molecules

Review

Natural Ingredients Common in the Tras-os-Montes Region
(Portugal) for Use in the Cosmetic Industry: A Review about
Chemical Composition and Antigenotoxic Properties

Sara Gongalves

check for

updates
Citation: Gongalves, S.; Gaivao, I.
Natural Ingredients Common in the
Trés-os-Montes Region (Portugal) for
Use in the Cosmetic Industry: A
Review about Chemical Composition
and Antigenotoxic Properties.
Molecules 2021, 26, 5255. https://
doi.org/10.3390/ molecules26175255

Academic Editor: René Csuk

Received: 19 July 2021
Accepted: 25 August 2021
Published: 30 August 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Isabel Gaivao *

Department of Genetics and Biotechnology and CECAYV, University of Tras-os-Montes and Alto Douro,
5000-801 Vila Real, Portugal; sgoncalves@utad.pt
* Correspondence: igaivao@utad.pt; Tel.: +351-91-050-0469

Abstract: The natural cosmetics market has grown since consumers became aware of the concept
of natural-based ingredients. A significant number of cosmetics have an ecological impact on
the environment and carry noxious and chemically potent substances. Thus, the use of natural
and organic cosmetics becomes increasingly important since it is clear that topical treatment with
cosmeceuticals can help improve skin rejuvenation. A substantial investigation into the benefits that
fruits and plants can bring to health is required. Studies have shown that antigenotoxic properties
are linked to anti-aging properties. Several studies have shown potential antigenotoxicity in natural
ingredients such as Almonds (Prunus dulcis), Elderberry (Sambucus nigra), Olives (Olea europaea), and
Grapes (Vitis vinifera). This review presents an overview of research conducted on these natural
ingredients, the most common in the Northeast of Portugal. This region of Portugal possesses the
most organic farmers, and ingredients are easily obtained. The Northeast of Portugal also has climatic,
topographic, and pedological differences that contribute to agricultural diversity.

Keywords: almonds; antigenotoxic; cosmetics; elderberry; genotoxicity; grapes; natural ingredients;
olives

1. Introduction

Aging is a physiological process that affects all structures of the organism, with the
particularity of each organ and tissue having its own rhythm of aging [1]. It is characterized
by the progressive inability to maintain vital functions, it is harmful, and it is considered to
be the final stage of human development, ending with death. Oxidative stress is believed
to be a significant factor for speeding up the process of aging [2]. Although several
theories have been proposed to justify aging, it is a multifactorial process. It involves the
cumulative effects of extrinsic influences and an intrinsic molecular program of cellular
aging. According to stochastic theories of aging, free radical atoms are unstable due to
the loss of electrons and are continuously produced by body metabolism. Damage occurs
when they react violently with other molecules in the cell. They can affect cell maintenance
and repair if the damage occurs on DNA. So, we grow old because of cumulative damage
to our body cells from external and internal sources [1]. The aging of the skin is primarily
associated with the intrinsic genome. However, diet, lifestyle, drug and alcohol history, and
environmental exposures are other factors that influence skin aging by affecting DNA [3].
On the other hand, deterministic theories maintain that aging is a direct consequence of a
genetic program; the genome and molecular structure are a type of molecular clock [1].

There are many ways in which we are exposed to toxic substances: through the air
we breathe, the food we eat, the water we drink, the clothes we wear, cosmetics, radiation
exposure, which also has harmful effects. Toxic substance exposure is much more problem-
atic today than it would have been in the past. The environmental repercussions include
DNA damage, and this genome instability leads to diseases such as cancer, degenerative
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diseases, infertility, diseases associated with aging [4], among many other issues. A healthy
lifestyle can reduce these issues, including consuming substances that protect the genome
by several mechanisms reducing DNA damage. Genotoxicological studies are fundamental
for knowing the hazards to genome and health, and antigenotoxicological studies are the
answer to minimize genome instability.

The ability of different agents to produce damage to genetic material is called geno-
toxicity. The agents capable of causing genetic toxicity are classified into three categories,
according to their origin: physical, which includes ionizing and electromagnetic radia-
tion, temperature, and ultraviolet light; chemical, consisting of heavy metals, pesticides,
aromatic hydrocarbons, alkylating agents, acridine, acrylamide, aliphatic epoxides, or-
ganic solvents, asbestos particles, food additives and xenobiotics; and biological, such as
parasites, bacteria, plants, viruses and fungi [4,5].

The term cosmetics, as defined by the current European regulation on cosmetics,
refers to a product applied to the body to beautify, cleanse, or improve the appearance
and enhance attractive features [6]. Included in the definition of cosmetics are soaps,
shampoos, toothpaste, cleansing and moisturizing creams for regular care, color cosmetics,
hair colorants, and styling agents, fragrance products, and ultraviolet light (UV light)
screening preparations [7]. Although conventional, natural and organic cosmetics have
the same definition, they differ in their specificities. The formulation of conventional
cosmetics does not need to contain certified natural and organic ingredients [8]. Natural
cosmetics is a product that must have at least one ingredient “derived from” some natural
substance, extracted directly from a plant or mineral rather than being synthesized. Natural
cosmetics can contain percentages of organic ingredients. However, a natural product is
not necessarily an organic product [9]. An organic cosmetic must contain at least 95% of
certified organic ingredients in its composition. These raw materials are obtained through
certified crops and extraction. They must be biodegradable and preserve the most natural
chemical characterization. The remaining 5% of the formulation may be composed of water,
natural raw materials from agriculture, or non-certified allowed extractive for organic
formulation [7-9].

Modern-day cosmetics increasingly include noxious and chemically potent substances
in modern days and have an ecological impact on the environment [10]. As awareness of
this grows, people tend to buy organic and natural products more frequently. Analysts
maintain an optimistic long-term outlook on the global natural and organic personal care
products market. It is a market that has grown and amounts to €288.9 million in 2021. The
market is expected to grow annually by 9.24% (2021-2025) [11-13]. A total of 80% of French
women buy or have already bought natural and organic beauty products [14]. About 50%
of French consumers decided to buy organic cosmetics after realizing the ecological impact
of non-organic products [15,16]. The organic cosmetic market grew by 5.9% in Germany,
reaching 1.26 billion EUR in 2018 [17].

Thus, the use of natural and organic cosmetics becomes increasingly essential. A study
performed by the Danish Council THINK Chemicals found 65 chemicals of concern in
39 products. The major results of this study are listed in Table 1 [18].
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Table 1. Major chemicals found, their uses, and problematic properties.

Chemical

Uses

Problematic Properties

Comments

Reference

Iodopropynyl
butylcarbamate

Preservative

Allergenic

The Cosmetic Ingredient Review concluded that
IPBC was safe as a cosmetic ingredient at
concentrations less than or equal to 0.1%, but IPBC
should not be used in products intended to be
aerosolized because of the negative effect on
the lungs.

[19]

Butylparaben

A preservative used in
personal care products

Endocrine disruptor

The available data for butylparaben show strong
evidence that this compound has estrogenic effects
in vivo in Uterotrophic assays performed in
immature females. One in vivo study has shown
adverse effects on sperm counts following perinatal
exposure, while there are conflicting results on the
influence of butylparaben on sperm count/quality
following exposure of young male rats.
Butylparaben causes vitellogenin induction in fish.

[20]

Resorcinol

Numerous uses,
including rubber and
resins, in cosmetics,
pharmaceuticals and
hair dye

Endocrine disruptor

Resorcinol has been shown to affect thyroid function
as well as estrogen and glucose metabolism.
According to human case reports, resorcinol exerts
anti-thyroid functions. Resorcinol’s long-term
administration to permeable (damaged) skin can
cause myxoedema (reduced thyroid function).
Cessation of exposure causes the myxoedema to
disappear. In the human study investigating dermal
uptake in healthy individuals, the dermal barrier
avoids uptake of resorcinol.

[20]

Ethylhexyl
Methoxycinnamate
(OMC)

UV-filter

Endocrine disruptor

There is strong evidence that OMC can affect the
endocrine system in vivo. Slight but significant
increases in uterine weights have been seen in both
intact immature and adult ovariectomized rats. In a
2-generation study, a significant decrease in sperm
cell number was seen. In contrast, another
reproductive study has shown developmental OMC
exposure to cause several adverse reproductive
effects in offspring, including reduced reproductive
organ weights, reduced reproductive hormone
levels, reduced sperm counts, and neurobehavioural
effects. OMC can also interfere with the
hypothalamo-pituitary-thyroid axis in vivo, as many
studies have shown reduced levels of thyroxine in
the blood. OMC affects the transcription of genes
involved in hormonal pathways, including
vitellogenin, in most fish studies.

[20]

Glyoxal

Preservative
Antimicrobial

Mutagenic

As for the in vitro studies, Glyoxal is reported to be
a mutagen in renaturation assays, unscheduled
DNA synthesis (UDS) assays, the Ames assay, the
Escherichia coli SOS chromotest, the Bacillus subtilis
liquid rec-assay, the rat hepatocyte primary DNA
repair test (single strand breaks found, but no DNA
cross-linking), sister chromatid exchange assays,
Chinese hamster ovary (CHO) and Chinese hamster
V79 chromosome aberration assays, the
CHO/HGPRT gene mutation assay (only with
metabolic activation), the mouse lymphoma
L5178y /TK+/ — system, and in vivo in the rat,
where UDS and increased alkaline elution of DNA
were seen in glandular stomach tissue and single
strand breaks in liver tissue DNA (not seen in
kidney, spleen, pancreas, and lung). It was negative
in the C3H/I0T1/2 cell transformation assay and the
in vivo mouse micronucleus assay.

For the in vivo studies, Glyoxal was mutagenic in
most assays. Glyoxal inhibited the effect of DMN in
a short-term oral study in rats.

[21]
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Table 1. Cont.
Chemical Uses Problematic Properties Comments Reference
Propylparaben is associated with estrogenic and
Potential endocrine antiandrogen activity, affecting sperm function and
Propylparaben Preservative . prenatal development, among others. The substance [22,23]
disruptor e Y .
has been detected in biomonitoring studies and
human urine and milk.
Preservative Zinc pyrithione, which has been classified as a
Zinc Pyrithione Antimicrobial CRM Category 1B category 1B carcinogen, is now prohibited for use in [24]

cosmetic products.

Consumers exposed themself to these chemicals, perhaps daily. Since the genotoxic
agents are present in many cosmetics, a substantial investigation into the benefits that
plants and fruits can bring to health is required since it is clear that topical treatment
with cosmeceuticals can help improve skin rejuvenation [25]. Identifying products with
antigenotoxic effects is among the most promising research areas in recent years since
they might protect against DNA damage and its consequences. Studies have shown that
antigenotoxic properties are linked to anti-aging properties [4,26], and these properties
are essential to revert genotoxic effects. Therefore, this review presents an overview of
research conducted on natural ingredients common in the Northeast of Portugal with an
antigenotoxic effect.

2. Characterization of Tras-os-Montes Region

Tras-os-Montes is limited to the west by the province of Minho, to the south by the
Douro, to the east by the Douro River, and to the north by Spain. The climate is sub-
Atlantic/continental and Mediterranean, represented by “Terra Fria de Planalto”, “Terra
Fria de Montanha”, “Terra Fria de Alta Montanha”, “Terra de Transi¢ao” and “Terra
Quente”. The climate is influenced in the west by the humidity from the Atlantic, in the
east by the cold and dryness from the continent, and in the south by the heat [27]. The
ecological zoning of Tras-os-Montes highlights the domains: Atlantic (50%), Iberic (26%)
and Mediterranean (24%) and four agrotypes, “Granito e Xisto,” “Meia Encosta Nordes-
tina,” “Terra Fria Transmontana” and “Terra Quente Transmontana” [28]. Physiography
is dominated by mountain and sub-mountain hypsometry, from 450-700 m (natural limit
of vine culture) to 1500 m [29]. The dominant soils are of granitic origin and the like,
associated with schist [30]. In the Valleys of Vila Pouca de Aguiar, Chaves, Vila Real, and
Boticas (<700 m), there is a greater variety of crops, such as vines, olive trees, fruit trees,
wheat, potatoes, rye, maize, and permanent pastures [27]. This review will focus especially
on Elderberry, Almonds, Olives, and Grapes.

Elderberry is commonly found in the north, especially in the Varosa Valley, which
because of the surrounding mountains, produces a microclimate favorable for the devel-
opment of this species [31,32]. The almond tree is one the most widely planted tree crops
in the Tras-os-Montes area, occupying an area of 19,206 hectares [33]. The most common
varieties are “Parada”, “Casanova”, “Verdeal” and “Pegarinhos” [34]. Tras-os-Montes
is the second Portuguese olive growing region, currently representing between 12 and
15% of the national production of olive oil [35]. The more important varieties are “Co-
brangosa”, “Madural” and “Verdeal” [36]. Portugal has a wine-growing area of 1/4 to
1/5 of the surface of the significant wine-growing countries in Europe. Of the 343 grape
varieties listed, about 230 varieties are considered indigenous to Portugal or the Iberian
Peninsula, reflecting the vast and unique Portuguese viticultural genetics. Tras-os-Montes
area has 40 indigenous varieties in cultivation [37]. As such, natural ingredients are eas-
ily obtained in this area [38]. It is also a region with the most organic farmers, and the
climatic, topographic, and pedological differences predispose this region for agricultural
diversity [16].
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3. Natural Ingredients from Northeast of Portugal
3.1. Elderberry (Sambucus nigra L.)

Overview: The Elderberry is a species of the Caprifoliaceae family. It grows in most
parts of Europe, North Africa, West Asia, and the USA [39]. The flower blossoms generally
in May or June [40]. The fruit matures over six to eight weeks from July to September [41].

Flowers and berries have a large spectrum of applications such as cosmetics, for skin
and eye lotions; in the kitchen, for liquors, wine, jelly, and chutneys; in the food industry,
as a natural dye; and in medicine, for cold, flu and phlegm [42]. Various studies suggest
that Elderberry helps to reduce enhanced production of inflammatory mediators [43],
has beneficial effects on blood pressure [44], diabetes, and obesity [45,46], has antiviral,
antibacterial, and antifungal activity [47], protects against UV radiation [48] and has
laxative and diuretic activity [49]. Tree leaves and barks present diuretic and healing
properties. They should only be used for external use since they cause poisoning due to
cyanogenic glycosides, the most common being sambunigrin and prunasin. They also
contains m-hydroxysubstituted glycosides, such as zierin and holocalin. These compounds
are toxic and life-threatening because they can be hydrolyzed, resulting in the release of
cyanide [46,50].

3.1.1. Chemical Composition

Chemical composition varies depending on the cultivar, development stage, ripening,
and season. As for carbohydrates, elderberry berries contain 7.86-11.50% of total sugar and
2.8-8.55% of reducing sugar. The main sugars are glucose (33.33-50.23 g/kg FW) and fructose
(33.99-52.25 g/kg FW). Sucrose is also found in small amounts (0.47-1.68 g/kg FW) [51].
Other carbohydrates were found such as dietary fibre, in particular, pectin (0.1593%),
pectin acid (0.2299%), protopectin (0.0409%), Ca-pectate (1.53%), and cellulose (1.65%) [52].
As for proteins, they are present in berries (2.7-2.9%), flowers (2.5%), and leaves (3.3%).
Thus protein includes sixteen amino acids, nine of which are essential (9% in flowers and
11.5% in leaves) [51]. Glutamic acid (0.311 g/100 mL), aspartic acid (0.303 g/100 mL) and
alanine (0.238 g/100 mL) were reported as the dominant amino acids, whereas cysteine
(0.008 g/100 mL), methionine (0.025 g/100 mL) and histidine (0.062 g/100 mL) where less
abundant [52]. Fats are accumulated mostly in elderberry seeds (22.4%, with 75.15% of
polyunsaturated fatty acids and 14.21% of monounsaturated fatty acids) and seed flour
(15.9%, with 21.54% of polyunsaturated fatty acids and 4.21% of monounsaturated fatty
acids) [51]. Organic acids represent 1.0-1.3% of the berry content. Four organic acids were
detected in elderberry fruit. The most dominant was citric acid (3.08-4.81 g/kg FW),
followed by malic acid (0.97-1.31 g/kg FW) and smaller concentrations of shikimic
(0.14-0.93 g/kg FW) and fumaric acid (0.10-0.29 g/kg FW) [53]. Minerals are located
both in berries and flowers and represent 0.90-1.55% of the fruit mass. They include
K (391.33 mg/100 g), P (54.00 mg/100 g), Ca (28.06 mg/100 g), Na (2.17 mg/100 g),
Mg (25.99 mg/100 g), Fe (1.86 mg/100 g), Zn (0.36 mg/100 g), Mn (0.27 mg/100 g) and
Cu (0.14 mg /100 g) [52]. Elderberry fruit and flowers also include essential oils (0.01%),
consisting of approximately 53 compounds in berries and 58 in flowers [51]. Vitamin C
and cellulose are also found in elderberry fruit in concentrations of 34.10 mg/100 g and
1.65 mg /100 g, respectively [52].

Elderberry fruit has components with high biological activity, primarily polyphe-
nols and anthocyanins. The major polyphenols in elderberry fruit are chlorogenic acid,
neochlorogenic acid, crypto-chlorogenic acid, quercetin, quercetin-3-rutinoside (rutin),
quercetin-3-glucoside (isoquercitrin), kaempferol-3-rutinoside, kaempferol-3-glu-coside (as-
tragalin), isorhamnetin-3-rutinoside and isorhamnetin-3-glucoside [51]. The primary flavonol
in this plant is rutin, while isoquercitrin and astragalin occur in elderberries in smaller
amounts [54]. Elderberry also have quercetins in their composition: quercetin (2.70-4.50 mg
CGE/100 g FW), quercetin 3-rutinoside (35.88-50.04 mg CGE/100 g FW) and quercetin
3-glucoside (6.38-26.52 mg CGE/100 g FW) [53]. As for anthocyanins, five were found in
elderberry fruit: cyanidin 3-sambubioside-5-glucoside (19.52-53.49 mg CGE /100 g), cyani-
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din 3,5-diglucoside (7.41-23.29 mg CGE/100 g)), cyanidin 3-sambubioside (270.8-630.8 mg
CGE/100 g), cyanidin 3-glucoside (221.4-586.4 mg CGE/100 g) and cyanidin 3-rutinoside
(1.49-9.63 mg CGE/100 g) [53]. Elderberry fruit contains small amounts of tannins. These
are procyanidins, like epicatechin (88.4% of total tannins) and catechin (11.6% of total
tannins) and their thiol derivatives [51].

Elderberry fruit also has high antioxidant activity. According to Duymus et al. [55],
elderberry extract shows antiradical activity (towards DPPH), having an ICs; value (con-
centration needed to scavenge 50% of free radicals) of 123 pug/mL. Espin et al. [56] demon-
strated lower radical scavenger capacity towards DPPH than other studied sources of
anthocyanins and natural and synthetic antioxidants. Obied et al. [57] also investigated the
antioxidant potential of Elderberry, with results indicating that elderberry fruit can protect
colon cells against harmful effects of oxidative stress. Elderberry berries have a vibrant
chemical composition. According to Imensek et al. [58], the consumption of 100 g of berries
could cover 13% of the recommended daily intake of calcium for women and men. The
cellulose content is vital for lowering the risk of developing type II diabetes and heart
diseases. Elderberry has antioxidant and anticancer activity thanks to the high content of
vitamin C and anthocyanins. It has a protective influence in many chronic degenerative
diseases due to the high protein level and seven essential amino acids [52]. Therefore, using
fruits, flowers and leaves may constitute a potential protective agent against growth and
unfavorable effects of oxidative stress in the human body [54,59].

Elderberry flowers contain much higher amounts of phenolic compounds than the
fruits and leaves [54]. The main phenolic compounds found are chlorogenic acid, neo-
chlorogenic acid, cryptochlorogenic acid, 3- and 5-feruloyl quinic acid, and dicaffeoylquinic
acid. As for flavonols, glycosides of quercetin, kaempferol, and isorhamnetin are present
in elderflowers [60]. Another group present in elderflowers is flavanols, including cate-
chin, epicatechin and procyanidin trimer, and flavanones [61]. They also possess higher
antioxidant activity than berries and leaves. A study performed by Kotodziej and Drozdzal
showed that the time to reduce DPPH concentration by 50% was 23-75 s for flowers and fruit
91-133 s. A study performed by Imensek et al. [58] analyzed the macro and micronutrients
in various parts of the Elderberry plant. Elderberry leaves have the highest calcium content
(1.38 £ 0.04%) and significantly higher magnesium content (0.73 % 0.05%) than other plant
parts. Phosphorus was also found but in significantly lower proportions (0.30 & 0.02%).
As for micronutrients, iron (115 + 4 mg/kg DW), manganese (67.0 £ 4.6 mg/kg DW), zinc
(39.7 £ 2.0 mg/kg DW), and strontium (35.0 & 2.2 mg/kg DW) were detected.

3.1.2. Potential Application in the Cosmetic Industry

Elderberry possesses ingredients favorable for cosmetic formulation, such as antho-
cyanins, which that can reduce oxidative stress by scavenging free radicals, making them a
potential anti-aging agent [62]. Elderberry flowers are potential sources of active substances,
which in contrast to the antioxidants commonly added to cosmetics, are not subjected
to degradation under the influence of ultraviolet radiation and exhibit a high biological
activity [48,63]. Limonene and linalool, monoterpenic compounds, are often employed in
perfumes, creams, and soaps [64]. Cellulose enhances hydration’s physical and structural
properties and the skins’ oil holding capacity [65].

Relevant studies of Elderberry: Only two studies have been developed since 2012,
showing that Elderberry has no mutagenic effect and a high in vitro activity (Table 2).
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Table 2. Relevant studies of Elderberry.
Year Main Objective Type of Study Assay Employed Material Conclusion Reference
S. nigra fruit extract
Eval}xate possible . Allium cepa Sambucus nigra p().wd?r has a very high
cytotoxic and genotoxic . o e s . in vitro antioxidant
2012 . In situ (mitotic index) fruit extract .. [66]
effects of anthocyanin-rich Test owder activity and no
Elderberry concentrate P mutagenic effects at low
concentrations
Detection and isolation of Shows a link of antimuta-
lectins from S. nigra. hprt locus test genic/ mutagenic and
flowers, and investigation (Chinese hamster Lectins from protective effects of
2015 of some of their biological In vitro S. nigra flower lectins [67]

properties with an
emphasis on
genetic effects

cells) Disk
diffusion method

S. nigra

with the regulation of
repair functions on the
molecular level

3.2. Olives (Olea europaea L.)

Overview: Olives are the fruit of the Olive tree, a species of the Oleaceae family. The
olive tree is one of the most ancient cultivated fruit trees, and the use of Olives has been
ascertained in the late Stone Age at the Kfar Samirin site in Israel [68]. In the Graeco-
Roman civilization, olive oil and wine were closely associated due to the similarities in
their transformation process and economic importance. They were used not only in daily
life but also in trade, religious rites, and art. Since prehistoric times, the olive tree has
been of significant cultural importance in that region and still has symbolic and religious
significance today [69]. Olive trees are usually distributed in the coastal areas of the eastern
Mediterranean basin, the contiguous coastal areas of south-eastern Europe, northern Iran at
the south end of the Caspian Sea, western Asia, and northern Africa [70]. The best olive oil
should be acidic [71], from the first cold pressure, preferably from of organic farming [36].

3.2.1. Chemical Composition

The main constituents of the olive flesh are water (60-75%) and lipids (10-25%) [72].
Olives have a lower sugar content (2-5%). The main sugars in the flesh are glucose,
followed by fructose, galactose, and mannitol [72,73]. The protein content of the fresh pulp
is relatively low (1-3%), and its amino acid composition does not differ significantly [72].
The fruit also contains flavonoids, mainly luteolin, apigenin, quercetin-3-rutinoside (rutin),
and anthocyanins. Some of these compounds can be found in olive oil and may contribute
to its antioxidant properties [74]. Significant components of crude fiber (1-4%) are cellulose,
lignin, and hemicellulose. Olives are considered a rich source of phenolic compounds
(1-3%) with a wide array of biological activities with significant nutritional, physiological,
and pharmaceutical effects on human health. [75]. The primary polyphenols found in raw
olives are oleuropein, verbascoside, ligstroside, salidroside, rutin, luteolin-7-glucoside,
cyanidin-3-glucoside, and cyanidin-3-rutinoside [72]. Ash varies from 0.611%, with the
significant elements being K, Ca, P, Na, Mg, and S [76]. Organic acids are found in
concentrations between 0.5% and 1%, which are malic and citric acids, the primary acids in
raw olives [72].

Olive leaves are a source of bioactive compounds, particularly polyphenols and con-
sist of simple phenols, flavonoids, and secoiridoids [77,78]. The concentration levels of
main phenolic compounds in olive leaves are as follows: for secoiridoids, oleuropein
aglycone (14.8 x 10® mg/kg), oleuropein glucoside (6600 mg/kg), demethyloleuropein
(2300 mg/kg), oleuropein (6.97 x 10°-441 x 10° mg/kg), ligstroside (12,400 mg/kg), oleu-
roside (2010-7000 mg/kg), methoxyoleuropein (870-2190 mg/kg), oleoside (10,800 mg/kg),
and secologanoside (7300 mg/kg); for flavonoids, and in the flavones group there is present
luteolin (10.1-5600 mg/kg), luteolin glucoside (507-10,500 mg/kg), luteolin diglucoside
(0.0-121.4 mg/kg), luteolin rutinoside (67-2700 mg/kg), apigenin (1-480 mg/kg), apigenin
glucoside (12-680 mg/kg), apigenin diglucoside (90—480 mg/kg), apigenin rutinoside
(7.3-1130 mg/kg), diosmetin (1-37 mg/kg), and chrysoeriol-7-Oglucoside (580-840 mg/kg);
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as for flavonols, rutin (13.8-3500 mg/kg), quercetin rutinoside (654-1210 mg/kg), and
quercetrin (1-129 mg/kg); as for flavan-3-ols, catechin (0.8-64.2 mg/kg); for simple
phenols, tyrosol (90-660 mg/kg), tyrosol glucoside (860-1280 mg/kg), hydroxytyrosol
(30.8-11,400 mg/kg), and hydroxytyrsol glucoside (340-790 mg/kg); for phenoli alde-
hyde, vanillin (1.3-8.2 mg/kg); for phenoli acids, vanillic acid (12.8-110.1 mg/kg), caffeic
acid (1.60 mg/kg), gallic acid (7.4-55.8 mg/kg), cinnamic acid (5.4-44.5 mg/kg), hy-
droxycinnamic acid (5040-32.69 x 10° mg/kg), syringic acid (174-447 mg/kg), ferulic
acid (7-91.4 mg/kg), verbascoside (29 x 10° mg/kg), isoverbascoside (17,200 mg/kg),
p-hydroxybenzoic acid (0.6-23.8 mg/kg), cholorogenic acid (3.4-3.8 mg/kg), protocat-
echuic acid (2.3-61.0 mg/kg), and hydroxyphenylacetic acid (14.7-45.7 mg/kg). Other
compound are also present such as elenolic acid (99.6-662.927 mg/kg), elenolic acid gluco-
side (5600 mg/kg), and elenolic acid diglucoside (270-1370 mg/kg) [78,79]. Olive leaves
have antibacterial properties and can be used to treat wounds [80]. They are also diuretic
and, as such, used to relieve joint pain, and gout [81]. They are also febrifuges and hy-
potensive [82,83], as well as having have anti-diabetic properties, helping to lower blood
sugar [84]. Olives have widely been exploited as a functional food [62,85] with various
biophenols [57].

According to the “Autoridade de Seguranca Alimentar e Econémica” (Food and Eco-
nomic Safety Authority) in Portugal, the standard grades of olive oil currently available on
the market are extra virgin olive oil, virgin olive oil, and “azeite lampante” [86]. The stan-
dard grades are based on the free acidity or degree of processing of the oil. The free acidity
for extra virgin olive oil is <0.8%, virgin olive oil < 2.0%, and “azeite lampante” > 2.0%.
Olive oil has minerals, such as calcium (1 mg/100 g), iron (0.56 mg/100 g), potassium
(1 mg/100 g), and sodium (2 mg/100 g); vitamins, namely vitamin E (14.35 mg/100 g) and
vitamin K (60.20 ng/100 g); and lipids, saturated fatty acids (15.40 g/100 g), monounsat-
urated fatty acids (69.20 g/100 g), and polyunsaturated fatty acids (9.07 g/100 g) [73,87].
Olive oil has diverse fatty acids, namely myristic, palmitic, palmitoleic, heptadecanoic,
heptadecenoic, stearic, oleic, linoleic, linolenic, arachidic, eicosenoic, behenic, and ligno-
ceric acids [79]. One of the major hydrocarbons present in olive oil is squalene. Squalene
appears to be critical for reducing free radical oxidative damage to the skin and has been
used as a moisturizing or emollient agent in cosmetic preparation [88].

Olive oil is rich in molecules with antioxidant and anti-inflammatory functions,
such as w-3 polyunsaturated fatty acids, w-9 monounsaturated fatty acids, and phenolic
compounds [89]. Olive oil is recommended in the diet of pregnant women as it favors
the healthy development of the brain and nervous system of the baby before and after
birth [90,91]. It also allows better bone mineralization [92]. Olive oil prevents the accumu-
lation of fats in the liver, lowers blood pressure, prevents atherosclerosis, and prevents
thrombosis [93-96]. Olive oil can benefit another group of dementia-related pathologies
called tauopathies [97]. It could also prevent diseases related to oxidative damage, such as
coronary heart disease, stroke, and several types of cancer [98]. Olive oil could also have an
anti-aging effect. Olive oil is widely used in soaps and massage oils [99]. It is an excellent
vehicle for macerating aromatic plants and flowers for therapeutic and culinary uses.

3.2.2. Potential Application in the Cosmetic Industry

Virgin olive oil provides a safe and stable emulsion delivery system [100]. The an-
tioxidant activity of olives makes them a candidate for moderating the effects of the aging
process on the skin by limiting biochemical consequences of oxidation [101] due to its
high squalene content and [3-sitosterol, and richness in oleic acid (a skin softener). As
such, virgin olive oil is ideal for directly protecting the skin [102]. Oleuropein is used in
cosmetics due to its antioxidant, antiviral, antimicrobial, anti-inflammatory, skin protecting,
and anti-aging properties [65]. Fatty acids increase hydration, softness and elasticity and
act as a protective barrier [65,103].
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Relevant studies of Olives: Several studies have been developed since 2005, showing
that Olives have an antigenotoxic effect, antioxidant potential, protect cells from induced
DNA damage, and minimize cytotoxicity (Table 3).

Table 3. Relevant studies of Olives.

Year Main Objective Type of Study Assay Employed Materials Conclusion Reference
Investigate the genotoxic Virgin f)hve oilis
: Chromosomal described as a
and protective effects of b ions in b iroin oli i ial antioxid
fullerene Cgg and Virgin aberrations in bone Virgin olive oi potential antioxidant
2018 oli\fg oil In vivo marrow cells from mixed with and protects cells [104]
. . rats (Rattus fullerene Cgp from induced DNA
in rats induced by norvegicus) damage b
cadmium chloride. 3 amage by
cadmium exposure
Monitor the possible
hazardous effects of
hexavalent chromium on
rats and the possible .
. Micronucleus assay Lo
effects of extra-virgin s Extra virgin olive T
N, . and Estimation of : . Extra-virgin olive oil
olive oil against oil obtained .
- serum 8-hydroxy-2- . succeeded in
hexavalent chromium . . directly from R
2019 . .. In vivo deoxyguanosine . minimizing [105]
induced toxicity by ; olives, purchased .
- level in blood cytotoxicity and
studying the cellular from a local 2.
samples from rats genotoxicity

alteration, DNA damage,

market

immune function
alterations, and
histopathological

(Rattus norvegicus)

changes of rat spleen

3.3. Almonds (Prunus dulcis)

Overview: The Almond tree is a species of the Rosaceae family. It is the oldest nut crop
of southwest Asia, and from that region it has diffused to other regions and continents [106].
Hippocrates was the first to discuss the use of almonds for cold and other phlegmatic dis-
orders [107]. Due to the successive Greek, Roman, and Arab invasions, almond cultivation
spread in a narrow horizontal band westward through the Mediterranean to Spain [106].
Almonds can be eaten as dried fruit and are also used for pastry and liquors. The almond
shell is used for biofuel [108].

3.3.1. Chemical Composition

Almonds have a composition of 4.70 g/100 g of water, 21.22 g/100 g of protein,
3.89 g/100 g of total sugar, 12.30 g/100 g of dietary fibers, and 49.42 g/100 g of total fat; this
represents 46-64% of fat, composed of monounsaturated fat, such as oleic acid (58.1-71.3%),
polyunsaturated fat, linoleic acid (15.7-29.9%) and saturated fatty acids, such as palmitic
(5.9-7.5%), stearic (0.1-2.4%), arachidic (0.07-0.10%), and myristic (0.02-0.05%) acids [109].
As for proteins, their levels can vary from 10% to 35%. Amino acids have a residual content
in the ripe kernel (<200 mg/100 g), such as lysine and arginine [110]. Carbohydrates
are present in almond kernels (2-12%). 90% of the total sugars are sucrose and raffi-
nose, whereas the remaining 10% are dietary fibers, mainly cellulose, hemicelluloses, and
lignin [111]. Almond kernel is considered a good source of minerals. The major elements
are K, P, Ca, and Mg, while the minor elements are Fe, Na, Cu, Zn, and Mn [112]. Tocopherol
is also present in the almond kernel. A study showed that the content of a-tocopherol
could vary from 139 to 355 mg/kg [113], representing 97.3% of total content, whereas y-
tocopherol represents 2.8% [114]. As for phytosterols, an average value of total phytosterol
amount in almond kernel ranges from 1100 to 2800 mg/kg, 3-sitosterol being the principal
component [115]. Phenolic compounds are also found in the almond kernel, catechin’s
main phenolic compound, followed by chlorogenic acid and naringenin [110]. Almond
skin is also rich in phenolic compounds, such as (+)-catechin, (—)-epicatechin, naringenin-
7-O-glucoside, kaempferol-3-O-rutinoside, isorhamnetin-3-O-rutinoside, isorhamnetin-
3-O-glucoside, and naringenin. The flavonoids present are isorhamnetin, isorhamnetin-
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3-O-glucoside, kaempferol, quercetin-3-galactoside, catechin, kaempferol-3-O-glucoside,
kaempferol-3-O-galactoside, and quercetin [110,116]. Also, some alcohols (1-butanol, 1-
hetanol, 1-hexanol, 1-nonanol, 1-octanol, 1-pentanol, 1,2-propanediol, 2-ethyl-1-hexano,
2-heptanone, 2-methyl-1-propanol, 2-phenylethanol, 3-methyl-1-butanol, 3-methyl-2-buten-
1-0l, 3-methyl-3-buten-1-ol, and benzyl alcohol), acids (acetic and hexanoic acids), pyrazine
(2-methylpyrazine), terpene (x-pinene and limonene), lactone (butyrolactone), alkane
(toluene), and aldehydes (benzaldehyde, heptanal, hexanal, nonanal, octanal, and pentanal)
have been described being present in raw almonds [117,118]. Squalene is also present in
almonds (95.0 mg/kg) [114]. The consumption of Almonds has been linked to reduced
risk of chronic diseases such as coronary heart disease and type 2 diabetes and weight
maintenance and control [109]. Almonds are a source of energy and macronutrients and
are high in fibers. Almonds are also rich in chemically related phytosterols, which help
maintain healthy blood cholesterol levels [109].

3.3.2. Potential Application in the Cosmetic Industry

Sweet almond oil is used in the cosmetic industry, especially in dry skin creams,
anti-wrinkle and anti-aging products. It enhances the glow and fairness of the skin. It is
used in over 280 cosmetic formulations in concentrations up to 50% [119]. When mixed
with white wine and honey;, it can be applied to urticaria and wound healing [120]. Almond
oil is one of the most popular oils used in aromatherapy and massage therapy since it is
suitable for any skin type. Since it contains large amounts of vitamins E and K, it helps
skin regeneration and elasticity [121].

Relevant studies of Almonds: Table 4 shows the results of antigenotoxic studies
of Almonds.

Table 4. Relevant studies of Almonds.

Year Main Objective Type of Study Assay Employed Materials Conclusion Reference
Study to test the .
efficacy of two Alkaline Comet Almond consumption
different doses of Assay with enzyme g idative stl{;ess
2006 Almonds in reducing In vivo (endonuclease IIT) Almond powder 2nd DNA [122]
oxidative damage in human damage amon
and oxidative lymphocytes srr;gokers 8
stress among smokers
Micronucleus test
and mammalian
bone marrow
In vivo chromosome
Study potential aberration tests in Almond skins that Almond skins are
2011 genotoxicity of Swiss Albino Mice were turned into a not genotoxic [123]
almond skins (Mus musculus) brown powder 8
Bacterial reverse
In vitro mutation assay
with Salmonella
typhimurium
Study the effects on
cell growth, .cell Alkaline Comet Purchased almonds
cycle modulation as . . :
assay with enzyme digested in an
well as the (Fpg) in in vitro simulation Fermented nuts are
2011 genotoxic/anti- In vitro humIaJE colon of the human considered to be not [124]
genotoxic potential of . - . genotoxic in HT29 cells
: adenocarcinoma gastrointestinal
the fermentation )
cell line HT29 passage

supernatant of colon
adenocarcinoma cells
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Year Main Objective Type of Study Assay Employed Materials Conclusion Reference
Investigate possible No.iflgmﬁcant
beneficial or differences
between raw and Ultra
harmful effects . )
. Alkaline Comet high-pressure
of Ultra high-pressure . . N
A assay with enzyme Almond milk homogenization-
homogenization .
- . (endonuclease III) samples produced treated almond milk
2015 technology application In vitro - . [125]
. in human colon from almond indicating that
on physical, . ;
e adenocarcinoma powder Ultra high-pressure
nutritional, and K R
. . cell line Caco-2 homogenization-
bio-functional .
. treatment did not affect
properties of . -
. the genotoxic potential
almond milk .
of almond milk
The genotoxic
potential of
Tnvestigate both the Alkaline Comet ‘ o fermentation
hemopreventive assay (Basic assay) In vitro digestion supernatants of
2017 ; In vitro in human colon and fermentation of roasted Almonds [126]

effects of fermented
raw Almonds

adenoma cell roasted almonds can be
line LT97 excluded even for the
highest roasting
temperature

3.4. Grapes (Vitis vinifera)

Overview: Grapes are the fruit of the Winegrape, a species of the Vitaceae family. It is
one of the most consumed fruits globally, mostly in juice and wine, but some are destined for
fresh consumption or dried into raisins [127,128]. The archaeological record suggests that
cultivation of the domesticated grape, Vitis vinifera subsp. vinifera began 6000-8000 years
ago in the Near East from its wild progenitor, Vitis vinifera subsp. sylvestris [128]. After
pruning in January, clusters are formed in the spring, and it is during the summer that the
Grapes gain color, aroma, and taste. Between September and October, when the Grapes are
already ripe, that is when their weight, color, and acidity present the ideal conditions for
wine production, the harvests take place [129].

3.4.1. Chemical Composition

Grape skin is rich in flavonoids (myricetin-glucuronide, myricetin-glucoside, quercetin-
glucuronide, quercetin-glucoside, and kaempferol-glucoside) and anthocyanins (such as
delphinidin-monoglucoside, cyanidin-monoglucoside, petunidin-monoglucoside, among
others), with a total amount of 4863 mg/kg and 1670 mg/kg, respectively [130]. Phenolic
acids are also present in the seeds, skin, and pulp. The ones found are gallic acid, protocat-
echuic acid, catechin, epicatechin, procyanidin, epigallocatechin, resveratrol, chlorogenic
acid, coumaric acid, caffeic acid, and rutin. Organic acids and sugars are also present in
seeds, skin, and pulp, the major ones being tartaric, malic, and citric acids, glucose, and
fructose [131].

Grapeseeds contain 8-20% of oil and are a by-product of the winemaking process,
and their oil content is traditionally extracted using either mechanical techniques or an
organic solvent. Cold-pressing is a method of oil extraction involving no heat or chem-
ical treatment and may retain more health-beneficial components [132-134]. The total
amount of polyphenols extracted from grapeseed oil by the cold-pressing method is about
2.9 mg/kg. They are a rich source of catechins and procyanidins [135]. Grapeseed oil con-
tains many phenolic compounds, including flavonoids, carotenoids, phenolic acids, tannins,
and stilbenes. However, the polyphenols content in grape seed oil is low (0.013-0.019% of
total phenolic compounds) [136]. They also contain palmitic, 11-eicosenoic, oleic, linoleic,
a-linolenic, and arachidic acids [137]. Flavan-3-ols are also present in the seed, namely
catechin (67.71 £ 11.37 mg/100 g) and epicatechin (57.93 & 22.12 mg /100 g) [130]. Trans-
resveratrol is also present in grapes (0.62 & 0.24 mg/kg). Benzene compounds can also
be found in grapes, the most abundant being benzyl alcohol (540-1140 ng/kg of grape)
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and homovanillic alcohol (380-960 ng/kg of grape). Grapeseed oil has a great vitamin
E content, ranging from 1 to 53 mg per 100 g of oil [138]. Vitamin E contributes to has a
high antioxidant activity and neuroprotective and antitumoral properties [139,140]. For
this reason, grape seed oils have been suggested to delay the aging process and prevent
some chronic diseases. Grapeseed oil has antioxidant, anti-inflammatory, antimicrobial,
and antitumoral properties [132,136,139,141]. It has also been used as edible oil.

In winemaking, a large amount of grape pomace is produced that is rich in polypheno-
lics and highly beneficial for human health, as phenols are helpful for skin ultraviolet (UV)
protection. Incomplete extraction of compounds such as polyphenols during winemak-
ing leads to about 70% of the initial active substances remaining in grape pomace waste,
20-30% in peels, and 60-70% in seeds [142-144]. Some groups of polyphenols present in
V. vinifera L. grape pomace are flavanols (flavan-3-ols), flavonols, anthocyanins, condensed
tannins, and proanthocyanidins [145].

3.4.2. Potential Application in the Cosmetic Industry

Grapes can be used in cosmetics as follows: bud extract, flower extract, fruit extract,
fruit powder, fruit water, juice, juice extract, leaf extract, leaf oil, leaf/seed skin extract, leaf
water, leaf water, leaf wax, root extract, seed, seed extract, seed powder, shoot extract, skin
extract, skin powder, vine extract, and vine sap. The seed extract is used in 463 cosmetic for-
mulations, fruit extract in 219 cosmetic formulations, and leaf extract is used in 78 cosmetic
formulations [146]. Grape seeds contain fiber (40%), oil (16%), protein (11%), sugars, and
minerals being a rich source of proanthocyanidins. Proanthocyanidins are potent antioxi-
dants and have free radical scavenger activities [147]. The various components of grapes
make them an excellent ingredient to be added to cosmetic formulations. Resveratrol’s
proven ability to penetrate the skin barrier and anti-aging activity makes it an excellent
complement for cosmetic formulation. It can also stimulate fibroblasts’ proliferation and in-
crease the concentration of collagen III [148]. Phenolic acids and flavonoids, such as ferulic
acid, caffeic acid, gallic acid, and proanthocyanidins, are efficient protectors by reducing
oxidative stress and may be essential in cosmetic surgery formulation for post-sun skin
care [149]. Grapes also provide phenolic components, like anthocyanins, gallic acid, cate-
chin, epicatechin, conjugated flavonoids, oleic, linoleic, and linolenic acids, counteracting
symptoms of epidermal aging and delaying the process of photoaging [150,151]. Currently,
to optimize sun protection and photostability, sunscreens use natural antioxidant composi-
tion. Scientific evidence has shown the benefits of polyphenols’ topical and oral use from
some plant species against UV radiation, including Vitis vinifera [120,121,146,152].Relevant
studies of Grapes: Table 5 shows relevant studies developed on Grapes since 1999.

Table 5. Relevant studies of Grapes.

Year Main Objective Type of Study Assay Employed Materials Conclusion Reference
Study the influence of a
great variety of foo.d Alkaline Comet Genotoxicity
components, i.e., fruits, Assay (basic assay) Red and white was strongl
vegetables, spices, and . ¥ y . 18y
2002 beverages of plant In vitro in rat wine and reduced in a [153]
orig N orli) (Rattus norvegicus) grape juice dose-related manner
sin, of commercial cell line by red Grapes
the genotoxicity of
aromatic amines
FExamine the Alkaline Comet A complex mixture of
anfizenotoxic Assay (basic assay) Procvanidin wine polyphenols
2004 and grotective In vivo in the rat extracty obtained protected against some [154]
P Lo (Rattus norvegicus) types of chemically ;
effects of a procyanidin ol from grape seeds ; 1
extract from grape seed commercia induced oxidative
Fao cells DNA damage in the rat
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Table 5. Cont.

Year Main Objective Type of Study Assay Employed Materials Conclusion Reference
Study the genotoxicity
of a commercial grape
seeds proanthocyanidin
extract alone and its
. . . . Purchased
antigenotoxic effects on Somatic mutation rape seeds Grape seed
2009 Doxorubicin-induced In vivo and recombination srap 1 proanthocyanidins [155]
. . proanthocyanidins .
somatic mutation and test (D. melanogaster) T ® were not genotoxic
R (Vittis™)
recombination in the
wing spot test
of Drosophila
melanogaster
Assessment of the . . Procyanidins are
. Somatic mutation . .
health-protecting - . antigenotoxic, and
K i . and recombination Skin, seeds, and X
2011 properties of the skin, In vitro . . flavonoids prevent the [156]
test in Drosophila pulp from grapes
seeds, and pulp of melanoeaster damage caused by
Vitis vinifera fruit 8 mutagens in DNA
Micronucleus test in
Evaluate the the bone marrow Shows a significant
antimutagenic and and liver tissue reduction in
antigenotoxic potential from rats and DNA damage. Grape
of grape juice . Alkaline Comet - juice concentrate was
2014 concentrate in rodent Invivo Assay (basic assay) Grape juice able to protect liver [157]
organs exposed to in peripheral blood cells against the
cadmium chloride and liver cells oxidative stress
intoxication from rats by H,O,
(Rattus norvegicus)
Evaluate the effect of
unfermented grape juice
on the level's of senomic Alkaline Comet N .
damage in Chronic A . Significant decreases in
. . . ssay with enzyme -
kidney disease patients (Fpg) and Purchased the underlying levels
2016 under dialysis In vivo . \'P8 unfermented of oxidative [158]
; Micronucleus Test -
by analyzing . grape juice DNA damage
in human .
markers such as lvmphocvtes was obtained
genomic/oxidative DNA ymphocy
damage and
chromosome damage
Investigate the chemical Seed and stalk .
. . Peel, seed, leaf, extracts together with
composition of different . SOS chromotest
2017 In vivo L . and stalk of the leaves of the grape [159]
parts of (Escherichia coli) -
strawberry grape showed high

strawberry grape

antigenotoxic activity

4. Discussion

Micronucleus, Comet Assay, and SMART (in Drosophila melanogaster) are widely used
tests for genotoxicity of potential substances and detect DNA damage evidenced by strand
breaks in various organisms and tissues. Excessive generation of free radicals may result in
DNA damage. At least two major human problems, aging, and carcinogenesis, involve
DNA damage. The possible protective effect of these natural ingredients against oxidative
DNA damage should be investigated. We are exposed to noxious substances daily. Table 6
presents different assays used in genotoxicological studies, as well as the advantages

and disadvantages.
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Table 6. Assays used in genotoxicological studies.

Assay Characteristics Advantages Disadvantages
Sensitive and rapid method for DNA
strand break detection in .
R Identify DNA damage at the
individual cells. .
. - ) . single-cell level
Used in genotoxicological studies to I .
. o Sensitivity for detecting low levels of
determine oxidative DNA damage that . . .
R . DNA damage using a small number of Not a reliable biomarker for
has been implicated in several health 11 1 ic effects i
conditions (in combination with certain cells per sample (<10,000) genotoxic effects in DNA damage
Comet Assay Eukaryote single cell population can be The detected DNA damage does

Somatic Mutation
and Recombination
Test (SMART)

Micronucleus Test

Chromosomal
Aberration Test

Bacterial Reverse
Mutation Test

bacterial enzymes), to show protective
effects of different dietary factors in
chemopreventive studies, to determine
sequence or gene-specific damage and
repair (in combination with fluorescence
in situ hybridization) as well as of
possible diagnostic use [160,161].

In vivo genotoxicity assays are
performed on Drosophila melanogaster.
It has been used extensively to analyze
many chemicals with different action
mechanisms, showing a vast ability to
detect genotoxic effects. [160,166,167].

A small, chromatin-containing
round-shaped body that is visible in the
cytoplasm of cells.

Can originate from acentric fragments,
segregation of chromosomes, dicentric
chromosome breakage, chromosome
instability, or aggregation of
double minutes.

A rise in the frequency of
micronucleated cells is a biomarker of
genotoxic effect that can reflect exposure
to agents with clastogenic (chromosome
breaking; DNA as target) or aneugenic
(aneuploidogenic; effect on chromosome
number; mostly non-DNA target)
modes of action. [160,170-174].

It can be performed in primary
peripheral blood lymphocytes or
established cell lines, such as Chinese
hamster ovary cells.
Recognizes agents that cause structural
chromosome aberrations (clastogenesis)
produced by various
mechanisms [177,178].

Uses amino acid-requiring strains of
Salmonella typhimurium and Escherichia
coli to detect point mutations, which
involve substituting, adding, or deleting
one or a few DNA bases pairs.
Detects chemicals that induce mutations
that revert mutations present in the
tester strains and rehabilitate the
functional capability of the bacteria to
synthesize an essential amino
acid. [180-183].

used both in vitro and in vivo
Ease of application
Low cost
Short time needed to perform the
assay [161,162]

Easy to perform
Inexpensive

Shows high sensitivity,

specificity, and accuracy
Detects loss of heterozygosity by
deletions, point mutations, mitotic

recombination, and
nondisjunction [166,168]

Reliable identification of cells that have
completed only one nuclear division
Easy to perform
Less time required
Inexpensive
Allows the detection of chromosome
and genome mutations and co-detection
of apoptosis and necrosis, measuring the
extent and progression of nuclear
division in a dividing cell population
Detects dicentric bridges, chromosome
loss, nondisjunction, excision repair
events, and Hypoxanthine guanine
phosphoribosyl transferase variants
Allows automatic scoring [175,176]

Allows identification of all chromosome
mutation types and co-detection of
mitotic indices [178]

Allows replicates to be made and results
to be obtained relatively quickly
Allows inexpensive study of a large
number of test materials inexpensively
Enables identification of the molecular
mechanism effect of test material
Very versatile test [183,184]

not correspond to fixed
mutations [161,163-165]

Time-consuming
Delay in the development of the
larvae [168,169]

Low sensitivity
Detects only acentric fragments
Cell division is needed for effective
use [176]

Need for cell cultivation and highly
skilled and experienced personnel
Time-consuming
Expensive
Automatic scoring is not
possible [176,179]

May not be appropriate for the
evaluation of certain classes of
pharmaceutical, for example,
highly bactericidal compounds
such as antibiotics, and those
which are thought (or known) to
interfere specifically with the
mammalian cell replication system
Can produce false positives
Possible interference from
biological samples, e.g., plant
extracts that contain amino acids
(histidine) with the test
system [180,184]

These natural ingredients have been shown to possess a variety of biological activ-
ities and to hold therapeutic promise. Elderberry presents fewer studies in comparison
with the other natural ingredients. The difficulty of accessing such natural ingredients in
some countries and the fact that it is a wild tree can be some of the reasons for the lack of
studies on this tree. On the other hand, grapes and olives have various in vivo and in vitro
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studies. Also, some of their studies have been performed in D. melanogaster and human
lymphocytes. D. melanogaster is one of the preferred organisms for toxicological research.
In recent decades, it has been used as a model to elucidate human diseases and also for
toxicological studies [185-187]. The use of D. melanogaster in experimental studies met
the standard of the European Centre for the Validation of Alternative Methods (ECVAM):
reduction, refinement, and replacement (3Rs) of laboratory animal usage. D. melanogaster
as a model raises few ethical concerns [188]. The short life cycle, the distinct developmental
stages, the availability of various tools and reagents, known genome sequence, and the
physiological similarity of D. melanogaster with humans (namely on dietary input, xeno-
biotic metabolizing system, antioxidant enzymes, and DNA repair systems) make them
an excellent in vivo model organism to rapidly test toxicity in the whole organism and
elucidate the molecular mechanisms underlying the toxicity [160]. In biomedical sciences,
experimental evidence has implicated oxidative stress in the pathophysiology of several
disease conditions [189]. However, the precise role of oxidative stress in the pathology
of diseases is far from being known. Therefore, the study of oxidative stress in animal
models is of particular importance at present. D. melanogaster has been used to assess
oxidative stress and antioxidant markers [190,191]. They have been used in genotoxicity
and antigenotoxicity studies. In vivo tests for detecting somatic or, germinative mutations
are especially valuable.

Human lymphocytes are used as surrogate tissue, as they are easily obtained, are
available in large numbers, do not require cell culture, are diploids, and are almost all in
the same phase of the cell cycle. Although the Comet Assay is well accepted among the
scientific community, there are issues regarding standardization among laboratories [192].
Therefore, new methods for DNA damage assessment would be beneficial to improve
research on DNA damage repair and antigenotoxicity.

5. Conclusions

The present review synthesizes the most accurate evidence of the antigenotoxic capac-
ity of some natural ingredients common in the Northeast of Portugal. Almonds, Grapes,
Olives, and Elderberry proved to have an antigenotoxic effect. Natural occurring antigeno-
toxicity in natural ingredients could strongly counteract genome instability.

Even though these ingredients are already being used in cosmetics, the lack of antigeno-
toxicological studies makes it crucial to investigate further how to incorporate them in
cosmetics to benefit human health. Studies have shown that plants, fruits, and vegetables
with antigenotoxic properties show promising results for the cosmetic industry [193-195].
Additional investigation can be carried out, namely, evaluating the cosmetic properties
of the natural ingredients towards promoting DNA integrity. Using Comet Assay and
SMART, evaluating genoprotection, longevity, and prolificacy of the natural ingredients in
D. melanogaster could reveal exciting results.
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