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Abstract 
Declining soil fertility due to continuous cropping on smallholder farms, com-
bined with the rising cost of imported chemical fertilizers, necessitates the 
search for local resources for soil fertility management. The objective of this 
study was to identify the most effective fertilizer—based on cocoa pod husks 
enriched with *Moringa* leaves—for boosting the accumulation of nutrients, 
minerals, and phenolic compounds in the fruit of the *Solanum aethiopicum* 
eggplant (Gilo N’Drowa variety). A randomized complete block design with 
three replicates was used. The experiment involved five organic fertilizer com-
binations (F1, F2, F3, F4, and F5) alongside a control (T0). Three increasing 
application rates were employed (1, 2, and 4 kg/m2). The trials were conducted 
over three cropping cycles. The chemical composition of the fertilizers was 
determined, as were the levels of dry matter, crude protein, total phenols, fla-
vonoids, and minerals. Analysis results showed that adding *Moringa* leaves 
to cocoa pod husks increased the fertilizer’s concentration of N, P, K, Ca, and 
Mg, thereby reducing the carbon-to-nitrogen (C/N) ratio. Increasing the pro-
portion of *Moringa* leaves in the fertilizer mixture had a significant positive 
effect on the accumulation of protein, minerals, total phenols, and flavonoids 
in the fruit. The application rate did not have a uniform effect across all these 
parameters. The F4 mixture (25% cocoa pod husks and 75% *Moringa* 
leaves), which exhibited optimal characteristics (0.3% P, 5.5% K, 4% Ca, 0.5% 
Mg, and a C/N ratio of 21.4), resulted in the highest average levels of nutrients 
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and bioactive compounds in the fruit. Consequently, the partial substitution 
of cocoa pod husks with 75% *Moringa* leaves in fertilizers should be encour-
aged in order to enrich eggplant fruits with nutrients and bioactive com-
pounds. 
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1. Introduction 

African eggplant Solanum aethiopicum is an important vegetable for both rural 
and urban communities in Africa. The crop provided healthiest fruit with low cal-
ories, dietary fiber, and various vitamins and fundamental mineral elements, in-
cluding potassium, calcium, magnesium, zinc, iron, for ensuring food and nutri-
tional security [1]. Additionally, fruit contains polyphenols, including phenolic ac-
ids and flavonoid that are appreciated for antioxidants benefits [2] [3]. The edible 
groups of African eggplant (Gilo, Kumba and Shum) are adapted to diverse areas 
depending on agro climatic conditions. The Gilo group is commonly found in hu-
mid areas all over tropical Africa where its members grow best at the full sun on 
fairly deep and well-drained soils of pH 5.5 - 6.8, with 25˚C - 35˚C and 20˚C - 27˚C 
day and night temperatures, respectively [4]. The most popular variety “N’drowa” 
has noticeable qualities such mite-resistant, mild taste, a great yield potential, short 
harvesting time as well as high shelf life [4]. The production of eggplant N’drowa 
in the woodland savanna of West Africa is constrained by the low level of soil fer-
tility, coupled with sometimes continuous use of synthetic fertilizers [1]. 

Soil fertility depletion and widespread nutrient deficiencies are matters of con-
cern in tropical regions of the world. Worldwide farmers are highly dependent on 
high-cost chemical fertilizers as a source of plant nutrients. The skyrocketed price 
cost of synthetic fertilizers and issues about the impact of their long-term use on 
soil degradation and environmental pollution have led to a significant shift toward 
organic fertilizers. Organic farming and organic products are gaining momentum 
in the agricultural sector as they are widely promoted [5]. The intensive studies 
by researchers have reported that using organic fertilizer instead of chemical fer-
tilizer can improve soil microbial community, physicochemical characteristics 
and improve the plant production quality [6]-[8]. Nevertheless, the capacity of 
organic fertilizers to supply nutrients for crops depends on plant, organic material 
and the agro climatic dominant conditions in the field for subsequent decompo-
sition which limits the generalization of the results [9]. This local, low-cost, dura-
ble, environmentally friendly, and readily available material could be used to man-
age soil quality within sustainable and long-lasting agroecosystems. 

Côte d’Ivoire is the world’s leading cocoa producer, with an estimated 2 to 2.2 
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million tonnes of cocoa beans for the 2025-2026 season, according to analysts 
from the Coffee and Cocoa Council (2026). 

Toumbokro agro-industrial plantation in the district of Yamoussoukro (center 
of Côte d’Ivoire) generated a large amount of four types of co-products: cacao pod 
husk (CPH), placenta, cacao mucilage, and cacao bean shells (CS). The CPH rep-
resent about 70% - 75% of the whole fruit is locally used as organic fertilizers. This 
green fertilizer is a source of macro and micronutrients necessary to improve 
plants productivity, but are relatively poor in nitrogen [10] [11]. Unfortunately, 
fibrous materials, including lignin, cellulose, hemicellulose, and pectin which 
could retard the organic matter decomposition [12]. This situation is harmful for 
the restoration of the soil fertility and constitutes an important challenge. 

Moringa (Moringa oliefera) is an Asian plant that lives in the tropics and 
spreads throughout Cote d’Ivoire. More recently, there has been increasing inter-
est for the use of Moringa leaves in tropical agricultural systems [13]. The liquid 
extracted from moringa leaves has been used in agriculture to improve the growth 
and productivity of several crops. The efficacy of moringa leaf extract is attributed 
to its largest mineral and numerous plant growth hormone [13] [14]. 

The study reported herein aimed to study the effect of various Moringa leaves-
enriched cocoa pods fertilization on the amount of dry mater, nutrient, minerals 
and phenolic compounds of Solanum aethiopicum Gilo N’Drowa fruits. 

2. Material and Methods 
2.1. Description of the Study Site 

The experiment was conducted in Yamoussoukro (6.821˚N, 5.277˚W; altitude 214 
m), the capital of Côte d’Ivoire (Figure 1). Located in the south-central part of the 
country, at the transition zone between savanna and forest, the city lies 216 km 
from Abidjan, the economic capital. Average annual precipitation in the area is 
1,098 mm, following a bimodal pattern characterized by two rainy seasons (April 
to June and August to October) and two dry seasons (one in July and the other 
from November to March). The average daily temperature ranges from 31˚C to 
35˚C during the day and from 19˚C to 23˚C at night (Figure 2). The average sun-
shine duration is 12.3 hours per day [15]. The trials took place from February 2025 
to October 2026. The soil exhibited low organic carbon content (TOC = 1.02), a 
pH of 6.1, and a cation exchange capacity of 4.2 cmol/kg, with a sandy-clay texture 
(8.83% clay). 

2.2. Plant Material 

The experiment used the hybrid eggplant (Solanum aethiopicum Gilo) cultivar 
Ndrowa developed by CNRA, which is referenced Aub 21/06Du “Ndrowa” and 
was harvest between the 90th and 120th day after direct seeding. 

Cocoa pod husks were collected from Toumbokro (5˚22 N, 4˚8 W) in the dis-
trict of Yamoussoukro and were air-dried 7 days and grounded to pass through a 
2 mm sieve. 
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The Moringa oleifera leaves were collected from Yamoussoukro under the trees 
and were air-dried 7 days, grounded then crushed and sieved (Ø < 2mm). 

 

 
Figure 1. Map showing the study area and the trial site. 
 

 
Figure 2. Yamoussoukro ombrothermic diagram 2025. 

2.3. Chemicals and Reagents 

The reagents used were of analytical quality, quercetin, Folin-Ciocalteu reagent, 

https://doi.org/10.4236/jacen.2026.154020


K. A. Yao et al. 
 

 

DOI: 10.4236/jacen.2026.154020 387 Journal of Agricultural Chemistry and Environment 
 

were purchased from Sigma (St Louis, USA). Gallic acid, sodium carbonate and 
iron sulfate were obtained from Merck (Damstad, Germany), methanol, Tris-
HCL, iron chloride from Pro labo (Briare, France). Sodium nitrate was obtained 
from Fluka laboratories. Aluminum trichloride was obtained from Panreac 
(Spain) and potassium iodate from Prolabo (Sion, Switzerland). Potassium chlo-
ride, Sodium acetate, Methanol, Sodium carbonate, Sodium hydroxide, Hydro-
chloric acid and acetone reagents were purchased from Merck (Damstad, Ger-
many). Gallic acid, Sodium nitrite, Aluminum chloride, were purchased from 
Fisher Scientific (Pittsburgh, PA, USA). All other reagents were of analytical qual-
ity grade. The water used is produced by a Selecta L-4B bi-distiller at the Soil 
Health and Plant Nutrition Laboratory (LASSNP). 

2.4. Experimental Set-Up and Procedure 

Each large block received the various formulations at increasing application rates 
(1, 2, and 4 kg/m2). The trials were conducted using a randomized complete block 
design with three replicates for each of the five formulations (F1, F2, F3, F4, F5). 
The treatments compared were based on a two-component mixture (A and B), 
where the sum of the proportions always equaled 100%; thus, the percentage of 
the second component was determined by the percentage of the first. Each block 
included the following treatments: 

- T0: absolute control (soil with no fertilizer application); 
- F1: application of crushed cocoa pod husks only; 
- F2: application of 75% crushed cocoa pod husks and 25% crushed Moringa 

leaves; 
- F3: application of 50% crushed cocoa pod husks and 50% crushed Moringa 

leaves; 
- F4: application of 25% crushed cocoa pod husks and 75% crushed Moringa 

leaves; 
- F5: application of crushed Moringa leaves only. 
A total of 54 experimental plots were maintained during the trial. Organic fer-

tilizer doses were applied manually and incorporated into the soil to a depth of 
approximately 10 cm. Treatments were assigned to experimental units randomly 
(Figure 3). 

Sowing was performed manually with a spacing of 80 cm between rows and 40 
cm between plants (or planting holes) within the row (Figure 1). This geometric 
layout defines a growing area of 0.32 m2 per planting station (0.80 m × 0.40 m), 
corresponding to a theoretical planting density of 31.25 plants per hectare (based 
on one plant per station after thinning). At the level of the individual plot, each 
unit comprises four crop rows with ten plants each, resulting in a total of 40 plants 
per plot. The two central rows (20 plants) served as the harvestable area for agro-
nomic measurements, in order to eliminate edge effects. 

2.5. Fruit Collection 

At 98 and 106 days after planting, 1 kg of mature fruit was harvested from each 
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experimental plot (accounting for replicates); the fruit had reached near-maxi-
mum size but showed no change in epicarp color. The eggplants were transported 
to the laboratory, washed with tap water followed by distilled water, dried on ab-
sorbent paper, placed in clear plastic bags, and stored in opaque containers at 4˚C 
for subsequent analysis. 

 

 
Figure 3. Distribution of formulations on the experimental plot. 

2.6. Physico-Chemical Analysis 
2.6.1. Determination of Organic Carbon 
Total organic carbon (TOC) in the samples was determined by titration [16]. A 1 
g sample portion was weighed into a 250 mL conical flask, and 10 mL of 1 N po-
tassium dichromate was added and mixed thoroughly. A 20 mL volume of con-
centrated sulfuric acid was slowly added; the mixture was then shaken vigorously 
for 1 minute and allowed to stand for 30 minutes. A volume of 200 mL of demin-
eralized water, 10 mL of concentrated phosphoric acid, and 10 to 15 drops of fer-
roin indicator solution were added. Following the reaction, the excess dichromate 
that had not reacted with the sample was titrated with 0.5 N ferrous iodate solu-
tion until a final brown color was reached. The percentage of carbon in the sample, 
expressed as % C, was determined as follows: 

( ) ( ) 10 0.004 100
COT %

A B
P A

− × × ×
=

×
                (1) 

2.6.2. Determination of Cation Exchange Capacity (CEC or T) 
Cation exchange capacity (CEC or T) was determined using a method developed 
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by [17], based on contacting an alcohol-washed soil sample with a sodium chlo-
ride (NaCl) solution of known concentration. Na+ ions displace the cations from 
the adsorption complex and bind to it. The solution collected during saturation 
contains the exchangeable cations, as well as ions quantified by the difference be-
tween the initial ion concentration and the concentration remaining after contact 
with the soil. Exchangeable cations were determined in the same extract used for 
the cation exchange capacity measurement. The extract was distilled using a 
Kjeldahl apparatus and then titrated with hydrochloric acid (HCl). Results were 
expressed in cmol/kg of soil. 

2.6.3. Dry Matter 
The moisture content and dry matter content were determined using AOAC Of-
ficial Method [18] (by measuring 2 g of the sample into a previously weighed cru-
cible). The porcelain crucible plus sample was transferred into the oven set at 
105˚C to dry to a constant weight. Regular weighing is carried out until the mass 
stabilizes, which reflects the evaporation of residual water from the sample. At the 
end of drying, the crucible plus sample was removed from the oven and trans-
ferred to the desiccator, cooled for ten minutes and weighed. The values obtained 
were subjected to Equations 1: 

( )
( )

3 0
Dry matter 100

1 0
W W
W W

−
= ×

−
                    (2) 

where: W0 = weight of empty crucible, W1 = weight of crucible plus sample and 
W3 = weight of crucible plus oven-dried sample. 

2.6.4. Nitrogen and Crude Protein 
The nitrogen and crude protein of organic materials were determined according 
titrimetric method dosage after digestion by Kjeldahl procedures [19] with some 
modifications. About 1 g of plant tissues are placed in pyrex Folin-Wu tubes and 
digested with a salt-catalyst-sulfuric acid mixture by heating the tubes in an alu-
minum block. The catalyst consisting of copper sulfate (CuSO4∙5H2O), potassium 
sulfate (K2SO4) are added with diluted sulfuric acid and water. Samples are di-
gested at the boiling point of the mixture for 60 min after initial clearing of the 
digests. The mineralized sample was transferred into a 100 mL flask and adjusted 
with distilled water. Ten mL of the mineralized sample solution was taken and 
then 10 mL of 40% NaOH was added and distilled for 10 min. The distillate was 
trapped in a flask containing 20 mL of sulfuric acid (H2SO4) in the presence of 
methylen bromocresol red color indicator. The content of the flask was titrated 
against 0.1 N NaOH until the solution became colorless. The total nitrogen con-
tent is determined by Equation (2). Crude protein was deduced by multiplying the 
percent total organic nitrogen (N) by a conversion factor of 6.25. 

( ) 100 0.014Total N % 100V N
P

× ×
= ×                 (3) 

where: V= volume (mL) of NaOH, P = weight of the sample, N = normality of 
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NaOH and 0.014: coefficient assigned to the concentration of the normal nitrogen 
solution (14/1000). 

2.6.5. Organic Carbon and Organic Matter 
Total organic carbon and organic matter of soil and fertilizer were determined 
[20]. About 1 g of sample is weighed into a 250 conical flask and 10 ml of 1N 
potassium dichromate is added and homogenized. A 20 mL volume of concen-
trated sulfuric acid is added slowly and then shaken vigorously for 1 minute and 
allowed to stand for 30 minutes. A volume of 200 mL of deionized water, 10 mL 
of concentrated phosphoric acid and 10 to 15 drops of the ferroin indicator solu-
tion are added. After the reaction, the excess of dichromate that did not react with 
the sample is titrated with 0.5 N ferrous sulfate solution to the final brown color. 
The percentage of carbon in the sample expressed as % C is determined by Equa-
tion (3) bellow: Organic matter was deduced by multiplying the percent total or-
ganic carbon (COT) by 1.72. 

( ) ( )10 0.004
COT % 100

A B
P A
− ×

= ×
×

                 (4) 

where: A = volume (mL) of ferrous sulfate used for the control, B = volume (mL) 
of ferrous sulfate used for the sample, P = weight (g) of the titrated sample ex-
pressed on dry basis, 0.004: number of g of C per ml of dichromate. 

2.6.6. Phosphorus 
Phosphorus content of fertilizers was determined by incinerating the samples in a 
muffle furnace at 550˚ and then determined by UV-visible colorimetry. Phospho-
rus present in its ortho-phosphate form, reacts with the vanadate-molybdate rea-
gent to produce a yellow-orange complex, which absorbance is measured at a 
wavelength of 400 nm. The phosphorus content is then determined according to 
the standard calibration curve [21]. 

2.6.7. Mineral Composition 
The determination of the mineral elements (K, Ca, Mg, Fe and Zn) of organic 
materials were carried out by atomic absorption to flame air-acetylene of type 
VARIAN AA20 after calcination at 550˚C and recovery of the ashes with hydro-
chloric acid [22]. A quantity of 0.4 g of ground sample was weighed into a porce-
lain crucible and then placed in a furnace (PROLABO) at 650˚C for 5 h. After 
cooling, 5mL of nitric acid 1 mol·L−1 is added to the obtained ash and then evap-
orated on a sand bath. To the residue is added 5 mL of 0.1 mol·L−1 is added to the 
residue and put back into the oven at 400˚C for 30 min. The final residue is recov-
ered with 10 ml of hydrochloric acid 1 mol·L−1 hydrochloric acid and poured into 
a 50 mL flask. The crucible is rinsed twice with 10 mL of hydrochloric acid. The 
flask is completed to 50 mL with hydrochloric acid. Under the same conditions, a 
blank test is performed. The calibration is obtained by measuring the absorbance 
of synthetic solutions with progressive concentrations of analyte. The mineral 
content of the unknown sample solution is then directly deduced by relating its 
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absorbance value to a calibration line previously established from solutions of el-
ements certified at 1000 ppm. 

2.6.8. Total Phenol 
Dried pulp (1 g) was macerated in 4 mL of a methanol/water mixture (80:20, v/v) 
and incubated in an ultrasonic bath at medium intensity for 30 min. The solution 
was centrifuged at 1200 g for 30 min, and the supernatant was transferred into 
vials. This procedure was repeated three times. The supernatants were pooled, 
made up to 50 mL with water, and filtered through a 0.45 µm nylon filter [18]. 

Total polyphenol content (soluble and hydrolyzable) was determined colori-
metrically using the Folin-Ciocalteu method [23], with slight modifications. A 30 
µL volume of blank, standard, or filtered extract was placed in a test tube, to which 
1.5 mL of distilled water and 2.5 mL of Folin-Ciocalteu reagent (diluted 1:10) were 
added. The mixture was allowed to stand for 6 min, protected from light, at room 
temperature. Then, 2 mL of sodium carbonate solution (75 g/L) was added. The 
mixture was shaken and incubated for 15 minutes in a water bath at 50˚C, before 
being cooled to room temperature. Finally, absorbance was measured at 760 nm 
using distilled water as a blank. Analyses were performed in triplicate, and a cali-
bration curve was established using gallic acid. Total phenolic content was ex-
pressed as mg of gallic acid equivalent (GAE) per 100 g of dry weight. 

2.6.9. Total Flavonoid 
Dried pulp (1 g) was macerated with 4 mL methanol: water (80:20, v/v) and incu-
bated in ultrasonic bath at medium intensity for 30 min. The solution was centri-
fuged at 1200 g for 30 min and the supernatant was transferred into vials. The pro-
cedure was performed 3 times and the supernatants were combined and made up 
to 50 mL with water and filtered through a 0.45-micrometer nylon filter [18]. Total 
soluble flavonoid content was determined using the aluminum chloride colorimet-
ric method [24]. A 2.5 mL volume of blank, standard, or filtered extract was mixed 
with 1250 µL of distilled water and 750 µL of a 5% sodium nitrite solution; the 
mixture was allowed to stand for 6 minutes in the dark at room temperature. Sub-
sequently, 750 µL of a 10% aluminum chloride solution was added, and the mixture 
stood for an additional 5 minutes before the addition of 5 mL of 1 M sodium hy-
droxide solution and the adjustment of the final volume to 25 mL. Absorbance was 
measured at 510 nm using a UV-visible spectrophotometer. Total flavonoid con-
tents were calculated from a quercetin calibration curve, and results were expressed 
as mg QE·100 g−1 fresh weight (FW). 

2.7. Statistical Analysis 

A one-way analysis was used to determine whether chemical characteristic levels 
differed according to the fertilizers used. The same test was applied to fruit nutri-
tional quality parameters following the application of organic matter to the soil. 
Differences between means were evaluated using the Newman-Keuls multiple 
comparison test and were considered significant at p < 0.05. All statistical analyses 
were performed using Statistica 7.0 software. 
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3. Results 
3.1. Chemical Composition of Organics Fertilizers 

The chemical composition of cocoa pods, Moringa leaves and their mixing or-
ganic fertilizers are shown in Table 1. Theobroma cacao pods (F1) were a good 
source of potassium (4.33%) and had the highest C: N ratio (37.70). Moringa oleif-
era leaves fertilize (F5) had a high content of carbon, rich in nitrogen, calcium and 
potassium with intermediate levels of phosphorus and also contained magnesium. 
Increasing the rate of Moringa leaves fertilizer improved the nutrient content and 
resulted in a decrease on the C/N ratio of the formulations. Among all the formu-
lated fertilizers, F4, followed by F3, was found with the adequate quantity of min-
eral (N, P, K, Ca and Mg) with littlest C/N ratio (Table 1). 
 

Table 1. Chemical characteristics of organic fertilizer powders as percentage of dry matter. 

Fertilizer C (%) N (%) P (%) K (%) Ca (%) Mg (%) C/N 

T1 49.00 ± 1.00a 1.32 ± 0.02a 0.26 ± 0.01b 4.33 ± 1.53ab 1.00 ± 0.50a 0.33 ± 0.02a 37.21 ± 0.58e 

T2 50.00 ± 1.00a 1.50 ± 0.13a 0.27 ± 0.01b 6.00 ± 1.00c 2.33 ± 0.67b 0.38 ± 0.02b 33.55 ± 3.74d 

T3 50.70 ± 1.00a 1.87 ± 0.13b 0.23 ± 0.01a 5.00 ± 0.50bc 3.00 ± 0.50b 0.46 ± 0.01c 27.09 ± 1.01c 

T4 51.00 ± 1.00a 2.38 ± 0.02c 0.28 ± 0.02b 5.50 ± 0.50bc 4.00 ± 0.50c 0.50 ± 0.01d 21.43 ± 0.59b 

T5 50.00 ± 1.00a 3.00 ± 0.35d 0.35 ± 0.02c 3.00 ± 0.50a 5.00 ± 0.50d 0.57 ± 0.01e 16.79 ± 1.56a 

p-value > 0.05 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Means with the same letter along the columns were not significantly different at the p < 0.05. 

3.2. Effects of Organic Fertilizers on Dry Matter and Protein 
Content of Eggplant Fruit 

Mean values for eggplant dry matter content are summarized in Table 2. There is 
a significant difference in dry matter content among eggplants from the various 
treatments. 

3.2.1. Effects of Fertilizers on Dry Matter Content 
The analysis results are presented in Table 2 and Table 3. Overall, fertilizer appli-
cations had a positive effect on both fruit size and dry matter content compared 
to the control (T0). At the 1 kg/m2 rate, no significant difference (p > 0.05) in fruit 
dry matter content was observed between treatments F1 (8.40%) and F2 (8.35%), 
which showed the lowest values. In contrast, higher dry matter contents were rec-
orded for treatments F3 (9%), F4 (9.20%), and F5 (8.70%) (Figure 4). Further-
more, a gradual decline in dry matter content was observed across successive pro-
duction cycles for all treatments. At the 2 kg/m2 rate, treatments F3 (9.45%) and 
F4 (9.5%) yielded the highest dry matter contents, surpassing F1 (8.73%), F2 
(8.75%), and T0 (8.2%) (Figure 4). Significant differences were observed between 
cycles (p < 0.001), revealing that fruit dry matter content was strongly affected by 
a depletion effect during the last two cycles (C2 and C3) due to the lack of further 
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fertilizer application. Finally, at the 4 kg/m2 rate, treatments F3 (9.75%), F4 (9.9%), 
and F5 (9.45%) improved dry matter content more effectively than F1 (8.78%) and 
F2 (8.80%), although no significant difference was detected between F2, F3, and 
F4 (Figure 4). 
 

Table 2. Protein, total polyphenol, and flavonoid contents (expressed on a dry weight basis) were analyzed in the various fruits of 
the plants harvested at the end of the experiment. 

Treatment Cycle dry matter (%) Protein (%) Polyphenols (%) Flavonoïd (%) 

  1 kg/m2 2 kg/m2 4 kg/m2 1 kg/m2 2 kg/m2 4 kg/m2 1 kg/m2 2 kg/m2 4 kg/m2 1 kg/m2 2 kg/m2 4 kg/m2 

T0 

C1 8.20 8.20 8.20 0.64 0.64 0.64 22.40 22.40 22.40 6.00 6.00 6.00 

C2 8.00 8.00 8.00 0.60 0.61 0.60 18.00 18.00 18.00 5.40 5.40 5.40 

C3 7.01 7.01 7.01 0.55 0.54 0.53 16.00 16.00 16.00 5.00 5.00 5.00 

F1 

C1 8.40 8.73 8.78 0.82 0.83 0.86 66.60 71.40 86.00 19.00 23.00 25.00 

C2 8.15 8.18 8.40 0.78 0.80 0.83 60.12 65.22 76.12 18.00 19.00 20.00 

C3 7.11 7.27 7.32 0.57 0.58 0.63 50.22 51.22 53.22 17.50 17.55 17.70 

F2 

C1 8.35 8.75 8.80 1.08 1.11 1.19 83.40 96.00 98.00 21.00 23.00 24.00 

C2 8.20 8.35 8.45 1.00 1.06 1.10 78.32 80.32 83.32 17.00 18.30 20.10 

C3 8.12 8.72 8.78 0.67 0.77 0.78 66.12 67.12 68.12 16.23 16.33 17.23 

F3 

C1 9.00 9.45 9.75 1.13 1.14 1.14 91.40 97.40 98.60 21.00 25.00 25.00 

C2 8.15 9.20 9.25 1.05 1.11 1.11 85.70 87.70 85.70 17.33 18.35 17.45 

C3 8.21 8.74 8.80 1.01 1.09 1.10 74.54 75.56 76.53 16.60 16.80 16.89 

F4 

C1 9.20 9.50 9.90 1.45 1.47 1.47 98.00 101.40 101.60 26.00 26.00 27.00 

C2 9.15 9.30 9.43 1.17 1.24 1.26 90.00 94.00 95.00 23.00 22.50 23.76 

C3 8.23 8.77 8.88 1.06 1.08 1.10 81.30 83.30 86.30 17.16 17.28 17.67 

F5 

C1 8.70 8.85 9.45 1.21 1.34 1.38 94.00 97.40 98.00 25.00 27.00 27.00 

C2 8.25 8.35 8.75 1.03 1.04 1.06 86.20 87.20 88.12 20.00 20.54 20.00 

C3 8.00 8.14 8.63 0.57 0.58 0.58 76.12 77.10 77.20 16.00 16.66 16.78 

 
Table 3. Average content of five major minerals in the fruit of *Solanum aethiopicum* (N’Drowa variety) (mg per 100 g dry weight) 
according to organic fertilizer rates. 

Treatments Cycle K Mg Ca Fe Zn 

  1 kg/m2 2 kg/m2 4 kg/m2 1 kg/m2 2 kg/m2 4 kg/m2 1 kg/m2 2 kg/m2 4 kg/m2 1 kg/m2 2 kg/m2 4 kg/m2 1 kg/m2 2 kg/m2 4 kg/m2 

T0 

C1 250 250 250 130 129 132 278 280 280 1.14 1.14 1.14 5.78 5.78 5.78 

C2 234 233 234 121 115 114 143 142 144 1. 02 1. 03 1.01 4.56 4.66 4.77 

C3 220 219 218 98 100 97 115 116 117 0.87 0.88 0.89 2.32 2.22 2.22 
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Continued 

F1 

C1 340 340 360 130 130 140 290 310 330 1.27 1.3 1.34 7.33 7.35 7.33 

C2 212 215 220 119 119 120 166 167 178 1.02 1.04 1.04 5.56 6.56 6.54 

C3 144 154 155 103 105 105 103 105 111 0.87 0.88 0.89 2.12 2.35 2.38 

F2 

C1 350 350 370 140 160 150 299 330 340 1.51 1.66 1.78 7.34 7.35 7.33 

C2 223 225 230 122 127 132 143 232 224 1.11 1.14 1.17 5.23 6.21 6.22 

C3 155 156 160 107 110 115 118 123 125 1.00 0.96 0.99 2.14 2.21 2.34 

F3 

C1 450 460 470 170 190 200 360 410 430 1.62 1.78 1.8 7.76 7.8 7.81 

C2 309 329 330 133 135 142 213 244 237 1.23 1.33 1.41 4.64 4.65 4.67 

C3 177 187 178 102 104 105 110 117 125 1.01 1.11 1.21 1.45 1.51 1.65 

F4 

C1 490 510 560 190 220 240 390 420 440 1.65 1.82 1.98 7.97 8.09 8.22 

C2 367 370 367 108 113 124 175 188 185 1.33 1.35 1.43 4.65 5.50 5.65 

C3 165 175 177 99 101 102 104 112 114 1.02 1.05 1.12 1.21 1.25 1.33 

F5 

C1 390 430 410 150 170 180 380 400 410 1.49 1.55 1.56 7.49 7.52 7.56 

C2 216 217 274 113 121 131 133 136 134 1.21 1.23 1.31 5.34 5.40 5.65 

C3 149 144 156 90 100 103 104 112 116 1.08 1.1 1.16 1.03 1.13 1.31 

 

 
Rate D1: 1 kg·m−2 of fertilizer applied to the soil; D2: 2 kg·m−2 of fertilizer applied to the 
soil; and D3: 4 kg·m−2 of fertilizer applied to the soil. C1: First cropping cycle; C2: Second 
cropping cycle; C3: Third cropping cycle; F1: Formulation consisting exclusively of cocoa 
husks; F2: Formulation consisting of 75% cocoa pod husks and 25% moringa leaves; F3: 
Formulation consisting of 50% cocoa pod husks and 50% moringa leaves; F4: Formulation 
consisting of 25% cocoa pod husks and 75% moringa leaves; F5: Formulation consisting 
exclusively of moringa leaves; T0: Control without fertilizer. 

Figure 4. Eggplant dry matter content according to fertilizer rate and cropping cycle. 

3.2.2. Effects of Fertilizers on Protein Content of Eggplant Fruit 
Figure 5 shows the protein content of the fruits. Despite increasing fertilizer rates, 
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protein levels did not vary significantly between fruits from the F2 treatment 
(1.18% at a rate of 2 kg/m2) and the F3 treatment (1.19% at a rate of 4 kg/m2). The 
lowest protein content was recorded for the T0 treatment (Figure 5). Fruits from 
the F3 (1.38%) and F4 (1.47%) treatments at the 4 kg/m2 rate exhibited high pro-
tein levels. The application of increasing rates had an additive effect on the re-
tained protein content. 
 

 
Rate D1: 1 kg·m−2 of fertilizer applied to the soil; D2: 2 kg·m−2 of fertilizer applied to the 
soil; and D3: 4 kg·m−2 of fertilizer applied to the soil. C1: First cropping cycle; C2: Second 
cropping cycle; C3: Third cropping cycle; F1: Formulation composed exclusively of cocoa 
pod husks; F2: Formulation composed of 75% cocoa pod husks and 25% moringa leaves; 
F3: Formulation composed of 50% cocoa pod husks and 50% moringa leaves; F4: Formu-
lation composed of 25% cocoa pod husks and 75% moringa leaves; F5: Formulation com-
posed exclusively of moringa leaves; T0: Control without fertilizer. 

Figure 5. Protein content of eggplant fruits according to fertilizer rate and cropping cycles. 

3.3. Effects of Organic Fertilizers on Total Polyphenol and 
Flavonoids Content of Eggplant Fruits 

3.3.1. Effects of Fertilizers on Total Phenol Content 
There were no significant differences in total phenol content among the har-
vested eggplants across treatments F2, F3, F4, and F5 at increasing rates of 1, 2, 
and 4 kg/m2 (Figure 6). In contrast, fertilizer F1 showed a significant difference 
in total phenol content at rates of 1, 2, and 4 kg/m2. All values obtained were 
higher than that of the control T0 (22.4 mg GAE/g). Furthermore, total poly-
phenol content decreased between the first and third cycles, regardless of the 
treatment (Figure 6). 

3.3.2. Effects of Fertilizers on Flavonoid Content 
Analysis of Figure 7 reveals observations similar to those for total phenols. For 
any given treatment, flavonoid content increases with the dosage. This increase 
was significant across all treatments, particularly for treatments F3, F4, and F5. 
Relatively high flavonoid levels were observed with treatments F4 and F5, with 
maximum levels recorded at the 4 kg/m2 dosage. Furthermore, flavonoid levels in 
the fruit from the first cycle were higher than those from the other cycles. 
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Dose D1: 1 kg·m−2 of fertilizer applied to the soil; D2: 2 kg·m−2 of fertilizer applied to the 
soil; and D3: 4 kg·m−2 of fertilizer applied to the soil. C1: First cultivation cycle; C2: Second 
cultivation cycle; C3: Third cultivation cycle; F1: Formulation consisting exclusively of co-
coa shells; F2: Formulation consisting of 75% cocoa pod shells and 25% moringa leaves; F3: 
Formulation consisting of 50% cocoa pod shells and 50% moringa leaves; F4: Formulation 
consisting of 25% cocoa pod shells and 75% moringa leaves; F5: Formulation consisting 
exclusively of moringa leaves; T0: Control without fertilizer. 

Figure 6. Total polyphenol content of fruits according to fertilizer dose and cycle. 
 

 
Dose D1: 1 kg·m−2 of fertilizer applied to the soil; D2: 2 kg·m−2 of fertilizer applied to the 
soil; and D3: 4 kg·m−2 of fertilizer applied to the soil. C1: First cultivation cycle; C2: Second 
cultivation cycle; C3: Third cultivation cycle; F1: Formulation consisting exclusively of co-
coa husks; F2: Formulation consisting of 75% cocoa pod husks and 25% Moringa leaves; 
F3: Formulation consisting of 50% cocoa pod husks and 50% Moringa leaves; F4: Formu-
lation consisting of 25% cocoa pod husks and 75% Moringa leaves; F5: Formulation con-
sisting exclusively of Moringa leaves; T0: Control without fertilizer. 

Figure 7. Flavonoid content of fruits according to fertilizer dose and cultivation cycle. 

3.4. Effects of Organic Fertilizers on the Macro- and Micronutrient 
Content of Eggplant Fruits 

The minerals analyzed are in Table 3. 
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3.4.1. Effects of Fertilizers on the Potassium Content of Eggplants 
Figure 8 shows the potassium content of the fruit according to treatments, appli-
cation rates, and cycles. Potassium levels in the fruit increased significantly with 
increasing application rates (1, 2, and 4 kg/m2). At the 1 kg/m2 rate, the highest 
levels were observed with treatments F3 (450 mg/100g) and F4 (490 mg/100g), 
followed by F5 (390 mg/100g), F2 (350 mg/100g), and F1 (340 mg/100g). The con-
trol (T0) showed the lowest level (250 mg/100g). Potassium levels decreased dur-
ing the two cycles in which no fertilizer was applied (Figure 8). 

At the 2 kg/m2 rate, treatments F3 (460 mg/100g) and F4 (510 mg/100g) yielded 
the highest levels compared to the other treatments (Figure 8). Furthermore, re-
gardless of the application rate, the highest potassium levels were obtained with 
treatments F3 and F4. 
 

 
Dose D1: 1 kg·m−2 of fertilizer applied to the soil; D2: 2 kg·m−2 of fertilizer applied to the 
soil; and D3: 4 kg·m−2 of fertilizer applied to the soil. C1: First cropping cycle; C2: Second 
cropping cycle; C3: Third cropping cycle; F1: Formulation consisting exclusively of cocoa 
husks; F2: Formulation consisting of 75% cocoa pod husks and 25% moringa leaves; F3: 
Formulation consisting of 50% cocoa pod husks and 50% moringa leaves; F4: Formulation 
consisting of 25% cocoa pod husks and 75% moringa leaves; F5: Formulation consisting 
exclusively of moringa leaves; T0: Control (no fertilizer). 

Figure 8. Potassium content in fruit according to fertilizer dosage and cropping cycles. 

3.4.2. Effects of Fertilizers on the Magnesium Content of Eggplants 
Fruit magnesium content increased in proportion to the application rates, regard-
less of the treatment (Figure 9). Magnesium levels in the eggplants were particularly 
high with treatments F3 and F4, irrespective of the dosage. A significant difference 
in magnesium content was observed between cropping cycles. Analysis revealed that 
treatments at the 4 kg/m2 rate were highly significant (p < 0.001) compared to the 2 
kg/m2 and 1 kg/m2 rates, as well as the control (T0). Specifically, treatments F3 (200 
mg/100g) and F4 (240 mg/100g) yielded the highest values among all treatments 
(Figure 9). Treatments T0 and F1 fell within the same range of content levels. 

3.4.3. Effects of Fertilizers on the Calcium Content of Eggplants 
Fertilizer application at a rate of 1 kg/m2 resulted in improved calcium levels com-
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pared to the T0 control. Specifically, calcium levels in eggplants from treatments 
F1 and F2 fell within the same range (at the 5% significance level). These eggplants 
showed lower values compared to those from treatments F3 (360 mg/100g), F4 
(390 mg/100g), and F5 (380 mg/100g) (Figure 10). Regarding the cropping cycles, 
a progressive decline in calcium levels was observed across all treatments. 

Furthermore, at the 2 kg/m2 application rate, treatments F3 (410 mg/100g) and 
F4 (420 mg/100g) yielded the highest calcium levels compared to treatments F1 
(310 mg/100g), F2 (330 mg/100g), and T0 (280 mg/100g). Significant differences 
were observed across the cycles. Additionally, the results revealed that calcium 
levels were significantly influenced by the absence of fertilizer application during 
the final two cycles (C2 and C3). Overall, the treatments had a positive effect on 
eggplant calcium levels. At the 4 kg/m2 rate, eggplants from treatments F3 (430 
mg/100g), F4 (440 mg/100g), and F5 (410 mg/100g) exhibited higher levels than 
those from F1 (330 mg/100g) and F2 (340 mg/100g) (Figure 10). Analytical results 
indicated a decline in levels over the course of the cycles. 

3.4.4. Effects of Fertilizers on Iron Content in Eggplants 
Iron content in eggplants ranged from 1.14 to 1.65 ppm at the 1 kg/m2 application 
rate. The effect of the treatments on eggplant iron content was significant (p = 
0.001). Fertilizers F3 and F4 resulted in the highest iron levels, at 1.62 and 1.65 
ppm, respectively (Figure 11). The lowest iron levels were observed with F1 (1.27 
ppm), F5 (1.49 ppm), and F2 (1.51 ppm). 

At the 2 kg/m2 application rate, there was a significant difference in content 
levels among the treatments at the 5% significance level. Treatments F3 (1.78 
ppm) and F4 (1.82 ppm) recorded the highest iron levels. 
 

 
Dosage D1: 1 kg·m−2 of fertilizer applied to the soil; D2: 2 kg·m−2 of fertilizer applied to the 
soil; D3: 4 kg·m−2 of fertilizer applied to the soil. C1: First cultivation cycle; C2: Second 
cultivation cycle; C3: Third cultivation cycle; F1: Formulation consisting exclusively of co-
coa husks; F2: Formulation consisting of 75% cocoa husks and 25% Moringa leaves; F3: 
Formulation consisting of 50% cocoa husks and 50% Moringa leaves; F4: Formulation con-
sisting of 25% cocoa husks and 75% Moringa leaves; F5: Formulation consisting exclusively 
of Moringa leaves; T0: Control without fertilizer. 

Figure 9. Magnesium content of fruits according to fertilizer dosage and cycle. 
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Dosage D1: 1 kg·m−2 of fertilizer applied to the growing medium; D2: 2 kg·m−2 of fertilizer 
applied to the growing medium; D3: 4 kg·m−2 of fertilizer applied to the growing medium. 
C1: First cultivation cycle; C2: Second cultivation cycle; C3: Third cultivation cycle; F1: 
Formulation consisting exclusively of cocoa husks; F2: Formulation consisting of 75% co-
coa pod husks and 25% Moringa leaves; F3: Formulation consisting of 50% cocoa pod husks 
and 50% Moringa leaves; F4: Formulation consisting of 25% cocoa pod husks and 75% 
Moringa leaves; F5: Formulation consisting exclusively of Moringa leaves; T0: Control 
without fertilizer. 

Figure 10. Fruit calcium content according to fertilizer dosage and cultivation cycles. 
 

 
Dosage D1: 1 kg·m−2 of fertilizer applied to the soil; D2: 2 kg·m−2 of fertilizer applied to the 
soil; and D3: 4 kg·m−2 of fertilizer applied to the soil. C1: First cultivation cycle; C2: Second 
cultivation cycle; C3: Third cultivation cycle; F1: Formulation consisting exclusively of co-
coa husks; F2: Formulation consisting of 75% cocoa pod husks and 25% moringa leaves; 
F3: Formulation consisting of 50% cocoa pod husks and 50% moringa leaves; F4: Formu-
lation consisting of 25% cocoa pod husks and 75% moringa leaves; F5: Formulation con-
sisting exclusively of moringa leaves; T0: Control without fertilizer. 

Figure 11. Iron content of fruits according to fertilizer dosage and cultivation cycles. 
 

Furthermore, organic fertilizers increased iron levels in eggplants at the 4 kg/m2 
application rate. The highest iron levels in the eggplants were recorded with treat-
ments F3 (1.89 ppm) and F4 (1.98 ppm). Regarding the cropping cycles, iron levels 
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in the eggplants decreased progressively (Figure 11). 

3.4.5. Effects of Fertilizers on Zinc Content in Eggplants 
Zinc levels in eggplants increased significantly with increasing application rates 
(1, 2, and 4 kg/m2) (Figure 12). At the 1 kg/m2 rate, the highest levels were ob-
served with treatments F3 (7.76 ppm) and F4 (7.97 ppm), followed by F5 (7.49 
ppm), F2 (7.34 ppm), and F1 (7.33 ppm). The control (T0) showed the lowest level 
(5.78 ppm). Furthermore, zinc levels decreased during the two cycles in which no 
fertilizer was applied (Figure 12). 

At the 2 kg/m2 rate, treatments F3 (460 mg/100g) and F4 (510 mg/100g) also 
yielded the highest levels compared to the other treatments. Moreover, regardless 
of the application rate, the highest zinc levels were obtained with treatments F3 
and F4. Within each cycle, there was no significant difference in zinc levels in the 
eggplants (Figure 12). 
 

 
Dose D1: 1 kg·m−2 of fertilizer applied to the soil; D2: 2 kg·m−2 of fertilizer applied to the 
soil; and D3: 4 kg·m−2 of fertilizer applied to the soil. C1: First cultivation cycle; C2: Second 
cultivation cycle; C3: Third cultivation cycle; F1: Formulation consisting exclusively of co-
coa husks; F2: Formulation consisting of 75% cocoa pod husks and 25% Moringa leaves; 
F3: Formulation consisting of 50% cocoa pod husks and 50% Moringa leaves; F4: Formu-
lation consisting of 25% cocoa pod husks and 75% Moringa leaves; F5: Formulation con-
sisting exclusively of Moringa leaves; T0: Control without fertilizer. 

Figure 12. Zinc content of fruits according to fertilizer dosage and cultivation cycles. 

4. Discussion 

This study investigated the effects of the incorporation of moringa leaves in the 
formulation of fertilizer enriched with cocoa shells pods on the quality of the nu-
tritive and bioactive components of eggplant. The addition of more amount of 
moringa leaves in cocoa pods improved the concentration of N, P, K, Ca and Mg 
of organic fertilizers and their carbon-to-nitrogen ratio C/N progressively de-
clined. The extent of mineral was comparable to values reported for Cocoa pods 
from Ghana [22] [23] and Moringa leaves as reported by [24]. Frequently, a nar-
row C/N ratio of organic matter means easy decomposition process and adequate 
releasing of nutrients available for crops [25]. Therefore, fertilizers 4 and F5 met 
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the quality standards of Canadian Compost Guidelines: C/N ratio ≤ 25, pH 5.5 - 
8.5, a minimum concentration of total N, P, K, Ca and Mg at 0.60, 0.25, 0.20, 3.0 
and 0.30%, respectively [26]. Fertilizer F4 had significantly higher concentration 
of potassium than F5. Potassium is a very mobile element in the soil; so, the K 
levels provided by fertilizer F5 are not sufficient to compensate the losses by leach-
ing. Some studies supported the idea that potassium play a key role in the trans-
location of the new synthesized photosynthates, their mobilization and storage on 
fruit [27]. The percent of added Moringa leaves on fertilizer and its relationship 
with the dose of applied affected the dry matter and protein content of eggplant 
fruit. From the aforementioned, the incorporated moringa leaves encourages the 
activity of soil organisms, accelerated the decomposition, released a huge amount 
of all kind’s minerals (N, P K, Ca, Mg) in the correct mixture for the crops thus 
improved biochemical mechanism needed for nutrient accumulation in fruit [28] 
[29]. 

The eggplant fruits mostly possess low dry matter as documented for different 
varieties. The mean of dry mater (8.20 and 9.58 per 100g of fresh weight) was 
slightly higher than proximate composition content of 8.8 per 100g of fresh weight 
reported for of Solanum aethiopicum L [30]. High moisture content implies a rel-
ative lower water content which is a desirable characteristic for better postharvest 
conservation. Protein is one of the most important nutrients for human diet. The 
variability in protein content in the eggplant could be primarily Variations in pro-
tein content in response to fertilization with cocoa pod husks and *Moringa* 
leaves were statistically significant, ranging from 0.64 to 1.65 g per 100 g of fresh 
weight. Other authors have also reported values between 1.31 and 1.85 g for *S. 
aethiopicum* L. fruits grown in different regions of Nigeria [31] [32]. attributed 
to the variety. Phenolic compounds have been identified as the primary bioactive 
compounds responsible for the antioxidant effects of eggplant. Total phenolic and 
flavonoid contents decrease in the absence of organic fertilization. These results 
align with those of [33], who observed that lettuces treated with organic fertilizers 
exhibited higher polyphenol and flavonoid levels than control plants. Further-
more, when using fertilizer based on cocoa pod husks and moringa leaves, egg-
plant fruits harvested from plants receiving the highest nitrogen and potassium 
inputs tended to show the highest phenolic compound levels. The same trend was 
observed for flavonoid content in eggplants, which tends to increase with higher 
nitrogen fertilization rates. The results obtained here contrast with those of [34], 
who showed that tomatoes harvested from plants receiving the lowest nitrogen 
input tended to exhibit the highest phenolic compound content. Phenolic com-
pound concentrations were correlated with the carbon-to-nitrogen ratio as well as 
with interactions involving minerals present in the fertilizer. The enzyme phenyl-
alanine ammonia-lyase, involved in the biosynthesis of phenolic compounds, was 
regulated by nitrogen [35]. [28] showed that, at moderate potassium fertilization 
levels, increasing nitrogen input led to a significant decrease in total polyphenol 
content; conversely, when potassium inputs were high, treatments with higher ni-
trogen levels resulted in higher concentrations of these compounds. The phenolic 

https://doi.org/10.4236/jacen.2026.154020


K. A. Yao et al. 
 

 

DOI: 10.4236/jacen.2026.154020 402 Journal of Agricultural Chemistry and Environment 
 

compound contents of eggplants grown with the application of cocoa pods and 
moringa leaves ranged from 22.40 to 101.6 mg GAE g−1 of fresh weight. These 
results are higher than the values reported by several authors [19] [35] but lower 
than those observed by Nwanna et al. [36] and Kaur et al. [37] [38]. The significant 
differences in phenolic compound content observed among the accessions suggest 
a dependence on genotype and climatic conditions [39]. 

Minerals play a role in functions such as maintaining heart rhythm, muscle 
contractility, bone and tooth formation, acid-base balance, the regulation of cel-
lular metabolism, and enzymatic reactions [40]. It is possible that applying ferti-
lizer based on cocoa pod husks enriched with *Moringa* to the soil stimulated the 
accumulation of essential minerals in the fruit. Potassium was the major element 
in the eggplant, with concentrations ranging from 250 to 560 mg per 100 g of fresh 
weight. Calcium was the second most abundant macronutrient in the N’Drowa 
eggplant. Magnesium levels were 2 to 2.3 times lower than potassium levels. The 
ranges of values observed for macro- and micro-element composition vary con-
siderably but align with previous data on commercial eggplants, with the excep-
tion of calcium [41]. According to Mauro et al. [42], phosphorus supply and gen-
otype influence the mineral composition of the fruit pulp of the *Solanum tor-
vum* eggplant. In this regard, it has been reported that an adequate N/P ratio in 
the soil optimizes root architecture as well as the plant’s capacity to absorb these 
two macronutrients [43]. 

Plants cannot synthesize minerals; these are supplied by the soil. Since the hu-
man body is also unable to synthesize minerals, they must be obtained through 
the diet. Using the F4 formulation at a rate of 4 kg/m2 could therefore mitigate the 
decline in mineral content in fruits and vegetables observed by various authors 
[36] [44]. An abundance of nutrients such as potassium (K) and nitrogen (N) pro-
moted proper plant development and fruiting. Consequently, treatments F3 and 
F4 resulted in higher nutritional levels. This nutrient richness stems from the 
combined effect of the organic fertilizer and climatic/environmental conditions, 
with the latter significantly influencing nutrient content. Furthermore, trace ele-
ment levels in the eggplants varied slightly between treatments due to the appli-
cation of increasing doses. This was not the case for total zinc and polyphenol 
levels, which maintained the same trends despite increasing the fertilizer dose 
from 2 kg/m2 to 4 kg/m2 (D4). In other words, there appears to be a limit to the 
use of fertilizers and, more generally, to all growth factors. Indeed, regardless of 
the fertilizer used, fertilizer efficiency decreases as application rates increase [45]. 
These results demonstrate the relevance and necessity of using optimal doses, as 
high doses do not guarantee good yields. This study confirms the observations of 
[46], who reached similar conclusions when studying the impact of increasing 
compost doses on Chinese cabbage yields in the Democratic Republic of the 
Congo. In this study, the 4 kg/m2 dosage yielded the highest output compared to 
the 1 kg/m2 and 2 kg/m2 dosages. The minerals measured in the harvested fruit 
play a crucial role in combating various conditions; for instance, zinc and iron 
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help fight inflammatory diseases [47]. Notably, the zinc content (8.22 ppm)—
close to the reference value (10 ppm)—could play a major role in immunity and 
growth. Despite the increase in dosage, zinc levels remained stable. 

The recorded macronutrient contents of K (250 to 560 mg/100g), Ca (280 to 
440 mg/100g), and Mg (130 to 240 mg/100g) are low compared to their respective 
reference values of 2000, 800, and 375 mg/100g [48]. Potassium helps regulate 
blood pressure [49]. [50] and [51] showed that a daily potassium supplementation 
of 4700 mg would decrease blood pressure by 4.4 to 2.5 mm Hg. Calcium, for its 
part, exhibits anticarcinogenic activity as it reduces the risk of colorectal cancer 
[52]. Magnesium acts as an enzymatic cofactor that limits the conversion of lino-
leic acid into γ-linolenic acid. The latter can contribute to the synthesis of prosta-
glandins, substances that cause brain disorders [53]. If the minerals are bioavaila-
ble, consuming this eggplant variety could prevent hypertension, cancer, and ox-
idative stress by scavenging free radicals. Indeed, the antioxidants contained in 
this eggplant variety could enable the body to reduce oxidant levels, which are 
hazardous to health. 

The values of the micronutrients iron and zinc determined in the eggplants in 
this study increased according to the dose and treatment. The highest contents 
were obtained at the 4 kg/m2 dose with the F4 treatment. The contents reached 
1.65 ppm for Fe and 8.22 ppm for zinc, representing respective increases of 37.83% 
and 29.68% compared to T0. These values are consistent with results obtained in 
several studies on various eggplant varieties [54] [55]. Furthermore, zinc and iron 
are essential for human health. More than 30% of the world’s population is ane-
mic, which could be attributed to iron deficiency. Iron is an essential component 
of bodily systems involved in oxygen utilization. Iron deficiency during childhood 
and adolescence impairs physical and mental development [56]. Thus, the iron 
content (1.14 to 1.65 ppm) recorded in this African N’DROWA eggplant variety 
could be valuable for enriching the human diet. Regarding zinc, it is a micronu-
trient required for protein and carbohydrate metabolism, the immune system, 
wound healing, growth, and vision. Zinc deficiency can induce growth retarda-
tion, a weakened immune system, and a loss of taste and skin sensitivity. Similar 
results have been validated in the United States. Indeed, low zinc levels have been 
associated with growth retardation, poor appetite, and an underdeveloped sense 
of taste [57]. 

5. Conclusion 

The partial substitution of cocoa pods with moringa leaves had positive effects on 
eggplant Solanum aethiopicum L N’Drowa fruits quality. The increasing rate of 
moringa leaves improved the characteristics of fertilizers in terms of N, P, Ca, Mg 
concentration and C/N ratio and thereby enhanced nutritive and bioactive com-
ponents content. A significant variation in dry mater, protein, total phenol, flavo-
noid, macro and micro minerals content were observed among fruit produced 
under moringa-substituted cocoa pod versus cocoa pods fertilization. The ferti-
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lizer F4 (25% cocoa pods + 75% cocoa pods) had a desirable quality standard of 
Canadian Compost Guidelines and should be reasonably used as organic alterna-
tive to make eggplant fruits bio fortified. 

Acknowledgements 

We thank AKMEL Djedjro Clément for his help in setting up the trial. 

Author Contributions 

AKY performed the experiments and wrote the initial draft of the manuscript. 
CDA and AKY conceived and designed the experiments and proofreading of the 
manuscript. ANE validated data processing. A.S.J. assisted with literature search, 
analyzed and interpreted the data and revised the final draft of the manuscript. 
All authors have read and agreed to the published version of the manuscript. Con-
ceptualization, AKY and CDA; methodology, ANE; software, ANE; validation, 
ASJ, CDA, and AKY; formal analysis, AKY; investigation, AKY; resources, ANE; 
data curation, AKY; writing—original draft, AKY; writing—review and editing, 
CDA; visualization, CDA; supervision, ASJ; project administration, AKY; funding 
acquisition, AKY. All authors have read and approved the published version of 
the manuscript. 

Conflicts of Interest 

The authors declare that they have no known competing financial interests or per-
sonal relationships that could have appeared to influence the work reported in this 
paper. 

References 
[1] Han, M., Opoku, K.N., Bissah, N.A.B. and Su, T. (2021) Solanum aethiopicum: The 

Nutrient-Rich Vegetable Crop with Great Economic, Genetic Biodiversity and Phar-
maceutical Potential. Horticulturae, 7, Article 126.  
https://doi.org/10.3390/horticulturae7060126 

[2] Faraone, I., Lela, L., Ponticelli, M., Gorgoglione, D., De Biasio, F., Valentão, P., et al. 
(2022) New Insight on the Bioactivity of Solanum aethiopicum Linn. Growing in Ba-
silicata Region (Italy): Phytochemical Characterization, Liposomal Incorporation, 
and Antioxidant Effects. Pharmaceutics, 14, Article 1168.  
https://doi.org/10.3390/pharmaceutics14061168 

[3] Eletta, O.A.A., Orimolade, B.O., Oluwaniyi, O.O. and Dosumu, O.O. (2017) Evalua-
tion of Proximate and Antioxidant Activities of Ethiopian Eggplant (Solanum aethi-
opicum L) and Gboma Eggplant (Solanum macrocarpon L). Journal of Applied Sci-
ences and Environmental Management, 21, 967-972.  
https://doi.org/10.4314/jasem.v21i5.25 

[4] Kouassi, A., Béli-Sika, E., Tian-Bi, T., Alla-N'Nan, O., Kouassi, A., N'Zi, J., et al. 
(2014) Identification of Three Distinct Eggplant Subgroups within the Solanum ae-
thiopicum Gilo Group from Côte d’Ivoire by Morpho-Agronomic Characterization. 
Agriculture, 4, 260-273. https://doi.org/10.3390/agriculture4040260 

[5] Mie, A., Andersen, H.R., Gunnarsson, S., Kahl, J., Kesse-Guyot, E., Rembiałkowska, 

https://doi.org/10.4236/jacen.2026.154020
https://doi.org/10.3390/horticulturae7060126
https://doi.org/10.3390/pharmaceutics14061168
https://doi.org/10.4314/jasem.v21i5.25
https://doi.org/10.3390/agriculture4040260


K. A. Yao et al. 
 

 

DOI: 10.4236/jacen.2026.154020 405 Journal of Agricultural Chemistry and Environment 
 

E., et al. (2017) Human Health Implications of Organic Food and Organic Agricul-
ture: A Comprehensive Review. Environmental Health, 16, Article No. 111.  
https://doi.org/10.1186/s12940-017-0315-4 

[6] Wen, Y.C., Li, H.Y., Lin, Z.A., Zhao, B.Q., Sun, Z.B., Yuan, L., et al. (2020) Long-
Term Fertilization Alters Soil Properties and Fungal Community Composition in 
Fluvo-Aquic Soil of the North China Plain. Scientific Reports, 10, Article No. 7198.  
https://doi.org/10.1038/s41598-020-64227-6 

[7] Tang, J., Yin, J.Z., Davy, A.J., et al. (2022) Biogas Slurry as an Alternative to Chemical 
Fertilizer: Changes in Soil Properties and Microbial Communities of Fluvo-Aquic 
Soil in the North China Plain. Sustainability, 14, 15099.  
https://doi.org/10.3390/su142215099 

[8] Chen, J., Lü, S., Zhang, Z., Zhao, X., Li, X., Ning, P., et al. (2018) Environmentally 
Friendly Fertilizers: A Review of Materials Used and Their Effects on the Environ-
ment. Science of the Total Environment, 613, 829-839.  
https://doi.org/10.1016/j.scitotenv.2017.09.186 

[9] Vanden Nest, T., Vandecasteele, B., Ruysschaert, G., Cougnon, M., Merckx, R. and 
Reheul, D. (2014) Effect of Organic and Mineral Fertilizers on Soil P and C Levels, 
Crop Yield and P Leaching in a Long Term Trial on a Silt Loam Soil. Agriculture, 
Ecosystems & Environment, 197, 309-317. https://doi.org/10.1016/j.agee.2014.07.019 

[10] Abobi, A., Angui, T. and Kouadio, Y. (2014) Influence de la fertilisation à base des 
coques de cacao sur les paramètres chimiques d’un ferralsol et sur la croissance du 
maïs (Zea mays L.) à Oumé, Côte d’Ivoire. Journal of Applied Biosciences, 82, 7359-
7371. https://doi.org/10.4314/jab.v82i1.4 

[11] Djeke, M.D., Angui, P.T. and Kouadio, J.Y. (2011) Décomposition des coques de 
cacao dans les sols ferrallitiques de la zone d’Oumé, centre-ouest de la Côte d’Ivoire: 
Effets sur les caractéristiques chimiques des sols. Biotechnology, Agronomy, Society 
and Environment, 15, 109-117.  

[12] Fidelis, C. and Rajashekhar Rao, B.K. (2017) Enriched Cocoa Pod Composts and 
Their Fertilizing Effects on Hybrid Cocoa Seedlings. International Journal of Recy-
cling of Organic Waste in Agriculture, 6, 99-106.  
https://doi.org/10.1007/s40093-017-0156-8 

[13] Karthiga, D., Chozhavendhan, S., Gandhiraj, V. and Aniskumar, M. (2022) The Ef-
fects of Moringa oleifera Leaf Extract as an Organic Bio-Stimulant for the Growth of 
Various Plants: Review. Biocatalysis and Agricultural Biotechnology, 43, Article ID: 
102446. https://doi.org/10.1016/j.bcab.2022.102446 

[14] Mashamaite, C.V., Ngcobo, B.L., Manyevere, A., Bertling, I. and Fawole, O.A. (2022) 
Assessing the Usefulness of Moringa oleifera Leaf Extract as a Biostimulant to Sup-
plement Synthetic Fertilizers: A Review. Plants, 11, Article 2214.  
https://doi.org/10.3390/plants11172214 

[15] Anonyme (2022) Climat et moyennes météorologiques tout au long de l’année pour 
Yamoussoukro Côte d’Ivoire.  
https://fr.weatherspark.com/y/33994/M%C3%A9t%C3%A9o-moyenne-%C3%A0-
Yamoussoukro-C%C3%B4te-d%E2%80%99Ivoire-tout-au-long-de-l’ann%C3%A9e  

[16] AOAC (2010) Official Method of Analysis. Association of Official Analytical Chem-
ists, Food Composition, Official Analytical Chemists, Additives Natural Contami-
nant. 15e Edition, Association des officiels chimistes analytiques, Inc USA. 

[17] Abrams, D., Metcalf, D. and Hojjatie, M. (2014) Determination of Kjeldahl Nitrogen 
in Fertilizers by AOAC Official Methodsm 978.02: Effect of Copper Sulfate as a Cat-
alyst. Journal of AOAC International, 97, 764-767.  

https://doi.org/10.4236/jacen.2026.154020
https://doi.org/10.1186/s12940-017-0315-4
https://doi.org/10.1038/s41598-020-64227-6
https://doi.org/10.3390/su142215099
https://doi.org/10.1016/j.scitotenv.2017.09.186
https://doi.org/10.1016/j.agee.2014.07.019
https://doi.org/10.4314/jab.v82i1.4
https://doi.org/10.1007/s40093-017-0156-8
https://doi.org/10.1016/j.bcab.2022.102446
https://doi.org/10.3390/plants11172214
https://fr.weatherspark.com/y/33994/M%C3%A9t%C3%A9o-moyenne-%C3%A0-Yamoussoukro-C%C3%B4te-d%E2%80%99Ivoire-tout-au-long-de-l%E2%80%99ann%C3%A9e
https://fr.weatherspark.com/y/33994/M%C3%A9t%C3%A9o-moyenne-%C3%A0-Yamoussoukro-C%C3%B4te-d%E2%80%99Ivoire-tout-au-long-de-l%E2%80%99ann%C3%A9e


K. A. Yao et al. 
 

 

DOI: 10.4236/jacen.2026.154020 406 Journal of Agricultural Chemistry and Environment 
 

https://doi.org/10.5740/jaoacint.13-299 

[18] CEAEQ (2014) Détermination du carbone organique total dans les solides: Dosage 
partitrage, MA. 405-C1.1, Révision. 1. 9 p. 

[19] Zambrano-Moreno, E.L., Chávez-Jáuregui, R.N., Plaza, M.d.L. and Wessel-Beaver, L. 
(2015) Phenolic Content and Antioxidant Capacity in Organically and Convention-
ally Grown Eggplant (Solanum melongena) Fruits Following Thermal Processing. 
Food Science and Technology, 35, 414-420.  
https://doi.org/10.1590/1678-457x.6656 

[20] Singleton, V.L. and Rossi, J.A. (1965) Colorimetry of Total Phenolics with Phospho-
molybdic-Phosphotungstic Acid Reagents. American Journal of Enology and Viticul-
ture, 16, 144-158. https://doi.org/10.5344/ajev.1965.16.3.144 

[21] Sabbadini, S., Capocasa, F., Battino, M., Mazzoni, L. and Mezzetti, B. (2021) Im-
proved Nutritional Quality in Fruit Tree Species through Traditional and Biotechno-
logical Approaches. Trends in Food Science & Technology, 117, 125-138.  
https://doi.org/10.1016/j.tifs.2021.01.083 

[22] Bokelmann, W., Huyskens-Keil, S., Ferenczi, Z. and Stöber, S. (2022) The Role of 
Indigenous Vegetables to Improve Food and Nutrition Security: Experiences from 
the Project HORTINLEA in Kenya (2014-2018). Frontiers in Sustainable Food Sys-
tems, 6, Article 806420. https://doi.org/10.3389/fsufs.2022.806420 

[23] Lu, F., Rodriguez-Garcia, J., Van Damme, I., Westwood, N.J., Shaw, L., Robinson, 
J.S., et al. (2018) Valorisation Strategies for Cocoa Pod Husk and Its Fractions. Cur-
rent Opinion in Green and Sustainable Chemistry, 14, 80-88.  
https://doi.org/10.1016/j.cogsc.2018.07.007 

[24] Owon, M., Osman, M., Ibrahim, A., Salama, M.A. and Matthäus, B. (2021) Charac-
terisation of Different Parts from Moringa oleifera Regarding Protein, Lipid Compo-
sition and Extractable Phenolic Compounds. OCL, 28, Article No. 45.  
https://doi.org/10.1051/ocl/2021035 

[25] Ramon, C.L., Josefina, L.F., Miguel, A.E., Roberto, G.D., Maria, M.R. and José, B.H. 
(2017) Nutritional and Phenolic Characterization of Moringa oleifera Leaves Grown 
in Sinaloa, México. Pakistan Journal of Botany, 49, 161-168. 

[26] Sangamithirai, K.M., Jayapriya, J., Hema, J. and Manoj, R. (2015) Evaluation of In-
Vessel Co-Composting of Yard Waste and Development of Kinetic Models for Co-
Composting. International Journal of Recycling of Organic Waste in Agriculture, 4, 
157-165. https://doi.org/10.1007/s40093-015-0095-1 

[27] Canadian Compost Guideline (1996) Guidelines for Compost Quality. CCME Docu-
ments, PN1340, Manitoba, Canada. 

[28] Hafez, M.R. and EL-Azizy, F.A. (2019) Effect of Potassium, Magnesium and Boron 
on Yield and Its Components of Eggplant in Siwa Oasis. American-Eurasian Journal 
of Agriculture. & Environment Science, 19, 106-115. 

[29] Plazas, M., López-Gresa, M.P., Vilanova, S., Torres, C., Hurtado, M., Gramazio, P., et 
al. (2013) Diversity and Relationships in Key Traits for Functional and Apparent 
Quality in a Collection of Eggplant: Fruit Phenolics Content, Antioxidant Activity, 
Polyphenol Oxidase Activity, and Browning. Journal of Agricultural and Food Chem-
istry, 61, 8871-8879. https://doi.org/10.1021/jf402429k 

[30] Mishra, B.B., Gautam, S. and Sharma, A. (2012) Browning of Fresh-Cut Eggplant: 
Impact of Cutting and Storage. Postharvest Biology and Technology, 67, 44-51.  
https://doi.org/10.1016/j.postharvbio.2011.12.009 

[31] Okeke, H.C., Okeke, O., Nwanya, K.O., Offor, C.R. and Aniobi, C.C. (2021) Compar-

https://doi.org/10.4236/jacen.2026.154020
https://doi.org/10.5740/jaoacint.13-299
https://doi.org/10.1590/1678-457x.6656
https://doi.org/10.5344/ajev.1965.16.3.144
https://doi.org/10.1016/j.tifs.2021.01.083
https://doi.org/10.3389/fsufs.2022.806420
https://doi.org/10.1016/j.cogsc.2018.07.007
https://doi.org/10.1051/ocl/2021035
https://doi.org/10.1007/s40093-015-0095-1
https://doi.org/10.1021/jf402429k
https://doi.org/10.1016/j.postharvbio.2011.12.009


K. A. Yao et al. 
 

 

DOI: 10.4236/jacen.2026.154020 407 Journal of Agricultural Chemistry and Environment 
 

ative Assessment of the Proximate and Mineral Composition of Cucumis sativus L. 
and Solanum aethiopicum L. Fruit Samples Grown in South Eastern and North Cen-
tral Regions of Nigeria Respectively. Natural Resources, 12, 237-249.  
https://doi.org/10.4236/nr.2021.128017 

[32] Yao, N.B., Kpata-Konan, N., Combo, A., Sossia, K. and Tano, K. (2020) Comparative 
Study of the Effects of Two Types of Organic Fertilizers (R1 and R4) and a Chemical 
Fertilizer (NPK) on Some Physico-Chemical and Biochemical Parameters of Lettuce 
(Latuca sativa L.). Journal of Food Science and Nutrition Research, 3, 181-194. 

[33] Bénard, C., Gautier, H., Bourgaud, F., Grasselly, D., Navez, B., Caris-Veyrat, C., et al. 
(2009) Effects of Low Nitrogen Supply on Tomato (Solanum lycopersicum) Fruit 
Yield and Quality with Special Emphasis on Sugars, Acids, Ascorbate, Carotenoids, 
and Phenolic Compounds. Journal of Agricultural and Food Chemistry, 57, 4112-
4123. https://doi.org/10.1021/jf8036374 

[34] Treutter, D. (2010) Managing Phenol Contents in Crop Plants by Phytochemical 
Farming and Breeding—Visions and Constraints. International Journal of Molecular 
Sciences, 11, 807-857. https://doi.org/10.3390/ijms11030807 

[35] Delgado, R., Martín, P., del Álamo, M. and González, M. (2004) Changes in the Phe-
nolic Composition of Grape Berries during Ripening in Relation to Vineyard Nitro-
gen and Potassium Fertilisation Rates. Journal of the Science of Food and Agriculture, 
84, 623-630. https://doi.org/10.1002/jsfa.1685 

[36] Nwanna, E.E., Adebayo, A.A., Ademosun, A.O. and Oboh, G. (2019) Phenolic Dis-
tribution, Antioxidant Activity, and Enzyme Inhibitory Properties of Eggplant (Sola-
num aethiopicum) Cultivated in Two Different Locations within Nigeria. Journal of 
Food Biochemistry, 43, e12797. https://doi.org/10.1111/jfbc.12797 

[37] Kaur, C., Nagal, S., Nishad, J., Kumar, R. and Sarika, (2014) Evaluating Eggplant (So-
lanum melongena L) Genotypes for Bioactive Properties: A Chemometric Approach. 
Food Research International, 60, 205-211.  
https://doi.org/10.1016/j.foodres.2013.09.049 

[38] San José, R., Sánchez‐Mata, M., Cámara, M. and Prohens, J. (2014) Eggplant Fruit 
Composition as Affected by the Cultivation Environment and Genetic Constitution. 
Journal of the Science of Food and Agriculture, 94, 2774-2784.  
https://doi.org/10.1002/jsfa.6623 

[39] Uzu, M., Adaramola, B., Aleshinloye, A., Jegede, D., Shokunbi, O., Adewumi, A., 
Ogunnowo, A. and Onigbinde, A. (2017) Assessment of Variation in Mineral Con-
tent of Ripe and Unripe African Eggplant Fruit (Solanum aethiopicum L.) Exocarps. 
Journal of Pharmacognosy and Phytochemistry, 6, 2548-2551. 
https://www.phytojournal.com/archives/2017.v6.i5.2012/assessment-of-variation-
in-mineral-content-of-ripe-and-unripe-african-eggplant-fruit-solanum-aethiopi-
cum-l-exocarps  

[40] Taher, D., Solberg, S.Ø., Prohens, J., Chou, Y., Rakha, M. and Wu, T. (2017) World 
Vegetable Center Eggplant Collection: Origin, Composition, Seed Dissemination and 
Utilization in Breeding. Frontiers in Plant Science, 8, Article 1484.  
https://doi.org/10.3389/fpls.2017.01484 

[41] Niño-Medina, G., Muy-Rangel, D., Gardea-Béjar, A., González-Aguilar, G., Heredia, 
B., Báez-Sañudo, M., et al. (2014) Nutritional and Nutraceutical Components of 
Commercial Eggplant Types Grown in Sinaloa, Mexico. Notulae Botanicae Horti Ag-
robotanici Cluj-Napoca, 42, 538-544. https://doi.org/10.15835/nbha4229573 

[42] Mauro, R.P., Stazi, S.R., Distefano, M., Giuffrida, F., Marabottini, R., Sabatino, L., et 
al. (2022) Yield and Compositional Profile of Eggplant Fruits as Affected by Phos-

https://doi.org/10.4236/jacen.2026.154020
https://doi.org/10.4236/nr.2021.128017
https://doi.org/10.1021/jf8036374
https://doi.org/10.3390/ijms11030807
https://doi.org/10.1002/jsfa.1685
https://doi.org/10.1111/jfbc.12797
https://doi.org/10.1016/j.foodres.2013.09.049
https://doi.org/10.1002/jsfa.6623
https://www.phytojournal.com/archives/2017.v6.i5.2012/assessment-of-variation-in-mineral-content-of-ripe-and-unripe-african-eggplant-fruit-solanum-aethiopicum-l-exocarps
https://www.phytojournal.com/archives/2017.v6.i5.2012/assessment-of-variation-in-mineral-content-of-ripe-and-unripe-african-eggplant-fruit-solanum-aethiopicum-l-exocarps
https://www.phytojournal.com/archives/2017.v6.i5.2012/assessment-of-variation-in-mineral-content-of-ripe-and-unripe-african-eggplant-fruit-solanum-aethiopicum-l-exocarps
https://doi.org/10.3389/fpls.2017.01484
https://doi.org/10.15835/nbha4229573


K. A. Yao et al. 
 

 

DOI: 10.4236/jacen.2026.154020 408 Journal of Agricultural Chemistry and Environment 
 

phorus Supply, Genotype and Grafting. Horticulturae, 8, Article 304.  
https://doi.org/10.3390/horticulturae8040304 

[43] Postma, J.A., Dathe, A. and Lynch, J.P. (2014) The Optimal Lateral Root Branching 
Density for Maize Depends on Nitrogen and Phosphorus Availability. Plant Physiol-
ogy, 166, 590-602. https://doi.org/10.1104/pp.113.233916 

[44] Mayer, A.B., Trenchard, L. and Rayns, F. (2021) Historical Changes in the Mineral 
Content of Fruit and Vegetables in the UK from 1940 to 2019: A Concern for Human 
Nutrition and Agriculture. International Journal of Food Sciences and Nutrition, 73, 
315-326. https://doi.org/10.1080/09637486.2021.1981831 

[45] Kimuni, L.N., Mwali, M.K., Mulembo, T.M., Wa Lwalaba, J.L., Lubobo, A.K., 
Katombe, B.N., et al. (2014) Effets de doses croissantes des composts de fumiers de 
poules sur le rendement de chou de Chine (Brassica chinensis L.) installé sur un sol 
acide de Lubumbashi. Journal of Applied Biosciences, 77, 6509-6522.  
https://doi.org/10.4314/jab.v77i1.4 

[46] Prasad, A.S. (2014) Zinc: An Antioxidant and Anti-Inflammatory Agent: Role of Zinc 
in Degenerative Disorders of Aging. Journal of Trace Elements in Medicine and Bi-
ology, 28, 364-371. https://doi.org/10.1016/j.jtemb.2014.07.019 

[47] GCCRF (2019) NUTRIMENTS Recommandations sanitaires: Version 2 (janvier 
2019). Ministère de l'Économie et des Finances.  
https://www.economie.gouv.fr/files/files/directions_services/dgccrf/secu-
rite/produits_alimentaires/Complement_alimentaire/CA_Internet_RS_Nutri-
ments.pdf  

[48] DiSilvestro, R.A. (2000) Zinc in Relation to Diabetes and Oxidative Disease. The Jour-
nal of Nutrition, 130, 1509S-1511S. https://doi.org/10.1093/jn/130.5.1509s 

[49] Whelton, P.K. and He, J. (1999) Potassium in Preventing and Treating High Blood 
Pressure. Seminars in Nephrology, 19, 494-499.  
https://pubmed.ncbi.nlm.nih.gov/10511389/  

[50] Houston, M.C. (2011) The Importance of Potassium in Managing Hypertension. 
Current Hypertension Reports, 13, 309-317.  
https://doi.org/10.1007/s11906-011-0197-8 

[51] Flood, A., Peters, U., Chatterjee, N., Lacey, J.V., Schairer, C. and Schatzkin, A. (2005) 
Calcium from Diet and Supplements Is Associated with Reduced Risk of Colorectal 
Cancer in a Prospective Cohort of Women. Cancer Epidemiology, Biomarkers & Pre-
vention, 14, 126-132. https://doi.org/10.1158/1055-9965.126.14.1 

[52] Laurant, P. and Touyz, R.M. (2000) Physiological and Pathophysiological Role of 
Magnesium in the Cardiovascular System. Journal of Hypertension, 18, 1177-1191.  
https://doi.org/10.1097/00004872-200018090-00003 

[53] Davies, K.M. (2008). Modifier la production d’anthocyane dans les fleurs. Dans: 
Winefield, C., Davies, K. and Gould, K., Eds., Anthocyanines, Springer, 49-80. 

[54] Kamga, R.T., Kouamé, C., Atangana, A.R., Chagomoka, T. and Ndango, R. (2013) 
Nutritional Evaluation of Five African Indigenous Vegetables. Journal of Horticul-
tural Research, 21, 99-106. https://doi.org/10.2478/johr-2013-0014 

[55] Górska-Warsewicz, H., Rejman, K., Kaczorowska, J. and Laskowski, W. (2021) Veg-
etables, Potatoes and Their Products as Sources of Energy and Nutrients to the Aver-
age Diet in Poland. International Journal of Environmental Research and Public 
Health, 18, Article 3217. https://doi.org/10.3390/ijerph18063217 

[56] OMS/FAO (2001) Human Vitamin and Mineral Requirements. Rapport d’une con-
sultation mixte d’experts FAO/OMS; Genève, Suisse. 304 p. 

https://doi.org/10.4236/jacen.2026.154020
https://doi.org/10.3390/horticulturae8040304
https://doi.org/10.1104/pp.113.233916
https://doi.org/10.1080/09637486.2021.1981831
https://doi.org/10.4314/jab.v77i1.4
https://doi.org/10.1016/j.jtemb.2014.07.019
https://www.economie.gouv.fr/files/files/directions_services/dgccrf/securite/produits_alimentaires/Complement_alimentaire/CA_Internet_RS_Nutriments.pdf
https://www.economie.gouv.fr/files/files/directions_services/dgccrf/securite/produits_alimentaires/Complement_alimentaire/CA_Internet_RS_Nutriments.pdf
https://www.economie.gouv.fr/files/files/directions_services/dgccrf/securite/produits_alimentaires/Complement_alimentaire/CA_Internet_RS_Nutriments.pdf
https://doi.org/10.1093/jn/130.5.1509s
https://pubmed.ncbi.nlm.nih.gov/10511389/
https://doi.org/10.1007/s11906-011-0197-8
https://doi.org/10.1158/1055-9965.126.14.1
https://doi.org/10.1097/00004872-200018090-00003
https://doi.org/10.2478/johr-2013-0014
https://doi.org/10.3390/ijerph18063217


K. A. Yao et al. 
 

 

DOI: 10.4236/jacen.2026.154020 409 Journal of Agricultural Chemistry and Environment 
 

[57] Salgueiro, M.J., Zubillaga, M.B., Lysionek, A.E., Caro, R.A., Weill, R. and Boccio, J.R. 
(2002) The Role of Zinc in the Growth and Development of Children. Nutrition, 18, 
510-519. https://doi.org/10.1016/s0899-9007(01)00812-7 

 

https://doi.org/10.4236/jacen.2026.154020
https://doi.org/10.1016/s0899-9007(01)00812-7

	Formulation of Fertilizers from Theobroma Cacao Pods and Moringa Oleifera Leaves and Their Effects on Nutritive Quality of Eggplant Solanum aethiopicum Gilo
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods
	2.1. Description of the Study Site
	2.2. Plant Material
	2.3. Chemicals and Reagents
	2.4. Experimental Set-Up and Procedure
	2.5. Fruit Collection
	2.6. Physico-Chemical Analysis
	2.6.1. Determination of Organic Carbon
	2.6.2. Determination of Cation Exchange Capacity (CEC or T)
	2.6.3. Dry Matter
	2.6.4. Nitrogen and Crude Protein
	2.6.5. Organic Carbon and Organic Matter
	2.6.6. Phosphorus
	2.6.7. Mineral Composition
	2.6.8. Total Phenol
	2.6.9. Total Flavonoid

	2.7. Statistical Analysis

	3. Results
	3.1. Chemical Composition of Organics Fertilizers
	3.2. Effects of Organic Fertilizers on Dry Matter and Protein Content of Eggplant Fruit
	3.2.1. Effects of Fertilizers on Dry Matter Content
	3.2.2. Effects of Fertilizers on Protein Content of Eggplant Fruit

	3.3. Effects of Organic Fertilizers on Total Polyphenol and Flavonoids Content of Eggplant Fruits
	3.3.1. Effects of Fertilizers on Total Phenol Content
	3.3.2. Effects of Fertilizers on Flavonoid Content

	3.4. Effects of Organic Fertilizers on the Macro- and Micronutrient Content of Eggplant Fruits
	3.4.1. Effects of Fertilizers on the Potassium Content of Eggplants
	3.4.2. Effects of Fertilizers on the Magnesium Content of Eggplants
	3.4.3. Effects of Fertilizers on the Calcium Content of Eggplants
	3.4.4. Effects of Fertilizers on Iron Content in Eggplants
	3.4.5. Effects of Fertilizers on Zinc Content in Eggplants


	4. Discussion
	5. Conclusion
	Acknowledgements
	Author Contributions
	Conflicts of Interest
	References

