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Abstract This article explores the leaching behavior of Musa paradisiaca banana peels for synthesizing a liquid
soil amendment. The banana peels were collected, dried, and finely ground using sieves with mesh sizes of 100 um,
315 pm, 500 pm, and 1000 um. Leaching tests were conducted in accordance with standard X30-402/1-4, using a
liquid/solid ratio of L/S = 10. Tests were performed on the powder with particle sizes from 100 um to 315 pm, and
the fraction with grain sizes ranging from 315 pm to 500 pm. The results showed that the organic matter content in
the various fractions after drying and grinding is nearly constant regardless of particle size. Analysis of the minerals
in the powder revealed that it consists primarily of K, N, Ca, P, and Mg, with values of 51.8 g/lkg DM; 23.1 g/kg DM,;
5.7 g/kg DM; 3.7 g/kg DM; and 3.6 g/kg DM, respectively. Total nitrogen (TN) yields interesting results after 24
hours compared to 48 hours of extraction. For a 24 hours contact time, the S100-315 pm and S315-500 pum particles
produced 313.72 mgN/L and 257.7 mgN/L, respectively. For a 48 hours contact time, the S100-315 pm and S315-
500 pm particles produced 414.71 mgN/L and 286.15 mgN/L, respectively.. Total phosphorus is higher for 48 hours
extraction compared to 24 hours extraction, with an average of 222.25 mgP/L. The ratio COD/Nt = 31.2 > 15-20
and COD/P; = 44.7 < 50-70; therefore, these results support the use of banana peels to produce a liquid soil
amendment.
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1. Introduction

Agriculture remains the most critical sector in the
African region, employing approximately 65 to 70% of
the labor force and supporting the livelihoods of 90% of
the population. However, the agricultural sector in sub-
Saharan Africa is not fully optimized and operates well
below its potential. In modern agriculture, most
biochemicals and inorganic fertilizers have been used in
crop production worldwide [1]. Synthetic fertilizers affect
soil fertility when used over a long period, which harms
human health. Despite their adverse effects on the
environment and concerns regarding global health [2],
chemical fertilizers continue to dominate conventional
agriculture. This widespread use is due to their wide
availability, immediate effectiveness, and affordability [3].
Recently, many agricultural sectors have shifted their
focus toward adopting sustainable practices aimed at
meeting growing food demand while minimizing

environmental impacts and the depletion of non-renewable
resources [4]. Among these initiatives, organic farming is
attracting considerable interest. For example, the
European Commission’s Green Deal aims to convert at
least 25% of the EU’s agricultural land to organic farming
by 2030 [5]. In this context, promoting the
implementation and evaluation of technologies for
recovering nutrients from biomass to produce fertilizers is
among the Commission’s top priorities. In 2017, it was
estimated that 28 EU members states produced 86 million
metric tons of bio-wastes, primarily food waste and yard
waste [6]. This strategy prioritizes environmentally
friendly practices, ecosystem preservation, and resource
conservation, particularly through the use of biofertilizers.
These biofertilizers are generally derived from living
microorganisms and compounds produced by bacteria,
fungi, and algae [5]. Biofertilizers prevent damage to the
natural composition of soils, supplying them with
nutrients and, to a certain extent, helping to purify them of
accumulated chemicals [7]. Biofertilizers provide nutrients
necessary for plant growth, whether from organic or



American Journal of Environmental Protection 23

mineral sources. They stimulate microbial processes in the
soil, supplying nutrients that are easily assimilated by
plants and transforming unusable elements into usable
ones through biological processes [8]. Biofertilizers are
beneficial to both humans and nature. They fix
atmospheric nitrogen for plant growth [9]. Furthermore,
they solubilize insoluble forms of phosphorus — such as
tricalcium phosphates of iron and aluminum - into
available forms [10]. Organic farming is a production
system that avoids, or even largely excludes, the use of
fertilizers, pesticides, growth regulators, and growth-
promoting feed additives. Environmental, social, and
economic sustainability goals are at the heart of organic
farming. For plants to grow normally, seventeen elements
are required. C, H, and O come from the air, and the other
elements come from the soil. Primary nutrients are used
by plants in relatively large quantities and are often
supplemented in the form of fertilizers (nitrogen,
phosphorus, and potassium). On the other hand, secondary
nutrients such as Ca, Mg, and S are also used in large
quantities but are sufficiently supplied and are normally
readily available. Trace elements are required in minute
quantities. Micronutrients include iron, zinc, molybdenum,
manganese, boron, copper, cobalt, and chlorine.
demonstrated that banana peels contain micronutrients
essential for plant fertilization: nitrogen, phosphorus,
potassium, calcium, sulfur, and magnesium. [11] The
micronutrients they contain are: iron, manganese, boron,
zinc, copper, and molybdenum, which promote the growth
of vegetable plants, from seed germination through
flowering and fruiting. The objective of this study is to
investigate the nutrient content of sweet banana peels with
a view to their subsequent utilization through the synthesis
of a liquid soil amendment.

2. Materials and Methods

The primary objective of this study is to characterize
the extracts from leaching tests using dried and ground
banana peels with a view to their agronomic utilization for
fertilizing vegetable crops. In fact, bananas are grown
throughout nearly the entire territory of Togo, particularly
in the Plateaux region. The motivation for this study can
be summarized by three common observations: (i) banana
consumers discard the peels once the fruit has been eaten;
(ii) banana peels are believed to have fertilizing properties
and could be used to produce liquid fertilizer, (iii): the
challenges of farming in urban areas, coupled with the
increase in the global population - particularly in Africa -
call for an alternative method of soilless cultivation.

2.1. Leaching of Substrates

Leaching involves bringing the dried and ground
substrate into contact with distilled water in order to
release the organic matter. To achieve this goal, banana
peels were collected in Togo’s West Plateaux region from
fruits sellers in local markets and from consumers who
had already been educated about the project. The banana
peels were then air - dried until a constant mass was
achieved, finely ground using a Moulinex Grinder-type
powder mill, and sieved through screens of various mesh

sizes. The different fractions separated are: S<100, S100-
315, S315-500, S500-1000, and S>1000, using sieves of
100 pm, 315 pm, 500 pm, and 1000 um. Following this
step, leaching tests were conducted in accordance with
standard X30-402/1-4 using an L/S ratio of 10 (Figure 1).
The leaching tests were performed on the major fractions
after grinding and screening: the powder with a particle
size between 100 pum and 315 pm on the one hand, and
the powder with a particle size between 315 um and 500
pm on the other. Prior to this, the organic matter content
was determined by loss on ignition for the various powder
fractions after grinding. Leaching was carried out in two
stages: first, with a contact time of 24 hours, followed by a
second stage with a contact time of 48 hours. Four
recirculation leaching tests, each with a contact time of 24
hours, were conducted. The coding system adopted to
better identify the different extractions is presented in
Table 1.

Table 1. Coding of the various leachates from the extractions

Extraction Duration Code
First 24H El - 24H
Second 24H E2 - 24H
Third 24H E3 - 24H
Fourth 24H E4 - 24H
(‘% ==t oo (G |
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DW 50mL
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Figure 1. Schematically summarizes the experimental procedure used.
The substrates and leachates are then characterized

2.2. Physico-chemical Characterization

The physicochemical characterization of the substrates
and liquids obtained after leaching tests is an essential step
in evaluating their agronomic potential, stability, and
safety. Analysis of parameters such as elemental
composition, pH, moisture content, electrical conductivity,
organic matter, chemical oxygen demand (COD),
biological oxygen demand (BODs), and major nutrient
content (total nitrogen, phosphorus, potassium) allows for
an assessment of the product’s fertilizing value.
Furthermore, the quantification of trace elements (Ca, Mg,
Fe, Zn, Cu) and the testing for potential contaminants
(heavy metals, undesirable organic compounds) are
essential to ensure regulatory compliance and safe use.
Finally, evaluating additional parameters such as the C/N
ratio or biodegradability helps optimize processing
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methods and adapt the agronomic use of the resulting
liquid soil amendments

2.2.1. Physicochemical Characterization of the Solid
Fraction

For the solid fraction, the parameters determined are
moisture content, particle size distribution after grinding,
elemental composition, organic and inorganic matter
content, and total Kjeldahl nitrogen.

Moisture content (%H): must be determined as
quickly as possible to minimize losses due to evaporation.
It is determined in accordance with standard NF 1SO
11465 (1994). A sample mass is placed in an oven for 24
hours at 105 £ 2°C. The tests are performed in triplicate.

Distribution: Once dried, the banana peels were
ground using a blender (Moulinex Original Grinder). The
resulting powder was then sieved using 100 um, 315 pum,
500 um, and 1000 pm sieves.

Elemental Analysis: The samples were first mineralized
to remove organic matter and obtain the mineral fraction
using aqua regia (2/3 HCI and 1/3 HNO3). 5g sample is
calcined; the ash is collected and treated with aqua regia in
a 50 mL volumetric flask. The liquid is then filtered through
a 0.45 um filter and analyzed by microwave plasma atomic
emission spectrometry (MP-AES).

Organic matter (OM): OM content is determined
according to the NF T90-029 standard: after dryinga 5 g
to 10 g test sample of powder at 105+2°C for 16 hours, the
samples are calcined at 550+2°C for 2 hours.

The Kjeldahl nitrogen content (NTK) is determined
in accordance with the French standard AFNOR 1SO 11-
261. 0.55 g of finely ground dry sample is mineralized at
180°C for 1 hour, then at 460°C for 1 hour in the presence
of 10 mL of 96% concentrated sulfuric acid, a pinch of
catalyst (approximately 5 g), and three temperature-
stabilizing beads. The mineralized residue is then distilled
after neutralization with 50 mL of excess 30% sodium
hydroxide solution. The distillate is then collected in an
Erlenmeyer flask containing 10 mL of 0.1N sulfuric acid.
It is then titrated with a 0.1N sodium hydroxide solution in
the presence of bromothymol blue or methyl red.

2.2.2. Physicochemical Characterization of Leachates

The physicochemical analyses performed on the liquid
phase are pH, conductivity (x), the SUVA index,
Chemical Oxygen Demand (COD), five-day Biochemical
Oxygen Demand (BODs), total nitrogen (N;), and
phosphorus. These parameters are analyzed after
centrifugation and filtration at 2,500 rpm for 5 minutes
using cellulose nitrate filters with a pore size of 0.45 pum.

pH: measurements are performed using a 3620 IDS
Multiparameter Ag/AgCl pH meter, equipped with a glass
cell combined with a 3M Ag/AgCIKCI reference electrode
(accuracy at 0.1 pH units). Before any measurement,
calibration is performed using three buffer solutions with
pH values of 4.01, 7.01, and 10.01.

Electrical Conductivity (EC): Electrical conductivity
is measured using a 3620 IDS Multiparameter
conductivity meter with a conductivity probe (maximum
error = £0.02)

Chemical Oxygen Demand (COD): expresses the
amount of oxygen required to oxidize organic matter,
whether biodegradable or not. The measurement principle

is based on the oxidation of the sample (in this case, an
extract obtained after leaching banana peel powder) by
potassium dichromate (K,Cr,07) at 105 2°C for 2 hours in
an acidic medium. COD measurement was performed
using the LCK 914 Kit (measurement range: 5 to 60
g02/L), and the color intensity due to Cr**ions was
measured using a Hach DR 4000 spectrophotometer.

BODs: BODs is determined using the Oxytop
respirometric method. BOD measurement with the Oxytop
system is based on the pressure principle (differential
measurement). The analysis is performed by measuring
pressure using piezoelectric pressure sensors.

SUVA: The SUVA index is used to evaluate the
aromaticity of organic molecules. It correlates with the
hydrophobicity of the molecules; the more hydrophobic
the molecules are, the more aromatic they are, and the
higher the SUVA index. The UV absorbance at 254 nm is
measured on the sample, which has been filtered through a
0.45 um cellulose nitrate filter and then diluted. The
wavelength at 254 nm is measured using a SHIMADZU
(UV-1800) Gemini BV spectrophotometer. Dissolved
organic carbon (DOC) is determined using a SHIMADZU
TOC-L TOC meter (accuracy +2%, detection limit 50
ugC.L™).

The plants we plan to use for cultivation tests after
making liquid fertilizer include, among others, tomato,
pepper, and lettuce. These plants were chosen because of
their consumption, especially in developing countries [12],
[13]. Seedlings (tomato, pepper, lettuce) were sampled
from gardeners. Then, they were dried and ground to
obtain a fine powder for CHNS elemental analysis and
then for mineral element analysis using the MP-AES
method.

3. Results and Discussion

3.1. Organic Matter, Nitrogen, Phosphorus,
Potassium, and Mineral Elements

Characterizing the waste is essential prior to any
treatment process in order to optimize the type of
treatment to be applied and also allows for the evaluation
of the effectiveness of the pretreatments used to stabilize
the waste [14]. Figure 2 shows that for banana peels,
organic matter is not related to particle size. The particle
size fractions S<100; S100-315; S315-500; S500-1000;
and S<1000 yield organic matter contents of 811.9 g/kg
DM, 801.3 g/kg DM; 805.6 g/kg DM; 806.2 g/kg DM;
and 844.7 g/kg DM, with an average of 813.9 g/kg DM, or
81.6% g/kg DM

The results in Figure 2 reveal that potassium (K),
nitrogen (N), calcium (Ca), phosphorus (P), and
magnesium (Mg) are the most abundant elements in the
banana peels of the studied variety, with respective values
of 51.82 g/kg DM; 23.1 g/kg DM; 5.7 g/kg DM; 3.68 g/kg
DM; and 3.62 g/kg DM, respectively. [15], who studied
bell pepper plants (Capsicum annum var. annum) grown
under conditions of macronutrient and boron deficiency,
observed visible symptoms on the leaves and fruits.
Among the nutrients tested, the descending order of those
that most limit the growth of pepper plants is as follows:
N, K, P, Mg, S, Ca, and B. Banana peels from Musa
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paradisiaca are therefore of agronomic interest given their
relatively high content of macronutrients, particularly
potassium (K). Nitrogen analysis was carried out using
two methods: the CHNS method, which yielded 23.1 g/kg,
and the Kjeldahl method, which yielded 15.75 g/kg.
Comparison of Total Nitrogen estimation by Kjeldahl
Method and CHNS Analyzer in Dry Tropical Grassland
[16] found similar relationships.
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Figure 2. Major and micro-elements in banana peels

Nitrogen is an essential element for plant growth and
development. Indeed, this nutrient is a component of
essential molecules such as amino acids and proteins,
nucleic acids, and chlorophyll. It is also a constituent of
certain secondary metabolites (alkaloids, phenolamides,
glycoalkaloids). Variations in its availability in the
environment therefore affect plant growth. Numerous
studies show that excessive nitrogen fertilization
maximizes plant biomass production [17]. [18]
demonstrated that a high nitrogen concentration increases
grapevine leaf biomass compared to treatments with lower
nitrogen levels. Similarly, authors showed that nitrogen
limitation in tomatoes reduces growth, primarily due to
lower leaf area production [18,19].

3.2. Content of C, H, N, and S in Banana
Peels

Other parameters also play a role in assessing waste to
be treated biologically; one such parameter is the C/N
ratio. In this study, this ratio was 19.7 (Table 2). It is well
known that the biodegradability of organic waste depends
on its C/N ratio [20], hence the need to know the final and
initial C/N ratios of the products resulting from
biotransformation. The C/N ratio is often used to assess
the maturity of biotransformation [21]. Generally, carbon-
to-nitrogen ratios decrease during the biotransformation
process; this decrease is due to the degradation and
mineralization of organic matter [22]. This ratio must be
less than 15 at the end of biotransformation [23]. C, H, N,
and S are among the elements commonly used to
characterize waste quality, along with oxygen and
phosphorus (O and P) [24]. Generally, the ratio considered
optimal for anaerobic digestion ranges from 20 to 35 [25].
However, it has been shown that the optimal range can be
broader, varying between 15 and 45 depending on the

reactor technology and the nature of the substrates [26]. In
this study, carbon is the most abundant element (45.19%),
followed by nitrogen (2.31%), hydrogen, and sulfur. [27],
in their study on the effect of the C/N ratio on a membrane
- aerated biofilm reactor (MABR) specifically, COD and
nitrogen removal, biofilm characteristics, and microbial
community structure reached the same conclusion.

Table 2. Elemental composition of banana peels

. Carbon Hydrogen
0,
Element Nitogen (%) %) %) CIN
PB 2.3 45.2 5.7 19.7

3.3. Analysis of Substrate Quality Based on
Overall Parameters

3.3.1. pH, Conductivity

pH and conductivity are parameters used to assess
biodegradability and nutrient bioavailability [28]. The
average pH for a 24 hours contact time for the S100-315
and S315-500 particle sizes was 5.7 and 5.6, respectively
(Figure 3). The average pH after 48 hours is 5.3 for both
particle sizes. These pH values are acidic but close to
neutral, ensuring the proper functioning of bacteria in the
soil. According to [29], pH can be a limiting factor for
bacterial activity, negatively impacting plants. These
bacteria generally thrive at pH values between 5 and 9.
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Figure 3. pH and conductivity for a contact time of 24 hours and 48
hours

As for conductivity, the average values are 6.3 mS/cm
and 4.3 mS/cm, respectively, for the two particle size
fractions over 24 hours, whereas over 48 hours, average
values of 4.8 mS/cm and 6.9 mS/cm are obtained for the
two particle size fractions in that order.

This study expanded our analysis by include four (04)
extractions E1-24H, E2-24H, E3-24H, and E4-24H on the
two major size fractions, namely G100-315 and G315-500.
Figure 4 shows a correlation between pH and conductivity
in the four extracts obtained for the two major size
fractions. The results reveal that the pH is acidic for the
first two extractions. This can be explained by the higher
concentration of organic matter in the first two solid
fractions brought into contact with distilled water.
Furthermore, the decrease in conductivity is an indication
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that the organic matter content decreases with the number
of extractions [30].
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Figure 4. pH and conductivity of the grains with a size between 315 p m
and 500 um

The pH, which tends toward neutrality, indicates that
the solid fraction is becoming less and less rich in organic
matter. The pH values (5.3 and 5.7) and conductivity
values (4.28 mS/cm and 8.38 mS/cm) fall within the
ranges reported in the literature. [31] obtained pH values
ranging from 4.5 to 9 and conductivity values ranging
from 2.5 mS/cm to 35.1 mS/cm. During processing to
produce a liquid soil amendment, the pH may change as
the organic matter stabilizes.

3.3.2. COD and SUVA

COD is a parameter that estimates the biodegradable
and non-biodegradable organic load [32]. Figure 5 shows
the COD content of the four extractions, again for the
major fractions obtained after grinding. Analysis of this
figure reveals that the first two extractions account for
most of the organic matter that can be released into
distilled water. For S100-315, the four extractions E1-24H,
E2-24H, E3-24H, and E4-24H have COD concentrations
of 31,437.33 mg O2/L, 5420 mg O-/L, 1959 mg O-/L, and
599 mg O:/L, respectively. The G315-500 samples,
meanwhile, have COD concentrations of 30,686.67 mg
0O2/L; 6,490 mg O2/L; »,209.33 mg O./L, and 814 mg O-/L,
respectively.
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Figure 5. COD from four successive extractions with recirculation of the
solid fraction

Following these analyses, SUVA which represents the
ratio of UV absorbance at 254 nm to organic carbon was
also evaluated. This parameter is used to assess the
aromatic character of a solution; the higher the SUVA, the
more aromatic the molecules are and the less
biodegradable they are [33]. Table 3 provides information
on the SUVA values for the four extracts E1-24H, E2-24H,
E3-24H, and E4-24H. Analysis of this table reveals that
the SUVA increases with the number of extractions. The
residual molecules are therefore more aromatic than the
initial ones. Many authors prefer the SUVA index over the
BODs/COD ratio because it is more representative of the
state of waste degradation [34]. Its correlation with biogas
production during storage has also been demonstrated [35].
This finding is consistent with the work by [36], who
noted that the types of organic compounds present in
leachate change as waste degrades. Thus, the degradation
of organic matter is accompanied by an increase in the
aromaticity of the molecules and a disappearance of short-
chain aliphatic compounds, polysaccharides, and readily
biodegradable alcohols [37]. The first extractions
therefore contain molecules that are less aromatic and, as a
result, more biodegradable than the molecules in the later
extractions. It is therefore advisable to include the first
extractions in biological treatment to achieve good
treatment efficiency and reduce both the treatment
duration and the resources required.

In this study, we got a BODs/COD = 0.32, showing that
the banana peel extract is biodegradable. A BODs/COD
ratio over 0.3 indicates a biodegradable leachate that can
likely be treated biologically [38]

Table 3. SUVA of the four extracts

Extracts E1-24H | E224H [ E3-24H | E4-24H

SUVA [ 5100315 | 938 3L5 88.8 931
LC

fgc.l) $315-500 | 9.3 30.1 87.9 921

3.3.3.COD, Nt and P+

Figure 6 shows the different concentrations of total
nitrogen compared to the COD of the various major
fractions (S100-315 and S315-500) for contact times of 24
hours and 48 hours, respectively. After 24 hours, total
nitrogen in S100-315 and S315-500 accounted for 1.0%
and 0.9% of COD, respectively, and after 48 hours, 1.3%
and 1.0%. This demonstrates that contact area and contact
time increase the concentration of organic matter in
distilled water in batch leaching tests [39]. However, the
difference is not significant enough when moving from a
24 hours contact time to a 48 hours contact time.

Similarly, total phosphorus is an important element in
plant development showed that phosphorus deficiency led
to slower root system development in barley and young
apple trees [40], [41]. Since phosphate fertilizers are
produced from natural phosphates, phosphorus is
considered a non-renewable resource that is expected to be
depleted within 50 to 60 years [42]. It is one of the three
major mineral elements [43]. Its inclusion in
physicochemical analyses is therefore important for
assessing the quality of the soil amendment to be
synthesized. Figure 7 shows the concentration of total
phosphorus in the extracts for contact times of 24 hours
and 48 hours, for S100-315 and S315-500, respectively.
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Figure 7. DCO and Pt of majority fraction extracts for a contact time of
48 hours

3.4. Cross — analysis of Parameters

To identify potential interactions among the
physicochemical parameters of the substrates, a Pearson
correlation analysis was performed on the pH, electrical
conductivity, COD, and SUVA data obtained after each of
the four extractions (Figures 8a and 8b), and then on the pH,
conductivity, COD, total nitrogen, and total phosphorus
obtained after 24 and 48 hours of contact time. This
analysis aimed to identify linear relationships between the
variables, with correlations considered statistically
significant when the p-value was less than 0.05.

Regardless of the size of the fractions considered, the
results show a significant correlation only between COD
and electrical conductivity (Figures 8a and 8b). This
correlation can be explained by the fact that both
parameters (COD and electrical conductivity) partially
reflect the overall load of each extract. However, no
significant correlation was observed between pH, SUVA,
and the other parameters. These parameters are
intrinsically linked to changes in biodegradable organic
matter when the loaded liquid undergoes changes over
time. Since the analyses were performed on the extracts
without subjecting them to any treatment process, a

correlation between pH, SUVA, and the other parameters
cannot be considered.
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Figure 8. Pearson correlation between the main variables of the four
successive extractions both fractions S100-315 (a) and S315-500 (b); for
the 24 hours and 48 hours extractions on both fractions G100-315 and
G315-500 (c)

A Pearson correlation analysis of the parameters (pH,
EC, COD, N, and Py) for the 24 hours and 48 hours
extractions of the two fractions reveals that the only
statistically significant correlation is that observed
between electrical conductivity and total phosphorus (r =
0.98; p < 0.01). This strong correlation suggests that an
increase in total phosphorus concentration is accompanied
by an increase in electrical conductivity. In contrast, no
significant correlation was observed between pH and the
other parameters, or between COD and the nutrients.
Similarly, the correlations between COD, P, and Nr,
although sometimes high, were not statistically significant.
Similar correlations have been reported in the literature
[28], [44]. However, these results should be interpreted
with caution, as the small number of observations may
limit the detection of statistically significant correlations.

3.5. Plants Elemental Composition Analysis

To further advance our objectives, we analyzed the
mineral composition of various plant parts intended for
soilless cultivation, comparing them to banana peels. The
plants included tomatoes, bell peppers, and lettuce.
Analysis of these results shows that banana peels have a
nutrient composition like that of the plants selected for the
soilless cultivation trials. Macronutrients such as N, P, K,
Mg, and Ca have acceptable levels to produce a liquid soil
amendment. Sodium (Na) is the least abundant element in
banana peels; however, the cumulative effect could help
compensate for the sodium content. Understanding the
physicochemical properties of the fertilizer is crucial for
determining the average nutrient concentration, thereby
ensuring optimal conditions for plant growth. Among
these elements, carbon (C), hydrogen (H), and oxygen (O)
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are key elements supplied to the plant through the air.
Macronutrients ~ are  categorized  into  primary
macronutrients and secondary macronutrients. Primary
macronutrients consist of nitrogen (N), phosphorus (P),
and potassium (K), while secondary macronutrients
include calcium (Ca), magnesium (Mg), and sulfur (S).
Micronutrients include boron (B), iron (Fe), manganese
(Mn), copper (Cu), zinc, and molybdenum (Mo). Plants
require micro-nutriments in small quantities [45], [46].
Plant-based fertilizer solutions are now available on the
market and can be used as sources of macro- and
micronutrients [47], [48]. Figure 9 and Figure 10 show the
mineral concentration in banana peels (BP), compared to
the roots, stems, and leaves of tomatoes (TO), peppers
(BPe), and lettuce (LE).
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Figure 9. Major elements in : banana peels (BP), tomato (TO), bell
pepper (BPe) and lettuce (LE)
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Figure 10. Micro-elements in :
pepper (BPe) and lettuce (LE)

banana peels (BP), tomato (TO), bell

4. Conclusion

This study, whose primary objective was to investigate
the fertilizing potential of banana peels from Musa
paradisiaca, allowed us to identify several key points
upon analysis of the data obtained. The organic matter
content in banana peels is virtually the same regardless of
the particle size of the powder obtained after grinding; it is
approximately 80% DM. About mineral salts, potassium
(K) is the most abundant, followed by nitrogen (N),
calcium (Ca), and magnesium (Mg). These elements are

classified as primary macronutrients (N, P, and K) and
secondary macronutrients (Ca, Mg, and S). This high
mineral content makes banana peels suitable for use in the
production of a liquid soil amendment. Analysis of the
elemental composition results yielded a C/N ratio of 19.7;
since this ratio falls within the range of 15 to 45,
biological treatment is a viable option. Leaching tests,
which release organic matter into distilled water, allowed
us to determine the concentration of organic matter in the
water based on parameters such as COD, BODs, SUVA,
total nitrogen (N), total phosphorus (P), conductivity, and
pH. These analyses were conducted on the two main
fractions S100-315 and S315-500 for two contact times:
24 hours and 48 hours. Smaller particles release more
organic matter than larger ones, and the 48-hour contact
time mobilizes slightly more organic matter than the 24-
hour contact time. However, the difference between the
two contact times is not significant. The first two
extractions (E1-24H and E2-24H) mobilize more organic
matter. The SUVA indicates that the first molecules
mobilized are more biodegradable. Thus, two extractions
of 24 hours each allow for the mobilization of the most
biodegradable organic matter. An analysis comparing the
mineral content of banana peels with that of various parts
of tomatoes, bell peppers, and lettuce reveals that banana
peels have a composition similar to that of plants intended
for soilless cultivation.
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