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Abstract

Bachground:

Azadirachta indica (Neem), Carica papaya (Papaya), Curcuma longa (Turmeric), Citrus sinensis (Orange
Peel), Tagetes erecta (Marigold), and Alternanthera philoxeroides (Alligator Weed) are medicinal known
for their antimicrobial and antifungal properties. Although these plants have been individually reported to
antimicrobial activity, limited studies have investigated their combined efficacy in polyherbal soap
formulations.

Objectives

This study aimed to evaluate the antimicrobial activity of selected medicinal plants and formulate an
antimicrobial polyherbal soap.

Methods

Aqueous extracts of the selected plant materials were prepared using the maceration method and
incorporated into five soap formulations (F1-F5). The formulations were evaluated for physicochemical
properties, including weight variation, pH, solubility, foamability, foam retention, organoleptic
characteristics, and skin irritation. Antimicrobial activity was determined against Staphylococcus aureus,
Escherichia coli, and Candida species using the agar well diffusion method. Among the five formulations,
F1 and F3 were selected as the most effective based on their antimicrobial performance. F1 exhibited
the highest activity with a zone of inhibition of 13 mm against S. aureus, while F3 showed zones of
inhibition of 10 mm, 9 mm, and 8 mm against S. aureus, Candida species, and E. coli, respectively. All
formulations showed acceptable physicochemical characteristics, with pH values ranging from 5.6 to
6.5, good foam stability, and complete solubility in water. No signs of skin irritation were observed in
mice.

Conclusions

The selected polyherbal formulations demonstrated promising antimicrobial activity and favorable
physicochemical properties, indicating their potential as safe, eco-friendly, and effective antimicrobial
cleansing products.

1. INTRODUCTION

Skin infections are among the most common health problems worldwide and are caused by a variety of
pathogenic microorganismes, including bacteria and fungi. These infections can have a major effect on
human health and quality of life, ranging from minor superficial ailments to chronic and recurrent
illnesses(). Although synthetic antimicrobial soaps and disinfectants are widely used to prevent and
control skin infections, prolonged use of such products may contribute to microbial resistance and skin
irritation due to the presence of synthetic preservatives, artificial fragrances, petrochemicals, and other
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harsh chemicals®. Consequently, there is a growing interest in developing safer, natural, and
environmentally friendly alternatives for personal hygiene and skin care.

Medicinal plants have been used in traditional medicine for centuries and continue to serve as an
important source of therapeutic agents. Numerous studies have reported that medicinal plants possess
antibacterial, antifungal, antiviral, antioxidant, and anti-inflammatory activities. These biological
properties are largely attributed to bioactive phytochemicals such as flavonoids, tannins, phenolic
compounds, alkaloids, terpenoids, and essential 0ils® %. Owing to their effectiveness, affordability,
availability, and relatively fewer adverse effects, medicinal plants are increasingly being explored as
natural antimicrobial agents.

Bangladesh possesses a rich diversity of medicinal plants that have long been utilized in Ayurveda,
Unani, and traditional folk medicine. Many indigenous and cultivated medicinal plants are widely used for
the treatment of wounds, skin diseases, infections, inflammation, and other health conditions®).
Therefore, medicinal plants represent a valuable resource for the development of novel herbal
formulations with potential therapeutic benefits.

Neem or Azadirachta indica A. Juss., is one of the most researched medicinal plants and a member of
the Meliaceae family. Neem's antibacterial, antifungal, antiviral, anti-inflammatory, and wound-healing
qualities are attributed to physiologically active substances like azadirachtin, nimbin, and nimbidol(®).
Neem leaves have historically been used to heal wonds,ulcers,eczema,skin infections, and other
dermatological conditions®”).

Alkaloids, flavonoids, saponins, and phenolic chemicals are abundant in Carica papaya L. (Papaya), which
belongs to the Caricaceae family ). The plant's various sections have shown anti-inflammatory,
antioxidant, and antibacterial properties. Papaya has been used for many years to treat microbiological
infections, skin conditions, and wounds®).

Turmeric or Curcuma longa L. (Turmeric), is a member of the Zingiberaceae familyand is well known for

its therapeutic properties('?

. Turmeric's main bioactive component, curcumin, has broad-spectrum
antibacterial, antioxidant, anti-inflammatory, and wound-healing properties('"). Traditional medicine has

made considerable use of turmeric to treat infections and skin conditions.

Orange peel or Citrus sinensis (L.) Osbeck (Orange Peel), belong to the Rutaceae family, has important
antibacterial and antioxidant qualities due to its flavonoids, limonoids, and essential oils('?. Similarly, the
Asteraceae family's Tagetes erecta L. (Marigold) contains flavonoids, carotenoids, and other
phytochemicals that have antibacterial, anti-inflammatory, and wound-healing properties(?.
Alternanthera philoxeroides (Mart.) Griseb. (Alligator Weed), a member of the Amaranthaceae family, is
traditionally utilized for a variety of therapeutic uses and has also been shown to have antibacterial and

antioxidant qualities('¥.
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While neem, papaya, turmeric, orange peel, marigold, and alligator weed have all been studied separately
for their antibacterial properties, few research have assessed their combined effectiveness in polyherbal
soap compositions. Moreover, the creation and assessment of herbal soaps with many extracts from
medicinal plants have been the subject of very few investigations. The synergistic antibacterial activities
of these particular plants when combined into a single product are not well supported by the literature
currently available. Combining many medicinal plants with various bioactive components was thought to
increase antibacterial effectiveness through synergistic interactions('® and together offer better defense
against common skin infections than single plant extracts.

Thus, the goal of the current study was to create and assess polyherbal antimicrobial soaps using
specific extracts from medicinal plants five formulations (F1-F5) were created and assessed. The agar
well diffusion method was used to assess the formulations' antibacterial efficacy against
Staphylococcus aureus, Escherichia coli, and Candida. Furthermore, physicochemical factors such as pH,
solubility, foamability, foam retention, organoleptic qualities, and skin irritation potential were evaluated
to determine the most effective and acceptable polyherbal soap formulation.

2. METHOD AND MATERIALS
2.1 Study design & setting

Formulating and evaluating a polyherbal antibacterial soap using particular extracts from medicinal
plants was the aim of the current experimental laboratory study. The antibacterial efficacy, skin
compatibility and physicochemical properties of five different formulations (F1-F5) were evaluated.Skin
safety was assessed using in vivo skin irritation experiments in mice, while antibacterial activity was
measured in vitro. The research was conducted in the Department of Pharmacy at the University of
Science and Technology Chittagong (USTC) in Chattogram, Bangladesh. The Department of Pharmacy
conducted the polyherbal soap's formulation and physicochemical analysis, and standard
microbiological laboratory equipment was used for the antibacterial activity investigations.

2.2 Collection of plant materials and authentication

Fresh flowers of Tagetes erecta (marigold), fresh rhizomes of Curcuma longa (turmeric), fresh peels of
Citrus sinensis (orange), and fresh leaves of Azadirachta indica (neem), Carica papaya (papaya), and
Alternanthera philoxeroides (alligator weed) were gathered from various parts of Chattogram,
Bangladesh. Dr. Mohammad Harunur-Rashid of the Department of Botany at the University of Chittagong
in Bangladesh verified the authenticity of the gathered plant materials. The polyherbal antimicrobial soap
was formulated after extracts were prepared using the verified plant sources
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Table 1
Pharmacognostical Profile of Active Ingredients

S. Name Biological Part Chemical Uses
No. Source Used Constituents
1 Neem Leaves of A. Leaves Azadirachtin, Antibacterial,
(Azadirachta indica Nimbin, antifungal, anti-
indica) Quercetin, inflammatory, anti-
Nimbidin acne
2 Papaya (Carica Fruit/Leaves Pulp, Papain, Exfoliating,
papaya) of C. papaya Leaves Flavonoids, antimicrobial,
Alkaloids, antioxidant
Vitamins A, C
3 Orange Peel Fruit peel of C.  Peel Limonene, Antioxidant,
(Citrus sinensis) sinensis Flavonoids, antibacterial, skin
Vitamin C, brightening
Phenolics
4 Marigold (Tagetes  Flowers of T. Flower Flavonoids, Wound healing,
erecta) erecta Carotenoids, antiseptic, anti-
Triterpenoids inflammatory
5 Turmeric Rhizome of C. Rhizome Curcumin, Antimicrobial,
(Curcuma longa) longa Turmerone, antioxidant, skin
Flavonoids soothing
6 Alligator weed Whole plant Whole Alkaloids, Antimicrobial, anti-
(Alternanthera plant Flavonoids, inflammatory,
philoxeroides) Tannins, wound healing
Saponins
7 Coconut Oil Kernel of Oil Lauric acid, Cleansing,
(Cocos nucifera) coconut Capric acid, moisturizing,
Vitamin E antimicrobial
8 Honey Produced by Whole Sugars, Enzymes,  Moisturizing,
Apis species Phenolics antimicrobial,
soothing
9 Vitamin E Natural plant Oil Tocopherols Antioxidant, skin
oils extract protection
Source: Neem- Azadirachta indica A. Juss. (19, Carica papaya L. (Papaya)\'”), Citrus sinensis (L.)
Osbeck (Orange Peel)('®), Marigold (Tagetes erecta)'®), Turmeric (Curcuma longa)®??, Alligator Weed
(Alternanthera philoxeroides)@"), Coconut Oil (Cocos nucifera)??, Honey®), Vitamin E(24

2.3 Preparation of extracts

The collected plant materials, including leaves of Azadirachta indica, Carica papaya, and Alternanthera
philoxeroides, rhizomes of Curcuma longa, peels of Citrus sinensis, and flowers of Tagetes erecta, were
thoroughly washed with running water to remove dirt and foreign materials. The plant materials were
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shade-dried and subsequently ground into fine powder using a mechanical grinder. The powdered
materials were stored in airtight containers until extraction.

Aqueous extracts were prepared by the maceration method. Briefly, 130 g of each powdered plant
material was soaked in distilled water (1:10 ratio) and kept at room temperature for five days with
occasional stirring to facilitate the extraction of bioactive constituents. After the extraction period, the
mixtures were filtered first through muslin cloth and then through Whatman No. 1 filter paper to remove
plant residues. After proper drying the obtained extract were collected and stored in airtight containers
at 2—-8°C until further use in the formulation of polyherbal antimicrobial soaps.

2.4 Formulation of polyherbal soap

This experiment was carried out to prepare polyherbal antimicrobial soaps. First, all raw materials were
weighed in accordance with the dosages specified in Table 2. Next, the glycerin soap base was weighed
and placed in a 55-60°C water bath to melt. After the soap base melted completely, the temperature
was lowered to approximately 40°C(2%). According to the formulation design, the necessary amounts of
aqueous plant extracts—Azadirachta indica, Carica papaya, Curcuma longa, Citrus sinensis, Tagetes erecta,
and Alternanthera philoxeroides—were added to the melted soap base?®). After adding coconut oil, aloe
vera gel, honey, and vitamin E, the mixture was constantly swirled with a glass rod until a uniform blend
was achieved@?).

To avoid creating air bubbles, the mixture was gently poured into soap molds after being allowed to cool
for a few minutes. The molds were left undisturbed for five to ten minutes before being chilled at 2 to
8°C to allow for complete solidification®). After a day, the soaps were removed from the molds and
stored appropriately until further examination?®). Using various plant extract combinations and

concentrations, five polyherbal soap compositions (F1-F5) were created@).
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Table 2
Composition of polyherbal antimicrobial soap formulations

Ingredients F1 F2 F3 F4 F5
Glycerin soap base (g) 10.3 103 103 103 10.3
Coconut oil (mL) 0.9 0.9 0.9 0.9 0.9
Vitamin E (ml) 0.5 0.5 0.5 0.5 0.5
Honey (ml) 0.5 0.5 0.5 0.5 0.5
Aloe vera (ml) 0.8 0.8 0.8 0.8 0.8
Turmeric extract (g) 1.0 - 1.0 2.0 1.1
Neem extract (g) 2.0 2.0 1.0 - 1.1
Papaya extract (g) 2.0 1.0 1.0 - 1.1
Marigold extract (g) 1.0 2.0 2.0 1.5 1.1
Alternanthera philoxeroides extract (g) 1.0 - - 2.0 1.5
Orange peel extract (g) - 2.0 2.0 1.5 1.5
Total weight (g) 20 20 20 20 20

2.5 Animal Handling

Healthy Swiss albino mice were bred in the animal facility of the Department of Pharmacy Practice,
Department of Pharmacy, USTC. The healthy mice weighed between 30-35 grams at the
commencement of the experiment. The animals were all housed in the Animal House of the Department
of Pharmacy, USTC, at an ambient temperature of 22 + 5°C and a relative humidity of 50—-70%. Light was
provided for 12 hours to avoid circadian rhythm disturbance. Standard mice pellets and filtered water
were given ad libitum throughout experimental time. The experimental protocol was approved by the
Ethics Committee on Animal Research, Department of Pharmacy, USTC.

2.6 Evaluation of Herbal Soap
2.6.1 Physical Evaluation
2.6.1.1 Appearance and odor

The formulated soaps were evaluated for appearance, color, texture, and odor by visual inspection and
sensory observation.

2.6.1.2 Weight variation

Weight variation was determined by individually weighing each soap formulation using a digital balance.
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2.6.1.3 pH determination

The pH of the formulated soaps was determined using universal indicator paper.

2.6.1.4 Solubility test

Solubility was evaluated by dissolving 5 g of soap in 50 mL of distilled water and observing the extent of
dissolution.

2.6.2 Foaming Ability and Stability

The cylinder shaking method was used to calculate the foaming capacity®®. In a graduated cylinder, a
predetermined volume of soap solution was shaken, and the initial foam height was noted. Foam height
was measured at intervals of five, fifteen, and twenty-five minutes in order to evaluate foam stability.

2.6.3 Test for Skin Irritation (In Vivo)

A total 18 mice were used in skin irritation tests to assess the six test compositions' dermal safety (n =3
per group)2®)
sites were checked for erythema, edema, or irritation at intervals of one, two, four, and twenty-four hours.

2.7 Determination of antimicrobial activity of formulated
herbal soap-(MAAM)

The antimicrobial activity of the formulated polyherbal soap formulations was evaluated using the agar
well diffusion method. Staphylococcus aureus, Escherichia coli, and Candida albicans were used as the
test microorganisms. Mueller-Hinton Agar (MHA) was used for bacterial cultures, whereas Potato
Dextrose Agar (PDA) was used for the culture of Candida albicans.

. Soap samples were applied after a little portion of the dorsal skin was shaved. The test

3. RESULT
3.1. Physical Evaluation of Polyherbal Soap

The physical characteristics like color, odor, texture, homogeneity and surface appearance of the
formulated polyherbal soap were evaluated. All formulations exhibited a light brown color, a mild herbal
odor, smooth texture, and uniform consistency without any visible phase separation. No cracks, fissures,
or other surface defects were observed. In contrast, the soap base (F6) showed a yellowish-white
appearance with an oily odor. The results of the physical evaluation are presented in Table 3 and Table 4.
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Table 3

Physical characteristics of the formulated polyherbal soap formulations

Formulation Color Odor Texture Homogeneity Surface appearance
F1 Light brown Mild Smooth  Uniform No visible cracks or
herbal defects
F2 Light brown Mild Smooth  Uniform No visible cracks or
herbal defects
F3 Light brown Mild Smooth  Uniform No visible cracks or
herbal defects
F4 Light brown Mild Smooth  Uniform No visible cracks or
herbal defects
F5 Light brown Mild Smooth  Uniform No visible cracks or
herbal defects
F6 (Base) Yellowish Oily Smooth  Uniform No visible cracks or
white defects
Table 4
Evaluation parameters of the formulated polyherbal soap formulations
Formulation  Weight pH Foam Foam Solubility Solubility Skin
(9) (mL) retention at (Normal (Hot water) irritation
25 min (%) water)
F1 20.7425 6.5 90 93.44 Soluble Soluble NIL
F2 20.7101 6.1 90 93.44 Soluble Soluble NIL
F3 20.6536 6.0 90 93.44 Soluble Soluble NIL
F4 20.4378 56 90 90.25 Soluble Soluble NIL
F5 20.2736 6.5 90 93.44 Soluble Soluble NIL

3.2. Antimicrobial Activity of Polyherbal Soap Formulations

The method of diffusion of agar wells was used to assess the antibacterial activity of the prepared
polyherbal soaps against Staphylococcus aureus, Escherichia coli, and Candida folliculitis. After
incubation, the zone of inhibition (ZOl) surrounding each well was measured to assess the antimicrobial
efficacy. The positive control for comparison was a conventional antibacterial solution.
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Table 5
Zone of inhibition of polyherbal soap formulations against tested microorganisms

Sample S. aureus (mm) C. folliculitis (mm)  E. coli (mm)

Standard 12 10 10

F1 13 8 Intermediate sensitive
F2 0 0 0

F3 10 9 8

F4 0 0 7

FS Intermediate sensitive 0 0

F6 (Base) O 0 0

Zones of inhibition (Table 5) against S. aureus, C. folliculitis, and E. coli were 12 mm, 10 mm, and 10 mm,
respectively, in the normal preparation. Among the tested formulations, F1 demonstrated the highest
antimicrobial activity, producing a zone of inhibition of 13 mm against S. aureus and 8 mm against C.
folliculitis, while showing intermediate sensitivity against E. coli. F3 also exhibited notable antimicrobial
activity with inhibition zones of 10 mm, 9 mm, and 8 mm against S. aureus, C. folliculitis, and E. coli,
respectively.

F2, on the other hand, minimum antibacterial action against the microbes that were examined. F4
showed a 7 mm inhibitory zone against E. coli but was ineffective against S.aureus and C. folliculitis.F5
exhibited an intermediate sensitivity to S.aureus and no effectiveness against the other microorganisms.
While the soap base (F6) showed no inhibitory action, the integrated plant extract were in charge of the
observed antibacterial activities.

3.2.1. Comparison of Formulations Based on Antimicrobial
Performance

The antibacterial activity of F1 and F3 was superior to that of the other five formulations.F1 showed the
most activity, particularly against S.aureus, F3 had broad spectrum action against all tested pathogens.
The synergistic effects of the added herbal extracts—neem, turmeric, papaya, marigold, orange peel, and
Alternanthera philoxeroides—may be responsible for these formulations improved antibacterial activity.
The results show that certain polyherbal combinations have promising antibacterial potential and may
be further developed as natural antimicrobial cleansing solutions, despite the mild observed zones of
inhibition.

4. DISCUSSION
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Because of growing worries about germ resistance and the negative consequences of synthetic
antimicrobial agents, herbal antimicrobial soaps have drawn a lot of attention as natural substitutes for
traditional cleaning solutions®2). Flavonoids, phenolics, tannins, alkaloids, and essential oils are just a
few of the many bioactive substances found in medicinal plants that support their antibacterial,
antioxidant, and anti-inflammatory properties®3 34, Maintaining skin hygiene and preventing microbial
infections may be made more efficient and environmentally friendly by adding such plant-derived

chemicals to soap compositions®¥.

The present study was undertaken to formulate and evaluate a polyherbal antimicrobial soap using
selected medicinal plants, namely Azadirachta indica, Carica papaya, Curcuma longa, Tagetes erecta,
Citrus sinensis, and Alternanthera philoxeroides. Five formulations (F1-F5) were prepared and assessed
for their physicochemical characteristics, antimicrobial activity, and skin compatibility. The results
demonstrated that all formulations possessed acceptable physical properties and exhibited varying
degrees of antimicrobial activity against Staphylococcus aureus, Escherichia coli, and Candida spp.

According to earlier reports, the chosen plants have strong antibacterial properties. The well-known
antibacterial and antifungal properties of A. indica (neem) are ascribed to bioactive components such
azadirachtin, nimbin, and nimbidol. Alkaloids, flavonoids, and papain found in C. papaya have
antibacterial and wound-healing qualities. Curcumin, a substance with broad-spectrum antibacterial and
anti-inflammatory properties, is abundant in C. longa, or turmeric. While C. sinensis peel includes
phenolic compounds and essential oils that prevent microbial growth, T. erecta has flavonoids and
carotenoids with antibacterial activity. A. philoxeroides has also been shown to have antioxidant and
antibacterial properties. Therefore, it was anticipated that adding these therapeutic plants to a single
formulation would increase the soap's antibacterial effectiveness.

Out of the five tested batches, F1 and F3 were the most effective formulations, according to the
antimicrobial evaluation. With a zone of inhibition of 13 mm, F1 showed the greatest activity against S.
aureus, whereas F3 displayed zones of inhibition of 10 mm against S. aureus, 9 mm against Candida spp.,
and 8 mm against E. coli. F4 and F5, on the other hand, showed minimal inhibitory effects, while F2
showed no discernible antibacterial action. The findings showed that the antibacterial efficacy of the
formulations was significantly impacted by the combination and quantity of plant extracts used.
Previous research has demonstrated comparable outcomes, with herbal medicines comprising citrus,

turmeric, and neem extracts exhibiting higher antibacterial action against common skin diseases(3?.

The enhanced performance of F1 and F3 could be attributed to the synergistic interaction between the
phytoconstituents in the combined plant extracts®® 37). Synergism is the result of multiple bioactive
chemicals working together to have a greater antibacterial effect than when they work alone. The
addition of flavonoids, phenolics, terpenoids, alkaloids, and essential oils from different plant sources
may have contributed to the formulations' increased inhibition of microbial growth.
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The physicochemical analysis showed that the soaps' quality was satisfactory. With weights ranging
from 20.27 g to 20.74 g, the variation results showed good uniformity among all formulations, indicating
consistent molding and mixing procedures. The pH values, which varied from 5.6 to 6.5, are thought to
be appropriate for topical administration with little chance of irritation because they are near the natural
pH of human skin ®%. Herbal soaps that are commercially acceptable have been reported to have similar
pH ranges.

Consumer perception of soap products is greatly influenced by foam retention and foamability(3®). Al
formulations showed excellent cleaning efficacy and stability after 25 minutes, maintaining over 90% of

their foam volume and producing a reasonable foam value®®®).The slight drop in foam retention seen in
F4maybe related to variations in the integrated extract's phytochemical interaction.

According to solubility research, all formulations readily dissolved in water, showing sufficient
saponification and uniform dispersion of herbal elements throughout the soap matrix. Good solubility
promotes both the release of bioactive compounds during use and an efficient cleaning effect.

Throughout the observation period,The study found no evidence of erythema, edema or irritation in the
mice. This results confirm the acceptability of the chosen plant extracts for cosmetic and personal care
and show that the produced polyherbal soaps are safe for topical use®?.

Overall, the stydy’s findings show that polyherbal soap formulations particularly F1 and F3, exhibit
potential antibacterial activity, acceptable physicochemical characteristics, and skin compatibility. The
result show that combining extracts from therapeutic plants can results in safe effective and eco-friendly
antimicrobial washing products. Further study involving stability testing, extract concentration
optimization, and testing against a broader range of microorganisms maybe beneficial for the
development of commercially viable polyherbal antimicrobial soaps.

5. CONCLUSION

The antimicrobial activity of five polyherbal soap formulations (F1-F5) containing aqueous extracts of
Azadirachta indica, Carica papaya, Curcuma longa, Citrus sinensis, Tagetes erecta, and Alternanthera
philoxeroides was evaluated against Staphylococcus aureus, Escherichia coli, and Candida species.
Among the tested formulations, F1 and F3 exhibited superior antimicrobial activity, with F1 showing the
highest inhibition against S. aureus and F3 demonstrating activity against all tested microorganisms. The
formulated soaps possessed acceptable physicochemical characteristics, including suitable pH,
satisfactory foamability and foam retention, good solubility, uniform appearance, and absence of skin
irritation in mice. The enhanced antimicrobial performance observed in F1 and F3 may be attributed to
the synergistic effects of the combined medicinal plant extracts. In conclusion, the selected polyherbal
formulations demonstrated promising antimicrobial activity together with favorable physicochemical
properties, indicating their potential for the development of safe, effective, and eco-friendly antimicrobial
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cleansing products. For the formulated polyherbal soap to be produced and sold on a large scale,
additional standardization, stability research, and safety assessments would be helpful.
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