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Abstract

Fruit waste is a major byproduct of the food industry and its disposal causes serious environmental
problems. However, fruit waste is also a rich source of bioactive compounds such as polyphenols,
carotenoids, and flavonoids that have potential health benefits. This review paper aims to provide a
comprehensive overview of the extraction techniques used for the recovery of bioactive compounds from
fruit waste, their health benefits, and their applications. The paper also discusses future perspectives and
recommendations for the effective utilization of fruit waste. The paper discusses different extraction
techniques such as conventional and non-conventional employed in different fruit waste materials. The
health benefits section highlights the potential of bioactive compounds from fruit waste in the prevention
and treatment of various diseases such as diabetics, cancer, cardiovascular diseases, and diabetes. This
review emphasizes the recommendations such as optimizing the extraction conditions to maximize the
recovery of bioactive compounds and the need for further research to explore the potential of fruit waste-
derived bioactive compounds in various fields. In conclusion, this review provides a comprehensive
overview of the extraction techniques, health benefits, and applications of bioactive compounds from
fruit waste. The paper highlights the potential of fruit waste-derived bioactive compounds as a
sustainable source of valuable compounds for various industries.
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1. Introduction
At a global scale, food industry by-products represent a critical source of pollution: food losses
and waste occur throughout the food supply chain, accounting for around 1.3 billion tons per
year, or 16% of the total food supply (Marcillo-Parra et al., 2021) 1. A wide range of by-
products come from fruit processing, particularly from the juice industry, including peels,
unusable pulp, seeds, and fruit shells a large amount of this material is ultimately discarded.
The conversion of these wastes into high-value food products could mitigate losses by
increasing demand for post-harvest and agro-industrial by-products that can be used as sources
of bioactive compounds with antioxidant properties and applied in the development of
functional products. Most fruits produce at least a minimum of 25-30% of byproducts in the
form of peel, seed, pomace, etc. (Sagar, Pareek, Sharma, Yahia, & Lobo, 2018) [*"l. Several
studies on fruit by-products in the form of peels, seeds, pomace, and shell extracts have found
a wide variety of bioactive compounds, such as phenolic acids, flavonoids, anthocyanins,
carotenoids, and vitamin C. In fruits, “bioactive compounds” are those secondary metabolites
typically produced in small amounts along with primary metabolites such as proteins,
carbohydrates, and lipids. These secondary metabolites are supposed to assist the plants in
increasing its overall capability to survive (resistance against ecological stress, diseases, and
UV radiation) and allow them to grow. These bioactives are recognized to exhibit antioxidant
potential, anti-microbial, anti-cancer or anti-inflammatory capacities thus, helping to prevent
oxidative stress and related chronic diseases. Therefore, it is necessary to utilize this bioactive
rich waste by extracting them using several conventional extraction methods such as
hydrodistillation, soxhlet extraction and maceration and greener and less hazardous novel
techniques such as ultrasound-assisted extraction, supercritical fluid extraction, microwave-
assisted extraction and enzyme-assisted extraction etc.
Present review summarizes the novel green extraction techniques and conventional extraction
methods for bio-actives from various fruit waste materials, with their principle and
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mechanism. This review attempted to include recent research
papers on various health benefits of different fruit materials.
This information will be helpful to the industry personnel,
academia, and researchers, whose intention is to develop food
products with natural bio-actives and with an objective of
green labels.

2. Extraction of bio-active compounds from fruit waste
materials

Fruit waste materials are rich sources of phytochemicals and
have been extensively investigated for their content of
phenolic compounds, dietary fibers, and other bioactive
substances. While the pulp of most fruits is commonly
consumed, research has demonstrated that significant
quantities of phytochemicals and essential nutrients are
present in the seeds, peels, and other components of fruit that
are typically (Rudra et al., 2015) [8l Investigators have
explored a variety of conventional (e.g., hydro-distillation,
Soxhlet extraction, maceration) and non-conventional (e.g.,
ultrasound-assisted extraction, supercritical fluid extraction,
microwave-assisted extraction, enzyme-assisted extraction)
techniques for the isolation of bioactive constituents from
fruit byproducts. It has been determined that non-conventional
methods offer several benefits over conventional approaches,
including lower production costs, shorter processing times,
reduced solvent usage, eco-friendliness, higher extraction
yields, and decreased energy consumption and CO2 emissions
(Jiang et al., 2021) (291,

2.1. Conventional extraction methods

2.1.1. Hydro-distillation

Hydro-distillation involves combining solid material with
water and subjecting it to distillation using an electric heating
mantle. This process allows for the condensation and recovery
of volatile compounds (Chen et al., 2021) @M. However,
hydro-distillation has its drawbacks, including the loss of
certain components, natural pigments, and heat-sensitive
bioactive compounds due to the high temperatures used,
which exceed the boiling point of water (Aramrueang et al.,
2019) . This method has been employed to extract essential
oils and hydrosols containing significant volatile compounds
from pineapple and pomegranate peels (Mohamad et al.,
2019; Ara & Raofie, 2016) [ 1. Researchers have introduced
a novel approach that employs solar hydro-distillation as a
zero-waste biorefinery technique to isolate essential oils,
polyphenols, and pectins from orange peel. The findings of
this research indicate that TPC (total phenolic content), TFC
(total flavonoid content), hesperidin, narirutin, and pectin
remain in the peels after extraction with high retention levels,
especially after solar hydro-distillation (Hilali et al., 2019) [,

2.1.2. Soxhlet extraction (SE)

The Soxhlet extraction method involves a small quantity of
dry sample, which is placed on the soxhlet extractor where the
solvent flows through. The procedure is repeated until the
extraction is accomplished. This method necessitates
prolonged extraction time and substantial amounts of solvent
(Soquetta et al., 2018) [/, The key parameters that affect the
Soxhlet extraction process are the type of solvent and its
qualities. Lipophilic chemicals and pigments such as
carotenoids and chlorophyll are extracted using low-polar
solvents like petroleum ether and chloroform. A research
study used the Soxhlet technique with pure ethanol to extract
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TPC from sweet variety tamarind seeds and obtained 387.4
GAE/g extract (Reis et al. 2016) [©1.

2.1.3. Maceration

The research study investigated the tangerine peels,
researchers observed that the maximum extraction of TPC
was obtained (28 mg GAE/g extract) by maceration at a
temperature of 40 °C when using 80% methanol as the
extracting solvent (Safdar et al., 2017) . According to a
comparative study, the antioxidant potential of Jackfruit
(AhJ33) waste extracts (rind and rachis) was evaluated using
three different extraction methods: maceration, percolation,
and Soxhlet. The results indicated that for both rind and
rachis, the maceration technique yielded extracts with the
highest antioxidant activities. This was found to be correlated
with the highest TPC and TFC values (Daud et al., 2017) I,

2.2. Green/Novel extraction methods

2.2.1. Microwave-assisted extraction (MAE)
Microwave-assisted extraction (MAE) is an innovative
method for extracting bioactive compounds from fruit waste.
This technique involves heating solvents containing plant
samples using microwave energy, which facilitates the
transfer of analytes from the sample matrix into the solvent.
When microwave radiation passes through the solvent and
sample, it is directly converted to the solid sample without
being absorbed by the solvent. This results in rapid heating of
the moisture within the solid sample, leading to evaporation
and the generation of high vapor pressure. The high vapor
pressure causes the cell walls of the sample matrix to rupture,
releasing the desired components into the solvent (Sonar et
al., 2020) %1, The efficacy of Microwave-Assisted Extraction
(MAE) is contingent upon several parameters, including
microwave power, solvent properties, extraction duration,
temperature, sample composition, and the dielectric constants
of the target compounds. Research data indicates that the
MAE process was utilized to extract betalain from dragon
fruit peel. Under optimal conditions of 35 °C and an 8-minute
treatment duration, a betalain yield of 9 mg/l was obtained
from a 20 g sample (Sabrina et al., 2023) (6. A recent
research study has investigated the recovery of polyphenolic
compounds from ripe mango peel using an MAE with deep
eutectic solvents (DES). The lactic acid/sodium acetate/water
(3:1:4) was DES system and used as the extractant. The
optimal conditions were determined as 436.45 W, 19.66 min,
and a liquid-to-solid ratio of 59.82 mL g?. Under optimal
conditions, the recovery of TPC was 56.17 mg gallic acid
equivalent g dw. The researcher identified mangiferin as the
prominent phenolic compound in the mango peel extracts.
Researchers concluded that MAE with DES extraction had
remarkable effects on the extraction efficiency of phenolic
compounds (Pal et al., 2020) 101,

2.2.2. Supercritical fluid extraction method (SFE)

Supercritical Fluid Extraction (SFE) is a highly effective
method for isolating natural bioactive compounds such as
flavonoids, essential oils, seed oils, carotenoids, and fatty
acids from fruit waste materials. It is considered a sustainable
alternative to conventional extraction techniques (More et al.,
2022) 29, |t is a technique that employs a supercritical fluid
(SCF) as a solvent to extract and separate substances. A
supercritical fluid is formed when a fluid is subjected to
pressure and temperature above its critical point, causing the
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liquid and gas phases to become indistinguishable.
Supercritical fluids exhibit the physicochemical properties of
both liquid and gas states (Khaw et al., 2017) 4, A variety of
compounds have been investigated for their potential as
supercritical fluids (SCFs), including hydrocarbons (pentane,
butane, hexane), aromatics (benzene, toluene), alcohols
(methanol, isopropanol, n-butyl alcohol), and gases (carbon
dioxide, ethylene, propane) (Uwineza & Waskiewicz, 2020)
(22, The SFE process comprises two critical stages: extraction
and separation. Both solid and liquid samples may be utilized,
depending on the system configuration, but solid samples are
more commonly employed. In the case of solid samples,
columns are packed with pre-treated (dried and milled)
samples, and pressurized supercritical solvents flow through
the column, dissolving extractable compounds from the solid
matrix. The dissolved compounds are transported via
diffusion to the separator, where the extract and solvent
mixtures are separated by altering the pressure (Boyaci et al.,
2015) 1281, Research data demonstrated that SFE of B-carotene
from enzyme-treated ripe bitter melon pericarp resulted in a
maximum yield of 90.12%. This was achieved by applying a
pressure of approximately 390 bar, a flow rate of 35 mL/min,
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a temperature of 70 °C, and an extraction time of 190 min to
lyophilized enzymatic pretreated ripe bitter melon pericarp
(Patel et al., 2019) 4, Supercritical Fluid Extraction (SFE)
has also been employed to recover phenolics from grape
bagasse derived from pisco residues. The optimal extraction
conditions were determined to be 40 °C, 20-35 Mpa for 180
minutes using 10% ethanol (w/w). The compounds identified
in the extracts included syringic, vanillic, gallic, p-
hydroxybenzoic, and p-coumaric acids, as well as quercetin
(Farias-Campomanes et al.,, 2013) 5. A recent study
examined the extraction of bioactive compounds from
pomegranate (Punica Granatum L.) fruit peels using various
methods, including Cold Maceration (CM), Ultrasonic
Extraction (UE), Soxhlet Extraction (SE), and Supercritical
Fluid Extraction (SFE). Methanol, ethanol, and acetone were
used as solvents in conventional extractions, while the
operating pressure was varied (10, 15, 20, 25 MPa) in SFE.
The researchers concluded that the SFE extract obtained at 20
MPa contained the highest content of total polyphenols
(11,561.84 pg/g), with ellagic acid being the predominant
compound (7492.53 pg/g) (Kupnik et al., 2022) 1,
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Fig 1: Super critical fluid extraction.

2.2.3. Ultrasound-assisted extraction (UAE)

Ultrasound-Assisted Extraction (UAE) is a modification of
conventional extraction methods designed to increase yield at
a lower cost. In the UAE process, ultrasound waves are
employed to enhance efficiency through cell disruption and
effective mass transfer (Kumar et al., 2020) . In this
extraction technique, mechanical energy generated by
ultrasound waves is applied to the samples. This sonication
results in cavitation, the formation of small vacuum bubbles
or voids in the liquid, which implodes upon contact with the
solid sample, producing localized high temperatures
(approximately 4500 °C) and pressures (approximately 50
MPa). These forces induce effects such as sonolysis,
destruction of cell membranes, and extraction of intracellular
material. UAE can be subdivided into direct and indirect
methods. In direct UAE, a sonotrode is immersed in the
sample-solvent mixture and ultrasonic radiation is applied

directly. In indirect UAE, ultrasonic radiation is applied to the
sample-solvent mixture via an ultrasonic bath, which can
accommodate multiple samples simultaneously (Chavan et
al., 2022) 261, Bioactive compounds, including polyphenols,
flavonoids, and carotenoids, were extracted from bael fruit
pulp waste using the UAE technique. Response Surface
Methodology (RSM) optimization of the extraction process
variables yielded an ethanol concentration of 51.22%, an
ultrasound amplitude of 51.45%, and an ultrasound treatment
time of 6.11 minutes. The investigators determined that the
utilization of UAE methodology for the isolation of bioactive
constituents from fruit byproducts is feasible for large-scale
production in the development of food additives and
pharmaceuticals (Sonawane et al., 2020) [l The
investigators have shown that the most favorable parameters
for the UAE of bioactive constituents from orange peel were a
power output of 400W, an extraction duration of 30 minutes,
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and a solvent composition of 50% ethanol in water. Under
these conditions, the total carotenoid content was determined
to be 0.63 mg R-carotene/100 g, the vitamin C content was
53.78 mg AA/100 g, and the phenolic content was 105.96 mg
GAE/100 g. Hesperidin was identified as the predominant
phenolic compound in all orange peel extracts, with a
maximum concentration of 113.03+0.08 mg/100 g (Montero-
Calderon et al., 2019) 281, A study was conducted to compare
the efficacy of UAE, MAE, and maceration for the isolation
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of phenolic constituents from ciriguela peel. The phenolic
extract obtained using optimized UAE was found to have a
higher yield and greater antioxidant activity (35.15 mg
GAE/g, ICsp = 0.19 mg/mL) compared to conventional
extraction (30.10 mg GA/g and ICsp = 1.68 mg/mL) and MAE
(23.31 mg GA/g and I1Cso = 4.29 mg/mL). The investigators
concluded that UAE was the most effective and efficient
method for obtaining bioactive extracts from ciriguela residue
(Junior et al., 2021) (12,
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Fig 2: Ultrasound-assisted extraction

2.2.4. Enzyme-assisted extraction (EAE)

Enzyme-assisted extraction (EAE) has emerged as an
innovative and effective approach for the release of bound
compounds and the enhancement of overall extraction yields.
The incorporation of specific enzymes, such as cellulase, o-
amylase, and pectinase, during extraction, facilitates the
recovery of target compounds by degrading cell walls and
hydrolyzing structural polysaccharides and lipid bodies. Two
approaches to EAE have been developed: enzyme-assisted
aqueous extraction (EAAE) and enzyme-assisted cold
pressing (EACP). EAAE methods, which utilize water as the
extraction medium, have been primarily employed for the
isolation of oils from various seeds. In contrast, EACP
involves the use of enzymes to hydrolyze seed cell walls in
the absence of a polysaccharide-protein colloid, which is
present in EAAE. Key factors influencing the efficacy of EAE
include enzyme composition and concentration, plant material

particle size, solid-to-water ratio, and hydrolysis duration
(Sanchez-Camargo et al., 2020; Selvamuthukumaran & Shi,
2017) 31 (Gligor et al., 2019) [*4 30 A research study has
demonstrated that developed raspberry pomace press cake
contains 30-35% lipophilic compounds, including essential
fatty acids, tocopherols, phytosterols, and ellagitannins. The
EAAE was employed to recover lipophilic compounds and
polyphenols from raspberry pomace press cake. Under
optimized conditions (1.2 units of thermostable alkaline
protease/100 g PPC, pH 9, 60 °C, and 2 hr hydrolysis), over
38% of the total lipophilic content of pomace pressed cake
was recovered in the aqueous medium. The recovery of
polyphenols and antioxidant activity was 48% and 25%
higher, respectively than that achieved wusing a
methanol/acetone/water extraction mixture (N Saad et al.
2019) B4,
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Peel assosted flavonoids and

(UAE)

Pomogranate Peel in form of
extraction |pro-anthocyandins| powder was placed in the 100 UAE.
mL flask, to which 40 ml of |e
distilled water (1:4 w/v) was
added, and then it was treated
with UAE which was carried
out at power 400 W and
frequency 20 KHz.

UAE, and nearly reached a peak at 60% al., 2019 631
Increase in phenolic content simultaneously
cause the possibility to increase antioxidant
activity.

3. Health benefits of Bioactive compounds

3.1 Antioxidant properties:

Fruits are widely consumed around the world because they
have a variety of medicinal characteristics that work against a
number of human disorders. Antioxidants are abundant in the
majority of fruit species. According to research by Feng et al.
(2018) B4, chemicals discovered in durain shells have a
strong potential to scavenge DPPH free radicals as well as
glycosides and triterpenoids. Nitric oxide (NO) formed by
mouse RAW264.7 cells when LPS is present also has strong
inhibitory effects on NO, and some phenolic compounds have
a higher inhibitory effect on NO than indomethacin (Feng et
al., 2016) I,

In a study by Lameirao et al. (2020) [°, the synthetic
antioxidant Trolox and the Chestnut shells (CS) extract
generated using the UAE approach were compared. The
findings revealed that CS extract has greater antioxidant
activity than Trolox. Additionally, Pelvan et al., 2018 [
found that CS extract has greater antioxidant activity than
other nut by-product extracts such as walnut shells, hazelnut
peels, and almond hulls.

Methanol, ethanol, ethyl acetate, acetone, hexane, and
petroleum ether were employed by Arumugam et al. (2022)
(38 to extract bioactive chemicals from groundnut shell and
analyse the extracts using GC-MS. The primary chemicals
found in the extracts included octadecane, palmitic acid, oleic
acid, and lupeol. High-est antioxidant activity were obtained
by the methanolic extract, with ICsy values of 789.36 g/mL
for DPPH and 480.11 g/mL for ABTS. In contrast to other
extracts, methanolic extract showed a minimum inhibitory
concentration (MIC) of 250 g/mL against Aeromonas
hydrophila, Klebsiella pneumoniae, Pseudomonas aeruginosa,
and Staphylococcus aureus. According to the study,
groundnut shells are a source of antioxidants and antibacterial
chemicals that have a variety of uses.

In kabau shell extract prepared by maceration technique,
Riasari et al. (2019) 7 assessed the antioxidant activity and
phenol levels with ICsq values of seed shell from Lampung
being 17.61 g/ml and those from South Sumatra being 44, 7
g/ml. Lampung's seed shells had a phenol content of 11.74 g
GAE per 100 g and South Sumatra's had 5.88 g GAE per 100
g. Based on the research, it can be said that shell extract made
by macerating shell from Lampung and South Sumatra
included significant amounts of total phenol and antioxidant
activity.

3.2 Antimicrobial Property-

Based on the inhibitory effects on the growth of Gram-
positive (Bacillus cereus, Bacillus subtilis, Staphylococcus
aureus, and Staphylococcus epidermidis) and Gram-negative
bacteria  (Bacillus aureus, Bacillus subtilis, and
Staphylococcus epidermidis), Fernandez-Agull'o et al. (2014)
139 demonstrated the antibacterial activity of aqueous extracts
(Escherichia coli and Pseudomonas aeruginosa). In
comparison to bur extract, Castanea sativa shells

demonstrated superior antibacterial activity against all tested

microorganisms, obtaining minimum inhibitory
concentrations (MIC) of 2.5 mg/ml.
The high antibacterial efficacy of CSS against

microorganisms with multidrug resistance was demonstrated
by Silva et al. in 2020 4, For instance, inner shells were
more effective than outer shells, having lower MIC values
(25-50 mg/mL) and being active against 6 of the 10 bacteria
tested, including all Gram-positive bacteria (S. epidermidis, S.
aureus, Enterococcus faecalis, and Nterococcus faecalis) and
two Gram-negative bacteria (Klebsiella pneumoniae and P.
aeruginosa). Conversely, just 3 bacteria were resistant to
outer shells (S. epidermidis, S. aureus and P. aeruginosa).
Salmonella enteritidis and E. coli were unaffected by either
the inner or outer shells, while S. epidermidis was the target
of the highest inhibitory efficacy. Regarding Gram-negative
bacteria, the limited efficacy of natural extracts against these
bacteria can be attributed to the lipopolysaccharide (LPS)
from cells' surface-repelling polyphenols, which creates a
significant barrier against the entry of polyphenols.
Nonetheless, K. pneumoniae and P. aeruginosa were
effectively inhibited by the inner and outer shells, with MIC
values of 50 and 75 mg/mL, respectively. The inner and outer
shells of chestnuts were also resistant to Listeria
monocytogenes, B. cereus, E. coli, and S. enteritidis. The
phenolic acids were credited in the concluding remarks with
giving CSS its antibacterial effects against Gram-negative
bacteria.

The antibacterial effectiveness of several formulations
containing four plant extracts, including Acacia catechu,
Ephedra sp., CSS, and Mumiyo, assessed by Dashtdar et al.
(2013) 01, Gram-positive (S. aureus and S. pneumonia) and
Gram-negative bacteria responded most favourably to a
formulation containing 25% CSS extract (E. coli, K.
pneumonia, Proteus mirabilis and P. aeruginosa). Apart from
S. pneumonia, this formulation also produced better results
than povidone-iodine (50%) solution. Its potential utility as
novel antiseptic agent in the treatment of acute or chronic skin
ulcers, as well as evidence of its ethnopharmacological
benefits against diarrhoea, venereal, and infectious disorders,
may be supported by the synergistic effects between all
extracts (Dashtdar et al. 2013) [0,

3.3 Anticancer property:

In comparison to traditional chemotherapeutic medications, a
number of polyphenol-rich extracts from natural matrices
have been proposed as prospective anti-cancer agents with
selective Cytotoxicity for specific cancer cells. On a normal
prostate cell line (PNT2) and six human cancer cell lines,
including three prostate (DU 145, LNCaP, and PC-3), two
breast (MCF-7 and MDA-MB-231) and one hepatocellular
cancer cell (Hep G2), Cacciola et al. (2019) [ evaluated the
effects of various concentrations (1-100 g/mL) of CSS
aqueous extract. The scientists noted that after exposure to the
extract, the viability of DU 145 (ICsp = 35.78 g/mL), PC-3
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(75% at 100 g/mL), LNCaP (ICso = 54.88 g/mL), and MCF-7
cells (70% at 100 g/mL) drastically decreased, highlighting
the cytotoxic effects of CSS extract on these cell lines.
Numerous tumour cells have been demonstrated to be
inhibited from proliferating by various pomegranate plant
sections. Pomegranate extracts were shown by Lee et al. 2010
(3 to be effective in preventing RAW 264.7 macrophage cells
from producing NO. Additionally, it was discovered that
pomegranate greatly reduced carrageenan-induced mice paw
oedema for up to 5 hours.

According to Lansky et al. (2005) [“4, extremely aggressive
human prostate cancer PC-3 cells had their cell proliferation
suppressed by pomegranate fruit extract, which was then
followed by apoptosis. The possible anticancer processes of
pomegranates have been clarified by numerous animal
research. Pomegranate fruit extract (PFE; edible sections of
the fruit, excluding the peel), according to two studies in mice
implanted with the prostate cancer PC-3 cell line, slows cell
growth and promotes apoptosis through modification of
proteins regulating apoptosis (Malik et al., 2006) 431,
Avocado demonstrates intriguing qualities that point to its
possible use in cancer treatment and prevention. In this
situation, prostate cancer cell lines (Lu et al., 2005) [l
peripheral blood mononuclear cells, oesophageal squamous
cell carcinoma, and colon adenocarcinoma cell lines all saw
growth inhibition from avocado pulp extracts.

According to Butt et al. (2006) 71, persin, an oil-soluble
chemical produced in avocado leaves and pulp, caused human
breast cancer cell lines (MCF-7 and T-47D cells) to enter the
G2-M cell cycle and undergo caspase-dependent apoptosis.

3.4 Antidiabetic effect

Nogueira and Pereira provided the first explanation of the
PP's antidiabetic effects using an in vivo model. This was
followed by Zafar and Singh and Nozire and Serpil, which
were both replicated by numerous other research (1, 2, 3, 4).
Diabetes-prone rats received 0.43 g/kg B.W. of aqueous peel
extract for four weeks, and the results showed considerably
decreased blood sugar levels and an increase in beta cells,
which are thought to assist intensify insulin levels. The
extract's mechanistic  anti-diabetic  activity involves
stimulating, regenerating, and increasing the number of cells,
shielding pancreatic tissue, and causing the release of insulin
as a result. Additionally, it might boost insulin receptor
stimulation and activity (5).

The first proof that avocados can be used to treat diabetes was
found in a screening research with adult male rabbits that was
published by Alarcon-Aguilar et al. (1998) %2, Aqueous seed
extract (intragastric therapy) was seen to ameliorate
hyperglycemia following an oral glucose excess (6).

When orange peel extract was tested for anti-diabetic
properties in insulin-resistant diabetic rats, it was discovered
to be quite effective (Sathiyabama et al., 2018) 81, According
to Tsutsumi et al. (2014) B4, the sudachitin (5,7,4'-
trihydroxy-6,8,3'-trimethoxyflavone) PMF found in sudachi
(C. sudachi) peel has anti-diabetic and anti-obesity properties.
According to Tsutsumi et al. (2014) B4, the sudachitin (5,7,4'-
trihydroxy-6,8,3'-trimethoxyflavone) PMF found in sudachi
(C. sudachi) peel has anti-diabetic and anti-obesity properties.

3.5 Anti-inflammatory activities
Donatella et al., (2019) 4 used Kiwifruit peel extract to
explore the anti-inflammatory potential. Procyanidins made
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up the majority of the polyphenols in the extract, accounting
for 92% of the total by weight, according to analytical data.
The extract prevented activated monocytes from producing
pro-inflammatory cytokines such as IL-6, IL-1, TNF-, the
danger signal HMGBL1, and granzyme B serine protease.
Western blot examination revealed an inhibitory activity of
81%, 68%, 63%, 76%, and 60% on the extracellular release of
IL-6, IL-1, TNF-, HMGBL, and granzyme B, respectively.
Additionally, the extract increased autophagy and stopped
STATS3 activity.

4. Future perspectives

Based on the current literature, some recommendations can be
made for future research and development on bioactive
compounds from fruit waste. First, more studies are needed to
evaluate the safety, stability, bioavailability, and efficacy of
bioactive compounds from fruit waste in vivo and in human
trials. Second, more efforts are required to optimize the
extraction parameters and scale up the novel extraction
techniques for industrial applications. Third, more attention
should be paid to the valorization of the residual biomass after
extraction, such as using it as animal feed, fertilizer, or
biogas. Fourth, more collaboration and coordination are
needed among different stakeholders, such as farmers,
processors, researchers, and policymakers, to promote the
sustainable utilization of fruit waste and its bioactive
compounds.

Conclusion

Fruit waste is a major source of bioactive compounds that
have various health benefits and applications. Research data
has shown that conventional extraction techniques are often
inefficient, costly, and environmentally unfriendly for
bioactive compound extraction. Therefore, there is a need for
alternative extraction methods that can recover bioactive
compounds from fruit waste sustainably and effectively. This
review summarizes the current knowledge on the types of
bioactive compounds from fruit waste, such as polyphenols,
carotenoids, pectins, and essential oils. It also discusses the
different extraction techniques that have been used or
proposed for fruit waste valorization, such as microwave-
assisted extraction, ultrasound-assisted extraction,
supercritical fluid extraction, and enzyme-assisted extraction.
Moreover, it highlights the potential health benefits and
applications of bioactive compounds from fruit waste in food,
pharmaceutical, and cosmetics.
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