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Abstract

Natural selection and processes of evolution have influenced the beneficial effects of natural products over hundreds of
thousands of years, giving them a high degree of structural variety and distinctive pharmacological or biological activity.
Natural products have therefore been used to cure illnesses in both traditional and modern medicine. Nowadays, natural
materials are frequently utilised as a basis for medication development, with synthetic alterations made to aid in
decreasing adverse effects and boosting absorption. In addition to medicine, natural products and their derivatives are
frequently employed as food additives, such as herbs and spices, antibacterial agents, and antioxidants, to preserve the
durability and quality of food. Bioactive compounds such as phenolic acids, flavonoids, anthocyanins, stilbenes, and
lipids are abundant in grapes, mangoes, berries, and pineapple peels. These are the substances that give fruits and
products made from them their health advantages. They are widely used in the food and nutraceutical industries and
have anti-inflammatory, anti-carcinogenic, anti-microbial, and antioxidant properties. Utilising grape extracts that are
high in these bioactive components has been connected with a lower prevalence of cardiovascular disease and its
primary risk factors, such as hypertension, a medical condition that has a high global death rate. The citrus fruits are
also a rich source of poly-methoxylated flavones (PMFs), a special type of bioactive flavonoid. Furthermore, because of
its strong antibacterial, flavouring, and antioxidant qualities, citrus essential oil, which is abundant in limonoids and
terpenes, is a valuable commodity from a commercial standpoint. The antioxidant capacities of pineapple peel extracts
and these polyphenolic compounds were determined using (2,2-diphenyl-1-picrylhydrazyl) DPPH. The positive health
impacts of polyphenols derived from berries and their potential use as a treatment for illnesses linked to the gut
microbiota, such as cancer and inflammation. According to these findings, berries' polyphenols are a promising source
of bioactive substances that can alter the gut microbiota and hence control cancer and related metabolic disorders.
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1. Introduction

Natural products, the small organic molecules produced by many microbes, plants, and invertebrates, are the source of
some modern drugs. The best method for determining a molecule's structure is X-ray crystallography. Since most
natural products do not yield crystals of appropriate X-ray quality, integrated spectroscopic techniques remain the most
practical way to elucidate structures. Nevertheless, by "pushing the limits" of the then-current NMR technique,
remarkable achievements in the structure determination of minuscule sample amounts of natural products have been
achieved. The worldwide dietary guidelines recommend a daily consumption of fruits due to their contributions in
providing vitamins, minerals, and phytochemicals to the body. Berries are particularly significant among fruits since
they often contain more bioactive chemicals. According to botany, berry fruits are a group of tiny, fleshy fruits with red,
purple, and blue hues that are generated from a single ovary. The most popular ones include gooseberry, blackberry,
rosehip, raspberry, blueberry, white and black mulberry, strawberry, currant, and barberry. Asia, Europe, Anatolian and
Mediterranean nations, and North African nations are home to a large number of them. In addition to being eaten fresh
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and frozen, these fruits are also frequently used to make processed and derived goods such as drinks, jams, dried and
canned fruits, and jellies.

The high-value crop known as pistachio (Pistacia vera L.) is a member of the Anacardiaceae family and is native to dry
parts of Central and West Asia. According to its degree of ripeness, the pistachio fruit is a semidry drupe with a single
edible seed (kernel), a thin, soft coat (testa), and a creamy, lignified shell (endocarp) encased in a fleshy hull (mesocarp
and epicarp) that ranges in colour from green to yellow-red. PGH (Pistachio green hull) is utilised as animal feed in some
places, which results in nutritional issues for cattle because of the high concentration of tannins and phenolic chemicals
that interact with minerals, protein, and carbs (Mokhtarpour et al,, 2014). The primary carotenoids found in pistachios
are lutein and zeaxanthin. Polyphenols found in pistachios may have antiviral effects against the type 1 herpes simplex
virus (HSV-1). Tocopherols are bioactive substances with antioxidant qualities that are found in pistachio hulls.
Phytosterols found in pistachio grains may lower the risk of cardiovascular disease. Dietary fibre, found in pistachio
grains, may lower the risk of cardiovascular disease. Essential oils found in pistachio hulls may have antifungal and
antibacterial qualities. Pistachio hulls can be used to create high-value dishes and are also a good source of bioactive
chemicals.

Almonds are a popular and healthy snack food that are rich in nutrients, including protein, fibre, healthy fats, vitamins,
and minerals. Additionally, they contain bioactive substances that may be beneficial to health, like phytosterols and
polyphenols. However, in order to comprehend the possible health impacts of these components, it is crucial to take
into account their metabolism and bioavailability in almonds. The nutrients and bioactive substances in almonds can
have varying levels of bioavailability according to processing, cooking, and mixing with other meals. According to one
study, eating raw almonds instead of roasted or blanched ones greatly increased the bioavailability of vitamin E in the
almonds. The highest concentration of total phenolic compounds (66.02 mg/100 g FW) was found in the peel of a
Chilean Pica cultivar. The peel and pulp of the Pica and Tommy Atkins cultivars contained four xanthones, including
homo-mangiferina, mangiferin, and mangiferin gallate; three procyanidin dimers; and seven phenolic acid derivatives;
only dimethyl mangiferin was found in the pulp of the Tommy Atkins cultivar (Ramirez et al, 2013). Bioactive
compounds such as phenolic acids, flavonoids, anthocyanins, stilbenes, and lipids are abundant in grapes. They are
widely used in the food and nutraceutical industries and have anti-inflammatory, anti-carcinogenic, anti-microbial, and
antioxidant properties. Utilising grape extracts that are high in these bioactive components has been connected with a
lower prevalence of cardiovascular disease and its primary risk factors, such as hypertension, a medical condition that
has a high global death rate. As a result, products made from grapes have received a lot of attention as a way to treat
and relieve hypertension. This review's objective is to provide an overview of the bioactive substances found in grapes,
the variations in composition among various grape extracts, and the possible advantages in lowering blood pressure.

2. General Properties of Bioactive Compounds in Fruits

2.1. Chemical Composition

Numerous health benefits associated with berry fruits include antioxidant, anti-inflammatory, antimicrobial, anticancer,
and antidiabetic effects; they also contribute to plant growth and protection against biotic and abiotic stressors. The
distribution of these polyphenols varies significantly depending on a number of factors, including plant genotype,
environmental conditions, growing location, and fruit processing and storage. Berries are a rich source of
phytochemicals, particularly phenolic compounds. Berries are known to contain a lot of flavonoid chemicals, especially
anthocyanins (up to 5000 mg/kg), which give them their blue, purple, and red hues and contribute to their popularity.
It seems that anthocyanins are highly unstable and prone to deterioration. In actuality, a number of variables can impact
the chemistry of anthocyanins and, consequently, their stability, including oxygen, enzymes, temperature, light, and pH.
Chemically speaking, anthocyanins are water-soluble glycosides of 2-phenylbenzopyrylium derivatives that are
polyhydroxylated and polymethoxylated. Anthocyanidins, which are derived from delphinidin, cyanidin, pelargonidin,
petunidin, malvidin, and peonidin anthocyanidins, are generally found in berries as glycosides of their respective
aglycones. These anthocyanidins form O-linked conjugates with specific sugars, primarily glucose, galactose, rhamnose,
arabinose, and rutinose. The primary forms of these compounds are 3,5-diglucosides, 3-monosides, and 3-biosides.

Berries are also known to contain phenolic acids, such as hydroxycinnamates and hydroxybenzoate. Caffeic, ferulic, p-

coumaric, vanillic, chlorogenic, neochlorogenic, sinapic, and protocatechuic acids, along with the 3-D-glucosides of p-
coumaric and caftaric acids, are the primary phenolic acids found in berries.
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Figure 1 Chemical structures of major flavonoids contained in fruits.
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Figure 2 Chemical structures of phenolic acids contained in fruits.

In the small intestine, polyphenols including flavonoid aglycones and phenolic acids are easily absorbed. However,
phenolic compounds must be hydrolysed by intestinal enzymes or the gut bacteria before they can be absorbed because
they are mostly found in berry fruits in ester, glycoside, or polymer forms (such as anthocyanins, ellagitannins, and
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flavan-3-ols). Lactase phlorizin hydrolase (LPH), a B-galactosidase enzyme found in enterocyte brush border
membranes, is primarily involved in the metabolic process that takes place in the small intestine. Phenolic glycosides
are hydrolysed by this enzyme to aglycones, which have a higher lipophilicity and can passively diffuse into intestinal
cells.

Other studies, however, showed that the sodium-dependent glucose transporter (SGLT) could also carry glycosides into
enterocytes, where a cytosolic glucosidase would hydrolyse them. Both enzymes may be implicated, according to
reports, but further research is needed to fully understand how they relate to different phenolic glycosides.

2.3. Bioavailability and Metabolism of Almond Components

Additionally, studies have demonstrated the anti-inflammatory and antioxidant properties of almond polyphenols,
which may help prevent chronic illnesses like diabetes and cancer. Almonds are a useful tool for managing weight
because of their high fibre content, which can also support satiety and digestive health.

2.4. Bioactive Compounds of Guava

Guava contains phytochemicals called bioactive compounds, such as alkaloids, saponins, terpenoids, tannins, phenols,
and flavonoids, which may have uses in human health. These substances are referred to as primary and secondary
metabolites since they can be created in plants as byproducts of metabolic and biochemical processes. Guava plants'
phytochemical production offers defence against invasive diseases like bacteria, fungus, and viruses. In order to produce
the phytochemicals required for defence against external pathogens, a pool of nutrients and amino acids will be utilised
by the mechanism following pathogen invasion. The formation of phytochemicals follows several biosynthetic pathways
depending on the bioactive component. Alkaloids, for example, are made from the aliphatic amino acids that are created
during the citric acid cycle; mevalonic acid metabolism through the mevalonate pathway produces terpenoids and
saponins, but only the latter travels through the methyl erythritol pathway.

2.5. Bioactive Compounds of Citrus Fruits
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Figure 3 Chemical structure of major flavonoids of citrus fruits.
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The citrus genus is well-liked all over the world due to its richness of nutrients and bioactive compounds, as well as its
delicious flavour. Bioactive chemicals, primarily phenolic compounds (flavonoids, phenolic acids, and coumarins),
terpenoids (limonoids and carotenoids), and pectin, are abundant in citrus fruits. Citrus fruits are also high in minerals
(selenium, zinc, copper, iron, and manganese), ascorbic acid, and tocopherols and tocotrienols (vitamin E). Recent years
have seen the publication of several excellent reviews on the bioactive makeup and health advantages of citrus, with a
primary focus on flavonoids and essential oils (terpenes and limonoids). There isn't, however, a thorough analysis of all
the main bioactive ingredients in citrus fruits. Therefore, this review offers a thorough understanding of the flavonoid,
carotene, terpene, and limonoid content of citrus fruits as well as the health advantages that go along with them.
According to the substitution patterns of a heterocyclic ring, flavonoids can be divided into subgroups, such as flavones,
flavonols, flavanones, flavanonols, flavanols (flavan-3-ols), isoflavones, and anthocyanins. Citrus fruits contain a
substantial amount of flavanone-7-0-glycosides (e.g., naringin, eriocitrin, hesperidin, and narirutin), flavones,
polymethoxylated flavones (PMFs, e.g., nobiletin, tangeritin, and 5-demethyl nobi-letin), flavonols (quercetin, rutin, and
kaempferol), and anthocyanin.

2.6. Bioactive Compounds in Mangoes

The flesh and skin of nine different types of mangoes grown in China were found to contain various phenolic acids
(Abbasi et al., 2015). Ferulic acid (33.75 mg) was the most abundant phenolic acid in 100 g FW of pulp, followed by
protocatechuic (0.77 mg), gallic (0.93-2.98 mg), vanillic (0.57-1.63 mg), protocatechuic (0.77 mg), and caffeic (0.25-
0.10 mg) acids (Abbasi et al., 2015). Protocatechuic acid (0.48-1.1 mg/100 g dry weight (DW)), vanillic acid (16.9-24.4
mg/100 g DW), gallic acid (94.6-98.7 mg/100 g DW), and chlorogenic acid (28-301 mg/100 g DW) were the main
phenolic acids found in Ataulfo mangos from Mexico (Palafox-Carlos et al., 2012).

However, due to their low concentrations, these authors were unable to measure the other well-known phenolic acids,

namely p-hydroxybenzoic, p-coumaric, and ferulic acids. High levels of phenolic acids and their derivatives, including
gallic, methyl digallate ester, methyl gallate, gallotannins, galloyl glucose, theogallin, protocatechuic, and ferulic acid,
have been detected in the peel extracts of the mango cultivars Ataulfo, Keitt, Osteen, and Sensation (Lépez-Cobo et al,,
2017).

2.7. Bioactive Compounds in Grapes

Although grapes are a rich source of bioactive compounds, certain factors, such as variety, maturity, post-harvest
storage, and environmental factors like location, light conditions, temperature, nutrition, water, microorganisms, and
viticulture practices, can affect how much of these compounds accumulate in grapes (Chen et al., 2020, Colombo et al,,
2020, Perestrelo et al.,, 2012). According to Gouot et al. (2019), the primary phenolic compounds found in grape berries
are flavonoids, which include anthocyanins and proanthocyanidins, hydroxycinnamic acids, and stilbenes. Phenolic
substances like hydroxycinnamic acids, anthocyanins, proanthocyanidins, and stilbenes are among the bioactive
phytochemicals found in grapes.

3. Results and Discussion

Numerous bioactive substances, each with specific health advantages, are found in fruits, such as polyphenols,
carotenoids, flavonoids, anthocyanins, vitamins, and phytoestrogens. Many bioactive substances included in fruits
function as antioxidants, shielding cells from the harm that free radicals can do and possibly lowering the chance of
developing chronic illnesses. According to research, eating fruits high in bioactive chemicals may strengthen the
immune system and help against cancer, heart disease, and neurological illnesses.

Phenolic chemicals are abundant in the rinds, peels, and seeds of fruits. Since the peel of citrus fruits contains more
polyphenols than the edible part, citrus trash is a rich source of phenolic compounds. It has been reported that apple
peels can contain up to 3300 mg of phenol per 100 g of dry matter. The juice and wine industries produce mono-, oligo-
, and polymeric pro-anthocyanidins (phenolics), which are abundant in grape skins and seeds. Bioactive flavonoids,
particularly polyethoxylated flavones (PMFs), such as nobiletin, tangeritin, and 5-demethyl nobiletin, are abundant and
remarkable in citrus fruits. Citrus fruits are also rich in provitamin A, carotenoids (like B-cryptoxanthin),
apocarotenoids (like B-citraurin), and bioactive xanthophylls. By lowering the body's levels of inflammatory mediators
and reactive oxygen species (ROS), these bioactive substances lower the risk of metabolic syndrome, which includes
cancer, diabetes, cardiovascular disease (CVD), and neurodegenerative diseases. Furthermore, because of its flavouring,
antimicrobial, antioxidant, and other health-promoting qualities, citrus essential oil, which is high in terpenes (like D-
limonene) and limonoids (like limonin)—is a valuable product from an economic standpoint.
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Research on the makeup, content, and health-promoting properties of citrus fruit bioactive has advanced significantly.
All over the world, guava (Psidium guajava Linn.) is widely recognised for its culinary and nutritional benefits. Due to
their high levels of dietary fibre, potassium, folic acid, and dietary minerals, guavas were also listed as super fruits. The
guava plant contains a variety of bioactive compounds, including terpenes, tannins, polyphenols, quercetin, quercitrin,
ursolic acid, linoleic acid, myristic acid, guajavanoic acid, arabinose, ascorbigen, and destructive. In traditional medicine,
guava fruit, leaves, and other plant parts are also well known for their therapeutic qualities. The guava tree is cultivated
on a commercial basis because every part of it has economic value. The fruit is considered the poor man's apple of the
tropics, and the guava plant has reached a key point in terms of biological action and restorative usage. According to
this review, an abundance of bioactive compounds, including polyphenols, carotenoids, carbs, proteins, and minerals,
may be found in many sections of mango trees, including the bark, leaves, fruit pulp, peel, and stone. The genotype of
the mango and its growing conditions affect the amounts of these compounds. These compounds may find new uses in
medications, industrial goods, and functional foods. The several BaCs (bioactive compounds) scavenging intermediates
work in concert to produce the total antioxidant activity (AoA) of mango fruit. For the treatment of a wide range of
conditions, including autoimmune diseases, the bioactive compounds in mango may be a viable source for logical drug
design and the identification of mechanism-based inhibitors.

As health-related molecules, bioactive chemicals have been shown to lower the risk of cancer, Alzheimer's, cataracts,
Parkinson's disease, and other illnesses. Their ability to delay or prevent damage to DNA, proteins, and lipids has been
linked to their antioxidant and radical scavenging qualities. These substances do in fact have antibacterial qualities, and
by dividing the cell membranes of microbes and causing lysis, they help shield fruits from dangerous substances.

4., Conclusion

Itis concluded that sustainable bioactive chemicals from fruits may be produced using innovative extraction techniques.
Bioactive chemicals are being extracted from fruits using a variety of innovative approaches. As useful additives, these
sustainable extracts are applied to various food products. A significant source of bioactive chemicals with a range of
uses and health advantages is fruit waste. According to research, traditional extraction methods are frequently
ineffective, expensive, and harmful to the environment when it comes to extracting bioactive compounds. Alternative
extraction techniques are therefore required in order to efficiently and sustainably recover bioactive components of
fruits. The sorts of bioactive substances found in fruit waste, including polyphenols, carotenoids, pectins, and essential
oils, are compiled in this review. The many extraction methods that have been employed or suggested to value fruit
waste are also covered, including enzyme-assisted extraction, ultrasound-assisted extraction, and microwave-assisted
extraction. Additionally, it draws attention to the possible health advantages and uses of bioactive substances derived
from fruit waste in food, medicine, and cosmetics. The regular consumption of fruits, such as berries, apples, and tropical
fruits, as part of a nutritious diet has been shown to promote excellent health and help prevent chronic diseases. Berries
are often a major source of antioxidant chemicals, with tropical fruits and apples coming in second and third. A major
source of these health-promoting compounds is berries, which are particularly high in phytochemicals and
anthocyanins. Apples have larger levels of quercetin, while tropical fruits have higher levels of 3-carotene. The findings
point to possible future directions for the utilization of the fruit species that were examined and found to have a
significant amount of antioxidant activity. Additionally, this study will help customers plan diets high in antioxidants
and dietitians estimate the daily intake of phenolic antioxidants and their health effects.
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