[image: Frontiers Logo]Qualitative phytochemical profiling, antioxidant activity, and development of a water-in-oil cream containing combined oil and water infusions of frankincense resin (Boswellia spp.): a preliminary in vitro study

ORIGINAL RESEARCH
published: 28 April 2026
doi: 10.3389/jpps.2026.15609
[image: image2]
Qualitative phytochemical profiling, antioxidant activity, and development of a water-in-oil cream containing combined oil and water infusions of frankincense resin (Boswellia spp.): a preliminary in vitro study
Shamama Javed1, Ahmad Salawi1, Sivakumar S. Moni1,2, Waquar Ahsan3*, Gulrana Khuwaja3, Md Shamsher Alam3, Durgaramani Sivadasan1, Aamena Jabeen1, Maram Yahya Aziabi4, Hind Mohammed Suwaydi4, Taif Eassa M. Alajam4, Amwaj Yahya Marwai Nammazi4 and Nourah Mohammed Ahmed Kadumi4
1Department of Pharmaceutics, College of Pharmacy, Jazan University, Jazan, Saudi Arabia, 2Health Research Centre, Jazan University, Jazan, Saudi Arabia, 3Department of Pharmaceutical Chemistry and Pharmacognosy, College of Pharmacy, Jazan University, Jazan, Saudi Arabia, 4College of Pharmacy, Jazan University, Jazan, Saudi Arabia
Edited by:
Bwalya Angel Witika, Sefako Makgatho Health Sciences University, South Africa
*Correspondence:
 Waquar Ahsan, wmohammad@jazanu.edu.sa
Received: 19 September 2025
Accepted: 13 April 2026
Published: 28 April 2026
Citation:
Javed S, Salawi A, Moni SS, Ahsan W, Khuwaja G, Alam MS, Sivadasan D, Jabeen A, Aziabi MY, Suwaydi HM, Alajam TEM, Nammazi AYM and Kadumi NMA (2026) Qualitative phytochemical profiling, antioxidant activity, and development of a water-in-oil cream containing combined oil and water infusions of frankincense resin (Boswellia spp.): a preliminary in vitro study. J. Pharm. Pharm. Sci. 29:15609. doi: 10.3389/jpps.2026.15609
Background
Frankincense (gum olibanum, Boswellia spp.) is an oleo-gum resin widely used in traditional medicine and cosmetics owing to the presence of volatile oils and pentacyclic triterpenic acids (boswellic acids) with reported anti-inflammatory and antioxidant properties.
Objectives
The aim of this study was to extract and characterize oil- and water-soluble fractions of frankincense resin, evaluate their antioxidant potential, and incorporate them into a stable water-in-oil (w/o) nourishing/antiaging cream.
Methods
Frankincense resin was ground and macerated separately in sweet almond oil and Madinah rosewater to yield oil and water infusions, respectively. Qualitative phytochemical tests and FT-IR spectroscopy were employed for the characterization of both extracts and final formulations. Antioxidant potential was assessed using the DPPH assay followed by the development of a w/o cream (beeswax:almond oil:rosewater base) using combined infusions, which was evaluated for pH, viscosity, phase separation, spreadability, and thermal stability.
Results
Phytochemical screening showed presence of triterpenoids and boswellic type functionalities predominantly in the oil infusion, whereas saponins and minor alkaloids were detected in the water infusion. In the DPPH assay, significant free radical scavenging activity was observed as sample 2 showed 71% inhibition at 343.46 ± 34.2 μg/mL. The developed cream formulation showed good physical stability, acceptable pH and shear-thinning rheology.
Conclusion
A stable, all-natural w/o cream formulation was developed incorporating combined oil- and water-soluble frankincense infusions. Future studies are warranted to perform quantitative chemical analysis, in vitro skin permeation, and formal skin safety testing to ensure uninform active content, good bioavailability and tolerability prior to clinical studies.
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INTRODUCTION
From time immemorial, plants and their derived products have played a fundamental role in meeting human needs, providing food, fragrances, flavors, dyes, and medicinal agents. Among the diverse array of plant-derived materials, aromatic resins have occupied an important position due to their multifaceted uses in medicine, perfumery, cosmetics and cultural rituals. One such resin, frankincense, also known as the gum olibanum, has been a valuable commodity for commerce and continues to be an important raw material in both traditional and modern applications [1–6]. Frankincense is a natural aromatic oleo-gum resin exuded from the bark of various species of the genus Boswellia (family Burseraceae). There are 25 species in the genus Boswellia. These species can be found in many places, including North Africa, Somalia (B. carterii and B. frereana), Ethiopia (B. papyrifera and B. rivae), India (B. serrata), the Arabian Peninsula (B. sacra), and Ethiopia (B. neglecta) [7, 8]. It is primarily obtained from making deliberate incisions into the bark of mature trees leading to a fragrant exudate to seep out and subsequently harden to afford tear-shaped resin droplets. The resin is composed mainly of three fractions: volatile oil, alcohol-soluble resin, and water-soluble gum. The volatile fraction is responsible for its characteristic aroma, while the resin fraction is rich in pentacyclic triterpenic acids, also referred to as boswellic acids, responsible for majority of its therapeutic properties. On the contrary, the gum fraction consists mainly of polysaccharides and water-soluble oligosaccharides [9].
Traditionally, frankincense has been widely employed in incense burning, religious rituals, and perfumery along with its use in alternative medicine systems, including Ayurveda, Traditional Chinese Medicine, and Arabian herbal practices. Its therapeutic potential is associated with a variety of biological activities such as antimicrobial, antioxidant, anti-inflammatory, and anti-proliferative properties [10–13]. The boswellic acids present in the resin includes β-boswellic acid, 11-keto-β-boswellic acid (KBA), and acetyl-11-keto-β-boswellic acid (AKBA) (Figure 1). These acids are pentacyclic triterpenoids and have been reported to modulate inflammatory pathways by inhibiting the activity of pro-inflammatory enzymes, including 5-lipoxygenase and human leukocyte elastase [14]. The volatile fraction of frankincense contains a complex mixture of monoterpenes, diterpenes, and sesquiterpenes, contributing to its aroma and pharmacological effects.
[image: Three labeled chemical structure diagrams show steroid compounds: panel A contains ursodeoxycholic acid, panel B contains chenodeoxycholic acid, and panel C contains tauroursodeoxycholic acid, each displaying characteristic ring systems and side chains.]FIGURE 1 | Chemical structures of the major triterpenoids present in frankincense resin (Boswellia sp.). (A) β-boswellic acid; (B) 11-keto-β-boswellic acid; and (C) acetyl-11-keto-β-boswellic acid.The dermatological application of frankincense is supported by several mechanisms of action including new cell generation, enhancement of skin elasticity, reduction of depth and appearance of wrinkles, and by soothing dry and irritated skin [15]. These effects are results of its combined anti-inflammatory and antioxidant actions in addition to the ability of lipophilic terpenoids to penetrate stratum corneum resulting in the modulation of dermal processes. Moreover, frankincense extract is known to mitigate oxidative stress, a major contributor to skin aging, and therefore it may offer protection against photo-aging and environment-related skin damage. In a previous study, frankincense was reported to lower levels of intracellular cell adhesion molecule 1 (ICAM1) and interferon gamma-induced protein 10 (IP-10) in vitro, two significant inflammatory indicators causing unexpected skin sensitivity [16]. Frankincense-containing formula could alleviate itching and erythema in individuals with erythematous eczema and psoriasis, as evidenced by in vivo experiments confirming its anti-inflammatory action [17]. The gum resin extracted from B. serrata was utilized for a number of skin conditions. Through the TLR7/8 route, acetyl-11-keto-β-boswellic acid prevented dendritic cells from secreting cytokines in vitro and in a mouse model of imiquimod-induced psoriasis [18]. In extremely metastatic melanoma, boswellic acid acetate induced apoptosis and differentiation [19, 20].
From a formulation perspective, frankincense resin presents a unique opportunity owing to the complementary bioactive components present in both its water- and oil-soluble fractions. The water-soluble fraction is rich in polysaccharides which can contribute to skin hydration and support the skin barrier, while the oil-soluble fraction is rich in triterpenoids and essential oils which is well-suited for lipid-based delivery systems. Incorporating both fractions in a single topical formulation would lead to synergistic effects, and thereby could maximize the therapeutic potential of the resin. A water-in-oil (w/o) emulsion system is particularly suitable for such application as it can efficiently incorporate both lipophilic and hydrophilic components, providing an occlusive effect to reduce trans-epidermal water loss and enhance the stability of sensitive active ingredients [21].
Given these considerations, the present study was designed to prepare oil and water infusions of locally procured frankincense resin separately, characterize, and evaluate them for their antioxidant potential. This was followed by the development of w/o nourishing and anti-aging cream by incorporating both oil- and water-soluble infusions. Eventually, the physical, chemical, and stability parameters of the final formulation was evaluated to determine its suitability for cosmetic applications. By combining traditional folklore and modern analytical formulation techniques, this work was aimed to provide a scientific basis for the topical application of frankincense resin, potentially contributing to the development of effective and all-natural anti-aging skincare product.
MATERIALS AND METHODS
Materials
Frankincense resin (gum olibanum) was procured locally from Elhekma company, Jazan, Saudi Arabia. Sweet almond oil (NOW® Solutions, Bloomingdale, IL, USA), used as lipophilic extraction medium, was purchased from a herbal pharmacy, while Madinah rosewater (Nada Rabee company, Madinah, Saudi Arabia) was obtained from a commercial supplier in Madinah, Saudi Arabia. Beeswax and other standard laboratory reagents were of analytical grade and were purchased from Sigma Aldrich (Steinheim, Germany). FT-IR Spectra were recorded using a SHIMADZU-IRSpirit-T spectrophotometer (Kyoto, Japan), while the UV-Vis spectrophotometric readings were recorded using a Cary 100 Bio UV-Vis spectrophotometer (Agilent Technologies, USA).
Preparation of frankincense infusions
The frankincense resin was first ground into fine powder using a household coffee grinder to increase the surface area for extraction. The powdered resin was then divided into two equal portions for the preparation of oil- and water-soluble infusions.
Oil infusion
10 g of finely powdered resin was suspended to 40 g of sweet almond oil. The mixture was heated to 75 °C for 1 h with occasional stirring to facilitate dissolution and then allowed to stand at room temperature for 3 days to allow maximum extraction of the lipophilic constituents. After the extraction period, mixture was filtered through muslin cloth to remove undissolved material, yielding the oil infusion of frankincense.
Water infusion
A separate 10 g portion of powdered resin was suspended in 40 g of Madinah rosewater and similar to the oil-infusion, the mixture was warmed to 75 °C for 1 h and then left to stand at room temperature for 3 days. After the maceration process is over, the infusion was filtered to remove undissolved particles, yielding the water infusion.
Both the prepared infusions were stored in amber-colored bottles under refrigerated conditions until further use in phytochemical analysis, antioxidant assays, and formulation development.
Qualitative phytochemical analyses
The oil and water infusions were subjected to standard qualitative chemical tests to preliminarily identify the major phytoconstituents of frankincense resin, particularly triterpenoids such as boswellic acids, along with other resinous and volatile components. Common chemical tests were employed in this study to determine authenticity and chemical nature of the resin. The intensity of reactions was recorded qualitatively as negative (−), trace (+/−), present (+), moderately present (++), or strongly present (+++).
Salkowski test (for triterpenoids and steroids)
A small amount of the resin infusion was dissolved in chloroform. A few drops of concentrated sulfuric acid were carefully added along the side of the test tube. A reddish-brown or golden-yellow color at the interface indicated the presence of triterpenoids or steroids [22].
Liebermann-Burchard test (for triterpenoids)
The infusions were dissolved in acetic anhydride. A drop or two of concentrated sulfuric acid were added slowly. A color change from pink to purple or blue-green indicated the presence of triterpenoids or sterols [23].
Acetylation test (for hydroxyl groups in boswellic acids)
The resin infusion was treated with acetic anhydride and a few drops of concentrated sulfuric acid were added and heated gently. Formation of a greenish or bluish coloration confirmed hydroxyl groups in triterpenoid acids [24].
Foam test (for saponins)
The resin infusion was dissolved in water and shaken vigorously. Persistent foam formation indicated the presence of saponins, which are sometimes present as minor constituents [25].
Fehling’s test (for reducing sugars, if present as impurities)
The resin infusion was dissolved in water and equal volumes of Fehling’s A and B solutions were added and heated gently. Formation of a red or orange precipitate indicated presence of reducing sugars [22].
Ferric chloride test (for phenolic compounds)
1-2 drops of 5% ferric chloride solution were added to both the resin solutions. A deep blue, green, or purple color indicated the presence of flavonoids [22].
Alkaloid tests
Dragendorff’s test
To the powdered drug or infusion, upon adding the Dragendorff’s reagent (Potassium iodide + Bismuth nitrate), appearance of orange red color precipitate indicated presence of alkaloids [22].
Mayer’s reagent test
To the powdered drug or infusion, upon adding the Mayer’s reagent (Potassium mercuric iodide) formation of cream color precipitate showed the presence of alkaloids [26].
Hager’s reagent test
To the powdered drug or infusion, upon adding the Hager’s reagent (saturated solution of picric acid), development of an orange yellow precipitate indicated presence of alkaloids [27].
Wagner’s reagent test
To the powdered drug or infusion, upon adding the Wagner’s (Iodine solution) reagent, formation of a brown flocculent precipitate indicated presence of alkaloids [28].
Antioxidant activity
The antioxidant activities of frankincense infusions were determined using the 2,2-Diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging assay. The samples were coded as Sample 1 (plain almond oil), Sample 2 (oil infusion of frankincense resin), Sample 3 (plain rosewater), and Sample 4 (rosewater infused frankincense resin). A 0.024 mg/mL solution of DPPH was prepared by dissolving 2.4 mg of DPPH in 100 mL methanol. Serial dilutions of each test sample (Sample 1 – Sample 4) and the standard antioxidant gallic acid were prepared in methanol to obtain different concentrations. For each assay, 5 µL of the respective sample or standard was added to 3.995 mL of the DPPH solution in a test tube. The reaction mixtures were mixed vigorously and incubated in the dark at room temperature for 30 min to allow complete reaction between the antioxidant compounds and the DPPH radicals. A control solution containing DPPH and methanol without sample or standard served as a blank to determine baseline absorbance. After incubation, the absorbance of each mixture was measured at 517 nm against blank using a UV-Vis spectrophotometer. All measurements were performed in triplicate to ensure accuracy and reproducibility and the results are expressed as mean ± standard deviation (SD) [29, 30]. Antioxidant activity was expressed as a percentage inhibition of DPPH radicals and calculated using the following equation:
% Inhibition=Acontrol −AsampleAcontrol×100
Where Acontrol is the absorbance of the DPPH solution without sample, and Asample is the absorbance with the test sample.
Formulation of w/o frankincense cream
A w/o emulsion-based cream was formulated by incorporating both oil and water infusions of frankincense. The formulation process included several stages starting from preparation of oil phase by combining oil infusion (30 g) with beeswax (7.5 g) and heating to 75 °C until the beeswax is melted completely. This was followed by preparation of aqueous phase where the water infusion (14–23 g, depending upon the formulation batch) was heated separately to the same temperature (Table 1). Eventually, the aqueous phase was added slowly into the oily phase with continuous stirring until both the phases were mixed properly. The cream formulation was removed from heat and kept stirring at room temperature until it was cooled and thickened, yielding a smooth and homogeneous w/o cream. A plain cream was also formulated following the same procedure using plain almond oil and rosewater, but without frankincense extracts.
TABLE 1 | Ingredients and their proportions used in formulation development.	Ingredients	Weight by part	Weight in grams	Uses
	Beeswax	1 part	7.5 g	Emulsifier
	Sweet almond oil infusion	4 parts	30 g	Oily phase
	Rosewater infusion	2/3 parts	14/23 g	Water phase


Evaluation of cream formulations
The prepared cream formulations were subjected to a series of physicochemical evaluations [31].
Organoleptic properties
Physical properties such as appearance, color, odor, and texture of developed cream formulations were recorded visually.
Determination of pH
The pH was measured by dispersing 0.5 g of the cream formulation in 50 mL of distilled water and recording the value with a calibrated digital pH meter.
Viscosity
Viscosity of the developed cream formulation was determined using Brookfield viscometer (SHIMADZU, Japan) at 25 ± 0.5 °C following standard procedures reported for topical formulations [32], and the results were expressed in centipoise (cP). The rheological behaviour of the formulation was evaluated by recording viscosity at different spindle speeds.
Spreadability
Spreadability of the formulation was evaluated by the slip-and-drag method, measuring the time required for two glass slides with cream between them to slip under specified weight [33].
Phase separation
Cream formulations were stored at varying temperatures of 4 °C, 25 °C, and 40 °C and were inspected at set intervals (24 h, 7 days, 14 days, 28 days) for any signs of clear layers, oiling-out, or water pooling. Three freeze-thaw cycles were run and re-inspected.
Consistency
The consistency of the developed cream formulations was assessed by spreading the formulations on skin and observing its ease of application and feel.
Liquefaction
Cream samples were placed in marked vials at graded temperatures (40 – 60 °C) and inverted at defined times (0.5, 1, 2, 4, 24 h) and any continuous flow was observed. Time-to-flow and signs of oil pooling, if any, was recorded and the lowest temperature at which continuous flow begins, was noted.
Thermal behaviour
Heating-cooling stability of formulations was assessed at 4 °C for 24 h then 40 °C for 24 h per cycle for 3 consecutive cycles. Any visible changes or phase separation was observed after each cycle.
Grittiness
Grittiness of the formulation was assessed by gently rubbing the cream between fingers and observing under a microscope for the presence of coarse particles.
Washability
Washability was assessed by applying the cream formulation to skin and washing off with tap water, observing ease of removal.
Rheological behaviour
The rheological behaviour of cream formulation was measured with the help of Brookfield viscometer. 50 g of cream formulation was transferred to a 100 mL beaker and equilibrated at 25 ± 0.5 °C for 30 min. Suitable spindle was selected and immersed so that the cream covered the spindle mark. Viscosity values were recorded at different spindle speeds (5 – 100 rpm) to observe change in viscosity with shear rate [34].
Stability studies
The stability studies were carried out by storing the creams at different temperatures (4 °C, room temperature, and 40 °C) and under freeze-thaw cycles. Visual observations were made for phase separation, liquefaction, or other signs of instability.
FT-IR spectroscopy
The chemical characteristics of frankincense resin sample (S1), oil infusion (S2), water infusion (S3), plain cream formulation without frankincense (S4), and the cream formulation with combined frankincense infusions (S5) were evaluated using FT-IR spectroscopy to evaluate any possible interactions between the infusions and excipients. The FT-IR spectra were recorded over a transmittance range of 4,000 – 400 cm−1 and at a resolution of 4 cm−1 using silicone discs and major absorption peaks were assigned based on known characteristic frequencies.
RESULTS
Phytochemical profiling
The qualitative phytochemical profiling of frankincense oil and water infusions was performed using standard qualitative tests for the detection of terpenoids, steroids, saponins, alkaloids, and phenolic compounds and the results revealed distinct differences in the types of secondary metabolites extracted into each medium (Table 2). The oil infusion exhibited strong positive reactions for triterpenoids and steroids as observed in the Salkowski test and Liebermann-Burchard test, which was consistent with the lipophilic nature of these compounds. The hydroxyl functional groups were also predominantly detected in the oil infusion by the acetylation test, reflecting the presence of alcohol-containing triterpenoids and boswellic acid derivatives. On the contrary, the water infusion showed a positive foam test indicating presence of saponins, as well as trace amounts of alkaloids as detected by the Dragendorff’s and Mayer’s reagent tests. Reducing sugars were also weakly detected, while phenolic compounds gave faint responses with the ferric chloride reagent. These findings suggested that the oil infusion consisted primarily of the lipophilic terpenic and resinous components, while the water infusion showed presence of hydrophilic polysaccharides, saponins, and small amounts of alkaloids.
TABLE 2 | Results of phytochemical analysis of oil and water infusions of frankincense resin.	S. No	Phytochemicals	Test	Blank 1 (rosewater only)	Water infusion of resin	Blank 2 (almond oil only)	Oil infusion of resin
	1	Triterpenoids and steroids	Salkowski test	−	−	+++	+++
	2	Triterpenoids	Liebermann-Burchard test	−	−	−	+++
	3	Hydroxyl groups in boswellic acids	Acetylation test	−	−	+	+
	4	Saponins	Foam test	−	+++	+	+
	6	Reducing sugars	Fehling’s test	−	+	−	−
	6	Carbohydrates	Molisch test	−	+	−	+
	Resorcinol test	−	+	−	+
	7	Phenolic compounds	Ferric chloride test	−	+	−	−
	8	Alkaloids	Dragendorff’s test	−	+	−	−
	Mayer’s test	−	+	−	−
	Hager’s test	−	+	−	−
	Wagner’s test	−	+	−	−


Antioxidant activity
The DPPH assay is a widely used method to evaluate the free radical scavenging ability of compounds. The antioxidant potential of four treatment groups was evaluated based on their concentration (µg/mL) using the DPPH radical scavenging assay and the results are shown in Figure 2. The percentage inhibition of DPPH radicals and the corresponding antioxidant concentrations (expressed in µg/mL) for four different samples, labeled as sample 1 (plain almond oil), sample 2 (oil infusion of frankincense resin), sample 3 (plain rosewater), and sample 4 (rosewater infusion of frankincense resin) are presented in Table 3. Among the samples, sample 2 exhibited highest antioxidant activity with a 71% inhibition and a corresponding concentration of 343.46 ± 34.2 μg/mL, indicating strong free radical scavenging ability of the sample. Sample 4 and sample 3 also showed good antioxidant activities with inhibition rates of 57% and 53%, and concentrations of 275.74 ± 46.4 μg/mL and 256.39 ± 38.9 μg/mL, respectively. Sample 1 showed the lowest antioxidant activity, with a 40% inhibition and a concentration of 193.50 ± 28.1 μg/mL. As evident from the results, a positive correlation between % inhibition and the antioxidant concentration were observed, suggesting that higher concentrations were associated with greater free radical scavenging activity. Results showed varying degrees of antioxidant potential among the samples, with sample 2 demonstrating the most potent activity. Overall antioxidant activity of tested samples followed the order: sample 2 > sample 4 > sample 3 > sample 1. These differences highlighted the potential influence of different phytochemical compositions of the samples. Strikingly high activity in sample 2 makes it a promising candidate for applications related to oxidative stress or as a natural antioxidant source in pharmaceutical or nutraceutical formulations.
[image: Bar chart titled DPPH Radical Scavenging Activity comparing concentrations in micrograms per milliliter for five samples: almond oil (198.5), frankincense oil infusion (343.46), rosewater (275.74), frankincense water infusion (256.39), and standard gallic acid (483.75), with error bars shown for each sample.]FIGURE 2 | DPPH radical scavenging activity of different samples 1-4 and standard gallic acid (positive control). Values are expressed as mean ± SD (n = 3). Sample 1: plain almond oil; sample 2: almond oil infusion of frankincense resin; sample 3: plain rosewater; and sample 4: rosewater infusion of frankincense resin.TABLE 3 | Percentage inhibition and corresponding antioxidant concentrations of tested samples as determined by the DPPH assay.	Samples*	% inhibition	Concentration (µg/mL)
Mean ± SD
	Sample 1	40	193.50 ± 28.1
	Sample 2	71	343.46 ± 34.2
	Sample 3	53	256.39 ± 38.9
	Sample 4	57	275.74 ± 46.4
	Standard (gallic acid)	97	483.75 ± 27.4


*Sample 1: plain almond oil; sample 2: almond oil infusion of frankincense resin; sample 3: plain rosewater; and sample 4: rosewater infusion of frankincense resin.
Evaluation of cream formulation
The plain and combined infusion cream formulations were analyzed on the basis of various evaluation parameters to ensure the development of formulation with desired properties. The observations are summarized in Table 4.
TABLE 4 | Physicochemical evaluation of plain and combined infusion cream formulations.	Parameters	Plain formulation	Combined infusion formulation
	Color	White	Fawn
	Feel	Smooth	Smooth
	Odour	Odourless	Pleasant
	Homogeneity	Satisfying	Homogenous
	pH	7.55	7.28
	Viscosity (cP)	1350	1200
	Phase separation	Little phase separation	No phase separation
	Consistency	Good	Softer
	Liquefaction	Immediate	Delayed
	Thermal behaviour	Found in stable state at room temperature (25 °C), refrigerator (4 °C) and at 40 °C for 3 consecutive cycles	Found in stable state at room temperature (25 °C), refrigerator (4 °C) and at 40 °C for 3 consecutive cycles
	Grittiness	None	None
	Spreadability	8–10 s	7 s
	Washability	Difficult to wash	Easily washable


Organoleptic properties
The plain formulation exhibited a stark white color, while the infusion-based formulation showed a more appealing fawn color. This color variation is attributed to the presence of natural pigments in the infusions, which could impart a subtle color to the final product. Both the formulations showed smooth texture, indicating desirable tactile experience for the end-user. A smooth texture is crucial for cosmetic products, as it ensures easy application and minimizes discomfort during use. A significant difference was observed in the odor profile of both the products as the plain formulation was odourless, while the infusion-based formulation had a pleasant aroma owing to the presence of volatile oils and terpenoids in the infusion. Both formulations demonstrated satisfactory level of homogeneity, suggesting uniform distribution of ingredients throughout the product. A homogeneous product ensured consistent performance and prevented the separation of components, which is crucial for maintaining product stability and efficacy.
Determination of pH
The plain cream formulation exhibited a pH of 7.55, while the infusion-based formulation displayed a slightly lower pH of 7.28, which falls within the acceptable range for topical formulations, though slightly higher than the natural skin surface pH.
Viscosity
The viscosity of frankincense cream was observed to be lesser than the plain cream formulation, and was calculated to be approximately 1,200 cP, which indicated adequate thickness and stability suitable for topical applications. The rheological behaviour observed was shear-thinning, which is typical for non-Newtonian fluids and crucial for the ease of application. It is desirable for cream formulations as it allows easy spreading under mechanical stress while maintaining stability at rest.
Spreadability
Spreadability was tested by spreading the formulations between glass slides under applied weight and it was observed that the creams had variable spreading patterns. Plain formulation (8–10 s) took longer to spread than the infusion-based formulation (7 s).
Phase separation
In contrast to the plain cream formulation where a little phase separation was observed, the combined infusion-based formulation demonstrated no visible phase separation during the stability tests, suggesting good compatibility of the oil and water phases with the emulsifiers used (Figure 3). Incorporating natural resins and plant extracts stabilized the cream matrix, which might be due to the interaction between emulsifiers and active components [35].
[image: Four labeled panels show beakers containing thick, creamy, or paste-like substances in pale yellow and off-white colors, each with a glass stirring rod. Panels A and C depict the substance clinging to the rod, while panels B and D show variations in texture and consistency.]FIGURE 3 | Photographic representation of stability evaluation of the frankincense cream, formulation under different storage conditions including (A) Day 0 at room temperature; (B) under refrigerated conditions (4 °C); (C) plain cream formulation at day 0 at room temperature; and (D) frankincense cream formulation at accelerated temperature 40 °C.Consistency
The addition of frankincense infusion resulted in a slightly softer consistency compared to the plain formulation, which might be due to the resin’s unique composition of polysaccharides and volatile oils. This was also influenced by the lipid content, emulsifiers, and the effect of infusions on the cream matrix.
Liquefaction
The extract formulation showed delayed liquefaction compared to the plain formulation, indicating improved thermal stability. Studies involving other herbal-based creams, such as those formulated with Lavandula angustifolia and Aloe vera also reported enhanced stability due to the presence of bioactive compounds that reinforce the structural matrix [36, 37].
Thermal behaviour
The incorporation of frankincense infusion to the cream formulation improved the its thermal behaviour, as evidenced by its stability over a wide range of temperatures. The interaction between the resin’s boswellic acids and the cream’s lipid phase might have contributed to the enhanced thermal resilience (Figure 3D). It was consistent with the findings reported for the formulations containing natural resins and gums, where the complex molecular structures provided thermal resistance [38].
Grittiness
No gritty particles were found in both the formulations while observing under the microscope and when pressed between fingers.
Washability
The frankincense infusion-based cream could easily be removed upon washing, while the plain formulation was comparatively difficult to wash.
Rheological behaviour
Creams are characterized by their semi-solid nature and respond differently when subjected to stress (force). The cream sample under examination was identified as shear-thinning, as a decrease in viscosity was observed with an increase in stress. This behaviour was a prevalent form of time-independent non-Newtonian fluid dynamics, which is closely associated with the spreadability of cosmetics when applied to human skin [39] (Figure 4).
[image: Line graph illustrating the rheological study of a cream formulation shows viscosity in centipoise decreasing as spindle speed in revolutions per minute increases. An inset table provides exact measurements at each speed level.]FIGURE 4 | Rheological behaviour of frankincense cream formulation showing effect of spindle speed on viscosity using Brookfield viscometer at 25 °C. The decrease in viscosity with increasing spindle speed indicated pseudoplastic (shear-thinning) behaviour of the formulation.FT-IR spectroscopic analysis
The overlay and stacked FT-IR spectra of samples in the order S1, S2, S3, S4, S5 at mid infrared (IR) region (4,000-500 cm−1) are shown in Figures 5A,B. In this study, the selection of samples relied on its availability in the cream formulation. The spectra of S4 (plain cream formulation without resin) and S5 (final cream formulation with resin) appeared to be similar indicating no interaction between the natural components and appearance of typical characteristic of absorption bands. Each peak in FT-IR spectra corresponded to functional groups responsible for IR absorption. In S1 (pure frankincense resin), FT-IR spectrum exhibited an absorption peak at 3,382 cm-1 caused by asymmetric stretching vibrations of -OH functional group. Several other bands were also observed at 2,971, 1711, 1,452, 1,378, 1,264, 1,048 and 880 cm−1 which can be attributed to stretching vibrations -C-H, -C=O stretching vibrations, N-H bending vibrations in a plane, C-H bending vibrations, C-O stretching vibrations, C-C bending vibrations, and N-H out-of-plane bending vibrations respectively. These results were concordant with the FT-IR analysis of frankincense resin present in the literature [40]. In S2 (almond oil infusion of frankincense resin), absorption peaks were observed at 3,471, 2,925, 1744, 1,462, 1,376, 1,240, 1,026 and 724 cm−1. This clearly indicated that the oil soluble components from resin were successfully infused in plain almond oil. In S3 (Madinah rosewater infusion of frankincense resin), modified absorption peaks were observed at 3,390, 2,925, 1867, 1741, 1,645, 1,514, 1,454, 1,427, 1,070 cm−1. These could be due to the presence of water-soluble resin components in rosewater.
[image: Panel A displays an overlaid Fourier-transform infrared (FTIR) spectroscopy graph with five distinct spectra in different colors, each labeled S1 to S5, showing transmittance versus wavenumber. Panel B contains five individual FTIR spectra labeled S1 through S5, each showing characteristic peaks and wavenumber values on the x-axes and intensity on the y-axes, with key absorption peaks annotated for each sample.]FIGURE 5 | (A) Overlay; and (B) stacked FT-IR spectra of pure frankincense resin (S1), oil infusion (S2), water infusion (S3), plain cream formulation (S4) and combined infusion formulation (S5). The preservation of characteristic absorption peaks indicated successful incorporation of frankincense constituents into the cream matrix without chemical interaction.Sample S4 (plain cream formulation without frankincense resin) showed no absorption band characteristic to frankincense resin indicating its absence from the formulation. Lastly, in S5 (frankincense cream formulation containing combined infusions of resin), absorption bands were found intact at 3,451, 2,921, 1744, 1,462, 1,375, 1,238, 1,029, and 723 cm−1 indicating the presence of all functional groups corresponding to the frankincense resin. It also showed peaks at 1,653, 1,514 cm-1 similar to the S3 sample. The purpose of this study was to ensure that the final frankincense resin-based cream formulation possessed all the oil and water-soluble resinous components of frankincense for maximum skincare activity and no interaction was observed between the frankincense constituents and the cream base. The cream matrix maintained the structural integrity of the active phytochemicals. These findings support the successful incorporation of both hydrophilic and lipophilic components of frankincense into the w/o cream formulation without compromising their functional groups.
DISCUSSION
The present study focuses on identification, qualitative chemical profiling and a conventional cream formulation development of combined infusions of frankincense resin. It sought to combine the traditional knowledge of frankincense use with modern phytochemical and formulation approaches, resulting in the successful development of w/o nourishing and anti-aging cream containing both oil- and water-soluble fractions of the resin. The two infusions showed distinct phytochemical compositions, contributing to antioxidant activity and stability of the developed formulation, thereby providing a strong scientific rationale for its potential application as a dermocosmetic agent. An all-natural skincare formulation was developed which consisted of pure frankincense resin infusion, pure almond oil, beeswax and Madinah rosewater as main ingredients. Frankincense essential oil has been reported to have anti-inflammatory, antibacterial and antioxidant properties that benefit all skin types, including acne and blemish-prone skin, wrinkles, and dry skin [15].
Essential oils and plant-derived extracts have garnered increasing attention in pharmaceutical and cosmeceutical research owing to their diverse biological effects including antioxidant, antimicrobial, and anti-inflammatory. These natural products have long been widely investigated for their potential applications in formulations intended for dermatological and skin-care products [41, 42]. Frankincense essential oil is known to stimulate new cell production, preserves skin elasticity, and relieves dry and chapped skin [43]. It is an effective antiwrinkle and antiaging agent that may also be used to treat psoriasis and dermatitis [44, 45]. Beeswax is a hydrophobic compound, which is structurally a complex mixture of alkanes, alkenes, free fatty acids, monoesters, diesters, and hydroxy-monoesters, and is useful in skin care products as natural a natural emulsifier [46]. It is generally an essential part of any cream formulation as it thickens the cream and keeps the oil and water phases of the cream from separating. It also acts as an occlusive, which helps to create a semi-occlusive skin barrier that minimizes trans-epidermal water loss; an emollient, which softens and soothes the skin; and a humectant, which locks in hydration in the skin [47]. High amounts of propolis in beeswax contribute to its antimicrobial [48], antioxidant [49], and anti-inflammatory properties [50]. Almond oil is widely used to soothe and moisturize the skin. It is also rich in vitamin E, which helps protect the skin from harmful UV radiation. Therapeutic properties of almond oil include anti-inflammatory, immune-stimulating, and anti-hepatotoxic activities [51]. Madinah rosewater was used instead of plain water as it has a cooling impact on the skin, has good aroma, and rose extracts themselves are considered as a good source of antioxidants. Additionally, it has antibacterial effects on a variety of microflora, anti-inflammatory, moisturizing, and soothing properties [52].
Qualitative chemical analysis confirmed that the oil infusion was rich in triterpenoids and related boswellic acid-type constituents, whereas the water infusion consisted primarily of saponins, polysachharides, and trace amount of alkaloids. The detection of hydroxyl and carbonyl functional groups in FT-IR spectra further supported the presence of boswellic acids and associated terpenoids in the oil extract. Incorporating both the fractions in a single formulation may allow for broader therapeutic coverage as the anti-inflammatory and antioxidante effects of triterpenoids are combined with the moisturizing and emulsifying properties of polysaccharides and saponins. Phytochemicals from B. serrata and B. carterii were identified previously, where the ratio of AKβ-BA (acetyl-11-keto-β- boswellic acid) to Kβ-BA (11-keto-β-boswellic acid) differed significantly [53]. In another similar study, it was revealed that the resinous portion of B. serrata contained monoterpenes, diterpenes, triterpenes, tetracyclic triterpenic acids, and four main pentacyclic triterpenic acids, which were responsible for inhibiting pro-inflammatory enzymes [54]. Acetyl-11-keto-β-boswellic acid was the most effective of these boswellic acids at inhibiting the inflammation-causing enzyme 5-lipoxygenase.
The DPPH radical scavenging assay demonstrated that the almond oil infusion of frankincense resin possessed the highest antioxidant activity, followed by the rosewater infusion, plain rosewater, and plain almond oil. The stronger antioxidant action of the oil infusion could be attributed to the abundance of lipophilic boswellic acids and terpenoids in the infusion, many of which have been reported to neutralize free radicals and modulate oxidative pathways. While the rosewater infusion exhibited comparatively weaker antioxidant activity, its inclusion in the formulation will further contribute to its overall antioxidant potential. Any skincare formulation containing bioactives of high antioxidant potential help neutralise the free radicals, thereby preventing the damage caused by reactive oxygen and reactive nitrogen species. The antioxidant potential of frankincense resin is well documented in the literature [55, 56].
Anti-photoaging effect of frankincense (B. papyrifera (Del.) Hochst., family Burceraceae) was studied recently in an in vivo model. Superior anti-aging effect of frankincense oil were observed compared to epigallocatechin gallate. The frankincense oil was subsequently formulated in solid lipid nanoparticles through high shear homogenization process to improve solubility and skin penetration characteristics [15]. In another study, antioxidant activity of frankincense oil was evaluated with DPPH and ABTS methods with the resulting inhibition of 73.88 ± 0.35% of DPPH radical and 97.09 ± 0.48% of ABTS radical cation was reported [57]. In another study reported earlier, antioxidant properties of various solvent extracts (methanol, ethanol, acetone, water) of Indian frankincense (B. serrata) oleogum resin were carried out by DPPH radical scavenging activity, reducing power assay, total antioxidant capacity, and oxidative stability index (Rancimat test). Various solvent extracts of B. serrata showed varying degrees of antioxidant activity in different test systems in a concentration dependent manner. Methanol was found to be the most efficient solvent for extraction of antioxidants from B. serrata and exhibited strongest antioxidant potential in all assays used [58].
Apart from having a high antioxidant potential, frankincense resin also has anti-inflammatory, antifungal and antibacterial properties, offering new possibilities for its use as an active skincare agent. TNFα, IL-1β, and IL-6 are examples of pro-inflammatory cytokines that are crucial to the inflammatory response and the regulation of both acute and chronic inflammation is significantly influenced by these inflammatory cytokines [59]. Monoterpenes, diterpenes, triterpenes, tetracyclic triterpenic acids, and four primary pentacyclic triterpenic acids—l-boswellic acid, acetyl-l-boswellic acid, 11-keto-l-boswellic acid, and acetyl-11-keto-l-boswellic acid—are all present in the resinous portion of B. serrata, which are known to downregulate these pro-inflammatory cytokines [54].
The w/o cream formulation prepared using combined oil- and water-infusions of frankincense resin demonstrated favourable physicochemical properties suitable for topical use, including smooth texture, uniformity, viscosity and an acceptable pH of 7.28. Notably, stability studies revealed no evidence of phase separation, liquefaction, or grittiness under different thermal conditions and freeze-thaw cycles, indicating the robustness of the emulsion system. Rheological assessment indicated shear-thinning behaviour, which is a desirable attribute of a cream formulation ensuring ease of spread upon application while maintaining stability at storage. The FT-IR analysis of infusions and formulations provided important data about the integrity of chemical composition as major functional groups of frankincense resin were retained in the final cream formulation. The active constituents remained intact within the cream base and no significant interactions with excipients were noticed. Comprehensive biological evaluation of plant-derived bioactive components often requires a combination of in vitro, ex vivo, and in vivo studies to fully establish their therapeutic potential [60].
Limitations of the study and future directions
Despite promising results, this study has several limitations as it represents a preliminary formulation development and in vitro evaluation study. The phytochemical characterization of the infusions was limited to qualitative screening; therefore, future investigations are warranted to quantify specific boswellic acids, terpenes, and polysaccharides using advanced chromatographic methods such as HPLC, LC-MS, or GC-MS, which would further help correlate phytochemical constituents with the observed antioxidant activity. Similarly, the antioxidant potential was assessed only by the DPPH assay, which, although widely employed, represents a chemical model rather than having biological relevance. Complementary assays and in vitro cell-based antioxidant or anti-inflammatory models could be performed. Future studies should also include cytotoxicity assays using keratinocyte or fibroblast cell lines together with the skin compatibility studies to further examine the dermatological applicability of the developed formulation. Molecular docking analysis, cell-based assays, and mechanistic investigations can also be performed to better understand the interaction of boswellic acids and related phytoconstituents with molecular targets involved in the oxidative stress and skin aging pathways. Statistical optimization approaches such as factorial design and response surface methodology can be applied for the development and optimization of formulation to improve drug delivery performance. Additionally, a pH of 7.28 is although in a tolerable range of pH of topical formulation, it is slightly higher than the skin surface pH (∼5.5) and this could have effect on long-term tolerability. Further formulation adjustments are needed to bring the cream closer to the skin pH. Lastly, formal in vivo and ex vivo evaluation such as skin permeation studies, and irritancy/sensitization testing are essential to substantiate the claims of anti-aging and dermocosmetic efficacy. Future investigation may also explore advanced delivery systems and permeation-enhancing formulations to further improve dermal bioavailability of frankincense constituents. Considering the reported antimicrobial properties of frankincense resin, future investigations may also focus on assessing antibacterial activity of the developed formulation against common skin pathogens. These additional investigations are needed to be performed to establish the pharmacological relevance, safety profile, and dermal bioavailability of the bioactive components of frankincense prior to clinical applications.
Conclusion
In conclusion, the present study demonstrated extraction, characterization, and development of a stable w/o cream formulation incorporating a combined extract of frankincense resin, holding great promise for potential dermatological applications. The formulation has successfully eliminated commonly used ingredients such as alcohol, mineral oil, sodium lauryl sulfate, parabens, phthalates, and propylene glycol, making it a desirable option for individuals seeking all-natural skincare products free from these substances. The developed formulation showed favorable physicochemical characteristics and encouraging antioxidant activity, indicating its potential application as natural dermocosmetic preparation for skin protection against oxidative stress and photo-aging. However, further dermatological studies are warranted to evaluate the formulation’s safety on the skin, specifically to assess its potential for causing skin irritation and erythema. While encouraging, the present work represents a preliminary step in the scientific validation of frankincense-based formulations. With its dual oil- and water-soluble bioactive fractions, frankincense resin provides a unique opportunity in the development of multifunctional, natural anti-aging creams. Future comprehensive studies shall provide valuable insights into the formulation’s suitability for use in skincare products and ensure its compatibility with the skin, reinforcing its potential as a safe and effective ingredient.
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