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Abstract: Pineapple (Ananas comosus (L.) Merril), one of the major fruit crops, is mainly used for raw 

consumption and for industrial juice production, which creates large amounts of residues. The United 

Nations Food and Agriculture Organization (FAO) has estimated that pineapple waste accounts for 

between 50 to 65 % of the total weight of the fruit.  Industrial pineapple waste is a major source of 

pollution as important quantities of primary residues are not further processed. Pineapple waste contains 

bioactive compounds such as carotenoids, polyphenols, fibers, vitamins, enzymes, and essential oils. 

These phytochemicals can be used in the food industry, medicine and pharmacy, textile, and others. 

This review highlights essential oil and other bioactive compounds extracted from pineapple waste and 

the composition of pineapple essential oil. Pineapple peels are the potential raw material for essential 

oil extraction through various methods. Modern spectrometric methods have shown that essential oil 

extracted from pineapple waste comprises esters, alcohols, aldehydes, and ketones. From this overview, 

it can be concluded that there is an important need for further research into pineapple waste as a potential 

source of valuable byproducts, as well as new techniques to studying industrial organic residuals to 

achieve higher recovery rates of valuable bioactive compounds used in pharmaceuticals, cosmetic and 

chemical industries as well as for developing new functional foods. 
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1. Introduction 

Horticultural waste is a rich source of bioactive compounds [1]. In the past, horticulture 

byproducts have not been considered as a source of valuable materials.  An overview of the 

research literature shows us that there has been a steadily growing research interest in fruit 

industry waste as a source for recovering highly valuable biomolecules [2-8]. Studies on 
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horticultural byproducts have shown that they are excellent sources of pigments, phenolic 

bioactive compounds, dietary fiber, saccharide derivatives, enzymes, organic acids, minerals. 

Several of these bioactive compounds have health-promoting properties: antibacterial, 

antitumoral, antiviral, antimutagenic, and cardioprotective effects [9-15]. 

The proper use of waste from horticultural commodities may become an initiative for 

sustainable development to alleviate environmental problems like waste disposal and reduce it 

by recycling into raw materials or converting it into useful byproducts as well as improve 

human health through health-enhancing substances (phenols, carotenoids, and other pigments, 

vitamins, fiber, among several others). Galanakis reported that horticultural waste is a rich 

source of phytochemicals and has been studied to extract phenolic compounds, fiber, and other 

bioactive compounds [16]. Most horticultural crops produce fruits and vegetables where only 

the pulp is consumed. Studies have shown that seeds, peels, and other fruit and vegetable 

byproducts that contain significant amounts of phytochemicals and essential nutrients are 

usually not consumed [17-20]. 

Pineapples are used in juice and pulp extraction, jams, and frozen pulp production, 

creating significant amounts of waste. Pineapple waste is a byproduct of the pineapple 

processing industry and typically consists of leftover pulp, peel, and skin. However, many parts 

of the pineapple are unused, such as leaves, stems, outer skin, and others |(Figure 1), that can 

be reused to make new products. Pineapple waste is produced in large quantities worldwide 

[21-25]. In current industrial practice, pineapple core, peel, and leaves are considered waste. It 

has been estimated that 40-50% (w/w) of the total processing waste is composed of peels, 

kernel (core), and pomace; the canning industry of pineapple juice contributes 60% of the total 

produced pineapple waste which means that 50% of the total pineapple processed mass is 

finally discarded as waste.  

Pineapple waste can be reduced by recycling it into raw materials or converting it into 

useful byproducts of higher value than the current major industrial products such as organic 

acids, biofuels (hydrogen and biogas, biomethanol, biobutanol, bioethanol), biopolymer fibers, 

and vegetable enzymes. It has been reported that pineapple waste is used as a raw material 

source for producing bioactive charcoal (biochar), bakery goods, animal feed, vinegar 

production, biodegradable cellulose-based fabrics, and the production of dietary fiber [26]. 

 
Figure 1. Pineapple wastes. 

Pineapple (Ananas comosus, belonging to the family Bromeliaceae) is one of the most 

economically important tropical fruit crops in tropical and subtropical areas with a pleasant 

aroma and flavor. It is an edible tropical fruit that is rich in vitamins (A, C), enzymes, and 

antioxidants and contains carbohydrates, sugars, protein, fat, ash, fiber, flavonoids [27-32]. 
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Pineapple pulp waste has been shown to contain high amounts of reducing sugars. Bromelain, 

a proteolytic enzyme, can be extracted from pineapple juice, pineapple plant stems, and other 

pineapple wastes. The extract of pineapple wastes mainly contains sucrose, glucose, fructose, 

and other nutrients [1]. Pineapples are consumed or served fresh, cooked, juiced, and canned 

in form [33] due to their nutritional and medicinal value [34-37]. This review examines the 

valorization of pineapple processing residues (pineapple waste) as a source of valuable 

bioactive compounds such as essential oils. Additionally, we look at current oil extraction 

methods and the current uses of pineapple essential oils. 

2. Essential Oil 

The use of essential oils in medicine and perfumes has been known since ancient times. 

Now, essential oils have become one of the high-value agricultural products, and as a result of 

increased demand, consumers prefer natural products.  

Essential oils are obtained from plant raw materials in various ways, including hydro-

distillation, steam distillation, and others. The various plant organs of flowers, fruits, seeds, 

leaves, stems, roots, seeds, bark, resin, or fruit peels are characterized by the transformation of 

cells to store oils known as secretory structures such as glandular trichomes, epidermal cells, 

secretory cells, secretory cavities, and secretory ducts [38,39].  

Essential oils are widely used and are characterized by their multiple benefits for use in 

medicine, pharmaceutical, and food industries, as well as cosmetics and perfume industries 

[40], and have various biological effects [41-43]. The waste materials from horticultural crops 

are an important source of various organic products that can serve as a source of taste and 

aroma. There is also an increase in flavors and fragrances markets due to increased demand 

from consumers for natural, familiar, and safe sources. The essential oil composed of 

concentrated volatile aromatic compounds that easily evaporated, which give plants their 

wonderful scents.  

2.1. Bioactive compound from pineapple. 

Pineapple essential oils are available in the market; it offers a gentle scent of pineapple, 

where it was widely used in the production of body lotion, bath salts, scented candles, and other 

various personal care products [44]. The vanilla flavor is one of the most widely used flavors, 

and its main component is vanillin (4-hydroxy-3-methoxybenzaldehyde), which is produced 

from vanillic acid  [45]. Natural vanillin is obtained from the fermented pods of vanilla orchids 

(Vanilla planifolia) [46]. Vanillin manufacturing has also been reported using alternative 

processes, including biotechnology, that involve fermentation and enzymatic reactions, such 

as an enzymatic manufacturing process. Pineapple peel residues contain ferulic acid, which is 

a precursor to vanillic acid. Therefore, the manufacturing production of vanillin from pineapple 

waste occurs through microbial biological transformation [47, 48], as shown in figure 2 [49]. 

The oil extracted from pineapple waste processing (the peel and fiber remaining after 

the juice extraction step) was found to contain 35 compounds identified as esters (37%), 

alcohols (29%), aldehydes (9%), ketones (9%), and acids (6%) [50]. 

The pineapple peel and leaves contain essential oil consisting of esters (35%), ketones 

(26%), alcohols (18%), aldehydes (9%), acids (3%), and other compounds (9%) [38]. In 

another study by Huang et al. [51] examined the chemical constituents from the leaves of 

Ananas comosus and their biological activities. They identified eight compounds were tricin-
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4′-O-[10″-O-(8″-hydroxyl) feruloyl-(9‴-O-p-coumaroyl) glyceryl] ether; 2, 4-dichlorobenzoic 

acid; tricin; chrysoeriol; 1-O-p-coumaroylglycerol;1-O-feruloylglycerol; 1-O-feruloyl-3-O-p-

coumaroyl-glycerol and 1, 3-O-diferuloylglycerol. Also, tricin-4′-O-[10″-O-(8″-hydroxyl) 

feruloyl-(9‴-O-p-coumaroyl) glyceryl] ether compound exhibited as well inhibitory activities 

against Staphylococcus aureus and Escherichia coli. 

 
Figure 2. Bioconversion route of ferulic acid to vanillin [49]. 

Orodu and Ivan [52] identified seven components of oil extracted from the fruit peels 

of Ananas comosus, and limonene was the most abundant (76.34%). Figure 3 shows the 

chemical structures of limonene. The remaining compounds identified were palmitic acid 

(5.38%), n-decanal (0.95%), 1-cyclohexene-1-carboxaldehyde (4.27%), α-farnesene (1.26%), 

trans caryophyllene (0.53%) and myrcene (0.61%).  

 
Figure 3. Structures of R (+)-limonene and S (-)-limonene. 

Previous studies showed that volatile aroma compounds are important and specific 

characteristics of each fruit type [53]. Several compounds have been identified in the pineapple 

peel, as shown in figure 4 [53-57].  
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Figure 4. Some chemical structure of components presents in pineapple peel. 

 

Wei et al. [58] identified forty-four compounds from from the oil extracted from 

pineapple pulp and core. Among the compounds identified were methyl hexanoate, ethyl 

hexanoate, methyl 3-(methylthio) propanoate, methyl octanoate, ethyl decanoate, α-terpineol, 

nonanal, and decanal. Moreover, ethyl hexanoate, nonanal, and decanal compounds are 

responsible for the smell in the oil extracted from pineapple pulp and core. Morais and Silva 

[54] confirmed that ethyl hexanoate and decanal are one of the main compounds that determine 

the flavor of pineapple and other compounds such as ethyl octanoate, acetic acid, 1-hexanol, 

and many ketones such as γ hexalactone, γ-octalactone, δ-octalactone, γ-decalactone and γ-

dodecalactone. Facundo [55] pointed out that ethylhexanoate is a major compound in the oil 

extracted from the waste of pineapple and is responsible for the aroma of pineapple, along with 

ethyl octanoate, 2-heptanone, and beta-hexalactone.  

 
Figure 5. Some chemical structure of some components in pineapple peel oil. 

Tokitomo et al. [59] detected twenty-nine compounds in pineapple oil, the most 

important of which are γ-octalactone, δ-octalactone, γ-decalactone, and γ-dodecalactone. Also, 

Elss et al. [56] found that 2-methyl-3-buten-2-ol, methyl pentanoate, butyl acetate, hexanal, 2-

pentanol, 1-butanol, ethyl hexanoate, limonene, z-ocimene, linalool, furfural, acetic acid, α-

terpineol, geraniol, and γ-octalactone compounds are present in pineapple oil. As well, Spanier 
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et al. [57] identified acetic acid, 1-hexanol, and a non-lipidic acid in pineapple oil. Zhang et al. 

[60] reported that fifty-seven volatile compounds of the pineapple peel oil were detected, and 

the compounds were distributed as follows: twenty-five esters, nine alcohols, eight acids, seven 

phenolic compounds, six aldehydes and ketones, one terpene, and one lactone. Alcohol 

compounds predominated as they represented the highest content. Phenethyl alcohol (22.18%), 

3-methyl-1-butano (6.91%), 2-methyl-1-butano (4.75%), 2,3-butanediol (8.35%), 2-methoxy-

4-vinylphenol (5.66%) and octanoic acid (4.29%). The volatile components found in A. 

comosus according to Umano et al. [61] and Teai et al. [62], were methyl-3-(methylthio) 

propanoate, ethyl-2methylbutanoate, ethylacetate, ethyl-3-(methylthio) propanoate, 2,5-

dimethyl-4-hydroxy 3-(2H) furanone and butane2,3dioldiacetate (Figure 5). 

2.2. Extraction techniques of essential oil from pineapple. 

Mohamad et al. [63], compare three different methods of extracting essential oil from 

pineapple peels, (1) hydro-distillation (HD); (2) Hydrodistillation with enzyme-assisted 

pretreatment (HDEA); and (3) supercritical fluid extraction (SFE). The results were that 

distillation using SFE gave the highest oil, 0.17%, compared to distillation using HD and 

HDEA methods. The essential oil obtained from SFE method is composed of propanoic acid 

ethyl ester (40.25%), lactic acid ethyl ester (19.35%), 2-heptanol (15.02%), propanol (8.18%), 

3-hexanone (2.60%), and butanoic acid ethyl ester (1.58%). Therefore, using pineapple wastes 

as a low-cost substrate for producing value-added products is considered one of the potential 

approaches in managing these wastes.  

Barretto et al. [50] compare the oil components resulting from the extraction of 

pineapple residue using two extraction methods: simple hydro distillation and hydro distillation 

by passing nitrogen gas.(Z)-3-hexen-1-ol (35.58%), methyl octanoate (26.11%), 2-phenyl-1-

ethanol (13.51%), 2-methyl-3-buten-2-ol (8.69%), and 1-hexanol (3.84%) are the main volatile 

compounds identified in pineapple residue which obtained by simple hydro-distillation. 

However, the major volatile compounds obtained by hydrodistillation by passing nitrogen gas 

were 1-hexanol (60.19%), ethyl phenyl-acetate (14.54%), 2-methyl-3-buten-2-ol (9.33%), γ-

butyrolactone (2.08%), 2-phenyl ethyl-acetate (1.72%), and ethyl octanoate (1.19%). This 

suggests that using inert gas and lower temperatures helped maintain higher amounts of flavor 

compounds. These data indicate that pineapple processing residue contains important volatile 

compounds that can be extracted and used as aroma-enhancing products and have a high 

potential for producing value-added natural essences [50]. 

From the above, we find that the extraction techniques of essential oil from pineapple 

were represented in conventional extraction techniques such as hydro-distillation is a classical 

technique to extract important oils and various bioactive compounds from plant sources, and 

there are 3 kinds of hydro-distillation: water distillation, water, and steam distillation and steam 

distillation [64,65], and novel technologies. 

The novel technologies have emerged due to the limitations and drawbacks of 

conventional methods, represented in the difficulty of obtaining oil with high purity. The use 

of solvents is expensive, in addition to the need for a long extraction time and the consequence 

of degradable compounds by heat and low extraction selectivity [66]. These limitations and the 

aforementioned negatives led to the development of new technologies. Recently, many 

emerging novels techniques are now being used for the extraction process.  

Microwave-assisted extraction (MAE) is known as a novel technique for extracting 

various phytochemicals using microwave vitality [67-70]. Its advantages include low 

https://doi.org/10.33263/BRIAC125.68336844
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC125.68336844  

 https://biointerfaceresearch.com/ 6839 

equipment size, high extraction efficiency and temperature gradient, and high-quality 

extraction of biologically active components from plant materials [71].  

Microwave energy is a key technology in achieving the objective of sustainable and 

green chemistry for research, teaching, and commercial applications. Solvent-free microwave 

extraction has been conceived [72] that can offer high reproducibility in shorter times, 

simplified manipulation, reduced solvent consumption, and lower energy input. Microwave 

technology has proven a powerful technique to extract essential oil. Several papers have been 

published concerning the application of electromagnetic energy to promote heat generation 

inside plant material to improve the extraction rate of volatile compounds from herbal matrices 

[73-79]. The advantages of using microwave energy-a noncontact heat source- for the 

extraction of essential oils from plant materials, could include: more effective heating, faster 

energy transfer, reduced thermal gradients, selective heating, reduced equipment size, faster 

response to process heating control, faster start-up, increased production, and elimination of 

process steps [80]. As more attention has been devoted to microwave-assisted applications of 

essential oil extraction, certain variations of the method have been developed,  such as 

compressed microwave-assisted hydro-distillation (MAHD), microwave-accelerated steam 

distillation  (MASD) [77], vacuum microwave hydro-distillation (VMHD) [81], microwave-

assisted hydro-distillation (MWHD) [82], solvent-free microwave extraction  (SFME) [75],  

microwave steam distillation (MSD) [83] and microwave hydro-diffusion and gravity (MHG) 

[84]. These techniques offer a reduced analysis time, simplified manipulation and work-up, 

and higher purity of the final product [85-87]. 

3. Biological Function 

Among the applications of essential oils is the multiple biological uses of essential oils 

as bactericidal, virucidal, fungicidal, antiparasitic, and insecticidal [39]. The wide range of 

biological activities of essential oils is due to their content of biologically active chemical 

compounds [39], including the biological effects of pineapple essential oils. 

Huang et al. [51] studied the chemical constituents from the leaves of Ananas comosus 

and their biological activities. They identified eight compounds, and these were tricin-4′-O-

[10″-O-(8″-hydroxyl) feruloyl-(9‴-O-p-coumaroyl) glyceryl] ether; 2, 4-dichlorobenzoic acid; 

tricin; chrysoeriol; 1-O-p-coumaroylglycerol;1-O-feruloylglycerol; 1-O-feruloyl-3-O-p-

coumaroyl-glycerol and 1, 3-O-diferuloylglycerol. Also, tricin-4′-O-[10″-O-(8″-hydroxyl) 

feruloyl-(9‴-O-p-coumaroyl) glyceryl] ether compound exhibited as well inhibitory activities 

as positive control Ciprofloxacin (CPFX) against Staphylococcus aureus and Escherichia coli. 

In addition, some key compounds such as limonene which was the most abundant (over 

75% of the oil), and other compounds, viz. palmitic acid, n-decanal,1-cyclohexene-1-

carboxaldehyde, α-farnesene, trans caryophyllene, and myrcene, have been reported [52]. 

According to the relevant reports, it can be easily deduced that pineapple peels are a potential 

source for limonene, which is assessed as a dietary supplement and as a fragrance ingredient 

for cosmetic products, manufacture of food, and some medicines. Of the available compounds, 

1-Cyclohexene-1-carboxaldehyde is an α, β-unsaturated aldehyde used to synthesize 

benzopyrans and azomethine imines. α-farnesene is used as a perfume in cosmetics. Trans 

caryophyllene acts as an anti-inflammatory agent, suggesting analgesic, antipyretic, and 

platelet-inhibitory actions. Myrcene is a powerful antibiotic, antimutagenic, analgesic, anti-
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inflammatory, and sedative effects [52]. Orodu and Inengite [34] showed that the oil extracted 

from pineapple peels is edible and can be used in foods industries.  

Based on the pineapple peel, bioactive compounds are supposed to be promising 

ingredients in their potential applications as drugs, preservatives, substitutes for synthetic 

antioxidants, and used in the development of functional foods and industrial food applications. 

4. Conclusions 

Pineapple waste is an important environmental problem, and it is important to find ways 

to use this waste like important extract nutrients and bioactive compounds, and how pineapple 

peels become a profitable byproduct due to its unique flavor, an abundance of volatile 

compounds, and nutritional values, as well as the processing of waste into food and other uses. 

The pineapple peels could be used as a good source of non-pharmacological treatments in the 

form of processed foods and instant beverages and a promising source of metabolites for 

therapeutic, functional food, and cosmeceutical applications, besides environmentally friendly 

byproducts and sustainable manufacturing practices. 
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