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ABSTRACT 

Facial cleansers remove excess oil and impurities while maintaining skin comfort. Zinc PCA was 

selected for its sebum-regulating properties, and kaolin clay was used as an adsorbent. To 

formulate and evaluate eight clay-based facial cleansers containing Zinc PCA and kaolin clay 

using xanthan gum or guar gum as thickening agents. The formulations (F1–F8) were prepared 

using a simple mixing method. Zinc PCA (0.5%), kaolin clay (5%), glycerin (10%), disodium 

EDTA (0.3%), cocamidopropyl betaine (6%), and sodium benzoate (0.5%) were kept constant. 

Xanthan gum concentrations ranged from 0.2% to 0.5% in F1–F4, while guar gum concentrations 

ranged from 0.4% to 0.7% in F5–F8. The formulations were evaluated for FTIR compatibility, 

appearance, homogeneity, pH, viscosity, spreadability, washability, phase separation, and foam 

height. All formulations appeared milky, cloudy, and off-white, with visual homogeneity. The pH 

ranged from 5.16 to 5.51, viscosity from 260 to 2100 mPa·s, and foam height from 1.40 to 4.53 

cm. Spreadability values ranged from 220.8 to 528.57 g·cm/s. No phase separation was observed 

in F1–F4, whereas F5–F8 showed separation. F2 and F7 were identified as preferred candidates 

based on the overall evaluation. Zinc PCA–kaolin clay facial cleansers were successfully 

formulated. However, guar-gum formulations require further optimization to improve stability. 

Long-term stability, safety, and efficacy studies are necessary before confirming their skin 

benefits. 
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INTRODUCTION 

Skin and the skin barrier 

The skin is the body’s external protective organ and provides a barrier between internal 

tissues and the environment. Its main anatomical layers are the epidermis, dermis and 

hypodermis. The epidermis forms the outer protective surface; its stratum corneum consists 

of flattened, keratin-containing cells surrounded by intercellular lipids. This arrangement 

helps limit excessive water loss and protects against external irritants. The dermis provides 

structural support and contains connective tissue, vessels, nerves and skin appendages. The 

hypodermis contains adipose and loose connective tissue and contributes to cushioning, 

insulation and movement of the skin over deeper tissues [1,2]. 

Figure 1:  A Cross section of the Human Skin 

A topical cleanser comes into contact primarily with the skin surface and the stratum 

corneum. A suitable product should remove unwanted surface materials without 

unnecessarily disrupting the barrier. The sensation of tightness, dryness or irritation can be 

influenced by the surfactant system, the amount of cleansing, the formulation pH, the 

frequency of use and the condition of the individual’s skin. Therefore, the development of 

a facial cleanser should consider not only its ability to generate foam but also its rinsability, 

consistency, physical stability and compatibility with routine facial use [1,6]. 

Skin types and oily skin 

Skin is commonly described as normal, oily or dry for practical cosmetic purposes, 

although individual skin characteristics can overlap and change with age, climate and 

product use. Normal skin generally has a balanced surface appearance and does not show 

pronounced oiliness or scaling. Dry skin may feel tight or rough and can display flaking 

when its water and lipid balance is disturbed. Oily skin often appears shiny, particularly 

around the forehead, nose and chin, and may have visibly enlarged pores. The presence of 
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oil alone does not establish a dermatological diagnosis; a cleanser formulated for oily skin 

should be designed for routine cleansing rather than presented as a treatment for a disease. 

The project focuses on excess surface sebum and the formulation of a cleanser intended for 

oily skin. It does not include a clinical trial on people with acne, rosacea or seborrheic 

dermatitis. These conditions can involve multiple biological and environmental factors, so 

the formulation results should not be interpreted as evidence that the product prevents or 

treats them [3,7] 

Sebum: composition and function 

Sebum is a lipid-rich secretion produced by sebaceous glands associated with hair follicles. 

Its reported components include triglycerides and their breakdown products, wax esters, 

squalene, cholesterol and cholesterol esters. Composition and production vary among 

individuals and anatomical sites. Sebum contributes to lubrication of skin and hair and 

forms part of the surface lipid environment. It should not be treated as an undesirable 

substance in itself: the skin requires an appropriate balance of surface lipids and hydration 

to maintain comfort and barrier      function [2,7]. 

Visible oiliness occurs when the quantity and distribution of surface lipids produce a glossy 

appearance. Sebaceous activity is influenced by hormonal signals, age, genetics and other 

physiological factors. Changes in climate and temperature may affect the perception of 

oiliness, while stress and dietary factors have been investigated as possible contributors in 

some contexts. These influences are complex and cannot be controlled solely by a topical 

cleanser. A cleanser can remove some surface oil at the time of washing, but the current 

project did not measure sebum output before and after application on human skin. 

Rationale for a clay-based cleanser 

A facial cleanser typically combines a vehicle with one or more cleansing agents and, 

depending on the design, humectants, thickeners, stabilizers and preservatives. Surfactants 

help loosen and disperse oily material so it can be rinsed away. The amount and type of 

surfactant influence foaming, cleansing and skin feel. A thickener provides body and can 

help keep dispersed particles distributed throughout the product. Humectants such as 

glycerin are included to support moisture retention and improve the feel of a formulation. 

Preservatives are used to help protect suitable aqueous products against microbial growth, 

although preservative effectiveness must be verified experimentally [6,8]. 

Clay-based cosmetic preparations use mineral particles as adsorbent components. Kaolin is 

a clay mineral primarily associated with hydrated aluminium silicate. In cosmetic 
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preparations, it is used to provide an absorbent, opaque and clay-like character. The 

behaviour of a clay suspension depends on particle characteristics, concentration, wetting, 

polymer selection, the aqueous phase and processing. A formula can appear uniform 

immediately after preparation yet later show sedimentation or separation; visual inspection 

at one time point therefore provides only limited information about shelf stability [10]. 

In this work, kaolin clay was held at 5% in all eight formulations. Zinc PCA was included 

at 0.5% as the selected sebum-regulating/skin-conditioning ingredient. The formulation 

strategy was to hold the main ingredients constant while changing the polymer type and 

concentration, then compare basic physical properties. This design gives a practical first 

screen of formulation behaviour but does not isolate the effect of polymer type perfectly, 

because the xanthan-gum and guar-gum concentration ranges were not identical. 

Zinc PCA 

Zinc PCA is a zinc salt associated with pyrrolidone carboxylic acid, a compound related to 

components of the skin’s natural moisturizing factor. Cosmetic literature describes zinc-

containing ingredients and PCA salts in skin-conditioning applications [4,12,13]. Zinc PCA 

was selected in the project because it is used in formulations intended for oily skin. The 

present study did not quantify its release, penetration, biological activity or effect on 

human sebum production. Consequently, its inclusion should be understood as a 

formulation choice rather than proof of a clinically demonstrated outcome. 

Kaolin clay 

Kaolin is a fine, pale clay material used in several cosmetic and pharmaceutical 

preparations. Its particles can adsorb some surface materials and contribute to the opacity 

and texture of a product. The mineral itself is not a substitute for a surfactant: clay 

adsorption and surfactant-assisted removal are distinct formulation functions. The 

distribution of clay particles is important because visible aggregates or gritty texture may 

reduce consumer acceptability. The project reported that the prepared samples appeared 

homogeneous by visual inspection, but it did not report     particle-size distribution or 

microscopic assessment of the suspension [10]. 

Choice of thickening agents 

Xanthan gum is a microbial polysaccharide used to increase viscosity and stabilize aqueous 

systems. Its rheological behaviour can be affected by concentration, ionic conditions, 

mixing and the presence of other ingredients. Guar gum is a galactomannan polysaccharide 

obtained from guar seed and is also used as a thickener and suspending agent. Both 
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polymers can change the movement of a clay-containing preparation during dispensing, 

spreading and rinsing. Their effects are not necessarily equivalent at the same mass 

concentration, and direct comparisons require carefully controlled polymer levels and 

identical measurement conditions [9,15,16,31,33,35]. 

Viscosity that is too low may allow rapid settling or make the product difficult to control 

during use. Excessive viscosity can make a cleanser difficult to dispense, spread or rinse. 

Spreadability and viscosity should therefore be considered together rather than as 

independent goals. The project compared xanthan gum at 0.2%, 0.3%, 0.4% and 0.5% with 

guar gum at 0.4%, 0.5%, 0.6% and 0.7%. The resulting data are descriptive and should be 

interpreted with the concentration difference in mind. 

Study rationale and significance 

The practical rationale was to develop a simple clay-based cleanser containing a selected 

sebum-related ingredient and to examine whether two accessible hydrocolloid thickeners 

could provide acceptable physical characteristics. The study evaluated appearance, 

homogeneity, pH, viscosity, spreadability, washability, phase separation and foam height. 

These parameters are useful in early formulation screening because they identify obvious 

handling or stability concerns before more demanding tests are undertaken. 

The study is exploratory. It did not include a validated instrumental sebum measurement, a 

controlled human-use study, microbiological challenge testing, irritation testing, long-term 

stability testing or comparison with a marketed cleanser. Such work would be necessary to 

establish product safety, preservative performance, shelf life and real-world sebum-related 

performance. The results are therefore presented as initial formulation data, not as clinical 

evidence. 

Aim and Objectives 

Aim: To formulate and evaluate clay-based facial cleanser preparations containing Zinc 

PCA and kaolin clay. 

Specific objectives: 

● To conduct a preliminary FTIR comparison of selected ingredients and physical 

mixtures for changes in characteristic absorption bands. 

● To prepare formulations using xanthan gum or guar gum at different concentrations 

while keeping the other listed ingredients constant. 

● To evaluate the formulated facial clay cleansers. 
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MATERIALS AND METHOD 

Study design 

This was an in-vitro formulation and preliminary physicochemical evaluation study based 

on the project report. Eight clay-based cleanser formulations were prepared using a simple 

mixing method. The formulation series was divided into two groups: F1–F4 contained 

xanthan gum, and F5–F8 contained guar gum. Zinc PCA, kaolin clay, glycerin, EDTA, 

cocamidopropyl betaine and sodium benzoate were held at the same nominal 

concentrations in all formulations. The original project report did not provide a complete 

record of batch replication for every evaluation parameter; therefore, the values below are 

reported as recorded and are not presented as mean ± standard deviation unless the source 

supplied replicate data. 

Materials 

The ingredients listed in the formulation chart were Zinc PCA, kaolin clay, glycerin, 

xanthan gum, guar gum, disodium EDTA, cocamidopropyl betaine, sodium benzoate and 

distilled water. The project report identified Purenso Global, Ahmedabad, India, as the 

supplier of Zinc PCA. The full supplier, grade and lot details for all other ingredients were 

not consistently specified in the article data available for this draft and should be added 

from laboratory records before submission. 

Ingredient Nominal level Role in formulation 

Zinc PCA 0.5% Selected sebum-regulating / skin-

conditioning ingredient 

Kaolin clay 5% Mineral adsorbent; contributes clay-

based cleansing character 

Glycerin 10% Humectant and wetting aid for 

polymer dispersion 

Xanthan gum 0.2–0.5% in F1–F4 Thickener / rheology modifier 

Guar gum 0.4–0.7% in F5–F8 Thickener / suspending aid 

Disodium EDTA 0.3% Chelating agent 

Cocamidopropyl betaine 6% Amphoteric surfactant / cleansing and 

foaming 

Sodium benzoate 0.5% Preservative; efficacy not verified in 

this study 

Distilled water q.s. to 100 mL Vehicle 

Equipment 

Equipment reported in the project included an analytical balance, magnetic stirrer, digital pH 

meter, Dolphin digital rotational viscometer and PerkinElmer Spectrum Two FTIR 

spectrometer. The viscosity procedure used spindle No. 2 and a 300 mL container holding 100 
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mL of sample; the project report noted a measurement at 12 rpm when discussing F2 and F7. 

Equipment calibration records, temperature during measurement and the exact spindle speed 

used for every formulation were not supplied in the extracted results and should be verified 

before publication. 

Formulation design 

The eight formulations used the same nominal amounts of the core ingredients and differed in 

the selected thickener. Xanthan gum was used in the first four formulations at 0.2%, 0.3%, 

0.4% and 0.5%. Guar gum was used in the next four formulations at 0.4%, 0.5%, 0.6% and 

0.7%. The quantity of distilled water was adjusted to make a final volume of 100 mL. 

Sl. 

No. 

Ingredients F1 F2 F3 F4 F5 F6 F7 F8 

01. Zinc PCA 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 

02. Kaolin clay 5% 5% 5% 5% 5% 5% 5% 5% 

03. Glycerin 10% 10% 10% 10% 10% 10% 10% 10% 

04. Xanthan gum 0.2% 0.3% 0.4% 0.5% - - - - 

05. Guar gum - - - - 0.4% 0.5% 0.6% 0.7% 

06. EDTA 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 

07. Cocamid opropyl betaine 6% 6% 6% 6% 6% 6% 6% 6% 

08. Sodium benzoate 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 

09. Distilled water q.s to 

100ml 

q.s to 

100ml 

q.s to 

100ml 

q.s to 

100ml 

q.s to 

100ml 

q.s to 

100ml 

q.s to 

100ml 

q.s to 

100ml 
 

Note: Percentages are reproduced from the project formulation chart. The original report does 

not consistently specify whether all percentage values are w/w or w/v; this basis should be 

clarified from the original batch records before a manuscript is submitted. 

Method of preparation 

The reported preparation was carried out using a simple mixing method. First, the required 

quantity of distilled water was placed in a beaker on a magnetic stirrer. Disodium EDTA 

(0.3%) was dissolved completely, followed by the addition of glycerin (10%) with mixing. 

The selected thickener was then dispersed gradually. The report describes allowing 

approximately 20–30 minutes for hydration and gel formation. This hydration step is 

important because direct addition of a dry hydrocolloid to a highly viscous aqueous system 

can produce lumps with incompletely hydrated material. 

Kaolin clay (5%) was added slowly to the gel base under continuous stirring to minimize 

aggregation and to promote distribution of the mineral particles. Cocamidopropyl betaine (6%) 

was incorporated slowly to reduce excessive foam during manufacturing. Zinc PCA (0.5%) 

and sodium benzoate (0.5%) were then added and mixed until the preparation appeared 
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uniform. Distilled water was used to make the final volume up to 100mL. The finished 

preparation was visually checked for obvious lumps and uneven distribution. 

For reproducibility, a future study should document the order and duration of every addition, 

stirring speed, temperature, vessel geometry, batch size, pH-adjustment procedure if any, and 

the interval between preparation and testing. The project report did not identify a pH-adjusting 

agent or provide a detailed mixing-speed record, so these details are not inferred in this article. 

Preliminary FTIR compatibility assessment 

The project used Fourier-transform infrared spectroscopy to compare individual materials 

and selected physical mixtures. Potassium bromide was mixed with the sample at a 

reported 9:1 ratio before spectra were recorded. Individual spectra were obtained for Zinc 

PCA, kaolin clay, xanthan gum and guar gum, and spectra were also examined for 

combinations containing Zinc PCA, kaolin clay and either xanthan gum or guar gum. The 

comparison focused on the presence or absence of characteristic bands and possible shifts 

in the reported ranges. 

Visual appearance and homogeneity 

The colour and general appearance were examined visually. For the homogeneity test, a 

small quantity of the suspension was placed on a clean glass slide and spread to inspect 

consistency, visible lumps, aggregates and obvious separation. These are qualitative 

assessments; the project did not report instrumental colour measurements or microscopy-

based particle distribution. 

pH determination 

A digital pH meter with a glass electrode was used according to the procedure described in 

the project report. The meter was calibrated using standard buffer solutions, and the 

electrode was immersed in the sample to obtain a reading. The eight reported values were 

recorded without reported replicate standard deviations. The pH values should be treated as 

measured observations for the tested batches rather than as evidence of skin compatibility 

in all users. 

Viscosity determination 

Viscosity was measured using a Dolphin digital rotational viscometer. Spindle No. 2 was 

used, with 100 mL of cleanser placed in a 300 mL container. The spindle was positioned 

vertically near the center of the sample without touching the container bottom. The project 

report describes increasing angular velocity to assess rheological behaviour and refers to 

measurements at 12 rpm when identifying F2 and F7 as having suitable viscosity. Because 
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the complete speed-by-speed data are not available in the article extract, the values 

reported in Table 3 are reproduced as the project’s recorded viscosity values and are not 

used to claim a fully characterized flow model. 

Spreadability 

Spreadability was assessed using the procedure cited in the project report and values were 

expressed as g·cm/s. The numerical values are reproduced in Table 3. The complete 

apparatus dimensions, applied load, distance and timing details were not present in the 

article data extracted for this draft. Since spreadability results depend on the method and 

the formula used to calculate the endpoint, the authors should confirm the exact protocol 

and unit notation from the laboratory notebook before publication. 

Washability 

Washability was assessed by applying the preparation to the dorsal surface of the hand and 

rinsing with water. The source used a qualitative scoring system in which +++ represented 

excellent washability and ++ represented good washability. No instrument-based residue 

measurement or blinded observer assessment was reported; the ratings are therefore 

presented as qualitative observations. 

Phase separation 

The formulations were inspected for visible phase separation during the observation period 

described in the project report as 24 hours at room temperature. F1–F4 were reported to 

show no phase separation, whereas F5–F8 showed separation. The observation period is 

short and should not be interpreted as a formal shelf-life or stability study. Further tests 

should assess sedimentation, redispersibility, centrifugation response, temperature cycling 

and storage over a longer period. 

Foaming ability 

The reported foam test involved mixing 5 mL of formulation with an equal volume of 

water, shaking for 30 seconds, allowing the sample to stand for one minute and measuring 

foam height. Three trial heights were recorded for each formulation, and the average was 

provided in the project report. Foam height indicates foam generation under the stated 

conditions but does not directly measure cleansing efficacy, mildness, ease of rinsing or 

consumer preference. 

Data presentation 

Results are reported descriptively using the values supplied in the project report. No 

inferential statistical testing is presented because the full replicated dataset, variance 
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estimates and complete experimental design were not available. Interpretations focus on 

observed ranges and differences between the two formulation series.  

RESULTS 

FTIR compatibility 

The project report compared the characteristic absorption bands of Zinc PCA, kaolin clay 

and the selected polymers with those in the corresponding physical mixtures. The recorded 

values included a C–H stretching band around 2927.7 cm⁻¹ for Zinc PCA and around 

2924.98 and 2925.94 cm⁻¹ for xanthan gum and guar gum, respectively. For the clay-

containing samples, an Al–OH-related band was recorded near 948.49 cm⁻¹ for kaolin clay 

and near 948.56 and 948.6 cm⁻¹ in the two mixture samples. O–H stretching was reported 

in the broad 3200–3700 cm⁻¹ region, and Si–O stretching was reported around 1051 cm⁻¹ 

for kaolin clay and around 1050.95 cm⁻¹ in the mixture. 

Functional 

groups 

Standard 

Value 

(cm-1) 

Zinc 

PCA 

Kaolin 

Clay 

Xanthan 

gum 

Guar 

gum 

Sample 

5 

Sample 

6 

C-H(stretching) 2850-3000 2927.7 --- 2924.98 2925.94 2926.8 2927.5 

COO-(stretching) 1400-1650 1418.98 --- 1618.44 1023.44 --- --- 

Al-OH(stretching) 900-1000 --- 948.49 --- --- 948.56 948.6 

O-H(stretching) 3200-3700 --- 3674.65 3417.04 3419.75 3674.64 3395.97 

Si-O(stretching) 1000-1100 --- 1051 --- --- 1050.95 1050 
 

The authors of the original project interpreted the retained bands as indicating no notable 

interaction among the selected materials under the conditions of the preliminary spectral 

assessment. A journal article should avoid the stronger wording “confirmed stability,” 

because compatibility screening by FTIR is not equivalent to a stability study. The spectra 

should be supplied as figures and peak assignments verified against the original instrument 

files if the manuscript is submitted. 

Appearance and homogeneity 

All eight preparations were described as milky, cloudy and off-white. The source reported 

that the formulations appeared uniform, with no visible lumps or aggregates at the time of 

inspection. The result suggests that the selected preparation sequence was adequate for 

producing visually uniform samples at the time of testing. It does not establish that the clay 

remained uniformly suspended during prolonged storage, as separation was subsequently 

observed in the guar-gum series. 
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Parameter F1–F4 (xanthan gum) F5–F8 (guar gum) 

Colour / appearance Milky, cloudy, off-white Milky, cloudy, off-white 

Visual homogeneity Reported homogeneous Reported homogeneous at initial inspection 

Visible lumps / aggregates None reported None reported 
 

 

Figure 2: Determination of pH of formulations 

Formulation F1 F2 F3 F4 F5 F6 F7 F8 

pH 5.30 5.24 5.16 5.51 5.21 5.30 5.28 5.29 
 

The pH values ranged from 5.16 to 5.51, a total span of 0.35 pH units. F3 had the lowest 

recorded value (5.16), and F4 had the highest (5.51). The values were close to one another 

despite the change in thickener type and concentration. This narrow range suggests that the 

measured pH did not vary markedly across the tested batches. However, pH alone cannot 

establish that a cleanser is non-irritating or suitable for every skin type; safety depends on 

the complete formula, exposure, use conditions and individual sensitivity. 

Viscosity 

Formulation Thickener Viscosity (mPa·s) 

F1 Xanthan gum 0.2% 260 

F2 Xanthan gum 0.3% 320 

F3 Xanthan gum 0.4% 395 

F4 Xanthan gum 0.5% 450 

F5 Guar gum 0.4% 1420 

F6 Guar gum 0.5% 1485 

F7 Guar gum 0.6% 1600 

F8 Guar gum 0.7% 2100 
 

Within the xanthan-gum series, recorded viscosity increased from 260 mPa·s in F1 to 450 

mPa·s in F4. Within the guar-gum series, it increased from 1420 mPa·s in F5 to 2100 

mPa·s in F8. The data show a concentration-associated increase in viscosity within each 

polymer series. Across the two series, the guar-gum preparations had higher recorded 

values than the xanthan-gum preparations, although this comparison is confounded by the 

different concentration ranges and potentially by measurement conditions. F2 (320 mPa·s) 
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and F7 (1600 mPa·s) were described in the original project as having suitable viscosity at 

the reported setting. 

Spreadability 

Formulation Spreadability (g·cm/s) 

F1 440 

F2 370 

F3 295.3 

F4 220.8 

F5 528.57 

F6 493.3 

F7 350 

F8 255.17 
 

Spreadability ranged from 220.8 to 528.57 g·cm/s. F5 had the highest recorded value 

(528.57), followed by F6 (493.3) and F1 (440). F4 had the lowest value (220.8). Within the 

xanthan-gum group, spreadability decreased as the gum concentration increased. A similar 

overall decrease was observed across the guar-gum series as concentration increased from 

0.4% to 0.7%. This pattern is consistent with the recorded rise in viscosity within each 

series, although the method and units require verification before direct quantitative 

comparisons are made. 

Washability 

Formulation Washability score Interpretation used in source 

F1 +++ Excellent 

F2 +++ Excellent 

F3 ++ Good 

F4 ++ Good 

F5 +++ Excellent 

F6 +++ Excellent 

F7 +++ Excellent 

F8 ++ Good 
 

F1, F2, F5, F6 and F7 were rated +++, interpreted as excellent washability. F3, F4 and F8 

were rated ++, interpreted as good washability. Thus, every formulation was reported to 

rinse reasonably well under the qualitative test, but the ratings do not quantify residue, 

rinsing time or skin feel. 

Phase separation 

http://www.ajptr.com/


Reddy et. al.,  Am. J. PharmTech Res. 2026;16(05)  ISSN: 2249-3387 

www.ajptr.com  244 
 

 
Figure 03: Phase separation test for F1, F2, F3 and F4 

 
Figure 04: Phase separation test for F5, F6, F7 and F8 

 

Formulation  Observation reported Interpretation 

F1–F4 

(xanthan gum 

0.2–0.5%) 

No visible phase separation 

during the reported 

observation period 

Better short-term visual integrity 

under the test conditions 

F5–F8 

(guar gum  

0.4–0.7%) 

Phase separation observed Further optimization of polymer 

system and suspension stability 

required 
 

The difference in observed phase separation is an important outcome. The xanthan-gum 

series showed no visible separation during the stated short observation period, whereas all 

four guar-gum formulations showed separation. The available results do not establish the 

mechanism. Potential factors to investigate include polymer hydration, clay wetting, 

polymer–electrolyte interactions, viscosity at low shear, particle settling and the order of 

ingredient addition. These are hypotheses for future testing, not mechanisms demonstrated 

by the present experiment. 

Foam height 

Formulation Trial 1 (cm) Trial 2 (cm) Trial 3 (cm) Average (cm) 

F1 4.2 4.4 4.1 4.23 

F2 3.4 3.5 3.4 3.43 

F3 2.9 2.8 2.9 2.87 

F4 1.5 1.3 1.4 1.40 

F5 4.6 4.7 4.3 4.53 

F6 4.2 4.3 4.4 4.30 

F7 3.3 3.4 3.3 3.33 

F8 2.2 2.3 2.2 2.23 
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Average foam height ranged from 1.40 to 4.53 cm. F5 produced the highest average foam 

height (4.53 cm), followed by F6 (4.30 cm) and F1 (4.23 cm). F4 produced the lowest foam 

height (1.40 cm). F2 and F7 showed intermediate averages of 3.43 and 3.33 cm, 

respectively. The recorded data indicate that all preparations produced some foam under 

the stated test conditions. Foam volume should not be used alone as a measure of cleansing 

efficacy or mildness, and the observed trend should be confirmed using a standardized 

method with controlled shaking energy and vessel geometry. 

Overall screening of formulations 

The original project identified F2 and F7 as preferred formulations after considering pH, 

viscosity, spreadability, washability, phase separation and foam ability. F2 contained 0.3% 

xanthan gum and had a pH of 5.24, viscosity of 320 mPa·s, spreadability of 370 g·cm/s, 

excellent qualitative washability, no reported phase separation in the xanthan series and 

average foam height of 3.43 cm. F7 contained 0.6% guar gum and had a pH of 5.28, 

viscosity of 1600 mPa·s, spreadability of 350 g·cm/s, excellent washability and average 

foam height of 3.33 cm; however, it belongs to the guar-gum group in which phase 

separation was observed. 

Attribute F2 F7 

Thickener Xanthan gum 0.3% Guar gum 0.6% 

pH 5.24 5.28 

Viscosity (mPa·s) 320 1600 

Spreadability (g·cm/s) 370 350 

Washability +++ +++ 

Phase separation Not observed in group Observed in group 

Average foam height (cm) 3.43 3.33 

 

F2 and F7 therefore represent the project’s selected candidates, but the selection should be 

interpreted cautiously. F7’s reported phase separation is a meaningful limitation and would 

need to be resolved before it could be considered a stable product candidate. A transparent 

optimization approach should define in advance the acceptable ranges for viscosity and 

spreadability, weight the importance of physical stability, and repeat all critical 

measurements across independently prepared batches. 

DISCUSSION 

Interpretation of the overall findings 

This study prepared eight clay-based cleanser formulations using fixed levels of Zinc PCA, 

kaolin clay, glycerin, EDTA, cocamidopropyl betaine and sodium benzoate while varying 

the type and concentration of thickener. The preparations had a narrow pH range, were 
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described as visually homogeneous at initial inspection and produced measurable foam. 

These findings suggest that the basic mixing procedure produced testable cleanser-like 

dispersions. However, the different outcomes for short-term phase separation indicate that 

the polymer system is a key variable requiring further investigation. 

The findings should be read as a first-stage formulation screen. Physical appearance, pH, 

viscosity, spreadability, washability and foam height are useful product-development 

observations, but they do not directly establish the claimed biological effect of regulating 

sebum. The study did not measure sebum levels on skin or assess user experience in a 

controlled design. It also did not include microbiological testing or a formal stability 

protocol. Accordingly, the results support selection of candidates for further development 

rather than a conclusion that an optimized, safe or clinically effective cosmetic product has 

been established. 

pH and potential skin suitability 

All measured pH values fell between 5.16 and 5.51. The narrow range indicates that the 

tested batches had similar measured acidity. A mildly acidic product pH is often considered 

during facial cleanser development because the skin surface is typically acidic, but the 

product’s pH alone cannot predict tolerability. Surfactant concentration and identity, 

contact time, frequency of use, impurities, preservative system and the user’s barrier 

condition can all influence irritation. In future work, the pH should be measured in 

replicate at a controlled temperature, with the electrode calibration and measurement 

procedure documented. 

Rheology, viscosity and spreadability 

Viscosity increased with polymer concentration in both formulation series, while 

spreadability generally decreased. This inverse pattern is practically important: a thicker 

cleanser may be easier to hold and may slow the settling of particles, but it can require 

more force to spread and rinse. A formulation intended for routine facial use should 

balance these attributes rather than maximize either one. The large difference between the 

viscosity values of the two polymer series cannot be attributed solely to polymer identity 

because the concentrations differed and complete measurement settings were not available 

for all readings. 

Rheological characterization should be strengthened in a future study by recording 

viscosity at multiple spindle speeds or shear rates, reporting temperature, specifying the 

instrument model and calibration, and assessing whether viscosity changes after standing. 
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If the material is thixotropic or shear-thinning, measurements should be collected using a 

reproducible pre-shear and rest protocol. Such data would make it possible to relate 

structure at rest to dispensing and spreading under use conditions. The current report’s 

qualitative description of pseudoplastic behaviour should be treated as preliminary because 

a complete flow curve is not included in the article data. 

Comparison of xanthan gum and guar gum series 

The xanthan-gum series had lower recorded viscosity values and did not show visible 

separation during the reported observation period. The guar-gum series had higher 

recorded viscosity values, but phase separation was observed in all four preparations. 

These results show why viscosity alone should not be considered a sufficient measure of 

suspension stability. A formulation can have a relatively high apparent viscosity yet still 

undergo separation if particle wetting, polymer hydration, yield stress or interactions within 

the system are not adequate. 

The polymer comparison was not designed as a fully matched concentration study: xanthan 

gum was tested at 0.2–0.5%, whereas guar gum was tested at 0.4–0.7%. A rigorous 

comparison would prepare both polymers at overlapping concentrations and hold the other 

variables constant. The mixing order and hydration conditions should also be controlled. It 

may be useful to test intermediate levels, combinations of gums or alternative suspending 

agents, but these should be approached as new experiments and not assumed to improve 

stability without data. 

Significance of phase separation 

The lack of visible separation in F1–F4 is encouraging for short-term physical appearance, 

but a 24-hour observation is not enough to establish shelf stability. The observation of 

separation in F5–F8 suggests that the guar-gum series requires further work before 

selection for product development. Additional observations should include the amount and 

appearance of separated material, sedimentation volume, ease of redispersion and whether 

repeated shaking restores uniformity. Centrifugation, freeze–thaw cycling and storage at 

different temperatures can provide useful stress screens, while real-time stability testing is 

needed to support shelf-life decisions. 

The mechanism of separation was not established in the current project. The article 

therefore avoids assigning a specific cause. Future experiments could evaluate clay 

dispersion, wetting, polymer hydration, electrolyte sensitivity, preservative compatibility 
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and the effect of mixing sequence. A suitable design would change one factor at a time or 

use a planned factorial approach, record the response quantitatively and repeat each batch. 

Foaming and washability 

Cocamidopropyl betaine was included as an amphoteric surfactant, and all formulations 

produced measurable foam. The average foam height differed across formulations, with F5 

showing the highest and F4 the lowest value. Since the surfactant concentration was 

nominally constant, differences may relate to interactions with polymer, clay dispersion 

and sample handling; however, the present data do not establish the mechanism. The 

shaking procedure is also sensitive to the operator, vessel dimensions and timing, so 

standardized equipment and a defined shaking energy would improve comparability. 

Qualitative washability ratings were good or excellent for every formulation. This suggests 

that the preparations could be rinsed from the hand under the conditions used for the 

project test. It does not demonstrate that they leave no residue, are non-irritating or are 

preferred by users. Future evaluation could include a standardized rinse protocol, residual-

film assessment, skin-feel questionnaire and controlled tolerability testing after appropriate 

ethical and safety review. 

Role of the selected ingredients 

The formula combined a mineral adsorbent, a sebum-related ingredient, a surfactant, a 

humectant, polymers, a chelating agent, a preservative and water. The roles assigned to 

these ingredients are consistent with the formulation rationale described in the project. 

Nevertheless, ingredient function at the individual level does not guarantee performance of 

the complete product. For example, sodium benzoate was included as a preservative, but 

the study did not perform a microbial limit test or preservative efficacy/challenge test. Its 

inclusion cannot therefore be interpreted as proof that the product is microbiologically 

protected. 

Similarly, glycerin was included as a humectant, but hydration or moisturization was not 

measured. Zinc PCA was included based on its cosmetic use in sebum-related 

formulations, but no biological endpoint was tested. Kaolin was included as an adsorbent, 

but the project did not quantify oil adsorption by the final formulation. Future work should 

link ingredient rationale to measurable endpoints and avoid making claims that go beyond 

the experiments conducted. 

Comparison with literature and formulation context 
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Published reviews describe facial cleansers as systems whose effects depend on 

surfactants, formulation structure and the interaction with the skin barrier [6]. Reviews of 

sebum biology emphasize that sebum has normal protective functions and that sebaceous 

activity is influenced by several factors [2,7]. Literature on zinc-containing cosmetic 

ingredients and PCA salts provides a rationale for considering Zinc PCA in personal-care 

formulations [12,13], while work on clay-based cosmetic preparations supports further 

investigation of clay mineral properties and their influence on formulation behaviour [10]. 

These sources provide background for ingredient selection; they do not validate the 

specific formulation tested here. 

The present work adds descriptive data for eight formula variations, including pH, 

viscosity, spreadability, qualitative washability, visible phase separation and foam height. 

Its principal practical observation is that the xanthan-gum series maintained visual integrity 

during the reported short observation period, whereas the guar-gum series did not. Further 

studies should compare the selected formulations against a suitable marketed reference 

under the same methods and include objective endpoints rather than relying only on visual 

and qualitative assessment. 

Practical implications for formulation development 

The data suggest that F2 is a reasonable candidate for further testing because it combined a 

measured pH of 5.24, a moderate recorded viscosity of 320 mPa·s, spreadability of 370 

g·cm/s, excellent washability and no reported separation in the xanthan-gum series. F7 was 

selected in the original project because its recorded pH, viscosity, spreadability, 

washability and foam height were considered suitable; however, the phase-separation 

observation in the guar-gum group is a critical caveat. It would be premature to recommend 

F7 as a stable formula without reformulation or further investigation. 

The next stage should prioritize reproducibility and stability over increasing foam or 

viscosity alone. At least three independently prepared batches of each shortlisted 

formulation should be evaluated using pre-specified methods. A formulation should 

advance only if it remains physically uniform, has a reproducible pH and viscosity, can be 

spread and rinsed acceptably, and passes relevant microbiological and safety checks. A 

formal decision matrix could be used to compare candidates with clearly defined criteria. 

Limitations 

● The study was a preliminary formulation evaluation and did not include a controlled 

human-use study. 
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● Phase separation was observed over a short period; long-term and accelerated stability 

studies were not reported. 

● FTIR compatibility was a preliminary comparison and cannot independently establish 

comprehensive chemical stability. 

● The two polymer series used different concentration ranges, so a direct polymer-to-

polymer comparison is confounded. 

Future scope 

• Study can be carried out further by replacing the thickening agents. 

• Studies can be carried out for other drugs which are having the properties of 

sebum regulation. 

• The work can be extended by comparing formulated clay-based facial 

cleanser formulation with marketed clay-based facial cleanser. 

CONCLUSION 

Eight clay-based facial cleanser formulations containing 0.5% Zinc PCA and 5% kaolin 

clay were prepared using xanthan gum or guar gum as alternative thickeners. All 

formulations were described as milky, cloudy and off-white and visually homogeneous at 

initial inspection. Measured pH ranged from 5.16 to 5.51; recorded viscosity ranged from 

260 to 2100 mPa·s; spreadability ranged from 220.8 to 528.57 g·cm/s; and average foam 

height ranged from 1.40 to 4.53 cm. Washability was rated good or excellent across all 

formulations. 

The most important stability-related observation was that F1–F4, containing xanthan gum, 

showed no visible phase separation during the reported observation period, whereas F5–F8, 

containing guar gum, showed separation. F2 and F7 were identified in the original project 

as preferred formulations based on combined evaluation, but F7 requires particular caution 

because of the separation observed in the guar-gum series. The work supports further 

formulation optimization, not a definitive claim of product stability, safety or clinical 

sebum regulation. Replicated testing, longer-term stability, microbiological assessment, 

safety evaluation and a controlled comparison with marketed cleansers are recommended. 
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