microbial balance and support efficient decomposition (Aboutayeb, R., El-mrini, S., & Zouhri, A., 2022). 
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Fig.3 1.5 kilograms of loam soil. (Abas, P. E., Choo, M., & Suhaimi, H., 2023). 

 

Fig.4 75 ml of SOM. (Abas, P. E., Choo, M., & Suhaimi, H., 2023). 

 

Fig.5 Plastic Cups as an Alternative to Plastic Storage Container. This environmental agency guide includes 

clear instructions on using plastic storage containers for composting or vermicomposting. It recommends drilling 
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air holes around the top and drainage holes at the bottom to ensure proper aeration and drainage (U.S. 

Environmental Protection Agency, 2023). 

 

Fig.6 Integrated Soil Sensor with Control Panel. After the mixing procedure, an integrated soil sensor was 

inserted into the center of each compost sample, ensuring adequate contact between the sensor probes and the 

compost material. The sensor was connected to the HMI touchscreen system for monitoring and recording the 

measured parameters. Positioning the sensor at the core was essential, as it allowed for accurate measurement of 

internal compost conditions, particularly pH, moisture, temperature and NPK parameters that are most active 

and variable at the thermal center of the compost pile (Pavan Kumar, Y., Jaswanth, P., Pavan Kumar, G., Ajay 

Raj, G., & Vishnu Vardhan, M., 2024). Sensor readings were automatically recorded and logged daily over 14 

days using the Human-Machine Interface (HMI) touchscreen display. 

Table 1: Technical Specifications of the NBL-S-TMC-7 7-in-1 Soil Integrated Sensor 

Parameters Measurement Range Stated Accuracy 

Temperature −40 to 80 °C ±0.5 °C 

Moisture 0–100% ±5% 

NPK 0–2,000 mg/kg ±2% 

pH 0–10 ±1 pH 

 

Source: Changsha Zoko Link Technology Co., Ltd. (n.d.). 

The technical specifications of the integrated soil sensor used in the study are presented in Table 1. The sensor 

was used to measure six physico-biochemical parameters: pH, moisture content, temperature, nitrogen (N), 

phosphorus (P), and potassium (K). The measurement ranges and stated accuracies were based on the 

specifications provided by the manufacturer (Changsha Zoko Link Technology Co., Ltd., n.d.). 
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Fig.7 Shredded Organic Matter. The input materials used for composting were manually shredded using an 

organic material shredder. The shredded organic matter was standardized to a particle size of approximately 3 to 

4 millimeters to ensure uniformity and increase the surface area available for microbial degradation (Resmi, G., 

& Vinod, V., 2022). 

 

Fig.8 This setup enabled real-time monitoring of compost dynamics and supported the physico-biochemical 

assessment of sugarcane syrup degradation (Kota, S. K. & Kumar, N. D., 2022). 

Aerobic Composting Procedure at the Day 14 Sampling Endpoint With and Without SOM 

The composting experiment was systematically conducted to analyze and determine the physico-biochemical 

properties of aerobic composting over 14 days in five independent samples per group (n = 5). Each step was 

designed to ensure consistency in aerobic compost formulation, accurate sensor-based data collection, and 

reliable analysis of aerobic compost behavior at the end of the 14-day composting period (Geisel, P.M. and 

Unruh, C.L., 2007) 

1. The green and brown organic materials were shredded into uniform sizes of approximately 3–4 mm using an 

organic material shredder (Belyaeva, O. N., Haynes, R. J., & Zhou, Y.F., 2015). 

2. Each input material was weighed according to the recommended carbon-to-nitrogen (C: N) ratio: 2.5 kg of 

browns, 1 kg of greens, and 0.5 kg of loam soil, totaling 4.0 kg of compost mixture (Aboutayeb, R., El-mrini, 

S., & Zouhri, A., 2022). 
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3. The entire 5 kg compost mixture was placed into a stainless-steel mixing tub. The moisture content of the 

loam soil was adjusted to 30%–60% using a measured volume of water before mixing (Devendra, R. et al., 

2024). 

4. The compost materials were thoroughly mixed for 5 minutes to ensure uniform distribution and proper 

aeration. 

5. After mixing, the 5 kg mixture was evenly divided into 10 samples, each weighing approximately 0.5 kg. 

6. The 10 samples were assigned into two groups: 

○ Group 1 (Experimental): 5 samples, each added with 7.5 ml of SOM after sample division. 

○ Group 2 (Control): 5 samples, no SOM added. 

7. For Group 1, SOM was manually added, and each sample was remixed briefly to ensure even distribution of 

the treatment (Chen, L. et al., 2020). 

8. An integrated soil sensor was manually inserted into the center of each sample. The HMI (Human-Machine 

Interface) touchscreen was activated to begin data logging. 

9. All aerobic compost samples were incubated under aerobic conditions for 14 days, without further 

intervention or addition of materials during the aerobic composting process. 

10. From Day 1 to 14, the aerobic compost parameters, such as pH, moisture, temperature and NPK levels, were 

measured for each of the 10 samples using the sensor system. 

11. All data were exported via SD card and card reader for statistical analysis. 

12. To determine whether there were statistically significant differences between the experimental and control 

groups, a Mann-Whitney U test was performed. This nonparametric statistical method was applied due to the 

small sample size and to accommodate any non-normal data distributions in the measured parameters. 

13. All findings were tabulated and used for the final interpretation of results. 

Data Collection of the Experimental and Control Groups at the Day 14 Sampling Endpoint 

Data collection in this study was conducted over a 14-day aerobic composting period to analyze the physico-

biochemical properties of compost samples. The compost was divided into two groups: experimental and control. 

Each group consisted of five independent samples, with each sample weighing 0.5 kilograms. The experimental 

group was treated with SOM at a practical application rate of 15 milliliters per kilogram, equivalent to 7.5 

milliliters per 0.5-kilogram sample, based on small-scale composting practices (Chen, L. et al., 2020). The 

control group did not receive any SOM molasses treatment. This setup allowed for a comparative analysis of 

compost behavior between the treated and untreated samples. 

To monitor aerobic compost parameters, an integrated soil sensor was inserted into the center of each compost 

sample, ensuring adequate contact between the sensor probes and the compost material. The sensor was 

connected to the HMI touchscreen system for monitoring and recording the measured parameters. This 

placement ensured accurate detection of the core aerobic compost activity, where microbial degradation was 

expected to be most active. The soil sensor measured physico-biochemical parameters, such as pH, moisture, 

temperature, nitrogen (N), phosphorus (P), and potassium (K), throughout the 14-day composting period. 

The sensor system was connected to a Human-Machine Interface (HMI) touchscreen device, which enabled real-

time monitoring and automatic data logging. The HMI device was capable of storing up to 1,000 log entries, 
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allowing for comprehensive data capture across all samples. This sensor-based setup ensured consistent and 

efficient tracking of physico-biochemical changes in the compost throughout the experiment. 

Following the 14-day composting period, the raw data at the day 14 sampling endpoint, including pH, moisture, 

temperature and NPK values, were collected from the integrated soil sensor via the SD card installed in the HMI 

device. The day 14 sampling endpoint data were organized for subsequent statistical analysis.  

To determine whether statistically significant differences existed between the experimental and control groups, 

the Mann-Whitney U test was employed (Emerson, 2023). This non-parametric statistical test was chosen due 

to the small sample size and to account for non-normal distribution in the collected aerobic compost parameters. 

Data Analysis of the Experimental and Control Groups at the Day 14 Sampling Endpoint 

The data collection was then systematically prepared for statistical treatment. To address the study's objective of 

analyzing the significance of SOM on aerobic compost parameters, a Mann-Whitney U test was performed for 

each measured parameter, including pH, moisture, temperature and NPK levels. This non-parametric statistical 

method was specifically selected due to the non-normal distributions within the measured data sets and the 

relatively small sample size of 5 aerobic compost samples per group across five independent samples per group 

(n = 5).  

The Mann-Whitney U test facilitated a direct comparison between the group of experimental aerobic compost 

samples and the group of control aerobic compost samples, thereby determining whether statistically significant 

differences existed between the two groups for each physico-biochemical parameter at the day 14 sampling 

endpoint.  

This approach was critical in objectively analyzing the significance of SOM and overall physico-biochemical 

parameters of aerobic compost, directly contributing to the achievement of the study's aims. All statistical 

findings were subsequently tabulated and served as the basis for the comprehensive interpretation of results. 

FINDINGS AND DISCUSSION 

The discussion that follows details the analysis of the composting process with SOM. The input materials ratio 

was guided by the standard proportions summarized in Table 1 below. 

Table 2: Standard Ratio for Aerobic Compost 

Organic 

compost (kg) 
Browns (kg) Greens (kg) 

Loam soil 

(kg) 

Moisture level 

(ml) 

Sugarcane 

(Saccharum officinarum L.) 

Molasses (ml) 

 

 

Standard ratio 

2 parts 

(Trautmann, 

Richard, & 

Krasny, 

1996). 

1 part 

(Trautmann, 

Richard, & 

Krasny, 

1996). 

 

1.5% 

(Rosen, et al., 

2018). 

 

60% 

(Ge et al., 

2022). 

 

1.5% 

(Shrirao & Hedaoo, 2020). 

5 2.5 1 1.5 3000 75 

 

Source: Hashamabad, D., Kaviani Livani, B., Mohammadi‑Torkashvand, A., & Sedaghathoor, S. (2009). Cane 

molasses: An ammonia suppressant in composting manure and municipal wastes. Research Journal of 

Environmental Sciences, 3(5), 567–573. https://doi.org/10.3923/rjes.2009.567.573 

The analysis highlights the physico-biochemical parameters, the results of statistical tests, and their implications 

for compost stability and nutrient maturity. 
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Summary of Data Readings 

The data presented in Figures 9–14 illustrate the changes in the physicochemical and biochemical properties of 

the aerobic compost throughout the 14-day composting period. Daily measurements of pH, moisture content, 

temperature, nitrogen, phosphorus, and potassium were recorded for both the experimental group treated with 

sugarcane (Saccharum officinarum L.) molasses (SOM) and the untreated control group. These measurements 

were used to monitor and compare the changes in compost properties between the two groups over time. 

 

Fig. 9 Daily mean pH of the experimental and control groups during the 14-day composting period. 

Source: Own processing 

The pH values fluctuated throughout the 14-day composting period in both groups. The experimental group 

generally maintained neutral to slightly alkaline conditions, while the control group showed relatively higher pH 

values during the latter part of the monitoring period. By Day 14, mean pH values were 7.34 and 7.80 for the 

experimental and control groups, respectively. 

 

Fig. 10 Daily mean moisture content (%) of the experimental and control groups during the 14-day composting               

period. 

Source: Own processing 
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Moisture content varied during the early days of composting but became relatively similar between the two 

groups toward the end of the monitoring period. On Day 14, the experimental and control groups recorded mean 

moisture contents of 32.56% and 32.76%, respectively. 

 

Fig. 11 Daily mean temperature (°C) of the experimental and control groups during the 14-day composting 

period. 

Source: Own processing 

Temperature fluctuated in both groups during the 14-day monitoring period. Toward the latter days, the 

experimental group generally maintained slightly higher temperatures than the control group, reaching mean 

temperatures of 29.54 °C and 27.72 °C, respectively, on Day 14. 

 

Fig. 12 Daily mean nitrogen (N) concentration of the experimental and control groups during the 14-day 

composting  period. 

Source: Own processing 
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Nitrogen concentrations showed a marked increase in the experimental group beginning around Day 4, while the 

control group remained considerably lower throughout most of the monitoring period. At Day 14, mean nitrogen 

concentrations were 278.40 mg/kg in the experimental group and 139.00 mg/kg in the control group. 

 

Fig. 13 Daily mean phosphorus (P) concentration of the experimental and control groups during the 14-day                   

composting period. 

Source: Own processing 

Phosphorus concentration increased substantially in the experimental group during the early phase of composting 

and remained consistently higher than in the control group. At Day 14, the experimental and control groups 

recorded mean concentrations of 744.20 mg/kg and 208.00 mg/kg, respectively. 

 

Fig. 14 Daily mean potassium (K) concentration of the experimental and control groups during the 14-day                        

composting period. 

Source: Own processing 

Potassium followed a pattern similar to phosphorus, with substantially higher concentrations observed in the 

experimental group during most of the composting period. By Day 14, mean potassium concentrations were 

705.20 mg/kg in the experimental group and 188.80 mg/kg in the control group. 
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Interpretation and Implications 

A Mann–Whitney U test was conducted to compare the SOM-treated experimental group and untreated control 

group in terms of pH, moisture content, temperature, nitrogen, phosphorus, and potassium at the Day-14 

sampling endpoint. 

 

Table 3: Comparison of Physico-Biochemical Parameters Between Experimental and Control Groups at Day 14 

Note. Values are based on the researchers' experimental data (n = 5 per group). The Mann–Whitney U test was 

used to compare the experimental and control groups at the Day-14 sampling endpoint. Rank-biserial correlation 

(rrb) was reported as the effect-size measure. Positive rrb values indicate higher values in the SOM-treated group, 

whereas negative values indicate higher values in the control group. Statistical significance was evaluated at α = 

.05. 

As shown in Table 3, the Mann–Whitney U test indicated that the influence of sugarcane (Saccharum officinarum 

L.) molasses (SOM) varied across the measured physico-biochemical parameters at the Day-14 sampling 

endpoint. No statistically significant differences were observed between the experimental and control groups in 

pH (U = 3, p = .056), moisture content (U = 12, p = 1.000), and temperature (U = 3, p = .056). In contrast, 

significant differences were observed in nitrogen, phosphorus, and potassium (all U = 0, p = .008). 

The effect-size analysis indicated large observed group differences for pH (rrb = −0.76) and temperature (rrb = 

0.76), although these differences did not reach statistical significance. The effect size for moisture content was 

negligible (rrb = −0.04). Nitrogen, phosphorus, and potassium each showed complete separation between the 

observed values of the two groups (rrb = 1.00), with higher values in the SOM-treated group. Given the small 

sample size (n = 5 per group), this effect size should be interpreted cautiously. 

From a practical perspective, the findings suggest that SOM applied at 15 mL/kg may be considered for further 

evaluation as an organic amendment during the early stage of aerobic composting. The higher sensor-derived N, 

P, and K values observed in the SOM-treated group indicate its potential for influencing nutrient-related compost 

parameters. However, the present study did not determine the optimal SOM application rate, economic 

feasibility, or effectiveness across different compost feedstocks and larger-scale composting systems. Therefore, 

practical application beyond the conditions tested in this study should be approached cautiously.  

Limitations of the Study  

The study was limited to a 14-day aerobic composting period and five independent samples per group (n = 5), 

which may limit the assessment of complete compost maturation and the generalizability of the findings. In 

addition, the sensor measurements were not independently validated using standard laboratory methods. As the 

Parameter 

Experimental 

Group 

Mean ± SD 

Control 

Group 

Mean ± SD 

Mann–

Whitney U 

Exact 

p-value 
Effect Size (rrb) Decision 

pH 7.34 ± 0.40 7.80 ± 0.16 3 .056 −0.76 Not significant 

Moisture 

(%) 
32.56 ± 1.38 32.76 ± 0.67 12 1.000 −0.04 Not significant 

Temperature 

(°C) 
29.54 ± 1.47 27.72 ± 0.60 3 .056 0.76 Not significant 

Nitrogen 

(mg/kg) 

278.40 ± 

32.21 

139.00 ± 

8.54 
0 .008 1.00 Significant 

Phosphorus 

(mg/kg) 

744.20 ± 

49.28 

208.00 ± 

9.03 
0 .008 1.00 Significant 

Potassium 

(mg/kg) 

705.20 ± 

60.01 

188.80 ± 

8.70 
0 .008 1.00 Significant 
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sensor-derived NPK values are estimated from electrical conductivity using manufacturer-defined conversion 

factors, these values should be interpreted as sensor-derived estimates rather than direct laboratory 

measurements. Microbial and biological parameters were not measured; therefore, the mechanisms underlying 

the observed nutrient differences could not be directly evaluated. 

CONCLUSION 

The study demonstrated that the influence of sugarcane (Saccharum officinarum L.) molasses (SOM) on aerobic 

compost varied across the measured physico-biochemical parameters. At the Day-14 sampling endpoint, no 

statistically significant differences were observed between the SOM-treated and control groups in pH, moisture 

content, and temperature. In contrast, nitrogen, phosphorus, and potassium were significantly higher in the SOM-

treated group, with effect-size analysis indicating complete separation of the observed N, P, and K values 

between the two groups. Overall, SOM treatment primarily influenced the measured nutrient parameters under 

the conditions of this study. Given the small sample size and sensor-based measurements, the findings should be 

interpreted within the methodological limitations of the study. 

RECOMMENDATIONS 

Based on the findings of this study, several recommendations were proposed to enhance composting practices 

and guide future research: 

1. conduct further studies on long-term effects to determine the quality and maturity indicators like humus, C: 

N ratio, and microbial activity; 

2. incorporate microbial and biological tests to support the hypothesis that SOM stimulates microbial-driven 

nutrient transformation;  

3. extend the composting and temperature-monitoring period to determine whether the compost reaches and 

maintains the thermophilic phase required for effective compost stabilization and pathogen reduction; 

4. compare sensor measurements with standard laboratory methods to further establish measurement accuracy; 

and 

5. future studies should include more independent experimental replicates to improve statistical robustness.  

ACKNOWLEDGEMENT 

This research was conducted with the support of the Technological University of the Philippines Manila and 

National University, Philippines, to whom the researchers express their sincere appreciation. 

Declarations 

Funding 

No funding was received for this study. 

Ethics Declaration 

Not applicable. 

REFERENCES 

1. Abas, P. E., Choo, M., & Suhaimi, H. (2023). Design and development of a smart compost bin using an 

IoT-based monitoring system. Sustainability, 15 (7), 6191. https://doi.org/10.3390/su15076191. 

http://www.rsisinternational.org/
https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://doi.org/10.3390/su15076191


www.rsisinternational.org 

Page 1204 

INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI Volume XIII Issue VIII August 2026 
 

 

  
 

 

2. Abas, F., Jamaludin, N.S., Khairul, S.A., Mahyudin, N.A., & Nor-Khaizura, M.A.R. (2022). The 

proximate composition and metabolite profiling of sugarcane (Saccharum officinarum) molasses. 

Malaysian Applied Biology, 51(2), 63–68. https://doi.org/10.55230/mabjournal.v51i2.2259. 

3. Abera, B. D., Alemu Teferi, D., Asemu, A. M., Belachew, M. T., Geremew Kassa, M., & Satheesh, N. 

(2024). Review on the application, health usage, and negative effects of molasses. CyTA - Journal of 

Food, 22(1). https://doi.org/10.1080/19476337.2024.2321984. 

4. Aboutayeb, R., El-mrini, S., & Zouhri, A. (2022). Effect of initial C/N ratio and turning frequency on 

quality of final compost of turkey manure and olive pomace. Journal of Engineering and Applied Science, 

69, Article 37. https://doi.org/10.1186/s44147-022-00092-6. 

5. Aguilar-Paredes, A., Araneda, N., Hansen, F., Nuti, M., Valdebenito, E., & Valdés, G. (2023). Microbial 

Community in the Composting Process and Its Positive Impact on the Soil Biota in Sustainable 

Agriculture. Agronomy, 13(2), 542. https://doi.org/10.3390/agronomy13020542. 

6. Aiguo, Z.,  Fuya, J., Guoxue, L., Juan, W., Yan, L., Yandong, C., Ying, L., & Yuquan, W. (2019). Impact 

of phosphate additive on organic carbon component degradation during pig manure composting. 

Environmental Science and Pollution Research, 26, 11805–11814. https://doi.org/10.1007/s11356-019-

04511-9. 

7. Ajay Raj, G., Jaswanth, P., Pavan Kumar, G., Pavan Kumar, Y., & Vishnu Vardhan, M. (2024). Smart 

compost system using IoT. International Journal of Novel Research and Development (IJNRD), 9(5). 

Retrieved from https://www.ijnrd.org. 

8. Ali, M. H., Mahapatra, S., & Samal, K. (2022). Assessment of compost maturity-stability indices and 

recent development of composting bins. Energy Nexus, 6, 100062. 

https://doi.org/10.1016/j.nexus.2022.100062. 

9. American Psychological Association. (2021). Tables and figures. In APA Style. Retrieved June 11, 2025, 

from https://apastyle.apa.org/style-grammar-guidelines/tables-figures/tables 

10. Batucan, K., Cabigao, R., Edusma, M., Madrigal, J., Mandilag, J., Mendallon, M., & Mojica, S. (2025). 

Evaluating the effectiveness of an Arduino-controlled smart composting bin versus a traditional 

composting bin in pH regulation, moisture retention, and organic matter decomposition. Science and 

Technology Education. https://doi.org/10.5281/zenodo.15382812. 

11. Bawane, S. G.,  Bagde, G., Kale, R., Kapse, A., Mahure, A., Manwatkar, P., & Shende, M. (2024). Design 

& fabrication of kitchen waste mixing and grinding machine for compost making process. International 

Research Journal of Modernization in Engineering Technology and Science (IRJMETS), 6(3). Retrieved 

from https://www.irjmets.com. 

12. Belyaeva, O. N., Haynes, R. J., & Zhou, Y.F. (2015). Particle size fractionation as a method for 

characterizing the nutrient content of municipal green waste used for composting. Waste Management, 

35, 48–54. https://doi.org/10.1016/j.wasman.2014.10.002. 

13. Beegle, D., & Durst, P. (2017). Managing phosphorus for crop production. PennState Extension. 

https://extension.psu.edu/managing-phosphorus-for-crop-production. 

14. Bhuvaneshwari, M & Indian Raj, N., & Kumar, S., (2022). Homemade compost. Journal of Emerging 

Technologies and Innovative Research (JETIR), Volume 9. 574-582, ISSN- 2349-5162. 

15. Bialowiec, A., Binner, E., Sobieraj, K., Stegenta-Dąbrowska, S., & Zafiu, C., (2023). Carbon Monoxide 

Production during Bio-Waste Composting under Different Temperature and Aeration Regimes. 

Materials. 16. https://doi.org/10.3390/ma16134551. 

16. Brito Bispo, R. L., Ceccato-Antonini, S. R., Fontanetti, A., Prado, V. S., Rosa-Magri, M. M., Takita, M. 

A., & Tosta, C. D. (2023). Sugarcane molasses as substrate to soil yeasts: Indole-3-acetic acid production 

and maize initial growth promotion. Biocatalysis and Agricultural Biotechnology, 47, 102618. 

https://doi.org/10.1016/j.bcab.2023.102618. 

17. Bui, X.T., Cheruiyot, N., Lin, C., & Ngo, H. (2022). Composting and its application in bioremediation 

of organic contaminants. Bioengineered. 13. 1073-1089. 

https://doi.org/10.1080/21655979.2021.2017624. 

18. Changsha Zoko Link Technology Co., Ltd. (n.d.). NBL-S-TMC-7/7-in-1 soil integrated sensor: 

Instruction manual [Instruction manual]. https://www.niuboltech.com/static/upload/file/20240309/7-in-

1-Soil-Composite-Sensor-Manual.pdf 

http://www.rsisinternational.org/
https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://doi.org/10.55230/mabjournal.v51i2.2259
https://doi.org/10.1080/19476337.2024.2321984
https://doi.org/10.1186/s44147-022-00092-6
https://doi.org/10.3390/agronomy13020542
https://doi.org/10.1007/s11356-019-04511-9
https://doi.org/10.1007/s11356-019-04511-9
https://www.ijnrd.org/
https://doi.org/10.1016/j.nexus.2022.100062
https://apastyle.apa.org/style-grammar-guidelines/tables-figures/tables
https://doi.org/10.5281/zenodo.15382812
https://www.irjmets.com/
https://doi.org/10.1016/j.wasman.2014.10.002
https://extension.psu.edu/managing-phosphorus-for-crop-production?utm_source=chatgpt.com#:~:text=In%20some%20cases%2C%20applying%20a,the%20optimum%20range%20over%20time
https://doi.org/10.3390/ma16134551
https://doi.org/10.1016/j.bcab.2023.102618
https://doi.org/10.1080/21655979.2021.2017624
https://www.niuboltech.com/static/upload/file/20240309/7-in-1-Soil-Composite-Sensor-Manual.pdf
https://www.niuboltech.com/static/upload/file/20240309/7-in-1-Soil-Composite-Sensor-Manual.pdf


www.rsisinternational.org 

Page 1205 

INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI Volume XIII Issue VIII August 2026 
 

 

  
 

 

19. Chen, C., Cheng, T., Li, J., Wang, B., Yang, H., Zhang, Z., & Zou, X. (2023). Aerobic co-composting of 

mature compost with cattle manure: Organic matter conversion and microbial community 

characterization. Bioresource Technology, 382, 129187. https://doi.org/10.1016/j.biortech.2023.129187. 

20. Chen, L., Li, W., Meng, L., Zhang, S., Zhang, X., & Zhao, Y. (2020). Influence of spent mushroom 

substrate and molasses amendment on nitrogen loss and humification in sewage sludge composting. 

Heliyon, 6(9), e04988. https://doi.org/10.1016/j.heliyon.2020.e04988. 

21. Cheng, H., Cheng, Q., Ding, J., Ge, M., Li, R., Liu, J., Meng, H., Shen, Y., Wang, H., Wang, J., Zhou, 

H., Zhou, J., Zhang, X. (2022). New insight into the impact of moisture content and pH on dissolved 

organic matter and microbial dynamics during cattle manure composting. Bioresource Technology, 344 

(Part A), 126236. https://doi.org/10.1016/j.biortech.2021.126236. 

22. Chicco, D., Sichenze, A., & Jurman, G. (2025). A simple guide to the use of Student’s t-test, Mann–

Whitney U test, Chi-squared test, and Kruskal–Wallis test in biostatistics. BioData Mining, 18(1), Article 

56. https://doi.org/10.1186/s13040-025-00465-6. 

23. Composting Consortium. (2024). Breaking it down: the realities of compostable packaging disintegration 

in composting systems. Retrieved June 11, 2025. https://www.closedlooppartners.com/wp-

content/uploads/2024/04/Closed-Loop-Partners-Final-Disintegration-Report-

2.pdf?utm_source=chatgpt.com. 

24. Dhamu, V. N., Eldeeb, M. A., Somenahally, A. C., Muthukumar, S., & Prasad, S. (2025). SODS: Soil 

health on-demand sensors—A multi-parameter field study with temporal monitoring. Sensors, 25(11), 

3505. https://doi.org/10.3390/s25113505. 

25. Devendra, R., Hitesh, N., Manjunath, P. S., Prajwala, C., Ramakrishnaiah, C. R. &  Varshitha, E. V. 

(2024). Quality control and assessment of compost obtained from open and in-vessel composting 

methods. Materials Today: Proceedings, 106, 99–106. https://doi.org/10.1016/j.matpr.2023.06.350. 

26. Dimitris, M., & Maria, L., Markos, M., & Vassilis, D. (2023). An experimental investigation of the 

composting process in an innovative home composting System: The influence of additives. Cleaner 

Materials, Volume 8, 100185, ISSN 2772-3976, https://doi.org/10.1016/j.clema.2023.100185. 

27. Djordjević, M., Djordjević, M.,Farmani, B., & Mohammadkhani, S. (2025). Assessing Sugarcane 

Molasses’ Bioactive Compound Content upon Ultrasound-Assisted Hydroethanolic Extraction at Various 

pH Values. Agriculture, 15(2), 158. https://doi.org/10.3390/agriculture15020158. 

28. Duan, E., Huang, Y., Mei, J., Wu, Y., & Zhu, Y. (2023). Effect and its mechanism of potassium persulfate 

on the aerobic composting process of vegetable wastes. Environmental Science and Pollution Research 

International, 31(5), 7111–7121. https://doi.org/10.1007/s11356-023-31466-9. 

29. Emerson, R. W. (2023). Mann-Whitney U test and t-test. Foot & Ankle International, 44(1), 127–128. 

https://doi.org/10.1177/0145482X221150592. 

30. Ezz, S., Farag, M., & Shengpeng, W. (2021). More than sweet: A phytochemical and pharmacological 

review of sugarcane (Saccharum officinarum L.). Food Bioscience. 44. 

https://doi.org/10.1016/j.fbio.2021.101431. 

31. Finore, I., Feola, A., Russo, L., Cattaneo, A., Donato, P. D., Nicolaus, B., Poli, A., & Romano, I. (2023). 

Thermophilic bacteria and their thermozymes in composting processes: A review. Chemical and 

Biological Technologies in Agriculture, 10, Article 7. https://doi.org/10.1186/s40538-023-00381-z  

32. Ge, M., Shen, Y., Ding, J., Meng, H., Zhou, H., Zhou, J., Cheng, H., Zhang, X., Wang, J., Wang, H., 

Cheng, Q., Li, R., & Liu, J. (2022). New insight into the impact of moisture content and pH on dissolved 

organic matter and microbial dynamics during cattle manure composting. Bioresource Technology, 

344(Part A), 126236. https://doi.org/10.1016/j.biortech.2021.126236. 

33. Geisel, Pamela M. & Unruh, Carolyn L. (2007). Compost in a Hurry. University of California, Division 

of Agriculture and Natural Resources. https://anrcatalog.ucanr.edu/pdf/8037.pdf. 

34. Haeyoung, L., Hyoju, Y., Jina, S., Subeen, J., Si, J.P., Yu, J.K., & Yu, J.S. (2023). Sugarcane wastes as 

microbial feedstocks: A review of the biorefinery framework from resource recovery to production of 

value-added products. Bioresource Technology, Volume 376, 2023, 128879, ISSN 0960-8524, 

https://doi.org/10.1016/j.biortech.2023.128879. 

35. Hashamabad, D., Kaviani Livani, B., Mohammadi‑Torkashvand, A., & Sedaghathoor, S. (2009). Cane 

molasses: An ammonia suppressant in composting manure and municipal wastes. Research Journal of 

Environmental Sciences, 3(5), 567–573. https://doi.org/10.3923/rjes.2009.567.573. 

http://www.rsisinternational.org/
https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://doi.org/10.1016/j.biortech.2023.129187
https://doi.org/10.1016/j.heliyon.2020.e04988
https://doi.org/10.1016/j.biortech.2021.126236
https://doi.org/10.1186/s13040-025-00465-6
https://www.closedlooppartners.com/wp-content/uploads/2024/04/Closed-Loop-Partners-Final-Disintegration-Report-2.pdf?utm_source=chatgpt.com
https://www.closedlooppartners.com/wp-content/uploads/2024/04/Closed-Loop-Partners-Final-Disintegration-Report-2.pdf?utm_source=chatgpt.com
https://www.closedlooppartners.com/wp-content/uploads/2024/04/Closed-Loop-Partners-Final-Disintegration-Report-2.pdf?utm_source=chatgpt.com
https://doi.org/10.3390/s25113505
https://doi.org/10.1016/j.matpr.2023.06.350
https://doi.org/10.1016/j.clema.2023.100185
https://doi.org/10.3390/agriculture15020158
https://doi.org/10.1007/s11356-023-31466-9
https://doi.org/10.1177/0145482X221150592
https://doi.org/10.1016/j.fbio.2021.101431
https://doi.org/10.1186/s40538-023-00381-z
https://doi.org/10.1016/j.biortech.2021.126236
https://anrcatalog.ucanr.edu/pdf/8037.pdf
https://doi.org/10.1016/j.biortech.2023.128879
https://doi.org/10.3923/rjes.2009.567.573


www.rsisinternational.org 

Page 1206 

INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI Volume XIII Issue VIII August 2026 
 

 

  
 

 

36. Ho, T. T. K., Tra, V. T., Le, T. H., Nguyen, N.-K.-Q., Tran, C.-S., Nguyen, P.-T., Vo, T.-D.-H., Thai, 

V.-N., & Bui, X.-T. (2022). Compost to improve sustainable soil cultivation and crop productivity. Case 

Studies in Chemical and Environmental Engineering, 6, 100211. 

https://doi.org/10.1016/j.cscee.2022.100211. 

37. Kaewpradit, W., Phukongchai, W., & Rasche, F. (2022). Inoculation of cellulolytic and  ligninolytic 

microorganisms accelerate decomposition of high C/N and cellulose rich sugarcane straw in tropical 

sandy soils. Applied Soil Ecology, https://doi.org/10.1016/j.apsoil.2021.104355. 

38. Kota, S. K. & Kumar, N. D. (2022). Effectiveness of human machine interaction (HMI) for development 

of communication and interaction between a human and a machine to control machines. Technoarete 

Transactions on Industrial Robotics and Automation Systems, 2(1). 

https://doi.org/10.36647/TTIRAS/02.01.A005. 

39. Lončarić, Z., Nemet, F., & Perić, K. (2021). Microbiological activities in the composting process: A 

review. 8. 41-53. https://doi.org/10.18380/SZIE.COLUM.2021.8.2.41. 

40. Montgomery, Douglas C., (2012). Design and analysis of experiment. John Wiley & Sons, Inc. Arizona 

State University. Retrieved June 11, 2025. 

41. Musanase, C., Vodacek, A., Hanyurwimfura, D., & Uwitonze, A. (2023, June). Calibration of five-pin 

soil sensor for soil monitoring of greenhouses in Rwanda. In Proceedings of the 13th International 

Workshop on Computer Science and Engineering (WCSE 2023) (pp. xxx–xxx). World Scientific. 

https://doi.org/10.18178/wcse.2023.06.039. 

42. Permies. (2022, July 15). Soil test too much NPK Permies. https://permies.com/t/192134/Soil-test-NPK. 

43. Priyambada, Ika & Wardana, Irawan. (2018). Fast decomposition of food waste to produce mature and 

stable compost. Sustinere: Journal of Environment and Sustainability. 2. 156-167. 

10.22515/sustinere.jes.v2i3.47.  

44. Raju, N., Jasmine, J., Thilagavathy, A., Alagarsamy, M., et al. (2023, July). Multi-parameter             sensor- 

based automation farming. E3S Web of Conferences, 399, 04016.            

https://doi.org/10.1051/e3sconf/202339904016. 

45. Resmi, G., & Vinod, V. (2022). Development and fabrication of a portable shredding machine  for 

rapid composting of organic waste. Nature Environment and Pollution Technology,  21(1), 

275–281. https://doi.org/10.46488/NEPT.2022.v21i01.032. 

46. Rosen, C. J., Brown, D. L., Mugaas, R. J., & Halbach, T. R. (2018). Composting in home gardens: 

Composting considerations. University of Minnesota Extension. https://extension.umn.edu/composting. 

47. Shrirao, P. R., & Hedaoo, M. N. (2020). A study on composting by using natural accelerating ingredients. 

International Research Journal of Engineering and Technology (IRJET), 7(11). https://www.irjet.net. 

48. Stehouwer, R., Cooperband, L., Rynk, R., Biala, J., Bonhotal, J., Antler, S., Lewandowski, T., & Nichols, 

H. (2022). Compost characteristics and quality. In The Composting Handbook (pp. 737–775). Elsevier. 

https://doi.org/10.1016/B978-0-323-85602-7.00012-1. 

49. Trautmann, N. M., Richard, T., & Krasny, M. E. (1996). The science and engineering of composting: 

Compost engineering fundamentals. Cornell Waste Management Institute, Department of Crop and Soil 

Sciences, Cornell University. 

50. U.S. Environmental Protection Agency. (2023). Composting at home. 

https://www.epa.gov/recycle/composting-home. 

51. Zakarya, I. A., Izhar, T. N. T., Noordin, N. M., & Kamaruddin, S. A. (2021). Rapid composting of food 

waste and yard waste with effective microorganisms (EM). IOP Conference Series: Earth and 

Environmental Science, 920(1), 012028. https://doi.org/10.1088/1755-1315/920/1/012028. 

 

http://www.rsisinternational.org/
https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://doi.org/10.1016/j.cscee.2022.100211
https://doi.org/10.1016/j.apsoil.2021.104355
https://doi.org/10.36647/TTIRAS/02.01.A005
https://doi.org/10.18380/SZIE.COLUM.2021.8.2.41
https://doi.org/10.18178/wcse.2023.06.039
https://permies.com/t/192134/Soil-test-NPK?utm_source=chatgpt.com
https://doi.org/10.46488/NEPT.2022.v21i01.032
https://doi.org/10.1016/B978-0-323-85602-7.00012-1
https://www.epa.gov/recycle/composting-home
https://doi.org/10.1088/1755-1315/920/1/012028

