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Abstract: The lack of proper management of pineapple peel waste has been an environmental and 
health challenge in developing countries such as Togo. Pineapple peel wastes could be a promising 
feedstock in the generation of bioenergy such as biohydrogen and biogas which has the potential to 
be used for cooking, transport, and electricity generation. This study assessed the feasibility of 
theoretically producing biohydrogen from pineapple peel waste through dark fermentation. A biogas 
test was also conducted from which a 53.0% methane production from the biogas was assumed to 
theoretically calculate the biohydrogen production potential. This process offers the best solution for 
properly managing pineapple peel waste, reducing the environmental and health impacts of 
releasing greenhouse gases (GHG) into the atmosphere and accelerating the energy transition. The 
ultimate analysis of the pineapple peel sample was conducted using an Optic digital microscope 
(LIBS Analyser) VHX-7000 and the results show carbon 44.40%, hydrogen 9.40%, and oxygen 40.90%. 
These results were then used to theoretically calculate the biohydrogen production potential. The 
proximate analysis was conducted to determine the moisture content, total solids, and volatile solids 
in the pineapple peel sample. The fiber analysis test was also done for cellulose, hemicellulose, and 
lignin contents using Fibretherm. The biogas test was conducted in bottles using the pineapple peel 
sample. The loading was such that 5 g of the sample, 200 g of inoculum, and 100 g of water were 
added into the bottles and then placed in a water bath at a mesophilic temperature of 380C for 21 
days. The results obtained from the theoretical biohydrogen production was 3.5 moles and the biogas 
test was 493.14 mLg-1VS. The estimated theoretical hydrogen production potential from the 53.0% 
methane yield in the biogas assuming 90% conversion efficiency was 1045.84 mLg-1VS. 

Keywords: biohydrogen; dark fermentation; pineapple peels; energy transition; greenhouse effect 
 

1. Introduction 

There is a high demand for energy due to the increase in economic and population growth rates 
[3]. According to International Energy Outlook 2013 and 2018 reports, this demand is expected to 
increase further. It was estimated that between 2010 and 2040, world energy consumption will 
increase from 524 to 820 quadrillion Btu which is about 56% [13]. However, the rapid depletion of 
fossil fuels coupled with the recent increase in oil and natural gas prices and the environmental 
pollution caused by the release of greenhouse gases (GHG) has led to the search for alternative energy 
sources [14]. There is a growing interest in renewable energy sources in recent times due to their 
ability to minimize fossil fuel dependence and the associated environmental impacts. Hydrogen 
appears to be the most promising clean energy carrier in the future for generating electricity in fuel 
cells and as gaseous biofuel used in the transport sector [28]. The energy content of hydrogen is 2.75 
times higher than hydrocarbon fuel and the combustion product of hydrogen with oxygen is only 
water and therefore considered environmentally friendly. Hydrogen production methods can be 
biological, chemical, or physical processes [27]. The majority of molecular hydrogen is mainly 
produced from fossil fuels. According to a report, it is stated that about 71.27% of hydrogen is 
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produced from natural gas (NG), 27.27% from coal, 0.7% from petroleum, and the remaining 0.7% 
from the electrolysis of water [2]. The thermochemical processes used to produce hydrogen are steam 
gasification, thermal decomposition, catalytic oxidation, auto-thermal reforming, and pyrolysis. 
However, the production of hydrogen from fossil fuel is not renewable as it involves the release of 
greenhouse gases (GHGs) into the atmosphere and is therefore not considered carbon neutral. 
Hydrogen production from biomass using biological pathways not only help reduce the dependence 
on fossil fuels but is also sustainable and eco-friendly [17]. Other advantages of biohydrogen 
production include operation under mild conditions (at ambient temperature and pressure), cost-
effectiveness, and the potential utilization of renewable resources (biomass) and also various types 
of wastewater with a high content of carbohydrates and organic acid [30].  

The pineapple (Ananas cosmos L.) is considered one of the most important fruits around the globe 
and it is taking the lead in the Bromeliaceae family of edible members. It is extensively grown in 
tropical and subtropical regions. It has the potential of growing up to a height of about 75 to 150cm 
with a spread of 90 to 120cm [34].  Pineapple is viewed as a rich source of vitamins, antioxidants, 
fibers, and minerals. It is reported that the global production of pineapple in 2018 was approximately 
27.92 million metric tons [26], which mostly comes from countries like Costa Rica, Brazil, Philippines, 
Thailand, Indonesia, India, Nigeria, China, Mexico and Columbia [3. The top three producers of 
pineapple around the globe are Costa Rica, the Philippines, and Brazil [26]. According to (FAO) crop 
database report, Costa Rica is the leading producer of pineapple with an estimated amount of 3 
million tons [9].  

In Africa, Nigeria is the leading producer of pineapple and the yearly production is estimated at 
a share of about 1.41 million tons. Togo produced about 44,391 tons of pineapples during the 2021-
2022 season and 33,737 tons from this volume were grown organically [12]. From these huge 
quantities of production, there is every possibility for the generation of a large amount of pineapple 
peel waste during the processing of the fruit, which is most of the time deposited in the area of 
production, market, and even in open landfills. 

It is estimated that the total weight of pineapple accounts for about 50% of waste and the key 
components are pineapple peel (29–40%) and core (9–10%) among others [9]. The pineapple peel is 
reported to have a content of 16% lignin, 35% cellulose, 19.7% hemicellulose, 75 – 80% moisture, 4.7% 
total ash, 0.46% total fat, 23.71% total crude fibre, and 0.33% total proteins. It is made up of 27.08% 
total carbohydrate, 26.096 mg/kg potassium, 1.9 mg/kg magnesium, and 298.184 mg/kg zinc [8]. 
Pineapple peel waste can be used either as fertilizer or burnt in open landfills releasing greenhouse 
gases that have the potential of causing global warming, and environmental and health challenges. 
Fermentation is a process by which biohydrogen is produced from organic materials using 
fermentative bacteria. In this light, the fermentation process is divided into dark and photo 
fermentation.  Dark fermentation is carried out by dark fermentative bacteria while photo 
fermentation is by photosynthetic bacteria [15]. The merits of the dark fermentation process are 
simple operating procedures, low energy requirements, a higher stable rate of biohydrogen 
production by the utilization of a wide range of waste substrates as feedstock, and a better economic 
process. This process is however limited by the insufficient utilization of substrate giving rise to low 
hydrogen yield [29]. The use of pineapple peel waste to produce biohydrogen and biogas will provide 
energy in sectors like clean cooking, transport, and electricity generation but also will help in the 
reduction of greenhouse gas emissions (GHGs). 

1.1. Problem Statement 

It is reported that food waste (FW) accounts for 15-63% of total municipal solid waste around 
the globe and is regarded as one of the most challenging and abundant organic solid wastes [33]. The 
issue of lack of proper pineapple waste management is still a challenge in Togo. The large quantities 
of pineapple production have a high tendency of generating pineapple peel waste during processing 
which most of the time ends up in open landfills, production sites, or being incinerated. This has the 
potential to generate greenhouse gases (GHG) such as carbon dioxide and methane which are 
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eventually released into the atmosphere causing global warming, climate change, and environmental 
and health challenges. The Valorisation of this waste would not only contribute to proper waste 
management disposals but also helps to produce a value-added product such as biohydrogen and 
biogas [1].  

1.2. Research Questions 

I. What is the effective way of utilizing pineapple peel waste to improve its waste management? 
II. Does pineapple peel waste have the potential for biohydrogen and biogas production? 

1.3. Research Hypotheses 

By performing dark fermentation using pineapple peels waste, it is believed that the problem of 
waste management and the associated environmental impact will be minimized and this process will 
also lead to the production of biohydrogen and biogas as alternative sources of energy to fossil fuels 
in mitigating climate change and accelerate the energy transition. 

1.4. Research Objective 

The main goal of this work is to use a dark fermentation approach to produce biohydrogen and 
test for biogas potential using pineapple peel waste.  The specific objectives are:  

I. To examine the characterization of solid pineapple peel wastes  
II. To theoretically determine biohydrogen production potential from pineapple peel wastes 
III. To perform a test for biogas production potential using pineapple peel wastes 
IV. To estimate the biohydrogen production potential from methane in the biogas  

2. Materials and Methods 

2.1. Materials 

The test material for this process was pineapple peel wastes from pineapple fruits in Togo. 
Other laboratory materials used for this process are a Crucible, Laboratory binder oven, 

Desiccator, Electronic balance, Mudffle furnace, and incinerator. 

2.2. Sample Collection 
The pineapple fruits were bought from one of the Togo markets, the Hanoukopé fruit market. 

The pineapple fruits were washed and then peeled off and the peels were later taken to the physics 
laboratory at the University of Lomé for drying.  

 

Figure 1. Pineapple fruit collection site in Lomé, Togo. 
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2.3. Sample Preparation and Pre-Treatment 

The sample preparation was carried out at the physics department, where the pineapple peels 
were sun-dried for seven days. The dried pineapple peels were ground in a motor and pistol into a 
small size and stored in a rubber bottle for one month before transportation to Germany for further 
analysis. In Germany, no further pre-treatment was carried out. The ground pineapple peel sample 
was analyzed at the technical lab for waste management and Bioenergy, Department of Waste and 
Resource Management, Faculty of Agriculture and Environmental Sciences at the University of 
Rostock. 

                       

(a)                                                              (b) 

Figure 2. a) Drying of pineapple peels; (b) Sample Preparation and Pretreatment. 

2.4. Characterization of Solid Pineapple Peel Wastes 

The dried pineapple peel sample was characterized for ultimate, proximate, and fiber analysis. 

2.4.1. Ultimate Analysis  

The dried ground pineapple peel sample was analyzed for the various elemental composition 
that is present in the sample such as carbon, hydrogen, nitrogen, oxygen, and sulfur by using an 
Optic digital microscope (LIBS Analyser) VHX-7000. The laser-induced breakdown spectroscope 
(LIBS Analyzer) is a type of analyzer that make use of the light emission analysis approach. The 
analyzer produces a short pulse laser with a high density of energy projected at the sample’s surface, 
thereby converting a small piece of the sample to plasma. The plasma becomes atomized and excited; 
light is emitted when the part exposed to the laser returns to the ground state. This emitted light is 
then transferred through fiber optics and enters the spectrometer through the silt to analyze the 
elements contained in the sample. 
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Figure 2. Elemental analysis of pineapple peels. 

2.4.2. Proximate Analysis 

This was done to determine certain properties of the pineapple peels, such as moisture content, 
ash content, volatile matter, and total solids.  

2.1. Determination of Moisture Content  

The determination of the moisture content involves the drying of the sample to obtain a constant 
weight at 1050C [34]. The moisture content is then calculated as the loss in weight of the dried sample. 
The crucibles were weighed using a weighing balance and their weight was recorded as (W1). Then 
the dried ground pineapple peel sample was introduced into the crucibles and later weighed and 
recorded as (W2). The crucible containing the sample was later placed inside an oven and dried at 
1050C for 4 hours and then cooled in a desiccator for 30min and weighed and values were recorded 
as (W3). This procedure was conducted in triplicate using the same sample and the moisture content 
was calculated on a dry basis using the equations below: [22]. The average mean and the standard 
error were determined from the three samples. 

Weight of empty crucible = W1 (g) 
Weight of empty crucible + sample = W2 (g) 
Weight of empty crucible + sample after drying =W3 (g) 
Mass of water in the sample = W2-W3 (g) 
Mass of dry sample = W3-W1 (g) %𝑴𝑪 = ሺ𝑾𝟐ି𝑾𝟑ሻ(𝑾𝟑ି𝑾𝟏)𝑿𝟏𝟎𝟎                                             (2.1) 

 

Figure 3. Weighing of the sample. 

2.4.3. Determination of Ash Content 

The ash content was determined by incineration of the total mass of the sample after drying in a 
muffle furnace at 5500C for 2hrs and was then cooled in a desiccator for 30min. The weighing was 
carried out immediately after the sample was removed from the desiccator to avoid moisture content 
in the ash samples. The weighing process was done in triplicate and values were recorded. The 
average mean was calculated from the three samples and the standard error.  

The ash content was calculated on a dry basis as thus: [22]. 
Weigh to empty crucible = W1 (g) 
Weigh to empty crucible + dry Sample = W2 (g) 
Weigh to empty crucible + Ash after incineration = W3 (g) 
Mass of Ash = W3-W1 (g) 
Mass of dry sample = W2-W1 (g) 
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%𝑨𝒔𝒉 = (𝑾𝟑ି𝑾𝟏)(𝑾𝟐ି𝑾𝟏) × 𝟏𝟎𝟎                             (2.2) 

An ash analysis was also done to determine the elemental composition of the ash content. This 
was done by putting a small portion of the sample into a thimble and pressing it using a pellet press 
to form a small pellet which was later placed in an Optic digital microscope (LIBS Analyzer) VHX-
7000 for analysis. 

            

                       (a)                                                 (b) 

Figure 4. (a) pellet press; (b) Ash analysis experimental setup. 

2.4.4. Determination of Total Solids 

It is the amount of solid that is present in the sample after the loss of water molecules.  It also 
refers to the quantity of the material residue left in the crucible after evaporation of the sample and 
its subsequent drying in a laboratory oven at 105°C for a period of one hour. Equation (2.4) can be 
used to calculate the percentage of total solids [16]. Three samples were used, and the average mean 
was calculated from these three samples with the standard deviation. %𝑻𝒐𝒕𝒂𝒍 𝑺𝒐𝒍𝒊𝒅𝒔 = (𝑾𝟐ି𝑾𝟏)(𝑾𝟑ି𝑾𝟏) × 𝟏𝟎𝟎    (2.3)                  

Where: 
Weight of crucible = W1 (g) 
Weight of crucible + dried sample = W2 (g) 
Weight of crucible + wet sample = W3 (g) 

2.4. Determination of Volatile Solids 

The volatile solid is the solid remaining after the dried sample was weighed in a crucible and 
incinerated in a muffle furnace at 550°C for 2hrs. The crucible was then allowed to cool by placing it 
into a desiccator. After the cooling process, the sample was weighed and this was repeated three 
times. The equation below was used to calculate the percentage of volatile solids [16]. Three samples 
were used, the average mean was calculated, and the standard deviation was also determined. %𝑽𝒐𝒍𝒂𝒕𝒊𝒍𝒆 𝑺𝒐𝒍𝒊𝒅𝒔 = (𝑾𝟐ି𝑾𝟒)(𝑾𝟐ି𝑾𝟏) × 𝟏𝟎𝟎            (2.4)                                            

Where: 
W4 (g) = weight of crucible + weight of sample after incineration 
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2.3. Compositional Analysis (Fibre Analysis) 

Fibretherm was used in this process to determine cellulose, hemicellulose, and lignin content. It 
involves a fully automated digestion and filtration of the pineapple peel sample. This was done using 
two analytical methods: neutral-detergent fibre (NDF) and acid-detergent fibre (ADF). NDF analyzed 
the total fiber in the samples, that is, the residue that remains after treatment of the biomass with the 
neutral detergent solution while ADF after treatment with an acid detergent solution was oxidized 
by Cetyl trimethylammonium bromide in H2SO4 solution. The mass difference between the 
pineapple peels samples digested with acid detergent (72% H2SO4) followed by oxidation of buffered 
solution of acetic acid together with potassium permanganate was taken as the lignin content (ADL) 
(Kabenge et al., 2018) 

Hemicellulose = Neutral Detergent Fiber (NDF) – Acid Detergent Fiber (ADF) 
Cellulose = Acid Detergent Fiber (ADF) – Acid Detergent Lignin (ADL) 
Lignin = Acid Detergent Lignin (ADL) 

Procedures to Determine NDF, ADF, and ADL 
The empty weight of the fibre bags was determined and 1g of the dried sample was accurately 

weighed and introduced in a beaker, 300-400ml of acetone was added into the beaker for 5mins to 
remove the fat and was later transferred to another beaker for drying. The dried sample was then 
placed into the fibre bags. A glass spacer is carefully inserted into the fibre bags and both together 
are placed in the sample carousel. This was then introduced in the Fibretherm to wash it with NDF 
solution (Amylase). The spacer was removed from each fibre bag and was then placed in the crucible 
rolled up and dried for approximately 24h at 105°C. This was allowed to cool down by placing it in 
a desiccator and the mass of NDF was determined.  

To determine the mass of ADF the weighed fibre bags were hung in a sample carousel. The 
sample carousel with the fibre bags was placed in a beaker and covered at room temperature with 
72% sulfuric acid. The sample was later introduced in the Fibretherm to be washed with ADF solution 
(40g of N-Acetyl-N, N, N- trimethylammonium bromide + 2L of sulfuric acid) and was left for two 
days. The fibre bags were then removed and dried in a muffle oven at 5500C for 6hrs and then placed 
in a desiccator for cooling and the mass of ADF was calculated. 

A similar procedure was used to determine the ADL immediately after the ADF determination. 

NDF = (𝑴𝟒ି𝑴𝟏)ି(𝑴𝟓ି(𝑴𝟔ି𝑴𝟑)((𝑴𝟐ି𝑴𝟏)×𝑻𝑺𝒎𝒅)×𝟏𝟎𝟎×𝟏𝟎𝟎          (3.1)                                                     

ADF=  (𝑴𝟒ି𝑴𝟏)ି(𝑴𝟓ି(𝑴𝟔ି𝑴𝟑)((𝑴𝟐ି𝑴𝟏)×𝑻𝑺𝒎𝒅)×𝟏𝟎𝟎×𝟏𝟎𝟎                    (3.2)                                         

ADL = =  (𝑴𝟕ି𝑴𝟏)ି(𝑴𝟓ି(𝑴𝟔ି𝑴𝟑)((𝑴𝟐ି𝑴𝟏)×𝑻𝑺𝒎𝒅)×𝟏𝟎𝟎×𝟏𝟎𝟎                          (3.3)                                 

Where: NDF = Share of neutral detergent fibre %TS 
ADF = Share of acid detergent fibre %TS  
ADL = Share of acid detergent lignin %TS        
M1 = Mass of the empty dried fibre bag (g) 
M2 = Mass of the dried fibre bag with sample (g) 
M3 = Mass of the empty crucible of the blank reading (g)  
M4 = Mass of the crucible + fibrebag + sample after drying (g) 
M5 = Mass of the crucible + fibre bag + sample after calcination (g)  
M6 = Mass of the crucible + fibre bag after calcination of the blank reading (g)  
M7 = Mass of the ADL-crucible + fibre bag after drying (g) 
TSmd = Total solids of the dried and milled sample 
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2.4. Theoretical Determination of Biohydrogen Production Potential from Pineapple Peel Waste  

The masses obtained from the ultimate analysis of carbon, hydrogen, and oxygen were used to 
theoretically calculate the biohydrogen production potential from pineapple peel waste.  

The equation of dark fermentation of biomass is given as:  
α Biomass + βH2O → γAcetic acid + δPropionic acid + εButyric acid + ζValeric acid + θHexanoic 

acid + κH2 + λCO2 + µMicrobial biomass + πOthers (e.g., ethanol)  
Where: α, β, γ, δ, ε, ζ, θ, κ, λ, + π are molar coefficients [37].  
However, the acetate pathway of biohydrogen production was considered in this work and the 

equation is given as: α𝑪𝒙𝑯𝒚𝑶𝒛 +  β𝑯𝟐𝑶 → γ𝑪𝑯𝟑𝑪𝑶𝑶𝑯 + λ𝑪𝑶𝟐  +  κ𝑯𝟐       (4.1)                         

Where x, y, and z are the moles of carbon, hydrogen, and oxygen. The number of moles of 
Carbon, Hydrogen, and Oxygen was determined by dividing their weight percentages by their molar 
masses. This was in turn divided by the smallest mole ratio. This is shown below n = 𝐦𝐌              (4.2)                                                                         

Where: n= number of moles,   m = mass,     M = molar mass 
The number of moles was substituted into the equation above for x, y, and z and the entire 

equation was then balanced to determine the number of moles of biohydrogen that will be produced. 
This number of moles was then converted to milliliters of biohydrogen using the formula below: 
                           1𝑚𝑜𝑙𝑒 → 22.4𝑙                       1𝑙 → 1000𝑚𝑙 
2.5. Test for Biogas Production Potential Using the Pineapple Peels Waste  

The biogas test was conducted on the pineapple peel sample to determine the potential biogas 
yield from the substrate under standard conditions. The inoculum used was anaerobic sludge from 
a biogas plant in Germany. The masses of the bottles were initially weighed and recorded. The 
inoculum was properly stirred to maintain homogeneity before introducing 200g into the bottles. 5g 
of the weighed sample and 100g of water were also added to the same bottles and this was done in 
triplicate. The bottles were covered with a magnetic stirrer to filter particles and prevent foaming. 
The methanogenic bacteria were activated by swirling the bottles thoroughly. A Gas measurement 
module with a lithium battery was introduced on top of the bottle’s filter to measure the biogas 
production potential. The sample bottles were then placed in a water bath at a mesophilic 
temperature of 38°C for 21 days. 

2.6. Estimation of the Biohydrogen Produced from The Biogas Test 

This was done by using the cumulative biogas yield from the pineapple peels sample and 
estimating the biohydrogen yield. The volume of methane was calculated from the biogas yield and 
the volume of hydrogen was later estimated from the volume of the methane using steam methane 
reforming and water gas-shift reactions as shown below; 

SMR:  𝑪𝑯𝟒(𝒈) + 𝑯𝟐𝑶(𝒍) → 𝑪𝑶(𝒈) + 𝟑𝑯𝟐(𝒈)   ∆𝑯𝟐𝟗𝟖 = +𝟐𝟎𝟔.𝟐𝟎𝒌𝑱/𝒎𝒐𝒍    (6.1)   

WGS: 𝑪𝑶(𝒈) + 𝑯𝟐𝑶(𝒍) → 𝑯𝟐(𝒈) + 𝑪𝑶𝟐(𝒈)   ∆𝑯𝟐𝟗𝟖 = −𝟒𝟏.𝟐𝟎𝒌𝑱/𝒎𝒐𝒍         (6.2) 
Overall reaction:  𝑪𝑯𝟒(𝒈) + 𝟐𝑯𝟐𝑶(𝒍) → 𝟒𝑯𝟐(𝒈) + 𝑪𝑶𝟐(𝒈) ∆𝑯𝟐𝟗𝟖 = +𝟏𝟔𝟓𝒌𝑱/𝒎𝒐𝒍   (6.3)                  

A 53% methane production from the biogas and 90% theoretical conversion efficiency were 
assumed.  

The volume of methane = Percentage of methane in the biogas x Cumulative biogas yield 
              1𝑚𝑜𝑙𝑒 = 22.4𝑙                                                1𝑙 =1000𝑚𝑙 
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3. Results 

3.1. Characterization of Solid Pineapple Peels Waste 

The characterization was carried out by doing ultimate, proximate, ash, and fiber analysis of the 
pineapple peel sample. 

3.1.1. Ultimate Analysis 

Table 1. Ultimate Analysis of Pineapple Peels (in %wt.). 

 Elements                   C            H              O    N     S 

      

 Values (%wt.)              44.40            9.40         40.90           -                 - 

 

Figure 5. Ultimate analysis of pineapple peels. 

3.1.2. Proximate Analysis 

Table 2. Proximate Analysis of Pineapple peels (on a dry basis). 

Items determined           % Composition 
1.  Moisture content            9.07 ± 0.02                   
2. Total solids            91.67 ± 0.02 
3. Volatile solids            94.70 ± 0.02 
4. Ash content                                               5.30 ± 0.02                   
5. Dry matter content                98.46 ∗ 𝑚𝑒𝑎𝑛 ± 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜n. 

3.1.3. Ash Analysis 

Table 6. Ash Analysis of the pineapple Peel Sample (in mol %). 
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Values(%mol)    
16.23 

11.27 4.87 2.93 1.33 0.30 0.50 0.31 

 

Figure 6. Ash analysis of pineapple peels sample. 

3.1.4. Fibre Analysis 

Table 3. Fibre Analysis of Pineapple Peels. 

Items determined  % Composition 
1. Cellulose       8.50 
2. Hemicellulose       16.92 
3. lignin      2.52 

 

Figure 7. Percentage composition of cellulose, hemicellulose, and lignin in sample. 
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3.2. Theoretical Determination of Biohydrogen Production Potential from Pineapple Peels Wastes 

Ultimate analysis values of carbon, hydrogen, and oxygen are 44.4%, 9.4%, and 40.9% 
respectively.  

Convert the values to grams and divide by their molar masses to determine the number of moles  

Determination of the number of moles of carbon, hydrogen, and oxygen 

No. moles of Carbon                  No. of moles of Hydrogen                  No. of moles 
of Oxygen 

      
ସସ.ସ୥ଵଶ୥/୫୭୪                                9.4g1g/mol                                     

ସ଴.ଽ୥ଵ଺୥/୫୭୪ 
        3.7 mol                           9.4 mol                                      2.6 
mol 
Divide by the smallest mole ratio     

          
ଷ.଻ଶ.଺                               9.42.6                                         

ଶ.଺ଶ.଺ 

                    
          1.4                               3.6                
1 
Multiply by a whole number to remove the decimals  
         (1.4                               3.6                
1) x 2 
          3 mol                            7 mol                
2 mol 

Hence, the theoretical pineapple substrate formula is given as  𝐶ଷ𝐻଻𝑂ଶ 
Using the substrate formula and balancing it according to the dark fermentation reaction 𝐶ଷ𝐻଻𝑂ଶ + 2𝐻ଶ𝑂 → 𝐶𝐻ଷ𝐶𝑂𝑂𝐻 + 𝐶𝑂ଶ + 3.5𝐻ଶ       (3.1)                                          
From the equation above, the theoretical biohydrogen production is 3.5 moles 
In terms of volume is calculated as:    1𝑚𝑜𝑙𝑒 → 22.4 𝑙                                                           1𝑙 →1000𝑚𝑙                                                3.5𝑚𝑜𝑙𝑒 → 𝑥                                                                78.4𝑙 → 𝑥                            

  𝑥 = 22.4 × 3.5 = 78.4 𝑙                                               𝑥 = 78.4 ×1000 = 78400𝑚𝑙 
Hence, the theoretical volume of biohydrogen production is 78.4 𝑙 or 78400 𝑚𝑚𝑙. 

3.3. Test for Biogas Production Potential Using the Pineapple Peel Waste  

Table 4. Biogas Production Potential Test (mLg-1VS)  . 

Time (days) Blank sample Cellulose sample Pineapple peels 
sample 

   7 62.67 687.77              390.95              
  14 102.15 731.95              455.81              
  21 128.58 742.27 493.14 
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Figure 8. Cumulative biogas production from pineapple peels sample, blank and cellulose standard. 

3.4. Determination of Hydrogen Production Potential from the Biogas Yield  

Table 5. Theoretical Biohydrogen Production from the Biogas Yield. 

Theoretical yield Conversion efficiency 
0.214 mole 
1045.84 mLg-1VS     

          90% 

4. Discussion 

4.1. Ultimate Analysis 

Table 4 shows the ultimate analysis of pineapple peel waste in weight percent on a dry basis. 
The value of carbon is 44.40% which is very close to a similar report by [38] for pineapple leaves and 
stems with values of 43.49 % and 41.08 % respectively.  

Oxygen shows a value of 40.90 % which is similar to the result reported by [31] for pineapple 
peels (48.25%). This value is slightly lower than pineapple leaf (59.26 %), stem (57.31 %), and roots 
(75.72%) [38].  

The value of hydrogen is 9.40% which is slightly greater than the values published by [35] for 
black sesame residue (6.79%), apple pulp (6.70%), and also by [5] for pineapple peels with a value of 
5.70%. 

However, the value of Nitrogen and Sulfur was not detected in this analysis rather potassium, 
silicon, and zinc were detected with 3.60%, 0.90%, and 0.008% respectively. When the ash content 
was analyzed, it was observed that there was little amount of sulfur (0.31 mol %) and no nitrogen 
detected. The lack of nitrogen in the sample might be due to the low protein content in pineapple 
peels.  

4.2. Proximate Analysis 

Table 5 gives the proximate analysis of the pineapple peel sample on a dry basis. It shows high 
total solids, volatile solids, and dry matter content, while also observing low moisture and ash content 
in the sample.  
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The moisture content of the sample is 9.07 ± 0.02% which is similar to results published by [34] 
for Josapine pineapple leaves (9.42 ± 0.02 %), [38] 𝑓𝑜𝑟 stems (9.103%) and [4] for pineapple peels 
(13.0%), while [24] reported a value for pineapple peels (5.10 ± 0.70%) which is slightly lower than 
the value in this report. This might be due to the difference in the variety of pineapple fruit and the 
region of cultivation.  

The proximate analysis value of total solids 𝑖𝑠 91.67 ± 0.02%  which constitutes the 
percentage of volatile matter, ash, and dry matter content present in the pineapple peel sample. This 
represents the solid remaining after the loss of water molecules in the sample. This value is, however, 
higher than a similar study of pineapple peels with a total solid of 72.8% [23]. 

The volatile solids show a value of 94.70 ± 0.02%   which is in consonant with studies 
conducted for pineapple peels at 93.60% [25]. This value is seen as higher than a similar study of 
pineapple peels with a volatile solid of 73.23 ± 0.71% [31]. 

The ash content is 5.30 ± 0.02% which is similar to results obtained for pineapple peels 
(5.05±0.10) [26] and (3.78±0.05 %) [24]. However, another study revealed a high ash content for 
pineapple peels (8.28 ± 0.36 %) [31].       

The dry matter content of the pineapple peel sample is 98.46% constituting the mass percent of 
the organic matter and the ash content of the sample.  This value is close to a similar study of 
pineapple peels (94.04 ± 0.06%) [5].  

4.3. Ash Analysis 

Table 6 gives the result for the analysis of the ash content of pineapple peels. The ash content 
shows minerals such as potassium, oxygen, calcium, silicon, magnesium, sodium, carbon, and sulfur 
with zero moles of hydrogen and nitrogen. Potassium shows the highest number of moles at 16.23 
mol and sodium with the lowest value 0.30 mol. However, a trace of sulfur (0.31) was found in the 
ash which was not present in the ultimate analysis of the sample. This shows that during the sample’s 
combustion, sulfur could oxidize after the volatile matter was expelled from the sample.  

4.4. Fibre Analysis 

Table 7 shows the composition of the fiber analysis of pineapple peel waste. From the results, 
the highest composition present in the sample is hemicellulose followed by cellulose with 16.92% and 
8.50 % respectively. Lignin shows the lowest composition of 2.51%.  

The cellulose content of 8.50% was found to be very close to similar reports for pineapple peels 
(7.86%) [20], (10.90% ) [4]. However, this value is lower than other studies done for pineapple peels 
(20.9 ± 0.6%) [5], skin (14.0%), crown (29.6%) and pulp (14.3%) [7].  

Hemicellulose content is 16.92% which agrees with a similar report for pineapple peels (16.03%) 
[20], and slightly lower than pineapple skin (20.20%), crown (23.2%), and pulp (22.2%) [7]. This value 
is however higher than a report by [19] for pineapple leaves (13.6 ± 0.82%) and stems (8.26 ± 2.10%).  

 The Lignin content of 2.51% is in consonant with reports for orange peels (2.65±0.70%) [6] and 
pineapple pulp (2.30%) [7]. In another report, this value is seen slightly lower than pineapple stem 
(5.42 ± 0.97%) [19], crown (4.50%) [7], and peels (7.10%) [4]. [20] reported a value for pineapple peels 
(1.99%) and [25] a value (1.37%) for pineapple peel which is lower than the value in this report.  

4.5. Theoretical Determination of Biohydrogen Production Potential from Pineapple Peels Wastes 

The result of the theoretical biohydrogen produced from the pineapple peels waste was obtained 
by using the fermentation equation below; 

   α𝐶௫𝐻௬𝑂௭ + β𝐻ଶ𝑂 → γ𝐶𝐻ଷ𝐶𝑂𝑂𝐻 + λ𝐶𝑂ଶ  +  κ𝐻ଶ        (3.2)                                    

From the values of the ultimate analysis, carbon, hydrogen, and oxygen produce 3 moles, 7 
moles, and 2 moles respectively. Substituting these values into equation (3.2) gives equation (3.3) 
when the acetate pathway is considered. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 June 2025 doi:10.20944/preprints202506.0618.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202506.0618.v1
http://creativecommons.org/licenses/by/4.0/


 14 of 18 

 

  𝐶ଷ𝐻଻𝑂ଶ + 2𝐻ଶ𝑂 → 𝐶𝐻ଷ𝐶𝑂𝑂𝐻 + 𝐶𝑂ଶ + 3.5𝐻ଶ            (3.3)                                     
From equation (3.3), it was observed that 1 mole of the substrate produced 3.5 moles of 

biohydrogen. This is however close to the theoretical value reported in the literature when glucose is 
used as the main substrate with a maximum hydrogen yield of 4 moles as shown in equation (3.4) 
[18, 37] 𝐶଺𝐻ଵଶ𝑂଺ + 2𝐻ଶ𝑂 → 2𝐶𝐻ଷ𝐶𝑂𝑂𝐻 + 2𝐶𝑂ଶ + 4𝐻ଶ                 (3.4)                                

This pathway is selected since it has been proven to have the highest hydrogen production 
potential compared to the butyric pathway and other metabolites [18].   

In terms of volume, the theoretical volume of biohydrogen produced is  78.4 𝑙 or 78400 𝑚𝑙. 
4.6. Test for Biogas Production Potential Using the Pineapple Peels Waste  

Table 8 shows the result of the biogas production potential test for blank, cellulose standard, and 
pineapple peel samples in terms of volatile solids for a period of 21 days. It is seen that all samples 
produce biogas. The production was relatively low in the first 7 days and increased for the reaming 
21 days. It was observed that the production of biogas from the blank sample is the lowest with values 
ranging from 62.67 - 128.58 mLg-1VS than the cellulose standard and pineapple peels sample with 
values ranging from 689.77 - 742.27 mLg-1VS and 390.95 - 493.14 mLg-1TVS respectively. It was also 
observed that the production of biogas from the cellulose standard remains almost constant for the 
first 7 days while there was a steep increase in biogas production from the pineapple peels sample 
throughout the 21 days with a cumulative production rate of 493.14 mLg-1VS which is significantly 
higher than value for  pineapple peel (31.70 ± 1.60 mLg-1vs) [21]. This high volume of biogas 
produced from the pineapple peel sample could be a result of the high %TS and %VS in the sample 
[16].  

4.7. Determination of Biohydrogen Production Potential from the Biogas Yield  

Table 9 shows the theoretical biohydrogen yield from methane in the biogas. Naturally, biogas 
from the anaerobic digestion process consists of a mixture of mainly (50–75%) methane (CH4), (19–
34%) carbon dioxide (CO2), and trace amounts of other gases [10]. In this light, 53% methane from 
the biogas yield was assumed at 90% theoretical conversion efficiency. The number of moles 
produced is 0.214 moles and in terms of volume is 1045.84 mLg-1VS.  

5. Conclusions 

From this work, it can be established that the production of biohydrogen from pineapple peel 
waste by dark fermentation is feasible which can help combat the issue of proper management of 
pineapple peel waste and the associated environmental and health challenges. The ultimate and 
proximate analysis conducted shows similar results to other feedstock used for biohydrogen 
production. The ultimate analysis of the pineapple peels shows little sulfur and no nitrogen contents 
which is an indication of a good feedstock for biohydrogen production that will not pollute the 
environment during consumption. The theoretical biohydrogen production potential was estimated 
at 3.5 moles and in terms of volume is 78400 𝑚𝐿. The biogas test conducted shows a high biogas 
yield of 493.14 mlg-1VS after 21days which can be attributed to the fact that there are high total solids (91.67 ± 0.02%) and volatile solids (94.70 ± 0.02%) and low lignin content (2.51%) in the pineapple 
peels. The estimated biohydrogen production from the biogas test is 1045.84 mLg-1VS. Biogas and 
biohydrogen could be used as alternative sources of energy to fossil fuels in mitigating climate change 
and helping accelerate the energy transition. This research will provide valuable baseline information 
to relevant stakeholders on biohydrogen production from pineapple peels by dark fermentation as a 
possible way of managing its waste.  
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WASCAL West African Science Center on Climate Change and Adapted Land Use 
WGS Water Gas Shift Reaction 

Appendix A 

Appendix A.1 

Table A1. Ultimate analysis Results of the sample. 

Element analysed                  W%  

carbon 44.4 
  

           Oxygen 
         Hydrogen 
         Potassium   
          Silicon   
           Zinc              

           40.9 
           9.4 
           3.6 
           0.9 
           0.008 

 

Table A2. Proximate analysis results of the sample (g). 

Mass of empty 
crucible 

Total mass of crucible 
+ sample 

Total mass after 
drying (1050C)  

Total mass after 
incineration (5500C) 

57.5887 72.7302 71.4757 58.3297 

61.7273 75.7584 74.5498 61.9296 

65.6857 79.9948 78.8016 66.3818 

     

Table A3. Ash analysis results of the sample (mol %). 

NO.   K O Ca Si Mg Na H C N S  
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1     28.0 62.6 4.9 2.6 1.4 0.5 0.0 0.0 0.0 0.0  

2  10.9 38.6 3.4 3.2 1.5 0.2 0.0 0.027 0.0 0.395  

3   9.8 52.3 6.3 6.3 1.1 0.2 0.0 0.068 0.0 0.205  

Table A4. Fibre analysis results of the sample. 

TM in %FM oTM in %FM  Ash in %FM  NDF  ADF ADL 

91.7  86.8 4.9  27.93 11.01 2.51 
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