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Abstract: This research is aimed at investigating the effect of using plantain peel ash (PPA) obtained from 

plantain peel as a partial replacement of ordinary Portland cement (OPC) on the mechanical properties of concrete. 

The PPA used in this research work was subjected to control burning of Plantain peel into ash, which was grinded 

and passed through 75µmm BS sieve. PPA was used in partial replacement of ordinary Portland cement in the 

following percentages 5%, 10%, 15%, 20%, and 25%.These partial replacement was used to produce concrete. PPA 

was found to contain all major chemical constituent found in cement with the exception of Gypsum,CaSO4, which 

are SiO2 (12.249), Fe2O3 (3.988), Al2O (2.653), CaO (7.897) and loss on ignition (LOI) was not found and it also 

contains other minor oxides found in cement. Consistency of cement-PPA paste was found to increase with increase 

in PPA content. Likewise the Setting time and Soundness of cement-PPA paste also increase with increase with PPA 

content. The cement-PPA and Compressive strengths were found to increase with curing time and decrease with 

cement replacement by PPA. It was observed that 10% replacement of cement with PPA attained the highest strength 

for all the curing ages. 

Keywords: Concrete, Plantain Peel Ash (PPA), Ordinary Portland Cement, Chemical Composition, Compressive 

Strength. 
 

1. Introduction 
Plantain peels are agricultural waste materials generated in homes and littered all over the 

environment.  According Adewuyi et al., [1], several agricultural wastes of vegetable origin yield a high 

potash when combusted.  These materials include plantain peels, cassava peels, palm bunch, wood and 

others. These are normally dumped in landfills, rivers or unregulated ground [2]. Ash is the mineral 

residue obtained after combustion of organic materials. While there is a data gap on the quantities of ash 

being generated in many countries, Tarun et al., [3] estimated a generation of three million tons of wood 

ash for United States and about 70% of these was being land-filled. Ash generation potential varies from 

one plant material to the other. The peel of the fruit is discarded as waste after the inner fleshy portion has 

been eaten, thereby constituting a menace to the environment, especially where it’s available for 

consumption.  

Although the use of the PPA as an admixture in concrete was not found to have been reported, ash 

of the plantain peel has been studied by many researchers in the field of applied science. According to [4]  

the temperature of combustion is another important factor that determines the ash yield of a plantain 

material. The presence of black particles (charred wood particles) in ashes usually indicates incomplete 

combustion. Combustion at higher temperature (usually not exceeding 600
o
c) may hasten and ensure 

complete combustion, though this depends on the particle size and/or the nature of the plant materials. 

Combustion of plant materials at higher temperature may result in decomposition of some inorganic 

components and weight loss. Onyegbado et al., [5] have both analyzed the metal contained in PPA, and 

they both obtained the ash through an open air burning of the dried peels. Africa accounts for 46% of 

worldwide plantain production.  

Plantain fruits are similar to potatoes in composition but contain more potassium than other plants 

spices, protein content is about 1% and starch content of more than 20% [6].   Nigeria is one of the largest 

plantain producing countries in the world [7]. Despite this large production, she does not export plantain 
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because its production is largely consumed locally. The rise in cottage industries that made use of plantain 

for snacks (plantain chips) in the non-farming urban population coupled with the demand for easy and 

convenient foods made from plantain locally made its consumption to be on the Increase [8]. The high 

demand for plantain also generates wastes which are often discarded, and sometimes used for animal 

feeds.  

According to the FAO statistics FAO [9] production yearbook) concrete is a mixture of two 

components: aggregates and paste. The paste, comprised of cement and water, binds the aggregates 

(usually sand and gravel or crushed stone) into a rocklike mass as the paste hardens. Aggregates are 

classified by ASTM C33 (AASHTO M 6/M 80) as fine or coarse. Fine aggregate consists of natural sand, 

manufactured sand, or a combination thereof with particles that are typically smaller than 0.2 inches. 

Coarse aggregate consists of either (or a combination of) gravel, crushed gravel, crushed stone, air-cooled 

blast furnace slag, or crushed concrete, with particles generally larger than 0.2 inches. Admixtures are 

those ingredients in concrete other than Portland cement, water, and aggregates that are added to the 

mixture immediately before or during mixing primarily to reduce the cost of concrete construction; to 

modify the properties of hardened concrete; to ensure the quality of concrete during mixing, transporting, 

placing, and curing; and to overcome certain emergencies during concrete operations. 

 

2. Materials and Methods 
2.1. Materials 

The materials used for this study includes the following: 

 

2.1.1. Plantain Peels 

The plantain peels waste were obtained from local landfill waste disposal area at Taraba 

state, Nigeria 

 

2.1.2. Cement 
Ordinary Portland cement grade 42.5R was used. This was obtained from local outlets in Zaria, 

Kaduna state, Nigeria. 

 

2.1.3. Fine Aggregate 

The fine aggregate used for this study was obtained from local suppliers in Samaru, Zaria. 

Nigeria. Figure 1 present the fine aggregate gradation used for this study. 

 
Figure 1. Sieve Analysis graph for Coarse Aggregates Used 

 
        Source: Author 
 

2.1.4. Water 
Generally, water fit for drinking such as tap water gotten from the Department of Civil Engineering 

was used throughout the study. 
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2.2. Methods 
2.2.1. Drying of Plantain Peel 

The plantain peel was air dried by spreading on a clean surface in moisture and dust free 

environment to expel the moisture contained in the material. 

 

2.2.2. Burning of Plantain Peel 
The air dried Plantain peel was burnt by control burning at Concrete Laboratory, Department of   

Building, Ahmadu Bello University, Zaria at a temperature of 600
0
C for 3hours duration. 

 

2.2.3. Sieving and Storage 
The plantain peel ash (PPA) was sieved through a 75micron BS sieve, and the material that passed 

through 75µ BS sieve was kept as an admixture in an air tight container for used in this study. 

 

2.2.4. Chemical Composition Test on PPA 
A sample of the sieved ash was subjected to chemical analysis tests using x-ray fluorescent 

instrument (800X - Supreme model) in order to determine its chemical/oxide composition. The extract of 

the Ash results of the analysis were presented in Table 1. 

 
Table 1. Oxide composition of PPA 

Oxide Composition (%) 

Na2O 1.470 

MgO 2.926 

Al2O3 2.653 

SiO2 12.249 

P2O5 4.883 

SO3 2.050 

Cl 2.558 

K2O 58.336 

CaO 7.893 

TiO2 0.271 

Cr2O3 0.005 

Mn2O3 0.216 

Fe2O3 3.988 

ZnO 0.424 

SrO 0.079 

                                         Source: Author 

 

The percentages of PPA used in the mix are 5, 10, 15, 20 and 25% by weight of cement, with 0 

being the control specimen. For other percentages, cement and PPA were thoroughly mixed in dry 

powdered form and in correct proportion. Therefore, for 5%, the cement is partially replaced with 5% 

PPA and the same was done for other percentages. The binders were then mixed with the aggregates and 

water in accordance with mix design proportion to form PPA concrete. 

 

2.2.5. Specific Gravity Test on Aggregates 
Specific gravity test were conducted in accordance to ASTM D854-14 specification. The specific 

gravity of both fine and coarse aggregate was found to be 2.63 and 2.85 respectively, and satisfies ASTM 

D854-14 which states that the specific gravity of aggregates should be between 2.6 to 2.9 and therefore 

justifies the use of the aggregates for this work. 

 

2.3. Physical Properties of Cement-PPA Mix 
The test was carried out on cement-PPA paste at 0, 5, 10, 15, 20 and 25% replacement level 

(consistency, setting time, soundness) 

 

2.3.1. Consistency Test 
The basic aim of this test is to find out the water content required to produce a cement paste mix of 

standard consistency. This was carried out in accordance to BSEN [10]  
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2.3.2. Setting Times Test of Cement-PPA Paste 
Initial setting time duration is required to delay the process of hydration or hardening. Final setting 

time is the time when the paste completely loses its plasticity. It is the time taken for the cement paste or 

cement concrete to harden sufficiently and attain the shape of the mold in which it is cast while the time at 

which cement completely loses its plasticity and became hard is a final setting time of cement. For 

Ordinary Portland Cement, The Final Setting Time is 600 minutes (10hrs). This test was carried out in 

accordance with BSEN [10]. 

 

2.3.3. Soundness Test 
The purpose of this test is to observe the expansion of cement. This reveals the ability of hardened 

Cement to retain its volume after setting. This test was carried out in accordance with BSEN [10].  

 

2.4. Workability Test on Fresh Concrete  
Slump test was carried out on fresh concrete with 0, 5, 10, 15, 20 and 25% Plantain peel ash (PPA) 

replacement levels. 

 

2.5. Compressive Strength 
Compressive strength test on PPA concrete cubes produced using mold of size (150×150×150) mm

3 

was carried out. Fifty four (54) cubes were cast, demolded and cured for 7, 14, and 28days period; the 

cubes were also weighed to determine their densities before being tested for compressive strength. 

 

Compressive strength = 
 

 
       -     -      -       -         -         -  - -  (2.1) 

F = Applied load at failure in (kN) 

A= Cross sectional area of cube (mm
2
) 

3. Results and Discussion 

3.1. Chemical Composition of Plantain Peel Ash 
The chemical composition of plantain peel ash (PPA) is shown in Table 2. Comparing of PPA with 

cement, it was found that the ash contains cementitious compounds such as calcium Oxide (CaO), 

Alumina (Al2O3), Iron (Fe2O3) and SiO2 and the absence Gypsum,CaSO4 was noted. As seen in table 3.1, 

the ash contains approximately 12.25% Silica oxide (SiO2) as compared to cement with 17-25%. This 

could be considered as the fundamental reason why the test material (PPA) has less pozzolanic properties.  

 
Table 2. Oxide composition of PPA 

Oxide Composition (%) 

Na2O 1.470 

MgO 2.926 

Al2O3 2.653 

SiO2 12.249 

P2O5 4.883 

SO3 2.050 

Cl 2.558 

K2O 58.336 

CaO 7.893 

TiO2 0.271 

Cr2O3 0.005 

Mn2O3 0.216 

Fe2O3 3.988 

ZnO 0.424 

SrO 0.079 

                                               Source: Author 

 

3.2. Cement Properties 
Tests were carried out to determine the properties of cement, consistency, setting time and 

soundness of cement-PPA paste in accordance to BSEN [10] 
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3.2.1. Consistency Test Result 
Figure 3 presents the consistency test of cement-PPA paste. The results from Figure 3.3 indicate 

increase in the consistency value of cement-PPA paste (ranging from 32.2 to 62.7%) at each level of 

replacement. The consistency of the cement-PPA paste at each replacement levels gives consistency 

values which are within the limits provided in BS BSEN [10] which states that when the needle penetrates 

to a point 5 to 7mm from the bottom of the Vicat mold, then the cement is of  standard  consistency.  

 

 
Figure 2. Consistency Test Result of Cement-PPA Mix at Different Percentages of PPA 

 
         Source: Author 

 

3.2.2. Setting Time Test Result 
Figure 4 presents the setting time test result. It can be seen that the initial setting time increased with 

an increase in the percentage of PPA up to 10% and decreased at 15% and then increased at both 20 and 

25%. The final setting time followed the same pattern because of the increase in carbon content. Thus, the 

initial and final setting time values specified by BSEN [10], which states that, the initial and final setting 

time should be between 45 and 600 minutes respectively. The initial and final setting time of the cement-

PPA therefore satisfies the provisions of BS EN 196-3 (1995). 

 
Figure 3. Setting Time Test Result of Cement-PPA Mix at Different Percentages of PPA 

 
         Source: Author 

 

3.2.3. Soundness Test Result 
Figure 5 shows the soundness test result. It can be observed that the values of soundness obtained at 

each PPA content falls within the acceptable limit specified by BSEN [10]. Which states that at the end of 

the test, the indicator of Le Chatelier mold should not expand by more than 10mm, once the concrete has 

hardened? Hence, PPA does not have any adverse effect on the cement soundness, and further increase in 

PPA after 10% ash content maintains the same soundness value.  
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Figure 4. Soundness test result of cement-PPA mix at different percentages of PPA 

 
         Source: Author 
 

3.4. Tests Results on Cement-PPA Concrete 
3.4.1. Slump Test 

Table 3 presents the slump test result of cement-PP concrete. Slump test was carried out to check 

the effect of PPA on the workability of fresh concrete. The test was carried out in accordance with the 

requirements of BS [11] and the result is as shown in Table 3 below 
 

Table 3. Result of slump test of cement-PPA concrete 

Ash content (%)  Height of Cone (mm) Height of Concrete (mm) Slump Value (mm) 

0 300 297 3 

5 300 298 2 

10 300 291 1 

15 300 299 1 

20 300 299 1 

25 300 299 1 

        Source: Author 
 

From Table 3 above, at each ash content, the type of slump obtained is a true slump which is within 

the limit of the specifications given in BS [11], which states that the higher the slump, more workable is 

the concrete and the difference between the height of the concrete and the height of the cone should not 

exceed 5mm (for true slum).  The workability of a concrete mix changes with time due to the hydration of 

the cement cause by loss of moisture therein. Hence further increase of PPA maintains the same slump 

value after 10%.  
 

3.4.2. Compressive Strength 
Figure 6 present the compressive strength test result. As it can be seen the compressive strength 

decreased as percentage of PPA increased, however the 10% PPA replacement concrete presented an 

exception. The 10% replacement level produced the optimum strength. 
 

Figure 5. Compressive Strength of Cement-PPA Concrete 

 
           Source: Author 
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3.4.3. Compressive Strength Versus Curing Days 
Figure 6 presents the plot of compressive strength versus curing days. It can be seen that the 

strength of the cement-PPA concrete increased with age of curing. According to Neville [12], concrete 

attain over 60% of their 28 days’ strength at the age of 7days, the results obtained agrees with this finding.  

 
Figure 6. Compressive Strength against curing days of PPA-Cement Concrete 

 
    Source: Author 

 

3.5. Concrete Density 
Figure 7 present the density test result. It can be observed that the densities slightly decreased as 

PPA percentage increased especially at 14 and 28 days curing periods. However, 10% PPA presented 

higher density over concrete with no PPA (0% PPA), thereby once more signifying the optimum strength 

derivable at that replacement levels. 

 
Figure 7. Density of Cement-PPA Concrete 

 
           Source: Author 

 

4. Conclusions  
From the analysis of results obtained through this research work, the following conclusions can be 

drawn: 

 The consistency, initial and final setting times and soundness increases with increased in 

percentage replacement of cement with PPA. 

 The material is not a pozzolanic material because the silica, aluminium and ferric oxides content 

do not satisfy the requirement given in ASTM C618-84. 

 At 10% PPA, the highest compressive strength was attained but still less than that of the 

control. Therefore, from the result obtained, the compressive strength decreased with increased 

in the percentage of PPA. 
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 Based on the review, it is quite clear that PPA may be categorized as micro filler mineral 

admixtures because of presence of potassium and sodium oxides which gives rise to high value 

of equivalent alkali.  
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