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Abstract

Nutricosmetics by-products and constituents enhance the skin, hair, and nails' inherent attractiveness through nutrition.
Nutricosmetics is emerging to be in demand in the cosmetics sector of the industry. The by-product constituents like vitamins,
collagen, peptides, carotenes, minerals, proteins, and fatty acids are drawing special attention in the thorough analysis of the
worldwide nutricosmetics market. The preference for formulations for cosmeceuticals made from natural products rather
than synthetic substances stems from consumers' quest for new, better, and safer goods. The bioactive peptides generated
from plants and microalgae are used in functional foods, medications, and cosmetics because they are known to be selec-
tive, effective, harmless, and fully absorbed by the body. Antioxidants are the most important of the substances amongst the
different constituents of nutricosmetics such as beta-carotene, lycopene, and other carotenoids as well as polyphenols like
anthocyanidins, catechins, etc. are the most well-known ones. Algal polysaccharides like fucoidans, alginates, and others
result in distinct structural and functional characteristics. Customers today are very selective about what they consume and
there is a growing need for naturally derived solutions having undesirable adverse consequences for the positive impacts on
one's fitness and beauty. Numerous of these substances have been discovered to offer, among other things, antiaging, mois-
turizing, anti-oxidative, and other properties. This review gives an overview of the different roles of nutricosmetics derived
from plant extract and algae with a focus on their role in different sectors of industries such as food, cosmeceuticals, etc.
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Introduction

Nutricosmetics are defined as the intersection of nutrition
and cosmetics. These nutricosmetics products improve the
condition and aesthetics of human skin, nails, and hair.
These cosmetics function as constituents for enhancing
appearance by ingesting nutrients with the use of food sup-
plements (Pearson 2018). They are becoming more popular
as people are more conscious of the meals and supplements
they consume, choosing to choose goods of natural source
that can restore and improve the overall health of the body
and skin without causing harm (Anunciato and da Rocha
Filho 2012). By the year 2030, at a CAGR of 9%, the size
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of the worldwide nutricosmetics market is expected to reach
USD 15816 million whereas India has been the leading
market for nutricosmetics in the South Asian region with
a CAGR of 13.9% expected by the year 2030 (Dini 2022).
This upward trend can be attributed to customers' increased
awareness of aesthetic demand, skin aging, and wrinkle crea-
tion. Beauty beverages, supplements, tablets, capsules, pow-
der, gummies, etc. are the different forms of nutricosmetic
supplements. The liquid or solid nutricosmetic supplements
are taken orally. While anti-aging and skin care nutricos-
metics are often offered as pills, body health, and skin care
nutricosmetics are frequently offered in liquid form (Gomes
et al. 2020; Pearson 2018). Skin care, anti-aging, radiance &
glow, anti-acne, hair, nail care, and weight management are
multi-functional and are some of the different market seg-
ments for nutricosmetics. The primary goal of these nutri-
cosmetics is to be a popular choice among different products
in the cosmetic industry such as skin-based formulations.
The global nutricosmetics market is being held back by strict
regulations. The usage of organically vigorous typical chem-
icals in cosmetics is being hailed as the following major
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innovation in the field (Fig. 1). It's interesting to look into
topical and nutritional programs that use plant-based ingre-
dients because they function similarly to retinoids but less
negatively (Alves et al. 2020; Gomes et al. 2020). Recently,
topical and oral cosmetics containing peptides have been
launched in the marketplace to promote healthy hair and
skin. It is believed that peptides' capacity to accelerate cel-
lular turnover results from an adaptive response to signs of
tissue injury. Bioactive peptides (BP) have a varied spectrum
of natural functions in living creatures. BP may interact with
a large range of biological macromolecules and biochemical
chemicals, inducing a variety of functions and circumstances
in living organisms (Alves et al. 2020; Anunciato and da
Rocha Filho 2012; Gomes et al. 2020). Bioactive Peptides
are also gaining popularity in the industry sector of skin and
hair care, as it has a broad-ranging variety of organic actions
in the cells of the skin and is skilled in activating critical
gene regulators via signal transduction processes. The ingre-
dients must be harmless and ingestible and they should pri-
marily provide antioxidant, anti-inflammatory, or slimming
benefits (Dini 2022; Hernandez et al. 2021). Nutricosmet-
ics frequently contain carotenoids, polyphenols, different
vitamins, soy extracts, micronutrients, glycopolyglycans,
amino acids, other plant-based components, and polyun-
saturated fatty acids (Anunciato and da Rocha Filho 2012;
Dini 2022). Algae are recognized as valued foundations of
bioactive natural compounds and the secondary metabolites
produced by algae are distinctive from those produced by
plants. Algae-derived natural products provide antiwrin-
kle, skin-whitening, UV protection, anti-inflammatory, and
antiallergic characteristics, to name a few (Alves et al. 2020;

Fig.1 Convergence of cosmet-
ics, nutrition, and pharmaceu-
ticals

Nutricosmetics

Ariede et al. 2017). Among the principal biofunctional ele-
ments present in algae are polyphenolic chemicals, proteins,
sulfated polysaccharides like fucoidan and sulfated galactan,
flavonoids, terpenoids, steroids, and carotenoids, among oth-
ers (Ariede et al. 2017; Hernandez et al. 2021). Furthermore,
it has been determined that macroalgae and its extracts con-
tain nutricosmetic qualities that help to improve skin health.
Kelp brown algae comprise essential fatty acids such as
omega-3&6, which are believed to aid cellular renewal. The
sea environment is rich in species that have a wide range
of physiologically essential substances that are beneficial
to humans' cosmeceutical needs (Ariede et al. 2017). Only
a few organisms have been used to screen cosmeceutical
chemicals from marine animals until now (Alves et al. 2020;
Ariede et al. 2017). Researches that have recently been pub-
lished shed light on the biological actions of marine algae
in the promotion of skin, health, and aesthetic products. As
a result, marine algae hold a lot of promise in terms of cos-
meceutical applications (Hernandez et al. 2021; Taeymans
et al. 2014). The key goal of this review is to shed light on
the cosmeceutical essential compounds found in plants and
algae, by studying and debating them in the context of future
industrial development (Taeymans et al. 2014).

Plants and algae in nutricosmetics
Plants based nutricosmetics

The nutricosmetic and cosmeceutical industries have
expanded due to consumer interest in personal care and
beauty products. Nutraceutical products typically come
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in the following forms: tablets, pills, powders, gummies,
drinks, etc. The target population's habits, treatments, pref-
erences, and decision-making are taken into account while
segmenting the nutricosmetics market. Fruits, leaves, and
herbs are the different plant parts that can be used to make
active substances. They are the source of lipids, peptides,
polysaccharides, minerals, vitamins, secondary metabo-
lites, and plant extracts (Sadgrove and Simmonds 2021).
Peptides are utilized in nutricosmetics to strengthen the skin,
moisturize the skin, and encourage the production of col-
lagen. Human studies have demonstrated that endogenous
blood pressure provides a wide variation of healing benefits,
including antibacterial, antihypertensive, antioxidant, anti-
inflammatory, etc. Collagen is a connective tissue structural
protein. Among the different kinds of collagen, Type II col-
lagen has received the most research. Supplemental colla-
gen is used to keep bodily tissue, including the skin, hair,
and nails, healthy (Gonzéalez-Minero and Bravo-Diaz 2018;
Yadav and Mohite 2020). Oral collagen peptide supplemen-
tation promotes the production of collagen and glycosamino-
glycan. These components also helps in skin hydration and
shattering the dermal collagen network. Additionally, col-
lagen supplements that increase the production of creatine
boost lean muscle growth, shorten recovery times, repair
damaged joint structures, and improve cardiovascular func-
tion (Gonzalez-Minero 2018; Michalak 2022). Different bio-
active compounds present in medicinal plants like leucine,
valine, and oleic acid in the Passion flower, beta-carotene,
hesperidin, and citral in Lemon, and hyaluronic acid, gla-
brol, and isoliquiritigenin in Licorice has several biological
roles i.e. anti-inflammatory, antiproliferative, antioxidative,
skin brightening, etc. which act as a potential nutricosmetic
agents (Fonseca et al. 2022; Rendon and Gaviria 2005; Sad-
grove and Simmonds et al. 2021). These chemicals are used
in nutricosmetics to keep the hair, nails, and skin healthy
and moisturized. They employ substances that increase the
formation of hyaluronic acid and collagen. It is believed that
peptides' ability to stimulate cellular turnover is an adap-
tive reaction to "marks" of tissue harm (Pebam et al. 2022).
Through biotechnological methods, different industries like
pharmaceutical and cosmetics have been creating several
peptides that are crucial for the production of extracellular
matrix, pigmentation, innate immunity, and inflammation
(Lima and Pedriali Moraes 2018). The activities of these
different plant bioactive molecules used in the production
of nutricosmetics are summarized in (Table 1). Peptides in
nutricosmetics enhance the condition of the skin by promot-
ing the synthesis of collagen.

e Fenugreek: Fenugreek is a plant that primarily thrives in
the Mediterranean, northern Africa, western Asia, and
northern India (Ahmad et al. 2016). The raw materials
that support the organism are the fenugreek seeds and

@ Springer

leaves. They are made up of proteins, lipids, pyridine-
type alkaloids, such as trigonelline, choline, gentianine,
and carpaine, flavonoids like apigenin, luteolin, and ori-
entin, isoflavones with phytoestrogenic characteristics,
and free amino acids like 4-(n-alkanes and sesquiterpe-
nes). Numerous phytochemicals, including alkaloids,
saponins, and flavonoids, are present in fenugreek seeds
(rutin, quercetin, and vitexin) (Sadgrove and Simmonds
2021). Numerous studies have demonstrated that fenu-
greek's alkaloids, saponins, and flavonoids have anti-
inflammatory characteristics, cysteine-rich peptides
have antibacterial characteristics, and diosgenin saponin
has anti-diabetic and anticarcinogenic properties. The
common uses for fenugreek seeds include food, spices,
galactagogues, and traditional diabetes treatments (Ruby
et al. 2005; Wani and Kumar 2018). Lecithin and iron
which is necessary for hair growth, are both found in
fenugreek. Fenugreek has been used traditionally to heal
mouth ulcers, severe skin inflammations, and chapped
lips.

Aloe Vera: Aloe vera cultivation is found in Africa, Asia,
Europe, and America (Surjushe et al. 2008). Antioxidants
found in aloe include polysaccharides, lignans, and fla-
vonoids. The composition of amino acids and mucopoly-
saccharides in aloe vera includes arginine, histidine, ser-
ine, glycine, tyrosine, and alanine (Haghani et al. 2022;
Rogozhin et al. 2020; Surjushe et al. 2008). The ascorbic
acid antioxidants in aloe improve the functions of glu-
tathione peroxidase, superoxide dismutases, and metal-
lothionein in skin cells (Quispe et al. 2018). Aloe Vera
increases the nutrients' availability in combo goods. Cus-
tomers want high-quality supplements as the dietary sup-
plement market experiences constant and rapid expan-
sion. Aloe gel supplementation improves wrinkly and
suppleness in photostable aged human cutis by increasing
collagen synthesis and lowering collagen-degrading gene
expression of (Matrix metalloproteinase) MMP-1 (Laneri
et al. 2020). Aloe can be sold with other ingredients to
boost memory, help manage stress, mental clarity, and
attention, and promote joint comfort and flexibility Aloe
supplements are helpful for immunological health, oxida-
tive stress, internal attractiveness, and skin health.
Almond: Almond is found commonly in the US, Spain,
Italy, Iran, India, Syria, Morocco, and Australia (Belt-
ran Sanahuja et al. 2021). Almonds are a rich source of
tri-terpenoids, including ursolic, betulinic, and oleanolic
acids, in addition to catechin, flavonol and isoflavones
glycosides, proto-catechuic acid, vanillic acid, phytoster-
ols, fatty acids, and lipid-soluble vitamin (Burlando et al.
2010; Sadgrove and Simmonds 2021). Products for hair
and skin care contain proteins from the nut. Almond oil
is promoted as an anti-aging treatment and helps in hair
nourishment, and softness and strengthens it. Mandelic
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acid in bitter almonds significantly improves the appear-
ance of skin that is getting older (Barreca et al. 2020).
The antioxidants and collagen peptides work together
to boost collagen and elastin synthesis even more than
collagen peptides only. The increase in (Matrix metal-
loproteinase) MMP levels in aging skin is assumed to be
mostly caused by reactive oxygen species (ROS). Cur-
rently, cosmetics and personal care products use almond
oil and other almond-derived goods (Goyal et al. 2022;
Kahlaoui et al. 2019). Granulated almond shells are pro-
duced and used in skin exfoliating product formulations.
Humectants including hydrosols and floral extracts can
treat eczema and acne (Goyal et al. 2022).

Soybeans: Soybean is produced in China, India, the
United States, Brazil, and Argentina (Wilcox 2004).
These foods are rich in bioactive substances used in
nutricosmetic products, such as vitamins, polyphenols,
essential fatty acids, proteins, oils, and hydrocolloids.
Isoflavones including (genistein and daidzein), saponins,
and peptides are substances used to control skin aging
issues and are found in soybean (Dini and Laneri 2021).
Soybeans are very useful in nutricosmetics because they
are complex and provide skin advantages. The significant
presence of bioactive phytochemicals in soybean extracts
has given them increased prominence for skin health
purposes. Soy extracts can promote lightening effects,
minimize wrinkles and dullness, and increase epidermal
thickness, dermal collagen content, and skin suppleness.
It can promote the deposition of collagen-I and act as a
shield against UV radiation (Bezerra et al. 2022; Dini
and Laneri 2021). The extracellular matrix synthesis
in skin, encourages cell adhesion and improves wound
healing. Isoflavones present in dietary soy consumption
can enhance the look of the skin, hair, and nails, and
it may work in conjunction with topically applied soy-
containing products to offer a comprehensive inside-out
personal care regimen (Apone et al. 2019)

Horsetail: Horsetail is found in Asia, Europe, North
America, and North Africa (Grumezescu et al. 2019).
Horsetail is a fern that includes a variety of healthy
ingredients, including silica and antioxidants. Horsetail
excerpts are an abundant source of silicon, potassium,
and flavonoids, and have anti-bacterial, re-mineralizing,
and renewing properties which are important for the
health of quickly developing tissues including the skin,
hair, and nails (Dini 2022). Among other raw materi-
als used in cosmetic preparations, dietary supplements,
and functional foods, field horsetail (Equisetum arvense)
should be mentioned for its antibacterial, remineralizing,
and regenerative capabilities (Bittner et al. 2021). The
dried plant is steeped in hot water to make tea, which
is the main form in which horsetail is consumed. Addi-
tionally, tincture and pill versions are offered. It can be

obtained as tea, tinctures, or capsules (Michalak et al.
2021).

Oat: Oat is produced in Russian Federation, Canada,
USA, India, Finland, and Poland among many others
(Sumit et al. 2012). The majority of the substance poly-
saccharides, as well as antioxidant enzymes, proteins,
lipids, saponins, enzymes, flavonoids, vitamins, and
polyphenols are all present in it. Arachidonic acid, cyto-
solic phospholipase A2, and tumor necrosis factor (TNF)
pathway suppression are responsible for the anti-inflam-
matory effects (Bonke et al. 2020; Sumit et al. 2012).
The polysaccharides and the protein constituent act as an
emulsifier to improve skin moisture and barrier perfor-
mance. Anthranilic acid, hydroxycinnamic acid, phenolic
amides, and avenanthramides in oats show anti-oxidant,
anti-inflammatory, anti-proliferative, antipruritic, and
antifungal characteristics. The different formulations are
appropriate for oral consumption in pharmacological or
nutraceutical utilization. The configurations can take the
form of tablets, capsules, chewable pastes, and powders
for ingesting only or for mixing with syrups, gels, liquids,
and any other form. Oatmeal has positive effects on the
skin because of its anti-inflammatory, antioxidant, anti-
histaminic, skin obstruction safety and reparation, clean-
ing, and anti-infective capabilities (Paudel et al. 2021).
Oat oil is utilized in numerous lotions, creams, face oils,
salves, and balms.

Saffron: In Iran, India, China, and Greece, saffron is a
stemless herb that is commonly grown (Mzabri et al.
2019). Crocin, kaempferol, picrocrocin, safranal, carot-
enoids like zeaxanthin, lycopene, a- and p-carotenes, tan-
nins, anthocyanins, flavonoids like rutin, quercetin, luteo-
lin, and hesperidin, as well as bioflavonoids are among
the various distinctive components of saffron (Srivas-
tava et al. 2010). These different bioactive substances of
saffron can be used to treat erysipelas, refresh the skin
on the face, rid the liver of bile accumulation, and heal
acne in addition to being used for cosmetic purposes to
improve complexion. It is an anti-uv agent, has anti-aging
properties, and heals wounds and skin conditions. Safra-
nal and crocin alleviate sexual dysfunction, stigma, and
saffron flower extracts have antispasmodic and digestive
tonic qualities, and saffron's serotonin has been proven to
have antidepressant properties. Carotenoids like crocin
and crocetin have antioxidant and anticarcinogenic
properties (Mzabri et al. 2019; Srivastava et al. 2010).
The saffron extract-based nutraceutical beverage greatly
increased the antioxidant system and had positive effects
on oxidative stress.

Chinese senega-root: Chinese senega-root is a perennial
herb that has been grown in China and Korea. Some of
the plant's primary components include triterpenoid,
saponins, glycosides, xanthone, and oligosaccharide
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ester byproducts (Vinh et al. 2020). The pharmacologi-
cal effects of P. tenuifolia extracts are varied and include
anti-inflammatory, anti-diabetic, anti-neuroinflammatory,
neuroprotective, antidepressant, and sedative-hypnotic
actions. The main component of Polygala saponins in
P. tenuifolia, tenuifolin, has antianxiety properties (He
et al. 2022; Vinh et al. 2020). Chinese senega is used
to alleviate symptoms like restlessness, anxiety, palpita-
tions, and insomnia. The phenolic, xanthones, and trit-
erpenoid saponins demonstrate anticancer, antibacterial,
antithrombotic, and anti-inflammation properties. Due to
its exceptional pharmaceutical characteristics, P. tenuifo-
lia has gained recognition as a commonly used medicinal
plant (He et al. 2022).

e Chamomile: The herb chamomile is indigenous to
Europe, Africa, Asia, and North America (El Mihyaoui
et al. 2022). Polyphenols, terpenoids, flavonoids, and
lactones, including matricin and apigenin, are found in
chamonmile. It is a plant that is believed to cure several of
skin ailments, including dermatitis, infections, inflamma-
tion, and sluggish wound healing. It also aids in relaxa-
tion and improves drowsiness (Thornfeldt 2005). The
antioxidant, antibacterial, and strong antiplatelet prop-
erties of Matricaria recutita extract are on par. Filaggrin
and loricrin proteins improve barrier function, apigenin
stimulates the manufacture of hyaluronic acid (HA),
improving moisture-binding capacity, and natural anti-
microbial peptides guard against infections. A bioac-
tive polyphenol with anti-inflammatory and antioxidant
properties is quercetin. In the fight against photoaging,
it reduces inflammation brought on by UV exposure and
stops collagen degradation (El Mihyaoui et al. 2022;
Sumit et al. 2012). The essential oil and alpha-bisabolol
play the biggest roles in the extract's anti-inflammatory
effects. An extraordinary natural remedy that retains the
skin's attractiveness, youth, and health is chamomile
extract. A potent herb used in cosmetics, chamomile is
generally used to manufacture a dye for blonde hair and
yellow color for fabrics. It is also used to make chamo-
mile extracts, tea, vitamins, and lotions (El Mihyaoui
et al. 2022; Sumit et al. 2012; Thornfeldt 2005).

e Red raspberry: A species of Rubus with red fruits, the
red raspberry is commonly cultivated abroad in temper-
ate areas. It is natal to Europe and northern Asia. The
species leaves are a good source of ellagic acid, flavo-
noids, phenol carboxylic acids, tannins, and phenolic
compounds. They also include quercetin, isoquercetin,
p-coumaric acid, ferulic acid, ascorbic acid, and caffeic
acid in addition to anthocyanins (Chwil and Kostryco
2018). While phytosterols, such as p-sitosterol, restrict
cholesterol absorption in the intestine and so exhibit
cholesterolemia-lowering abilities, tocols, and phenolics
are powerful antioxidants with CVD prevention actions.
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In the daily diet, raspberry seed oil can be a benefical
source of essential fatty acids and may be utilized to treat
some conditions linked to obesity and CVD (Chwil and
Kostryco 2018; Jurgonski et al. 2018). Additionally, red
raspberries include antiviral, antibacterial, and anti-dia-
betic properties. Raspberries are excellent for promoting
healthy hair and a healthy scalp since they contain vita-
min C and other natural antioxidants. To create different
therapeutic concoctions, raspberries fruit, bark, roots,
and stems have all been employed (Jurgoniski et al. 2018).
The raspberry plant extract works well to encourage skin
hydration and has the potentiality for use in skincare and
anti-aging products. Raspberry leaves contain epigal-
locatechin, which is used to make teas or to taste and
improve the nutritional value of chocolate. Additionally,
it is added to beverages, dietary supplements, and herbal
concoctions.

Algae in nutricosmetics

Algae vary in size from tiny, solitary microalgae cells to
considerably larger, potentially 30-m-high macroalgae. Vari-
ous secondary metabolites, such as lipids, vitamins, miner-
als, sterols, enzymes, and colors, can be produced by algae.
It grows in hostile environments and produces a variety of
protective systems in response to environmental insults.
A variety of bioactive compounds, including carotenoids,
lipids, fatty acids, proteins, and amino acids, are abundant in
microalgae (Lépez-Hortas et al. 2021). The mass production
of recombinant proteins and other beneficial compounds that
can be utilized in cosmetics using microalgae suspension
cultures represents a significant achievement in the field of
microalgae biotechnology. Carotenoids, polysaccharides,
phlorotannins, vitamins, sterols, tocopherols, phycobilins,
and phycocyanin have garnered interest among these bio-
logically active compounds. (Priyan Shanura Fernando et al.
2019). These bioactive compounds are present in algae like
agar, alginic acid, and fucoidan in Pterocladia capillacea,
phlorotannins, dioxinodehydroeckol, and dieckol in Ecklonia
cava, and fucosterol and alginates in Pelvetia siliquosa has
a number of biological roles i.e. antioxidant, antibacterial,
anti-inflammation, skin whitening, etc. which act as a poten-
tial nutricosmetic agents (Ismail and Amer 2021; Lee et al.
2003; Rajan et al. 2021). The activities of these different
algae bioactive molecules used are summarized in (Table 2).
These rich compositions have made seaweed potentially ben-
eficial constituents in conventional cosmetics. However, a
variety of these algal extracts have similarly been used as
cosmetics, dietary supplements, and complementary treat-
ments for skin conditions (Lépez-Hortas et al. 2021; Priyan
Shanura Fernando et al. 2019).
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Table 2 Algae derived bioactive molecules used in nutricosmetics

Algae

Bioactive molecules

Biological role

References

Chlorella (Chlorella vulgaris) Lutein, asta-xanthin, viola-xanthin,

Spirulina (Arthrospira
Platensis)
Dunaliella salina

Laminaria digitata

Phorphyra umbilicalis

Pterocladia capillacea

Gracilaria gracilis

Saccharina japonica
Saccharina longicruris
Ulva pertusa

Palmaria palmata

Undaria pinnatifida

Sargassum fusiforme

Ecklonia cava
Hizikia fusiformis

Rhizoclonium hieroglyphicum

Gracilaria vermiculophylla

Rhodymenia pseudopalmata

Pelvetia siliquosa

Iridaea cordata

cantha-xanthin, neo-xanthin and
carotenoids

B-Phycocyanin, glycine, proline, caro-
tene, flavonoids, y-linolenic acid

Asta-xanthin, Carotenoids, f-carotene

Phloro-tannins, Laminarin, alginic-
cid, lutein, Fucoidan, beta-carotene

minerals, vitamins porphyra-334,
shinorine, methanol

agar, alginic acid, laminarine,
fucoidan, carotenoids, galactans,
carrageenan

Agar, R-phycoerythrin, arachidonic
acid, allophycocyanin, phycocyanin

Fucoidan
Laminaran, Galactofucans

kojic acid dimethyl ether, monome-
thyl ether, phomaligol A, ulvans,

MAA’s like Glutamic acid, alanine,
serine

Fucoidans, fucoxanthin, epicatechin,
phlorotannin

laminarin, alginic acid, fucoidan,
fucose, mannuronic acid, galactose,
glucosamine, mannose, glucose,

Phlorotannins, eckol, fucofuroeckol-
A, dioxinodehydroeckol, dieckol

Lectin, polysaccharides, fucoidan,
fucosterol, phenols

Agars, carrageenans, tryptophan,
tyrosine, phenylalanine, phycocya-
nin,

Galactose, 3,6-anhydrogalactose, glu-
cose,, f-carotene, lutein, zeaxanthin

Deoxygadusol, glutamic acid, proline,
methionine, histidine, methionine,
tyrosine

Fucosterol, alginates

Palythine, asterina-330, hexane,
chloroform, methanol

Anti-oxidants, anti-microbial, nutri-
tive, and anti-fungal properties

Anti-inflammatory, anti-diabetic, and
anti-cancer drug

Anti-oxidants, anti-inflammatory,
skin whitening

Anti-cancer, anti-bacterial, anti-
inflammatory, anti-microbial, anti-
diabetic properties

Anti-aging, skin protection, hydra-
tion, wrinkle reduction, and rough-
ness reduction

Antioxidant, antibacterial, antico-
agulation, antiviral, anti-tumor,
anti-inflammation

anticoagulant, antioxidant, antiviral,
anticancer, anti-inflammatory,
anti-ageing

Skin-hydration, anti- inflammatory,
photoaging, rejuvenation

Antibacterial, anti-inflammation,
antioxidant, Antimicrobial

Anti- aging, skin protective, antioxi-
dant properties, antiherpetic

UV radiation damage protectant,
moisturizing effect, anti-aging

anti-inflammatory, anti-obesity,
anti-diabetic, anti-cancer, slimming
effect

Anticancer, antiviral, antiaging, UV
protection, anti-bacterial

antioxidant, anticancer, antidiabetes,
Anti-inflammation, skin whitening

Antioxidant, anti-inflammatory, anti-
tumor, immunomodulatory

Antioxidant, antimicrobial, antibacte-
rial, anti-inflammatory, moistur-
izing effect

Antioxidant, anticancer, anti-aging,
anti-inflammatory, anti-bacterial

Antioxidant, anti-photoaging

Anti-oxidant, antifungal, hepatopro-
tective, anti-diabetic

Antioxidant, antitumor, anti-UV,
antiaging

Ahmad et al. (2020)

Kumaresan et al. (2018)
Chen et al. (2020)

Remya et al. (2022)

Gianeti and Maia Campos (2014)

Ismail and Amer (2021)

Francavilla et al. (2013)

Ahsan (2019)
Ayoub et al. (2015)
Jiang et al. (2020)
Kalasariya (2022)

Foo et al. (2021)

Liu et al. (2020)

Rajan et al. (2021)
Meinita et al. (2021)

Mungmai et al. (2014)

Pereira et al. (2021)

Pliego-Cortés et al. (2019)

Lee et al. (2003)

Rangel et al. (2020)

e Chlorella: Chlorella is found mainly in China, Japan,
Europe, and the US (Wells et al. 2017). It comprises
proteins, polysaccharides, lipids, unsaturated fatty acids,
carotenoids, immune stimulators, vitamins, and miner-
als. The targeted poly-phenolic includes p-coumaric

acid, gallic acid, ferulic acid and caffeic acid (Bito et al.
2020; Schiiler et al. 2020). Chlorella zofingiensis has
been used commercially to create the natural antioxi-
dant astaxanthin. These algae are also renowned for their
anti-aging and antioxidant properties. Additionally, Chlo-
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rella extracts are applied to skin care products to treat
wrinkles, prevent stretch marks, and restore the effects
of early aging. Chlorella has a lot of potential for appli-
cation in cutting-edge cosmetics (Kim 2014; Schiiler
et al. 2020). Chlorella ellipsoidae prevents hair loss and
improves the scalp. The polyphenolic components of C.
vulgaris biomass can function as a vital natural bioac-
tive ingredient in beauty goods, safe use, and are widely
available on the market, making them suitable for human
ingestion (Meléndez-Martinez et al. 2019). Vitamin C,
B-1, 3 glucans have different health advantages, such as
acting as a natural detoxifier that strengthens the immune
system, promoting skin radiance by slowing skin aging,
and assisting in weight loss. Chlorella algae tablets are
made to improve gut and skin health, promote wellness,
get rid of pollutants, and hasten athletic recovery.
Spirulina: Spirulina is found mainly in Africa, Asia—
Pacific, North America, and Europe (Rahman 2020).
The different bioactive substances in Spirulina are anti-
oxidants, proteins, carbohydrates, essential amino acids,
minerals, fatty acids, vitamins, and pigments. Phycocya-
nin, sulfated polysaccharides, and y-linolenic acid are the
most important components found in Spirulina (Kumare-
san et al 2018). The bioactive substance phycocyanin,
which is produced by this alga, has antioxidant qualities
and reverses the effects of premature aging. Glycine and
proline, two essential amino acids that support the body's
creation of collagen and keep the skin tight, are found in
Spirulina (Costa et al. 2017). Spirulina has been utilized
in medicinal, and cosmetic products, and these extracts
are useful in dermo-cosmetic formulations as they are
reliable and provide secure formulations at a cheaper
cost (Ragusa et al. 2021). Spirulina is encapsulated in
capsules, tablets, and powder. It helps with appetite,
energy, focus, beauty, and nutrition as it is amalgamated
in foods and beverages like the energy-bars, popcorn, and
smoothies. Spirulina tablets are also taken to develop
skin, hair, and nails, prevent wrinkles and blemishes,
reduce inflammation, lessen cravings, satisfy hunger,
and boost energy (Vo et al. 2015).

Dunaliella salina: Dunaliella salina is found majorly
in Israel, China, Australia, and the US (Sharma and
Sharma 2017). It has anti-aging benefits because it is
high in carotenoids, particularly beta-carotene. Bioac-
tive substances made by macro-algae include proteins,
polyphenols, and certain colors. Numerous carotenoids
have exhibited to possess antiglycative effects, includ-
ing lutein, beta-carotene, and astaxanthin (Apone et al.
2019; Sharma and Sharma 2017). Nutricosmetics and
other health or beauty products with the colorless carot-
enoids phytoene and phytofluene are required as these
colorless carotenoids have anti-inflammatory, anti-oxi-
dative, and DNA-protective properties. The formulation
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of Dunaliella salina extract vividly reduced skin redness
and wrinkles and improved the skin's tolerance to irrita-
tion and capability to fight off stimulations that cause
inflammation in comparison to placebo (Havas et al.
2022). These compounds have advantageous qualities
that can be applied to food, medicine, and cosmetics.
This includes some level of defense against oxidative and
ultraviolet damage that causes early aging and other ill-
nesses. The colorless carotenoids may also offer defense
against glycation-related aging and sun deterioration.

e L. digitata: Laminaria is found mostly in Japan, France,

Korea, Morocco, and China (Purcell-Meyerink et al.
2021). Seaweed of the type Laminaria in numerous Asian
nations is consumed as food. Both L. hyperborea and A.
nodosum have powerful antibacterial, anti-oxidant, and
DPPH radical scavenging properties. Potassium, vita-
mins, alginic acid, minerals, carotene, iron, protein,
iodine, and many more are found abundantly in Lami-
naria (Purcell-Meyerink et al. 2021; Remya et al. 2022).
Laminarin oligosaccharides are created when Laminaria
digitata's laminarin is degraded by the p (1-3) glucanase
laminarinase. These have been seen to have impacts on
human keratinocytes and dermis fibroblasts, including
stimulating, regenerating, energizing, and conditioning
them. Laminaria is used as medicine by some despite
major safety concerns. It has anti-aging benefits, includ-
ing DNA protection, cell growth stimulation, collagen
synthesis activation, slowed skin aging processes, and
skin structure firmness, among others. L. digitata among
all the cosmetic compositions examined in the marine
ingredient is used most frequently as it is beneficial for
moisturizing the skin or minimizing cellulite, slimming
benefits, medications for indigestion, compositions for its
thickening, gelling, and colloidal stabilizer capabilities. It
is also frequently put to use as a powder ingredient in die-
tary supplements and energy drinks (Purcell-Meyerink
et al. 2021; Thiviya et al. 2022).

Porphyra umbilicalis: Porphyra umbilicalis is found
majorly in Scotland, China Wales, Japan, Ireland, and
Korea (Pallela and Kim 2011). Bioactive compounds
like polysaccharides lipids, steroids, glycosides, fla-
vonoids, alkaloids, triterpenoids, polyphenols, etc. are
found in it. Porphyran a complex sulfated galactan with
intriguing medicinal potential is discovered in Porphyra
sp. These polysaccharides have applications as gelling
agents, dietary supplements, antioxidants, antiallergens,
tyrosinase inhibitory, anti-inflammatory, anticancer, anal-
gesic, skin-lightening, and ultraviolet B radiation protec-
tive properties (Lopez-Hortas et al. 2021). Phorphyra
umbilicalis extract helps reduce wrinkles and rough
skin, and hydration the skin, as these extracts have a high
amount of proteins, vitamins, minerals, and specifically
amino acids like porphyra-334 and shinorine (Pallela
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and Kim 2011; Thiviya et al. 2022). The strength, resist-
ance, and lustre of hair and nails are all preserved by
the Porphyra algae, which contributes to their continued
beauty. Essential minerals like calcium, magnesium, and
vitamins B5, B6, and B8 are restored in them.

Ulva pertusa: In the Indo-Pacific Ocean, U. pertusa, a
macroscopic green seaweed, is found in large quantities.
It is an opportunistic species that can be found on the
Pacific beaches of North America, as well as the Atlantic
and Mediterranean coasts of Europe (Jiang et al. 2020).
Rhamnose, xylose, glucose, vitamin complex B, glu-
curonic acid, iduronic acid, C16 and C18 PUFAs, and
sulfate make up the majority of the composition of U.
pertusa, with lower levels of mannoses, arabinose, and
galactose (Qi et al. 2005). The anti-tumor, anti-inflam-
matory, immunomodulatory, and antiviral properties
are presented by phosphorylated polysaccharides. The
polysaccharide by-products of ulvan that contain sulfa-
tion, acetylation, and benzoylation demonstrate strong
antioxidant activity, as well as being effective against
hyperlipidemia, sunstroke, and other conditions (Jiang
et al. 2020; Qi et al. 2005). U. pertusa contains a healthy
salt-to-potassium ratio, which helps maintain the equi-
librium of body fluids. U. pertusa is still underutilized
in medicines and nutraceuticals despite being a valuable
source of bioactive chemicals. In Asia, it is utilized for
human nutrition and is a nutritional supplement with
hypocholesterolemic qualities.

Undaria pinnatifida: The Northwest Pacific, the Pacific
coast of North America, Europe, Argentina, New Zea-
land, and Australia are all native habitats for Undaria
pinnatifida species (Han 2014). Uncountable amounts
of carotenoids, phytosterols, proteins, fatty acids, epi-
catechin, polysaccharide, fucoxanthin, and numerous
macro and trace elements are among the valuable phar-
macological components found in U. pinnatifida (Foo
et al. 2021). Seaweed U. pinnatifida sulfated polysac-
charide phenols demonstrated antioxidant, antibacterial,
and antiviral properties. The sporophyll of U. pinnatifida
contains fucoidan, which aids in innate immune system
activation. Fucoidans from U. pinnatifida exhibit anti-
cancer effects and could be used to treat cancer whereas
fucosterol has anti-inflammatory properties. Brown
algae's signature carotenoid, fucoxanthin, shows to have
anti-obesity, antioxidant, anti-cancer, anti-diabetic, and
anti-photoaging characteristics (Foo et al. 2021; Han
2014). Due to their abundance in polyunsaturated fatty
acids, which support the reconstruction of the intercellu-
lar cement and strengthen the skin barrier, U. pinnatifida
are also of significant importance.

Rhizoclonium hieroglyphicum: The macroalgae Rhizo-
clonium hieroglyphicum can be found in China, India,
Thailand, Australia, and the United Kingdom (Mung-

mai et al. 2014). This species' aqueous extract was
found to be free of anthraquinone, tannin, and phlo-
batannins and to contain alkaloids, flavonoids, steroids,
terpenoids, phenols, saponins, glycosides, oil, and resin
(Ghazala and Shameel 2005). The application of Rhizo-
clonium hieroglyphicum had moisturizing properties
comparable to those of glycerin and hyaluronic acid.
The field of skin care for anti-aging benefits greatly
from amino acids. Polysaccharides are used as a natu-
ral polymer in a variety of applications, including the
manufacture of food and pharmaceuticals as thicken-
ing or gelling agents. These phytochemical components
in Rhizoclonium hieroglyphicum may be the bioactive
ingredients, and they are proven to be an important
source of bioactive chemicals with significant therapeu-
tic value for testing antibacterial, antifungal, antiviral,
cytotoxic, and antitumor agents (Ghazala and Shameel
2005; Mungmai et al. 2014).

Hizikia fusiformis: South China, Japan, South East Asia,
and Korea have successfully raised H. fusiformis, which
is found in the northwest Pacific Ocean (Meinita et al.
2021). The demand for H. fusiformis has increased due
to the species nutritional potential as well as its commer-
cial use in the manufacturing and pharmaceutical sec-
tors. Many secondary metabolites have been extracted
and identified with a variety of pharmacological effects
from H. fusiformis, including flavonoids, alkaloids, tan-
nins, polysaccharides, fucoidan, fucosterol, and phe-
nols (Sanjeewa et al. 2016). These bioactive substances
exhibit osteoarthritis-protective, anti-inflammatory,
antioxidant, anticancer, and immunomodulatory proper-
ties. Fucoidans have garnered the chief attention among
polysaccharides due to their biological features, which
include antioxidant, anticoagulant, anticancer, anti-
inflammatory, antibacterial, and antidiabetic effects.
The skin-whitening agent 4-hydroxyphenethyl alcohol
is helpful (Meinita et al. 2021; Sanjeewa et al. 2016).
Tetradecanoic acid, palmitic acid, 9-hexadecenoic acid,
phytol, and arachidonic acid, which are all found in H.
fusiformis functional oil, have anti-inflammatory and
antioxidant effects and they boost the bioavailability of
other medications (Meinita et al. 2021). Glycyrrhizin has
been extensively studied in biology and medicine due
to its broad range of pharmacological properties, which
include anti-inflammatory, antioxidant, antiviral, antican-
cer, and anti-allergenic effects. It has been established
that algal lectins possess mitogenic, cytotoxic, antibacte-
rial, antinociceptive, platelet aggregation- and adhesion-
inhibitory activities (Sanjeewa et al. 2016). Due to the
numerous biological activities of phlorotannins, marine
brown algae are identified as a rich source of nutritious
food and play a vital role as an active ingredient in the
diverse range of cosmeceutical goods.
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e Sargassum fusiforme: A species known as Sargassum
fusiforme is indigenous to temperate coastal regions of
the northwest Pacific Ocean. It is notably prevalent in
China, Korea, and Japan's coastal waters. Laminarin, alg-
inic acid, fucoidan, and dietary fiber make up the major-
ity of the Sargassum fusiforme polysaccharides (SFPs),
which also contain very little fibre (Liu et al. 2020).
The monosaccharide composition of the SFPS, which
includes fucose, rhamnose, galactose, glucose, fructose,
xylose, and mannose, reduced UV-B-induced oxidative
stress. SFPSs that were primarily made of fucose, xylose,
mannose, and galactose have anticancer effects. The gut
microbiota was changed more easily by S. fusiforme
fucoidan than by glutathione, ubiquinol, or uric acid,
which evaluated antioxidants (Geng et al. 2021). Free
radicals are neutralized by a wide range of physiologi-
cal enzymes, but the antioxidants tocopherol, ascorbic
acid, and beta-carotene cannot be made by the human
body and must be obtained from food. Fucosterol, which
has anticonvulsant and antidepressant effects, is derived
from S. fusiforme. The antiviral properties of the bio-
active molecule palmitic acid, which was isolated from
S. fusiforme, were examined. Phlorotannins are useful
antioxidants, anti-melanogenesis agents, and anti-aging
agents that can be used in cosmetic formulations (Geng
et al. 2021; Liu et al. 2020). S. fusiforme algae can be
used as a medicinal plant to treat several diseases as well
as a functional food addition to giving skin protection.

The emerging trend in the market value
of nutricosmetics

Nutricosmetics carry out its work internally. They use efforts
internally to appear effective externally. Nutricosmetics have
the benefit that their common ingredients can promote health
either systemically or at least in other areas besides the skin
(Apone et al. 2019). As dietary supplements with ingredients
like collagen, omega-3 fatty acids, peptides, vitamins, and
proteins, nutricosmetics are widely accessible on the mar-
ket and they have numerous health benefits. Carotenoids,
vitamin C, and vitamin E protect the skin from UV radia-
tion while also preventing skin damage (Meléndez-Martinez
2022). By the year 2030, at a CAGR of 9%, the size of the
worldwide nutricosmetics market is expected to reach USD
15816 million whereas India has been the leading market for
nutricosmetics in the South Asian region with a CAGR of
13.9% expected by the year 2030 for the Indian market (Dini
2022) (Fig. 2). The nutricosmetics sector has a great number
of domestic and international businesses that are making
the market divided and fiercely competitive. As the market
for nutricosmetics is expanding, the topmost competitors
are following different strategies, which include mergers,
acquisitions, and R&D, to serve the market by increasing
a better description that inflates access and offers product
experiences (Farris 2013). For healthier and more youthful-
looking skin, hair, and nails, antioxidants are essential. It
stimulates collagen and elastin synthesis. In the year 2021,

Indian Consumers

Boosting of energy levels,
53%

Fig.2 Nutricosmetics supplements demand in Indian consumers
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the nutricosmetics market was dominated by the skin care
category and the hair care section was the fastest growing
one too. With a CAGR of 8.11% over the projection period,
the skin care section of the nutricosmetics market was valued
at USD 3,947.39 million in 2020. Similarly, with a CAGR
of 8.06% during the projection period, the hair care section
of the nutricosmetics market was valued at USD 2,273.68
million in 2020. The nail care market for nutricosmetics
was worth USD 704.42 million, with a CAGR of 7.67%
over the forecast period (Dini 2022; Farris 2013). The use
of nutricosmetics stops the skin from premature aging, and
repairs the cellular tissues, combating photo aging, which is
characterized by unpleasant symptoms like wrinkles, telan-
giectasia (spider veins), or hyperpigmentation (Bukhari et al.
2018). The usefulness and advantages of collagen for the
skin are well established. These nutricosmetics prompt tan-
ning and aid in the fight against cellulite and make hair and
nails stronger. The capacity of hyaluronic acid to enhance
soft tissue, promote skin hydration, stimulate collagen,
and rejuvenate the face has been linked to its cosmetic and
nutritional effects (Bukhari et al. 2018; Meléndez-Martinez
2022). The Indian beauty market has been expanding and
has had a major influence on various new trends. This mar-
ket has given rise to numerous new sectors and market cat-
egories that have rapidly witnessed growth. It offers a siz-
able space for consumers and Indian businesses to explore

Beauty Beverages/ Drinks
Supplements
Tablets
Capsules
Powder

Liquid

Skin Care
Sun Care
Anti-Aging

Radiance & Glow

Anti-acne/pimple
Hair & Nail Care

Weight Management

Fig.3 Overview of nutricosmetics market report

(Fig. 3). The nutricosmetics market is anticipated to grow
significantly and accomplish well in the Indian consumer
market owing to its large range of categories and opportuni-
ties for differentiation.

Conclusion and future aspects

Nutricosmetics can be described as the oral supplemen-
tation of nutrients by combining cosmeceuticals and
nutraceuticals. The different primary elements, including
genetics, family history, lifestyle decisions, exercise, diet,
and nutrition, all have an impact on the aging process, the
growing need for healthy skin, and implicitly on overall
health issues. The greatest products on the market to meet
this requirement are cosmeceuticals and nutricosmetics.
The bioactive peptides generated from various sources of
plants and micro-algae have a wide range of biological
effects, and there are increasing possibilities for their use
as components in skincare and cosmetic products, as dem-
onstrated by the examples offered. The best options are
peptides rich in lysine or arginine from a variety of spe-
cies, such as almonds, fenugreek, seaweeds, etc. The dif-
ferent "plant hormones" like phytoestrogens and cytokines
are also possibly intriguing. Studies on the effectiveness of
nutricosmetic components are now being conducted, and

North America (United States, Canada, Mexico, Rest of North
America)
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while the results are encouraging, strict working practices
are required to provide reliable results because the sub-
stances of interest are also available in the diet.

The quest for and investigation of natural sources for the
construction of these products is increasing. Though there
are some products with marine origins that have already
hit the market, the quantity of these products is still quite
less in comparison to the ocean's size and the discoveries
are still to come. These tiny marine particle molecules
can be used as cosmeceuticals and nutricosmetics. The
idea of nutricosmetics is novel and has been the focus of
more frequent scientific studies, but they pay more con-
sideration in terms of clinical research and regulation. The
majority of research on oral supplements is conducted on
animals in vitro or in vivo. Before nutricosmetics may
be advised for use in promoting health and fitness, high-
quality, sizable randomized measured try-outs in humans
and meta-analyses incorporating high-grade RCTs (ran-
domized controlled trials) are essential. Due to ongoing
investments, the markets for nutricosmetic ingredients are
expanding rapidly and businesses constantly adapt to meet
consumer tastes. The incorporation of plant extracts into
nutricosmetics will create new growth prospects and ena-
ble nutricosmetic manufacturing to be adjusted in response
to changing consumer preferences. To gain the best ben-
efit for skin health without having a harmful effect, future
research should be done on the minimal daily doses of
bioactive substances. To optimize the transport of the vital
bioactive component and maximize their absorption and
bioaccessibility, the physicochemical properties of the
ingredients, delivery systems, and excipients utilized in
nutricosmetic and cosmeceutical products must be studied.
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