Iconic Research and Engineering Journals Vol. 10, Issue 4, October 2026

PHARMACY

Formulation and Evaluation of a Herbal Antioxidant
Face Cream Containing Aloe vera Gel, Green Tea and
Pomegranate Peel Extracts for SKkin Care

Shweta Kushwaha, Pradeep Kumar”

Department of Pharmaceutics, Harishchandra P.G. College, Bawanbheegha, Varanasi, Uttar Pradesh, India (affiliated to Dr.
A.PJ. Abdul Kalam Technical University, Lucknow, Uttar Pradesh, India)

Published October 2026

Abstract

Background: Oxidative stress drives both intrinsic and photo-induced skin ageing, and polyphenol-rich
botanicals are widely used in topical products to counter it.

Objective: To formulate and evaluate an oil-in-water (O/W) herbal face cream combining Aloe bar-
badensis gel, Camellia sinensis (green tea) leaf extract and Punica granatum (pomegranate) peel extract.

Methods: Green tea (Soxhlet, 95% ethanol) and pomegranate peel (maceration, 70% ethanol) extracts
and clarified aloe gel were characterised by phytochemical screening and by total phenolic, flavonoid
and tannin assays. Five creams (F1-F5) with increasing extract loads were prepared by fusion-emulsi-
fication and assessed for organoleptic and physicochemical properties, DPPH radical scavenging (10-
160 pg/mL; ascorbic acid as reference), antimicrobial activity (agar well diffusion), Draize patch-test
safety, centrifugation and freeze-thaw behaviour, and 90-day stability under ICH Q1A(R2) conditions.

Results: Pomegranate peel extract had the highest phenolic (342.60 + 7.48 mg GAE/g) and tannin
content, and green tea extract the highest flavonoid content. Antioxidant potency rose with extract load
(ICg, 74.33 pg/mL for F1 to 32.29 pg/mL for F5; ascorbic acid 29.13 pg/mL), whereas viscosity fell and
the highest-load batch (F5) showed grittiness and slight creaming. Batch F4 (10% aloe gel, 5% green tea
extract, 2.5% pomegranate peel extract) gave the best composite score: pH 5.78 + 0.04, viscosity 18,900
+ 410 cP, spreadability 9.38 + 0.26 g-cm/s, IC;, 35.42 pg/ml, a primary irritation index of 0.033, and
retention of 92.4% of its antioxidant activity after 90 days at 40 °C/75% RH. Its IC, ) was about 1.8-fold
lower than that of a marketed herbal cream.

Conclusions: The three-extract cream F4 is a stable, well-tolerated and antioxidant-active cosmeceutical
candidate; in vivo efficacy studies and marker-based standardisation are the next steps.

Keywords: herbal cosmeceutical; antioxidant cream; Aloe vera; green tea; pomegranate peel; DPPH;
stability; skin ageing

1 Introduction

Human skin is the body’s largest organ and its principal barrier against the environment. With age its
structure and function decline through two overlapping processes: intrinsic (chronological) ageing,
which is genetically programmed, and extrinsic ageing, which is driven mainly by ultraviolet (UV)
radiation, pollutants and lifestyle factors [1-3]. Photoaged skin shows coarse wrinkles, dyspigmenta-
tion, dryness and loss of elasticity, and UV exposure is considered the dominant contributor to visible
facial ageing [1,3].
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Oxidative stress links these processes at the molecular level. Reactive oxygen species (ROS) generated
by mitochondrial metabolism, UV irradiation and pollutants damage lipids, proteins and DNA,
activate transcription factors such as AP-1 and NF-xB, and up-regulate matrix metalloproteinases that
degrade collagen and elastin [1,4,5]. Because the skin’s own antioxidant defences (enzymatic sys-
tems, vitamins C and E, glutathione) are depleted by ageing and UV exposure, topical replenishment
with exogenous antioxidants is a rational and widely used strategy [6,7].

Plant extracts are attractive sources of such antioxidants. Polyphenols, flavonoids and tannins
scavenge free radicals, chelate transition metals, and modulate inflammatory and matrix-degrading
pathways, and consumer preference for natural cosmetic ingredients has expanded their use in skin-
care products [8-11]. Herbal creams containing phytoextracts have been reported to show anti-
ageing potential in vitro and in human volunteers [12].

Three botanicals are especially suited to a combined formulation. Aloe vera (Aloe barbadensis Miller)
inner leaf gel is a polysaccharide-rich, humectant and soothing material that also contains vitamins,
enzymes and phenolic constituents [13-15]; aloe-containing cosmetic bases have been assessed for
their moisturising effect by skin bioengineering methods [16]. Green tea (Camellia sinensis) leaves are
rich in catechins, chiefly epigallocatechin-3-gallate (EGCG), which have been shown to reduce UV-
induced inflammation and oxidative damage in skin [17-21], although controlled clinical evidence for
photoaging is mixed [22,23]. Pomegranate (Punica granatum) peel is among the richest plant sources
of ellagitannins such as punicalagin, and peel extracts show higher antioxidant capacity than pulp ex-
tracts [24-27]. Pomegranate fractions stimulate procollagen synthesis and inhibit MMP-1 in human
skin cells and modulate UVB-induced signalling in keratinocytes [28,29], and the activity of
pomegranate tannins is enhanced in the presence of other polyphenols [30].

These botanicals have complementary phytochemical profiles: a hydrating polysaccharide matrix
(aloe), flavan-3-ols (green tea) and hydrolysable tannins (pomegranate peel). To our knowledge,
however, systematic optimisation of a single stable cream that carries all three extracts, with parallel
assessment of antioxidant activity, antimicrobial activity, safety and stability, has received limited
attention. Extract loading is also a formulation problem in its own right, because hydrophilic, tannin-
rich extracts can reduce the viscosity and structure of a stearate-based emulsion. The present work
therefore set out to (i) prepare and characterise the three extracts; (ii) formulate five O/W creams
(F1-F5) with graded extract loads; (iii) evaluate their physicochemical, antioxidant, antimicrobial,
safety and stability properties; and (iv) select an optimised batch and benchmark it against a
marketed herbal face cream.

2 Materials and methods

2.1 Plant material and authentication

Fresh Aloe barbadensis Miller leaves (3-4-year-old plants) were collected in the early morning from a
certified botanical garden. Dried green tea leaves (Camellia sinensis L.) were obtained from a com-
mercial tea estate in Darjeeling, West Bengal, and pomegranate (Punica granatum L.) fruits were pur-
chased from a local market, from which the peel was separated. The materials were authenticated by
macroscopic, microscopic and organoleptic examination against standard pharmacognostic refer-
ences, including WHO quality-control methods for medicinal plant materials [31], and voucher speci-
mens were deposited in the institutional herbarium. Plant material was washed, shade-dried at 25-
30 °C for 7-10 days, powdered in a mechanical grinder, passed through a 60-mesh sieve and stored in
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airtight amber glass containers at 4 °C. All chemicals and excipients were of analytical or
pharmacopoeial grade.

2.2 Preparation of extracts

Green tea powder (50 g) was extracted in a Soxhlet apparatus with 300 mL of 95% ethanol at 70-75
°C for 6-8 h (10-12 siphoning cycles). Pomegranate peel powder (50 g) was macerated in 500 mL of
70% ethanol for 72 h at room temperature with intermittent shaking, and the marc was re-extracted
with 250 mL of fresh solvent for 24 h; maceration was chosen to limit thermal hydrolysis of heat-
labile ellagitannins. Filtrates (Whatman No. 1) were concentrated under reduced pressure at 45 °C in
a rotary evaporator to a semisolid mass, and percentage yield was calculated as (weight of dried
extract/weight of plant material) x 100. Extracts were stored in airtight vials at 4 °C. Aloe leaves were
washed and the rind removed with a scalpel, taking care to avoid the aloin-containing yellow latex;
the inner gel was homogenised for 3 min, filtered through double-layer muslin, centrifuged at 3000
rpm for 15 min, stored at 4 °C in sterile amber bottles and used within 48 h.

2.3 Phytochemical screening and quantification

Qualitative tests for alkaloids (Mayer’s, Wagner’s, Dragendorft’s), flavonoids (Shinoda, lead acetate,
alkaline reagent), tannins (ferric chloride, gelatin, lead acetate), phenolics (Folin-Ciocalteu, ferric
chloride), saponins (foam), glycosides (Molisch, Keller-Killiani), steroids and terpenoids
(Liebermann-Burchard, Salkowski), reducing sugars (Benedict, Fehling), proteins and amino acids
(biuret, ninhydrin) and fixed oils (spot test) followed standard methods [32]. Total phenolic content
was determined by the Folin-Ciocalteu method with gallic acid as standard [33], total flavonoids by
the aluminium chloride colorimetric method with quercetin as standard [34], and total tannins by the
Folin-Denis method with tannic acid as standard. Results are expressed as mg gallic acid equivalents
(GAE)/g, quercetin equivalents (QE)/g and tannic acid equivalents (TAE)/g (mean + SD, n = 3).

2.4 Formulation of the creams

Five O/W creams (F1-F5) and a plain cream base (Std.) were prepared by the fusion-emulsification
method (Table 1). The oil phase (stearic acid, beeswax, cetyl alcohol, propylparaben) was melted at
70-75 °C on a water bath. The aqueous phase (glycerin, triethanolamine, methylparaben, distilled
water) was heated to the same temperature and added slowly to the oil phase under mechanical
stirring (500-700 rpm), followed by stirring at 400 rpm while cooling from 70 °C to 45 °C. When the
emulsion reached 40-45 °C, aloe gel, green tea extract and pomegranate peel extract were incorpor-
ated in that order with gentle stirring, keeping the temperature below 50 °C to protect EGCG and
punicalagin from thermal degradation. The pH was adjusted to 5.5-6.5 with triethanolamine, and the
cream was cooled to 25 °C under slow stirring and packed in airtight jars.

Table 1. Composition of the herbal antioxidant cream batches (g per 100 g).

Ingredient F1 F2 F3 F4 F5 Std.
Stearic acid 12.0 12.0 12.0 12.0 12.0 12.0
Beeswax 5.0 5.0 5.0 5.0 5.0 5.0
Cetyl alcohol 4.0 4.0 4.0 4.0 4.0 4.0
Glycerin 5.0 5.0 5.0 5.0 5.0 5.0
Triethanolamine 1.5 1.5 1.5 1.5 1.5 1.5
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Ingredient F1 F2 F3 F4 F5 Std.
Methylparaben 0.20 0.20 0.20 0.20 0.20 0.20
Propylparaben 0.05 0.05 0.05 0.05 0.05 0.05
Aloe vera gel 5.0 7.5 10.0 10.0 10.0 —
Green tea extract 2.5 2.5 2.5 5.0 5.0 —
Pomegranate peel extract 2.5 215 2.5 235 5.0 —
Distilled water q.s. qg.s. q.s. qg.s. q.s. q.s.

Std. = plain cream base (negative control); g.s. = quantity sufficient to 100 g.

2.5 Evaluation of the creams

All tests were performed in triplicate. Colour, odour, appearance, texture and homogeneity were
assessed visually and by touch. pH was measured (ELICO pH-101, calibrated with pH 4.0, 7.0 and 9.2
buffers) in a 1% w/w dispersion in freshly boiled, cooled distilled water at 25 °C. Viscosity was
measured with a Brookfield viscometer (spindle 64, 20 rpm, 25 °C, 60 s). Spreadability was
determined by the glass-slide method (0.5 g of cream, 100 g weight, 5 min) and calculated as S = m x
1/t. Extrudability was assessed from the percentage of cream extruded from a collapsible tube under
constant load. Washability was judged by removal from the forearm with water, and greasiness by the
blotting-paper test. Acceptance criteria were pH 5.5-6.5, viscosity 10,000-30,000 cP and
spreadability > 4 g-cm/s.

2.6 DPPH radical scavenging assay

Antioxidant activity was measured by the DPPH method [35,36]. Cream samples (100 mg) were dis-
solved in 10 mL of methanol by gentle warming and vortexing and diluted to 10, 20, 40, 80 and 160
pg/mL. One millilitre of each dilution was mixed with 3 mL of 0.1 mM methanolic DPPH, vortexed for
30 s and incubated in the dark at 25 °C for 30 min, and absorbance was read at 517 nm (Shimadzu
UV-1800). Ascorbic acid served as the positive control and the plain cream base as the negative
control. Inhibition (%) was calculated as [(A, - A])/A ] x 100, where A _is the absorbance of the DPPH
control and A_ that of the sample. IC., values were obtained by regression of inhibition (%) against
log concentration. Relative potency was expressed as the ratio of the IC,, of ascorbic acid to that of
the sample. The limits of a single radical-based assay are discussed in Section 3.9[37].

2.7 Antimicrobial activity

Antimicrobial activity was determined by agar well diffusion [38] against Staphylococcus aureus
(ATCC 25923), Bacillus subtilis (ATCC 6633), Escherichia coli (ATCC 25922), Pseudomonas aeruginosa
(ATCC 27853) and Candida albicans (ATCC 10231). Plates were seeded with suspensions standard-
ised to 0.5 McFarland (about 1.5 x 108 CFU/mL), 8 mm wells were filled with 100 pL of cream sus-
pension, and plates were incubated at 37 °C for 24 h (bacteria) or 28 °C for 48 h (fungus). Gentamicin
(10 pg/disc) and fluconazole (25 pg/disc) were positive controls, and the plain base was the negative
control.

2.8 Primary skin irritation (patch) test

A Draize-type patch test [39] was carried out on 10 healthy adult volunteers (5 men, 5 women; 20-35
years) with written informed consent, after clearance by the Institutional Ethics Committee.
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Volunteers with skin allergy, active dermatological disease or recent topical corticosteroid use were
excluded. The optimised cream (0.5 g) was applied under a non-occlusive patch to a 4 x 4 cm area of
the inner forearm and the site was scored for erythema, oedema, papules and vesicles at 24, 48 and
72 h (0-3 scale). The primary irritation index was calculated as the sum of erythema and oedema
scores divided by the product of the number of volunteers and observation times; values below 0.5
indicate negligible irritation.

2.9 Stability studies

Stability of the optimised batch was assessed according to ICH Q1A(R2)[40]. Samples in opaque, air-
tight 30 g jars were stored at 25 + 2 °C/60 + 5% RH, 4 + 2 °C and 40 * 2 °C/75 * 5% RH for 90 days
and examined at 0, 7, 14, 30, 60 and 90 days for organoleptic changes, pH, viscosity, spreadability,
phase separation and DPPH activity. All batches were also centrifuged (3000 rpm, 30 min) and
subjected to three freeze-thaw cycles (-10 °C for 48 h alternating with 25 °C for 48 h). The
formulation was regarded as stable if there was no phase separation, pH change was within +0.2
units and remained in 5.5-6.5, viscosity change was within +10%, spreadability change within +15%,
and at least 90% of initial DPPH activity was retained.

2.10 Batch selection, marketed-product comparison and statistics

Each batch was scored from 1 to 5 against seven criteria (pH compatibility, viscosity and body,
spreadability, antioxidant potency, physical and chemical stability, organoleptic acceptability and
antimicrobial contribution; maximum 35), and the batch with the highest total was selected. The
selected batch was compared with a commercially available herbal face cream for pH, viscosity,
spreadability, DPPH activity, washability and greasiness. Data are mean + SD (n = 3). Differences
among batches were tested by one-way ANOVA with Tukey’s post-hoc test, and P < 0.05 was
considered significant.

3 Results and discussion

3.1 Extract yield and phytochemical profile

Pomegranate peel gave the highest extractive yield (24.35 * 0.92% w/w), followed by green tea
(18.62 + 0.74% w/w); fresh aloe gel recovery was 54.20 * 1.85% of leaf weight (dried solids 1.18 *
0.06%). The higher peel yield reflects its abundance of readily soluble tannins and sugars and the
longer contact time in maceration. Qualitative screening (Table 2) showed that aloe gel was domin-
ated by carbohydrates, glycosides and proteins and was free of tannins, consistent with its
polysaccharide-rich mucilage [13,14]. Green tea and pomegranate peel extracts gave strong reactions
for phenolics, tannins and flavonoids, the blue-black ferric chloride colour being typical of galloylated
catechins and ellagitannins. Steroids and terpenoids were present in traces in aloe gel and green tea
and absent in pomegranate peel, proteins and amino acids were moderate in aloe gel, and fixed oils
were absent in all three. The three extracts were therefore chemically complementary rather than du-
plicative.

Quantitative assay agreed with this picture (Table 2). Pomegranate peel had the highest total phenolic
(342.60 £+ 7.48 mg GAE/g) and tannin (218.70 * 5.21 mg TAE/g) contents, while green tea had the
highest flavonoid content (196.80 + 4.75 mg QE/g). Aloe gel contributed only small amounts of
phenolics (18.70 + 0.84 mg GAE/g), so its role in the cream is mainly hydrating and skin-conditioning
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rather than directly antioxidant. High phenolic content of pomegranate peel relative to pulp is well
documented [24,25], although absolute values vary with cultivar, maturity and extraction solvent.

Table 2. Yield, phytochemical screening and phenolic content of the herbal extracts.

Parameter Aloe vera gel Green tea extract Pomegranate peel extract
Extraction method Homogenisation, centrifugation  Soxhlet, 95% ethanol  Maceration, 70% ethanol
Yield (% w/w) 54.20 + 1.85 (fresh gel) 18.62 + 0.74 24.35+0.92

Alkaloids - + +

Flavonoids + +++ ++

Tannins - +++ +++

Phenolic compounds + +++ +++

Saponins + + +

Glycosides ++ + ++

Reducing sugars +++ + +

Total phenolics (mg GAE/g) 18.70 + 0.84 268.40 £ 6.12 342.60 +7.48

Total flavonoids (mg QE/g)  6.20 £ 0.31 196.80 £ 4.75 84.50 + 2.64

Total tannins (mg TAE/g) 4.10+0.22 142.30 £ 3.86 218.70 £5.21

+++ abundant; ++ moderate; + trace; — absent. Quantitative values are mean * SD, n = 3.

3.2 Organoleptic and physicochemical properties

All batches were smooth, homogeneous and free from lumps and phase separation on preparation.
Colour deepened from off-white (F1) to brown (F5) and the herbal odour strengthened with extract
load, as expected for polyphenol-rich extracts. F5 alone was slightly gritty, softer in body and dull in
appearance, indicating that a total active load of 20% begins to disturb the emulsion network.

The pH of all creams (5.61-6.18) lay within the target range of 5.5-6.5 and close to the skin’s acid
mantle (Table 3, Figure 1A), so irritation or barrier disturbance is unlikely. The gradual fall in pH
from F1 to F5 is attributable to the phenolic hydroxyl and carboxylic acid groups introduced with the
extracts. A mildly acidic medium is also favourable for polyphenol stability, since catechins are
generally more stable in acidic than in neutral or alkaline media [41].

Viscosity fell steadily from 23,450 cP (F1) to 16,200 cP (F5), while spreadability rose from 6.42 to
11.24 g-cm/s (Table 3, Figure 1B-C). This inverse relationship is the expected consequence of adding
more hydrophilic extract to the aqueous external phase, which dilutes the stearic acid-cetyl alcohol-
beeswax network that structures the emulsion. All batches remained within the viscosity window of
10,000-30,000 cP and exceeded the spreadability criterion of 4 g-cm/s. F3 and F4 offered the best
balance of easy spreading and sufficient body. All creams were easily washable and non-greasy,
confirming the O/W character of the system; only F5 felt slightly tacky.

Extrudability decreased only modestly, from 93.10% for the base to 86.40% for F5, and remained
acceptable throughout, in line with the softer consistency of the higher-load creams. Homogeneity
was good for every batch except F5, which was rated satisfactory. Taken together, the physical data
show that extract loading, rather than the fixed excipient system, is the main determinant of texture
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in this series, and that up to about 17.5% total active load (F4) the stearate-cetyl alcohol-beeswax
matrix can accommodate the extracts without loss of structure.

Table 3. Physicochemical properties of the cream batches (mean + SD, n = 3).

Batch pH Viscosity (cP) Spreadability (g:cm/s) Extrudability (%) Washability / greasiness
Std. 6.42 +0.03 24,800 + 290 5.80 £ 0.15 93.10 +1.20 Washable / non-greasy
F1 6.18+0.04 23,450+ 320 6.42 +0.18 92.40 + 1.35 Washable / non-greasy
F2 6.05+0.03 22,100 + 280 7.14+0.21 91.80 +1.18 Washable / non-greasy
F3 592 +0.05 20,850+ 350 8.23+£0.19 90.60 + 1.42 Washable / non-greasy
F4 5.78+0.04 18,900 + 410 9.38+0.26 89.20 + 1.56 Washable / non-greasy
F5 5.61+0.06 16,200 + 460 11.24 £ 0.31 86.40 + 1.74 Washable / slightly tacky
(A) pH (B) Viscosity (x1032 cP) (C) Spreadability (g-cm/s)
4 30.0 q
6.75
12 A
27.5 A

& & ee F &L e P &L e

Figure 1. (A) pH, (B) viscosity and (C) spreadability of the cream base and batches F1-F5 (mean # SD, n = 3). Shaded
bands mark the acceptance ranges; the dotted line in (C) is the minimum spreadability criterion.

3.3 Antioxidant activity

Every batch scavenged DPPH radicals in a concentration-dependent manner over 10-160 pg/mL
(Figure 2), whereas the plain base showed only 3.20-12.60% inhibition, so the activity is attributable
to the herbal actives and not to the excipients. Regression of inhibition against log concentration gave
R? of 0.982-0.996, and potency rose in the order F1 < F2 < F3 < F4 < F5, mirroring the polyphenol
load (Table 4, Figure 3). The IC., of F5 (32.29 pg/mL) and F4 (35.42 pg/mL) approached that of
ascorbic acid (29.13 pg/mL), corresponding to 90% and 82% of the reference potency, respectively.
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Figure 2. Concentration-dependent DPPH radical scavenging by the cream base, batches F1-F5 and ascorbic acid

(mean, n = 3; SD < 1.9 percentage points).

Table 4. Regression equations and IC, values for DPPH scavenging (y = m log C + c).

Sample Regression equation R? 1Cs0 (ng/mL) Relative potency
Cream base y=7.511logC-4.62 0.9953 >1000 Negligible

F1 y =47.641og C - 39.14 0.9824 74.33 0.39

F2 y =50.69 log C - 39.27 0.9883 57.68 0.50

F3 y=55.341ogC-40.14 0.9924 42.54 0.68

F4 y=57.17 log C - 38.57 0.9962 35.42 0.82

F5 y =58.03 log C - 37.57 0.9957 32.29 0.90

Ascorbic acid y=59.66log C-37.36 0.9941 29.13 1.00

Relative potency = ICs, of ascorbic acid + ICs, of sample.
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Figure 3. IC,, values of batches F1-F5 compared with ascorbic acid.

The gain in potency between F4 and F5, in which pomegranate extract was doubled from 2.5% to
5.0%, was smaller than that between F3 and F4, suggesting a plateau. Tukey’s test confirmed that F4
and F5 did not differ significantly in DPPH inhibition at 160 pg/mL (Section 3.8). Such saturation is
commonly seen with polyphenols in radical-based assays, in which the accessible radical population
becomes limiting and polyphenol self-association can reduce the effective concentration [36,37].
From a formulation standpoint the plateau matters, because doubling the pomegranate load bought
only a marginal improvement in scavenging while damaging the physical quality of the cream. The
activity of the cream is best explained by the complementary mechanisms of its components:
hydrogen and electron donation by catechins and ellagitannins, metal chelation by galloyl groups, and
a hydrating polysaccharide matrix from aloe that retains the actives on the skin surface [14,17,30].

It should be noted that concentrations in the assay refer to the mass of cream dissolved in methanol,
not to the mass of extract, whereas ascorbic acid was tested as a pure compound. That a cream
containing at most 17.5% active extract reached 82% of the mass-based potency of pure ascorbic
acid indicates that the extracts are highly active per unit mass; it does not, however, mean that the
cream is as effective as ascorbic acid on skin, where penetration, retention and interaction with the
stratum corneum determine the outcome [6,42]. The DPPH result should be read as a ranking tool for
comparing batches, which is how it is used here.

3.4 Antimicrobial activity

All extract-containing creams produced zones of inhibition against the five test organisms (Figure 4),
whereas the base produced none. Zones increased with extract load, for example against S. aureus
from 9.6 mm (F1) to 17.2 mm (F5), compared with 22.6 mm for gentamicin. Activity was greater
against Gram-positive bacteria than Gram-negative ones (P. aeruginosa least susceptible, 6.2-11.4
mm), which is consistent with the protective outer membrane of Gram-negative cells restricting entry
of polyphenols. The tannin-rich pomegranate fraction is a likely contributor [43]. Antimicrobial activ-

https://doi.org/10.64388/IREV1014-1723898 ISSN 2456-8880 Paper ID: 1723898 | Page 1499



Iconic Research and Engineering Journals Vol. 10, Issue 4, October 2026

ity against S. aureus is of dermatological relevance because this organism commonly colonises and
infects compromised skin. The activity of the cream is, however, well below that of the standard
antimicrobials and should be regarded as supportive of, not a replacement for, the paraben
preservative system.

25 [/ F1 EE F2 I F3 N F4 Il 5 @@ Standard

— N
o (=)
1 1

Zone of inhibition (mm)
—_
o

S. aureus B. subtilis E. coli P. aeruginosa C. albicans

Figure 4. Zones of inhibition (mm; 8 mm wells) of batches F1-F5 and the standard (gentamicin for bacteria,
fluconazole for C. albicans) against skin pathogens (mean of three determinations; the base gave no zone).

3.5 Skin irritation

In the patch test on the optimised batch F4, one of ten volunteers showed grade-1 erythema at 24 h,
which had resolved by 48 h; no oedema, papules, vesicles, itching or burning occurred at any time.
The mean irritation score was 0.10 at 24 h and 0.00 at 48 and 72 h, and the primary irritation index
was 0.033, well below the 0.5 threshold for negligible irritation, so F4 can be regarded as well
tolerated in this small sample. The single transient reaction was most probably a mechanical effect of
the patch. Ten volunteers are adequate for a preliminary screen but not for detecting rare sensitisa-
tion, and repeat insult patch testing in a larger panel would be required before commercial use.

The good tolerance is consistent with the mildly acidic pH of F4, its moderate preservative levels and
the use of the inner aloe gel rather than the aloin-containing latex, which can sensitise skin. The
extracts themselves are widely used in topical products, but concentrated polyphenol extracts can
occasionally cause contact reactions, which is a further reason for testing in a larger and more diverse
volunteer panel [8].

3.6 Stability

The optimised batch F4 remained physically stable for 90 days under all conditions, with no phase
separation, syneresis or cracking (Table 5, Figure 5). At 25 °C the pH fell by 0.07 units and viscosity
by 4.23%; at 40 °C/75% RH the pH fell by 0.16 units and viscosity by 8.99%, both within the +0.2 unit
and *10% limits. DPPH activity retention was 97.2% (25 °C), 98.6% (4 °C) and 92.4% (40 °C/75%
RH), all above the 90% criterion. The greatest loss (7.6%) occurred under accelerated conditions and
a slight darkening was seen at day 90, consistent with thermally accelerated oxidation of catechins

https://doi.org/10.64388/IREV1014-1723898 ISSN 2456-8880 Paper ID: 1723898 | Page 1500



Iconic Research and Engineering Journals Vol. 10, Issue 4, October 2026

and other polyphenols [41]. This supports packaging in opaque, airtight containers and suggests that
a lipophilic chain-breaking antioxidant such as tocopherol could be evaluated as an adjuvant.

Table 5. Stability of the optimised batch F4 over 90 days.

Condition Parameter od 7d 14d 30d 60d 90d
25°C/ 60% RH pH 5.78 5.77 5.76 5.75 5.73 5.71
Viscosity (cP) 18,900 18,820 18,740 18,560 18,320 18,100
DPPH retained (%) 100.0 99.4 99.0 98.5 97.8 97.2
4°C pH 5.78 5.78 5.77 5.77 5.76 5.75
Viscosity (cP) 18,900 18,880 18,860 18,800 18,720 18,650
DPPH retained (%) 100.0 99.7 99.5 99.3 98.9 98.6
40°C/75%RH pH 5.78 5.75 5.73 5.70 5.66 5.62
Viscosity (cP) 18,900 18,650 18,410 18,020 17,620 17,200
DPPH retained (%) 100.0 98.6 97.8 96.1 94.2 92.4
A) B)
100 0 -
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Figure 5. Retention of DPPH activity (A) and change in viscosity (B) of F4 during 90 days of storage, with the
acceptance limits.

In centrifugation and freeze-thaw testing, the base and batches F1-F4 showed no separation,
whereas F5 showed slight surface creaming that recovered on stirring. The reduced physical
robustness of F5 agrees with its low viscosity and the disruption of the structuring network at high
hydrophilic extract load.

The loss of DPPH activity at 40 °C/75% RH averaged about 0.08 percentage points per day over 90
days, and the viscosity loss about 0.1% per day. These rates are modest, but they were measured on a
single batch over three months and under a fixed set of conditions, so they are reported as evidence
of adequate short-term robustness rather than as a basis for extrapolating shelf life. Long-term
studies at 30 °C/65% RH (or 30 °C/75% RH for Zone 1Vb), with chromatographic tracking of EGCG
and punicalagin, would be needed to set an expiry period [40].
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3.7 Selection of the optimised formulation

Antioxidant potency rose monotonically with extract load, but physical acceptability and stability
deteriorated at the highest load, so batch selection required a compromise. In the weighted scoring,
the totals (maximum 35) were F1 26, F2 28, F3 31, F4 34 and F5 28. F4 (10% aloe gel, 5% green tea
extract, 2.5% pomegranate peel extract) therefore ranked highest. F5 marginally exceeded F4 in
scavenging potency but was penalised for grittiness, softer body, creaming on stress testing and a
stronger astringent odour. This illustrates a general principle in cosmeceutical development: the
batch with the greatest in vitro potency is not necessarily the one with the greatest pharmaceutical
utility.

3.8 Statistical analysis and comparison with a marketed cream

One-way ANOVA showed significant differences among batches for pH (F = 48.62), viscosity (F =
112.40), spreadability (F = 96.85), DPPH inhibition at 160 pg/mL (F = 134.21) and the S. aureus zone
of inhibition (F = 78.94), all P < 0.001. In Tukey’s post-hoc comparisons, DPPH inhibition did not
differ significantly between F4 and F5, giving statistical support for choosing the lower-load batch F4
without a measurable loss of efficacy.

Compared with the marketed herbal face cream (Table 6), F4 matched the product on pH, washability
and greasiness and spread more readily, while the marketed cream was slightly firmer. F4 inhibited
86.90 + 1.71% of DPPH at 160 ug/mL versus 71.40 + 1.94% for the marketed cream, and its IC;
(35.42 pg/mL) was about 1.8-fold lower than that of the marketed cream (62.84 pg/mL). The
advantage is plausibly due to the higher total polyphenol load and the combination of three
complementary botanicals, but the composition of the marketed product was not disclosed, so the
comparison is descriptive and does not isolate the cause.

Table 6. Comparison of optimised batch F4 with a marketed herbal face cream (mean + SD, n = 3).

Parameter Formulation F4 Marketed cream Inference

pH 5.78 £ 0.04 6.12 £ 0.05 Both within physiological
range

Viscosity (cP) 18,900 + 410 21,300 + 380 Marketed cream slightly
firmer

Spreadability (g-cm/s) 9.38 £0.26 7.82 +0.22 F4 spreads more readily

DPPH inhibition at 160 pug/mL 86.90 £ 1.71 7140 +1.94 F4 higher

(%)

ICso (ng/mL) 35.42 62.84 F4 about 1.8-fold more
potent

Washability / greasiness Washable / non- Washable / non- Comparable

greasy greasy

3.9 Limitations

Several limitations should be noted. First, antioxidant activity was measured with a single cell-free
radical assay (DPPH), which does not model the enzymatic and compartmentalised defences of living
skin; confirmation with complementary assays (ABTS, FRAP) and cell-based or ex vivo models is
needed. Second, no instrumental measurement of hydration, elasticity or transepidermal water loss
was made, so anti-ageing benefit remains an inference from mechanism rather than a demonstrated
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outcome. Third, extracts were standardised only by total phenolic content and not by chromatograph-
ic quantification of markers such as EGCG and punicalagin, which limits batch-to-batch reproducibil-
ity. Fourth, the patch-test panel was small and the stability data cover 90 days for one batch, so shelf
life cannot be assigned. Finally, microbiological quality (total plate count) and preservative efficacy
were not tested.

4 Conclusion

Five O/W creams combining Aloe vera gel, green tea extract and pomegranate peel extract were suc-
cessfully formulated. Antioxidant and antimicrobial activity increased with extract load, while
viscosity and physical robustness decreased, so the most potent batch (F5) was not the most suitable.
Batch F4 offered the best balance: skin-compatible pH, good spreadability, DPPH potency equal to
82% of that of ascorbic acid, negligible irritation in volunteers, stability for 90 days including
accelerated storage, and about 1.8-fold greater DPPH potency than a marketed herbal cream. F4 is a
promising, low-cost herbal cosmeceutical candidate. Marker-based standardisation of extracts,
complementary antioxidant and cell-based assays, preservative-efficacy and microbial-limit testing,
longer stability studies and controlled human efficacy trials should follow.
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