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ARTICLE INFO ABSTRACT
Received Improper disposal of kitchen waste produces unwanted microorganisms and breeds
01 June 2025 mosquitoes and flies, making the environment unhealthy. As organic matter, kitchen waste
can serve as biofertilizer. This experiment was carried out to assess the feasibility of making
Revised liquid fertilizer from kitchen waste. The work aimed to manage kitchen waste to minimize its
22 July 2025 pollution and promote organic farming by converting it into liquid fertilizer to contribute to
Accepted sustainable agriculture. The Randomized Complete Block Design (RCBD) was followed for
24 July 2025 this research. Kitchen wastes like vegetable peels, fruit peels, eggshells, fish and meat
bones, used tea leaves, food waste, etc., were collected and fermented to get the liquid
Key words: extracts. Essential plant nutrient analysis showed that it contained significant amounts of N

Kitchen waste (25000ppm), P (12.7 ppm), K (2.7ppm), S (0.05ppm), Mg (30.24ppm), Zn (5.8ppm), Cu
Environment (0.7ppm), Mn (0.7ppm), Fe (25ppm), and B (0.5ppm) encouraging the use of such liquid
Pollution extract as liquid fertilizer. Making liquid fertilizer will encourage organic farming, minimize the
Liquid fertilizer hazard created by the wrong disposal of kitchen waste, achieve sustainable agriculture by
Nutrients analysis  lessening the use of synthetic fertilizer, and provide economical elements in farm technology.
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Introduction

Kitchen waste comprises leftovers from cooking, vegetables, fruit peeling, fish scales, tea liquor,
eggshells, etc. Where proper management options are not present, these substances create nasty odor,
polluting the environment and causing many health issues (Paritosh et al., 2017). This kind of garbage
produces mosquitoes, breeds various microorganisms, attracts flies, and creates an unhealthy environment
(Sarwar, 2015). Kitchen waste is also responsible for the contamination of groundwater (Igboama et al.,
2022). With global economic development and population growth, hotels, restaurants, families, canteens, and
businesses in particular are producing more and more food waste. In both developed and developing
countries, kitchen waste is a problem (Zhang et al., 2014). Around 25,000 tons of solid waste are produced
daily in Bangladesh's urban regions, and by 2025, this is expected to rise to 47,000 tons daily (Ahmed, 2019).
Local municipalities have struggled to deal with these massive amounts of solid waste. Data on waste
collection effectiveness in different urban areas lies between 37 and 77%, with an average of 55% (Ahmed,
2019). The existing waste disposal without sorting and throwing it in open areas, and into drains causes an
unhealthy environment, leading to human infections, environmental pollution, and waterlogging (Islam, 2016;
Islam, 2018; Parvin and Begum, 2018; Masud et al., 2023). In 2020, Statistics show that Sub-Saharan Africa
and Western Asian countries produce the highest amount of household food waste annually. Western Asian
countries produce an average of 110 kilograms of food waste per person each year. So, managing kitchen
waste should be a matter of concern (Rushton and L., 2003). In recent years, climate change, sustainability,
and the reduction of kitchen waste have been some of the most challenging topics for academics, scientists,
politicians, and society worldwide (Wang et al., 2019; Kapsdorferova et al., 2021). Currently, there are many
technologies like anaerobic digestion, composting, incineration, and landfilling to convert kitchen waste into
useful matter (Shekdar, 2008; Prepilkova et al., 2023). Composting kitchen waste is a very easy and quick
process (Maindargikar et al., 2022). Different forms of fertilizers are produced, such as soil conditioners,
composts, soluble bio-waste composts, degraded crops, and mineral and liquid organic fertilizers (Du et al.,
2018). Agricultural uses include the production of animal feed and organic fertilizer by composting (Wang et
al., 2019; Yong et al., 2021). Composting is an aerobic bio-degradation process carried out under controlled
conditions to transform organic waste, resulting in a stable and sanitized organic treatment, commonly known
as compost (Aguilar-Paredes et al., 2023). Kitchen waste as organic fertilizers is nutritious and most of them
are great sources of organic carbon. These are not only a carbon source but also an excellent nutrient source.
This huge nutrient source is inexpensive or otherwise unused organic waste can be utilized for recycling as
valuable resources (Chatterjee et al., 2017). Therefore, composting promotes nutrient cycling; composting is
an efficient and economical way of treating waste before land application; the output is a healthy humus-like
material; elimination of air emissions and reduced demands on land in a closed system (Garcia et al., 1993;
Kulcu, 2004; Halloran et al., 2014; Dronia et al., 2024).

In our experiment, we prepared liquid fertilizer from kitchen waste and validated the nutrient status. As we
know, Liquid organic fertilizers are more advantageous to plant growth than other fertilizers since they are
administered directly to the single root zone in the irrigation system. Besides that, they are quickly absorbed
by plants and require less per plot, and the degradation process is relatively straightforward (More et al.,
2016). The nutrient status of liquid fertilizer varies on the types of kitchen waste used (Tampio et al., 2016)
and it was studied in many countries before (Khadidja and Aman, 2022). The types of kitchen waste are
related to food habits and it varies from country to country. In the case of Bangladesh or the Indian sub-
continent, there is no research found where the nutrient status was studied from liquid fertilizer prepared from
kitchen waste. The result will indicate the eligibility of Bangladeshi kitchen wastes for liquid fertilizer. Gaining
the goal of sustainable agriculture through eco-friendly and budget-friendly elements, liquid organic fertilizer
from kitchen waste can be one of the best options. This eco-friendly and cost-effective liquid fertilizer from
kitchen waste will be a good source of organic fertilizer providing nitrogen, phosphorus, potassium, and lots of
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micro, macro, and trace elements as more use of agrochemical or inorganic fertilizer pollute soil, hamper the
health of soil microorganisms, reduce soil fertility, effects soils physical, chemical and biological properties
and eventually reduces crop production. Liquid organic fertilizer contributes to soil's physical and biological
properties. It improves soil structure, texture, and cation exchange capacity as well as keeps soil temperature
optimum. Continuous application of liquid organic fertilizer will improve the soil organic matter and high levels
of nutrients in the soil.

Materials and Methods

Kitchen waste

Various kitchen waste such as vegetable peels, fruit peels, eggshells, fish and meat bones, used tea
leaves, food waste, etc., has been collected from different kitchens. After collection, all waste products were
mixed perfectly to use in liquid fertilizer production.

Liquid fertilizer extraction

Five plastic buckets, each with a capacity of 25 liters, were used for the composting process.
Approximately five kilograms of mixed organic waste were added to each bucket at regular intervals. The
buckets were placed in a shaded area, where the daily average temperature ranged between 24°C and 32°C.
To facilitate the composting process, 2.5 liters of water were added to each bucket. The mixture was allowed
to decompose over a period of five weeks. At the end of this period, the liquid accumulated at the bottom of
each bucket was collected by filtration and subsequently stored in a refrigerator for further analysis.

Data collection

During the preparation of the fertilizer, the mixture was stirred regularly using a wooden stick to ensure
homogeneity. The fermentation process took place in a shaded area beneath a banyan tree located near the
university dormitory, where the average relative humidity ranged between 78-80%. To promote effective
fermentation, the buckets containing the mixture were often covered with lids. Visible signs of fermentation
began to appear after approximately one week, marked by a gradual change in the liquid’s color from pale
brown to dark brown.

Initial physical characteristics of the fertilizer were recorded at the Laboratory of Agriculture, Noakhali
Science and Technology University, Noakhali, Bangladesh. Subsequently, samples were sent to the
Bangladesh Council of Scientific and Industrial Research (BCSIR) Laboratory in Dhaka, Bangladesh for
nutrient analysis. The assessment focused on five macronutrients—Nitrogen (N), Phosphorus (P), Potassium
(K), Sulfur (S), and Magnesium (Mg)—and five micronutrients—Zinc (Zn), Copper (Cu), Manganese (Mn), Iron
(Fe), and Boron (B). All nutrient concentrations were quantified in parts per million (PPM).

Data analysis
Analysis of variance (ANOVA) was performed using SPSS. The significance of means was analyzed with
at least significant differences (LSD) between replication means at P =0.05.

Results

Physical properties

A total of 5 L of liquid was collected from each 5kg waste bucket by filtering and kept in bottles for storage.
The liquid was initially observed to be a pale brown color, which gradually turned into a deep, dark brown
color. Initially, it smelled very stinky, and the intensity increased over time. The pH value was 6.2 + 0.9. Small
moving organisms, micro life, were observed when the waste began to degrade, and these gradually
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increased with the degradation of the waste. It can be hypothesized that the presence of small organisms in
the sample may include single or multiple strains of microorganisms such as algae, bacteria, and fungi
(Nosheen, Ajmal, & Song, 2021, p. 1868). Among the bacterial populations, strains belonging to genera such
as Pseudomonas, Staphylococcus, and Bacillus are likely to be present. Given that the fertilizer used was
enriched with a high nitrogen content, it is also reasonable to predict the presence of nitrogen-fixing bacteria
commonly associated with such environments.

Macro and micronutrient status

The amount of the nutrients was measured in PPM (Table 1). Among the nutrients, the highest amount
observed for Nitrogen (N) was 25000 £ 70.71 ppm, followed by 30.24 £ 2.45 ppm for Magnesium (Mg) and 25
+ 2.23 ppm for Iron (Fe). Then, 12.7 £ 1.59 ppm for Phosphorus (P) was recorded, and 5.8 + 1.07 ppm for
Zinc (Zn). At the same time, the amount of Potassium (K) was 2.7 = 0.73 ppm and 0.7 + 0.37 ppm for both
Copper (Cu) and Manganese (Mn). An amount of 0.5 + 0.14 ppm of Boron (B) and the lowest amount of
Sulfur (S) 0.05 £ 0.09 ppm, resulted from the liquid extracts.

Table 1. The macro and micro-nutrient composition of liquid fertilizer extracted from kitchen waste. The values
are expressed in ppm as Mean + Standard error of three replicates. The values are expressed in ppm.

Types Nutrients Mean * SE (PPM)
N 25000 + 70.71
P 12.7 £1.59
Macro-nutrient K 12.7 +1.59
S 12.7 £ 1.59
Mg 30.24 £ 2.45
Zn 5.8 +1.07
Cu 0.7 £0.37
Micro-nutrient Mn 0.7 +0.37
Fe 25+2.23
B 0.5+0.14
Discussion

This higher nitrogen concentration supports vigorous leaf and stem development, contributing to overall
plant strength and growth (Febrian and Masjud, 2021). In addition to nitrogen, potassium and phosphorus are
essential macronutrients that play critical roles in plant development. Magnesium is also vital, as it forms the
central element of the chlorophyll molecule, directly impacting photosynthesis. Moreover, the presence of high
levels of iron enhances enzymatic activity involved in both photosynthesis and respiration (Nasution et al.,
2024). However, the lower concentrations of copper and sulfur suggest variability in the raw materials used for
fertilizer production. Enhancing the formula with organic waste materials rich in copper and sulfur could
naturally improve these nutrient levels.
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The results indicated the nutrient elements in liquid fertilizer with significant differences (p=<0.005) in the
values of nutrients in ppm. This result reveals that liquid fertilizer from kitchen waste is rich in nutrients such
as macro (N, P, K, S, and Mg) and Micro (Zn, Cu, Mn, Fe, and B) (Table 1), especially rich in higher nitrogen
content. The results reveal that the liquid fertilizer from the anaerobic process is a great source of organic
fertilizer.

The high nitrogen content in the fertilizer can be attributed to the use of protein-rich materials such as fish
skin and green kitchen waste, including coriander and vegetable peels. These organic wastes break down into
nitrogenous compounds during decomposition. Unlike many other nutrients, nitrogen compounds particularly
in the forms of ammonium (NH,*) and nitrate (NO3") are highly water-soluble, allowing them to accumulate
rapidly in liquid fertilizers. During fermentation or anaerobic digestion, microbial activity intensifies nitrogen
mineralization, converting organic nitrogen into forms readily available for plant uptake. In contrast, other
essential elements are present at relatively lower levels, likely due to the naturally low mineral content in the
original waste materials and the limited solubility and bioavailability of these nutrients in the final product.

Table 2. A comparison of the macro and micro-nutrients observed in this study and the range of different
organic fertilizers compiled from various published articles (Chatterjee et al., 2017; Unnisa, 2015; Skrzypczak
et al., 2023; Prativa and Bhattarai, 2012; Theunissen et al., 2010; Ewulo et al., 2008; Ewulo et al., 2007). The
values are expressed in ppm.

Types Nutrients EZZEZ?E (g:t'\r/:;em content in The range of nutrients (PPM)

N 25000 + 70.71 11500 - 22000

P 12.7 £ 1.59 115 - 7000
Macro-nutrient K 12.7 £ 1.59 126 - 8000

S 12.7 £ 1.59 19-55

Mg 30.24 £ 2.45 20 - 2000

Zn 5.8 +1.07 1.3-48.1

Cu 0.7 £0.37 04-5
Micro-nutrient Mn 0.7 +0.37 1.8-96.5

Fe 25+2.23 15.4 - 2134

B 0.5+0.14 11500 - 22000

A comparison was made between the observed and the range of nutrients found in different articles (Table
2). The nitrogen content was 25000 * 70.71ppm, which is significant to other findings. In different studies, the
nitrogen range was found 11500 to 22000 ppm (Unnisa, 2015; Siddiqui et al., 2021; Skrzypczak et al., 2023)
indicating that the liquid fertilizer was very nitrogen-rich. Another macronutrient phosphorus content was 12.7
+ 1.59 ppm. The slow-release mechanism of liquid organic nitrogen can improve nutrient uptake efficiency
and increase yield with positive soil health properties. (Karkee and Bishwokarma, 2023). The controlled
release of organic fertilizer minimizes the risk of leaching and volatilization. While synthetic nitrogen fertilizers
can offer immediate nutrient availability and higher short-term crop yields, but their environmental costs,
including greenhouse gas emissions and nutrient leaching, are considerable (Liu et al., 2021). However, the
content of phosphorus was low if we consider the range observed in various articles 115 — 7000 ppm (Unnisa,
2015; Skrzypczak et al., 2023; Prativa and Bhattarai, 2012; Theunissen et al., 2010; Ewulo et al., 2008). The
banana peels and vegetable scarps used in this fertilizer are a good source of phosphorus. During
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decomposition, microorganisms break down organic phosphorus, but the rate at which this occurs can be
slow. Moreover, phosphorus in organic matter may be present in forms that require microbial action for
mineralization into plant-available forms (Garcia-Berumen et al., 2025, p. 100326). If the microbial population
is not optimized or if decomposition conditions (like moisture, temperature, and aeration) are not ideal, the
phosphorus content in the liquid fertilizer could be low (Greff et al., 2022). The potassium recorded 2.7 + 0.73
ppm in the liquid fertilizers. In comparing with the range of 126 — 8000 ppm observed in different studies
(Unnisa, 2015; Skrzypczak et al., 2023; Prativa and Bhattarai, 2012; Theunissen et al., 2010; Ewulo et al.,
2008) it seemed that the liquid fertilizer could not be a good source of potassium. But some points should be
considered, the ingredients which provide potassium were not high enough in concentration to significantly
impact the overall potassium content of this liquid fertilizer. Such as fish skin, orange peels used to make this
fertilizer may contribute some potassium, but they are not high enough in concentration to significantly impact
the overall potassium content. Additionally, as organic matter decomposes, microorganisms break down
complex compounds, mineralizing potassium into plant-available forms (Rawal et al., 2022). However, this
process is slow, which explains the lower initial potassium levels. Over time, mineralization will contribute to
soil potassium, but the immediate availability in the liquid fertilizer remains limited. Besides the environment,
composition or fermentation process may also be contributory factors for this lower level (Greff et al., 2022).
The sulfur content was 0.05 + 0.09 ppm and the range of sulfur was found 1.9 — 5.5 ppm indicating it not to be
a good source (Chatterjee et al., 2017). The Sulphur content can be improved by focusing on the ingredients
of fertilizer, duration of fermentation and filtering process. However, the magnesium showed a quantity of
30.24 + 2.45 ppm that falls within the range of magnesium 20 — 2000 ppm observed in different literatures
(Chatterjee et al., 2017). Therefore, this fertilizer will enhance the plant's overall growth, improve crop quality,
increase chlorophyll content, stimulate biochemical activity, strengthen its defense mechanisms, and bolster
resilience against environmental stressors (Xu et al., 2022). This Zinc plays a vital role metabolically for plant
growth and development. It is an essential trace element which effect plant physiological functions, structural
development, facilitation of protein synthesis and gene expression, even in enzyme structure and production
(Mousavi et al., 2013). The zinc content was 5.8 + 1.07 ppm in our study. In different studies, the range of zinc
observed was 1.3 — 48.1 ppm (Skrzypczak et al. 2023 Prativa and Bhattarai, 2012; Theunissen et al., 2010)
indicating this liquid fertilizer can be a good source of zinc. The copper content was 0.7 £ 0.37 ppm and the
range of copper observed was 0.4 — 5 ppm (Skrzypczak et al., 2023; Prativa and Bhattarai, 2012; Theunissen
et al., 2010). The manganese content was 0.7 = 0.37 ppm. Whereas, in different studies, the range of
manganese was observed from 1.8 to 96.5 ppm (Skrzypczak et al.2023; Prativa and Bhattarai, 2012;
Theunissen et al., 2010). The reason for lower manganese content may be due to plant-based sources,
alkaline condition, and microbial activity. The iron was found 25 + 2.23 ppm and the range of iron observed
was 15.5 — 2134 ppm (Skrzypczak et al.2023; Prativa and Bhattarai, 2012; Theunissen et al., 2010). This
liquid fertilizer can be a rich source of iron which will enhance plants protein content and root length, even it
will reduce the heave metal uptake. It will improve the overall crop quality (Zhang, Li, & Wang, 2023). The
content of boron was recorded at 0.5 + 0.14 ppm. Contrary, the range of boron observed was 0.02 — 0.06 ppm
(Chatterjee et al., 2017). The higher amount of boron can contribute to plant growth particularly in plant height
and leaf number (Che Nordin et al., 2022). We observed the gquantities of phosphorus, potassium, and sulfur
were lower than the range found in different research (Chatterjee et al., 2017; Unnisa, 2015; Ewulo et al.,
2007). However, nitrogen, copper, zinc and iron content were highest among all other related studies
(Chatterjee et al., 2017; Unnisa, 2015; Skrzypczak et al., 2023; Prativa and Bhattarai., 2012; Theunissen et
al., 2010; Ewulo et al., 2007).

The nutrient contents of compost are substantially influenced by the use of different organic wastes and
methods of composting (Wolka and Melaku, 2015; Jahan et al., 2022). For example, compost prepared by
mixing cow dung with paddy straw showed higher total organic matter, and C/N ratio, but higher phosphorus,
nitrogen, zinc, and manganese for composts enriched with nitrogen or phosphorus (Hussain et al., 2014) On
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the other hand, the compost enrichment with urea, phosphate, zinc, iron, copper, and manganese at various
stages of composting in chaffed cotton stalks and farm wastes reduced the C/N ratio, and lignin but increased
other nutrients (Chari et al., 2013). The compost produced from poultry litter showed higher phosphorus,
potassium, calcium, and magnesium compared to fresh manure (Faridullah et al.,, 2014). After complete
decomposition, the household waste compost can also contain a significant proportion of plant nutrients and
soil properties amending constituents (Mrabet et al., 2012). However, in every study, essential plant nutrients
were evident including this one. Additionally, agriculturalists and environmentalists have an increasing interest
in converting solid waste to compost, contributing to soil fertility and crop productivity (Ewulo et al., 2007,
Rajaie et al.,, 2016). Organic food waste as a liquid fertilizer is also expected to meet the demand for
sustainable waste management (Cheng et al., 2022). From our research, the observed compost capacity and
overall nutritional status suggest that kitchen waste should be converted into liquid fertilizer for Bangladesh.
This study not only evaluates the nutrient profile of a homemade liquid organic fertilizer but also underscores
its potential role in sustainable waste management in Bangladesh. By using commonly discarded materials
such as banana peels, vegetable scraps, fish skin, and orange peels, the fertilizer formulation promotes the
recycling of organic kitchen and market waste—an urgent need in urban and peri-urban areas across
Bangladesh, where organic waste makes up a large portion of municipal solid waste (Ahmed, 2019). The
nutrient analysis reveals that despite relatively low levels of phosphorus, potassium, and sulfur, the fertilizer
contains high concentrations of nitrogen, iron, zinc, and boron, which are essential for crop productivity and
soil health. It can provide low-cost biofertilizer, which will contribute to smallholder farmers. Moreover, the
controlled-release nature of nutrients from organic sources minimizes nutrient leaching and environmental
contamination, unlike conventional synthetic fertilizers. These findings align with global efforts toward a
circular economy, emphasizing waste valorization, reduced reliance on chemical inputs, and the promotion of
eco-friendly agricultural practices. Therefore, the study contributes meaningfully to both local and international
sustainable development goals by offering a replicable, low-tech solution for converting organic waste into a
nutrient-rich agricultural input.

Conclusion

Due to the lack of proper waste management, many problems have been observed, and composting is
one of the sustainable ways to resolve these problems. Additionally, liquid composting is a new alternative to
solid composting with many advantages. From our research, we have observed the nutrient richness of liquid
organic fertilizer made from available kitchen wastes, indicating their suitability for Bangladesh. This will also
solve a part of the household and municipal waste problem.
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