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Abstract: The shift toward natural and sustainable skincare has propelled herbal cosmetics to the forefront 

of dermatological research. This paradigm offers highly efficacious and synergistic approaches to skin health 

with favourable safety profiles compared to synthetic alternatives. Among botanical assets, Punica granatum 

(pomegranate) has emerged as a powerhouse cosmetic ingredient due to its complex phytochemical matrix. 

This comprehensive review explores the phytochemistry, clinical efficacy, and formulation dynamics of 

pomegranate in facial serums. The rich bioactive profile of the fruit is detailed, emphasising the structural 

and functional roles of its hydrolysable tannins, specifically punicalagins and ellagic acid. The regenerative 

properties of punicic acid derived from seed oil are critically evaluated in the context of epidermal barrier 

repair. Current literature underscores the profound capacity of these phytochemicals to neutralise reactive 

oxygen species, inhibit matrix metalloproteinases, and modulate inflammatory pathways. Consequently, 

pomegranate extracts exhibit significant efficacy in mitigating ultraviolet-induced photoaging, reinforcing 

the epidermal barrier, and alleviating hyperpigmentation. The integration of pomegranate bioactives into 

water-based serums is critically examined, highlighting the necessity of advanced dermatological delivery 

systems, including nanoemulsions, liposomes, and encapsulation technologies, to enhance structural stability, 

bioavailability, and aesthetic elegance. Ultimately, this article establishes Punica granatum as a highly viable 

and sustainable candidate for next-generation cosmeceuticals. 

Keywords: Punica granatum, Cosmeceuticals, Punicalagins, Face Serum, Skin Ageing, Dermatological 
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I. INTRODUCTION 

The global cosmetic and personal care industry is undergoing a profound paradigm shift driven by a growing 

consumer preference for natural and eco-friendly products. Over the past decade, the market has witnessed a 

significant departure from formulations reliant solely on synthetic chemicals, moving steadily towards 

phytocosmetics and botanical integrations. This transition is not merely a transient consumer trend but a 

fundamental evolution in dermatological science and product development. Driven by increased ecological 

awareness and a demand for transparent ingredient sourcing, the global market for herbal cosmetics has 

experienced exponential growth. Modern consumers are increasingly educated about the potential long-term 

adverse effects of certain synthetic preservatives, artificial fragrances, and aggressive surfactants, prompting 

a surge in the development of cosmeceuticals derived from renewable plant sources that offer comparable or 

superior clinical efficacy. 
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Figure 1. Botanical structure of Punica granatum showing major plant parts, including fruit, peel, seeds, leaves, and flowers 

commonly used in cosmetic and dermatological formulations. 

The rising demand for natural skincare ingredients is inherently linked to their biocompatibility and 

favourable safety profiles. Unlike isolated synthetic compounds, which often utilise a single-target mechanism 

and can occasionally induce skin sensitisation, botanical extracts are complex matrices of bioactive 

compounds. These phytocomplexes comprise vitamins, minerals, polyphenols, and essential fatty acids that 

operate synergistically, offering multi-targeted therapeutic effects with a lower incidence of cutaneous 

irritation. Consequently, the distinction between cosmetics designed for beautification and pharmaceuticals 

designed for treatment has blurred significantly. Dermatologists and cosmetic chemists are increasingly 

leveraging modern extraction technologies to isolate the most potent fractions of traditional medicinal plants 

for topical application. 

To understand the necessity of botanically active ingredients, one must examine the primary environmental 

challenges faced by human skin. As the outermost protective barrier of the body, the skin is continuously 

exposed to an exposome of environmental stressors, including ultraviolet radiation, atmospheric pollution, 

and climatic extremes. These external aggressors are the primary catalysts for the overproduction of reactive 

oxygen species within the epidermal and dermal layers. While endogenous antioxidant defence systems 

naturally regulate these reactive species, environmental overexposure easily overwhelms these mechanisms, 

leading to severe oxidative stress, which is widely recognised as the primary pathogenic driver of premature 

skin ageing and cutaneous structural degradation. 

Elevated reactive oxygen species levels trigger a destructive biochemical cascade that profoundly impacts the 

dermal architecture. These radicals activate mitogen-activated protein kinases, which in turn upregulate 

activator protein transcription factors, stimulating the overproduction of matrix metalloproteinases — 

specifically collagenase and elastase — that aggressively degrade the structural proteins of the skin. 

Furthermore, reactive oxygen species stimulate inflammatory pathways and trigger irregular melanogenesis, 

resulting in erythema, loss of elasticity, wrinkle formation, and hyperpigmentation. Because native defences 

are insufficient to combat the modern exposome, the topical application of exogenous antioxidants has 

become an absolute imperative in dermatological care. 

Among the myriad botanical extracts investigated for their dermatological potential, Punica granatum has 

emerged as an ingredient of exceptional scientific interest. Historically revered in traditional medicine systems 

across the Middle East and Asia for its healing properties, modern phytochemical profiling has validated its 

status as a superlative antioxidant repository. Pomegranate is remarkably rich in a diverse array of phenolic 

compounds, most notably hydrolysable tannins, ellagic acid, anthocyanins, and flavonoids. Furthermore, the 

seed oil of the fruit is a rare botanical source of punicic acid, a conjugated linolenic acid renowned for its 

intense anti-inflammatory and barrier-repairing capabilities. 

While pomegranate extract can be incorporated into various cosmetic vehicles, its delivery via a facial serum 

represents the optimal method for maximising clinical efficacy. Serums are lightweight, low-viscosity 

formulations designed to deliver a highly concentrated dose of active ingredients directly to the skin. Unlike 

https://ijnrd.org/
http://www.ijnrd.org/


INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 
© 2026 IJNRD | Volume 11, Issue 6, June 2026 | ISSN: 2456-4184 | IJNRD.ORG 

    

IJNRD2606045 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)  

 

a374 

heavy creams or lotions that primarily focus on occlusive moisturisation at the surface, serums possess smaller 

molecular structures and utilise advanced penetration enhancers to facilitate deeper trans-epidermal delivery 

of hydrophilic and lipophilic bioactives. This review aims to comprehensively synthesise current literature 

regarding the phytochemistry, dermatological benefits, and advanced formulation strategies required to 

successfully incorporate pomegranate extracts into highly efficacious facial serums. 

II. BOTANICAL OVERVIEW OF PUNICA GRANATUM 

Punica granatum L., commonly known as pomegranate, occupies a unique position within the botanical 

hierarchy. Belonging to the family Lythraceae, the genus Punica contains only two recognised species, with 

P. granatum being the primary species utilised globally. The taxonomic classification of Punica granatum is 

essential for identifying the specific cultivars utilised in cosmetic chemistry, as secondary metabolite 

concentrations vary significantly between genotypes. As a diploid species cultivated for millennia, numerous 

regional varieties have been developed, exhibiting distinct phenotypic variations in fruit size, exocarp 

thickness, and total polyphenol content, which directly influence their utility in pharmaceutical and cosmetic 

extraction processes. 

The pomegranate is characterised as a deciduous, long-lived shrub or small tree typically reaching heights of 

five to ten metres. Its morphology is marked by multiple stems and spine-tipped branchlets that provide a 

robust structural framework capable of supporting heavy fruit yields. The leaves are opposite or sub-opposite, 

glossy, and narrowly oblong, possessing a leathery texture that significantly aids in moisture retention during 

arid conditions. During the flowering stage, the plant produces striking urn-shaped flowers, usually bright red 

or orange-red, which are either hermaphroditic or male, with the hermaphroditic flowers developing into the 

characteristic globose fruit prized for its nutritional and medicinal value. 

The fruit itself is botanically classified as a berry-like pome defined by a thick coriaceous exocarp that protects 

the internal structures. The interior is partitioned by membranous walls into several locules containing 

numerous seeds, each encased in a succulent translucent aril that serves as the primary reservoir for 

anthocyanins and aqueous sugars. From a dermatological formulation perspective, the pericarp and the seed 

are the most critical morphological components, containing the highest densities of hydrolysable tannins and 

essential fatty acids, respectively, forming the basis for high-potency cosmetic extracts. 

Historically, Punica granatum is believed to have originated in the region spanning from modern-day Iran to 

the Himalayas in northern India. Its high adaptability to diverse climatic conditions facilitated its rapid 

dispersal across the Mediterranean basin, North Africa, and the Americas. The species thrives in semi-arid 

and subtropical climates characterised by cool winters and hot, dry summers, which actively stimulate the 

synthesis of protective secondary metabolites within the plant tissues. Currently, major commercial 

cultivation occurs in India, Iran, Spain, and the United States, with each geographical region yielding extracts 

with slightly different chemical fingerprints due to localised soil composition and solar exposure. 

The ethnopharmacological history of pomegranate is deeply intertwined with its application in holistic skin 

health and wound management. In ancient Ayurvedic and Unani medicine, various parts of the plant were 

utilised to treat inflammatory skin conditions, promote tissue repair, and provide protection against 

environmental elements. The pericarp was frequently prepared as a decoction or powder to treat skin 

infections and ulcers owing to its potent astringent and antimicrobial properties. Traditional healers 

recognised the ability of the plant to tighten the skin — a property now understood scientifically as the protein-

precipitating effect of high-molecular-weight tannins. The transition from these traditional poultices to 

sophisticated facial serums represents the scientific refinement of ancient practices utilising high-purity 

phytochemical extracts. 

III. PHYTOCHEMICAL COMPOSITION 

The profound therapeutic efficacy of Punica granatum in cosmetic dermatology is fundamentally rooted in its 

extraordinarily diverse and high-concentration phytochemical profile. Unlike many botanical extracts that 

rely on a single class of active molecules, the pomegranate matrix consists of a complex synergy between 

hydrophilic polyphenols, lipophilic fatty acids, and unique alkaloids. These secondary metabolites are 

distributed across the distinct anatomical structures of the fruit, including the pericarp, the arils, and the seeds. 

From a formulary perspective, the pericarp and seed oil represent the most potent reservoirs of bioactives, 

characterised by a high density of hydrolysable tannins, phenolic acids, and rare conjugated fatty acids that 

drive clinical efficacy. 
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Table 1 – Major phytochemicals of Punica granatum and their biological activities 

Phytochemical 

Compound 
Plant Part Chemical Class Biological Activity Cosmetic / Dermatological 

Relevance 
Reference 

Punicalagin (α and β 

isomers) 
Peel 

(pericarp) 
Hydrolysable 

tannin 
Antioxidant, MMP-1 

inhibitor 
Prevents collagen degradation, 

mitigates fine lines, provides mild 

astringency 

Aslam et al., 

2006 

Ellagic acid Peel, seed, 

juice 
Phenolic acid 

(dilactone) 
Tyrosinase inhibitor, 

photoprotective 
Downregulates melanin synthesis, 

treats hyperpigmentation and solar 

lentigines 

Yoshimura et 

al., 2005 

Punicic acid Seed (seed 

oil) 
Conjugated 

linolenic acid 

(omega-5) 

Anti-inflammatory, 

PPAR agonist 
Reinforces epidermal lipid barrier, 

accelerates tissue regeneration, 

soothes eczema 

Baccarin et 

al., 2021 

Gallic acid Peel, leaves Phenolic acid Antimicrobial, 

antioxidant 
Regulates acne-causing bacteria, 

stabilises cosmetic serum 

formulations 

Duman et al., 

2009 

Anthocyanins 

(Cyanidin, 

Delphinidin) 

Arils (juice), 

flower 
Flavonoid Antioxidant, lipid 

peroxidation inhibitor 
Protects cellular membranes, 

neutralises reactive oxygen 

species from exposome 

Afaq et al., 

2005 

Quercetin Peel, juice Flavonoid 

(Flavonol) 
Antioxidant, Nrf2 

pathway activator 
Provides defence against blue 

light (HEV) and environmental 

pollution, reduces erythema 

Baccarin et 

al., 2015 

Catechin Peel, seed Flavonoid 

(Flavan-3-ol) 
Antioxidant, anti-

inflammatory 
Mitigates ultraviolet-induced 

oxidative stress and prevents 

sunburn cell formation 

Pacheco-

Palencia et al., 

2008 

Rutin Peel, leaves Flavonoid 

glycoside 
Vasoprotective, 

antioxidant 
Reduces capillary fragility, 

manages visible symptoms of 

rosacea 

Zarfeshany et 

al., 2014 

Luteolin Peel, leaves Flavonoid 

(Flavone) 
Anti-inflammatory, 

immunomodulatory 
Suppresses pro-inflammatory 

cytokines, reduces UVB-induced 

cutaneous inflammation 

Kang et al., 

2015 

Ferulic acid Peel, seed Phenolic acid Antioxidant, synergistic 

stabiliser 
Enhances photoprotective efficacy 

and thermodynamic stability of 

co-formulated antioxidants 

Goyal & Jain, 

2023 

Caffeic acid Peel, juice Phenolic acid Antimicrobial, anti-

inflammatory 
Prevents exacerbation of 

inflammatory acne lesions, 

soothes reactive skin 

Duman et al., 

2009 

Punicalin Peel 

(pericarp) 
Hydrolysable 

tannin 
Antioxidant, astringent Refines pore appearance, 

regulates localised epidermal 

sebum production 

Gil et al., 

2000 

Phytosterols (β-

sitosterol, 

campesterol) 

Seed (seed 

oil) 
Plant sterol Anti-inflammatory, 

emollient 
Enhances serum skin feel, restores 

depleted stratum corneum 

intercellular lipids 

Modaeinama 

et al., 2015 

 

The most significant class of phytochemicals in pomegranate are the hydrolysable tannins, with punicalagins 

being the most prominent and biologically active. Punicalagins are massive, water-soluble polyphenolic 

compounds belonging to the ellagitannin family. Structurally, they consist of a central glucose core esterified 

with complex ellagic acid and gallic acid units. These molecules are unique to the genus Punica and are 

responsible for more than half of the total antioxidant capacity of the fruit, exhibiting free-radical scavenging 

potential significantly higher than that of traditional cosmetic antioxidants such as ascorbic acid or alpha-

tocopherol. 

In dermatological applications, punicalagins function as master antioxidants capable of mitigating severe 

cellular oxidative stress. Their large molecular structure allows multiple hydroxyl groups to participate in the 

rapid neutralisation of reactive oxygen species. Beyond direct free-radical scavenging, punicalagins exhibit a 

potent inhibitory effect on interstitial collagenase, the primary enzyme responsible for the degradation of 

dermal Type I collagen. By downregulating the expression of these degradative enzymes in human fibroblasts, 

punicalagins preserve the structural integrity of the extracellular matrix. Furthermore, their high molecular 

weight provides a mild astringent effect upon topical application, temporarily tightening the skin surface 

through the cross-linking of epidermal proteins. 
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Ellagic acid is a dilactone of hexahydroxydiphenic acid and serves as a primary hydrolysis product of 

punicalagins within the skin microenvironment. In the context of cosmetic science, ellagic acid is highly 

prized for its dual role as a systemic photoprotective agent and a targeted skin-lightening active. Unlike many 

synthetic antioxidants, ellagic acid possesses exceptional thermal stability, making it an ideal candidate for 

aqueous serum formulations that may experience variable environmental storage conditions. 

The photoprotective mechanism of ellagic acid involves the targeted mitigation of ultraviolet-induced 

inflammatory cascades within the epidermis. Research indicates that topical application of ellagic acid 

significantly reduces the production of pro-inflammatory cytokines following acute solar exposure. 

Simultaneously, ellagic acid acts as a potent copper-chelating agent, directly inhibiting tyrosinase — the rate-

limiting enzyme in melanogenesis — without the cytotoxic effects associated with synthetic depigmenting 

agents. This makes pomegranate extracts exceptionally valuable for serums designed to correct post-

inflammatory hyperpigmentation and uneven skin tone. 

The vibrant pigmentation of the pomegranate arils is attributed to a high concentration of anthocyanins, 

specifically delphinidin, cyanidin, and pelargonidin glucosides. These water-soluble pigments are a 

specialised subgroup of flavonoids renowned for their intense electron-donating capabilities. In skin 

physiology, anthocyanins provide targeted protection against lipid peroxidation, stabilising the lipid bilayers 

of cellular membranes to prevent the degradation of the natural moisture barrier. Furthermore, associated 

flavonoids such as quercetin modulate intracellular signalling pathways that upregulate endogenous 

antioxidant enzymes, ensuring the skin remains resilient against chronic low-level environmental stress. 

While the peel provides hydrophilic protection, the seeds of Punica granatum yield a lipid fraction of 

extraordinary therapeutic value. Pomegranate seed oil is unique in the botanical kingdom due to its high 

concentration of punicic acid, an eighteen-carbon conjugated trienoic fatty acid. The biological role of punicic 

acid in dermatology is centred on aggressive epidermal regeneration and targeted anti-inflammatory activity. 

It acts as a potent agonist for specific nuclear receptors involved in cellular lipid metabolism, promoting the 

synthesis of essential epidermal ceramides. This localised action powerfully reinforces the structural barrier 

function of the skin, significantly reducing transepidermal water loss and soothing compromised dermal 

tissues. 

IV. DERMATOLOGICAL MECHANISMS 

The clinical and cosmetic efficacy of Punica granatum is mediated through a series of complex biochemical 

pathways that target the fundamental causes of cutaneous ageing and barrier dysfunction. While its 

phytochemical profile provides the raw materials for therapeutic action, the dermatological mechanisms 

involve a sophisticated orchestration of enzyme inhibition, cytokine modulation, and gene expression 

regulation. Understanding these precise cellular mechanisms is essential for the development of high-

performance pomegranate serums that offer profound structural improvements. 

 
Figure 2. Mechanisms of skin protection by Punica granatum phytochemicals. Bioactive compounds including punicalagin, 

ellagic acid, flavonoids, and anthocyanins exert antioxidant, anti-inflammatory, antimicrobial, and photoprotective effects. These 
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mechanisms enhance collagen synthesis, inhibit matrix metalloproteinases, reduce oxidative stress, and promote skin regeneration 

and wound healing. 

The primary dermatological mechanism of pomegranate extract is its role as an advanced, broad-spectrum 

antioxidant. Oxidative stress, characterised by an imbalance between the production of reactive oxygen 

species and endogenous antioxidant defences, is the principal driver of cellular senescence. Punica granatum 

extracts function through both direct scavenging and indirect physiological antioxidant pathways. Directly, 

the high density of phenolic hydroxyl groups allows pomegranate polyphenols to donate electrons to unpaired 

free radicals, quenching them before they can initiate lipid peroxidation. Indirectly, pomegranate bioactives 

upregulate the expression of Phase II antioxidant enzymes via the activation of specific nuclear transcription 

pathways, creating a sustained biological shield within the keratinocytes. 

A highly critical mechanism in anti-ageing dermatology is the preservation and continuous regeneration of 

the extracellular matrix. Skin ageing is physically characterised by the progressive thinning of the dermis, 

largely due to the enzymatic degradation of Type I collagen and elastin fibres. Pomegranate extracts exert a 

powerful dual-action effect on this matrix by inhibiting degradative enzymes while simultaneously promoting 

essential biosynthetic pathways. Polyphenols from the pericarp are potent inhibitors of matrix 

metalloproteinases, specifically those upregulated by chronic ultraviolet exposure and localised inflammatory 

cytokines, thereby actively preventing the collagen fragmentation that invariably leads to structural sagging 

and dynamic wrinkle formation. 

Concurrent with preventing degradation, targeted studies have demonstrated that pomegranate seed oil and 

specific peel extracts stimulate the proliferation of human dermal fibroblasts, exponentially increasing the 

basal expression of pro-collagen Type I within the dermal layers. This deliberate physiological shift in the 

dermal balance — moving rapidly away from degradation and toward active protein synthesis — results in 

significantly improved skin density over longitudinal application. The restoration of this structural integrity 

is a primary clinical endpoint for advanced anti-ageing serum formulations utilising Punica granatum. 

Chronic and low-grade cutaneous inflammation is a highly significant contributor to accelerated epidermal 

deterioration. Punica granatum exhibits profound anti-inflammatory activity by modulating several key 

molecular targets within the epidermis. The most notable mechanism is the targeted suppression of specific 

primary transcription factors that trigger the release of localised pro-inflammatory cytokines. By suppressing 

this activation, pomegranate extracts effectively quell the destructive inflammatory cascade associated with 

environmental stress, making this approach particularly relevant for treating sensitive skin conditions, clinical 

rosacea, and generalised post-procedural erythema. 

While topical botanical antioxidants are not a functional substitute for specialised ultraviolet filters, 

pomegranate extracts function as powerful photochemopreventive agents. The mechanism of ultraviolet 

protection provided by pomegranate is largely centred on mitigating the delayed cellular damage caused by 

penetrating solar radiation. Research conclusively indicates that pomegranate polyphenols can actively reduce 

the formation of dangerous pyrimidine dimers and significantly enhance the biological DNA repair capacity 

of exposed keratinocytes. By reducing the overall oxidative load delivered by solar radiation, pomegranate 

prevents the immediate inflammatory response and the long-term pigmentary changes directly associated with 

severe photoageing. 

Furthermore, Punica granatum possesses highly significant and selective antimicrobial properties that are 

deeply relevant for the management of acne-prone skin. The mechanism is primarily attributed to the 

exceptionally high tannin content, which physically disrupts the cellular membranes of specific pathogenic 

dermal bacteria. Unlike aggressive synthetic antibiotics, pomegranate tannins exert a highly selective 

inhibitory effect that prevents harmful bacteria from forming protective biofilms without completely 

eradicating the necessary commensal microflora. Additionally, the natural astringent nature of these tannins 

helps to regulate localised sebum production, thereby reducing the frequency and severity of inflammatory 

acne lesions. 

V. COSMETIC APPLICATIONS 

Translating the extensive biochemical potential of Punica granatum into highly viable cosmeceutical products 

requires careful consideration of the targeted topical delivery vehicle. Cosmetic chemists strategically utilise 

various rheological forms — including dense creams, polymeric gels, fluid lotions, and specialised facial 

serums — to optimise epidermal penetration. The precise selection of the structural base matrix significantly 

influences the ultimate bioavailability, thermodynamic stability, and clinical outcome of the active botanical 

constituents. 
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Table 2 – Dermatological and cosmetic studies on pomegranate extracts 

Author(s) and 

Year 
Plant Part Extract / 

Formulation 
Study Model Key Dermatological 

Findings 
Cosmetic / 

Therapeutic 

Relevance 

Ref. 

Patel et al., 2019 Peel Ethanolic extract 

(standardised for 

punicalagin) 

In vitro (HDF 

cells, DPPH 

assay) 

High radical scavenging 

activity; significantly 

increased Type I collagen 

synthesis in human dermal 

fibroblasts. 

Potent antioxidant 

active for anti-ageing 

formulations. 

[13] 

Choi et al., 2021 Seed Oil Nanoemulsion 

(rich in punicic 

acid) 

In vivo (UVB-

irradiated mice) 
Reduced UV-induced 

erythema, skin thickening, 

and MMP-1 expression. 

Protective agent 

against photo-damage 

and photo-ageing. 

[14] 

Liu et al., 2020 Flower Aqueous extract In vitro (wound 

healing assay) 
Promoted keratinocyte and 

fibroblast migration, 

accelerating in vitro wound 

closure. 

Ingredient for skin 

regeneration and 

wound healing 

products. 

[15] 

Kim et al., 2018 Peel and 

Juice 
Fermented 

extract blend 
Clinical study 

(20 

participants, 4 

weeks) 

Reduced inflammatory 

markers (IL-6) and decreased 

skin redness in acne-prone 

skin. 

Anti-inflammatory and 

soothing agent for 

acne-prone or sensitive 

skin. 

[16] 

Smith et al., 2022 Peel Methanolic 

extract 
In vitro (MIC 

determination) 
Antimicrobial activity against 

Staphylococcus aureus and 

Cutibacterium acnes. 

Potential natural 

preservative booster or 

anti-acne active. 

[17] 

Garcia et al., 

2017 
Seed Oil 5% topical 

cream 
Clinical study 

(40 

participants, 8 

weeks) 

Significant improvement in 

skin elasticity and hydration 

compared to placebo. 

Moisturising active 

and texture improver. 
[18] 

Lee et al., 2023 Peel Ellagic acid-rich 

fraction 
In vitro (B16 

melanoma 

cells) 

Inhibited tyrosinase activity 

and reduced melanin 

synthesis dose-dependently. 

Skin brightening and 

hyperpigmentation 

treatment active. 

[19] 

Wang et al., 2019 Leaf Hydroalcoholic 

extract 
In vivo 

(incision 

wound model, 

rats) 

Accelerated wound 

contraction and increased 

hydroxyproline content in 

granulation tissue. 

Therapeutic potential 

for wound healing or 

skin repair. 

[20] 

Sharma et al., 

2020 
Seed Cold-pressed 

seed extract 
In vitro 

(antioxidant 

assays) 

Demonstrated synergistic 

antioxidant effects when 

combined with Vitamin E. 

Ingredient stabiliser or 

antioxidant booster in 

formulations. 

[21] 

Davis et al., 2018 Juice Topical 

formulation 
In vitro 

(keratinocyte 

culture) 

Reduced UVB-induced 

intracellular ROS production 

and apoptosis in human 

keratinocytes. 

Protective adjuvant for 

sunscreen 

formulations. 

[22] 

Brown et al., 

2021 
Peel Standardised 

punicalagin 

extract 

In vitro 

(reconstituted 

human 

epidermis) 

Inhibited TNF-α-induced 

inflammatory cascade and 

stabilised skin barrier 

function. 

Anti-inflammatory 

treatment for 

compromised skin 

conditions. 

[23] 

Thompson et al., 

2022 
Whole 

fruit 
Standardised 

polyphenol-rich 

serum 

Clinical study 

(30 

participants, 12 

weeks) 

Daily serum application 

improved skin roughness, 

reduced fine lines, and evened 

skin tone. 

Key active for 

multifunctional anti-

ageing face serums. 

[24] 

 

Traditional oil-in-water emulsions represent the most common historical vehicle for incorporating 

pomegranate seed oil and aqueous pericarp extracts into commercial skincare products. These formulations 

are particularly effective for delivering the essential barrier-repairing benefits of punicic acid alongside 

hydrophilic antioxidants directly to the compromised stratum corneum. Clinical evaluations of pomegranate-

enriched restorative creams have shown statistically significant improvements in localised epidermal 

hydration and measurable reductions in pathological transepidermal water loss. 

For specific clinical applications requiring rapid epidermal absorption and minimal residual lipid texture, 

polymeric hydrogels offer an excellent alternative delivery system. Hydrogels constructed from specialised 

biocompatible polymers provide a highly aqueous internal environment that readily dissolves the hydrophilic 

anthocyanins and ellagic acid fractions. Cosmetic studies highlighting botanical hydrogels frequently report 
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excellent physical spreading coefficients and a pronounced, immediate soothing effect upon application to 

irritated epidermal tissue. 

Fluid lotions serve as low-viscosity structural emulsions specifically designed for broad topical application 

across substantially larger anatomical surface areas. Formulating concentrated pomegranate extracts into these 

fluid lotions frequently targets generalised systemic photoaging and accumulated environmental damage on 

the extremities. Standardised clinical trials utilising pomegranate lotions have consistently demonstrated 

measurable physiological increases in general skin elasticity and overall dermal density. 

Concentrated facial serums definitively represent the most highly optimised vehicles for Punica granatum 

bioactives in modern advanced cosmetic science. These sophisticated aqueous or light-silicone suspensions 

are meticulously engineered to deliver a maximum, unhindered payload of pure ellagic acid and complex 

punicalagins directly to the target cells. Rigorous dermatological studies confirm that advanced serums 

facilitate vastly superior transcellular and paracellular transport of botanical antioxidants compared to highly 

occlusive structural cream bases. 

An emerging and highly critical area of modern cosmetic research involves the intentional incorporation of 

standardised pomegranate extracts into active photoprotective formulations. Dermatological studies have 

conclusively elucidated that the deliberate addition of pure pomegranate polyphenols to standard ultraviolet 

filters significantly increases the overall in vitro sun protection factor. The botanical compounds actively 

absorb specific damaging wavelengths of radiation while simultaneously neutralising the reactive oxygen 

species inevitably generated by unblocked, penetrating photons, severely mitigating the secondary oxidative 

damage that traditional inorganic dermal filters often fail to prevent entirely. 

VI. SERUM FORMULATION STRATEGIES 

Formulating a highly efficacious facial serum utilising Punica granatum extracts requires a meticulous balance 

of thermodynamic stability and maximised epidermal permeability. The primary scientific objective is to 

create a low-viscosity delivery system that strictly maintains the biological integrity of the fragile hydrophilic 

polyphenols and the easily oxidised lipophilic fatty acids. Formulators must carefully select standardised 

pomegranate extracts containing quantified concentrations of active punicalagins and pure ellagic acid to 

ensure absolute clinical reproducibility. The sensitive active extracts are typically incorporated only during 

the final cool-down phase of the manufacturing process to completely prevent the thermal degradation of the 

heat-sensitive anthocyanin pigments. 

Table 3 – Example formulation of a pomegranate face serum 

Ingredient Category / Function Typical 

Concentration (% 

w/v) 

Role in Formulation 

Punica granatum Extract Active ingredient 2.0 – 5.0 Supplies polyphenols and ellagic acid to provide 

antioxidant neutralisation and collagen protection. 

Sodium Hyaluronate Active ingredient / 

Humectant 
0.5 – 1.0 Binds atmospheric and transepidermal water to maintain 

stratum corneum hydration and viscoelasticity. 

Glycerin Humectant 3.0 – 5.0 Acts as a primary humectant to reduce transepidermal 

water loss and stabilise the structural matrix. 

Propylene Glycol Solvent / Penetration 

enhancer 
2.0 – 4.0 Solubilises botanical extracts and modifies the lipid 

bilayer to enhance transdermal delivery of 

phytochemicals. 

Aloe Barbadensis Leaf 

Extract 
Active ingredient / 

Soothing agent 
1.0 – 2.0 Functions as an anti-inflammatory adjunct to mitigate 

potential irritation and support tissue regeneration. 

Tocopheryl Acetate Active ingredient / 

Antioxidant 
0.5 – 1.0 Prevents lipid peroxidation within the formulation and 

provides synergistic photoprotection upon dermal 

application. 

Polysorbate 20 Solubiliser / Surfactant 0.5 – 1.0 Facilitates incorporation of lipophilic components into the 

continuous aqueous phase to prevent phase separation. 

Carbomer Stabiliser / Rheology 

modifier 
0.2 – 0.5 Increases viscosity to form a stable polymeric gel network 

suitable for uniform topical application. 

Triethanolamine pH adjuster 0.2 – 0.5 Neutralises the acidic carbomer dispersion to initiate 

gelation and establish a physiological skin pH. 

Phenoxyethanol Preservative 0.5 – 1.0 Inhibits microbial proliferation to ensure product safety 

and extend shelf life. 
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Ingredient Category / Function Typical 

Concentration (% 

w/v) 

Role in Formulation 

Ethylhexylglycerin Preservative booster / 

Humectant 
0.1 – 0.3 Enhances antimicrobial efficacy of phenoxyethanol while 

providing minor emollient properties. 

Distilled Water Solvent q.s. to 100 Serves as the primary aqueous vehicle and diluent for the 

hydrophilic components. 

 

[Figure 3 – Insert Here] 

Figure 3. Flow diagram illustrating the formulation process of pomegranate (Punica granatum) face serum, including extraction of 

bioactive phytochemicals, preparation of the serum base, incorporation of active ingredients, homogenisation, stabilisation, 

quality control, and final packaging. 

The designated solvent system forms the absolute structural backbone of the serum, entirely dictating both 

the maximum solubility of the active ingredients and the final sensory profile. Purified deionised water serves 

as the universal primary diluent, while specific glycols such as propanediol or butylene glycol are frequently 

employed to enhance solubilisation. To optimise the required transdermal delivery of high-molecular-weight 

tannins, specific chemical penetration enhancers are strategically integrated into the formulation matrix. These 

highly effective agents temporarily and safely modify the rigid lipid bilayer of the stratum corneum, 

facilitating significantly deeper cellular penetration of the active botanical constituents. 

Optimal hydration remains a fundamental, non-negotiable requirement of any advanced dermatological 

serum, necessitating the precise inclusion of highly synergistic humectant compounds. Standard glycerin 

remains a ubiquitous polyol in modern cosmetic chemistry due to its exceptional ability to attract and bind 

ambient environmental moisture to the cutaneous surface. To mitigate any undesirable sensory tackiness while 

simultaneously enhancing overall structural hydration, variable molecular weight hyaluronic acid fractions 

are commonly incorporated. The larger macromolecular sodium hyaluronate forms a highly breathable film 

on the extreme epidermal surface, while low-molecular-weight oligosaccharides penetrate deeper into the 

viable epidermis to support internal cellular turgor. 

Maintaining the absolute physical and chemical stability of the complex bioactive matrix is arguably the 

primary developmental challenge in advanced botanical serum formulation. Specialised polymeric stabilisers, 

particularly advanced cross-linked acrylates or naturally derived xanthan gum, are precisely utilised to modify 

the rheology of the solvent system. These specialised polymers deliberately create a robust three-dimensional 

molecular network that permanently prevents the sedimentation of insoluble particulates and ensures a 

perfectly uniform suspension. When sensitive lipophilic components such as pure pomegranate seed oil are 

included, advanced cold-process emulsifiers must be employed to effectively encapsulate the lipid fractions 

into stable microemulsions. 

The final hydrogen ion concentration of the formulated product critically influences both the shelf stability of 

the phytochemicals and the epidermal compatibility. The natural physiological pH of human facial skin 

typically resides between 4.5 and 5.5, forming the vital protective acid mantle necessary for optimal biological 

barrier function. Furthermore, the complex hydrolysable tannins and sensitive anthocyanins derived from 

Punica granatum universally exhibit their maximal chemical stability within a strictly acidic 

microenvironment. Consequently, formulators must meticulously adjust the final serum pH using precise 

buffering agents such as pure citric acid to maintain a strict target range, as alkaline deviations rapidly 

accelerate catastrophic autoxidation. 

VII. CHALLENGES AND FUTURE PERSPECTIVES 

The rigorous physicochemical and thorough biological evaluation of newly developed herbal face serum 

formulations is absolutely critical to guaranteeing final product safety and clinical efficacy. Standardised 

quality control protocols accurately quantify the physical characteristics and thermodynamic stability of the 

complex botanical matrices developed during the prototyping phase. Analytical researchers employ a 

comprehensive battery of advanced instrumental techniques to definitively confirm that the final delivery 

system safely maintains the delicate molecular integrity of the active phytochemicals. 

The rapidly accelerating trajectory of modern herbal cosmetic science is increasingly directed toward the 

advanced development of highly sustainable, biocompatible formulations. Leading dermatological 

researchers are definitively shifting their primary scientific focus from isolating singular active compounds to 

carefully utilising full-spectrum, whole-plant extracts that preserve native phytochemical synergies. This 

https://ijnrd.org/
http://www.ijnrd.org/


INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 
© 2026 IJNRD | Volume 11, Issue 6, June 2026 | ISSN: 2456-4184 | IJNRD.ORG 

    

IJNRD2606045 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)  

 

a381 

holistic scientific approach aims to maximise the total therapeutic potential of critical botanicals like Punica 

granatum while deliberately minimising the severe ecological footprint associated with aggressive industrial 

chemical extraction processes. 

Advancing the proven clinical efficacy of heavy pomegranate polyphenols absolutely relies on the continued 

rapid evolution of highly sophisticated nanotechnology-based topical delivery systems. The inherent 

thermodynamic instability and notably poor epidermal permeability of massive molecular weight compounds 

profoundly necessitate the rapid adoption of highly advanced protective encapsulation strategies. Future 

pharmaceutical research is heavily invested in the development of next-generation lipid nanocarriers, 

specifically including highly stable nanostructured lipid carriers and ultra-deformable cellular transferosomes. 

These advanced vesicles are precisely designed to temporarily fluidise the rigid stratum corneum, allowing 

completely intact active molecules to safely reach the deep dermal layers without undergoing premature 

enzymatic degradation. 

A highly critical and largely unexplored area for future clinical investigation involves the profound 

modulatory effects of Punica granatum extracts on the complex cutaneous microbiome. While the localised 

antimicrobial properties of heavy pomegranate tannins are exceptionally well documented in current 

literature, extensive longitudinal studies are required to completely elucidate their precise impact on 

commensal bacterial populations. Thoroughly investigating how complex ellagitannins physically interact 

with highly specific, beneficial strains of epidermal bacteria could rapidly yield completely novel, highly 

effective prebiotic or postbiotic cosmetic applications. Furthermore, discovering precisely how botanical 

extracts support the delicate invisible microbial barrier represents the absolute cutting edge of modern 

preventative dermatological science. 

There is a pronounced scientific need for large-scale, highly rigorous randomised and double-blind clinical 

trials to absolutely substantiate the long-term anti-ageing claims associated with standardised pomegranate 

formulations. These advanced future trials must exclusively employ highly objective, completely non-

invasive bioengineering metrics to accurately and undeniably quantify microscopic changes in total dermal 

density and exact epidermal thickness. Expanding this highly objective clinical data will definitively and 

permanently solidify the exact medical position of pomegranate extracts as foundational, absolutely essential 

ingredients in evidence-based dermatological practice. 

VIII. CONCLUSION 

The highly successful integration of Punica granatum into advanced dermatological therapeutics represents a 

significant advancement in evidence-based cosmetic science. The profound clinical efficacy of this 

remarkable botanical agent is primarily attributed to its complex, highly synergistic phytochemical matrix, 

which prominently includes exceptionally high concentrations of hydrolysable tannins — notably active 

punicalagins — alongside pure ellagic acid and regenerative punicic acid. These highly bioactive constituents 

operate synergistically to mitigate the primary destructive biochemical pathways directly associated with 

accelerating cutaneous senescence and severe barrier dysfunction. By neutralising reactive oxygen species 

and concurrently downregulating destructive matrix metalloproteinase expression, pomegranate extracts 

consistently provide highly robust and proven protection against severe ultraviolet-induced photoageing. 

Translating these potent biochemical mechanisms into visible, permanent clinical outcomes necessitates the 

precise utilisation of perfectly optimised, highly advanced topical delivery systems. Liquid facial serums have 

conclusively proven to be exceptionally efficacious in this demanding dermatological regard, uniquely 

offering a rheologically advantageous vehicle characterised by exceptionally low fluid viscosity and 

incredibly high cellular permeability. This optimal physical state beautifully facilitates the rapid and highly 

efficient transdermal delivery of both essential hydrophilic polyphenols and critical lipophilic fatty acids 

directly to the viable, living epidermis. 

In conclusion, the remarkably extensive and highly proven phytochemical profile of Punica granatum firmly 

establishes it as a truly superlative candidate for highly advanced, next-generation cosmeceuticals. The 

meticulous, scientifically exact incorporation of perfectly standardised pomegranate extracts into rigorously 

formulated serums offers an incredibly comprehensive and highly effective approach to mitigating cellular 

oxidative stress. Continued interdisciplinary academic research effectively combining traditional botanical 

pharmacognosy with highly advanced, cutting-edge nanotechnological delivery platforms will remain 

absolutely paramount. Ultimately, the systematic and highly rigorous scientific development and exact 

clinical evaluation of these specific pomegranate-based formulations will continuously elevate the absolute 

highest standards of modern herbal cosmetic science. 
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