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Secondary metabolites
Apples are well-known and widespread fruit of the genus

Malus (about 25 species) belonging to the family Rosaceae.
Apples (Malus domestica Borkh) are commonly consumed
as unprocessed fresh fruit, and fresh apples are available
worldwide all year round [54].

Apple production is one of the most widespread agrifood
activities worldwide, with an estimated volume of USD
76.2 million tonnes in 2017/18 [60]. An important part of
this production is destined to elaborating juice and
derivatives such as soft drinks, ciders, vinegars etc. [48].

Secondary metabolites are natural chemical
compounds that plants produce to protect themselves
against other living and natural conditions. Phenolic
compounds are the most important secondary compounds
of the derivatives of pentose phosphate, shikimate and
phenylpropanoid pathways in plants and are the most
abundant compounds among phytochemicals [13, 44].
These components have biological effects such as
antioxidant activity. By recycling the waste fruit pulp in the
idle state, these valuable secondary metabolites will
provide significant resource opportunities in terms of both
the health and medicinal sectors [13]. Their use in the
pharmaceutical and food-nutrition sectors is increasing due
to the absence of side effects.

 Polyphenols are considered as antioxidants, metal
chelators, antimutagens and anticarcinogens,
antimicrobial agents and clarifying agents [21]. Several
factors affect the phenolic content of a fruit including
variety, degree of ripeness, agricultural treatments,
harvesting time and processing and storage conditions [66].

Apple polyphenols have been demonstrated to have
potential beneficial effects on health, such as exhibiting
antioxidant activity [1, 9, 13, 17, 28, 51], antibacterial effect
[3, 8], anti-tumor  properties and inhibition of carcino-
genesis in skin, mammary, lung, colon etc. [9, 10, 23, 31,
50, 55], reducing the risk of cardiovascular disease [10,
11, 24, 31], anti-inflammatory properties [26, 39], anti-
diabetes properties [6, 25] and anti-obesity effect [36, 69].
Apple polyphenols may also have positive role on
Alzheimer’s disease [13]. Due to of these multiple benefits
for human health, apple polyphenols attracted significant
attention in the scientific field [7].
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The polyphenolic profile of apples
Polyphenols are defined as substances that have an

aromatic ring bearing one or more hydroxyl groups.
Phenolic compounds are divided into two groups:
flavonoids and phenolic acids [49].

The main classes of polyphenolic compounds identified
in the apple fruit are flavanols (catechin and its derivatives),
procyanidins, dihydrochalcones (phloridzin and phloretin)
and phenolic acids (mainly chlorogenic), and flavonols
(quercetin and its glycosides) [9, 57, 63].

Polyphenols are important bioactive substances in apple
[7]. In the fruit, the phenolic compounds are formed during
growth until the full maturity stage and they are distributed
in various tissues and fractions (epicarp, mesocarp,
endocarp and seeds) [1, 65]. The distribution of phenolic
compounds and antioxidant capacity in apple depending
on the variety, type of tissues and the ripening stage [2].
Studies have demonstrated the distribution of phenolic
compounds in ripe apples [27, 59]. A schematic
representation of concentration ranges of specific
polyphenols in peel, peel and flesh and seeds is presented
in figure 1 [22].

Fig. 1. Polyphenol molecule concentrations ranges in seed, peel
and peel + flesh (* mg/g DW; ** mg/100 g FW; - not measured) [22]
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Usually, epicarp is richer in phenolic compounds than
the other apple tissues. Some groups of flavonoids are
almost exclusively found in epicarp such as anthocyanins
and flavonols (glycosides of quercetin). In other hand,
monomeric and polymeric flavan-3-ols are the major
phenolics of epicarp and mesocarp and can represents
about 60% of the total phenolic compounds in apples.
Phloridzin (dihydrochalcone) that can be used as a
biomarker of apple products, are distributed in epicarp and
mesocarp, as well as the hydroxycinnamic acid [17, 27,
59].

Phloridzin was found in higher amounts in the endocarp
of unripe fruits that decreased with ripening and
consequently, in the senescent apples, the epicarp showed
higher contents. In general, phenolic acids and flavonoids
decrease with ripening in the epicarp and endocarp [1].

Antioxidants are mainly localized in the apple peel, but
cultivars exhibited very high biodiversity in the distribution
pattern. It seems that apple peel could be a good marker
of health values as well as antioxidant potential of apple
fruit [29].

Each apple cultivar has its own polyphenolic profile that
is also dependent on harvest year, climatic variables,
cultivation and storage conditions [62, 64].

Whole apple fruits are processed industrially to produce
juices and ciders, and therefore the contribution of these
processed products to the intake of dihydrochalcones can
be higher than that of the fresh apples [58].

Nine polyphenols, namely, chlorogenic acid (1), ferulic
acid (2), p-coumalic acid (3), caffeic acid (4), trans-
cinnamic acid (5), quercetin (6), rutin (7), phloridzin (8),
and phloretin (9) were identified in 11 apple extracts, which
comprised six cultivars from Shaanxi province, China,
using the developed HPLC diode array detector method
(fig. 2). Quantification was performed based on linear
calibration plots of the peak areas versus the concentration.
The established method could serve as a prerequisite for
quality control of Mallus products [7].

The polyphenolic profile of apple derived products
Flavanones, flavanonols, chalcones, retrochalcones and

dihydrochalcones are biochemically compounds found in
apple derived products (fig. 3). Flavanones and flavanonols
have a saturated C-ring. Chalcones and retrochalcones are
unsaturated and, along with dihydrochalcones, have an
open structure and a carbon skeleton numbered in a way
different from other flavonoids [58].

Fig. 2. Chemical structures of the identified
polyphenols in apple [7]

Fig. 3. Structures and numbering systems for
flavanones, dihydrochalcones, chalcones and

retrochalcones: I, naringenin (flavanone); II, phloretin
(dihydrochalcone); III, isosalipurpurin (chalcone); IV,

retrochalcone characteristic of apples and derived
products (apple juice, cider, pomace etc) [58]
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Chalcone is a precursor of dihydrochalcones; these
compounds are present in apple cores and seeds, that are
usually discarded when fresh apples are consumed. As
whole apple fruit is processed industrially to produce juices
and ciders, the contribution of these products to overall
intake of chalcones can be higher than that of fresh apples
[58].

 Apple juices from North America (Canada and the USA),
South America (Argentina, Brazil, Colombia and Paraguay)
and Europe (England, France, Germany and Turkey) were
assessed regarding their phenolic composition and as a
result chlorogenic acid (5-O-caffeoylquinic acid) and
phloridzin were found in all the samples and considered to
be biomarkers in apple juices [4].

The polyphenolic content of apple juice depends on
preparation method, such as possible utilisation of
pectinolytic enzymes in order to release phenolic
compounds from polysaccharide structures, and following
treatments, such as pasteurisation, or fermentation
parameters in cider production [68]. Endogenous enzymes,
such as polyphenol oxidase, oxidise phenolic compounds
in the apple juice and affect the sensory quality of the
product [45].

Apple cider production starts with pressed apple juice.
During the fruit crushing, pressing and juice extraction only
a fraction of phenolic compounds is extracted [61, 66].
This is mainly due to the discard of the peel and seeds
which are rich in different phenolic compounds [16, 22,
65].

Regarding the raw material, a set of Asturian cider apple
varieties belonging to the Protected Designation of Origin
Sidra de Asturias [20] has been evaluated for the production
of ice juices through the assessment of their contents in
sugars, acids and aromas [41]. The contents of total
polyphenols in the ice juices were 2 or 3-fold the
conventionally pressed apple juices [40, 52].

Forty-four Asturian ciders were analysed for total phenolic
content, phenolic profiles, and antioxidant capacity by the
FRAP and the DPPH radical assays. The Folin index of ciders
ranged between 446 and 1180 mg gallic acid/L. The
phenolic profile of Asturian cider is mainly constituted by
phenolic acids, flavan-3-ols, volatile phenols and
dihydrochalcones [42].

Major polyphenols of Asturian cider are phenolic acids,
dihydrochalcones and flavanols [48], which are potentially
important to the antioxidant activity of cider.

Hydroxycinnamates were the predominant group of
phenolics in the majority of the English ciders [34].

Environment-friendly alternative for the revalorization of
apple pomace

After extraction of apple juice, large quantities of by-
products are generated, namely apple pomace, which
accounts approximately to 25% of fresh apple weight [67].
Apple pomace, consisting of peel, seeds, core, stems and
exhausted soft tissue, has long been recognised as a
valuable material for nutritional, pharmacological or
cosmetic purposes, as it is rich in dietary fibre and
polyphenols [33, 53].

Different studies have been carried out on the
composition and properties of apple pomace revealing it
as an interesting raw material due to its content in nutrients,
phytochemicals and functional components, reevaluating
this waste as a nutritive and functional foodstuff, besides
being an important source of pectins and fibre [48].

A broad range of applications have been described for
apple pomace, namely: scaffold for tissue engineering [67],
bioproduction of enzymes, organic acids, biofuels [14],

extraction of phytochemicals, animal feed, pectin recovery
[38]. These by-products have been regarded as a food
additive due to their high content in polyphenols and
antioxidant activity [15] and dietary fiber [35].

The beneficial effects of apple pomaces on health
include the improvement of lipid metabolism; the decrease
in lipid peroxidation [30], the prevention of asthma and
other chronic diseases [5].

The antiviral activity found for apple pomaces suggests
their potential use as a therapeutic candidate for the
treatment of herpetic diseases. Apple pomaces could be
included in topical formulations to treat vesicular skin
lesions or to prevent sexually acquired HSV infections,
which strongly predispose to human immunodeficiency
virus acquisition. The proven harmlessness of apple
pomaces together with their high contents in antioxidant
metabolites also supports their potential to be included in
nutraceutical and dietary supplements or as a food-
enrichment additive [15, 35].

It has been observed that native vegetable oils produced
with apples seeds have antioxidant, anti-inflammatory, anti-
atherosclerotic, and anti-cancerous compounds related to
the presence of tocochromanols, carotenoids, flavonoids,
phytosterols, and phenolic acids. The extraction should be
conducted with hexane and stirring at room temperature
to preserve the quality of the oil. The method used for oil
extraction allows pharmacological or cosmetic purposes
and edible applications [43].

Apple seeds and their oils from an agro-food waste,
derived from the cider industry protected by the Designation
of Origin Sidra de Asturias, were chemically characterized.
The average oil yield was 19.7%. The major fatty acids in
apple seed oils are unsaturated fatty acids belonging to
the ω-3, ω-6 and ω-9 series  Oils also showed an important
antioxidant activity and high levels of tocopherols  with â-
tocopherol being most abundant in all cases. The results
suggest apple seeds from the cider-making industry could
be a suitable raw material for food, pharmacological or
cosmetic uses [47].

Peeled and unpeeled apples have high antioxidant
activity and inhibit the growth of human cancer cells in
vitro. The antioxidant activity as the antiproliferative activity
of unpeeled apples is greater than that of peeled apples
[19].

Apple peels are a waste product of applesauce and
canned apple manufacture and are usually used for non-
valuable purposes.

Liu’s patent (2013) claimed that apple peel powder is
similar to fresh apple peel with regard to phytochemical
characteristics: the phenolic content, flavonoid content,
antioxidant activity, and/or antiproliferative activity. Apple
peel powder can be used as a dietary supplement to a
cancer patient under circumstances that can treat cancer.
The apple peel powder should be administered in a single
unit dosage that comprises enough substance to treat
cancer. It can be accompanied by excipients or stabilizers
and could be solid or liquid in the form of tablets, capsules,
powders, solutions, suspensions or emulsions. Oral
administration is possible with the apple peel powder
combined with any proper excipients or stabilizers and
administered alone or in a composition. It can be a solid, a
solution or a suspension in liquid form [32].

Solid forms of the apple peel powder could be of ordinary
type such as capsules, possibly normal gelatin types made
of the powder and carriers like lubricants and inert fillers.
Another form would be tableted with ordinary tablet bases
like lactose, sucrose or cornstarch combined with acacia
or gelatin as binders and disintegrating agents like
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cornstarch, potato starch, or alginic acid and stearic acid
or magnesium stearate as lubricant. The apple peel powder
can be administered combined with different therapeutic
regimens [32].

A different aspect claimed by Liu’s patent is providing a
way to inhibit proliferation of the cancer cells by contacting
cancer cells with apple peel powder under circumstances
able to inhibit the spreading of cancer cells [32].

Conclusions
Fresh apples and products from their processing should

be regarded as a valuable product based on their potential
as a functional food or value-added ingredient in the future.
Extended research should be conducted to establish their
use in medicine, health, food, cosmetics and other sectors
for the benefits of consumers.

It is useful, under specific circumstances, that new
substances - perhaps plant derived products of limited
adverse reaction potential - and non-aggressive alternative
treatments to be investigated and used [18, 37, 46, 56] for
the prevention and management of chronic diseases. is
well known today to use pharmaceuticals with retarding
effect in the treatment of various diseases. Using the active
principles encapsulation method [abc] could lead to
pharmaceutical forms that provide long-lasting action with
low active powder concentrations, but with spectacular
effects[70-72]
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