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Resumo 

 
 

A alimentação é uma das necessidades básicas da humanidade e a exigência de alimentos 

aumenta paralelamente com o aumento da população que dá origem a um aumento da 

agricultura, produção alimentar e transformação de alimentos gerando uma elevada 

quantidade  de resíduos e sub-produtos. 

 

O aumento diário dos subprodutos alimentares tornou-se um dos principais fatores para 

o colapso do equilíbrio de sustentabilidade que deu origem a novas legislações de gestão 

de resíduos, permitindo assim encontrar novas técnicas para protocolos de gestão de 

resíduos rentáveis e valorizar o seu elevado potencial económico. 

 

Embora a prevenção, redução, reciclagem, recuperação e reutilização dos subprodutos 

alimentares seja o principal objetivo da legislação da UE em termos de resíduos e plano 

de ação para a economia circular, a disponibilização de valores eco-conscientes 

cientificamente comprovados pelos subprodutos alimentares, estes atualmente são o 

principal alvo da valorização nas indústrias alimentares.. 

 

Os investigadores têm-se centrado na valorização verde dos subprodutos vegetais para 

obter várias vantagens, como a extração de produtos dietéticos, nutricionais, 

farmacêuticos e industrialmente valiosos, mercados verdes com novas oportunidades de 

emprego, uma alternativa aos combustíveis fósseis, redução das emissões de gases com 

efeito de estufa e redução do fosso entre a produção e consumo de alimentos. 

 

As crescentes preocupações dos consumidores com a saúde tem provocado um aumento 

do consumo de frutas nas suas refeições diárias. A produção de frutas exóticas mostra um 

aumento contínuo com um crescimento anual previsto de 3% que será de 116 milhões de 

toneladas até ao ano 2024 devido às suas vantagens em termos de saúde e nutrição em 

relação aos frutos temperados, e os subprodutos de frutas exóticas têm sido preocupados 

devido à possibilidade de uma fácil recuperação de compostos bioativos benéficos, 

especialmente óleos saudáveis e gorduras que têm potencial a nível dietético,  aplicações 

industriais e nutricionais, medicinais e farmacêuticas. O contributo das sementes de frutos 

exóticos é superior ao dos frutos produzidos em climas temperados, contendo uma grande 

parte significativa não utilizada que justifica o esforço de valorização.  

 

Annona, manga e papaia estão entre as frutas exóticas mais consumidas globalmente e 

encontram-se numa fase de crescente produção devido à preferência demonstrada pelos 

consumidores mundiais. A fração do peso do fruto representada pelas sementes é de 13%, 

10-85%, e de 6,5 a 20% para annona, manga e papaia, respetivamente. As sementes de 

annona, manga e papaia são ricas em ácidos gordos insaturados, aminoácidos e minerais.  

 

O óleo de semente de annona é semi-seco à temperatura ambiente com aplicações 

funcionais e farmacológicas comprovadas. E é uma fonte potencial para a indústria do 
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biodiesel. Por outro lado, o óleo de miolo de manga - um semissólido de cor amarela 

dourada a castanho à temperatura ambiente - é um óleo comestível com elevada 

estabilidade e propriedades antimicrobianas e anti-oxidantes que tem aplicações na 

indústria de cuidados cosméticos e de pessoal, indústria alimentar e de confeitaria, bem 

como na indústria de cuidados de saúde e farmacêuticos, bem como na indústria de 

biodiesel. Finalmente,o óleo de sementes de papaia – um cor castanho-avermelhado 

líquido à temperatura ambiente – é um óleo comestível com elevada palabilidade e com 

aplicações nas indústrias de plástico e biodiesel.  

 

A extração de óleos é uma forma corrente de valorização das sementes oleosas. A 

introdução de novas técnicas de extração “verde” decom abordagens de refinaria e 

biorefina proporciona uma recuperação fácil e valiosa de compostos funcionais. O pré-

tratamento das sementes, o método utilizado e a otimização dos parâmetros associados 

são factores-chave do rendimento e da qualidade dos óleos extraídos. O pré-tratamento 

pode ser conjugado com novas técnicas de tratamento, tais como ultrassons, micro-ondas 

e aplicações de pressão às sementes antes do processo de extração para uma extração mais 

exequível e valiosa. E ultrassom, micro-ondas e pressão podem ser associados á obtenção 

de melhores resultados. Mas o desenvolvimento, a escala e a comercialização da 

combinação destes métodos para um desempenho mais elevado e melhor ainda requerem 

mais pesquisas a serem realizadas.  No processo de extração de solventes, devem ser 

tomados em consideração solventes solventes orgânicos solúveis, tais como clorofórmio, 

benzeno, acetona, hexano e cicloxexano para romper as paredes celulares e a solubilidade, 

ponto de ebulição, toxicidade, disponibilidade, custo, polaridade e reutilização do 

solvente adequados para escolher o solvente adequado.  

 

Para impulsionar a economia circular, o conceito de desperdício zero, e o conceito eco 

verde, foi estudada a possibilidade de recuperar compostos bioativos através da extração 

de óleos de sementes de frutos exóticos selecionadas (annona, manga e papaia) com um 

rendimento razoável de forma rentável. Os óleos foram extraídos no aparelho Soxhlet 

utilizando éter de petróleo como solvente de acordo com o método AOAC 948.22 (AOAC 

2000) e a extração foi efetuada durante 9 horas. Os rendimentos do óleo obtidos foram de 

28,9 ± 1,6% para as sementes de annona, 5,0 ± 0,0% para as sementes de manga e 24,0% 

± 0,9% para as sementes de papaia. Neste estudo, os rendimentos dos óleos das sementes 

de annona e papaia obtidos encontram-se  na gama que foi relatado na literatura, mas o 

rendimento do óleo de semente  de manga foi menor do que o mencionado por outros 

autores. 

 

Os óleos extraídos foram esterficados e os perfis de ácidos gordos (FA) foram estudados 

através da cromatografia gasosa-espectrometria de massa (GS-MS) equipada com uma 

coluna capilar. A GS-MS é uma ferramenta analítica multidimensional com elevada 

seletividade, sensibilidade e precisão que pode ser aplicada para analisar matrizes 

complexas e é amplamente utilizada na deteção e identificação de ácidos gordos. O teor 

total de ácidos gordos foi de 76,7%, 76,9% e 56,1% para as sementes de annona, manga 

e papaia, respectivamente. Os ácidos palmítico (17,68%), oleico (42,39%) e linoleico 
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(30,22%) foram os principais ácidos gordos no óleo de sementes de annona. Os ácidos 

linoleico (30,30%), oleico (25,00%), palmítico (22,01%) e esteleórico (14,62%) 

destacaram-se no óleo de manga, enquanto o ácido de oleico (66,52%) e o palmítico 

(15,2%) foram os ácidos gordos maioritários nas sementes de papaia. 

 

O efeito da origem geográfica dos frutos e a presumível influência do solo e das condições 

climáticas, bem como o impacto do pré-processamento e as condições de pós-extração no 

rendimento de óleo, perfil de ácidos gordos e de componentes bioativos devem ser 

estudados mais detalhadamente. No entanto, a comercialização, aceitação pelos 

consumidores, a sustentabilidade do processo e os desafios práticos no processo não 

foram estudados, mas devem ser analisados experimentalmente para posterior eventual 

comercialização destes óleos com características especiais. 

 

 

Palavras-Chave 

 

Sementes exóticas de frutas, Annona, Manga, Papaia, Extração de Óleo, Perfis de ácidos 

gordos    
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Abstract 

 

Food is one of the basic needs of humankind and the requirement of food increases 

parallelly with the increase of population, thus giving rise to an increase in agriculture, 

food production, and food processing generating a heap of wastes and byproducts. The 

daily increase of food byproducts has become one a major issue when striving for food 

processing sustainability, demanding “new” legislation related to wastes management as 

well as requiring the study and development of new or alternative techniques for 

costeffective waste management protocols, that recapture its economic value. To value 

this effort, the possibility of recapturing bioactive compounds by extraction of oils from 

Annona, mango, and papaya seeds at a reasonable yield level in a cost-effective manner 

have been studied. Oils were extracted in the Soxhlet apparatus using petroleum ether as 

the solvent according to AOAC 948.22 method (AOAC 2000) and extraction was carried 

out for 9 h. The oil yields obtained were 28.92% ± 1.6% for Annona seeds, 5.00 % ± 

0.004% for mango seeds, and 24.85% ± 0.90% for papaya seeds. The oils have been 

esterified and fatty acid (FA) profiles have been obtained through Gas 

ChromatographyMass Spectrometry (GC-MS) equipped with a capillary column. The 

total fatty acid content was 76.67%, 76.99%, and 56.11% for Annona, mango, and papaya 

seeds, respectively. Palmitic (17.68%), oleic (42.39%), and linoleic (30.22%) acids were 

the main fatty acids in Annona seed oil. Linoleic (30.30%), oleic (25.00%), palmitic 

(22.01%), and stearic (14.62%) acids were prominent in mango seed oil, while oleic 

(66.52%), and palmitic (15.2%) acids were important in papaya seed oils. The effect of 

the geographical origin of the fruits, and putative influence of soil and climatic conditions 

as well as the impact of preprocessing extraction, and post-extraction conditions on the 

oil yield, fatty acids profile, and bioactive components should be studied further. 

Moreover, since the marketability, consumer acceptance, sustainability, and practical 

challenges in the process have not been studied, they should be addressed for further 

conclusions and eventual commercialization 
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Chapter 1 

Introduction 

 

 

The world population is facing the problems of depletion of natural resources, energy crisis, 

pollution, and climate change that should be addressed immediately.  Finding proper and 

accelerated ways for sustainable development has become a priority of all nations (Arancon et 

al., 2013). Agriculture has become one of the major sources to reduce worldwide poverty, 

hunger, and malnutrition guaranteeing adequate nutrition and health (Duque-Acevedo et al., 

2020). With the increasing requirements, soil expansion for agricultural uses, and innovative 

technical contribution for good productivity, the average daily food production has been 

increased dramatically over the last fifty decades creating negative impacts on the environment 

subsequently affecting health and sustainability, and agriculture has become one of the highest 

biomass production sectors becoming a major input for the bioeconomy (Duque-Acevedo et 

al., 2020). Food wastes occur due to poor management, inadequate infrastructure, lack of 

knowledge, and unfavorable weather conditions resulting in a lack of resources, reduced food 

insecurity, and negative environmental impacts (Ebikade et al., 2021). While the prevention, 

reduction, recycling, recovery, and reuse of food wastes is the main purpose of the EU Waste 

Legislation and Circular Economy Action Plan, providing scientifically proven eco-conscious 

values to food wastes is the main target of wastes valorization (Bayram et al., 2021, Faustino et 

al., 2019). 

 

Though landfilling, incinerating, and composting are uprooted technologies, due to the 

generation of toxic gasses, bad odor, high energy consumption, and slow reaction kinetics, these 

methods seem to be unsatisfactory and give food waste valorization the optimal approach to 

environmental sustainability (Akturk et al., 2020, Arancon et al., 2013). Food byproducts are 

renewable resources (Akturk et al., 2020). Availability and low cost of food wastes provide 

more valuable and economical industrial-scale production (Selo et al., 2021). Green 

valorization of such byproducts is a must factor to mitigate negative environmental impacts and 

to motivate a sustainable bioeconomy (Sabater et al., 2020). Valorization of vegetable 

byproducts contributes to value-added products, green markets, new job opportunities, reduced 

fossil fuel usage, reduced greenhouse gas emissions (Duque-Acevedo et al., 2020), and reduced 

gap between production and consumption (Villacis-Chiriboga et al., 2020). 
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Valorization of food byproducts can be carried out in different ways under different conditions 

for different end products (Arancon et al., 2013) and it should be done in a manner to get the 

best possible benefits without making monetary losses or damaging the environment (Omre et 

al., 2018) with optimal sustainable applications, (Shirahigue et al., 2020) and resource 

efficiency (Duque-Acevedo et al., 2020). 

 

It is reported that around 25% of the total vegetal wastes are oilseeds, tubers, and roots that 

provide the importance and justification for transforming it into a value-added product. Vegetal 

seeds, as well as peels and pomace, are good sources of bioactive compounds that can be 

revalued in different ways (Bayram et al., 2021).  

 

The ever-increasing population, changing dietary patterns, and increasing medicinal and 

nutritional requirements supply prime importance to fruits in daily meals, and these are 

consumed raw or processed generating a huge amount of highly perishable organic solid wastes 

(Sagar et al., 2018, Pathak et al., 2017). Some tropical and subtropical fruits originate from 

many botanical families (Cornara et al., 2020) often called exotic fruits that are growing in 

warm and humid regions between the Capricorn and Cancer tropics, are prominent in beneficial 

bioactive compounds compared to temperate fruits (Alwarez-Rivera et al., 2021, Villacís-

Chiriboga et al., 2020), and have future potential but not yet completely available in the global 

market with 3% predicted annual growth rate that will reach to 116 million tons production by 

2024 (Villacís-Chiriboga et al., 2020). These fruits such as avocado, papaya, rambutan, jack 

fruit, durian, mango, orange, and annona among many others are readily available in huge 

quantities in some tropical and subtropical countries (Kumoro et al., 2020). and they are 

spreading all over the world due to their ability and global tendency to satisfy consumers' 

preferences for diverse tastes, exotic flavors, and seasonal availability while providing their 

energy, medicinal and nutritional values (Bhat et al., 2016, Dabas et al., 2013). It is a fact that 

ethno-pharmacological evidence reveals the use of such fruits for medicinal purposes (Dabas 

et al., 2013). Traditional knowledge promotes the regular intake of exotic fruits (Bhat et al., 

2016) and some Asian countries include local fruits directly in their medicines. The benefits of 

bioactive components in exotic fruits are not limited to enhancing human immune and liver 

function or preventing inflammation, diabetics, chronic diseases, and obesity (Joshi et al., 

2018). Exotic fruits are a good source of natural antioxidants that reduce oxidative stress 

(Nowak et al., 2018) thereby reducing the risk of non-communicable diseases such as cancers, 

chronic diseases, mental abnormalities (Pem et al., 2015), and age-related functional disorders 
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(Kumoro et al., 2020). And they exhibit the ability to regulate extreme nutritional conditions 

by preventing malnutrition as well as overnutrition (Cornara et al., 2020). 

 

Due to the seasonal nature, it should have a way to keep the excess seasonal production to use 

in non-productive seasons. Fruit preservation is a widely spread industry throughout the globe, 

processing fruits into preserved products such as jams, jellies, juices, marmalades, dried slices, 

and pickles among many others leading to a great volume of byproducts. Fruit byproducts 

commonly consist of peels, seeds, pomaces, and cores with a large amount of water giving the 

feasibility to easy fermentation. If not handled correctly these byproducts cause severe 

environmental pollution. Valorization of these byproducts provides the advantages of 

controlling environmental pollution (Romelle et al., 2016), minimizing post-harvest losses 

(Hossain et al., 2015), and adding an economical value by waste utilization. So the concept of 

valorization of fruit wastes has been gained more interest throughout the world (Romelle et al., 

2016).  

 

The aspect of sustainability, green technology, and zero waste concept leads to new process 

techniques to find out viable ways to transform these byproducts into value-added products 

providing an ongoing sustainable economy (Villacís-Chiriboga et al., 2020) and due to negative 

health effects and environmental impacts caused by synthetic phytochemicals, the interests of 

having natural origin alternatives are in high demand from medicinal, nutritional, and 

environmental aspects (Ge et al., 2018). 

 

Almost every fruit has lipid parts and contains oils in one or more parts which can be extracted 

with a commercial value. These oils can be used either as edible oils in the food industry or can 

be used in other industrial applications such as in the synthesis of biodiesel, pharmaceutical 

products, health care, and sanitary products, lubricants, resins, polyols, and polymers. The 

demand for both edible and industrial oils is ever-increasing (Yusuf, 2018) due to higher 

consumption in the food industry and biofuel industry and also due to the higher demand for 

green technologies (Avram et al., 2014) leading to the efficient extraction of high-quality 

products with a high yield or recovery (Yusuf. 2018).  

 

It is a fact that oils and fats of vegetable sources are high in unsaturated fatty acids (Awolu et 

al., 2019), and fruit-based oils are highly attractive due to their high nutritional, energetic, and 

chemical values (Avram et al., 2014).  In most cases, these oils are extracted from oily seeds 
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with a higher interest both on industrial and laboratory scales (Yusuf, 2018) due to their fatty 

acid contents especially their polyunsaturated fatty acids level and other health and nutritional 

compositions (Sousa et al., 2018). 

 

Papaya (genus Carica, family Caricaceae), mango (genus Mangifera, family Anacardiaceae), 

and annona (genus Annona, family Annonaceae) are among those exotic fruits that have 

attracted attention worldwide. Seeds, peels, and stones of these fruits are being considered non-

edible and un-utilizable waste products which lead not only to an environmental problem but 

also to an economic loss. These are economically important fruits that carry oily seeds. All 

these seed oils have proven nutritional and health values and the efficient oil extraction from 

these exotic fruit seeds provides economical, nutritional, and health benefits 

(Selvamuthukumaran et al., 2017).  

 

So in the context of the research question - Is it worth extracting oils to get a reasonable oil 

yield with mentioned qualities in a cost-effective and eco-friendly manner from these seeds to 

overcome expanding requirements of oils for dietary and industrial applications? - this study 

was carried out to:  

1) extract oil from selected exotic fruit (annona, mango, and papaya) seeds,  

2) describe resulted oils in terms of oil yield and fatty acid profile, and  

3) ponder the possibility of eventually scaling up to the commercial application. 
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Chapter 2 

Literature Review 

  

2.1 Importance of Wastes and Byproducts of Exotic Fruits 

 

Due to the abundance in harvesting seasons, the price of seasonal fruits falls, and the producer 

concerns about the overall return and tries to transform the mass into a preserved value-added 

product (Salim et al., 2017) to maximize the profit and to minimize wastage of surplus fruits 

(Kumoro et al., 2020). Around 45-52% of the fruits are wasted in this scenario as peels, seeds, 

and pulps in commercially attractive and ready-to-have food processing industries (Villacís-

Chiriboga et al., 2021). Due to large inedible parts, approximately half of exotic fruits is 

discarded generating a huge mass of wastes and byproducts more than temperate fruits that can 

be used as side streams of income-producing nutritionally and medicinally value-added 

products such as oils, essential oils, phenolic compounds, flavonoids, antioxidants, xanthones, 

tannins, carotenoids, bromelain, papain, acids, and lycopene (Schieber, 2019).  

 

Especially these wasted seeds are rich in bioactive components with antioxidant properties, fats, 

proteins, and carbohydrates (Kumoro et al., 2020), and have been reported as potential sources 

of food preservatives, antioxidants, food colorings, foaming agents, texturing agents, and 

emulsifiers, that can be transformed into commercial production (Faustino et al., 2019). 

 

The estimated global production of major exotic fruits in 2018 was 100 million tons and as 

predicted, it will be 116 million tons in 2024, that generates a huge mass to be thrown into the 

environment, and due to the huge amounts generated and proven and confirmed high functional 

and nutritional importance, the valorization of byproducts from exotic fruits has become 

essential in research and the industry (Villacís-Chiriboga et al., 2020, Ben-Othman et al., 2020).  

 

2.2. Characterization of Byproducts from Exotic Fruits  

 

Byproducts are unused parts that can be converted into value-added products (Villacís-

Chiriboga et al., 2020), and it is a fact that byproducts from exotic fruits have a high potential 

for functional and nutritional benefits (Kumoro et al., 2020). Characteristics of fruits differ from 

one another, and past studies reveal that dietary fiber, polyphenols, and carotenoids are the 

major bioactive compounds in fruits deposited in varying percentages in various parts, and in 
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most cases, those are found in higher concentrations in such byproducts than in the edible parts 

(Villacís-Chiriboga et al., 2020, Ben-Othman et al., 2020). The bioactive components, volumes, 

activities, and functional qualities extracted vary on the type of fruit, its byproducts, part (peels, 

seeds, ext.) used and its nature, pretreatment, and the extraction methods, parameters, and 

selected solvents (Ben-Othman et al., 2020, Kafkas et al., 2018). Various types of compounds 

can be extracted from various types of fruit matrixes. For example, apple, orange, kiwi fruit, 

pomegranate, and melon peels and rinds are good sources for the extraction of pectins (Guzel 

et al., 2019, Pathak et al., 2017). 

 

Annona:  Annona (Figure 2.2.1) is an equatorial and semitropical fruit from the family 

Annonaceae with high medicinal and nutritional values that exhibit its therapeutic values and it 

has been gained interest as a medicinal fruit due to its anti-malarial, anti-HIV, cytotoxic, 

immune impressive, anti-platelet aggregation, anti-oxidant, analgesic, anti-tumor, apoptosis-

inducing, anti-diabetic and anti-inflammatory properties, containing more than 200 seeds in one 

fruit and discarding of seeds may cause a considerable burden to the environment (Eshra et al., 

2019, Pinto et al., 2018). 

 

Annona seeds are a good source for oil extraction that is composed of health-promoting 

polyunsaturated and monounsaturated fatty acids. Major polyunsaturated fatty acid detected is 

palmitoleic acid and major monounsaturated fatty acid is oleic acid. Saturated fatty acids such 

as palmitic and stearic acids are also present in annona seed oil (Elagbar et al., 2016). And 

similarly, Annona peels are rich in phytochemicals, phenolic compounds,  and antioxidants, 

rich in carbohydrates, proteins, lipids, and minerals, and exhibit anti-microbial and anti-cancer 

properties (Shehata et al., 2021).  
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Figure 2.2.1: General View of Annona Fruit and Seeds 

 

Mango: Mango (Figure 2.2.2) is one of the most popular exotic fruits from the family 

Anacardiaceae that originates byproducts with fats, carbohydrates, proteins, and so many 

bioactive compounds (Mwaurah et al., 2020). These byproducts are a good source for extracting 

valuable phytochemicals and its seed has gallic acid and its derivatives as phenolic acids, fisetin, 

quercetin, and isoquercetin as flavonoids, epicatechin gallate, epigallocatechin, and epicatechin 

as catechins, mangiferin as xanthanoids, carotenoids, and hydrolysable tannings that provides 

antioxidant, anti-tumor, anti-viral, anti-bacterial, and immune-modulatory properties. The peel 

has antioxidant properties and therapeutical properties for some disorders such as age-related 

vision problems and bone-homeostasis problems (Ben-Othman et al., 2020).   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2.2: General View of Mango Fruit, Seed, and Kernel  
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Mango seed is a rich source of fatty acids and the major unsaturated fatty acids reported are 

oleic, linoleic, linolenic, and palmitoleic acids and stearic, palmitic, myristic, arachidic, and 

margaric acids have been revealed as saturated fatty acids (Yadav et al., 2017). 

 

Studies reveal that mango peels are a good extraction source of anthocyanins, pectin, and 

polyphenols with high antioxidant and anti-fungal properties (Villacis-Chiriboga et al., 2020, 

Rojas et al., 2018), and are a good source to extract flavoring compounds that can be used in 

the food and cosmetic industries, but undesirable extraction conditions may lead to losses of 

valuable volatile components (Oliver-Simancas et al., 2020). In their study, Walia et al., (2013) 

report that mango peels are a viable source for bioethanol production.    

 

Papaya: Papaya (Figure 2.2.3) is the third most consumed exotic fruit (Honoréa et al., 2020) 

available throughout the year (Sugiharto, 2020, Sultana et al., 2020) from the family Caricaceae, 

with proven medicinal uses and wide acceptance all over the world. Increasing consumption 

and processing of this fruit creates an environmental threat due to the large volume of 

byproducts that should be addressed critically (Kumar et al., 2017). Extraction of phenolic 

compounds with good anti-bacterial, antioxidant, anti-inflammatory, cytoprotective, 

renoprotective, and anti-carcinogenic properties from papaya seeds and peels have been 

recorded. The literature shows papaya seeds as a source for protein extraction and peels as a 

source for dietary fiber, absorbents, biofuels, and biomedicines extraction (Dotto et al., 2021, 

Villacís-Chiriboga et al., 2020, Pathak et al., 2018). Papaya seeds contain around 27-28% 

protein, 28-30% lipids, and 19-22% crude fibers and seed oil has greater oxidative stability than 

any other edible oil and is mainly composed of polyunsaturated fatty acids and nutraceuticals 

(Kumoro et al., 2020). Unsaturated fatty acids are dominant in seed oil and oleic acid 

contributes to around 75% of the fatty acids providing higher importance for the valorization 

(Li et al., 2015). 
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Figure 2.2.3: General View of Papaya Fruit and Seeds 

 

2.3. Valorization from Exotic Fruit Seeds  

While fruits provide functional properties to the meal, fruit seeds are among the major 

byproducts thrown into the environment by fruit processing industries. As a process of 

valorization of fruit wastes, extraction, and refining of bioactive components rich with high 

nutritional and pharmacological values deposited in exotic fruit seeds has become a smart way 

of utilizing byproducts (Kumoro et al., 2020). Experimental work and lab-scale projects have 

been carried out to find out new ways for the valorization of seeds that is a must factor for a 

sustainable circular economy by extracting bioactive compounds such as antioxidants, 

polyphenols, pigments, and oils with high economical values (Araujo et al., 2020).  On the other 

hand, exotic fruit seeds are in high interest in the energy sector because oil extraction from non-

edible oily seeds that are discarded as wastes is a promising way to generate biodiesel, reducing 

the competition for running out fossil fuels and also reducing the environmental pollution 

(Sultana et al., 2020). 

 

Annona: Annona seeds contribute to 13% of the fruit weight and show anti-microbial, 

insecticidal pesticidal, fungicidal (Pinto et al., 2018), anti-cancer (Shehata et al., 2021), and 

anti-tumor properties (Chen et al., 2016). Annona seed is a good source of carbohydrates, lipids, 

proteins, fibers, phytochemicals such as phenolic compounds, fatty acids (Pinto et al., 2018),  

tocopherols (Elagbar et al., 2016), and minerals such as K, P, Mg, Ca, and Na (Shehata et al., 

2021, Eshra et al., 2019), and due to the high content level of lipids, annona seed is a valid 

source of extraction of oil for industrial and pharmaceutical applications (Pinto et al., 2018). 
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The defatted cake after oil extraction of annona seeds is rich in amino acids being glutamic, 

aspartic, tyrosine, phenylalanine, alanine, leucine, and arginine prominent. And also, it bears 

other amino acids such as proline, lysine, glycine, valine, threonine, serine, cysteine, 

methionine, isoleucine, tryptophan, and histidine. Amino acid content and essential amino acids 

(excluding tryptophan) profile of the defatted oil cake was higher than that of eggs (and some 

other proteinaceous seeds and nuts) giving the possibility of future applications in the food 

industry as a functional food (Eshra et al., 2019). 

 

The unsaturated fatty acid content of annona seed oil recorded is 72% for A. squamosa (Eshra 

et al 2019) and 75% for A. muricata and similar fatty acid compositions were reported in A. 

muricata seed oil by different work done using different extraction methods (Pinto et al., 2018, 

Elagbar et al., 2016). 

  

Mango: Mango seed contributes to 10-85% of the total weight of the fruit depending on the 

variety (Villacís-Chiriboga et al., 2020, Kumoro et al., 2020, Yadav et al., 2017, 

Selvemuthukumaran et al., 2017, Ebrahim et al., 2015), and bioactive assay and phytochemical 

characterization of seed kernel have been reported (Ballesteros-Vivas et al., 2019). It has gained 

interest for its folk medicinal applications in some countries (Kumoro et al., 2020). Fresh 

kernels are good for health problems such as asthma and dysentery, and the juice is used as a 

nasal drop for sinus troubles while dried seed powder is used as an anti-dandruff solution, and 

as a fortification agent for foods to supply necessary proteins, lipids, and antioxidants. 

Carbohydrates are the major component in mango seeds that can add value as an energy 

supplying food supplement (Kumoro et al., 2020) and extraction of economically viable good 

quality starch from mango seed kernels has been reported (Tesfaye et al., 2017). Scientific 

investigation reveals that the starch of the seed has been used as an alternative staple food in 

famines in India (Nithitanakool et al., 2013). Other than carbohydrates, mango seed kernels are 

composed of fat, protein, ash, fiber (Yadav et al., 2017, Nadeem et al., 2016), minerals such as 

K, Na, Ca, Mg, Co, Fe, Mn, and P (Mwaurah et al., 2020, Ebrahim et al., 2015), and vitamins 

A, E, K, C, and B. Major phytochemicals present in mango seed kernels are fatty acids, 

flavonoids, phenolic acids, tocopherols, phytosterols, carotenoids, and polyphenols (Mwaurah 

et al., 2020, Shirahigue et al., 2020).  The total polyphenol compound content in mango seeds 

is around 15% higher than that of in the pulp (Ben-Othman et al., 2020). And amino acids 

detected from mango seed kernel are glutamic acid, leucine, alanine, aspartic acid, arginine, 
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phenylalanine, valine, glycine, isoleucine, tyrosine, lysine, proline, serine, histidine, cysteine, 

threonine, and methionine (Mwaurah et al., 2020, Mahale et al., 2015). 

 

Tonic, laxative, anthelmintic, and aphrodisiac properties have been found in extractions of 

mango seed kernel. The ethanol extract of seeds has exhibited anti-hepatotoxicity, anti-

methicillin-resistant (for Staphylococcus aureus), antioxidant, anti-inflammatory, anti-

tyrosinase, free radical scavenging, and cancer and diabetes-inducing properties giving the 

potential broad therapeutical and pharmacological applications for seed valorization 

(Nithitanakool et al., 2013). 

 

Papaya: The seed content of papaya fruit is around 6.5-20% (Dotto et al., 2021, Kumoro et al., 

2020, Sugiharto 2020, Anwar et al., 2019, Li et al 2015).  The papaya seed contains fatty acids, 

crude protein, and crude fiber (Kumar et al., 2017). Kumoro et al., (2020) suggest around 28-

31% lipid, 27-28% of protein, and 19-23% crude fibers content in papaya seeds. Oleic acid 

represents around 75% of the total fatty acid profile and linoleic, palmitic, stearic, and behenic 

acid are present in papaya seeds (Dotto et al., 2021, Anwar et al 2019). It is a rich source of 

vitamin A and C (George et al., 2018), rich in enzymes- myrosin, papain (Kumar et al., 2017), 

glutamic acid, leucine, aspartic acid, arginine, glycine, lysine, phenylalanine, alanine, 

isoleucine, serine, threonine, valine, histidine, proline, tyrosine, methionine, and cystine- 

(Sugiharto, 2020), carpaine, benzyl isothiocyanate, benzyl glucosinolate, benzyl thiourea, β-

sitosterol, hentriacontane, giving the seed bactericidal, germicidal, and insecticidal properties 

(Dotto et al., 2021, Kumar et al., 2017). It is a rich source of K, Ca, P, and Mg. Na, Zn, and Fe 

also present in detectable amounts. (Dotto et al., 2021, Moses et al., 2018). Due to proven 

important chemical and medical properties such as anthelmintic, abortifacient, anti-

implantation, anti-fertility, carminative, anti-amoebic (Dotto et al., 2021, Kumar et al., 2017), 

anti-inflammatory, and immunomodulatory activities (Sugiharto, 2020) papaya seed is a natural 

resource discarded without consideration of wide applicability in food, pharmaceutical, and 

other industries (Kumar et al., 2017). The functional and nutritional properties of oil extracted 

from papaya seeds are similar to that of olive oil. (Li et al., 2015). Muda et al., (2020) and 

George et al., (2018) report the possible application of papaya seeds as a natural coagulant in 

water purification. 

 

Details about the composition of the seeds studied herein are summarized in Table 2.3.1 (next 

page). 
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Table 2.3.1: Summary of the Compositions of Seeds of Annona, Mango, and Papaya 

 

 Annona 

Seeds 

Mango Seeds Papaya Seeds References 

Seed 

Contribution 

to the Total 

Fruit Weight 

(w/w) 

 

13% 10% - 85% 6.5% - 20% 

AS-  

Pinto et al. 2018 

 

MS-  

Villacis-Chirboga et 

al., 2020 

Kumoro et al., 2020 

Yadav et al., 2017 

Selvemuthukumaran 

et al., 2017 

Ebrahim et al., 2015 

 

PS-  

Dotto et al., 2021 

Kumoro et al., 2020 

Sugiharto, 2020 

Anewar et al., 2019 

Li et al., 2015 

Major 

Components 

Moisture 

Carbohydrates 

Lipids 

Proteins 

Fibers 

Ash 

Moisture 

Carbohydrates 

Lipids 

Protein 

Ash 

Fiber 

Moisture 

Lipids 

Proteins 

Fiber 

Ash 

AS- 

Shehata et al., 2021 

Pinto et al., 2018 

 

MS- 

Kumaro et al., 2020 

Tesfaye et al., 2017 

Yadav et al., 2017 

Nadeem et al., 2016 

Nithitanakool et al., 

2013 

 

PS- 

Kumoro et al., 2020 

Kumar et al., 2017 

Amino Acids Glutamic acid 

Aspartic acid 

Tyrosine 

Phenylalanine 

Leucine 

Alanine 

Arginine 

Proline 

Lycine 

Glycine 

Valine 

Threonine 

Serine 

Cystine 

Methionine 

Isoleucine 

Tryptophan 

Histidine 

Glutamic acid 

Leucine 

Alanine 

Aspartic acid 

Arginine 

Phenylalanine 

Valine 

Glycine 

Isoleucine 

Tyrosine 

Lysine 

Proline 

Serine 

Histidine 

Cysteine 

Threonine 

Methionine 

Glutamic acid 

Leucine 

Aspartic acid 

Arginine 

Glycine 

Lysine 

Phenylalanine 

Alanine 

Isoleucine 

Serine 

Threonine 

Valine 

Histidine 

Proline 

Tyrosine 

Methionine 

Cystine 

AS- 

Eshra et al., 2019 

 

MS- 

Mwaurah et al., 

2020 

Mahale et al., 2015 

 

PS- 

Dotto et al., 2021 

Sugiharto. 2020 

Kumar et al., 2017 

Phytochemicals Fatty acids 

Phenolic 

compounds 

Tocopherols 

Fatty acids 

Flavonoids 

Phenolic acids 

Tocopherols 

Fatty acids 

Tocopherols 

Benzyl 

isothiocyanate 

AS- 

Pinto et al., 2018 

Elagbar et al., 2016 
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Phytosterols 

Carotenoids 

Polyphenols 

Tannin 

 

Benzyl 

glucosinolate 

Benzyl 

thiourea 

Carpaine 

Carotenoids 

Hentriacontane 

Β-

cryptoxanthin 

Chlorogenic 

acid 

Β-sitosterol 

MS- 

Ben-Othman et al., 

2020 

Kumoro et al., 2020 

Mwaurah et al., 

2020 

Shirahigue et al., 

2020 

Yadav et al., 2017 

Nadeem et al., 2016 

 

PS- 

Dotto et al., 2021 

Kumoro et al., 2020 

Anwar et al., 2019 

Kumar et al., 2017 

Major Fatty 

Acids 

Palmitoleic 

acid 

Oleic acid 

Linoleic acid 

Palmitic acid 

Stearic acid 

Stearic acid 

Oleic acid 

Palmitic acid 

Linoleic acid 

Linolenic acid 

Palmitoleic 

acid 

Myristic acid 

Margaric acid 

Arachidonic 

acid 

Oleic acid 

Linoleic acid 

Palmitic acid 

Stearic acid 

Behenic acid 

AS- 

Eshra et al., 2019 

Pinto et al., 2018 

Elagbar et al., 2016 

Chen et al., 2016 

 

MS- 

Awolu et al., 2019 

Erwa et al., 2019 

Kassi et al., 2019 

Hiwot, 2018 

Yadav et al., 2017 

 

PS- 

Dotto et al., 2021 

Oshin et al., 2021 

Abubakar et al., 

2020 

Anwar et al., 2019 

Barroso et al., 2016 

Minerals K, P, Mg, Ca, 

Na 

 

K, Na, Mg, 

Ca, Co, Fe, 

Mn 

K, P, Mg. Ca, 

Na, Zn, Fe 

AS- 

Shehata et al., 2021 

Eshra et al., 2019 

 

MS- 

Mwaurah et al., 

2020 

Ebrahim et al., 2015 

 

PS- 

Dotto et al., 2021 

Moses et al., 2018 

Vitamins  A, E, K, C, B 

 

A, C 

 

MS- 

Mwaurah et al., 

2020 

Shirahigue et al., 

2020 

 

PS- 

George er al., 2018 
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2.4. Extraction of Oil from Selected Fruit Seeds  

 

Existing widely applicable conventional methods as well as the introduction of novel green 

techniques such as biorefinery and integrated biorefinery approaches (Ben-Othman et al., 2020)  

for seed pretreatment and extraction (Kaseke et al., 2021) using supercritical fluid, enzyme-

assisted, ultrasound-assisted, microwave-assisted, pulse electric field-assisted, and pressurized 

liquid extraction methods (Saini et al., 2019) allows feasible and more valuable extraction of 

economical, nutritional, functional, and industrial promoting substances from these byproducts 

other than using them as fertilizers or animal feeds (Ben-Othman et al., 2020).  However, the 

development, scale-up, and commercialization of the combination of these methods for higher 

and better performance still require more research to be performed (Selo et al., 2021). 

 

Soil and environmental background of the resource, oil content of the seed, pretreatment and 

extraction method used are the major factors that contribute to oil yield (Yusuf, 2018). 

 

Since we do not intend to study the origin or the spatial-temporal changes in the composition 

of the fruits and seeds, the latter two factors are of interest in this work and are examined next 

 

2.4.1. Pretreatment of Fruit Seeds for Oil Extraction: Pretreatment provides more efficient 

and fast results (Selo et al., 2021) and provides the resulting oil to improve the yield, color, 

oxidative stability, antioxidant properties, recovery of bioactive compounds, and 

physicochemical attributes as well as the possible development of new functional compounds 

(Kaseke et al., 2021). Primary treatment of seeds is a necessary part of oil extraction before any 

other step. After defrosting, coat removing/dehulling, winnowing, and sorting, seeds are 

cleaned to ensure the removal of foreign particles and dust to get a quality product. After the 

cleaning and moisture removal, these are milled, crushed, or ground for a size reduction to get 

a high yield. Size reduction allows better penetration of solvents into oily cells by increasing 

the surface area and rupturing and breaking of oil-bearing cells ensuring a high yield (Satriana 

et al., 2019, Yusuf, 2018).  Both large particles and very fine particles are not suitable for oil 

extraction. Large particles cause delay and reduction of oil yield and fine particles produce beds 

hindering the extraction process. Uniform particle size gives maximum extraction 

(Gopalasatheeskumar, 2018). 
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2.4.2. Extraction Methods: Mechanical expression extraction and solvent extraction are the 

widely applied conventional extraction methods in vegetable oil industries (Jahongir et al., 

2019, Yusuf, 2018). Pressure-driven mechanical methods are used to extract oil from seeds with 

high oil content (Qin et al., 2016) and solvent extraction is carried out for low oil content seeds 

(Yusuf, 2018).  

 

The (mechanical) pressure extraction method seems to be a moderate method to get quality oil 

at an affordable price. And the screw press method is said to be more advantageous for small-

scale production due to its low cost, simple equipment, and high-quality product (Roncero et 

al., 2016). 

 

Oil-soluble organic solvents such as chloroform, benzene, ethanol, acetone, hexane, and 

cyclohexane are used in the solvent extraction method to rupture the cell wall of the seed and 

extract lipids from the seeds. The quality of extracted oil depends on the solvent used. 

Solubility, boiling point, toxicity, availability, cost, and reusability of the solvent should be 

taken into consideration to choose the appropriate solvent (Satriana et al., 2019). It has been 

revealed scientifically the use of less polar solvents such as hexane and acetone for oil 

extraction gives a higher yield than that of high polar solvents (Sultana et al., 2020). Awolu et 

al., (2019) report the fatty acid composition varies on the solvent used. 

 

Effective and efficient extraction processes are highly interesting to get an un-impaired quality 

oil with a high yield with minimum time and solvent consumption, and good quality residue 

(Araujo et al., 2020, Avram et al., 2014). Optimization of time, temperature, and solvent to 

matrix ratio, as well as the solvent used and particle size, determines the yield of oil extracted 

(Masime et al., 2017). 

 

Petroleum ether and n-hexane are the most widely used solvents reported for oil extraction. 

Petroleum ether is a cheap, volatile, flammable, non-polar, non-toxic, and stable solvent with a 

higher extraction capacity, that does not affect the oil quality that can be easily used in oil 

extraction (Masime et al., 2017). N-hexane is widely applicable due to its high selectivity, low 

latent heat of vaporization, simple recovery, and non-polar nature (Kumar et al., 2017). Other 

organic solvents such as methanol, chloroform (Pinto et al 2018), diethyl ether (Elagbar et al., 

2016), terpenes (Kumar et al., 2017), heptane (Ballesteros-Vivas et al., 2019) ethanol, and 

acetone (Awolu et al., 2019) have been reported in oil extraction from oily seeds. 
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Extraction efficiency, quality, and volume depend on the organic solvent used as well as on the 

temperature and agitation (Satriana et al., 2019). The effect of the solvent and the extraction 

period on the oil yield of mango seed kernels have been reported by Awolu et al., (2019), and 

the effect of particle size, temperature, extraction period, and solvent to sample ratio has been 

studied by Yadav et al., (2017). 

 

Higher yield, good industrial performance with high reproducibility, and repeatability are the 

advantages related to the solvent extraction process. Relatively high time, energy and solvent 

consumption, the requirement of high purity solvents, possible thermal decompositions, low 

selectivity, high investment and operational costs, security threats, possible emissions of toxic 

gasses, and the number of processing steps are disadvantages of this process (Yusuf, 2018, 

Selvamuthukumaran et al., 2017) and the resulting oil from solvent extraction may contain 

residual solvent and may require further purification (Satriana et al., 2019).  

 

To overcome the shortcomings of conventional extraction methods, novel highly efficient 

techniques such as supercritical fluid extraction have been introduced, and microwave-assisted 

extraction, ultrasonic-assisted extraction, and pressurized liquid extraction have been 

conjugated in oil extraction from fruit seeds but these methods do not seem to be cost-effective 

thus limiting industrial-scale application (Yusuf 2018, Roncero et al., 2016). But the potential 

advantages and disadvantages of these methods have been reported in the literature. For 

example, Kittiphoom et al., (2015) report microwave-assisted solvent extraction reduces 

extraction time by 80% without altering the oil quality, and Awolu et al., (2019) report that 

supercritical CO2 extraction leads to a highly stable oil than soxhlet extraction but a lower yield 

in their work done using mango seed kernels.  

 

Supercritical fluid extraction and ultrasound-assisted extraction of oil from papaya seeds were 

reported in recent literature by Barroso et al., (2016) and Samaram et al., (2014) respectively.  

The oil yield of mango seed kernels using supercritical CO2 extraction compared to Soxhlet 

extraction with hexane and the effect of temperature, pressure, and the flow rate has been 

studied by Akanda et al., (2015) and report that the Soxhlet extraction gives a slightly higher 

oil yield than that of supercritical CO2 extraction. 

Almost all the methods face challenges in upscaling of commercial extraction.. More 

commonly, application of lab scale production to industrial production is a challenge because 
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of the difficulties of controlling  higher masses, optimising complex parameters, and setting up 

procedures (Villacis-Chiriboga et al., 2020).  

 

Low efficiency and high consumption of time, limit the industrial processing of mechanical 

expression. Seeping high volatile solvents into the sorrounding atmosphere, hazardous residues 

remaining in oils, high energy requirements, and high operation costs are challenges related 

with commercial application of solvent extraction (Yusuf 2018), and getting a good 

performance with economic returnes is one of the major challenges associated with combined 

novel green technologies (Villacis-Chiriboga et al., 2020). 

 

According to the literature, annona seeds have a quite satisfactory level of oil content. Oil yield 

extracted from annona seeds has been recorded in the range of 15%-40% (Wong et al., 2019, 

Elagbar et al., 2016, Subramanian et al., 2016, Chen et al., 2016, Adepoju et al., 2014, Rana, 

2014, Reyes-Trejo et al., 2014, Umaru et al., 2014, Kimbonguila et al., 2010). The highest of 

this range 20% - 40% has been reported in solvent extraction using n-hexane, (Wong et al., 

2019, Elagbar et al., 2016, Subramanian et al., 2016) and petroleum ether (Kimbonguila et al., 

2010) as solvents. 

 

Quite diverging values have been reported in the yields of oils extracted from mango seeds, 

1.2% to 26% for mango seeds in solvent extraction has been reported (Okonkwo et al., 2021, 

Awolu et al., 2019, Erwa et al., 2019, Kassi et al., 2019, Sikdar et al., 2017, Yadav et al., 2017, 

Nadeem et al., 2016, Ebrahim et al., 2015, Kittiphoom et al., 2013, Olajumoke 2013). Awolu 

et al., (2019) report ethanol and acetone are more effective than hexane and petroleum ether in 

soxhlet extraction giving 19% - 20 % oil yield from mango seed kernels, but Olajumuke et al., 

(2013) report 25.57% oil yield from Soxhlet extraction with petroleum ether as the solvent.   

 

Oil yield extracted from papaya seeds recorded so far varies from 13%-38% (Oshin et al., 2021, 

Abunbakar et al., 2020, Sultana et al., 2020, Anwar et al., 2019, Zhang et al., 2019, Saha et al., 

2018, Seshamamba et al., 2018, Chielle et al., 2016, Li et al., 2015, Agunbiade et al., 2014, 

Wong et al., 2014, Yanti et al., 2014). Li et al., (2015) report 26% and 29% oil yield using 

ultrasound-assisted and ultrasound-microwave solvent extraction synergistic methods 

respectively and suggest that ultrasound- microwave synergistic method is more effective for 

oil extraction from papaya seeds with the optimum time, temperature, and ratio of material to 
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solvent parameters. Wong et al., (2014) reported the maximum oil yield 34% -38% by solvent 

extraction using n-hexane as the solvent.   

 

The diagram in Figure 2.4.1 (next page) depicts the pretreatment steps, and oil extraction 

parameters, and methods that apply to seeds. 
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Figure 2.4.1: Seeds Pretreatment Steps, Oil Extraction Parameters, and Methods 
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2.4.3. Fatty Acid Analysis: Fatty acids are carboxylic acids with aliphatic chains in different 

lengths having saturated or one or more unsaturated bonds in different positions (Chiu et al., 

2020). The human body can synthesize saturated and monounsaturated fatty acids but the most 

essential polyunsaturated fatty acids can`t be synthesized in human bodies due to the absence 

of required enzymes and can be synthesized only in plants (Roncero J. M. et al, 2016). These 

essential fatty acids should be taken into human bodies through dietary intake to keep and 

maintain health (Orsavova et al., 2015). 

 

Gas Chromatography is one of the primary chromatographic analytical tools that has 

applications in so many analytical fields in the detection and quantification of components in 

sample mixtures (Shellie, 2013). 

Mass spectrometry is the detection of molecules after ionization and separation. Detection of 

molecules is proceeded according to the mass to charge ratio of the ionized molecules and the 

results are recorded in a graphical representation of a mass spectrum (Smith, 2013), in which 

the no. of peaks represents the no. of components, and the area of the peak represents the 

quantity of the relevant molecule (Kaur et al., 2018).  

Though there are some other analytical tools such as gas chromatography-flame ionization 

detection (GC-FID) and liquid chromatography-mass spectrometry (LC-MS) for fatty acid 

analysis, due to the ability to provide more structural information, better selectivity, and higher 

efficiency in the detection and identification of fatty acids, Gas Chromatography-Mass 

Spectrometry (GS-MS) has become the widely used tool for identification of fatty acids with 

analytical interest (Chiu et al., 2020). 

Gas chromatography-mass spectrometry allows quality control, quality assurance, and method 

development, by separation, purification, identification, characterization, and quantification of 

complex sample matrixes. Other than in the food industry, it has wild applications in so many fields 

such as forensic science, criminal science, environmental science, astrochemistry, 

geochemistry, medicine, pharmaceutical science, and energy and fuel industries (Kaur et al., 

2018, Al-Rubaye et al 2017). 

The gas chromatograph is of a mobile phase (carrier gas), separation column, and stationary 

phase. The mobile phase or carrier gas is an inert gas that carries the sample to the detector 

through the separation column. The compounds should be with less polarity, high thermal 
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stability, and high volatility with high vapor pressure. Less volatile samples should be 

derivatized to achieve sufficient volatility. A solid or liquid stationary phase should be in the 

separation column to perform chromatographic separation. If the stationary phase is solid, it is 

called gas-solid chromatography, and if it is liquid, it is called gas-liquid chromatography 

(Stashenko et al., 2014, Shellie, 2013). Column selection and resolution power of the 

spectrometry are among the key factors for more accurate and sensitive analytical results. (Chiu 

et al., 2020). 

The separation of sample components occurs due to the difference between the equilibrium in 

the mobile and stationary phases. (Shellie, 2013). 

The distribution constant can be expressed as (Equation 1): 

𝐾 =
𝐶𝑠

𝐶𝑚
 

Where Cs is the equilibrium concentration of the solute in the stationary phase and Cm is the 

equilibrium concentration of the solute in the mobile phase 

The retention time of a compound is proportional to the distribution constant and the 

distribution constant depends on the temperature. So, the retention time of a solute depends on 

the temperature (Shellie, 2013). The ability to separate molecules based on their distribution 

constants is called the resolution and it is the most important factor of the system. The resolution 

power depends on many operational parameters (Stashenko et al., 2014). 

 

 

 

 

 

 

 

Figure 2.4.2: Block Diagram of Mass Spectrometer (adapted from Christian, 2004) 

Mass 
Separator 

Ion 

Detector 
Readout 

Sample 

Inlet 

System 

Ionization 

Source 



 22 

 

 

2.5. Applications of Selected Fruit Seeds Oils 

 

The oils obtained from the seeds of annona, avocado, mango, and papaya have been shown to 

have different characteristics, properties, and applications. 

 

Annona: Annona seed oil is a semi-dry oil (Eshra et al., 2019) that shows functional and 

pharmacological properties with reduced risk of metabolic syndromes and potential 

applications in cardiovascular health (Pinto et al., 2018, Elagbar et al., 2016). The potential 

application of this oil and the remaining mass of the seed after oil extraction (defatted oilseed 

cake) is more to be revealed (Eshra et al., 2019). 

 

Mango: Mango seed oil is an edible, trans fatty acid-free (Solís-Fuentes et al 2020)  golden 

yellow to brown color semi-solid at room temperature (Sikdar et al., 2017) with high stability 

(Ebrahim et al., 2015) that is rich with antioxidants and free radical scavenging compounds and, 

due to its ant-oxidant properties, mango seed oil can be used to preserve fats and oils that are 

more vulnerable to oxidation (Nadeem et al., 2016). This is used in the cosmetic and personnel 

care industry, food and confectionery industry, and health care and pharmaceutical industry 

(Sikdar et al., 2017). Adesina et al., (2013) reveal effective results of mango seed oil in the food 

industry as an anti-fungal agent to prevent food spoilage caused by Aspergillus niger and 

 

Figure 2.4.3: Schematic Diagram of Gas Chromatograph (adapted from 

Christian, 2004) 
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Penicillium italicum. Ebrahim et al., (2015) show the possibility of this oil being used to 

produce lubricants. 

 

Papaya: Papaya seed oil is a reddish-brown color liquid at room temperature with potential 

edibility (Li et al., 2015) rich with monounsaturated fatty acids and nutraceuticals mainly 

health-promoting phenolics, pigments, and tocopherol (Kumoro et al., 2020), and shows effects 

on vascular contraction and reduced risk of coronary heart diseases. It has proven increased 

palatability in frying and as a spray oil for snacks, crackers, and bakery products (Syed et al., 

2012).  Sinaga et al., (2021) report a possible application of papaya seed oil as a raw material 

for epoxy compounds that can be used as plasticizers. The defatted part of the papaya seed 

available after oil extraction is a good source of protein with foaming and emulsifying 

properties. It has been detected 32- 44% protein content in this cake with possible applications 

in food formulations (Yanti et al., 2014). 

 

Besides oils for human consumption, the possibility of producing energy-efficient, eco-friendly, 

biodegradable, renewable, non-toxic, sulfur-free, and ester-based biodiesel has been studied 

(Anwar et al., 2019, Eshra et al., 2019, Wong et al., 2019, Hiwot, 2018, Reyez-Trejo et al., 

2014, Wong et al., 2014) by using papaya seed oil (Oshin et al., 2021, Abubakar et al., 2020, 

Anwar et al., 2019, Agunbiade et al., 2014, Wong et al., 2014), annona seed oil (Reyes-Trejo 

et al., 2014, Eshra et al, 2019, Wong et al., 2019), and mango seed oil (Okonkwo et al., 2021, 

Gasma et al., 2020, Hiwot, 2018, Umaru et al., 2014)  as sustainable sources with reduced levels 

of greenhouse gas emissions, unburned hydrocarbons, and particulate matter as an alternative 

to high polluting fossil fuels due to their similar characterization to fossil diesel (Anwar et al., 

2019, Eshra et al., 2019, Wong et al., 2019, Hiwot, 2018, Reyez-Trejo et al., 2014). 
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Chapter 3 

Materials and Methods 

 

3.1 Raw Materials and Chemicals  

 

The exotic annona (Annona muricata), mango (Mangifera indica), and papaya (Carica papaya) 

fruits were purchased at the local market in Faro, Algarve, Portugal. Mango and papaya were 

produced in Brazil and annona was produced in the Algarve region. 

Petroleum ether was obtained from Merk. Fatty acid methyl ester (Supelco® 37 Component 

FAME-mix C8-C24) and FAME saturated and unsaturated standards used for gas 

chromatography analysis were obtained from Sigma-Aldrich.  

All the solvents and reagents for the analysis were of chromatography or analytical grade. 

 

3.2 Seeds Preparation for Oil Extraction 

 

Seeds were removed manually from annona, mango, and papaya fruits and stored at -20 ᵒC until 

oil extraction. Seeds from those exotic fruits were thawed, washed with potable tap water, and 

dried in a tray dryer where air at 45 ᵒC was forced to circulate until a moisture content of 5% 

(w:w) was achieved. The dried seeds were dehulled by hand and crushed (Figure 3.2.1) in a 

hammer mill with a 0.75 mm sieve (Souza et al., 2018).  

 

 

 

Figure 3.2.1: Crushed seeds of (a) annona, (b) mango, and (c) papaya. 

 

 

 

 

 
 

 
 

 
 

(a) (c) (b) 
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3.3 Oil Extraction 

 

A Soxhlet apparatus with four distillation units (Figure 3.3.1) was used for the seeds oil 

extraction. All the round bottom flasks with glass balls inside were kept in an oven preheated 

to 100 ᵒC for 4 h and transferred to a desiccator for 30 min to decrease the temperature of the 

extracted oil until room temperature.  

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

Figure 3.3.1: The Soxhlet Apparatus  

 

 

3.4 Oil Extraction from Selected Exotic Fruit Seeds 

 

Samples (5 g) of crushed seeds were kept in each thimble and each of them was covered with 

cotton. Petroleum ether (170 ml) in analytical grade was added to each sample container. The 

temperature of the Soxhlet apparatus was controlled at the boiling point of petroleum ether (40 

ᵒC to 60 ᵒC) by an electrical heating mantle and the cold water has been supplied to each 

condenser. Oil extraction in a Soxhlet apparatus was performed according to AOAC 948.2 

method (AOAC 2000) using a minimum extraction time of 9 h. The extracted oil mixed with 

the solvent in flasks was separated by evaporating the solvent at 70 ᵒC using a rotary evaporator. 

The residual solvent was further removed from the flasks by drying in a preheated oven for one 
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h. The extracted oils were sealed in sample tubes, labeled, and stored at -20 ᵒC for further 

analysis. The recovered solvent was stored for further recycling. 

 

The oil extraction yield (Y, %) of oil obtained was calculated by (Equation 2): 

𝑌 =
𝑀𝑂

𝑀𝑆
× 100% 

where MO is the mass of oil extracted and MS is the mass of seeds. 

 

3.5 Fatty Acid Analysis 

 

The extracted oils were esterified and the fatty acid methyl esters (FAME) were analyzed using 

Gas Chromatography-Mass Spectrometry (GC-MS, Brucker SCION 456/GC, SCION TQ MS) 

using a capillary column GC-MS ZB-5ms (30 m × 0.25 mm internal diameter x 0.25 𝜇m film 

thickness) obtained from Phenomenex. The temperature programming was: 60 °C held for 1 

min, 30 °C/min until 120 °C, 4 °C/min until 250 °C and 20°C/min until 300 °C for 4 min. The 

injector temperature was kept at 300 °C. FAMEs were identified by comparing their 

fragmentation pattern with authentic standards from Supelco® 37 Component FAME Mix 

(Sigma-Aldrich).  

 

 
 

Figure 3.3.2: Illustrative Image of a GC-MS (www.ccmar.ualg.pt) 

 

 

3.6 Data Analysis 

 

Microsoft Excel Data Analysis Tool was used for the data analysis. Mean values and standard 

deviations were determined for oil yield. 
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Chapter 4 

Results and Discussion 

 

4.1 Oil Yield 

 

The extraction yields were distinct among the seeds studied herein. 

 

Oil yield from annona seeds was 28.9±1.6%, within the range so far reported. The yield found 

in this study is higher than the 22.7% reported by Chen et al. (2016) but less than 36.8% reported 

by Mondal (2015), and 40% reported by Kimbonguila et al., (2010) using the same method 

(Soxhlet extraction with petroleum ether as the solvent). The countries of origin of the seeds 

studied were Portugal (this study), China (Chen et al., 2016), India (Mondal, 2015), and Congo 

(Kimbonguila et al., 2010) respectively.  

 

On the other hand, the oil yield from mango seeds reported so far in the literature was 1.2%- 

26%. In this study, it was quite low and was 5.00±0.01%. Olajumoke et al., (2013) reported 

25.57% oil yield, Umaru et al., (2014) reported 14% oil yield, Erwa et al., (2019) reported 

10.8% oil yield, Awolu et al. (2019) reported 8.77% oil yield, and Kittiphoom et al., (2013) 

reported 8.04% oil yield respectively, from mango seed kernels from different countries of 

origin of fruits using the similar extraction process (Soxhlet extraction with petroleum ether) 

proceeded in this study. However, Awolu et al., (2019) report 8.77% of maximum oil yield after 

4 h and a decrease in yield with increased time.  

 

The oil yield from papaya seeds in this study was 24.85±0.90% which is quite similar to the oil 

yield of 24.01% reported by Saha et al., (2018) using Bangladesh origin fruit seeds and for 

Indian origin papaya seeds by Seshambamba et al. (2018) that was 25.6%, but less than the oil 

yield reported by Syed et al., (2012) for Indian origin papaya seeds that was 30.1% using the 

same process (Soxhlet extraction with petroleum ether as the solvent). 

 

So, the possible reasons for these differences in oil yields can be assumed as the variety, spatio-

temporal parameters related to soil and climatic factors, or operational parameters. 
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4.2 Fatty Acid Profile 

 

In this study, the oils obtained from annona, mango, and papaya seeds presented different fatty 

acid profiles (Table 4.2.1).  

 

The annona seed oil contained palmitic (17.68%), oleic (42.39%), and linoleic (30.22%) acids 

as the main fatty acids. Fatty acid profiles of annona seed oils extracted in the same way 

(Soxhlet extraction using petroleum ether as the solvent) have been studied by Chen et al 

(2016), Mondel (2015), and Kimbonguila et al (2010). Chen et al used Chinese origin fruit 

seeds and reported 9.92% palmitic acid, 9.12% stearic acid, 20.49% linoleic acid, and 56.50% 

oleic acid, Mondel (2015) reported 12,4% palmitic, 52.4% oleic, and 19.6% linoleic acid in the 

study done using Indian-origin fruit seeds, and Kimbonguila et al (2010) reported 20.33% 

palmitic, 41.41% oleic, and 30.6% linoleic acid in their study using Congo-origin fruit seeds. 

Differences may be due to the distinct soils and climatic conditions influencing the 

compositional qualities of fruits. 

 

Table 4.2.1: Fatty Acid Composition of Annona, Mango, and Papaya Seeds Oils (%w/w) 

 

Fatty Acids in Oils Annona seeds Mango seeds Papaya seeds 

Lauric (C12:0) ND 1.68 ND 

Palmitic (C16:0) 17.68 22.01 15.20 

Palmitoleic (C16:1) 0.30 ND 1.81 

Stearic (C18:0) 6.93 14.62 2.42 

Oleic (C18:1) 42.39 25.00 66.52 

Linoleic (C18:2) 30.22 30.30 8.52 

Other 2.48 6.39 5.53 

 

The mango seed oil extracted presented similar levels of linoleic acid compared to annona seed 

oil (30.30% vs. 30.22%, respectively). Herein, the main fatty acids in mango seeds oil besides 

linoleic acid were oleic acid (25.00%), palmitic acid (22.01%), and stearic acid (14.62%). 

Awolu and Manohar (2019) extracted mango seed oil with different solvents (hexane, 

petroleum ether, and acetone) and the profiles they obtained for the oils were similar. The oils 

extracted had high levels of oleic acid in the range 44.7%-46.34% and stearic acid 39.83%-

40.38%. Kittiphoom et al., (2013) reported 8.73% palmitic, 37.7% stearic, 44.75% oleic, and 

5.67% linoleic acids from Thailand-origin fruit seeds. Erwa et al., (2019) reported 10.34% 

palmitic, 39.79% stearic, 36.77% oleic acids from Sudan-origin fruit seeds. In the present study, 
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the fatty acid composition of the mango seed oil is different probably because of different stages 

of maturation or conditions of production of the fruits. 

 

 

Table 4.2.2: Comparison of Results of Annona Seed Oil with Previous Studies. 

Oil Yield and Major 

Fatty Acids in Annona 

Seed Oil 

Qty (%) 

This Study 

Qty (%) 

Chen et al., 

2016 

Qty (%) 

Mondel 2015 

Qty (%) 

Kimbonguila et 

al., 2010 

Oil Yield 

SFAs 

28.90 22.70 36.80 40.00 

Palmitic (C16:0) 

Palmitoleic (C16:1) 

17.68 

0.30 

9.92 

ND 

12.40 

ND 

20.41 

1.44 

Stearic (C18:0) 

Other SFAs 

UFAs 

6.93 

ND 

9.14 

3.57 

8.60 

1.20 

4.13 

NFD 

Oleic (C18:1) 42.39 56.50 52.40 41.29 

Linoleic (C18:2) 

Other UFAs 

 

30.22 

ND 

20.49 

0.38 

19.60 

5.80 

30.85 

1.88 

SFA 24.91 22.63 22.20 25.98 

UFA 

Others 

72.61 

2.48 

77.37 

ND 

77.80 

ND 

74.02 

ND 

 

 

 

Table 4.2.3: Comparison of Results of Mango Seed Oil with Previous Studies 

Oil Yield and Major 

Fatty Acids in Mango 

Seed Oils 

Qty (%) 

This study 

Qty (%) 

Kittiphoom et 

al 2013 

Qty (%) 

Erwa et al 

2019 

Qty (%) 

Awolu et al 

2019 

Oil Yield 

SFAs 

Lauric (C12:0) 

5.00 

 

1.68 

8.04 

 

ND 

10.80 

 

ND 

8.77 

 

ND 

Palmitic (C16:0) 22.01 8.73 10.34 6.25 

Stearic (C18:0) 

Other SFAs 

UFAs 

14.62 

ND 

37.70 

ND 

39.77 

5.87 

40.29 

1.64 

Oleic (C18:1) 25.00 44.75 36.77 44.07 

Linoleic (C18:2) 

Other UFAs 

 

30.30 

ND 

5.67 

3.07 

6.02 

0.41 

4.69 

0.09 

SFA 38.31 46.43 55.98 48.18 

UFA 

Others 

55.30 

6.39 

53.49 

0.08 

43.20 

0.82 

48.85 

2.97 
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Table 4.2.4: Comparison of Results of Papaya Seed Oil with Previous Studies 

Oil Yield and Major 

Fatty Acids in Papaya 

Seed Oil 

Qty (%) 

This Study 

Qty (%) 

Syed et al., 

2012 

Qty (%) 

Saha et al, 2018 

Qty (%) 

Yanti et al, 

2014 

Oil Yield 

SFAs 

24.85 30.10 24.01 27.00 

Palmitic (C16:0) 

Palmitoleic (C1y6:1)) 

15.20 

1.81 

13.50 

0.21 

15.96 

ND 

15.80 

0.40 

Stearic (C18:0) 

Other SFAs 

UFAs 

2.42 

ND 

4.50 

0.86 

4.71 

0.44 

5.10 

0.40 

Oleic (C18:1) 66.52 72.50 78.88 73.50 

Linoleic (C18:2) 

Other UFAs 

 

8.52 

ND 

2.90 

0.28 

ND 

ND 

4.00 

0.80 

SFA 19.43 19.07 21.11 21.70 

UFA 

Others 

75.04 

5.53 

75.68 

5.25 

78.88 

0.01 

78.30 

ND 

 

 

The papaya seed oil extracted with the Soxhlet method had a different fatty acid composition 

when compared with annona and mango seed oils, mainly in oleic (66.52%) and linoleic 

(8.52%) acids levels (Table 4.2.1.). These results are similar to other studies that analyzed this 

oil, namely Syed et al., (2012), Saha et al., (2018) and Yanti et al., 2014. Although, Chielle et 

al. (2016) obtained a fatty acid profile with high levels of oleic acid (89.33%) and low levels of 

linoleic acid (5.04%). And Saha et al., (2018) reported 15.96% palmitic, 78.88% oleic, and 

4.71% stearic acids. Probably the difference in geographical origin of fruits may explain the 

fatty acid profile obtain in this study. 

 

The most prominent fatty acids in annona and mango seed oils are omega-9 (oleic acid), and 

omega-6 (linoleic acid), and it is omega-9 that is prominent in papaya seed oil. Both fatty acids 

are nutritionally, functionally, and medicinally important, health-promoting unsaturated fatty 

acids (Chen et al., 2016; Erwa et al., 2019)) where oleic is a monounsaturated and linoleic is a 

polyunsaturated fatty acid. Due to the high yield of oil and the satisfactory fatty acid profile, 

papaya seeds provide a good base for commercial oil production. Even though, we found similar 

levels of omega-6 fatty acid (linoleic) in annona and mango seed oils, annona seeds are 

“preferred” for oil extraction over mango seeds due to the difference of oil yields (29 % and 5 

%, respectively). Thus, annona seeds might be favored for commercial scaling up and mango 

seeds provide more opportunities to look for alternative better valorization methods. 
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Chapter 5 

Conclusions and Future Research  

 

Byproduct valorization is a universal concept and oil is a product with global demand that can 

be satiated by extracting palatable healthy oils from non-palatable fruit seeds. This study shows 

the possibility and value of oil extraction from the selected fruit seeds. Annona seed oil 

contained 42.4% omega-9 fatty acids and 30.2% omega-6 fatty acids thus prominent in UFAs 

over SFAs. Mango seed oil contained 25.0% of omega-9 fatty acids and 30.3% omega-6 fatty 

acids thus giving healthier UFAs to be prominent. In contrast, in this study, Similarly, omega-

9, and omega-6 fatty acid content of papaya seed oil was 66.52% and 8.52% respectively 

providing well satisfactory level of UFAs. 

 

The effect of the geographical origin of the fruits, and putative influence of soil and climatic 

conditions as well as the maturity states, the impact of preprocessing, and post-extraction 

conditions on the oil yield, fatty acids profile, and bioactive components should be studied 

further. Moreover, since the marketability, consumer acceptance, sustainability of the whole 

recovery, and practical challenges in the process have not been studied in detail, they should be 

addressed for the further conclusion and eventual commercialization. However, according to 

the Food and Agriculture organization, as the oil yield should be higher than 17% to consider 

in biodiesel production, mango seed kernel oil seems to be inappropriate for commercialization 

in the bio-fuel industry. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 32 

References  

 
 

 

Abubakar M. N., Uthman H., (2020), Papaya Seed Oil as Potential Source for Bio-Fuel 

Production, African Scholar Journal of African Sustainable Development, Vol: 19, Issue: 2, 

Pages: 325-336. 

 

Adepoju T. F., Olawale O., Okunola A. A., Olatunji E. M., (2014), Solvent Extraction of Oil 

from Soursop Oil Seeds and Its Quality Characterization, International Journal of Sustainable 

Energy and Environmental Research, Vol: 3, Issue: 2, Pages: 80-89,  

 

Adesina I. A., Adebote V. T., Elehinafe T. R., Enerijiofi K. E., (2013), Growth Inhibition of 

Aspergillus niger and Penicillium italicum by Seed Kernel Oil from Mango (Mangifera indica 

L.), Journal of Natural Sciences Research, Vol: 3, No.: 9, Pages: 61-64 

 

Agunbiade F. O., Adewole T. A., (2014), Methanolysis of Carica papaya Seed Oil for 

Production of Biodiesel, Journal of Fuels, Vol: 2014, Pages: 1-6, 

http://dx.doi.org/10.1155/2014/904076 

 

Akanda M.J.H., Sarker, M.Z.I., Norulaini, N. Ferdosh S., Rahman M. M., Omar A. K. M., 

(2015), Optimization of Supercritical Carbon Dioxide Extraction Parameters of Cocoa Butter 

Analogy Fat from Mango Seed Kernel Oil Using Response Surface Methodology, Journal of 

Food Science and Technology, Vol: 52, Pages: 319-326, https://doi.org/10.1007/s13197-013-

0979-x 

 

Akturk A. S., Demirer G. N., (2020), Improved Food Waste Stabilization and Valorization by 

Anaerobic Digestion Through Supplementation of Conductive Materials and Trace Elements, 

Sustainability, Vol: 12, Issue: 12, Pages: 1-11, https://doi.org/10.3390/su12125222 

 

Al-Rubaye A. F., Hameed I. H., Kadhim M. J., (2017), Uses of Gas Chromatography-Mass 

Spectrometry (GC-MS) Technique for Analysis of Bioactive Natural Compounds of Some 

Plants, International Journal of Toxicological and Pharmacological Research, Vol: 9, Issue: 1. 

Pages: 81-85 

 

Alvarez-Rivera G., Ballesteros-Vivas D., Ibañez E., Parada-Alfonso F., Cifuentes A. (2021). 

Foodomics of Bioactive Compounds from Tropical Fruits By-Products, Comprehensive 

Foodomics, Pages: 672–688,  https://doi.org/10.1016/B978-0-08-100596-5.22882-5 

 

Anwar M., Rasul M. G., Ashwath N., Nabi M. D. N., (2019), The Potential of Utilising Papaya 

Seed Oil and Stone Fruit Kernel Oil as Non-Edible Feedstock for Biodiesel Production in 

Australia—A review, Energy Reports, Vol: 5, Pages: 280-297, 

https://doi.org/10.1016/j.egyr.2019.02.007 

 

Arancon R. A., D., Lin C. S. K., Chan K. M., Tsz Him Kwan T. H., Luque R., (2013), Advances 

on Waste Valorization: New Horizons for a More Sustainable Society, Energy Science, and 

Engineering, Vol: 1, Issue: 2, Pages: 53-71, DOI: 10.1002/ese3.9 

 

Araújo R. G., Rodriguez-Jasso R. M., Ruiz H. A., Govea-Salas M.,  Pintado M. E., Aguilar C. 

N., (2020), Process optimization of microwave-assisted extraction of bioactive molecules from 

http://dx.doi.org/10.1155/2014/904076
https://doi.org/10.1007/s13197-013-0979-x
https://doi.org/10.1007/s13197-013-0979-x
https://doi.org/10.3390/su12125222
https://doi.org/10.1016/B978-0-08-100596-5.22882-5
https://doi.org/10.1016/j.egyr.2019.02.007


 33 

avocado seeds, Industrial Crops and Products, Vol: 154, Pages: 1-8, 

https://doi.org/10.1016/j.indcrop.2020.112623 

 

Avram M., Stoica A., Dobre T., Stroescu M., (2014), Extraction of Vegetable Oils From 

Ground Seeds by Percolation Techniques, University Politehnica of Bucharest, Science 

Bulletin, Series: b, Vol: 76, Issue: 2, Pages: 13-22 

 

Awolu O. O., Manohar B., (2019), Quantitative and Qualitative Characterization of Mango 

Kernel Seed Oil Extracted Using Supercritical CO2 and Solvent Extraction Techniques, 

Heliyon, Vol: 5, Pages: 1-6, https://doi.org/10.1016/j.heliyon.2019.e03068 

 

Ballesteros-Vivas, D., Álvarez-Rivera, G., Morantes, S. J., Sánchez -Camargo, A. D. P., 

Ibáñez, E., Parada-Alfonso, F., Cifuentes, A. (2019). An Integrated Approach for the 

Valorization of Mango Seed Kernel: Efficient Extraction Solvent Selection, Phytochemical 

Profiling, and Antiproliferative Activity Assessment, Food Research International, Vol: 126, 

http://dx.doi.org/10.1016/j.foodres.2019.108616 

 

Barroso P. T. W., De Carvalho P. P., Rocha P. B, Pessoa F. L. P., Azevedo D. A., Mendes M. 

F., (2016), Evaluation of the Composition of Carica papaya L. Seed Oil Extracted with 

Supercritical CO2, Biotechnology Reports, Vol: 11, Pages: 110-116,  

http://dx.doi.org/10.1016/j.btre.2016.08.004 

 

Bayram B., Ozkan G., Kostka T., Esra Capanoglu E., Esatbeyoglu T., (2021), Valorization and 

Application of Fruit and Vegetable Wastes and By-Products for Food Packaging Materials, 

Vol: 26, Issue: 4031, Pages: 1-18, https://doi.org/10.3390/molecules26134031 

 

Ben-Othman S., Jõudu I., Bhat R., (2020), Bioactives from Agri-Food Wastes: Present Insights 

and Future Challenges, Molecules, Vol: 25, Issue: 510, Pages: 1-34, 

http://dx.doi.org/10.3390/molecules25030510 

 

Bhat R., Paliyath G., (2016), Fruits of Tropical Climates: Biodiversity and Dietary Importance, 

Encyclopedia of Food and Health, Pages: 138-143, https://doi.org/10.1016/B978-0-12-384947-

2.00337-8 

 

Chen Y., Chen Y., Shi Y., Ma C., Wang X., Li Y., Miao Y., Chen J., Li X., (2016), Antitumor 

activity of Annona squamosa seed oil, Journal of Ethnopharmacology, Vol: 193, Pages: 362-

367, http://dx.doi.org/10.1016/j.jep.2016.08.036 

 

Chen Y., Chen Y., Shi Y., Ma C., Wang X., Li Y., Miao Y., Chen J., Li X., (2016)), Gas 

chromatography-mass spectrometry-based analytical strategies for fatty acid analysis in 

biological samples, Journal of Food and Drug Analysis, Vol: 28, Pages: 60-73, 

https://doi.org/10.1016/j.jfda.2019.10.003 

 

Chielle D. P., Bertuol D. A., Meili L., Tanabe E. H., Dotto G. L., (2016), Spouted Bed Drying 

of Papaya Seeds for Oil Production, LWT-Food Science and Technology, Vol: 65, Pages: 

852-860, https://doi.org/10.1016/j.lwt.2015.09.022 

 

Chiu H., Kuo C., (2020), Gas chromatography-mass spectrometry-based analytical strategies 

for fatty acid analysis in biological samples, Journal of Food and Drug Analysis, Vol: 28, Pages: 

60-73, https://doi.org/10.1016/j.jfda.2019.10.003 

https://doi.org/10.1016/j.indcrop.2020.112623
https://doi.org/10.1016/j.heliyon.2019.e03068
http://dx.doi.org/10.1016/j.foodres.2019.108616
http://dx.doi.org/10.1016/j.btre.2016.08.004
https://doi.org/10.3390/molecules26134031
http://dx.doi.org/10.3390/molecules25030510
https://doi.org/10.1016/B978-0-12-384947-2.00337-8
https://doi.org/10.1016/B978-0-12-384947-2.00337-8
http://dx.doi.org/10.1016/j.jep.2016.08.036
https://doi.org/10.1016/j.jfda.2019.10.003
https://doi.org/10.1016/j.lwt.2015.09.022
https://doi.org/10.1016/j.jfda.2019.10.003


 34 

 

Chistian G. D., (2004), Gas Chromatography- Mass Spectrometry, Analytical Chemistry (6th 

Edition), Wiley International Edition ISBN 0-471-15162-2, Pages: 574-603 

 

Cornara L., Xiao J., Smeriglio A., Trombetta D.,  Burlando B., (2020), Emerging Exotic Fruits: 

New Functional Foods in the   Market, eFoods, Vol: 1, Issue: 2, Pages: 126-139, 

https://doi.org/10.2991/efood.k.200406.001 

 

Dabas D., Shegog R. M., Ziegler G. R., Joshua D. Lambert J. D., (2013), Avocado (Persia 

americana) Seed as a Source of Bioactive Phytochemicals, Current Pharmaceutical Design, 

Vol: 19, Issue: 34, Pages: 6133.6140, https://doi.org/10.2174/1381612811319340007 

 

Dotto J. M., Abihudi S. A., (2021), Nutraceutical value of Carica papaya: A review, Scientific 

African, Vol: 13, Pages: 1-15, https://doi.org/10.1016/j.sciaf.2021.e00933 

 

Duque-Acevedo M., Belmonte-Urena L. J., Cortes- García F. J., Camacho-Ferre F., (2020), 

Agricultural Waste: Review of the Evolution, Approaches, and Perspectives on Alternative 

Uses, Global Ecology and Conservation, Vol: 22, Pages: 1-23, 

https://doi.org/10.1016/j.gecco.2020.e00902 

 

Ebikade E. O., Sunitha Sadula S., Yagya Gupta Y., Vlachos D. G., (2021), A review of 

Thermal and Thermocatalytic Valorization of Food Wastes, Green Chemistry, Vol: 23, Pages: 

2806-2833, https://doi.org/10.1039/D1GC00536G 

 

Ebrahim A. A., Gaali E. E. E., (2015), Physiochemical Properties of Mango (Mangifera indica 

L.) Seed Kernel's Oi,  Sudan Academy of Sciences Journal, No. 10, Pages: 80-92 

 

Elagbar Z. A., Naik R. R., Shakya A. K., Bardaweel S. K., (2016), Fatty Acids Analysis, 

Antioxidant and Biological Activity of Fixed Oil of Annona muricata L. Seeds, Journal of 

Chemistry, Vol: 2016, Pages: 1-6, http://dx.doi.org/10.1155/2016/6948098 

 

Erwa I. Y., Matenje F. S., Mwachumu Y. M., Ishag O. A. O., Ahmed H. M., (2019), Extraction, 

Physicochemical Characteristics and Fatty Acids Profile of Kernel Oil from Mangifera indica 

L. Cultivated in Sudan, Chemical Science International Journal, Vol: 28, Issue: 4, Pages: 1-7 

 

Eshra D. H., Attia R. Shehata A. R., Abdel-Nabey A. Ahmed A. N. A., Jehan I. Saber J. I., 

(2019), Physicochemical Properties of the Seed Kernels and the Oil of Custard Apple (Annona 

squamosa L.), International Journal of Food Science and Biotechnology, Vol: 4, Issue: 4, Pages: 

87-93,  DOI:10.11648/j.ijfsb.20190404.12 

 

Faustino M., Veiga M., Sousa P., Costa E. M., Silva S., Pintado M., (2019), Agro-Food 

Byproducts as a New Source of Natural Food Additives, Molecules, Vol: 24, Pages: 1-23, 

http://dx.doi.org/10.3390/molecules24061056 

 

Gasma M. A., Madu M. J., Bello E. T. (2020), Production and Characterization of Biodiesel 

from Mango Seed Kernel collected within Maiduguri Area via Trans-Esterification Process, 

Journal of Science, Technology and Education, Vol: 8, Issue: 3. Pages: 276-285,  

 

Ge Y., Si X., Wu B., Dong X., Xu Z., Ma W., (2018), Oil Content and Fatty Acid Composition 

of the Seeds of 16 Avocado (Persea americana) Accessions Collected From Southern China 

https://doi.org/10.2991/efood.k.200406.001
javascript:ShowAffiliation('0','4')
javascript:ShowAffiliation('1','4')
javascript:ShowAffiliation('2','4')
javascript:ShowAffiliation('3','4')
https://doi.org/10.2174/1381612811319340007
https://doi.org/10.1016/j.sciaf.2021.e00933
https://doi.org/10.1016/j.gecco.2020.e00902
https://doi.org/10.1039/D1GC00536G
http://dx.doi.org/10.1155/2016/6948098
http://dx.doi.org/10.3390/molecules24061056


 35 

and Their Application in a Soap Bar, Journal of Agricultural Science, Vol: 10, No. 11:2018, 

Pages: 68-78, doi:10.5539/jas.v10n11p69 

 

George D., Chandrn J. A., (2018), Coagulation Performance Evaluation of Papaya Seed for 

Purification of River Water, International Journal of Latest Technology in Engineering, 

Management & Applied Science, Vol: 7, Issue: 1, Pages: 50-66 

 

Gopalasatheeskumar K., (2018), Significant Role of Soxhlet Extraction Process in 

Phytochemical Research, Mintage Journal of Pharmaceuticle and Medical Sciences, Vol: 7, 

Issue: 1, Pages: 43-47  

 

Guzel M., Akpinar O., (2019), Valorization of Fruit Byproducts: Production Characterization 

of Pectines from Fruit Peels, Food and Bioproducts Processing, Vol: 115, Pages: 126-133, 

https://doi.org/10.1016/j.fbp.2019.03.009 

 

Hiwot T., (2018), Mango (Mangifera indica) Seed Oil Grown in Dilla Town as Potential Raw 

Material for Biodiesel Production Using NaOH- a Homogeneous Catalyst, Chemistry 

International, Vol: 4, Issue: 4, Pages: 198-205 

 

Honoréa M. N., Belmonte-Ureñaa L. J., Navarro-Velascob A., Camacho-Ferre F., (2020),  

Effects of the Size of Papaya (Carica papaya L.) Seedling with Early Determination of Sex on 

the Yield and the Quality in a Greenhouse Cultivation in Continental Europe, Scientia 

Horticulturae, Vol: 265, Pages: 1-9, https://doi.org/10.1016/j.scienta.2020.109218 

 

Hossain M., Bepary R. H., (2015),  Post Harvest Handling of Pineapples: A Key Role to 

Minimize the Post Harvest Loss, International Journal of Recent Scientific Research Volume:  

6, Issue: 9, Pages: 6069-6075, ISSN: 0976-3031 

 

Jahongir H.,  Miansong Z., Amankeldi I.,  Yu Z.,  Changheng L., (2019), The Influence of 

Particle Size on Supercritical Extraction of Dog Rose (Rosa canina) Seed Oil, Journal of King 

Saud University – Engineering Sciences, Vol: 31, Pages: 140-143,  

https://doi.org/10.1016/j.jksues.2018.04.004 

 

Joshi S., Jadhav V., Kadam V., (2018), Exotic Fruits and Vegetable Food as Nutritional 

Supplement for Diabetes, Obesity and Metabolic Diseases, International Journal of Current 

Pharmaceutical Research, Vol: 10, Issue: 2, Pages: 51-55, DOI: 

http://dx.doi.org/10.22159/ijcpr.2018v10i2.25843 

 

Kafkas N. E., Kosar M., Oz A. T.,  Mitchell A. E., (2018), Advanced Analytical Methods for 

Phenolics in Fruits, Journal of Food Quality, Vol: 2018, Pages: 1-6, 

https://doi.org/10.1155/2018/3836064 

 

Kaseke T., Opara U. L., Fawole O. A., (2021), Novel Seeds Pretreatment Techniques: Effect 

on Oil Quality and Antioxidant Properties: A Review, Journal of Food Science and Technology, 

Pages: 1-14, https://doi.org/10.1007/s13197-021-04981-1 

 

Kassi A. B. B, Soro Y., Koffi E. N., Sorho S., (2019), Physicochemical study of kernel oils 

from ten varieties of Mangifera indica (Anacardiaceae) cultivated in Cote d’Ivoire, African 

Journal of Food Science, Vol: 13, Issue: 7, Pages: 135-142, DOI: 10.5897/AJFS2019.1827 

 

https://doi.org/10.1016/j.fbp.2019.03.009
https://doi.org/10.1016/j.scienta.2020.109218
https://doi.org/10.1016/j.jksues.2018.04.004
http://dx.doi.org/10.22159/ijcpr.2018v10i2.25843
https://doi.org/10.1155/2018/3836064
https://doi.org/10.1007/s13197-021-04981-1


 36 

Kaur G., Sharma S., (2018), Gas Chromatography- A Brief Review, International Journal of 

Information and Computing Science, Vol: 5, Issue: 7, Pages: 125-131 

 

Kimbonguila A., Nzikou J. M., Matos L., Loumouamou B., Ndangui C. B., Pambou-Tobi N. 

P. G., Abena A. A., Silou T., Scher J., Desobry S., (2010), Proximate Composition and 

Physicochemical Properties on the Seeds and Oil of Annona muricata grown In Congo-

Brazzaville, Research Journal of Environmental and Earth Sciences, Vol: 2, Issue: 1, Pages: 

13-18, 

 

Kittiphoom S., Sutasinee S., (2015), Effect of microwaves pretreatments on extraction yield 

and quality of mango seed kernel oil, International Food Research Journal, Vol: 22, Issue: 3, 

Pages: 960-964 

 

Kittiphoom S., Sutasinee S., (2013), Mango Seed Kernel Oil and Its Physicochemical 

Properties, International Food Research Journal, Vol: 20, Issue: 3, Pages: 1145-1149,  

 

Kumar N. S., Devi S., (2017). The Surprising Health Benefits of Papaya Seeds: A Review, 

Journal of Pharmacognosy and Phytochemistry, Vol: 6, Issue: 1, Pages: 424-429 

 

Kumar S. P. J., Prasad S. R., Banerjee R., Agarwal D. K., Kulkarni K. S., Ramesh K. V., 

(2017), Green Solvents and Technologies for Oil Extraction from OIlseeds, Chemistry Central 

Journal, Vol: 11, Issue: 9, Pages: 1-7, https://dx.doi.org/10.1186%2Fs13065-017-0238-8 

 

Kumoro A. C., Alhanif M., WardhaninD. H., (2020), A Critical Review on Tropical Fruits 

Seeds as Prospective Sources of Nutritional and Bioactive Compounds for Functional Foods 

Development: A Case of Indonesian Exotic Fruits, International Journal of Food Science, Vol: 

2020, Pages: 1-15, https://doi.org/10.1155/2020/4051475 

 

Li Y. M., Su N., Yang H. Q., Bai X. P., Zhu Q. X., Liu H. X., Li J. Q., (2015), The Extraction 

and Properties of Carica papaya Seed Oil, Advance Journal of Food Science and Technology, 

Vol: 7, Issue: 10, Pages: 773-779, DOI:10.19026/ajfst.7.1736 

 

Mahale S., Goswami-Giri A. S., (2015), Synthesis of Azo Dye Derived from Mango Seed 

Kernel and an Investigation of its Use on Polyamide Fiber, Chemical Science Review, and 

Letters, Vol: 4, Issue: 15, Pages: 930-936   

 

Masime J. O.,  Ogur E., Betty Mbatia B., Aluoch A. O., Otieno G., (2017), Optimization and 

Thermodynamics of the Extraction of Yellow Oleander Seed Oil Using Soxhlet Extractor, 

Journal of Scientific Achievements, Vol: 2, Issue: 1, Pages: 43-50,  

 

Mondal B., (2015), Physicochemical Characteristics, Fatty Acid Composition, and Nutritional 

Evaluation of Four Minor Oils, Journal of Microbiology, Biotechnology, and Food Sciences, 

Vol: 4, Issue: 4, Pages: 301-305, doi: 10.15414/jmbfs.2015.4.4.301-305 

 

Moses M. O., Olanrewaju M. J., (2018), Proximate and Selected Mineral Composition of Ripe 

Papaw (Carice papaya) Seeds and Skin, Journal of Scientific and Innovative Research, Vol: 7, 

Issue: 3, Pages: 75-77, http://www.jsirjournal.com/ 

 

https://dx.doi.org/10.1186%2Fs13065-017-0238-8
https://doi.org/10.1155/2020/4051475
http://www.jsirjournal.com/


 37 

Muda K., Ali N. S. A., Abdullah U. N., Sahir A. B., (2020), Potential Use of Fruit Seeds and 

Plant Leaves as Coagulation Agent in Water Treatment, Journal of Environmenta, Treatment 

Techniques, Vol: 8, Issue: 3, Pages: 971-977 

 

Mwaurah P. W., Kumar S., Kumar N. Panghal A., Attkan A. K., Singh V. K., Garg M. K., 

(2020), Physicochemical Characteristics, Bioactive Compounds and Industrial Applications of 

Mango Kernel and Its Products: A Review, Comprehensive Reviews in Food Science and Food 

Safety, Vol: 19, Pages: 2421-2446, DOI: 10.1111/1541-4337.12598 

 

Nadeem M., Imran M., Khalique A., (2016), Promising Features of Mango (Mangifera indica 

L.) Kernel Oil: A Review, Journal of Food Science and Technology, Vol: 53, Pages: 2185-

2195, https://doi.org/10.1007/s13197-015-2166-8 

 

Nithitanakool S., PithayanukulSandr P., Bourgeois S., Hatem Fessi H., Bavovada R., (2013), 

The Development, Physicochemical Characterisation and in Vitro Drug Release Studies of 

Pectinate Gel Beads Containing Thai Mango Seed Kernel Extract, Molecules, Vol: 18, Pages: 

6504-6520, doi:10.3390/molecules18066504 

 

Nowak D., Gośliński M., Przygoński K., Wojtowicz E., (2018),  The Antioxidant Properties of 

Exotic Fruit Juices from Acai, Maqui Berry and Noni Berries, European Food Research and 

Technology, Vol: 244, Pages: 1897-1905, https://doi.org/10.1007/s00217-018-3102-8 

 

Okonkwo P. A., Omenihu I., (2021), Production and Characterization of Biodiesel from Mango 

Seed Oil (MSO), Nigerian Journal of Technology, Vol: 40, Issue: 4, Pages: 598-607, 

http://dx.doi.org/10.4314/njt.v40i4.6 

 

Olajumoke O. E., (2013), Extraction and Characterization of Vegetable Oil from Mango seed, 

Mangifera indica, Journal of Applied Chemistry, Vol: 5, Issue: 3, Pages: 6-8 

 

Oliver-Simancas R., Diaz-Maroto M. C., Perez-Coello M. S., Alanon M. E., (2020), Viability 

of Pretreatment Drying Methods on Mango Peel Byproducts to preserve Flavouring Active 

Compounds for Its Revalorization, Journal of Food Engineering, Vol: 279, 

https://doi.org/10.1016/j.jfoodeng.2020.109953 

 

Omre P. K., Singh S., Shikha (2018), Waste Utilization of Fruits and Vegetables-A Review, 

South Asian Journal of Food Technology and Environment, Vol: 1, Issue: 4, Pages: 605-615 

 

Orsavova J., Misurcova L., Ambrozova J. V., Vicha R., Mlcek J., (2015), Fatty Acids 

Composition of Vegetable Oils and Its Contribution to Dietary Energy Intake and Dependence 

of Cardiovascular Mortality on Dietary Intake of Fatty Acids, International Journal of 

Molecular Sciences, Vol: 16, Pages: 12871-12890, doi:10.3390/ijms160612871 

 

Oshin T. T., Kareem R. A., Fadayini O., Momoh J. O., (2021), Histological and cytotoxic 

evaluation of Carica papaya seed oil and its potential biodiesel feedstock, Journal of 

Environmental Chemistry and Ecotoxicology, Vol: 13, Issue: 2, Pages: 43-52, 

DOI:10.5897/JECE2020.0468 

 

Pathak P. D., Mandavgane S. A., Bhaskar D. Kulkarni B. D., (2017), Fruit Peel Waste: 

Characterization and Its Potential Uses, Current Science, Vol: 113, Issue: 3, Pages: 444-454 

 

https://doi.org/10.1007/s13197-015-2166-8
https://link.springer.com/article/10.1007/s00217-018-3102-8#auth-Dariusz-Nowak
https://link.springer.com/article/10.1007/s00217-018-3102-8#auth-Micha_-Go_li_ski
https://link.springer.com/article/10.1007/s00217-018-3102-8#auth-Krzysztof-Przygo_ski
https://link.springer.com/article/10.1007/s00217-018-3102-8#auth-El_bieta-Wojtowicz
https://doi.org/10.1007/s00217-018-3102-8
http://dx.doi.org/10.4314/njt.v40i4.6
https://doi.org/10.1016/j.jfoodeng.2020.109953


 38 

Pathak P. D., Mandavgane S. A., Bhaskar D. Kulkarni B. D., (2018), Waste to Wealth: A Case 

Study of Papaya Peel, Waste and Biomass Valorization, Vol: 10, Pages: 1755-1766, 

https://doi.org/10.1007/s12649-017-0181-x 

 

Pem D., Jeewon R., (2015), Fruit and Vegetable Intake: Benefits and Progress of Nutrition 

Education Inventions- Narrative Review Article, Iran Journal of Public Health, Vol: 44, Issue: 

10, Pages: 1309-1321 

 

 Pinto L. C., De Souzab C. O., De Souzac S. A., Da Silvad H. B., Da Silvah R. R., Cerqueira-

Limad A. T., Teixeirad T. O., Da Silvac T. M. S., Medeirose K. C. P., Bittencourtf M., Brandãof 

H. R., Druzianb J. I., Conceiçãog A. S., Lopesh M. V., Figueiredo C. A., (2018), Potential of 

Annona muricata L. seed oil: phytochemical and nutritional characterization associated with 

non-toxicity,  Grasas Y Aceites, Vol: 69, Issue: 1, Pages: 1-11, 

https://doi.org/10.3989/gya.0777171 

 

Qin X., Zhong J., (2016), A Review of Extraction Techniques for Avocado Oil, Review Article, 

Journal of Oleo Science, Volume: 65, Issue: 11, Pages:  881-888, DOI:10.5650/jos.ess16063 

 

Reyes-Trejo B., Guerra-Ramirez D., Zuleta-Prada H., Cuevas-Sanchez A., Reyes L., Reyes-

Chumacero A., Rodriguez-Salazar A., (2014), Annona diversifolia seed oil as a promising non-

edible feedstock for biodiesel production, Industrial Crops and Products, Vol: 52, Pages: 400-

404, https://doi.org/10.1016/j.indcrop.2013.11.005 

 

Rana V. S., (2014), Fatty Oil and Fatty Acid Composition of Annona squamosa Linn. Seed 

Kernels, International Journal of Fruit Science, Vol: 15, Issue: 1, Pages: 79-84, 

https://doi.org/10.1080/15538362.2014.931168 

 

Rojas R., Alvarez-Perez O. B., Contreraz-Esquivel J. C., Vicente A., Flores A., Sandoval J., 

Aguila C. N., (2018), Waste and Biomass Valorization, Vol: 11, Pages: 88-98,  

https://doi.org/10.1007/s12649-018-0433-4 

 

Romelle F. D., Rani A. P., Manohar R. S., (2016), Chemical Composition of Some Selected 

Fruit Peels, European Journal of Food Science and Technology, Volume: 4, Issue: 4, Pages: 12-

21, ISSN 2056 – 5798 

 

Roncero J. M., Álvarez-Ortí M., Pardo-Giménez A., Gómez R., Rabadán A., Pardo J. E., 

(2016), Virgin almond oil: Extraction methods and composition, Grasas Aceites, Volume: 67, 

Issue: (3),  e143. ISSN-L: 0017–3495, Pages:  1-9, DOI:10.3989/gya.0993152 

 

Sabater C., Ruiz L., Delgado S., Ruas-Madiedo P., Margolles A., (2020), Valorization of 

Vegetable Wastes and By-Products through Fermentation Processes, Frontiers in Microbiology, 

Vol: 11, Pages: 1-11, https://doi.org/10.3389/fmicb.2020.581997 

 

Sagar N. A., Pareek S., Sharma S., Yahia E. M., Lobo m. G., (2018),  Fruit and Vegetable 

Waste: Bioactive Compounds, Their Extraction, and Possible Utilization, Comprehensive 

Reviews in Food Science and Food Safety, Vol: 17, Pages: 512-531, Doi: 10.1111/1541-

4337.12330 

 

Saha P., Mahiuddin M., Saha N. K., Islam A. B. M. N., Ara M. H., (2018), Investigation on 

Fatty Acid Composition of Oil Extracted from Carica papaya L. Seed, International Journal of 

https://doi.org/10.1007/s12649-017-0181-x
https://doi.org/10.3989/gya.0777171
https://doi.org/10.1016/j.indcrop.2013.11.005
https://doi.org/10.1080/15538362.2014.931168
https://doi.org/10.1007/s12649-018-0433-4
https://doi.org/10.3389/fmicb.2020.581997


 39 

Innovative Research in Science, Engineering and Technology, Vol: 7, Issue: 10, Pages: 10543- 

10548, DOI:10.15680/IJIRSET.2018.0710066 

 

Saini A., Panesar P. S., Bera M. B., (2019), Valorization of Fruits and Vegetables Waste 

through Green Extraction of Bioactive Compounds and Their Nanoemulsions-Based Delivery 

System, Bioresources and Bioprocessing, Vol:6, Issue:26, Pages:1-12, 

https://doi.org/10.1186/s40643-019-0261-9 

 

Salim N. S. M., Singh A., Raghavan V., (2017), Potential Utilization of Fruit and Vegetable 

Wastes for Food through Drying or Extraction Techniques, Novel Techniques in Nutrition and 

Food Science, Vol: 1, Issue: 2, Pages: 15-27, DOI: 10.31031/NTNF.2017.01.000506 

 

Samaram S., Mirhosseini H., Tan C. P., Ghazali H. M., (2014), Ultrasound-Assisted Extraction 

and Solvent Extraction of Papaya Seed Oil: Crystallization and Thermal Behavior, Saturation 

Degree, Color, and Oxidative Stability, Industrial Crops and Products, Vol: 52, Pages: 702-708, 

https://doi.org/10.1016/j.indcrop.2013.11.047 

 

Satriana S., Supardan M. D., Arpi N., Mustapha W. A. W., (2019), Development of Methods 

Used in the Extraction of Avocado Oil, European Journal of Lipid Science and Technology 

Volume: 121, Pages: 1-12, DOI: 10.1002/ejlt.201800210 

 

Schieber A., (2019), Byproducts of Plant Food Processing as a Source of Valuable Compounds, 

Elsevier Reference Module in Food Science,  https://doi.org/10.1016/B978-0-08-100596-

5.21346-2 

 

Šelo G., Planini´ M., Tišma M., Tomas S., Komleni´ D. K., Buci´c-Koji´ A., (2021), A 

Comprehensive Review on Valorization of Agro-Food Industrial Residues by Solid-State 

Fermentation, Foods, Vol: 10, Issue: 927, Pages: 1-26, https://doi.org/10.3390/foods10050927 

 

Selvamuthukumaran M., Shi J., (2017), Recent Advances in Extraction of Antioxidants from 

Plant By-Products Processing Industries, Food Quality, and Safety, Vol: 1, Pages: 61-81, 

doi:10.1093/fqs/fyx004 

 

Seshamamba B., S., V., Malati P., Ruth A. N. G., Mallika A. S., Sharma V., (2018), Studies 

on Physicochemical Properties and Proximate Analysis of Carrica papaya Seed, Journal of 

Pharmacognosy and Phytochemistry, Vol: 7, Issue: 6, Pages: 1514-1519 

 

Shehata M. G., Abu-Serie M. M., El-Aziz N. M. A., El-Sohaimy S. A., (2021), Nutritional, 

Phytochemical, and invitro Anticancer Potential of Sugar Apple (Annona Squamosa) Fruits, 

Scientific Reports, Vol: 11,  https://doi.org/10.1038/s41598-021-85772-8 

 

Shellie R. A., (2013), Gas Chromatography, Encyclopedia of Forensic Sciences, Pages: 579-

585, https://doi.org/10.1016/B978-0-12-382165-2.00245-2 

 

Shirahigue L. D., Ceccato-Antonini S. R., (2020),  Agro-industrial Wastes as Sources of 

Bioactive Compounds for Food and Fermentation Industries, Ciência Rural, Santa Maria, Vol: 

50, Issue: 4, Pages: 1-17, http://dx.doi.org/10.1590/0103-8478cr20190857 

 

https://doi.org/10.1186/s40643-019-0261-9
https://doi.org/10.1016/j.indcrop.2013.11.047
https://doi.org/10.1016/B978-0-08-100596-5.21346-2
https://doi.org/10.1016/B978-0-08-100596-5.21346-2
https://doi.org/10.3390/foods10050927
https://doi.org/10.1038/s41598-021-85772-8
https://doi.org/10.1016/B978-0-12-382165-2.00245-2
http://dx.doi.org/10.1590/0103-8478cr20190857


 40 

Sikdar D. C., Hegde S., Swamynathan V., Varsha S., Rakesh R.,  (2017), Solvent Extraction 

of Mango (Mangifera Indica L.) Seed Kernel Oil and its Characterization, International Journal 

of Technical Research and Applications, Vol: 5, Issue: 4, Pages: 43-47 

 

Sinaga M. S., Tambun R., Tiffani W. G., Jose, (2021), Utilization of Unsaturated Fatty Acid 

from Papaya Seed Oil Waste (Carica papaya L.) as Raw Materials in the Making of Epoxy 

Compounds, ARPN Journal of Engineering and Applied Sciences, Vol: 16, Issue: 8, Pages: 

817-822  

 

Smith R. W., (2013), Mass Spectrometry, Encyclopedia of Forensic Sciences, Pages: 603-608, 

https://doi.org/10.1016/B978-0-12-382165-2.00250-6 

 

Solís-Fuentes J. A., Durán-de-Bazúa M. C., (2020), Mango Seed: Mango (Mangifera Indica 

L.) Seed and Its Fats, Nuts and Seeds in Health and Desease Prevention ( Second Edition), 

Pages: 79-90, https://doi.org/10.1016/B978-0-12-818553-7.00008-5 

 

Sousa V., Campos V., Nunes P. A., Pires-Cabral P., (2018), Incorporation of Capric Acid in 

Pumpkin Seed Oil by sn-1,3 Regioselective Lipase-Catalysed Acidolysis, OCL Journal, 

Volume: 25, Issue: 3, Pages: 1-7, DOI: 10.1051/ocl/2018004 

 

Stashenko E., Martínez J. R., (2014), Gas Chromatography-Mass Spectrometry, Advances in 

Gas Chromatography, Pages: 1-38, http://dx.doi.org/10.5772/57492 

 

Subramanian P. K., Muthiah P., (2016), Kinetic Studies on Oil Extraction and Biodiesel 

Production from Underutilized Annona Squamosa Seeds, Fuel, Vol:180, Pages: 211-217, 

https://doi.org/10.1016/j.fuel.2016.04.020 

 

Sugiharto S., (2020),  Papaya (Carica papaya L.) Seed as a Potent Functional Feedstuff for 

Poultry – A Review, Veterinary World, Vol: 13, Pages: 1613-1619, DOI: 

www.doi.org/10.14202/vetworld.2020.1613-1619 

 

Sultana N., Hossainb S. M. Z.,  Taher S., Khan A., Razzak S. A., Haq B.,  (2020), Modeling 

and Optimization of Non-Edible Papaya Seed Waste Oil Synthesis Using Data Mining 

Approaches, South African Journal of Chemical Engineering, Vol: 33. Pages: 151-159, 

https://doi.org/10.1016/j.sajce.2020.07.009 

 

Syed H. M., Kunte S. P., Jadhav B. A., Salve R. V., (2012), Extraction and Characterization of 

Papaya Seed Oil, International Journal of Applied, Physical and Bio-Chemistry Research, 

Volume: 2, Issue: 1, Pages: 33-43 

 

Tesfaye T., Johakimu J. K., Chavan R. B., Sithole B., Ramjugernath D., (2017), Valorization 

of Mango Seed via Extraction of Starch: Preliminary Techno-Economic Analysis, Clean 

Technologies and Environmental Policy, Vol: 20, Pages: 81-94, 

https://doi.org/10.1007/s10098-017-1457-3 

 

Umaru M., Mohammed I. A., Sadiq M. M., Aliyu A. M., Suleiman B., Segun T., (2014), 

Production and Characterization of Biodiesel from Nigerian Mango Seed Oil, Proceedings of 

the World Congress on Engineering 2014 Vol I, 

 

https://doi.org/10.1016/B978-0-12-382165-2.00250-6
https://doi.org/10.1016/B978-0-12-818553-7.00008-5
http://dx.doi.org/10.5772/57492
https://doi.org/10.1016/j.fuel.2016.04.020
http://www.doi.org/10.14202/vetworld.2020.1613-1619
https://doi.org/10.1016/j.sajce.2020.07.009
https://doi.org/10.1007/s10098-017-1457-3


 41 

Villacís-Chiriboga J., Vera E., Camp J. V., Jenny Ruales J., Elst K., (2021), Valorization of 

Byproducts from Tropical Fruits: A review, Part 2: Applications, Economic, and Environmental 

Aspects of Biorefinery via Supercritical Fluid Extraction, Comprehensive Reviews in Food 

Science and Food Safety, Pages: 1-27, DOI: 10.1111/1541-4337.12744 

 

Villacís-Chiriboga J., Vera E., Camp J. V., Jenny Ruales J., Elst K., (2020), Valorization of 

byproducts from tropical fruits: Extraction Methodologies, Applications, Environmental, and 

Economic Assessment: A review (Part 1: General Overview of the Byproducts, Traditional 

Biorefinery Practices, and Possible Applications), Comprehensive Reviews in Food Science 

and Food Safety, Pages: 405-447, DOI: 10.1111/1541-4337 

 

Walia N. K., Bedi S. S., Kundu K., Karmakar R., (2013), Production Of Bioethanol From 

Mango Peel, International Journal of Engineering Research and Technology, Vol: 2, Issue: 1, 

pages: 1-7,  http://www.ijert.org/ 

 

Wong C. S., Othman R., (2014), Biodiesel Production by Enzymatic Transesterification of 

Papaya Seed Oil and Rambutan Seed Oil,  International Journal of Engineering and 

Technology, Vol:6, Issue:6, Pages: 2773-2777 

  

Wong W. L., Lim W. H., Si J., Lam M. K., Yeek-Chia Ho Y. C., (2019), Production of 

Biodiesel from Annona muricata Seeds, E3S Web of Conferences 90, Pages: 1-6, 

https://doi.org/10.1051/e3sconf 

 

Yadav K. K., Garg N., Verma A., Kumar S., Trivedi M., (2017), Optimization and Extraction 

of Oil From Mango Seed Kernel (Mangifera indica), Indian Journal of Agricultural Sciences, 

Vol: 87, Issue: 7, Pages: 943-946  

 

Yanty N. A. M., Marikkar J. M. N., Nusantoro B. P., Long K., Ghazali H. M., (2014), Physico-

Chemical Characteristics of Papaya (Carica papaya L.) Seed Oil of the Hong Kong/ Sekaki 

Variety, Journal of Oleo Science, Volume: 63, Issue: 9, Pages: 885-.892, 

DOI:105650/jas.ess/13221 

 

Yusuf A. K., (2018), A Review of Methods Used for Seed Oil Extraction, International Journal 

of Science and Research, Vol: 7, Issue: 12, Pages: 233-238, Paper ID: 1121804, DOI:  

10.21275/1121804 

 

Zhang W., Pan Y., Huang W., Chen H., Yang H., (2019), Optimized ultrasonic‐assisted 

extraction of papaya seed oil from Hainan/Eksotika variety, Food Science and Nutrition, Vol: 

7, Pages: 2692-2701, DOI: 10.1002/fsn3.1125 

 

 

 

 

 

 

 

 

 

 

 

http://www.ijert.org/
https://doi.org/10.1051/e3sconf


 42 

APPENDIX 

 

 

 Table A.1: Oil Yield of Annona, Mango, and Papaya Seeds. 

 

Fruit 

seeds 

Sample 

Sample 

Weight 

(g) 

Initial 

Bulb 

Weight 

(g) 

Bulb + 

Oil 

Weight 

(g) 

Oil 

Weigh

t (g) 

Oil 

Yield 

(%w/w) 

Mean 
Std. 

Dev. 

Annona 

1 5.1830 127.1288 128.8144 1.6856 32.52 

29.75 1.86 
2 5.1505 121.6355 123.1308 1.4953 29.03 

3 5.5404 122.0335 123.6202 1.5867 28.64 

4 5.1513 121.6773 123.1610 1.4837 28.80 

Mango 

1 5.5795 132.5050 132.7820 0.2770 4.96 

4.97 0.01 

2 5.6421 124.7806 125.0613 0.2807 4.98 

3 5.2215 125.9624    

4 15.5087 123.2263 123.9965 0.7702 4.97 

Papaya 

1 4.8604 123.2329 124.4628 1.2299 25.30 

24.48 1.12 
2 5.1991 124.6885    

3 5.0276 133.1787 134.3443 1.1656 23.18 

4 5.3220 130.8053 132.1280 1.3227 24.85 

 


