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ABSTRACT 
This review highlights the significance of fruit waste, emphasizing its potential benefits for both human wellness as well 
as environmental sustainability. Fruit by-products, particularly peels, seeds, leaves, and pomace, are rich in nutrients and 
biologically active compounds, often exceeding the nutritional value of the edible portion. These derivatives can constitute 
up to half of the total fruit mass and are commonly discarded as waste, despite their considerable potential for value 
addition. Depending on their chemical composition, fruit derivatives can be utilized across various industries. In the food 
processing sector, these by-products serve as important sources for the extraction of valuable components like bioactive 
components, polyphenols along with antioxidants. Additionally, their mixing into bakery also with confectionery products 
can make increment in nutritional quality as well as functional properties. Fruit waste is also increasingly being utilized in 
biorefineries, pharmaceuticals, and advanced applications such as nanotechnology-based systems. This review further 
explores the potential significance of fruit waste in the food manufacturing units, with focus on sustainable and eco-friendly 
extracting methods. Emerging methods such as ultrasound-assisted extracting methods and supercritical fluid extracting 
methods are being compared with conventional techniques in terms of efficiency as well as environmental impact. The 
growing demand for eco-conscious and renewable processes has accelerated the development of sustainable extraction 
approaches that yield phytochemical-rich extracts with minimal environmental impact.. 
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INTRODUCTION 
The consumable portions of plants which are eliminated 
during their production as well as processing are referred to 
as "food loss" and "food waste." Agricultural processing 
with screening along with production after storage then 
transportation along with consumption all result in these 
losses and wastes. Edible portions of food ingredients that 
spill or deteriorate while being stored are referred to as 
traditional food loss [1]. In the industrialized production 
and processing of fruits, losses are inevitable during their 
selection their washing as well as cleaning their peeling as 

well as theirnucleating processes due to the peculiarities of 
fruits. Fruits also exhibit the traits of enzymatic browning 
and are high in enzymes. Waste is therefore unavoidable 
while the time of processing [2]. According to several 
recent publications, these kinds of fruit and agricultural 
wastes were used to create high-value products that are used 
in everyday human life, like food, cosmetics, and 
medications [3]. We will study fruit byproducts and their 
positive effects on both the environment and people in this 
paper. 

Table 1. Fruits with waste fraction and their applications in food processing [4] 
Fruits By-

products 
(%) 

Variety of By-
products 

Applications of Derivatives 

Malus pumila 20-30 Mash liquor, plonk, acetic acid, gelling agent, fodder 

Citrus sinensis 50 epidermis, kernel as 
well as puree 

Aether Olea, thickener, forage, glace peels etc 

Citrus 
aurantiifolia 

60 Epidermis, kernel as 
well as puree 

Volatile crudes, plant mucilage, fodder, succade etc 

Mangifera 
Indica 

40-60 Epidermis along with 
kernel 

Gelling agents, forage, spirits 

Vitis vinifera 10-15 trunk, Epidermis along 
with kernel 

Nectars, sugar solutions 
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Ananas 
comosus 

30-60 Epidermis, central part 
refineries, strips 

Nectars, sugar solutions, pineapple extracts fodder, 
germ crudes etc 

 
Methods and Techniques in the Processing of Fruit 
Derivatives 
Pomace, peel, seeds, and kernels are examples of these by-
products, which are typically thrown away as garbage. The 
largest problem facing the fruit processing industry today is 
the disposal of the by-products, which are a major increase 
in processing waste due to increased fruit processing [5]. 
Fruit processing by-products are goldmines of biologically 
active nutrients, including carbolic acids, bioflavonoid, 
tannic acids, free radical scavenger as well as gelling 
agents, which can be employed as thickeners, preservatives, 
and substances that prevent cells from being harmed by free 
radicals, among various edibles uses, in addition to posing 
environmental issues. Additionally, paper, polyose, with 
amylum-carbohydrates one might utilized even as a 
substitute for traditional grain-derived amylum in 
comestible layering with sheets employment-are present in 
significant amounts in the by-product [6]. Various methods 
can be employed to extract polyphenols from agri-food 
wastes, such as traditional liquid extraction methods like 

stirring, steeping, as well as Soxhlet, are extra effective 
alternatives like ultrasonication, microwave extraction, 
accelerated solvent extractions, solvent free extraction etc. 
[7]. In the edibles production businesses that employ fruits 
as uncooked materials, like production of fruit preserves, 
dehydrated fruits, and fruit juices, fruit peel is the main 
waste product. The free radical scavenging properties of 
fruit by products, such as epidermis along with mashes, 
have recently drawn more attention from researchers [8, 9]. 
Additionally, fruit waste extract offers a fresh approach to 
fighting dangerous bacteria and viruses. Various parts of 
consumable fruit derivatives like Malus pumila, Musa 
balbisiana, tangerine, wine apples, Vitis vinifera as well as 
Pyrus communis that contain single or more phenoplast 
batches are converted into secondary metabolites called 
polyphenols [10–12]. It is crucial to discover, quantify, 
define, and study the preferred by-products in order to 
evaluate their viability and get ready to use them in industry 
[13].  

Fig 1. 
Conversion of Fruit wastes into various sustainable forms for human use 

Supercritical Fluid Extraction 
The fundamental idea powering SFE is that there is no 
tension at the surface or liquid-gas phase boundary under 
supercritical circumstances. The SCFs exhibit single-phase 
behaviour while simultaneously maintaining the 
characteristics of a gas and a liquid. The fluid dissolves 
active chemicals like a liquid and diffuses like a gas 
throughout the solid matrix. [14]. In their analysis of the 
obtained pomegranate pare extricate via Super-critical Fluid 
Extraction in the vicinity of 20 MPa, Kupnik et al., (2021) 

discovered that ellagic acid had the greatest polyphenol 
concentration of 11,561.84µg/g [15].  
Microwave-Assisted Extraction 
Solvents absorb microwave radiation and transfer it to 
nearby molecules as heat. Water and other solvents with 
high dielectric constants are superior at absorbing 
microwave radiation [16]. Ho et al., (2022) extracted the 
compounds of lycopene (13.592 mg/100 g) through the 
outer skin of Solanum lycopersicum using ethyl acetate as a 
solvent and microwaves ratio belonging to 1:20 w/v as well 
as 400 watts with 60 s, finding which this remarkably 
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boosted recuperation of the compounds of all-trans 
lycopene components. [17]. 
Pulsed Electric Field-Assisted Extraction 
Yu et al., (2020) founded the pulse electric fields of 
polypeptides components through stems of the oilseed rape 
along with foliole as well as discovered that the plant's 
growth stage and electric field strength had the greatest 
effects. At 20 kV/cm, by the 80% of the polypeptides 
components was achieved by extraction, and concerning 
800 Volts/centimetres, some parameters that caused tissue 
damage were identified [18]. 
Ultrasound-Assisted Extraction 
Corbin et al., (2020) applied the hydrolysis of alkaline of 
flaxseed by usage of 0.2 N sodium hydroxide to optimize 
the quantity of hydroxycinnamic acid a swell as glucosides 
along with components of flavanols, succeeded by the 
extracting method at 25 °C along with 30 kHz frequency of 
ultrasound in favour of 60 minutes [19]. 
Deep Eutectic Solvent-Assisted Extraction 
It has been demonstrated that anthocyanins can be 
effectively recovered from winery waste using a NADES 
that was developed using 1:1 ratio of the two which is 
choline chloride to malic acid [20]. In need to pluck β-
carotene from millet, Zhang et al., (2020) used 
exchangeable DESs along with antioxidants of phenols. 
After using DES for five cycles, millet's β-carotene 
recovery rate remained at 91.01 ± 0.96%, demonstrating 
strong extraction and recovery capability [21]. 
Enzyme-Assisted Extraction 
According to Babbar et al., (2021) under the right 
circumstances, the maximum extraction efficiencies of 
galactose polysaccharide in the Enzyme-Assisted 
Extraction of beet pulp extraction, outer skin of Cucurbita 
pepo, as well as berry pomace were 85.9%, 82.2%, and 
89.8%, respectively [22]. 
Ohmic Heating-Assisted Extraction 
In contradistinction prior to alternative thermal methods, 
ohmic heating is a consistent, quick, as well as effective 
electrical heating technique. that’s basic idea is that when 
an alternating current flows by an object, heat is produced 
as a result of the object's and the medium's resistance. 
Ohmic heating promotes consistent heat dispersion because 
of the superior electrode–liquid contact [23]. El Darra et al., 
(2024) discovered grape pomace pretreated with that the 

extraction rate of OH of 400 V/cm was 36% greater than 
that of historical techniques when through red grape 
pomace, they extracted components of polyphenols [24]. 
Cold Atmospheric Pressure Plasma-Assisted Extraction 
Food drying, packaging material processing, functional 
alteration of food matrices, and pesticide residue removal 
are just a few of the uses for cold atmospheric pressure 
plasma (CAP) [25]. Plasma, which is described as a quasi-
neutral gas which is at ionized state which is composed of 
ions along with electrons which are free carrying the 
smallest  atoms as well as their molecules in their ground 
either excited state in a company of neutral charge, is mostly 
composed of air as well as nitrogen along with oxygen 
carrying with helium, as well as argon [26]. Kashfi et al., 
(2023) employed 50 W characterized by electricity for 
duration of 20 minutes of plasma treatment on desiccated 
folioles of mints along with discovered that there was some 
colour alteration, the total phenolic content follows as 
292.53 mg GAE/g edw, along with free radical scavenging 
power were greatly improved [27]. 
High Hydrostatic Pressure-Assisted Extraction 
Treatments associated with HHP duration of 10 minutes at 
200, 400, or 550 MPa did not varies in the number of 
anthocyanins plucked, according to Morata et al. who used 
HHP to extract anthocyanins from grape pomace. This 
suggests that at the lowest pressure (200 MPa), HHP in 
anthocyanin extraction was already at its peak when done 
by mechanical outcome methods [28]. Pectin extraction is 
another common application for HHP. The pectin relent 
from Satsuma mandarin skin employing two different 
distinct solvents as citric acid as well as hydrochloric acid, 
which varied through 15.34% prior to 18.99% under an 
HHP treatment setting of 500 MPa for duration of 10 
minutes. This finding showed, the yield of pectin was 
greatly improved when citric acid was used as high 
hydrostatic pressure as an extractant [29].  
Fermentation 
One of the first product-specific methods for using 
microbes to convert food waste materials into applicable 
substitutes is fermentation [30]. Numerous studies have 
examined how SSF affects the physiological characteristics 
of Argo waste and found that solid-state fermented substrate 
is preferable to unfermented substrate [31]. 

Table 2. Agricultural Waste and The Best Way to Process It to Optimize Its Value for Health. 
Source Actionable  

Component  
Pharmacologic Activity Composites References 

Malus 
domestica  

Skin and mash Antineoplastic, anti-
bacterial, free radical 
scavenger, plant cellulose 

Benzyl-acetophenone, L-
epicatechin, 
hydroxycinnamic acid, 
trifolitin condensed tannins, 
pycnogenol, phlorizin, 
flavanol glycosides, rutin, 
and anthocyanins 

  
32 

Castanea Hull antibacterial, free radical 
scavenger 

Tannin 33 

Punica 
granatum 

Peel, pulp and 
seeds 

free radical scavenger, 
antiphlogistic, 

Flavonoids, anthocyans, 
hydrolysable tannins, 

33 
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Antineoplastic, 
antihyperglycemic, 
antibacterial, as well as 
bio antimutagenic 

Gaulish, Gallo-acid, 
ellagitannin, and 4,6- (S, S)-
Gallagyl-D-glucose 

 
The Role of Fruit Derivatives in Promoting 
Environmental Sustainability: 
Many fruits that people habitually eat have byproducts that 
are thrown away as waste, but such byproducts are 
extremely important to humanity. Some fruit byproducts are 
listed below along with a statement on their many 
advantages. 
The Epidermis of Musa Balbisiana: 
About 40 million loads of banana’s epidermis are 
assembled per annum also this by-product makes up to 35% 
of the final mass of banana fruit. In landfills or among other 
debris, the majority of these peels are frequently disposed 
of [34]. 
Musa Balbisiana Epidermis: Potential Benefits for 
Bakery and Confectionery Applications: 
 Lee EH et al, (2022). found that, banana peels 
were favourable to prepare jellies that were rich in 
phenolics, including flavonoids, along with dietary 
roughage, as well as having free radicals scavenging 
properties. The formed jellies from epidermis of banana are 
thought to be more advantageous than tablets or pills in 
terms of nutrition as well as health benefits. Epidermis of 
banana are therefore seen as fruit derivative, making the 
economics both favourable and alluring [35].  
Musa Balbisiana Epidermis: Implications for Meat 
Industry Innovations: 
Banana peel powder improved the chicken sausage's ability 
to retain water, which decreased cooking loss, according to 
the findings, Furthermore, Banana peel powder enhanced 
not just functional elements like the amount of usable food 
remaining after processing, cooking or water-holding 
capacity moreover have wellness perks like increasing 
plant-based nutrients. Nevertheless, the finished product's 
sensory and textural qualities suffered. In comparison to all 
samples prepared, the dietary fiber-enriched chicken 
sausage made with 2% banana peel powder was judged to 
be both texturally as well as organoleptically acceptable. 
Thus, this demonstrates how the concentration of powdered 
banana peel affects the technological capabilities sausages 
prepared from chicken. Stated differently, a mass fraction 
of banana peel dust enhances nutritious qualities of the 
sausage prepared from chicken, while a bulk concentration 
in regards to banana peel dust weakened its cohesion. For 
chicken sausage to maintain its sensory appeal, nutritional 
qualities and texture acceptability must be balanced. 
Additionally, the antioxidant qualities of banana peel 
powder have been demonstrated to slow lipid oxidation 
when added to sausage. The findings show that dietary fiber 
can be obtained at a low cost from banana peel powder. The 
benefits it offers in terms of improving nutritional 
composition and functional qualities may lead to its 
inclusion in meat products [36].  
Musa Balbisiana Epidermis: A New Ingredient in 
Cosmetic Formulations: 

Creams made with both fresh and dried banana peels have 
been shown by Asuquo EO et al. (2025) to have significant 
antibiotic as well as antimycotic action opposed to 
Staphylococcus aureus, Pseudomonas aeruginosa, 
Candida albicans, along with Aspergillus niger, with 
inhibitory portions that are analogous to those of a profit-
oriented botanicals. Creams made from dried banana peels 
demonstrated better antifungal action, while creams made 
from unprocessed Musa balbisiaca peels were highly potent 
opposed to bacteria. A smooth texture, a pH that is suitable 
for skin, and high spread ability were among the acceptable 
physical characteristics that both formulations 
demonstrated, suggesting that they were suitable for topical 
use. According to the research, banana peels carry the 
power to be inexpensive, sustainable building blocks in 
antimicrobial skincare outcomes [37].  
The profits of banana skin take offs, are component of face 
toners, were demonstrated by Numrueng J et al. (2024) It 
was found that 72 hours was the ideal incubation period for 
achieving the highest output. Strong antioxidant (93.96%), 
total flavonoid (8.18 ± 0.08 milligrams), and total phenolic 
(8.23 ± 0.42 milligrams) fulfilment were noted. One of the 
Banana extracts with code IC50 was on the par with those 
of vitamin C. Thus, it is possible that banana epidermis 
follows biologically active substances which are collected 
as well as applied for a various application, which sums up 
cosmetic uses also. Formation in regards to the face toner 
also demonstrated a strong free radical scavenging 
characteristics and a notably a great strength. In cosmetics 
industry, the banana epidermis, a huge derivative, is a great 
origin for premium unprocessed commodity [38].  

 
Fig. 2. Chemical Structure of compounds extracted 

from fruit derivatives. 



Page: 8 4 2   

 Advances in Extraction and Utilization of Fruit Derivatives for Functional and Sustainable Food Systems 

IJDDT, Volume 16 Issue 53s, 2026 
 
 
 

The kernel and Epidermis of Carica papaya: 
In the tropical fruit market, papaya (Carica papaya), a home 
grown of southern Mexico as well as Central America, a 
member of the Caricaceae family, comes in third place after 
pineapple and mango. According to reports, 185.95 tons are 
produced every three years [39]. Papayas can be eaten raw 
in fruit salads, cooked into jams, jellies, chips, and candies, 
or they can be combined into juice [40]. 
Implication of ovule of Carica papaya as origin of 
therapeutic diet:  
Seeds have been studied by Saha M et al., (2023) as 
possible sources of medicines. Comparing quantitative 
Phyto-nutrient estimates and evaluating the antioxidant as 
well as antibacterial qualities of raw along with ripe Carica 
papaya kernels were the main goals of our investigations. 
The highest levels of total numbers of polyphenol 
(80.55±1.95 mg GAE/gm. of DW), total amount of  
flavonoid (29.91±0.47 mg QE/gm. of DW), total amount of 
tannin (16.08±0.27 mg TAE/gm. of DW), total soluble 
protein which were present (4.10±0.52 mg BSAE/gm. of 
DW), total vitamin B1 (43.13±0.19 mg THE/gm. of DW) 
and vitamin C (19.35±0.10 mg AAE/ml. of FW); Ripe seed 
extract had the highest carbohydrate content (26.22±3.99 
mg GE/gm. of DW) and lipid content (12.44±6.84%). Raw 
seed extract had the highest in vitro free radical scavenging 
activity (71.55±0.21%), but the aqueous extract did not 
exhibit any zone of inhibition when compared to the 
ethanolic extract. The final outcome recognized that the 
wasted seeds might be used to treat oxidative stress-related 
illnesses and, in a more economical manner, could be a 
possible therapeutic food supply [41]. 
Implication of ovule of Carica papaya in food industries: 
According to a study by Madhuvanthi S et al. (2022) plant 
based thickening agents with a highest production of 
8.655% was withdrawn from papaya ovule using steam 
cleaning method. The ideal procedure parameters were 
acidity 1.5, hotness of 80°C, 60 minutes of time, along with 
a liquid-solid proportion with ethanol precipitation ratio of 
25 mL/g. It was discovered that the methoxy percentage of 
pectin was 9.216%, that is identified as less methoxy extent. 
Because its unnecessary huge levels of sugar to gel, low-
methoxyl plant based thickening agents were employed in 
the edibles sector to prepare less regular table sugar food 
preserves. Nowadays, people with diabetes are looking for 
low-sugar jams. The majority of molecular recipes seek for 
pectin with low methoxy. Further characterisation of the 
extracted pectin can lead to its development into 
commercial pectin with appropriate food applications [42].  
Abdel-Hameed, SM et al. (2023) studied that Carica 
papaya ovule are safe, edible, nutritious, and antibacterial 
fruit wastes produced by techniques applied to Carica 
papaya. They are capable of being converted into mass 
effective goods like delicious and nutritious cupcakes or 
premium oleic oil. Carica papaya ovule oil is a nutritious 
substitute for other plant oils. In place of artificial 
antimicrobials, Carica papaya ovule as well as their dust 
might utilized as nature origin safeguard to increase the 
edibles microbiological safety and storage durability. They 
can also be used as antibacterial treatment agents and 

innovative medications to protect human health. To make 
tasty and wholesome chocolate cupcakes, papaya seed 
powder can be effectively used with WF (up to 15% level) 
as nutritive components and antibacterial agents. Adding 
value to food processing, papaya seed oil and powder can 
be utilized as natural additions or as innovative functional 
food ingredients [43].  
Implication of ovule of Carica papaya as origin of 
Nutrition for human health 
Papaya seeds, particularly the round and elongated yellow 
ripe seeds, are rich in protein, fiber, fat, ash, and vitamins A 
and C. Their shelf life is constant, nonetheless, because of 
their modest moisture content. The potassium concentration 
is also admirable and may have nutritional advantages for 
human health. Because of their functional qualities, 
particularly bulk density, water absorption capacity, and 
foaming capability, these prospective flours made from 
papaya seed types may be used in food composition [44]. 
Derivatives of Ananas comosus: 
Compost made from the pineapple by-product works well 
as fertilizer. Additionally, a bio floc system can be used to 
feed powdered pineapple peel to Nile tilapia [45]. 
Phytochemicals, which have a variety of properties 
including their antibacterial, their anti-inflammatory, their 
antioxidant their anticancer, as well as nutritional 
characteristics, are abundant in pineapple waste. Because 
pineapple fruit waste contains phytochemicals and 
antioxidants that can be employed as bio-preservatives in a 
variety of foods and nutraceuticals, it can be used to extend 
food's shelf life and improve its functional qualities [46]. 
Implication of Ananas comosus Epidermis as origin of 
Free radical scavenger, scented compounds along with 
polyphenols:  
Using microwave assisted extraction, Lasunon P et al. 
(2022) investigated the bioactive chemical in pineapple by-
products. They found out that the pineapple peel constructs 
the highest succumb of withdrawn, with a high phenolic and 
flavonoid content. The antioxidant properties of its extract 
also demonstrated that pineapple peel has strong 
antioxidant properties, especially in terms of DPPH radical 
scavenging activity. An analysis using fuzzy logic has been 
used to determine the most valuable by-product. The 
pineapple peel was found to have a higher content than the 
pineapple core by 1.7 times, according to the overall 
performance index [47].  
In comparison to the core pineapple samples, Valdés García 
A et al. (2021) found that the peel had somewhat lower TPC 
levels. Although there were notable variations between 
samples, the antioxidant capacity measured for the two 
pineapple by-products was rather comparable. The results 
of the antioxidant tests verified that derivatives of Ananas 
comosus can be a great origin of free radicals scavenging 
compounds that are isolated with ease as well as refine for 
a variety of uses, including as a natural ingredient in 
pharmaceuticals or as an additive in food packaging. In this 
work, design of Box–Behnken was applied to examine 
volatile profiles regards to pineapple peel along with core 
samples. 60 minutes of extraction time, 30 C of 
temperature, and 0.012 M of NaCl were the ideal extraction 
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conditions regards to HS-SPME-GC-MS. It has been 
confirmed that significant amounts of volatiles are present 
in both pineapple sections. As a result, these wastes may 
provide a pleasant, fruity scent that can be used in food 
goods and active packaging. Ethyl acetate was found to be 
the primary volatile in pineapple peel in this investigation. 
This substance can be incorporated to food and drinks to 
enhance their flavor [48]. 
Implication of derivatives of Ananas comosus as origin 
of biorefineries: 
Application of derivatives of ananas comosus as the feed 
stream, Banerjee S et al. (2022) investigated the 
valorization technique, which concentrated on producing a 
variety of products in an integrated biorefinery. The result 
was a crude enzyme extract of bromelain. The enzyme was 
precipitated using ethanol to achieve further purification. 
Approximately 1.9 ± 0.1 CDU/mg of bromelain which were 
functional, discovered in central derivative of ananas 
comosus of Smooth Cayenne type, which is comparable to 
the activity of commercial ananas comosus stem bromelain 
(2.2 ± 0.1 CDU/mg, with a purity of 95–96%). The core 
waste from other pineapple types, such as MD2 (1.5 ± 0.1 
CDU/mg) and Giant Kew (1.6 ± 0.1 CDU/mg), also 
generated pineapple’s enzymes with comparable actions of 
enzymes. Once the bromelain was extracted, the residue 
was examined for its functional characteristics and found to 
include a high amount of insoluble fiber. The fiber 
concentrations from pomace had the highest water-holding 
capacity among the various pineapple by-products, 
measuring sample of 14.4 ± 1.5 g water/g. coverings and 
core had the next highest water-holding capacities, at 11.2 
± 1.1 g and 11.6 ± 1.3 g, respectively. To satisfy the needs 
for both soluble and insoluble fibers, mashes can be mixed 
with dissolvable dietary roughages, such as mashes of apple 
fruit, which is high in plant based thickening agents. 
Pomace, which had a low content of lignin that is 2.1 ± 0.6 
g per 100 g free sample of dried extractive, was again 
percentage into high in cellulose residues along with 
hemicellulose, then valorized into glucose of 85.3 ± 1.7 
g/100 g of mash-cellulose and XOS of 26.1 ± 0.4 g/100 g 

of hemicellulose, respectively. The biorefinery portfolio can 
further transform the glucose into possible biofuels and 
biochemicals. There is a market need for the products 
(glucose, XOS, insoluble dietary fiber, and bromelain) in 
the edibles as well as remedial or healing industries. The 
outcome of this work's biorefinery approach may contribute 
to the full application of pure ananas comosus techniques 
applied to their derivatives. Techniques in making full 
application of derivatives of pineapple processing ought to 
get created by big scale as well as at reasonable prices. The 
industrial advantages of the programmed biorefinery must 
be assessed through analysis of life cycle combined with 
studies of techno-economic feasibility [49].  
McCance KR et al. (2021) conducted a finding in which the 
concluding item of biological products was assessed after 
ananas comosus foliole were concentrated to develop pages 
as well as regular table sugars from the coverings and 
central fermentation of derivatives to produce ethanol [50].  
Implication of derivatives of Ananas comosus as origin 
in manufacturing of value-added food outcomes: 
Pineapple waste is rich in bioactive compounds, according 
to research by Campos DA et al. (2020) hence, the scientific 
community is continuously interested in turning these 
materials into wealth. Through a more thorough 
characterisation of derivatives of ananas comosus like 
coverings as well as trunk, provided by physicochemical 
analysis, a reusable method of fractionation-based fruit 
derivatives valorization can be developed. To create 
functional fractions, the liquid and solid must get separated 
using an appropriate separation procedure. The liquid 
fraction can be separated in two components: the 
percentage of enzymes and the residues of fluid. This liquid 
fraction comprises approximately 57.8% (v/w) of coverings 
as well as 68.8% (v/w) of trunk. While the secondly great 
origin to soluble roughages as well as polyphenols that 
might use in form of an antioxidant and prebiotic enhancer, 
the first provides stem bromelain concentrations. Pineapple 
peel and stem solid fractions have great promise as active 
component in culinary usages, particularly in creation of 
calorie-reduced and dietary fiber-enriched food items [51].  

 
Fig 2. Food by-products as the origin of different useful functional components 
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Derivatives of Litchi chinensis Sonn.:  
It is possible for between 25 and 30 percent of the final 
product to be squandered during fruit processing. As by-
products of processing, these residues can be used as raw 
materials and are frequently abundant in naturally occurring 
substances that are biologically active, including vitamins, 
enzymes, carotenoids, lipids, and polyphenols [52].  
Implication of derivatives of Litchi chinensis Sonn. 
Foliole as origin of silver nanoparticles: 
The cost-effective production of AgNPs utilizing Litchi 
chinensis leaf extract was investigated by Tehri N et al., 
(2020) Using UV-vis spectrophotometry to establish the 
existence of AgNPs in solution as well as the bio-reduction 
reaction for the creation of NPs is confirmed using 
transmission electron microscopy (TEM) and Fourier-
transform infrared spectroscopy (FTIR) for further 
characterisation. The production of AgNPs was indicated 
by an absorption peak at 422 nm in the surface plasmon 
resonance (SPR) band. The existence of biological 
components involved in AgNPs synthesis was confirmed by 
FTIR spectra. Through TEM analysis, AgNPs were found 
to be spherical, with a particle size distribution ranging from 
5 to 15 nm. Significant sporicidal and bactericidal activity 
against Bacillus subtilis model spore-forming bacteria was 
also shown by the biosynthesized AgNPs. After two to eight 
hours of exposure, AgNPs at concentrations ranging from 
25 to 100 mg/mL showed bactericidal action with an 
inhibitory zone of 4 to 19 mm and sporicidal activity at 
100–200 mg/mL in a range of 4.46–61.6%. These results 
demonstrate the biogenic AgNPs' special signifience for 
their effective application for the creation of new 
bactericidal and sporicidal agents against bacilli that 
generate spores [53]. 
Implication of derivatives of Litchi chinensis Sonn. 
Coverings as significant compound in food industries: 
The antioxidant efficacy of two alcoholic and 
hydroalcoholic lychee outer cover extracts, along with their 
nutritional and phytochemical properties were studied by 
Vinha AF et al., (2023) the two extracts' scavenging ability 
against reactive species (O2•-, H2O2, and NO•) was also 
assessed. According to nutritional analysis, the peels' total 
energy was 331.4 kcal/100 g and 76.8 ± 1.0 g/100 g, 
respectively, while their protein and fat content was low. In 
alcoholic extraction, the total phenolic and flavonoid 
concentrations were greater as 1578 mg GAE/g as well as 
55.1 mg CE/g, respectively. A positive association between 
the extractive yield of the bioactive chemicals and the 
action of free radical scavengers assessed in vitro by the 
2,2-diphenyl-1-picrylhydrazyl as well as 
Ferric Reducing Antioxidant Power experiments was 
confirmed by the extracts of the ethanol enhanced 
antioxidant activity. On the whole, lychee skin ethanolic 
extracts exhibited the highest action of antioxidants against 
reactive oxygen (O2-•) as well as nitrogen species (NO•) 
along with highest antioxidant capacity. The ethanolic 
extract's hydrogen peroxide scavenging activity was 64 
µg/mL, comparable to the values found in the positive 
controls which have 86 µg/mL for ascorbic acid along with 

62 µg/mL for quercetin. These early findings imply that this 
underappreciated component is viable origin of biologically 
active chemicals with great signifience of biological use as 
an active component in new product manufacturing, with 
constant emphasis on sustainability [54]. 
 3.4.3 Implication of derivatives of Litchi chinensis Sonn. 
Coverings as modern medications: 
Organic compounds made naturally by plants that contain 
nitrogen, dioxonthracene, polysaccharides, bioflavonoids, 
sugar derivatives, polypeptides and biomolecules, carbolic 
acid, isoprenoids, and tannic acids are among 
phytochemicals that are abundant in litchi seed extract, 
according to research by Shohel MA et al., (2025) 
Albendazole and LCSE both had dose-dependent 
anthelmintic effects; as concentrations rose, duration 
needed for decrement in paralysis along with death 
proportionately. At a 100 mg/mL concentration, LCSE 
demonstrated substantial anthelmintic efficacy of paralysis: 
12.67 ± 0.33, death: 14 ± 0.58, this was noticeably higher 
than albendazole's paralysis: 15 ± 1.15, death: 17.67 ± 1.15. 
According to current study, LCSE has strong vermifuge 
qualities, which makes this viable natural substitute for 
traditional therapies like albendazole [55].  
In the castor oil-induced diarrhea model, MA Shohel et al., 
(2025) found that L. chinensis seed extract (LCSE) 
significantly (p < 0.001) reduced the frequency of 
defecation, delayed the onset of diarrhea, and decreased 
fecal weight at all dosages of 100, 200, and 400 mg/kg. 
Additionally, LCSE dramatically (p < 0.001) decreased 
both wet and total fecal output, slowed gastrointestinal 
motility (p < 0.001), and significantly (p < 0.001) decreased 
intestinal contents weight and volume in the charcoal meal 
test. Compared to the conventional medication, loperamide 
(160.14%), the maximal in vivo antidiarrheal index (ADI) 
was 400 mg/kg 18942%. The increase in the ADI was dose-
dependent. The findings show that litchi seed extracts have 
potent antidiarrheal properties, making them a practical, 
long-lasting replacement for modern medications [56].  
There are many studies which contributes that antioxidants 
are described as substances that have the power to make it 
prevent as well as delay in oxidation, which lowers the 
quantities of free radicals or transition metal ions [57]. 
According to several research, peels have a greater 
antioxidant capacity than seeds and other portions of 
various by-product kinds [58]. Many derivatives are 
produced by the time of the eating and processing of a wide 
range of fruits, including citrus, apples, mangos, and grapes. 
These derivatives often include the highest concentrations 
of beneficial biologically active chemicals. Pomace from 
fruits is one of the main byproducts of fruit processing. Fruit 
pomace can be substituted for some of their sugar present, 
oil present, or flour in food products as an inexpensive, low-
calorie bulking ingredient. By increasing emulsion stability 
as well as water along with oil retention, it often enhances 
food functionality [59]. During the process of osmotic 
dehydration of the fruit well known kiwifruit slices, citric 
acid, a by-product of kiwi processing, can keep color 
features and avoid browning [60]. 
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Conclusion: 
This Paper concludes that the derivatives of fruits are often 
employed in the food industry for manufacturing 
differences of products like in bakery, confectionary and 
meat industries. This review presented that fruit wastes 
have potential to upgrade the nutrients of the food materials. 
The focus should be on everything from the choice of raw 
materials to the use of extraction techniques. The study 
demonstrated derivatives of fruits can be applied in various 
significant ways like they act nutrient dense pack for human 
health, can be used in therapeutic diet, also added to food to 
enhance their nourishment value as these fruit derivatives 
have their importance in modern medications, extraction of 
nanoparticles, source of biorefineries and these fruit by-
products have also been used in cosmetic industry with lots 
of benefits. 
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