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Biopeptides are considered interesting for industrial application since they show numerous functional properties (e.g., anti-
aging, antioxidant, anti-inflammatory, and antimicrobial properties) and technological properties (e.g., solubility,
emulsifying, and foaming). Moreover, they have fewer side effects than synthetic drugs. Nevertheless, some challenges
must be overcome before their administration via the oral route. The gastric, pancreatic, and small intestinal enzymes and
acidic stomach conditions can affect their bioavailability and the levels that can reach the site of action. Some delivery
systems have been studied to avoid these problems (e.g., microemulsions, liposomes, solid lipid particles).
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| 1. Introduction

The cosmetic industry considers food peptides as innovative bioactive compounds for cosmetics market growth.
According to the Food and Drug Administration (FDA; responsible for health products’ regulation in the USA), peptides are
defined as amino acid polymers with a specific sequence and less than 40 amino acids in total L. According to their
intended action mechanism, cosmetic peptides can be categorized into: signal peptides (which stimulate matrix protein
production, cell growth, and other cell metabolic functions); carrier peptides (which help transport of active or trace
elements inside the cell); neurotransmitter-inhibiting peptides (which inhibit acetylcholine release that may lead to
expression wrinkles); and enzyme-inhibiting peptides (which decrease the activity of enzymes related to skin aging) 2.
Peptides have gained worldwide attention for their sustainability, with no toxic side effects [&l. The global bioactive peptide
market was USD 4960.4 million in 2022 with an expected compound annual growth rate (CAGR) of 9.4% in 2022-2030
4 The growing number of biopeptides listed in the “European glossary of common ingredient names for use in the
labeling of cosmetic products” (there were 2698 entries with the word peptide [ in the 2022 revision compared to 848
entries in the 2019 revision &) demonstrates the market interest in these hioactive compounds. As a result, much
research has been performed to optimize biopeptide production from natural sources (e.g., food products and protein-rich
by-products of the food industries) and to examine their bioactivity in vitro (cell culture and biochemical assays) and in
vivo (animal and human tests). Traditional medicine and modern scientific research consider bioactive peptides useful for
formulating food supplements and cosmetic products. Bioactivity, interaction with skin cells by multiple mechanisms, high

potency at a low dosage, and size compatible with penetration into the upper skin layers seem to confirm this hypothesis
|

| 2. Production Methods for Natural Biopeptides

Natural peptides can be obtained by enzymatic hydrolysis, fermentation, and chemical-physical processes (alkaline or
acidic treatments and use of microwaves, ultrasonics, hydrostatic pressure, and pulsed electric fields). Electrophoresis,
membrane separation, or chromatography techniques (gel permeation chromatography, ion-exchange chromatography,
reversed-phase high-performance liquid chromatography, etc.) can be used for their isolation and spectroscopic
technologies (i.e., MS or NMR) as characterization techniques (Figure 1).
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Figure 1. Production of natural peptides.

| 3. The Human Skin

The human skin is a complex organ with an exceptional structure. It is made up of diverse cell types and compartments
with distinctive functions. The epidermis (outermost layer) contains four sublayers (strata corneum, granulosum,
spinosum, and basalis) and four major cell types (melanocytes, keratinocytes, Langerhans and Merkel cells). The
epidermal-dermal junction (border between the epidermis and dermis) constitutes the basement membrane (an
aggregation of proteins and structures). Under the basement membrane is the underlying dermis, which contains dendritic
cells, mast cells, macrophages, fibroblasts, elastic fibers, collagen, hair follicles, blood vessels, nerves, lymph vessels,
and sweat glands.

The dermis allows nutrients to reach the skin and has a structural support function . Aging affects all skin layers, altering
their structure and function [, The organism’s aging is inevitably a progressive process. The consequences of aging are
changes at the tissue and cellular levels. During physiological skin aging, the number of keratinocytes at the epidermis
level gradually decreases. The epithelium layers atrophy. The reproductive layer cell division activity, Langerhans cell and
melanocyte numbers decrease. The dermis’ connective tissue also atrophies (its cellular and extracellular matrix
components diminish). The fibroblasts synthesize collagen, but the fibers are less elastic and efficient, and protein fibers,
already existing, are subject to degeneration. Only the corneocyte number in the dead stratum corneum shows no
changes. The accumulation of damage reduces cells’ ability to renew . The decrease in lipid and CD44 glycoprotein
(regulator of keratinocyte proliferation) levels, the loss of hyaluronic acid homeostasis, and the reduced cell proliferation in
the basal layer contribute to this decline LML,

Moreover, the contact surface area between the epidermis and dermis becomes thinner, resulting in a weakened
epidermis nutrition supply and a further decline in basal cell proliferation ability 12118, The epidermal-dermal junction and
dermis also become thinner, causing wrinkle formation since there are fewer cells, with less oxygen and less nutrition. The
dermal extracellular matrix (ECM) accumulates type | and type Ill collagens 24, and there is a decrease in the synthesis
of type I/1ll 12, altering the elastic fiber organization 1€, The low fibroblast levels increase wrinkling and reduce elasticity



(L7, skin aging is associated with extrinsic (external) factors, e.g., UVA, UVB, temperature, environmental pollution,
nutritional factors, cigarette smoke, lack of sleep, and stress 18 and with intrinsic (endogenous) factors, e.g., genetic
factors, chronological time, hormones, decreased age-related antioxidant capacity, and increase in reactive oxygen
species 2220 The principal consequences are blemished, dry, pale skin with rugged texture, visible pores, redness, smalll
actinic keratomes, gradual loss of elasticity, and fine wrinkles 24, The intrinsic clinical skin aging signs caused by intrinsic
factors are xerosis (dry skin), fine lines, and laxity 22, The aging signs caused by extrinsic factors are irregular
pigmentation, coarse wrinkles, and lentigines (or age spots). The photo-exposed areas (e.g., the face, hands, and neck)
show a more visible occurrence of these changes. The duration and intensity of exposure to environmental factors and
the skin type affect the occurrence of extrinsic skin aging signs 22, Skin aging impacts human aesthetics and increases

susceptibility to infections and chronic wounds (e.g., venous, pressure, or diabetic foot ulcers, dermatitis, and melanoma)
[23][24]

| 4. Biopeptides’ Potential in Cosmeceutical Applications

The increased demand for natural cosmetics has led to the formulation of a new generation of cosmetics based on active
compounds obtained from natural sources such as biopeptides. Biopeptides can enhance skin health (acting against
aging-related enzymes) and decrease the harmful effect of agents that produce skin injuries (acting as antioxidant,
antimicrobial, and anti-inflammatory agents). Multifunctional biopeptides, which can simultaneously start, modulate, or
impede multiple physiological pathways, are preferred to single-activity peptides [23. The problems associated with using
biopeptides in cosmetics concern the yields of the techniques with which biopeptides are produced (in terms of production
quantity and concentration of biopeptides capable of expressing desirable bioactivity) and the biopeptides’ structural
stability and bioactivity during product manufacturing and storage. Biopeptide activity is affected by pH, interactions with
other components, temperature, water activity, and formulation processes (e.g., concentration, delivery of the active
compounds, and packaging) 28127,

For example, when used in gels, creams, or lotions, the parameters to consider are sensitivity to temperature and pH to
guarantee the peptide bioactivity at the action site. Moreover, it is essential to realize that only the bioactive peptides with
low molecular weight penetrate the skin. Biopeptides with high molecular weight, hydrophobic character, and poor
aqueous solubility at high concentrations require carriers to permit their release when needed 28, When biopeptides are
administrated orally, their bioavailability (integrity during digestion, intestinal absorption, and transport) must be controlled
(28] since they are exposed to gastric, pancreatic, small intestinal enzymes, and acidic stomach conditions, meaning that
only minimal biopeptide levels (hano-molar or pico-molar concentrations) reach the action site 9. Finally, some protein-
derived peptides have a bitter taste. Therefore, they must be subjected to processes to debitter them and/or mask the
bitter taste to enhance the sensory properties of the final product B9, Transport systems studied to overcome these
problems include liposomes, biopolymer microgel emulsions, and solid—lipid nanoparticles B4, Some natural lipid-based
systems (e.g., chitosan fabricated nanocarriers, soy lecithin-derived nanoliposome, and microgels from alginates and
methacrylate) were suggested as potential inclusion complexes for biopeptides 2. Another limitation is the risk of
allergens since most peptide preparations are produced as unpurified mixtures of several components. Plant hydrolysates
may contain allergens and potentially toxic contaminating compounds (environmental pollutants) 3. Therefore, peptide
preparations from plant tissue cultures (grown in the laboratory, under axenic and controlled conditions) are preferred
today (341,

| 5. Peptide Delivery Systems

Chemical, physical, and biological variability can degrade biopeptides, decrease storage life, and limit their application in
different formulations. Chemical instability is due to oxidation reactions, deamination, etc. Physical instability is mainly
produced by aggregation, denaturation, and surface adsorption. Biological instability is due to cell enzymes, which may
cause degradation or inactivation of the active molecule and loss of biological activity 2. Using nanocarriers can
enhance the biopeptide’'s stability and limit side effects. Nanocarriers (e.g., liposomes, niosomes, novasomes,
transferosomes, ethosomes, cubosomes, ultrasomes, photosomes, polymerosomes, nanofibres, metal nanoparticles,
dendrimers, nanocrystals, carbon nanotubes, fullerene, cyclodextrin nanosponges, solid lipid nanoparticles), hydrogels,
and nanoemulsions are carrier systems used for biopeptide delivery.

Liposomes are sphere-shaped vesicles with a hydrophilic core enclosed by at least one phospholipid bilayer. They can
enter the skin by merging with the lipids of the stratum corneum or via the sebaceous glands 28l. The liposomes can be
made with food-grade materials (biodegradable and non-toxic) and can encapsulate nonpolar, polar, and amphiphilic
amino acids B4EB8  Mechanical methods (e.g., sonication, film formation, microfluidization, and extrusion), solvent
replacement methods (reverse phase evaporation, injecting ethanol, and proliposome techniques), or detergent removal



methods can be used to produce them B2 The liposomes are used in lipsticks, antiperspirants, creams, deodorants,
moisturizers, and hair care formulations. They are employed to improve the solubility of vitamins (e.g., A, E, and K),
antioxidants (e.g., lycopene, coenzyme Q10, carotenoids, etc.), and other active biomolecules in water, facilitate the skin’s
hydration and restore the skin's epidermal layers by incorporating lipid compounds (e.g., cholesterols, and ceramides) 49,
They can deliver biopeptides in moisturizing, anti-aging creams, body sprays, deodorants, lotions, sunscreens,
fragrances, shampoos, conditioning agents, etc. High production cost and osmotic stability limit their use in cosmetic
products 44,

Niosomes contain one to seven bi-lipid layers, a non-ionic surfactant (spans, tweens, alkyl amides, brijs, polyoxyethylene
alkyl ethers, and sorbitan esters), and an amorphous central core 4243l They are obtained by mixing free fatty acids,
cholesterol, and a non-phospholipid surfactant.

Novasomes can deliver hydrophilic and hydrophobic molecules, have a lower production cost than liposomes B8l improve
the biopeptides residence time on the dermal layers and skin penetration, decrease the horny layer barrier’s resistance
and the biopeptides’ systemic absorption 44, Novasomes have high molecule entrapment efficiency and a much lower
production cost than liposomes. They have a little higher deposition volume on the skin than niosomes 2. Moreover, they
are stable at pH changes between 2 and 13 and temperatures between 0 °C and 100 °C.

Ethosomes are vesicles containing phospholipids with a high concentration of ethanol (20-50%) which improve the
bioactive peptides’ permeation across the skin, mediating the disruption of the skin’s lipid layers. Ethasomes with
niacinamide are used to decrease aging, pigmentation, skin blotches, and acne 481471,

Transferosomes are deformable vesicles containing phospholipids and an edge activator (e.g., sodium chlorate, tween 80,
and span 80). They can be used as curcumin, capsaicin, and resveratrol vehicles in transdermal skin layers 48 in
antiwrinkle 42, and anti-aging cosmetics 2.

Cubosomes are self-assembling honeycomb-shaped liquid crystalline lipid nanoparticles (3D structures obtained from a
bi-continuous cubic liquid phase with two aqueous channels divided by a surfactant bilayer) which can contain lipophilic,
hydrophilic, and amphiphilic molecules B152 They are used to absorb pollutants and as stabilizers for oil-in-water
emulsions 48],

Ultrasomes are liposomes that contain a UV-endonuclease enzyme that repairs UV-damaged DNA and decreases the
expression of pro-inflammatory cytokines [23],

Photosomes are liposomal formulations of photolyase. They are incorporated in sunscreen products [B4155],

Polymersomes are artificial vesicular systems containing block copolymers encapsulating lipophilic and/or lipophobic
molecules. They have higher stability than liposomes because of their thick and rigid bilayer structure B85 They
enhance skin elasticity and increase the skin cells’ activation energy 281,

Biopolymer microgels are small particles comprising a cross-linked polymer molecule network 9. They can contain
natural, synthetic, or bio-polymers (e.g., chitosan, hyaluronic acid, collagen, gelatin, and polyvinyl alcohol),
polyacrylamide, xanthan gum, polyethylene glycol, pectin, starch, cellulose, alginate). They can be obtained by
coacervation, antisolvent precipitation, and emulsion. Unfortunately, porous microgels can diffuse small peptides.
Biopolymer hydrogels are used to produce “beauty masks” E261],

Solid lipid particles (SLN) are a colloidal delivery system formed by crystallized lipid particles in an aqueous medium [€2,
SLNs are used in cosmetic creams, lotions, and sunscreens 611,

Nanostructured lipid carriers (NLCs) are a mixture of solid and liquid lipids with a less ordered structure that load more
active molecules than SLN into their pockets. NLCs are suitable carriers for volatile essential oils [©3],

Nanofibers are one-dimensional nanomaterials (e.g., collagen, silk, PVP, and PVA) having a high surface area to volume
ratio, high bioactive loading capacity, small diameters, and excellent absorbing capacity. They can be used for production
of cleansers, face masks, and skin healing products 4],

Inorganic nanocosmetics are nanoparticles containing metals (e.g., gold, silver, aluminum, platinum, titanium) or
metalloids (e.g., silica and selenium). Among metal-based nanopatrticles, gold and silver are the most used. Gold has high
stability and penetrability, is inert, and is non-cytotoxic. Gold nanoparticles have antioxidant and anti-aging effects,



enhance skin elasticity, skin firmness, and blood circulation, and have antibacterial, antifungal, and antiseptic properties
[65]

Silver has antimicrobial properties against many microbial species and is an anti-inflammatory agent. Silver nanopatrticles
(AgNPs) are used in lotions, skin cleansers, creams, shampoos, deodorants, and toothpaste [,

Zn0, and TiO, nanoparticles are used mainly in sunscreen for UV-A and UV-B filters [671(68],

Inorganic metalloid silica and selenium are the most used in the cosmetic field. Silica has a feel-good texture and
excellent penetrability and can enclose hydrophilic and hydrophobic molecules. Silicone-based vesicles are used to
deliver vitamins A, C, and E and oils such as jojoba and lanolin, in emollients and creams (6220,

Silica nanoparticles are employed in lipsticks to homogenize lipstick pigments, in anti-aging/anti-wrinkle creams, and in
hair and nail cosmetic products. They can improve cosmetic products’ texture, effectiveness, and shelf-life and act as an
anti-caking agent. Moreover, they have high photostability and protect against UV radiation 41,

Dendrimers are macromolecular organic nanocarriers with a network of symmetric branches (the number of branches
required determines the production process) arising from a central core, with functional groups attached at their terminal
ends B4, polyvalence, solubility, monodispersity, low cytotoxicity, self-assembling, chemical stability, and electrostatic
interactions are key factors responsible for their high selectivity and precision in the biopeptides’ delivery 2.
Biodegradable polymers (e.g., polysaccharides, poly a-esters, poly alkyl cyanoacrylates, and poly amidoamine
dendrimers) are used in cosmetic formulations to benefit hair (e.g., hair-styling gels and shampoos), skin (e.g., anti-acne
cream) and nails (e.g., nail polishes), and as sunscreens. Dendrimers were developed to improve resveratrol and vitamins
A and B6 (PAMAM dendrimer) solubility and skin infiltration B2 and give a glossy appearance to the skin and hair
(carbosiloxane dendrimer able to resist oil and water) 3],

Nanocrystals are clusters of thousands of active agents linked together in a fixed pattern to form a group (sizes ranging
from 10 to 400 nm) having a very high surface area to volume ratio and high solubility and bioavailability. They facilitate
biopeptide absorption into the skin by creating a high biological adhesion and concentration gradient on the skin surface
for long periods. They are usually utilized to administer poorly soluble active compounds 74, Undissolved nanocrystals

can aggregate in hair follicles to produce an active molecules reservoir in addition to intracellular and intercellular
pathways [IZ8I77],

Fullerenes (or buckyballs) are spherical structures with many carbon atoms [Z8. They can deliver biopeptides in cosmetics
(e.g., anti-wrinkle, anti-acne, lightening toner, pore reduction, and moisturizing creams) and sunscreen [Z2189],

Cyclodextrin nanosponges are natural oligosaccharides (containing 6—8 glucopyranose molecules) with a truncated cone-
shaped structure B, Cyclodextrin’s lipophilic cavity can encapsulate aromatic molecules, aliphatic hydrocarbons, and
vitamins B2, They are used in perfumes, tanning products, deodorants, laundry detergents, odor removers, underarm
odor shields, etc. [3],

Microemulsions (diameter 10 to 100 nm) are classified as water-in-oil (W/O) and oil-in-water (O/W) based on the
predominant system’s components. The W/O microemulsions are thermodynamically stable, have noninvasive
administration, high solubilization capacity, and are easily formulated but require high concentrations of surfactants to
stabilize them €2 and can be only employed in oral formulations that contain mainly oil (e.g., oil-filled soft capsules).
Water-dispersible forms can be formulated by homogenizing the W/O microemulsion with water and a hydrophilic
emulsifier to form a W/O/W type system. Mortazavi et al. used W/O microemulsion to encapsulate PKEK, a tetrapeptide
that can decrease the pigmentation process 4],

The O/W microemulsion can encapsulate hydrophobic biopeptides mixed with a hydrophobic surfactant and a co-
surfactant [E21(86],

Water-in-oil-in-water (W/O/W) systems are used to encapsulate the water-soluble peptides. They are multicompartment
liquid dispersions where the dispersed phase is an emulsion &4, The double emulsion can mask flavor and odor and
regulate bioactive ingredients released during digestion. The type of oil used significantly affects the formation and
structure of multiple emulsions and the skin barrier function 8], Their use is limited by instability B2, The W;/O/W, double
emulsion system is a helpful delivery matrix for hydrophilic biopeptides, as shown by Ying et al. B9 who prepared
applications of W;/O/W, double emulsions containing soy peptides by a two-step emulsification process and Giroux et al.



B who encapsulated B-lactoglobulin hydrolysate using a W;/O/W, emulsion system, obtaining a peptides’ release

inversely correlated to the oil’s viscosity and peptides’ hydrophobicity.
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