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Abstract – Advances in technology over the past few years have allowed us to evolve from 
waste to value. Food waste has been an increased recognition that more attention needs to be 
paid to this area. With this concern, research on fruit waste valorization into medicinal 
products has a rich background. This paper approaches the problem with a broader 
perspective by introducing the fruit waste valorization pathway. The key idea in this paper is 
to use the multi-criteria analysis method to choose the best essential oil extraction technique 
from fruit waste. The performance of four different extraction methods i.e., steam distillation, 
cold-pressing, solvent extraction, and hydro distillation compared in the approach, 
considering the environmental, economic, social, and technical criteria. The methodology was 
developed with two scenarios, by using the Analytic hierarchy process (AHP) and Technique 
for Order of Preference by Similarity to Ideal Solution (TOPSIS) methods. Our research 
highlighted that cold-pressing extraction is the most effective technique for essential oil 
extraction in both scenarios.  
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1. INTRODUCTION  

With the worldwide increasing population, production and cultivation of fruits and 
vegetables is also increasing. Besides, food waste has long-lasting footprints in terms of 
landfills and socio-economic impacts due to the higher moisture and biodegradability [1]. 
Therefore, food waste management is becoming a major concern over the world but with 
advanced technology, food waste can be a versatile environmental bioresource that can be 
converted to biofuel, value-added products, and biomaterial [2]. 

This research particularly focuses on the fruit waste valorization pathways because 
enormous studies have been done on the conversion of fruit waste into landfills, anaerobic 
digestion, composting, etc. [3]. Pfaltzgraff et al. argue that fruit waste is not only a wide 
source of energy but also has incredible ability to produce industrial products such as essential 
oil, medicines, cosmetics, organic amendment, etc. [4]. Each part of a fruit, for example, peel, 
pulp, and seed have a unique residual and chemical composition that can be used to produce 
various organic products. 

Traditionally, fruit peels are the most common waste that can be easily found in the 
environment. Fruit peels have the best medicinal properties such as antimicrobial, 
antioxidant, anti-inflammatory, anti-healing, anti-infectious, anti-mutagenic, and 
hepatoprotective. Essential oil is one of the crucial extractions from fruit peels, researchers 
have been discovered after several experiments that essential oil has antimicrobial activity 
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against bacteria, moulds, yeasts, pathogenic and phytopathogenic microorganisms. As a 
result, it has been proven that essential oil can be used to confront the microorganisms to the 
antibiotics [5]. To support the current research some of the examples are mentioned in 
Table 1. 

TABLE 1. FRUIT WASTE INTO MEDICINAL USE 

Fruit waste Value-added 
product Medicinal use Methods Reference 

Banana peel Essential oil Antioxidant property Extraction [5] 
 

Citrus peel Essential oil Alleviates pain Extraction [6]  
  Relieves inflammation   
  Dissolve’s gallstones 

 
  

Orange peel Essential oil Antimicrobial activity Steam distillation [5], [7]  
  Flavoring agent of 

medicine 
Cold pressing 
Solvent extraction 
Enfleurage 
 

 

Mango peel Pectin Health benefits Extraction [8]  
 

Grapefruit peel Essential oil Antibacterial and 
Antioxidant properties 
Biopesticide against 
mosquito larvae 

Paper disc diffusion  [9] 

One of the essential components that can be derived from fruit peel (apple pomace, citrus, 
sugar beet pulp) is pectin. Earlier research shows that pectin is an effective component at the 
industrial level and also useful in the medical treatment of cancer, cell apoptosis, and 
cholesterol [10]. Several studies have discovered that fruit peel waste has a potential 
application to medicinal products. 

 
Fig. 1. Essential oil extraction pathway. 
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Essential oils term is also referred to as volatile oils, ethereal oils, or aethrolea, which 
contain the essence of a plant fragrance. It is a concentrated hydrophobic liquid, naturally 
derived from plants [11]. A recent systematic review investigated the extensive use of 
essential oil in the cosmetic industry, daily life due to the fragrance [12], and pharmaceutical 
industry [13], which shows the increasing demand for essential oil in the market. A variety 
of methods can be reliably utilized for extraction. Fig. 1 shows the clear vision of the 
extraction pathway of essential oil from fruit waste. Here, we presented the essential oil 
extraction from the fruit peel waste. In the next chapter, a multi-criteria analysis is performed 
to choose the best extraction technology. 

2. METHODOLOGY 

The methodology consists of literature review, then it further goes with multiple-criteria 
decision analysis (MCDA), using Analytic hierarchy process (AHP) with Technique for Order 
of Preference by Similarity to Ideal Solution (TOPSIS), after receiving results, which need to 
be analysed, conclusions should be drawn. 

 
Fig. 2. Research methodology. 

MCDA is used to make decisions and analyse the significance of objectives from various 
types of information and data – qualitative and quantitative data, data from the physical and 
social sciences, and from politics and ethics to evaluate problem solutions.  

TABLE 2. SCALE FOR PAIRWISE COMPARISON 

Scale Definition 

1 Equally importance 
2 Equally to moderate importance 
3 Moderately importance 
4 Moderately to strongly the importance 
5 Strongly importance 
6 Strongly to very strongly importance 
7 Very strongly importance 
8 Very to extremely strongly the importance 
9 Extremely importance 



Environmental and Climate Technologies 

 ____________________________________________________________________________ 2021 / 25 

669 
 

The next step is to identify the criteria weights using AHP. AHP method divides and 
analyses problems in a hierarchical structure consisting of a goal, a criterion, and a sub-
criterion. The AHP methodology was developed in 1980 by Saaty, and the selected criteria 
are compared in pairs by experts [14]. Researchers from the Institute of Energy Systems and 
Environment at Riga Technical University are the experts to define the selected criteria for 
pairwise comparison. Table 2 provides the scale for pairwise comparison adapted from Saaty 
Thomas L. 

The comparison matrix comprises criteria, where each criterion is compared with all other 
criteria. The next step is to solve the problem of eigenvectors by which the criteria will be 
arranged. The sum of each column of the pairwise comparison matrix is then calculated and 
used to divide the corresponding column values, thus normalizing the comparison matrix. The 
values of each row are then summed and divided by the number of criteria to calculate the 
eigenvector for each row of the matrix. Eigenvectors indicate the ranking (weight) of the 
criteria. AHP methodology can be implemented in three main steps. Each step needs to be 
performed to be resolved in a decision-making matrix with AHP is described below. 

− Step 1: Define the objective, selected criteria, and alternatives; 
− Step 2: Here, elements can be compared to one another, two at a time, concerning their 

importance on an element above them in the hierarchy and then structured the 
comparison matrix; 

− Step 3: Geometric mean is used to combined questionnaires for all experts and based 
on the combined questionnaire the problem is solved; 

− Step 4: Weights for pairwise comparisons are calculated; 
− Step 5: After calculating weights, decision matrixes are formed; 
− Step 6: Final weights of alternatives obtain by multiplying decision matrixes from 

alternatives toward criteria; 
− Step 7: Weights obtained in the last step are raw and need to be normalized to be easily 

comparable; 
− Step 8: Inconsistency and weights of pairwise comparisons are calculated. Consistency 

Index (CI) is calculated by Eq. (1) proceeded by Consistency Ratio (CR) in Eq. (2). 

 maxλ
1

nCI
n

−
=

−
, (1) 

where λmax – maximum eigenvalue; 

 CICR
RI

= , (2) 

 
where RI – Random Index that varies for different matrix. 

The next step in the methodology is to use the TOPSIS method. TOPSIS is a popular MCDA 
developed by Hwang and Yoon in 1981. The method uses the best alternative and worst 
alternative to define the best alternative [15]. TOPSIS method has been used to compare the 
possible use of production residues in producing value-added products, such as single-cell 
oil, from different factories, described in Racko E. et al. [16]. The main advantages of 
TOPSIS are the opportunity of an infinite number of criteria and alternatives, a comparatively 
simple calculation method, and no need for specific software or specific programming 
techniques. TOPSIS results provide comparing alternatives in a useful and simply 
comprehensible form. There should be selected alternatives for the evaluation, which are 
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evaluated by four criteria: technological, economic, environmental, and social. The first step 
using the TOPSIS method is the normalization of the decision-matrix, followed by calculating 
the normalized decision-matrix and the best and worst solutions. The best solution 
corresponds to a theoretical option of the most desirable level of each criterion, while the 
worst solution corresponds to a theoretical option of the least desirable level of each criterion. 
Finally, the distance of each alternative is calculated that further allows obtaining the 
closeness coefficient for the ranking alternatives. Alternatives rank from best to worst [17], 
in detailed equations for the TOPSIS method that is used in this study are described below.  

Step 1: Normalized matrix value can be derived by multiplication of normalized value and 
weight which is done by following Eq. (3). 

 ai i ia
v w r= ⋅ , (3) 

where 
vai  Weighted value; 
wi Weight, wi1 + wi2 +…+ wim = 1, wi = 1…m; 
ria Normalized criterion value. 

Step 2: Distance for each ideal and non-ideal alternative can be calculated by the sum of 
the squares of weighted criterion values. The calculation can be done by following Eq. (4). 
and Eq. (5).  

 2

1
( )

n

a i ai
j

d v v+ +

=

= −∑ , (4) 

where 
d+

a
 Distance for each action to the ideal solution; 

v+
i Ideal solution. 

 2

1
( )

n

a i ai
j

d v v− −

=

= −∑ , (5) 

 
where 

d–
a Distance for each action to the non-ideal solution; 

v–
i Non-ideal solution. 

Step 3: Closeness coefficient (Ca) shows the distance to the non-ideal solution, which is 
determined by Eq. (6).  

 a
a

a a

dC
d d

−

+ −=
+

, (6) 

where 
d+

a+d–
a Sum of the distance to the non-ideal solution; 

d–
a  Distance to the non-ideal solution. 

Our approach is to analyse the best extraction method to extract the essential oil from the 
fruit waste by using multi-criteria analysis.  
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TABLE 3. OVERVIEW OF THE SELECTED CRITERION 

Extraction 
methods 

Technical aspect Environmental 
aspect 

Economical aspect Source 

Steam distillation Pressurized 
container required 
 

Less fuel & 
High temperature 
required 
 

High equipment & 
operating cost 
 

[18]  

Cold pressing High-quality 
production 
possibility 
 

Lack of hazardous 
organic solvent & 
environmentally 
friendly 
 

Low cost & less 
manpower required 
 

[19]  

Solvent extraction Simple equipment 
used, Low 
efficiency 
 

High temperature 
& production of 
hazardous waste 
 

Low cost 
 

[19]  

Hydro distillation Simple 
instrumentation 
 

High consumption 
of energy, no 
organic solvent 
 

Low cost 
 

[20]  

Here we compare the performance of four different green extraction methods like steam 
distillation, cold-pressing, solvent extraction, and hydrodistillation. The selection of the 
criterion i.e., technical, environmental, economic, and social acceptability is based on the vast 
literature analysis. Table 3 shows the detailed overview of the selected criteria and sub-
criteria. These techniques are used in the evaluation to extract the essential oil from the fruit 
waste. Steam distillation is a separation technique, can be applied for the separation of 
volatile organic compounds [21]. Earlier studies show that 93 % of the proportion of essential 
oil can be extracted by steam distillation [22]. The cold-pressing method is the standard 
technique used to extract essential oil from the seeds of plants and fruits. Also, this process 
can be done at a low temperature below 60 °C [23]. The solvent extraction method is also 
known as liquid-liquid extraction, is a method to separate compounds based on the solubility 
of their parts [24]. Hydro distillation is a traditional method used to extract oil or bioactive 
compounds from plants [25]. Overall, comparatively all four methods have different 
functionality and apparatus. 

3. RESULTS 

The author compared technological, economic, environmental, and social criteria pairwise. 
Results of the pairwise comparison of AHP are shown in Table 4. 

TABLE 4. AHP PAIRWISE COMPARISON MATRIX OF CRITERIA 

Criteria Technological Economical Environmental Social 

Technological 1 3 2 4 

Economical 0.33 1 2 3 

Environmental 0.5 0.5 1 4 

Social 0.25 0.33 0.25 1 
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The authors calculated the weights of the criteria after the normalization of the matrix. 
The results show that the weight of the technological criterion is the most important – 0.45, 
then as the second most crucial weight is economical – 0.25, then the third and fourth criteria 
are environmental and social, which – 0.22 and 0.08, respectively.  

The comparisons are consistent and used in the following calculations, considering that the 
value of the consistency rate is CR = 0.079. If the CR is less than or equal to 0.1, then the 
discrepancy is acceptable, but the subjective assessment must be reconsidered if it is higher 
than 0.1. 

TABLE 5. TOPSIS DECISION-MAKING MATRIX 

Alternative technologies Criteria 

 Technological Economical Environmental Social 

Steam distillation 4 4 3 4 

Cold-pressing 4 5 4 3 

Solvent extraction 3 3 3 4 

Hydrodistillation 3 3 4 4 

The potential for using the four technologies was rated on a scale from 1, which corresponds 
to the lowest rating, to 5, which corresponds to the highest rating. Table 5 are shown the 
evaluation values in a decision-making matrix. 

 
Fig. 3. TOPSIS ranking technologies results. 

The TOPSIS analysis results are shown in Fig. 3. Cold pressing (0.9) is the closest 
alternative for the best solution, not only for the technological criterion that has the highest 
weight of all criteria (0.45) and good performance in the economical criterion with the 
second-highest impact on results. Steam distillation ranks as the second technology, with 
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evaluation 0.6, and as a third possible technological solution is hydrodistillation with 0.3, and 
solvent extraction – 0.1. 

4. DISCUSSION 

According to the report on the global food waste scenario [26], awareness of food waste 
has grown. The current research has been made to solve the global problem to some extent. 
Fruit waste is one of the important areas that need to be focused on. Therefore, this study 
contributes to minimizing the waste scenario by developing an essential oil extraction 
pathway from fruit peel waste. The study highlights the use of Multi-Criteria Analysis 
methods to choose the best extraction technology. By analysing the results, it has been found 
that in both methodologies AHP and TOPSIS, a cold-pressing method is the best essential oil 
extraction method.  

Several studies have been done on essential oil extraction techniques [22], but our approach 
provides environmental sustainability by comparing the environmental performances of 
different alternatives, which leads to the green extraction techniques  

However, the MCA methodology requires potential numerical data to perform an analysis. 
The significant limitation was the lack of quantitative data for the evaluation that cannot 
negotiate. Therefore, this study suggests that more scientific and laboratory research work is 
required for more accurate results and to diversify the valorization options. 

5. CONCLUSION 

The main conclusions of this research are drone together and presented in this section. 
This research aims to determine an approach for the fruit waste valorization pathway and find 
the best extraction technique. Firstly, a vast literature analysis was performed to identify the 
essential oil extraction pathway from fruit waste in a more sustainable way. Secondly, Multi-
criteria analysis was performed to find the best extraction technique considering the technical, 
environmental, economic & social aspects. 

Within this research, the publicly available data of existing essential oil extraction pathways 
were studied, and based on that fruit waste valorization pathway was created. Furthermore, 
to ensure the extraction technique multi-criteria analysis followed by AHP and TOPSIS was 
successfully performed.  

The outcome of the research leads to the conclusion that essential oil is the most crucial 
and multi-functional product, which can be extracted by the cold-pressing technique. AHP 
method is used to evaluate the weight of the criterion, which shows that the most effective 
criteria are the technical criteria. Based on the AHP weight TOPSIS was performed for further 
evaluation, which shows that the cold-pressing method is the most suitable technique for the 
extraction. Overall, fruit waste valorization and various alternative techniques considering 
the various aspects can be evaluated by the Multi-criteria analysis. This research concludes 
that the new innovative bioresource valorization pathways can be created and evaluated by 
Multi-criteria analysis. 
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