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Abstract  
The objective of this research was to develop a spirulina-based patch aimed at regulating sebum 
production and improving skin health, specifically targeting oiliness in the T-zone region. Spirulina, a 
blue-green algae rich in antioxidants, anti-inflammatory agents, antimicrobial compounds, and sebum-
regulating properties, was selected as the principal active ingredient. The experimental approach 
involved optimizing a patch formulation for adequate adhesion, flexibility, sustained release of active 
components, and enhanced oil absorption. Characterization studies were conducted to evaluate 
mechanical strength, surface pH, moisture retention, elasticity, and user comfort. In vitro studies 
confirmed the patch’s effectiveness in reducing sebum levels without causing irritation or excessive 
dryness. Preliminary user trials demonstrated a visible reduction in T-zone oiliness and improvements 
in skin texture and appearance. The developed patch offers a natural, sustainable, and user-friendly 
alternative to conventional oil-control products. It provides targeted delivery, minimizes the risk of skin 
barrier disruption, and enhances skincare efficacy. Further research will focus on long-term 
performance evaluation and formulation refinements. 
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1 Introduction  
Sebum is an oily, waxy substance secreted by sebaceous glands found predominantly in the skin, 

particularly concentrated in areas like the face and scalp[1]. Its primary role is to protect and moisturize 
the skin, creating a barrier against environmental threats and preventing water loss. The composition of 
sebum is complex, including a blend of lipids that contribute to its protective properties and influence 
various skin conditions[2].Key Components of Sebum, Triglycerides and Free Fatty Acids (51%): 
Triglycerides make up a significant portion of sebum. When broken down by enzymes on the skin's 
surface, they yield free fatty acids, which help maintain the acidic pH of the skin, forming a protective 
barrier against harmful bacteria. However, excessive free fatty acids can contribute to skin irritation and 
inflammation, potentially leading to acne[3][4]. Wax Esters (26%): Wax esters provide a longer-lasting 
moisture barrier compared to other lipids, helping to reduce water loss from the skin. These molecules 
are unique to sebum and are not produced elsewhere in the body. Wax esters also have structural 
similarities to the skin's natural lipids, making them crucial for skin barrier integrity[5]. Squalene (12%): 
Squalene is an unsaturated hydrocarbon that acts as a powerful antioxidant. It helps protect the skin from 
oxidative damage caused by UV radiation and pollution, both of which accelerate aging. However, 
squalene can oxidize when exposed to air, potentially contributing to comedones formation and acne[6]. 
Cholesterol and Cholesterol Esters (11%): Cholesterol plays an important role in maintaining skin 
elasticity and flexibility. It supports cell membrane function and, in combination with other lipids, helps 
keep the skin barrier intact. Although it’s present in lower concentrations, cholesterol is essential for 
healthy skin structure and resilience[7]. 

The composition and amount of sebum can vary depending on factors like age, genetics, hormones, 
and environmental conditions[8]. For example, during puberty, hormonal changes increase sebum 
production, which often leads to oilier skin and a higher likelihood of acne. Those with oily skin generally 
have larger sebaceous glands that produce higher amounts of sebum, whereas individuals with drier skin 
types produce less sebum, resulting in less protection against moisture loss. Impact of Sebum 
Composition on Skin Health Sebum plays a dual role—it’s both protective and potentially problematic. 
While it moisturizes and shields the skin, excessive sebum production, particularly in the T-zone 
(forehead, nose, and chin), can lead to an accumulation of oils, dead skin cells, and bacteria[9]. This can 
result in clogged pores, acne, and increased shininess, which is why sebum regulation is crucial for 
managing oily and acne-prone skin. 

In summary, sebum is essential for skin health due to its unique composition of triglycerides, wax 
esters, squalene, and cholesterol. This lipid-rich blend protects the skin, but when overproduced, it can 
contribute to oily skin conditions, underscoring the need for balanced sebum control, especially in the T-
zone[10]. Oily skin develops when the sebaceous glands generate too much sebum, the natural oil that 
helps keep the skin moisturized[11]. However, when this oil production becomes excessive, it can lead 
to several skin issues that impact both appearance and skin health. The forehead, nose, and chin, is 
especially prone to oiliness due to the higher concentration of sebaceous glands in these areas[12]. 
Managing oily skin requires a delicate balance, aiming to reduce sebum production without causing 
excessive dryness or irritation. 

Excessive oil production contributes to various skin concerns. Acne Breakouts, The overproduction 
of sebum is one of the leading causes of acne, as the excess oil combines with dead skin cells and bacteria 
to clog pores[13]. Clogged pores create an ideal environment for bacteria, especially Cutibacterium acnes, 
which thrive in oily conditions[14]. This can lead to various types of acne, including blackheads (open 
comedones), whiteheads (closed comedones), and inflammatory lesions like papules, pustules, and 
cysts[15]. Addressing this involves regular cleansing with gentle, non-comedogenic products that help 
remove oil without stripping the skin's natural barrier. Products containing salicylic acid, benzoyl 
peroxide, and tea tree oil can further help in reducing acne by controlling bacteria and aiding in 
exfoliation[16]. Shiny Appearance, Excess oil on the skin surface can create a persistent shine, often 
leading people with oily skin to feel self-conscious, especially in social or professional settings. This shiny 
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appearance is usually most prominent in the T-zone and can make the face look greasy and unrefined[17]. 
Many people resort to blotting papers, mattifying powders, or oil-absorbing primers to manage the shine 
throughout the day. Clay-based masks and lightweight, oil-free moisturizers with mattifying agents (like 
silica and kaolin) can also help control oil levels, allowing the skin to look balanced without appearing 
overly shiny[18]. Enlarged Pores, Oily skin is often associated with enlarged pores, especially around the 
nose, cheeks, and forehead. Excess sebum production forces the pores to widen as they attempt to release 
the oil, causing them to become visibly larger over time. Pore size is primarily determined by genetics, 
but oil buildup can exacerbate the appearance[19]. Regular exfoliation with products containing AHAs 
(alpha hydroxy acids) and BHAs (beta hydroxy acid) can prevent oil and dead skin from clogging the 
pores, thereby helping them appear smaller[20]. Niacinamide is another helpful ingredient, as it can 
regulate oil production and improve skin texture, reducing the appearance of large pores[21]. Skin 
Irritation, Continuous oil buildup on the skin can lead to irritation, as excessive sebum can disrupt the 
skin's natural pH, making it more prone to redness, itchiness, and even rashes. The skin may become 
inflamed and sensitive, particularly when environmental factors like pollution mix with the excess oil on 
the skin, creating a layer that clogs pore and irritates the surface. For people with oily skin, it's important 
to use gentle, non-irritating products that can balance the skin's pH. Opting for alcohol-free toners and 
lightweight, calming moisturizers with soothing ingredients like aloe vera, chamomile, or centella asiatica 
can help keep irritation at bay. Reduced Makeup Longevity, People with oily skin often struggle with 
makeup longevity, as sebum can break down makeup, causing it to fade, separate, or become patchy. This 
can result in a less polished appearance and necessitates frequent touch-ups, which can be inconvenient. 
To counter this, people with oily skin may benefit from oil-free and long-wearing makeup products, as 
well as primers designed to mattify and create a smooth base for makeup application. Setting powders 
and sprays can further lock makeup in place, providing longer-lasting results. Some people also 
incorporate blotting papers throughout the day to absorb excess oil without disturbing makeup[22]. 
Seborrheic Dermatitis, In some cases, excessive oil production can lead to more severe skin conditions 
like seborrheic dermatitis[23]. This chronic condition is characterized by red, scaly, itchy patches, 
especially in areas with a high concentration of sebaceous glands, such as the scalp, eyebrows, and T-zone. 
The condition is often aggravated by stress, seasonal changes, and even the body’s response to certain 
fungi like Malassezia, which thrive in oily environments. Managing seborrheic dermatitis may require 
antifungal treatments or medicated creams prescribed by a dermatologist. Additionally, mild cleansers 
and hydrating, oil-free moisturizers can help keep the condition under control without exacerbating oil 
production[24].  

Managing Oily Skin is an effective oily skin management routine is essential to prevent these 
issues from escalating. This routine typically includes, Cleansing: Using gentle, oil-free cleansers to 
remove excess oil and impurities without stripping the skin barrier, Exfoliating: Regular but gentle 
exfoliation (2-3 times a week) helps in removing dead skin cells and preventing clogged pores. Ingredients 
like salicylic acid (BHA) are beneficial for oily skin as they penetrate the pores and dissolve oil. Hydration: 
Despite common misconceptions, oily skin still requires proper hydration. Using lightweight, oil-free 
moisturizers can help maintain skin balance and reduce excess oil production[11]. Diet and Lifestyle: A 
diet low in sugars and refined carbohydrates and high in omega-3s can support balanced oil production. 
Staying hydrated and managing stress can also play a role, as stress hormones can increase sebum 
production[25]. 
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2 Method  
Table no I. Formula Table 

Ingredient Role F1 F2 F3 

Micronized Spirulina 
powder 

API (Active Pharmaceutical 
Ingredients) 

100mg 100mg 100mg 

Distilled water Solvent 3ml 3ml 3ml 

HPMC Film Forming Agent 150mg 100mg 50mg 

Propylene Glycol Plasticiser 2ml 2ml 2ml 

Ethanol Solvent 2.5ml 2.5ml 2.5ml 

Chloroform Solvent 2.5ml 2.5ml 2.5ml 

 
Method (Plan of Work)  
The formulation of the Spirulina Patch was successfully prepared in 3 batches by following a structured 

procedure:- 
Step 1  

 Weighing of Spirulina and Other Ingredients 
Spirulina was accurately weighed and distributed into three separate Petri dishes, each containing the 

specified quantity of spirulina along with the designated volumes of water, ethanol, and chloroform[47]. 
 
 

Step 2 
Incorporation of HPMC 

HPMC (Hydroxypropyl Methylcellulose) was added in varying concentrations as per the formulation 
table. All components were mixed thoroughly to ensure uniform dispersion and homogeneity of the 

formulation[48]. 
 
 

Step 3 
Drying and Cutting of Patches 

The patch formation process was allowed to proceed for approximately 3 to 4 hours. Upon complete 
drying, the formed patches were carefully removed and cut into shapes suitable for application on the 

T-zone region of the face. 
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Fig III. Ready Formulation. 

Evaluation Studies: 

• Visual Appearance: 
The patch appears to be smooth surface from one side and rough surface (adhesive part) on other side due 
to micronized spirulina powder. 
Colour is dark green of the patch. 
Odourless patch[49]. 

• Thickness 
The thickness was measured of the patches of all 3 batches by using a digital vernier calliper and results 
found are as follows: 

Table no II. Thickness of the batch 

F1 F2 F3 

0.15mm 0.20mm 0.22mm 

• Weight uniformity 
The weight uniformity was measured of the patches of all 3 batches by using a mg sensitive weighing 
balance and results found are as follows: 

Table no III. Weight Uniformity data. 

F1 F2 F3 

263mg 264mg 270mg 

• pH studies: 
pH studies were carried out by dissolving a part of the patch in water and measuring its pH using pH 
paper. And the pH was resulted around 5-6 whereas, reference pH suitable for facial skin falls in 
between 5.5-6.5[50]. 

• Folding endurance: 
The patch was not teared when it was folded for more than 6 times on the same point. Hence, result 
of folding endurance was interpreted as 6. 

• Oil Absorption Capacity & Microscopic evaluation: 
The oil absorption capacity of the spirulina patch was evaluated using a gravimetric method[51]. 
Initially, the dry patch was accurately weighed. A synthetic sebum mixture comprising 25% oleic 
acid, 25% palmitic acid, and 50% paraffin oil was prepared and uniformly spread on a flat platform. 
The pre-weighed spirulina patch was then placed on the sebum-coated surface and allowed to interact 
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for 5 to 10 minutes. Following this, the patch was reweighed, and the increase in weight was 
attributed to oil absorption. Additionally, microscopic evaluation was performed to observe the 
swelling behaviour of micronized spirulina particles post-absorption.   

     
Fig IV. Before oil absorption                                                Fig V. After Oil Absorption 

Table no IV. Oil Absorption data 

Formulation 
Patch Area 

(cm²) 

Initial wt 

(W₁ mg) 
Final wt (W₂ 

mg) 

Oil Absorbed 
(mg) 

(W1-W2) 

Absorption 
Capacity 
(mg/cm²) 

F1 37.39 263 459 196 5.24 

F2 37.39 264 422 158 4.23 

F3 38.48 270 491 221 5.74 

 

3 Result and Discussion  
The developed patch containing micronized spirulina powder showed promising results in controlling 
excess oil in the T-zone area of the face, which is typically more prone to oiliness. After application, a 
noticeable reduction in skin greasiness was observed, and the skin appeared smoother, less shiny, and 
more balanced in texture. Users found the patch easy to apply and comfortable to wear, which adds to its 
practicality for routine skincare. 
Spirulina, used as the active ingredient in this formulation, significantly contributed to these outcomes. 
Known for its rich nutritional profile including proteins, amino acids, and antioxidants spirulina supports 
skin health by promoting collagen production and providing essential nutrients. Its presence in the patch 
not only helped with oil control but also offered added skin benefits, such as hydration, nourishment, and 
improved elasticity. Overall, the patch proved to be an effective and convenient solution for managing 
oily skin, especially in the T-zone, while simultaneously supporting overall skin health. 
 

4 Conclusion  
The finalized patch formulation demonstrated effective oil control and provided a smooth, uniform 
application with ease of removal. The patch adhered well to the skin and gradually released the active 
ingredients, offering targeted benefits to the T-zone. The patch’s application was convenient, and it left 
the skin feeling refreshed, oil-free, and hydrated. The project successfully achieved its objectives, 
providing a practical and effective formulation for oil control and skincare. Future modifications could 
include the inclusion of natural preservatives and fragrance to enhance user experience and shelf life. 
  



Development of a Spirulina-Infused Patch for Oil Control in the 
T-Zone of face: A Novel Approach to Skin Care 

Doi: 10.30872/jtpc.v9i1.282 

 

Journal of Tropical Pharmacy and Chemistry (JTPC) Year 2025 Vol. 9 No. 1 
p-ISSN: 2087-7099, e-ISSN: 2407-6090 

106 
 

5 Declarations 
5.1 Author contributions 

The names of the authors listed in this journal contributed to this research. 
5.2 Funding Statement 

This research was not supported by any funding sources. 
5.3 Conflict of Interest  

Conflicts of Interest: The authors declare no conflict of interest. 
 

6 Bibliography  
[1] M. Kumar, U. K. Mandal, and S. Mahmood, “Dermatological formulations,” in Dosage Forms, 

Formulation Developments and Regulations, Elsevier, 2024, pp. 613–642. 
[2] G. Kulkarni, A. Abraham, and M. Kulkarni, “Algae-Sourced Bioactives with Promising 

Applications in Skincare Cosmeceuticals,” pp. 37–45. 
[3] H. S. K. M. Lourdes Mourelle, “No Title,” Thalassother. Cosmeceuticals, vol. 2, doi: 

https://doi.org/10.1201/9781003399285. 
[4] S. Knox and N. M. O’Boyle, “Skin lipids in health and disease: A review,” Chem. Phys. Lipids, vol. 

236, p. 105055, 2021, doi: https://doi.org/10.1016/j.chemphyslip.2021.105055.  
[5] M. Boer, E. Duchnik, R. Maleszka, and M. Marchlewicz, “Structural and biophysical 

characteristics of human skin in maintaining proper epidermal barrier function,” Postep. Dermatologii 
i Alergol., vol. 33, no. 1, pp. 1–5, 2016, doi: 10.5114/pdia.2015.48037. 

[6] C. Maxim, D. Turcov, A. G. Bulgariu, and D. Ș uteu, “Squalene-Background and Perspectives in 
Cosmeceuticals Formulas,” vol. 70, no. 74, 2024, doi: 10.5281/zenodo.11145431. 

[7] I. Sagrafena et al., “Structure and function of skin barrier lipids: Effects of hydration and natural 
moisturizers in vitro,” Biophys. J., pp. 1–13, 2024, doi: 10.1016/j.bpj.2024.10.006. 

[8] M. A. Dias da Rocha et al., “Unveiling the Nuances of Adult Female Acne: A Comprehensive 
Exploration of Epidemiology, Treatment Modalities, Dermocosmetics, and the Menopausal 
Influence,” Int. J. Womens. Health, vol. 16, pp. 663–678, 2024, doi: 10.2147/IJWH.S431523. 

[9] V. Fu and G. Lu, Skincare Decoded: The Practical Guide to Beautiful Skin. Simon and Schuster, 2021. 
[10] K. Miner et al., “Lipid Dysregulation in Sebaceous Gland Disorders and the Impact of Sphingolipid 

Metabolism on Acne Pathogenesis,” Cureus, vol. 17, no. 4, 2025. 

[11] M. Hingankar, J. Mendwade, R. Thakur, S. Mahajan, and P. R. Gahlod, “Skin Aura : The Impact 
of Moisturizers on Maintaining Skin Hydration,” vol. 8, no. 5, pp. 345–351, 2024. 

[12] J. Zdrada, W. Odrzywołek, A. Stolecka-Warzecha, S. Wilczyń ski, and B. Błoń ska-Fajfrowska, 
“The influence of cosmetics dedicated to oily and acne-prone skin on skin parameters,” J. Cosmet. 
Dermatol., vol. 21, no. 11, pp. 6092–6099, 2022. 

[13] A. K. Mohiuddin, “Acne Protection: Measures and Miseries,” Dermatology Clin. Res. DCR, vol. 5, 
no. 1, pp. 272–311, 2019. 

[14] Y. B. Lee, E. J. Byun, and H. S. Kim, “Potential role of the microbiome in acne: A comprehensive 
review,” J. Clin. Med., vol. 8, no. 7, pp. 1–25, 2019, doi: 10.3390/jcm8070987. 

[15] A. Palange, M. Barge, and N. Naikwadi, “Review in Acne Vulgaris along with its treatment,” Asian 
J. Pharm. Res. Dev., vol. 11, no. 3, pp. 192–196, 2024. 

[16] A. Decker and E. M. Graber, “Over-the-counter acne treatments: a review,” J. Clin. Aesthet. 
Dermatol., vol. 5, no. 5, p. 32, 2012. 

[17] H. Ojaniemi, “Developing Consumer Claims in Cosmetic Industry,” no. June, 2024. 
[18] L. Talakoub, I. M. Neuhaus, and S. S. Yu, “Antiaging cosmeceuticals,” in International Textbook of 

Aesthetic Surgery, Springer, 2016, pp. 1183–1209. 
[19] N. Nuhii et al., “ADOLESCENTS KNOWLEDGE ON THE USE OF COSMETIC AND 

DERMATOLOGICAL PREPARATIONS IN THE TREATMENT OF ACNE VULGARIS,” ACTA 



Development of a Spirulina-Infused Patch for Oil Control in the 
T-Zone of face: A Novel Approach to Skin Care 

Doi: 10.30872/jtpc.v9i1.282 

 

Journal of Tropical Pharmacy and Chemistry (JTPC) Year 2025 Vol. 9 No. 1 
p-ISSN: 2087-7099, e-ISSN: 2407-6090 

107 
 

MEDICA Balk. Int. J. Med. Sci., vol. 9, no. 17–18, pp. 205–214, 2024. 
[20] A. A. Almeman, “Evaluating the Efficacy and Safety of Alpha-Hydroxy Acids in Dermatological 

Practice: A Comprehensive Clinical and Legal Review,” Clin. Cosmet. Investig. Dermatology , vol. 17, 
pp. 1661–1685, 2024, doi: 10.2147/CCID.S453243. 

[21] C. Zhang et al., “Expert consensus on perioperative integrated skincare for noninvasive energy-
based device aesthetic procedures in clinical practice in China,” J. Eur. Acad. Dermatology Venereol., 
2024. 

[22] N. Sampattavanich, N. Chandayani, J. Intarasupht, and A. Nakakes, “An in vivo study to evaluate 
the influence of oil blotting paper on the efficacy of sunscreen,” Photodermatol. Photoimmunol. \& 
Photomed., vol. 37, no. 4, pp. 324–328, 2021. 

[23] E. Woolhiser, N. Keime, A. Patel, I. Weber, M. Adelman, and R. P. Dellavalle, “Nutrition, 
Obesity, and Seborrheic Dermatitis: Systematic Review,” JMIR dermatology, vol. 7, p. e50143, 
2024. 

[24] S. M. Mawazi et al., “A review of moisturizers; history, preparation, characterization and 
applications,” Cosmetics, vol. 9, no. 3, p. 61, 2022. 

[25] M. Maarouf, C. L. Maarouf, G. Yosipovitch, and V. Y. Shi, “The impact of stress on epidermal 
barrier function: an evidence-based review,” Br. J. Dermatol., vol. 181, no. 6, pp. 1129–1137, 
2019. 

[26] M. Chwil, R. Matraszek-Gawron, P. Terlecka, M. Skoczylas, K. Terlecki, and others, 
“Comprehensive Review of the Latest Investigations of the Health-Enhancing Effects of Selected 
Properties of Arthrospira and Spirulina Microalgae on Skin,” Pharmaceuticals, vol. 17, no. 10, p. 
1321, 2024. 

[27] A. Choopani, M. Poorsoltan, M. Fazilati, A. M. Latifi, and H. Salavati, “Spirulina: a source of 
gamma-linoleic acid and its applications,” J. Appl. Biotechnol. Reports, vol. 3, no. 4, pp. 483–488, 
2016. 

[28] A. Durairaj, K. Elumalai, and A. Shanmugam, “Cystic acne treatment: A comprehensive review,” 
Med. Adv., vol. 1, no. 4, pp. 318–329, 2023. 

[29] O. A. Al Hanbali, H. M. S. Khan, M. Sarfraz, M. Arafat, S. Ijaz, and A. Hameed, “Transdermal 
patches: Design and current approaches to painless drug delivery,” Acta Pharm., vol. 69, no. 2, pp. 
197–215, 2019. 

[30] J. A. V. Costa, G. M. Barbieri Moro, D. de Moraes Vaz Batista Filgueira, E. Corsini, and T. E. 
Bertolin, “The potential of spirulina and its bioactive metabolites as ingested agents for skin care,” 
Ind. Biotechnol., vol. 13, no. 5, pp. 244–252, 2017. 

[31] R. J. Giménez Mart\’\inez et al., “Bioactive Substances and Skin Health: An Integrative Review 
from a Pharmacy and Nutrition Perspective,” Pharmaceuticals, vol. 18, no. 3, p. 373, 2025. 

[32] B. Marjanović  et al., “Bioactive Compounds from Spirulina spp.—Nutritional Value, Extraction, 
and Application in Food Industry,” Separations, vol. 11, no. 9, p. 257, 2024. 

[33] A. AN, “EXPLORING THE PRESENCE AND SIGNIFICANCE OF UV-ABSORBING 
MYCOSPORINE-LIKE AMINO ACID IN ARTHROSPIRA PLATENSIS,” St Teresa’s College 
(Autonomous), Ernakulam, 2023. 

[34] R. Henrikson, “Earth food spirulina,” Laguna Beach, CA Ronore Enterp. Inc, vol. 187, 1989. 
[35] A. Kulshreshtha, U. Jarouliya, P. Bhadauriya, G. Prasad, P. S. Bisen, and others, “Spirulina in 

health care management,” Curr. Pharm. Biotechnol., vol. 9, no. 5, pp. 400–405, 2008. 
[36] E. G. Yilmaz, E. Ece, Ö. Erdem, I. E\cs, and F. Inci, “A sustainable solution to skin diseases: 

ecofriendly transdermal patches,” Pharmaceutics, vol. 15, no. 2, p. 579, 2023. 
[37] O. Dumitriu Buzia et al., “Strategies for improving transdermal administration: New approaches to 

controlled drug release,” Pharmaceutics, vol. 15, no. 4, p. 1183, 2023. 
[38] O. S. Kim, “Development of Photoprotective Transdermal Patches for the Controlled-Release of 



Development of a Spirulina-Infused Patch for Oil Control in the 
T-Zone of face: A Novel Approach to Skin Care 

Doi: 10.30872/jtpc.v9i1.282 

 

Journal of Tropical Pharmacy and Chemistry (JTPC) Year 2025 Vol. 9 No. 1 
p-ISSN: 2087-7099, e-ISSN: 2407-6090 

108 
 

Vitamin C Targeting Acne Vulgaris and Hyperpigmentation,” The Cooper Union for the 
Advancement of Science and Art, 2024. 

[39] T. de J. B. Vieira, “Blood Flow-Parameterized Texture Method for Rendering Facial Expressions,” 
Universidade do Porto (Portugal), 2017. 

[40] N. Tingle and N. Williams, “Hygiene and Skin Integrity,” Essent. Clin. Ski. Nurs., p. 135. 
[41] R. W. Murphree, “Impairments in skin integrity,” Nurs Clin North Am, vol. 52, no. 3, pp. 405–417, 

2017. 
[42] R. Fernandes et al., “Exploring the benefits of phycocyanin: From Spirulina cultivation to its 

widespread applications,” Pharmaceuticals, vol. 16, no. 4, p. 592, 2023. 
[43] O. Shalaby and N. Elsayed, “The Multifaceted Role of Spirulina in Environmental Sustainability: 

Applications in Aquatic Systems and Ecosystem Management,” Egypt. J. Aquat. Biol. Fish., vol. 29, 
no. 1, pp. 2631–2652, 2025. 

[44] N. U. Parekh, “Evaluation of Protective Effect of C-Phycocyanin against L-Arginine induced Acute 
Pancreatitis,” Institute of Pharmacy, Nirma University, A’bad, 2022. 

[45] S. Trehan, R. Soskind, J. Moraes, V. Puri, and B. Michniak-Kohn, “Natural Products and Stem 
Cells and Their Commercial Aspects in Cosmetics,” Cosmet. Formul., pp. 221–250, 2019. 

[46] I. Oikonomopoulos, T. Perraki, and N. Tougiannidis, “Ftir study of two different lignite lithotypes 
from neocene achlada lignite deposits in nw greece,” Bull. Geol. Soc. Greece, vol. 43, no. 5, pp. 
2284–2293, 2010. 

[47] M. Mogale, “Identification and quantification of bacteria associated with cultivated Spirulina and 
impact of physiological factors,” 2016. 

[48] P. Sharma, S. R. Modi, and A. K. Bansal, “Co-processing of hydroxypropyl methylcellulose 
(HPMC) for improved aqueous dispersibility,” Int. J. Pharm., vol. 485, no. 1–2, pp. 348–356, 
2015. 

[49] O. A. ElFar et al., “Advances in delivery methods of Arthrospira platensis (spirulina) for enhanced 
therapeutic outcomes,” Bioengineered, vol. 13, no. 6, pp. 14681–14718, 2022. 

[50] S. M. Misicna, R. Tretjakova, S. Kodors, and A. Zavorins, “Lake Zei clay application induced 
changes in human skin hydration, elasticity, transepidermal water loss and PH in healthy 
individuals,” Cosmetics, vol. 7, no. 3, p. 51, 2020. 

[51] S. Y. Byeon, M. K. Cho, K. H. Shim, H. J. Kim, H. G. Song, and H. S. Shin, “Development of a 
spirulina extract/alginate-imbedded pcl nanofibrous cosmetic patch,” J. Microbiol. Biotechnol., vol. 
27, no. 9, pp. 1657–1663, 2017. 

 


