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Abstract
Introduction: Avocado and rosehip oils are examples of oils that can help treat various skin conditions. On the other hand, avocado and rosehip oils are not usually found in the compositions of facial moisturizers. It is frequently used in the formulation process of skin serums. Avocado and rosehip oil possess various beneficial properties, including the treatment of wounds and skin inflammation, reduction of scars, minimization of wrinkles, and treatment of acne. This study aimed to develop and characterize a moisturizing cream formulation utilizing rosehip oil and avocado oil, and to investigate the anti-acne effect of the formulated moisturizer against Staphylococcus epidermidis. Methods: An anti-acne moisturizing cream was formulated using rosehip and avocado oil. The physicochemical properties and the stability of the cream were evaluated. The anti-acne activity of the cream was analyzed using the well diffusion method. Results: The formulations exhibited good physical properties and stability. Although a stable moisturizing cream was formulated, it lacks antibacterial activity against S. epidermidis. Conclusion: In conclusion, integrating rosehip and avocado oils into formulations holds potential for addressing acne, attributed to their antibacterial properties. The absence of antibacterial efficacy against S. epidermidis in the current formulation could be attributed to inadequate bioactive constituents. Therefore, further exploration of the optimal ratio and concentration of rosehip and avocado oil is necessary to maximize their therapeutic benefits in anti-acne formulations.
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Introduction
Acne vulgaris (AV) is a common, chronic form of acne that affects the skin and is characterized by blocked, inflamed, or both pilosebaceous units. This condition can affect one or both sides of the face (Tan et al., 2018; Novaryatiin et al., 2024; Xu et al., 2025). Acne usually affects the face and can occur in either inflammatory or non-inflammatory lesions, or a combination of both. According to Hafeez et al (2020), it is present in around 70% of teenagers and 10% of adults worldwide. Several pathological processes contribute to the development of acne, the most prominent of which include androgen-mediated stimulation of sebaceous gland activity, follicular hyperkeratinization, hormonal imbalance, inflammation, and external bacterial infection. Staphylococcus epidermidis (S. epidermidis) and Propionibacterium acnes (P. acnes) are the bacteria that are commonly found on the skin most frequently, and both bacteria can cause acne (Vora et al., 2018). Although both organisms are implicated, S. epidermidis was selected as the primary screening target in this study because it plays a dual and increasingly recognized role in acne-related dysbiosis. While naturally part of the normal skin flora, S. epidermidis can become opportunistic and proliferate excessively under conditions of a disrupted skin barrier (Hamann et al., 2025). Therefore, focusing on S. epidermidis provides meaningful insight into microbial imbalance during acne flare-ups and enables more targeted antibacterial screening for potential anti-acne agents.
Chien et al. (2016) have stated that due to the physiological changes that take place during pregnancy, as well as the unpredictable nature of acne at this time, acne can be a challenging issue for pregnant women who plan to get pregnant. According to Jones et al (2014), acne can become more severe during the third trimester of pregnancy due to rising levels of maternal androgens and the resulting impact on sebum production. Aside from hormonal changes, pregnancy-related immunologic variables may also play a role (Pugashetti & Shinkai, 2013). Based on a study by Dréno et al (2014), inflammatory lesions are more frequent than non-inflammatory lesions and frequently involve the trunk. The possible toxicity of the most frequent and effective acne medications to the fetus generally limits acne treatment during pregnancy. Therefore, the therapy of acne in pregnant patients can be complicated due to the contraindication or non-recommendation of several commonly used and effective treatment methods. Examples of topical therapies that can induce skin irritation and result in low treatment compliance are benzoyl peroxide, retinoids, and salicylic acid. Isotretinoin, when taken orally, is considered the most effective acne treatment and has been shown to induce side effects, including dry skin, cheilitis, and photosensitivity. Dryness and skin irritation are two factors that can lead to the breakdown of the stratum corneum barrier, contributing to increased transepidermal water loss (TEWL) and inflammation (Rau et al., 2024). Due to these side effects, some dermatologists recommend using moisturizers as an adjunct to treat acne, particularly when topical benzoyl peroxide or retinoids are used. Additionally, some evidence suggests that moisturizers can help alleviate acne symptoms (Chularojanamontri et al., 2014).
Moisturizers can provide several dermatological benefits, including antibacterial and wound-healing effects (Mawazi et al., 2022). Although many formulations exist, their ingredients may not be universally suitable. Rosehip oil, rich in unsaturated fatty acids and anti-oxidants, offers protective properties (Lin et al., 2018). Persea gratissima (avocado) oil contains oleic, linoleic, and α-linolenic acids, along with β-sitosterol, β-carotene, lecithin, and essential vitamins and minerals, making it valuable in topical applications. Therefore, this study aims to formulate and evaluate an anti-acne moisturizer containing rosehip and P. gratissima oils against S. epidermidis.

Material and Methods
Preparation of anti-acne moisturizer 
Three different anti-acne moisturizers, each containing avocado and rosehip oils, were formulated according to the specifications outlined in Table 1. For formulation 1 (F1), 2.0 mL of isopropyl myristate, 3.0 mL of caprylic triglyceride, 1.0 g of shea butter, and 1.0 mL of avocado oil were transferred into a labelled beaker denoted as Beaker A. Simultaneously, in Beaker B, about 6.0 mL of glycerine, 4.0 mL of propylene glycol, 0.3 g of xanthan gum, and 1 mL of distilled water will be added. Both beakers were subjected to a water bath at 75 °C with intermittent manual stirring until the ingredients melted and were homogeneously blended. Subsequently, the contents of Beaker A were gradually introduced into Beaker B while stirring continuously to ensure thorough mixing. Carbopol, prepared in Beaker C by slowly adding 0.5 g of carbopol to 10 mL of distilled water, was then combined with the contents of Beaker B. Homogenization was facilitated using a homogenizer. The remaining distilled water was added to achieve a total volume of 100 mL, ensuring thorough mixing with a homogenizer. Finally, preservatives and fragrances were incorporated. Upon completion of formulation, 3 mL samples from each preparation were placed in centrifuge tubes for stability testing via centrifugation (Maha et al., 2017). Formulations 2 (F2) and 3 (F3) were prepared using the same method, adhering to the specified excipients outlined in Table 1.


Table 1: List of Ingredients to Prepare the Moisturizer of Formulation 1 (F1), Formulation 2 (F2) and Formulation 3 (F3)
	No.
	Ingredients
	F1
	F2
	F3

	1.
	Isopropyl myristate
	2.0 mL
	2.0 mL
	2.0 mL

	2.
	Caprylic triglycerides
	3.0 mL
	3.0 mL
	3.0 mL

	3.
	Persea gratissima (avocado) oil
	1.0 mL
	-
	1.0 mL

	4.
	Rosehip seed oil
	-
	1.0 mL
	1.0 mL

	5.
	Xanthan gum
	0.3 g
	0.3 g
	0.3 g

	6.
	Glycerine
	6.0 mL
	6.0 mL
	6.0 mL

	7.
	Carbopol
	0.5 g
	0.5 g
	0.5 g

	8.
	Butyrospermum Parkii (Shea) Butter
	1.0 g
	1.0 g
	1.0 g

	9.
	Propylene glycol
	4.0 mL
	4.0 mL
	4.0 mL

	10.
	Preservatives (phenoxyethanol and ethylhexylglycerin)
	0.1 mL
	0.1 mL
	0.1 mL

	11.
	Triethanolamine
	0.3 mL
	0.3 mL
	0.3 mL

	12.
	Honeydew fragrance
	q.s
	q.s
	q.s

	13.
	Distilled water q.s to (mL)
	Up to 100
	Up to 100
	Up to 100


Values = n, n ± SD (SD = standard deviation). Vary significant should have a p-value < 0.05. 

Physicochemical Properties of Anti-Acne Moisturizer
The physicochemical properties of the moisturizer were determined, including pH, a centrifugation test to assess its stability, a spreadability test, a dilution test, and a sensitivity test. The loss on drying (LOD) was determined, along with washability, organoleptic, homogeneity, rheology, viscosity, and microscopic tests (Deuschle et al., 2015; Dantas et al., 2016; Gyawali et al., 2020; Mohamed et al., 2020).  The spreadability test was conducted using a square glass slide that had been prepared and marked with a circle of 1 cm diameter using a marker pen. A load weight of 500 g was prepared for use in this spreadability test. Then, 1 g of sample weight was measured using a weighing balance. The sample formulation has been placed on the circle marked on the glass slide. Next, place the empty petri dish on top of the sample and add the prepared load. A 5-minute time was set for the load to be placed on the petri dish. After 5 minutes, readings were taken of the diameters of all formulations that had been spread to form a circle on the petri dish. The spread was evaluated using a ruler on three sides. The spreadability factor was calculated using Eq. (1) (Mohamed et al., 2020).
Where: Sf = Spreadability factor, A = Total area (in mm2), W = Total weight (g).
[image: ]Eq.(1)
Stability test
The stability test is a crucial part of emulsion preparation, ensuring product stability and sustainability in both the short and long term at various temperatures during storage. Therefore, long-term stability test was conducted at temperatures of 8°C ± 2°C, 25°C ± 2°C, and 40°C ± 2°C. At various intervals throughout 28 days, colour, phase separation, and emulsion liquefaction were observed, followed by a cycling test in which the physicochemical stability of the cream formulation was examined through six cooling-heating cycles. In every cycle, cream samples were refrigerated for 24 hours, followed by incubation at 45°C for an additional 24 hours (Buranasukhon et al., 2017; Smaoui et al., 2017).
[bookmark: _Hlk163219344]Fourier transform infrared (FTIR) spectrum test.
The sample was placed on the reflection diamond, and its infrared spectra were recorded. The scan range used is 400 cm-1 to 4000 cm-1 with a resolution of 4 cm-1. Each resulting peak indicates the presence of a functional group in the formulation (Li et al., 2024).

Antibacterial activity
The antibacterial activity of the cream emulsion was evaluated using the agar well diffusion method. S. epidermidis was cultured on nutrient agar and standardized to 1 × 10⁸ CFU/mL, corresponding to a 0.5 McFarland standard. The bacterial suspension was prepared from a fresh 24-hour culture and visually adjusted to match the McFarland turbidity tube. To validate the actual bacterial concentration, a serial dilution followed by spread plating was performed on nutrient agar. Colony counts after incubation confirmed that the suspension fell within the acceptable range of 10⁷–10⁸ CFU/mL. Nutrient agar was prepared by dissolving 28 g of agar in 1,000 mL of distilled water, sterilized by autoclaving, and then poured into petri dishes. After solidification, each plate was inoculated with 100 µL of the standardized bacterial suspension and evenly spread using sterile cotton swabs. Wells were created using a 1000 µL micropipette tip, and each plate was divided into three sections: a positive control (gentamicin at 4 µg/mL), a negative control (base formulation without active oils), and the test formulation (cream containing active ingredients at 5 mg/mL). All controls and test samples were introduced into their respective wells, and the plates were incubated at 40°C for 24 hours to observe zones of inhibition. All tests were performed in triplicate to ensure reproducibility (Chen et al., 2016; Vora et al., 2018; Ramdas et al., 2022; Wahyuningrum et al., 2023).

[bookmark: _Hlk163215652][bookmark: _Hlk163215717]Results
[bookmark: _Hlk163215683]Physical properties of anti-acne moisturizer
Table 2 demonstrates the physical property evaluation of the formulated F1, F2, and F3 moisturizer cream. The pH value for each formulation ranges between 5.59 and 5.73. Besides pH measurement, the physical stability of cream products is typically evaluated based on centrifugation tests, which apply centrifugal force at 3000 rpm. The occurrence of caking, coalescence, and flocculation indicates the presence of phase separation. The cream formulation appears stable, with no sign of phase separation. The spreadability factor of formulations was calculated as 0.62 ±0.01, 0.67 ±0.01 and 0.74± 0.01 mm2g-1. Figure 1 shows the dilution test of F1, F2 and F3 formulations. Based on Figure 1, it can be inferred that the formulation is an oil-in-water formulation because it is miscible with distilled water. Sensitivity test exhibited no visible redness or irritation on the skin. This indicates that the formulated creams were safe and did not cause any sensitivity reactions. More than 70% of the sample weight was lost upon drying for all formulations, which is consistent with their high water content, a common characteristic of topical moisturizers (Mawazi et al., 2022). Based on the results of the washability study conducted on the cream formulations, it can be observed that all three formulations are easily washable, as they are miscible in water. All samples were removed entirely in less than 4 seconds. Based on the organoleptic test, all three samples have a pleasant odour and smooth textures. The F1 cream was observed to be white, while F2 and F3 are slightly yellowish due to the presence of rosehip oil in their composition. All the ingredients in the formulations were found to be homogenized harmoniously, as they do not contain any visible grains. The creams are also non-greasy and cause no noticeable sensation upon testing on the skin.
Based on the microscopic observations (Figure 2), the creams displayed oil droplets that are evenly distributed in size, corresponding to their texture. The study demonstrated that all three cream formulations exhibit non-Newtonian, pseudoplastic behaviour, as evidenced by the non-linear flow curves shown in Figures 3–5. This behaviour indicates that viscosity decreases with increasing shear rate, a characteristic of pseudoplastic systems. The corresponding viscosity profiles (Figures 6–8) further confirm this observation. Pseudoplasticity in topical creams is advantageous because it allows the formulation to spread easily under shear during application, while maintaining stability at rest (Mawazi et al., 2022). Table 3 presents the viscosity values for all formulations that have been prepared. Viscosity for F1 is 8.32 Pa.s ±1.06, while for F2 is 10.02 Pa.s ±0.90 and for F3 is 7.40 Pa.s ±0.75. However, no significant difference in the viscosity of all the formulations. 


Table 2: Results for Physicochemical Properties Evaluation of The Moisturizer Cream
	Test
	Parameter
	F1
	F2
	F3

	pH measurement ±SD
	
	5.59 ±0.01C
	5.73 ±0.02A
	5.63 ±0.02B

	Centrifugation 
	Phase separation
	No separation
	No separation
	No separation

	Spreadability ±SD
	Sf (mm²g-1)
	0.62 ± 0.01A
	0.67 ± 0.01A
	0.74 ± 0.01AB

	Dilution
	
	Dilute in distilled water
	Dilute in distilled water
	Dilute in distilled water

	Sensitivity
	
	No irritation or redness
	No irritation or redness
	No irritation or redness

	Loss of drying ±SD
	Weight loss (g)
	0.73 ± 0.05A
	0.73 ±0.02A
	0.72 ±0.01A

	
	% Weight loss
	70.85 ± 5.56 A
	71.20 ± 6.20 A
	71.79 ± 5.30 A

	Washability ±SD
	Time taken (s)
	3.34 ±0.03A
	3.11 ±0.01C
	3.24 ±0.02B

	
	Observation
	Easily washable
	Easily washable
	Easily washable

	Organoleptic
	Odour
	Pleasant
	Pleasant
	Pleasant

	
	Texture
	Smooth
	Smooth
	Smooth

	
	Colour
	White
	Yellowish cream
	Yellowish cream

	Homogeneity
	Greasiness
	Non-greasy
	Non-greasy
	Non-greasy

	
	Skin sensation
	No sensation
	No sensation
	No sensation

	
	Grittiness
	No apparent grains
	No apparent grains
	No apparent grains


     Values with no shared letters vary significantly at p<0.05, SD = standard deviation
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Figure 1: Dilution Test Result of F1, F2 And F3 Formulation
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Figure 2: Microscopic Test Results For F1, F2 And F3 Formulation

Figure 3: Graph of Shear Stress Versus Shear Rate F1

Figure 4: Graph of Shear Stress Versus Shear Rate F2

Figure 5: Graph Of Shear Stress Versus Shear Rate F3


Figure 6: Graph of Viscosity Versus Shear Rate F1

Figure 7: Graph of Viscosity Versus Shear Rate F2

Figure 8: Graph of Viscosity Versus Shear Rate F3
Table 3: Results of The Viscosity Test For Three Formulations
	Formulation
	Viscosity (Pa.s)±SD

	F1
	8.32 ± 1.06AB

	F2
	10.02 ± 0.89A

	F3
	7.40 ± 0.75B


       Values with no shared letters vary significantly at p<0.05, SD = standard deviation
Stability Test
The creams were subjected to different temperatures of 8 °C ± 2 °C, 25 °C ± 2 °C, and 40 °C ± 2 °C for 28 days. Likewise, samples were collected at similar temperatures and were taken at specific intervals during the investigation, including on days 3, 7, 14, 21, and 28. These samples were then analyzed for the formulation's pH and appearance. It was observed (Table 4) that the physical appearance of formulations F1, F2, and F3 remained unchanged even after being exposed to various conditions for 28 days. All three observed formulations do not have a separation phase, and their colour remains unchanged. The pH value was measured, and although there was a slight change, it remained within the safe range of 5.5–6.5. The cycling tests were conducted with six storage cycles, changing between 8 °C and 40 ˚C temperatures. After each cycle, the samples were measured for their pH value and visually inspected for appearance (Table 4). The pH values of the creams were measured (Smaoui et al., 2017; Maha et al., 2018).
Table 4: Long-Term Stability Observation Results at The Temperatures of 8 °C, 25 °C And 40 °C
	Temperature (8 °C)

	Formulation
	Day
	pH value ±SD
	Color
	Phase Separation

	F1
	1
	5.58 ±0.01C
	White
	No separation

	
	3
	5.55 ±0.01C
	White
	No separation

	
	7
	5.59 ±0.01B
	White
	No separation

	
	14
	5.58 ±0.11C
	White
	No separation

	
	21
	5.59 ±0.00C
	White
	No separation

	
	28
	5.59 ±0.06C
	White
	No separation

	F2
	1
	5.72 ±0.01A
	Yellowish cream
	No separation

	
	3
	5.73 ±0.02A
	Yellowish cream
	No separation

	
	7
	5.75 ±0.04A
	Yellowish cream
	No separation

	
	14
	5.74 ±0.01A
	Yellowish cream
	No separation

	
	21
	5.74 ±0.02A
	Yellowish cream
	No separation

	
	28
	5.73 ±0.00A
	Yellowish cream
	No separation

	F3
	1
	5.63 ±0.02B
	Yellowish cream
	No separation

	
	3
	5.64 ±0.01B
	Yellowish cream
	No separation

	
	7
	5.63 ±0.02B
	Yellowish cream
	No separation

	
	14
	5.63 ±0.02B
	Yellowish cream
	No separation

	
	21
	5.64 ±0.02B
	Yellowish cream
	No separation

	
	28
	5.63 ±0.03B
	Yellowish cream
	No separation


            Values with no shared letters vary significantly at p>0.05, SD = standard deviation
Fourier transform infrared (FTIR) spectrum test
Tables 5, 6, and 7 summarize the functional group classes identified from the FTIR spectra of the three formulations. As FTIR does not provide molecular identification, these results represent the collective contribution of chemical functional groups from the oils and excipients.


Table 5: Classification of The Wavenumber of F1
	Wavenumber 
(Cm-1)
	Compound Class
	Functional Group
	Vibration Mode

	3281
	Intermolecularly bonded alcohol, carboxylic acid
	O-H
	Stretching

	1639
	Alkene, amine
	C=C
N-H
	Stretching, bending

	1413
	Sulfate, alcohol
	S=O
O-H
	Stretching, bending

	1042
	Fluoro compound, amine, sulfoxide, anhydride
	C-F
C-N
S=O
CO-O-CO
	Stretching

	992
	Monosubstituted alkene
	C=C
	Bending


  	C- carbon, O-oxygen, N-nitrogen, H-hydrogen, S-sulfur, F-fluorine

Table 6: Classification of the Wavenumber of F2
	Wavenumber (cm-1)
	Compound Class
	Functional Group
	Vibration Mode

	3281
	Intermolecularly bonded alcohol, carboxylic acid
	O-H
	Stretching

	2192
	Disubstituted alkyne
	C≡C
	Stretching

	2158
	Thiocyanate, azide
	S-C≡N
N=N=N
	Stretching

	1636
	Alkene, amine
	C=C
N-H
	Stretching, bending

	1041
	Fluoro compound, amine, sulfoxide, anhydride
	C-F
C-N
S=O
CO-O-CO
	Stretching


	C- carbon, O-oxygen, N-nitrogen, H-hydrogen, S-sulfur, F-fluorine
Table 7: Classification of The Wavenumber of F3
	Wavenumber (cm-1)
	Compound Class
	Functional Group
	Vibration Mode

	3272
	Intermolecularly bonded alcohol, carboxylic acid
	O-H
	Stretching

	2170
	Thiocyanate
	S-C≡N
	Stretching

	1637
	Alkene, amine
	C=C
N-H
	Stretching, bending

	1413
	Sulfate, alcohol
	S=O
O-H
	Stretching, bending

	1042
	Fluoro compound, amine, sulfoxide, anhydride
	C-F
C-N
S=O
CO-O-CO
	Stretching

	992
	Monosubstituted alkene
	C=C
	Bending


	    C- carbon, O-oxygen, N-nitrogen, H-hydrogen, S-sulfur, F-fluorine
Formulation 1 (F1), containing avocado oil as the active ingredient, shows characteristic absorption bands corresponding to intermolecular-bonded alcohols (O–H), carboxylic acids (C=O), alkenes (C=C), amines (N–H), sulfates (S=O), and sulfoxides (S=O). These functional groups are consistent with the fatty acids, sterols, and emulsifying agents present in the formulation. Formulation 2 (F2), which incorporates rosehip oil, exhibits similar categories of functional groups, including intermolecular hydrogen-bonded alcohols, carboxylic acids, alkynes, thiocyanates, azides, alkenes, and amines, reflecting the presence of polyunsaturated fatty acids and formulation excipients. Formulation 3 (F3) demonstrates functional groups such as alcohols, carboxylic acids, thiocyanates, alkenes, amines, sulfates, sulfoxides, and anhydrides, indicating overlapping contributions from both plant oils and formulation additives.
Antibacterial activity test
The agar well diffusion method was used to determine the diameter of the inhibitory zone. This was done by observing and measuring the diameter of the clear zone. According to the findings presented in Table 8, only the positive control exhibits an inhibition zone with a value of 30.67 mm ± 1.16. The test used gentamicin antibiotic as the positive control. No zone inhibition was observed when testing the resulting formulation for antibacterial activity. 
Table 8: Antibacterial Activity Results (Inhibition Zone of Cream Formulation Against S. Epidermidis
	
	Control
	Diameter of the inhibition zone
(mm ±SD)

	F1
	Positive control (Gentamicin)
	30.67 ±1.16A

	
	Negative control (Formulation without active ingredients)
	No inhibition zone

	
	Formulation 1 (Contains avocado oil)
	No inhibition zone

	F2
	Positive control (Gentamicin)
	29.33 ±1.16AB

	
	Negative control (Formulation without active ingredients)
	No inhibition zone

	
	Formulation 2 (Contains rosehip oil)
	No inhibition zone

	F3
	Positive control (Gentamicin)
	26.33 ±2.30B

	
	Negative control (Formulation without active ingredients)
	No inhibition zone

	
	Formulation 3 (Contains avocado oil and rosehip oil)
	No inhibition zone


            Values with no shared letters vary significantly at p<0.05, SD = standard deviation

Discussion
Based on physical property analyses, topical preparations should have a pH range of 4.5 to 6.5, corresponding to the skin's natural pH, where the results fall within the ideal range (Maha et al., 2018). The study by Mawazi et al. (2022), stated that if the pH of the topical preparation is too acidic or alkaline, it can cause skin irritation. Meanwhile, the cream formulation appears stable, as there is no sign of phase separation, indicating that all the ingredients have been completely blended. The spreadability values refer to the ability of the formulations to easily spread on the application surface with a small amount of shear. The spreadability of semisolid formulations, or the ability of cream to be spread evenly on the skin, is a key factor in delivering a standard drug dose to the skin and the effectiveness of a topical treatment (Chen et al., 2016). Mohamed et al. (2020) stated that the spreadability coefficient of the cream, which has a low value, suggests that the cream is easy to spread. Nurman et al. (2019) state that for an emulsion to be effectively distributed on the skin, it must possess good spreadability, typically within the 5-7 cm range. A lower spreadability value suggests that the cream can be easily spread over the skin with minimal effort. The results indicate that the formulation is highly spreadable and can be applied with minimal shear. All three oil-in-water formulations were observed to be miscible in the distilled water. Diluting an oil-in-water emulsion can be easily achieved by using an aqueous solvent. 
Rheology studies the processes involved in producing and applying semisolid topically applied compositions. Rheological characteristics are crucial in determining the physical stability of a formulation during its shelf life. Non-Newtonian fluids are known to display complicated behaviour. The non-Newtonian behaviour was confirmed by the non-linear shear stress–shear rate curves and the decreasing viscosity trend with increasing shear rate in the graphs. These patterns indicate pseudoplastic behaviour. This shear-dependent viscosity is desirable because it enables easy spreading during application and maintains a higher viscosity at rest, thereby improving stability and the overall user experience. The study displayed characteristics desirable in pharmaceutical and cosmetic products that are used topically.
Viscosity is an important characteristic of fluids that measures their ability to resist deformation or flow when subjected to shear stress. The knowledge of viscosity is crucial in various professions and industries because it provides valuable information about the behaviour and performance of fluids. The relationship between the deformation rate and shear stress in non-Newtonian fluids is more complex. A fluid that does not follow Newton's law of viscosity is classified as having a non-Newtonian viscosity. According to Newton's law, there is a directly proportional relationship between the shear stress, the force per unit area, the rate of shear strain, and the velocity gradient experienced by a fluid. The microscopic observations of an oil-in-water emulsion consist of two distinct phases: the dispersed phase and the continuous phase. The term "dispersed phase" refers to the tiny droplets of oil suspended in the continuous phase, the water phase. The dispersed phase consists of small droplets or particles of oil that are uniformly distributed throughout the water medium (Deuschle et al., 2015; Chaudhari et al., 2025).
Typically, the topical cream's stability should be tested at different temperature storage conditions to ensure its quality. According to Kirkbride et al (2021), the objective of conducting long-term stability testing on cosmetic products is to assess their quality and effectiveness throughout their intended shelf life, typically 12 months or longer. All three observed formulations do not have a separation phase, and their colour remains unchanged. The pH value was measured, and although there was a slight change, it still fell within the safe range of 5.5-6.5 (Dantas et al., 2016). The cycling stability test was developed to assess a product's ability to withstand repeated or cyclic changes in environmental conditions and evaluate its performance and durability. A cycling test is a valuable tool in determining a product's performance under real-life conditions that it may encounter during its use or storage. This test can effectively identify potential failures or degradation over time (Anand et al., 2021). In a study conducted by Weingarth et al. (2013), performing a cycling test can help identify the most effective operational range and limitations of a product. The pH values obtained during the cycling test remained within the range of 5.5 to 6.5. Based on the physical stability observations over six cycles, it can be concluded that the cream formulation is stable. This is supported by the fact that the colour of all formulations remained unchanged, and no phase separation was observed. 
The FTIR is a highly versatile analytical technique that is widely utilized. This technique can offer valuable insights into the molecular structure of both organic and inorganic components. This method is frequently used for chemical characterization and is non-destructive. Chen et al (2015) explain that the FTIR technique detects transitions between quantized vibrational energy states. According to Parikh and Chorover (2005), during FTIR analysis, a molecule absorbs infrared (IR) radiation when it receives a photon, which causes it to become excited and move to a higher energy state. Molecules in an excited state exhibit various movements, including stretching, bending, twisting, rocking, wagging, and out-of-plane deformation, resulting from the vibration of their bonds. Vibrations occur at different frequencies or wavenumbers within the light spectrum's IR (ion). Each IR absorbance peak appears at a specific wavenumber based on the fundamental vibrational properties of the molecule, which are governed by the type of chemical bonds, their strengths, and the functional groups present. Chen et al (2015) stated that this tool functions as a diagnostic tool, like a fingerprint, for identifying the corresponding functional group. Various functional groups corresponding to the active ingredients used were observed to confirm the physical attributes of the formulations.
The absence of inhibition observed in our formulations may be due to the concentration of active constituents being below the effective antibacterial threshold. Similar studies have used other plant extracts, such as Rosa spp. (MIC 3.125–500 mg/mL) and avocado peel or basil leaf extracts tested at multiple concentrations demonstrate that sufficiently high concentrations are typically necessary to achieve measurable antibacterial activity (Milala et al., 2021; Susanti et al., 2024). Thus, this study can be considered preliminary findings for future studies.

Conclusion 
[bookmark: _Hlk161257561]Stable topical emulsions containing rosehip and avocado oils were successfully developed, exhibiting skin-friendly pH, excellent spreadability, and desirable pseudoplastic flow for smooth application. The formulations remained stable under varied conditions, confirming their suitability for cosmetic use. Although no antibacterial activity against S. epidermidis was observed, the creams demonstrate promise as safe and effective moisturisers, with potential for enhanced functionality through higher concentrations or additional actives.
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