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Use of rubber seed cake as a biofertilizer on the agromorphological and biochemical characteristics of plantain (Musa Paradisiaca) “Big ebanga” fruit
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ABSTRACT 

	
Aims: The aim of the study was to evaluate the fertilizing potential of rubber seed cake on the agro-morphological and biochemical parameters of plantain bananas with a view to proposing appropriate ways of utilizing it.
Place and Duration of Study: National Agricultural Research Center (CNRA) in Bimbresso, Abidjan, Ivory Coast from March 2024 to January 2025
Methodology: A randomized block design comprising four treatments and five replicates was set up with plantain vivo-plants of the Big Ebanga cultivar from the collection of the National Agronomy Center in Bimbresso. The different treatments consisted of: T1: chemical fertilizer (120g N/banana tree and 329g K/banana tree); T2: 5 kg of cake/banana tree; T3: 7.5 kg of cake/banana tree; and T4: 10 kg of cake/banana tree. The work consisted of determining the mass of the bunches, the number of fingers and hands of the fruit, the internal and external length, and the circumference of the fruit. In terms of biochemical parameters, the ash, lipid, fiber, and carbohydrate content, pH, total sugars, reducing sugars, energy value, and pH were determined.
Results: The results obtained showed that treatments T1 and T4 provided the highest statistically significant diet masses. However, treatment T4 produced the highest number of hands (7.33) and fingers (44.67). The treatments that received the meal had a high ash content (2.92-2.94) and lipid content (1.20-3.70) compared to the control. The highest energy values were obtained with treatments T3 (394.94 kcal/100 g) and T4 (399.73 kcal/100 g), and T2 yielded the highest carbohydrate value (91.38%).
Conclusion: Rubber seed cake contains nutrients that promote plant growth and improve the nutritional quality of fruit. For use with plantain trees, the T4 treatment (10 kg/plant) offers good agronomic and nutritional characteristics.





1. INTRODUCTION 

Plantain (Musa paradisiaca) is one of the starchy foods consumed by the world's population due to its nutritional and economic importance [1].
 It is a staple food for more than 400 million people worldwide. It makes a significant contribution to food security, accounting for around 70% of the food energy supply [2]. 
With an annual global production of nearly 120 million tons, plantains rank fifth among food crops, after cereals, cassava, sweet potatoes, and yams [3].
In Africa, production was estimated at over 29.9 tons in 2015 [4]. In Côte d'Ivoire, annual production is estimated at 2,126,264 tons [5], making it the fourth most important food crop after yams, cassava, and rice, with an estimated consumption of 120 kg per capita per year [6]. 
Plantains are an excellent source of energy, providing 120 kcal per 100 g of dry matter, and are rich in many minerals such as magnesium, potassium, calcium, and phosphorus [7]. They are also a good source of starch, dietary fiber, and polyphenols [8].
Population growth is driving constant demand for this product. Demand exceeds supply due to insufficient production and the seasonal nature of plantains. This yield deficit is linked to various factors, the most important of which is low soil fertility [9]. 
To remedy this, farmers often resort to chemical fertilizers that provide minerals to improve productivity [10]. However, these fertilizers are virtually inaccessible to small farmers due to their high cost and proven scarcity [11].
Furthermore, their excessive use causes ecological and environmental problems. Given these various disadvantages, the use of organic fertilizers is emerging as an optimal solution for providing plants with essential nutrients [12, 13].
This study aims to evaluate the fertilizing potential of rubber seed cake on the agro-morphological and biochemical parameters of plantain fruit for better utilization.	Comment by LCA: Definition, it is important since I understand it as a use of residue from the use of the rubber seed, however there is no definition in the background to unify this point.





2. material and methods 

2.1 Plant material
The plant material consists of vivo-plants of plantain from the Big Ebanga cultivar from the collection of the National Agronomy Center (CNRA) in Bimbresso (Ivory Coast). The oil cakes were obtained by mechanical extraction using a screw press. 

2.2 Study area
The study was conducted at the Bimbresso Research Station (Anguédédou) of the National Agricultural Research Center (CNRA). This station is located in southern Ivory Coast, 25 km west of Abidjan, in an area of dense evergreen rainforest with the following geographical coordinates: 5˚25' north latitude, 4˚08' west longitude, and 25 m altitude [14]. The climate is sub-equatorial with bimodal rainfall. The soil is ferralitic, derived from tertiary sand, with a sandy-clay texture [15].

2.3 Sampling 
The study was conducted in a completely randomized design with four treatments and five replicates. The treatment consisted of spreading rubber seed cake under each banana tree in varying proportions depending on the treatment.	Comment by LCA: It's not clear to me what this is?
The vivo-plants were planted in 30 x 30 x 30 cm holes dug by hand. A distance of 2.5 meters was left between blocks and 2 meters between plants, resulting in 2,000 plants/ha. The recommended dose was used for the control, 240 kg/ha N and 658 kg/ha K, which corresponds to 120 g N/banana tree and 329 g K/banana tree. Six (6) useful banana trees were selected per block, giving a total of 30 useful banana trees for each treatment.
The treatments (T) consisted of:
T1: 120g N/banana tree and 329g K/banana tree (recommended dose)
T2: 5 kg of cake/banana tree
T3: 7.5 kg of cake/banana tree
T4: 10 kg of cake/banana tree
NB: Each banana tree in treatment T1 received 27 g of urea for 10 months, for a total of 8.1 kg of urea for the 30 useful plants. Regarding potassium chloride (KCl), each banana tree received 66 g for 10 months, for a total of 19.8 kg of KCl for the 30 useful banana trees.	Comment by LCA: What treatment did these 30 trees receive?

2.4 Determination of agro-morphological parameters
The average weights of the bunches and fruits obtained from each treatment were determined by weighing them on a scale. The number of hands and fingers on each bunch from the different treatments was determined by simple counting.
The internal and external lengths of the fruits were determined by measuring each fruit with a tape measure from the distal end to the proximal end, according to the method of [16]. Finally, the circumference of the fruit was determined by measuring each fruit with a tape measure at its midpoint according to the method of [16].

2.5. Determination of biochemical parameters
Dry matter, lipid content, and ash content were determined according to the AOAC method [17]. pH was evaluated according to the AOAC method [18]. Total and reducing sugar content were determined using the methods of. [19] and [20], respectively. The method of [21] was used to measure fiber content. For total carbohydrates, the method of [22] was used, and the energy value was calculated using the method of [23].

2.4 Statistical processing
XLSTAT software version 2019 was used for statistical analysis of the results. A one-way analysis of variance (ANOVA) was performed and the difference in means was calculated using Tukey's test at a probability threshold of 5%.

3. results 

3.1 Agro-morphological parameters of plantain banana tree regimes and fruits
The results obtained showed a significant difference in most of the parameters measured (Table 1).
Thus, treatment T2 recorded the highest fruit circumference value (28.33 cm).
The external length values of the fruits varied between 20.00 cm and 28.00 cm. 
The longest fruits were obtained with treatment T1 and the smallest fruits were provided by treatment T2. Treatments T1 and T4 produced the highest statistically significant fruit weights, at 13.10 kg and 12.3 kg, respectively. 
The lowest fruit weights were obtained with treatments T2 (205.80 g) and T3 (202.82 g). In contrast, the highest fruit mass was obtained with treatment T1 (237.63 g). 
The number of hands and fruits ranged from 5.67 to 7.33 and from 31.67 to 44.67, respectively. Finally, the internal length of the fruits ranged from 16 cm to 21.7 cm.








Table 2: Agro-morphological characteristics of plantain banana bunches and fruits	Comment by LCA: There are 2 Table 2


	Parameters 
	T1 
	T2 
	T3 
	T4 

	Number of hands
	6,67± 1,15a
	6,33± 2,08a
	5,67± 0,58a
	7,33± 0,58a

	Number of fruits
	34,33± 3,51a
	31,67± 4,04a
	31,67± 3,51a
	44,67± 2, 08a

	Circumference of fruits (cm)
	13,33± 1,61b
	28,33± 2,52a
	12,50 ± 0,87b
	13,17± 1,04b

	External length of fruits (cm)
	28,00± 3,00a
	20,00± 3,61b
	22, 00± 1,00ab
	26,33± 3,21ab

	Internal length of fruits (cm)
	19,67± 2,08a
	21,67± 3,79a
	16,00± 3,00a
	19,33± 2, 89a

	Weight of bunches (kg)
	13,10± 1,00a
	9,8± 1,3b
	10,00± 1 ,1b
	12,3± 0,6a

	Weight of fruits (g)
	237,63± 3,71a
	205,80± 4,00c
	202, 82 ± 4,63c
	223,44± 2,89b





The means ± standard deviations, assigned different letters on the same line, are significantly different at the 5% threshold according to Tukey's test

T1: 120 g N/banana tree and 329 g K/banana tree; T2: 5 kg of cake/banana tree; T3: 7.5 kg of cake/banana tree; T4: 10 kg of cake/banana tree










3.2 Biochemical characteristics of plantain fruits
The results obtained showed a significant difference in most of the parameters measured (Table 2).
Thus, the pH values ranged from 4.06 to 4.35, and the highest dry matter content of the fruit was observed in treatment T2 (96.85%). 
In contrast, treatments T1 and T4 yielded the lowest statistical values. Treatment T1 yielded the lowest ash content (2.42%). 
In terms of fiber content, the lowest content was recorded in treatment T3 (0.95%), while the highest content was recorded in treatment T1. 
Lipid content varied between 1.2% (T2) and 3.70% (T3), with the treatments that received oilseed meal having the highest content. 
In terms of carbohydrate content, treatment T1 had the highest value (91.56%) and treatment T3 had the lowest value (86.68%). Reducing sugar content varied between 2.30% (T1) and 5.63% (T3). 
For total sugars, treatments T1 (13.95%) and T3 (13.74%) yielded the highest statistically significant values. Finally, the energy value of the fruit varied between 394.94 kcal (T3) and 399.73 kcal (T4).




Table 2: Biochemical characteristics of plantain fruit

	[bookmark: _Hlk201911345]parameters
	T1
	T2
	T3
	T4

	pH
	[bookmark: _Hlk159096827]4,35± 0,00a
	[bookmark: _Hlk159096809]4,06± 0,01d
	4,11± 0,01c
	4,19± 0,01b

	Dry matter (%)
	93,97± 0,24c
	96,85 ± 0,14a
	95,69 ± 0,20b
	93,94± 0,07c

	Ash (%)
	[bookmark: _Hlk159101117]2,42± 0,02b
	[bookmark: _Hlk166834119][bookmark: _Hlk159101133]2,92± 0,02a
	[bookmark: _Hlk159101149]2,94±0,13a
	[bookmark: _Hlk159101168]2,94± 0,03a

	Fiber (%)
	[bookmark: _Hlk159102399]1,78± 0,01a
	1,35± 0,00b
	[bookmark: _Hlk159102223]0,95± 0,00d
	[bookmark: _Hlk159102386]1,28± 0,00c

	Lipids (%)
	1,96±0,00c
	[bookmark: _Hlk166834206][bookmark: _Hlk159102709]1,20± 0,00d
	[bookmark: _Hlk166834218][bookmark: _Hlk159102731]3,70± 0,04a
	2,89± 0,10b

	Carbohydrates (%)
	91,56± 0,04a	Comment by LCA: check the percentages
	[bookmark: _Hlk159102769]91,38± 0,02b
	[bookmark: _Hlk159102749]86,68± 0,19d
	89,39± 0,04c

	Reducing sugars (%)
	[bookmark: _Hlk159103494]2,30 ± 0,10d
	5,47 ± 0,06b
	[bookmark: _Hlk159103526]5,63 ± 0,06a
	2,73 ± 0,06c

	Total sugars (%)
	[bookmark: _Hlk159103572]13,95± 0,23a
	11,19± 1,01b
	[bookmark: _Hlk159103599]13,74± 0,31a
	10,82 ± 0,22b

	Energy value (Kcal/100g DM)
	[bookmark: _Hlk159104748]392,97± 0,18c
	[bookmark: _Hlk159104770]392,93± 0,09c
	[bookmark: _Hlk159104789]394,94± 0,51b
	[bookmark: _Hlk159104804][bookmark: _Hlk203055401]399,73± 0,63a



The means ± standard deviations, assigned different letters on the same line, are significantly different at the 5% threshold according to Tukey's test

T1: 120 g N/banana tree and 329 g K/banana tree; T2: 5 kg of cake/banana tree; T3: 7.5 kg of cake/banana tree; T4: 10 kg of cake/banana tree




4. DISCUSSION

The weight of the diets increased with the substitution of meal. The smallest diet was obtained with treatment T2 (9.8 ± 1.3 kg) and the largest diet with treatment T4 (12.3 ± 0.6 kg) among the treatments that received meal. Chemical fertilizer produced the highest mass (13.10 ± 1.00 kg), but there was no significant difference compared to treatment T4. This difference in mass compared to the other treatments could be due to the quantity of nutrients contained in the meal for plant use, as well as its nature. According to studies by [24], the mineralization of organic fertilizers is appropriate because too rapid mineralization would promote the loss of assimilable mineral elements and soil acidification, especially in tertiary sands. The number of hands per cluster varied from 5.6 to 7.33 among the different treatment regimes. Treatment T4 yielded the highest number of hands compared to chemical fertilizer. Our results corroborate those of [25], who also stated in their research that the application of organic fertilizers was beneficial for increasing the number of hands per bunch. Similarly, [26] noted that cultivars with high biomass could generate abundant fruit production, resulting in heavier bunches. The number of fruits per bunch increased with the rate of cake, and this increase could be attributed to the nutritional potential of organic matter, thereby promoting the accumulation of dry matter in the economic part of the plant [27 28]. [27] and [28] indicated that the use of organic fertilizers in the cultivation of Grand Naine plantains led to an increase in the number of fruits per bunch.
The different samples have a relatively acidic pH ranging from 4.06 to 4.35. This could be due to the presence of organic acids (citric acid and malic acid). According [29], the decrease in pH is the result of an increase in the acid content of plantain pulp during ripening. This pH is close to the range obtained by [30] for the Agnrin variety (4.06-5.86). These organic acids create an environment that is unfavorable to the growth and survival of pathogenic microorganisms, thereby increasing shelf life [31]. The dry matter content differs from one treatment to another, with the highest values for treatments that received the meal. These relatively high dry matter contents could be due to the removal of water during drying, leading to the concentration of nutrients. Our results corroborate those of [32], who observed that drying reduces moisture content while increasing nutrient content. The ash content of the samples varied according to the percentage of cake incorporated and was statistically different at the 5% threshold. The highest content was observed in treatment T4, which had the highest oilcake substitution rate of 10 kg. This variation could be due to the high mineral content of rubber oilcake and its availability over a long period. These minerals are directly extracted from the soil by root absorption and stored in the aerial parts of the plant. The results obtained are higher than those for plantain pulp (1.80 g/100 g DM) [33]. The ash content of the bananas studied shows that they could be beneficial to consumers (source of minerals) [34]. With regard to fiber content, there was a significant difference between the different treatments. Dietary fiber is an essential component of the diet as it promotes intestinal transit [35]. The fiber content obtained in our treatments is lower than that recorded by [30] in their work on the Angrin variety of plantain. This difference could be due to the degradation or hydrolysis of certain molecules (pectins, celluloses, hemicelluloses) during ripening under the action of certain enzymes such as parietal hydrolases, cellulases, and hemicellulases. The total and reducing sugar contents varied from 10.82 to 13.95% and from 2.30 to 5.63%, respectively. These fluctuations can be attributed to starch degradation. During the banana ripening process, α and ß-amylases catalyze the breakdown of starch, releasing molecules such as glucose, maltodextrins, and maltose. In terms of carbohydrate content, all fruits from the different treatments had a high content, with an average of 90%. These carbohydrate contents highlight that plantains are a carbohydrate-rich fruit. The values obtained are higher than those of sweet bananas (88%), cassava (89%) and sweet potatoes (86.1 to 87.1%) [36]. As a result, the fruits obtained could be a source of energy in diets. The lipid content increased with the amount of meal added, and the fruits that received the meal had higher lipid contents than the control. This variation could be due to the residual lipid content in the meal after mechanical extraction. Being available in the meal, these lipids will be absorbed by the root system in a similar way to mineral nutrients and are concentrated in different parts of the plant. The levels obtained are higher than those reported by [36], who worked on plantains, whose levels ranged from 0.48-0.80%. The energy values of our samples ranged from 383.91 Kcal/100 g DM to 412.93 Kcal/100 g DM. The results obtained are higher than those reported by [37] and [35], respectively (170.65 kcal/100 g DM) and 273.44 ± 0.01 Kcal/100 g DM for plantains. The energy values of these banana cultivars could cover the energy needs of a normal individual [38]. The high energy values (383-412 kcal/100 g) confirm that plantains are an excellent source of energy [39].

5. Conclusion

This study was undertaken to evaluate the fertilizing potential of rubber seed cake on the agromorphological and biochemical parameters of plantain bananas with a view to proposing appropriate ways of utilizing it. The results obtained showed that rubber seed cake contains nutrients that promote plant development and produce good quality fruit. The use of this cake resulted in an increase in fruit weight. Thus, treatment T4 produced the largest fruits, identical to those of the control. As for the nutritional quality of the fruit, the use of the cake improved the ash, lipid, and reducing sugar content, which were higher than those of chemical fertilizers. In addition, the energy values of these fruits ranged from 383.98 to 412.93 kcal/100g DM. For the use of these cake products in plantain cultivation, treatment T4 presents good agronomic and nutritional characteristics.
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1         Original Research Article    Use of rubber seed cake as a biofertilizer on the   agromorphological and  biochemical characteristics of plantain ( Musa   Paradisiaca ) “Big  ebanga” fruit   ABSTRACT      

  Aims:  The aim of the study was to evaluate the fertilizing potential of rubber seed cake on  the agro - morphological and biochemical parameters of plantain bananas with a view to  proposing appropriate ways of utilizing it.   Place and Duration of Study:  National Agricultural Research Center (CNRA) in  Bimbresso, Abidjan, Ivory Coast from March 2024 to January 2025   Methodology:  A randomized block design comprising four treatments and five replicates  was set up with plantain vivo - plants of the Big Ebanga cultivar from the collection of the  National Agronomy Center in Bimbresso. The different treatments consisted of: T1:  chemical f ertilizer (120g N/banana tree and 329g K/banana tree); T2: 5 kg of cake/banana  tree; T3: 7.5 kg of cake/banana tree; and T4: 10 kg of cake/banana tree. The work consisted  of determining the mass of the bunches, the number of fingers and hands  of the fruit, the  internal and external length, and the circumference of the fruit. In terms of biochemical  parameters, the ash, lipid, fiber, and carbohydrate content, pH, total sugars, reducing  sugars, energy value, and pH were determined.   Results:  The results obtained showed that treatments T1 and T4 provided the highest  statistically significant diet masses. However, treatment T4 produced the highest number of  hands (7.33) and fingers (44.67). The treatments that received the meal had a high ash  co ntent (2.92 - 2.94) and lipid content (1.20 - 3.70) compared to the control. The highest  energy values were obtained with treatments T3 (394.94 kcal/100 g) and T4 (399.73  kcal/100 g), and T2 yielded the highest carbohydrate value (91.38%).   Conclusion : Rubber seed cake contains nutrients that promote plant growth and improve  the nutritional quality of fruit. For use with plantain trees, the T4 treatment (10 kg/plant)  offers good agronomic and nutritional characteristics.    

    1.  INTRODUCTION       Plantain ( Musa paradisiaca ) is one of the starchy foods consumed by the world's  population due to its nutritional and economic importance [1].     It is a staple food for more than 400 million people worldwide. It makes a  significant contribution to food security, accounting for around 70% of the food energy  supply [2].    With an annual global production of nearly 120 million tons, plantains rank fifth  among food crops, after cereals, cassava, sweet potatoes, and yams [3].  

