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Abstract:  One of the main contributors to the waste problem in the Philippines is 
citrus fruits because of their high yield. Various studies have investigated the 
utilization of citrus fruit waste for different applications. However, there is a lack of a 
systematic mapping study that can bring these studies together. Thus, this study 
employed a systematic approach to determine the utilization of citrus fruit wastes 
which will be beneficial to reduce waste in the landfill. This study sought to: 1) 
investigate the trends in current research on citrus fruit waste utilization, 2) identify 
the processes undergone by citrus fruit waste to achieve their respective applications, 
and 3) observe the techniques that have been utilized to evaluate the efficiency and 
performance of citrus fruit waste products. The study performed a general search for 
papers related to citrus fruit waste utilization in Scopus search engine. The documents 
were organized into specific categories, and data extraction was performed.  After the 
data was analyzed and the following results were obtained: there is a continuous 
increase in the amount of research on citrus fruit waste utilization, citrus fruit peels 
are the most commonly used type of waste, citrus fruit wastes undergo rigorous 
processes that mostly involve heat to reach their applications, and most studies utilize 
pore size and BET surface area to evaluate fruit waste products. In conclusion, citrus 
fruit waste utilization is a topic with great potential, and will contribute to solving the 
waste management problem in the country. 
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1. INTRODUCTION 
The Philippines is a tropical country with a 

high production of fruit-related products yielding high 
amounts of fruit waste (Zafar, 2020; PSA, 2019a, 
2019b, 2019c, 2019d). In 2015, it imported over 86,967 
metric tons of citrus fruits, contributing to the amount 
of citrus fruit waste in the country (PSA, 2015). Solid 
waste management is an issue in the country due to 
the high rates of waste generation (Atienza, 2020). 
Thus, the majority is placed into dumpsites or 
waterways, contributing to flooding and pollution 
(Flores et. al., 2018). Data shows that 95% of 
household solid waste can be reused. 43% of which can 
be recycled and 52% can be composted (Castillo & 
Otoma, 2013). This implies that there is a lack of 
awareness for their usefulness and has led to the 
belief that most solid waste is purposeless.  

One topic of interest is the use of citrus fruit 
waste, which is rich in carbon and has been observed 
in wastewater treatment as an absorbent for 
wastewater contaminants (Pathak et.al. 2017). 

Common and sustainable citrus fruit waste utilization 
methods such as biochar, nanocatalyst, and activated 
carbon were discussed in research regarding citrus 
fruits. Biochar is a crushed carbon material modified 
through physical and chemical activation processes 
utilizing raw waste materials such as sewage sludge. 
It is utilized as an adsorbent of pollutants, catalysts, 
and soil amendment (Cha et al., 2016).  Contrarily, 
activated carbon (AC) has high levels of porosity, 
adsorptive capacity, and surface area. It is also 
activated using either physical or chemical processes 
through agricultural bio-waste materials such as palm 
shells. Lastly, nanocatalysts are yielded from 
nanomaterials and are applied in carbon nanotubes, 
water purification, and biodiesel production 
(Chaturvedi et al., 2012). 

In this study, a systematic mapping approach 
will be utilized to gather and synthesize data 
(Petersen, 2015). This is employed to create an 
overview of a research area without progressing it. It 
serves only as a congregation of published knowledge 
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within a given limit and to identify knowledge gaps for 
future research. (James, 2016). As it stands, there 
have been numerous studies related to citrus fruit 
utilizations, but a lack of a systematic mapping study 
that can collect and bring all of these studies together. 

In this paper, we will employ a systematic 
mapping approach for the   utilization of citrus fruit 
wastes that can be applied in the Philippines. The 
objective of the study is to create a framework for the 
systematic mapping of the different applications of 
citrus fruit waste through literature search, in terms 
of; their utilization, processes, and performance. 
Recent trends and advances in the studies will also be 
examined. The scope of this study will be limited to 
citrus fruits local to the Philippines, such as 
calamansi, pomelo, and orange. Aside from this, the 
study will also be limited to sustainable biomass 
utilization methods, like activated carbon, biochar, 
and nanocatalysts. This research will be considered as 
a desktop study; it will focus on the data analysis of 
literature for results. Only research published from 
2009 to 2020 in the English language found in Scopus 
will be included. 

 
 

2. METHODOLOGY 
The systematic mapping approach was used 

in this study to provide an overview of the different 
utilizations of citrus fruit waste. This study will follow 
a systematic approach shown in Figure 2.1 which were 
adapted from a study by Petersen et. al in 2008. 

For this study, the following research 
questions were identified:  

1. What are the trends in the current research 
on citrus fruit waste utilization? 

2. What are the processes undergone by citrus 
fruit waste to achieve their respective 
applications? 

3. What techniques have been utilized to 
evaluate the efficiency and performance of 
citrus fruit waste products? 
 
As a review of scope, this study will focus on 

citrus fruits that are abundant and originate from the 

Philippines and will only consider studies published in 
Scopus between 2009 and 2020. 

 

 In compliance with the scope 
mentioned for this study, a search protocol was 
formulated. Firstly, the search engine chosen for this 
study was Scopus and the primary method of search 
was through article title, abstract, and keywords. The 
search utilized Boolean operators to limit the results 
appropriately and only considered papers that were 
published between 2009-2020 and in the English 
language. The search string utilized for the search 
was: (TITLE-ABS-KEY (citrus AND (sinensis OR 
grandis OR microcarpa OR poonensis OR maxima OR 
citrofortunella)) AND TITLE-ABS-KEY ( waste AND 
material)).  

 

 The papers returned by the search 
string were filtered by the reading of their abstract, 
title, and keywords. Only papers deemed relevant to 
the study were collected for data extraction. The 
papers would be categorized into activated carbon, 
biochar, and nanocatalyst. 

 

Extraction of relevant information was then 
performed. Specific parameters from each paper were 
observed and recorded for further analysis and 
comparison. For activated carbon, the parameters 
that would be observed are particle size, BET surface 
area, and maximum adsorption capacity. For biochar, 
the parameters that would be recorded are BET-N2 
specific surface area, total pore volume, and ash 
content. Lastly, for nanocatalysts, the parameters 
that would be observed are utilization and yield. Then, 
the recorded data would be analyzed and presented 
using graphs and figures. 

 

3.  RESULTS AND DISCUSSION 
RQ1: What are the trends in the current 

research on citrus fruit waste utilization? 
The search string that was previously defined 

returned 145 papers, 91.7% of which were published 
as journal articles, while the rest were presented as a 
conference paper or included in a book chapter. 
Through a search analysis within Scopus, it can be 
seen in Figure 3.1 that there has been a progressive 
increase in the amount of studies related to citrus fruit 
waste utilization. Of the 145 results, only 55 were 
found to be relevant to this study, 38% of which were 
related to activated carbon, 29% of which were under 
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biochar, and 33% were under nanocatalyst as seen in 
Figure 3.2. 

 

 
RQ2: What are the processes undergone by 

citrus fruit waste to achieve their respective 
applications? 
Biochar 

The production of biochar requires the 
heating of a biomass with little to no oxygen. This was 
observed to be commonly through pyrolysis, as 13 of 
the 16 collected studies utilized this method. The 
figure below shows the process of biochar production.   

 
 

Figure 3.3  
 

In pyrolysis, Drying and Conditioning occurs 
when biomass is dried in the temperatures between 
100°C and 150°C for a moisture content of 15%. Next, 
Torrefaction enables the biomass to be grinded as it is 
heated to higher temperatures between 200°C and 
280°C. Exothermic Pyrolysis then occurs when the 
temperature reaches 250°C to 300°C up until 400°C 
where the molecular bonds are broken further 
(Biochar for Sustainable Soils, n.d.).  
 

Activated carbon production requires 
activation of a biomass. In the context of citrus fruit 
waste, peels are the most commonly used biomass. 
This is subjected through activation to produce porous 

material and can occur physically or chemically. 
Seven (7) of the 21 researched papers utilized physical 
activation, while 14 utilized chemical activation. The 
figure below shows the process of activated carbon 
production. 

 
Figure 3.4 Process of Activated Carbon Production 
 

In physical activation, the material 
undergoes carbonization before activation. During 
carbonization, the material is placed into a furnace 
where it is cooked at extreme temperatures ranging 
from 600-900°C for several hours. Certain studies 
have noted that higher carbonization temperatures 
have led to higher adsorptive capacity (Zeng et. al., 
2013). Next, oxidation occurs through a process 
involving steam, where the carbonized material is 
exposed to oxidizing atmospheres in the form of steam 
at temperatures above 250°C.  

In chemical activation, the carbon material is 
impregnated with certain chemicals, typically acids or 
strong bases. This is done by crushing and milling the 
material into small particles which are then mixed 
with the desired chemicals. Once the impregnation 
process is finished, the material is subjected to 
temperatures between 250-600°C where it is 
simultaneously carbonized and chemically activated. 
Then, the resulting carbon is washed with water to 
remove remaining acid and is subsequently dried. 

Nanoparticle production is mostly done 
through green synthesis as it is environmentally 
friendly and efficient. All 18 studies collected for 
nanocatalysts utilized green synthesis as their 
method of production. The figure below shows the 
process of nanocatalyst production. 

Figure 3.5 

 
Green synthesis utilizes microorganisms to 

produce nanoparticles and is achieved through the 
selection of an environmentally acceptable solvent 
and appropriate reducing agents (Jegadeeswaran et. 
al., 2012). In the context of citrus fruit waste, fruit 
peels are regularly utilized as the reducing agents. 
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The process of green synthesis begins with the chosen 
parts of the plant, which are washed then cut into 
small pieces. Afterwards, the small pieces are finely 
grinded and boiled in water for several hours. The 
extract can be further purified through filtration and 
centrifugation. Once the extract is complete, the 
appropriate metallic salt is incubated with the extract 
in water to produce the nanoparticles of the desired 
metal ion. 

 
RQ3: What techniques have been utilized to 

evaluate the efficiency and performance of citrus fruit 
waste products? 

Biochar 
BET-N2 Specific Surface Area 
Figure 5.3.1.1 illustrates the surface areas of 

the biochar wherein the largest surface area is found 
to be 2457.367 m2/g in Cheng et al. (2020). For the 
least of the biochar, it would be 0.21 m2/g in 
Abdelhafez (2016). It can also be observed that the 
majority of the results ranged from 6.7 - 53 m2/g. 

 

 
Figure 3.6  
 

For Figure 5.3.1.2, it illustrates the total pore 
volume of gathered works. The largest pore volume of 
1.14 cm3/g found in Cheng et al. (2020) and the least 
in Abdelhafez (2016) with 0.00016 cm3/g. The 
majority of the results appear to lie within 0.008 - 
0.035 cm3/g.                                                                       

Figure 3.7  
 
 
 
 
 
 
 
 

In Figure 3.8, the study with the highest ash 
content observed was 34.22% in Ai, et al. (2020). 
Meanwhile, the least observed was 0.30% found in 
Chen and Chen (2009), utilizing similar materials to 
Ai et al. (2020), but differing in their preparation and 
processes. 

 

Figure 3.8
 

In Figure 3.9, the activated carbon with the 

(2009) and the largest is 0.5 mm from both Fernandez, 
et al. (2015), and Oruc, et al. (2019). 

 
Figure 3.9
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The largest BET surface area observed was 
2209.17 m2/g in Wei et al. (2019) as they chemically 
activated orange peels with phosphoric acid. For the 
smallest BET surface area, it was 2.6 in Li et al.(2016). 

Figure 3.11
 

The highest maximum adsorption capacity 
observed was 680 mg g-1 from Li et al. (2016) wherein 
they tested for their chemically activated pomelo peels 
with potassium hydroxide, with a ratio of KOH to the 
pre-carbonized product for 3:1. And the lowest 
capacity observed was 1.210 mg g-1 in 
Meenakshisundaram et. al. (2009) for their physically 
activated lemon peel. 

 

Figure 3.12 
 

  

The smallest particle size observed is 5 nm in 
Dalul et al. (2020) while the largest size observed was 
from Ain Samat and Md Nor (2013) with 200 nm.  

 
 

Figure 3.13

4.  CONCLUSIONS 
This study has reviewed the state of the field 

of citrus fruit waste utilization through a systematic 
mapping approach. It was concluded that citrus fruit 
waste has a wide range of possible utilizations. This 
paper only focused on the applications related to waste 
management, thus, there is still a potential to expand 
the scope of this research field. Furthermore, there is 
an increasing trend in research related to citrus fruit 
waste utilization since there is a growing interest in 
its use due to its abundance and accessibility. 
Additionally, the published papers on citrus fruit 
waste utilization were sorted into three categories -- 
biochar, activated carbon, and nanocatalyst. Of the 55 
papers collected, 38% were related to activated 
carbon, 29% were under biochar, and 33% were under 
nanocatalyst. Citrus fruit waste undergoes rigorous 
processes in order to achieve their respective 
applications, most of which involve subjection to high 
temperatures, such as pyrolysis and carbonization. 
Most studies evaluate citrus fruit waste products 
through pore size, adsorption capacity, and BET 
surface area. 
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