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Abstract

Many plants contain active compounds that can kill harmful microbes more effectively than synthetic
chemicals. Due to the negative side effects of these chemicals, it's best to use products containing
natural ingredients. This study aimed to increase the effectiveness of a specific shampoo against
pathogenic bacteria and fungi that affect the skin and scalp, by adding some plant extracts that come
from locally available plants to the prepared shampoo, such as wild lettuce leaves, myrtle leaves, neem
leaves, bitter orange leaves, lemon leaves, and olive leaves, and measuring the biological effectiveness
of the shampoo fortified with these extracts against some types of bacteria, such as Gram-positive
Staphylococcus aureus, Gram-negative Pseudomonas aeruginosa, Gram-positive Streptococcus, and
some Candida albicans species, using standard laboratory methods such as the disc diffusion method. It
was observed that the antibacterial and antifungal activity of the shampoo prepared in this study
increased after adding plant extracts to it, and also increased with increasing concentrations of the
added plant extracts.
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Introduction

Shampoo is one of the most important and widely used hair care products in daily life. It is
used to clean the hair from dirt and excess oils. It also improves scalp health and adds
softness and shine to the hair. Shampoo is a cleansing substance used to care for the hair and
scalp. It is mainly composed of surfactants, which help remove grease and dirt, in addition to
nourishing, moisturizing, and aromatic substances ™.

Traditional shampoo is a water-based cleansing product that contains surfactants that remove
oils and dirt from the scalp and hair. The basic formula of shampoo contains surfactants,
such as sodium lauryl sulfate (SLS) or sodium lauryl ether sulfate (SLES), which are
responsible for cleaning and foaming. It also contains foam-stabilizing agents, such as
cocamide diethylamine (DEA) or monoethylamine (MEA), humectants and emollients, such
as glycerin and plant proteins, preservatives such as parabens or phenoxyethanol, and
fragrances and colors to create an attractive scent and desirable appearance. It also contains
acidity regulators (pH) to adjust the acidity to be suitable for the scalp, which is usually
between (5-7) 4.

With the growing trend towards natural and environmentally friendly products, the
importance of using plant extracts in the cosmetics industry has emerged, especially in hair
care products such as shampoo. The need has emerged to replace or supplement traditional
shampoo ingredients with natural ingredients with therapeutic and cosmetic benefits, such as
plant extracts rich in phenols, flavonoids, and volatile oils, which are used as antimicrobials,
antioxidants, and scalp soothers. Vegetable oils, such as olive oil, coconut oil, and almond
oil, also moisturize and strengthen hair. Shampoo ingredients can also be enhanced with
natural proteins, such as wheat or soy protein, to improve hair elasticity and reduce breakage.
It can also be enriched with natural gels, such as aloe vera gel or gum arabic, to improve
viscosity and enhance hydration F1.
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This growing interest has prompted researchers to
investigate the possibility of enhancing the effectiveness of
commercial shampoos by combining them with selected
plant extracts. The most commonly used plant extracts in
shampoo formulations include neem, aloe vera, tea tree oil,
and citrus extracts, which scientific studies have shown to
be effective in inhibiting microbial growth. This trend is
fueling the growing demand for sustainable and healthy
hygiene products, while reducing the risks of synthetic
chemical preservatives and antimicrobial agents. However,
some bacteria and fungi may develop resistance to the
chemicals in these products, requiring the search for natural
alternatives that support their effectiveness. Therefore, this
research studies the possibility of using plant extracts as
additives to shampoo, highlighting their efficiency in
increasing antimicrobial activity, their safety for human use,
and their environmental benefits (1.

The added plant extracts, each individually, include wild
lettuce leaves, myrtle leaves, neem leaves, bitter orange
leaves, lemon leaves, and olive leaves. These plants are
known to contain effective chemical compounds, such as
alkaloids, flavonoids, ricin, and terpenes, with antibacterial
and antifungal properties. The incorporation of these plant
extracts into the shampoo formula represents an innovative
step towards producing effective natural products that
combine acceptable physical properties with high biological
activity, thus achieving health and aesthetic benefits for the
consumer 1. The plants are as follows:

1. 1.Wild lettuce leaves: Wild lettuce (Lactuca virosa)
contains lactucin and lactucopicrin, which have
soothing and anti-inflammatory properties and may
help soothe the scalp and reduce irritation(®l,

2.Myrtus communis leaves: Myrtus communis is rich in
tannins and flavonoids, and is known for its
antibacterial and antifungal properties, making it
effective in combating dandruff and skin infections ["1,
Neem leaves: The neem tree (Azadirachta indica) is one
of the most powerful antimicrobial plants, and contains
compounds such as azadirachtin and nimbin, which
contribute to cleansing the scalp and reducing skin
infections. It also contains terpenes that are
antibacterial, antifungal, and anticancer, and sterols and
flavonoids that are anti-inflammatory and antioxidantel.
Bitter orange leaves: The bitter orange tree (Citrus
aurantium) contains volatile oils such as linalool and
limonene, which have antiseptic and refreshing
properties, and help stimulate blood circulation in the
scalp. It also contains terpenes that are antibacterial,
antifungal, anticancer, antioxidant, and anti-
inflammatory [1.

Lemon tree leaves: The lemon tree (Citrus limon) is
rich in citric acid and essential oils. It is used to regulate
sebum secretion and effectively cleanse the scalp, in
addition to its antibacterial properties. It also contains
tannins, flavonoids, and coumarins with antibacterial
and antifungal properties [*%.

Olive tree leaves: The olive tree (Olea europaea)
contains oleoresin and phenols, and is known for its
antibacterial, antifungal, antioxidant, and nourishing
properties, which enhance hair health and strengthen it
from the roots (1.

The study aims to evaluate the effect of adding these
extracts on the physical and chemical properties of shampoo
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such as pH, viscosity and foam, in addition to measuring the
biological effectiveness using standard laboratory methods
such as the disk diffusion method, for shampoo enriched
with these extracts are effective against some types of
disease-causing  bacteria, such as  Gram-positive
Staphylococcus aureus, which is one of the most common
causes of skin infections and is associated with the
appearance of pimples and inflammation of hair follicles 12,
Gram-negative Pseudomonas aeruginosa bacteria are
resistant to many antibiotics and can cause chronic skin
infections, especially in humid environments 3. Gram-
positive Streptococcus bacteria are responsible for acute
skin infections such as erysipelas and cellulitis . Also,
some types of Candida albicans, such as Candida albicans,
a common yeast fungus, cause skin and oral infections,
especially in warm and humid environments [*31. Candida
krusei, a relatively treatment-resistant species, is associated
with skin and oral infections in individuals with low
immunity 01, Candida tropicalis, a pathogenic fungus
capable of colonizing the skin and mucous membranes, is a
common species in superficial fungal infections [17],
Candida glabrata, a relatively resistant fungus, causes skin
and oral infections and is characterized by its ability to adapt
to different environmental conditions 181,

Materials and Methods

1. Preparation of plant extracts

Plant extracts are prepared from the target plants, which are
wild lettuce leaves, myrtle leaves, neem leaves, bitter orange
leaves, lemon leaves, and olive leaves, each separately. This
is done by taking the targeted part of the plant, washing it
well, and drying it in the shade to preserve the effectiveness
of the compounds, especially the compounds sensitive to
heat and light, such as flavonoids and volatile oils 2%, The
dry plant materials are ground using a fine mill, then the
active compounds are extracted by soaking in ethanol at a
concentration of (70%) for (72) hours, which is a common
method for extracting phenolic and terpenoid compounds
from medicinal plants 2%, After that, the extracts are filtered
and concentrated using a rotary evaporator at low
temperatures to avoid the decomposition of the active
compounds 24,

2. Preparing Shampoo

Prepare liquid shampoo using the following ingredients:

1. A (15%) sodium lauryl sulfate (SLS) solution is
prepared using distilled water. It is a common cleansing
and foaming agent in commercial shampoo
formulations 221,

A (3%) cocamide diethanolamine (DEA) solution is
prepared using distilled water. It is used as a foam
stabilizer and texture enhancer [?31,

Mix the ingredients prepared in steps (1) and (2) above,
and stir well using a mechanical mixer until the
contents are well combined.

Add 2% glycerin to the mixture and mix well. This
moisturizing agent helps improve hair softness and
moisturize the scalp 24,

Adjust the pH to (5.5), the ideal skin pH, by adding
citric acid to ensure compatibility with the scalp and
reduce irritation 21,

6. Then, add distilled water as a solvent to (100%).

3. Measuring some physical properties

A. Measuring foam height and stability
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The measurement is done by the Cylinder Shake Test, where
(1) gram of prepared shampoo is weighed and placed in a
test tube, then up to (10 ml) of distilled water is added to it,
the tube is shaken and then turned over, and the height of
the resulting foam is immediately measured. After that, the
tube is left for (5) minutes, and then the height of the
resulting foam is measured again after (5) minutes 261,

B. pH measurement

Before testing, the pH meter was calibrated using a neutral
solution (pH=7) and an acidic solution (pH=4). Then, a
volume of (1 ml) of the prepared shampoo sample is
dissolved in (10 ml) of distilled water, shaken vigorously,
and the electrode of the pH meter is immersed in it. It is left
until the device reading stabilizes, then the value indicated
by the calibrated pH meter is recorded. The pH of shampoo
should comply with the standard test method for pH of
aqueous solutions specified by [American Society for
Testing and Materials (2015) (ASTM E70)]. The pH should
range between (5.5-6) [#71.

C. Viscosity measurement

The viscosity of the prepared shampoo was measured using
an Ostwald Viscometer at a temperature of (25 °C), and its
amount was calculated according to the following equation:

Pty
1251%)

n
)

4. Preparing shampoo enriched with plant extracts

Plant extracts are added at different concentrations (5%,
10%, 15%) to a sample of shampoo prepared separately.
The ingredients are mixed well at room temperature with
continuous stirring for (30) minutes to ensure homogeneity
of the extracts, to test their effectiveness.

5. Antimicrobial efficacy testing

Antimicrobial efficacy is tested by preparing cultures
containing various types of bacteria and fungi, such as the
Gram-positive Staphylococcus aureus, the Gram-negative
Pseudomonas aeruginosa, the Gram-positive Streptococcus
pyogenes, and some types of Candida albicans (Candida
albicans, Candida krusei, Candida tropicalis, and Candida
glabrata).

The ability of shampoo samples enriched with plant extracts
to inhibit microbial growth was tested using the disc
diffusion method in the Biology Department/College of
Science/Tikrit University, where bacterial and fungal
cultures were inoculated separately on a nutrient agar plate,
and incubated at a temperature of (37 °C) for (48) hours in
an incubator.

The paper disk diffusion method (a standard method of the
National Committee for Clinical Laboratory Standards
(NCCLS)) was used to determine the inhibition zone.
Approximately (15-20 ml) of Mueller-Hinton agar was
poured onto sterile (90 mm) glass Petri dishes and allowed
to solidify. The agar surface of each dish was then wiped
with a sterile cotton swab dipped in a specific strain of
microbes (bacteria or fungi). Paper discs of size (6 mm)
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were soaked in (100 microliters) of each sample of liquid
soap, and placed on solidified agar plates at equal distances
from the control plates. The plates were left for (30)
minutes. Then the plates were incubated at a temperature of
(37 °C) for 48 hours [28],

Results and discussion

1. Results of measuring some physical properties:

A. Foam height and stability test

A foam height test was conducted to determine the amount
of foam produced by the prepared shampoo. As a surfactant,
sodium lauryl sulfate (SLS) plays an important role in
shampoo foam production, so higher (SLS) concentrations
result in more foam. The desired foam height for shampoo
ranges from (50 to 200 mm). Accordingly, good foam
stability criteria were obtained, which assumes that between
(60% and 70%) of the foam strength and stability are
retained within (10) minutes %1, Shampoo with high foam
does not necessarily mean better cleaning effectiveness, but
may be an indicator of the concentration of surfactants.
Foam stability is also important for the user experience, but
it is not directly related to the antimicrobial or antifungal
capacity [, The foam height value of the prepared
shampoo ranged between an initial height of (166-170 mm)
after shaking for one minute, and the foam stability after (5)
and (10) minutes without stirring or shaking was (145 mm)
and (115 mm) respectively.

B. pH measurement

The prepared shampoo obtained a pH value of (6.2), which
is safe for use on the scalp and hair, as the normal pH range
for regular shampoo is between (5) and (7) 7.

C. Viscosity measurement

The viscosity range for regular shampoo is between (5000
and 8000 centipoise), so the viscosity of the prepared
shampoo, which was (6300 centipoise), can be considered to
meet the quality requirements.

2. Antimicrobial efficacy

The addition of plant extracts is expected to increase the
shampoo's effectiveness against bacteria and fungi. Effects
may vary depending on the extract concentrations, with
higher concentrations expected to have a stronger effect.
Some plants are expected to be more effective against
certain types of microbes. The effect of active compounds in
extracts on the structure of cell membranes of bacteria and
fungi can be analyzed. The effect of extracts on the quality
of shampoos produced, such as scent, color, and foam, can
be addressed. In conclusion, the use of plant extracts in
health and cosmetic products is an effective and natural way
to enhance their antimicrobial properties (9.

This study demonstrates that extracts of wild lettuce leaves,
myrtle leaves, neem leaves, bitter orange leaves, lemon
leaves, and olive leaves may be effective alternatives to
synthetic chemicals, providing safer, more environmentally
friendly options.

The samples of plant extracts added to the prepared
shampoo were arranged according to the following
sequence, as in Table (1) below:
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Table 1: Sample arrangement sequence

Sample (0) Sample (1) Sample (2) Sample (3) Sample (4) Sample (5) Sample (6)
No extract shampoo | Wild lettuce leaves | myrtle leaves neem leaves | bitter orange leaves | lemon leaves olive leaves
[control] extract extract extract extract extract extract

A. Antibacterial efficacy

The ability of shampoo samples enriched with plant extracts
to inhibit the growth of three types of bacteria was tested
using the disk diffusion method: the Gram-positive
Staphylococcus aureus, the Gram-negative Pseudomonas
aeruginosa, and the Gram-positive Streptococcus pyogenes.

Plant extracts were added at different concentrations (5%,
10%, 15%) to the prepared shampoo sample, and the
measurement was carried out in the Biology
Department/College of Science/Tikrit University, and the
results are shown in Tables (2), (3) and (4) below:

Table 2: Inhibition diameter for a concentration of (5%) of the plant extract added to the prepared shampoo

Type of Bacteria Sample (0)mm|Sample ()mm|Sample (2)mm|Sample (3)mm|Sample (4)mm|Sample (5)mm|Sample (6)mm
Staphylococcus aureus 9 5 10 14 18 20 19
Pseudomonas aeruginosa 7 9 6 7 11 28 13
Streptococcus pyogenes 4 15 16 14 19 19 17

Table (2) above shows the results of the effectiveness of
adding a concentration of (5%) of each plant extract to the
prepared shampoo in inhibiting the growth of three different
types of bacteria, by measuring the diameter of inhibition in
millimeters (mm). The larger the diameter of inhibition, the
greater the effectiveness of the extract in eliminating
bacteria. As for Staphylococcus aureus bacteria, the highest
effectiveness was for sample (5) with lemon leaf extract (20
ml) and sample (6) with olive leaf extract (19 ml), and the
lowest effectiveness was for sample (1) with wild lettuce
leaf extract (5 ml), while the other samples showed varying

effectiveness between the highest and least effective
categories. As for the bacteria (Pseudomonas aeruginosa),
sample (5) with lemon leaf extract gave the highest
effectiveness (28 ml), sample (2) with myrtle leaf extract
gave the least effectiveness (6 ml), and the other samples
showed an effectiveness between them. While
Streptococcus pyogenes bacteria showed the highest
effectiveness in samples (4) and (5) with orange leaf extract
and lemon leaf extract (19 mm), the lowest effectiveness
was in sample (3) with neem leaf extract (14 mm).

Table 3: Inhibition diameter for a concentration of (10%) of the plant extract added to the prepared shampoo

Type of Bacteria Sample (0)mm|Sample (1)mm|Sample (2)mm|Sample (3)mm|Sample (4)mm|Sample (5)mm|Sample (6)mm
Staphylococcus aureus 9 7 12 16 20 23 19
Pseudomonas aeruginosa 7 12 9 10 14 31 14
Streptococcus pyogenes 4 18 19 17 22 21 20

While Table (3) above shows the results of the effectiveness
of adding a concentration of (10%) of each plant extract to
the prepared shampoo in inhibiting the growth of the three
different types of bacteria, with regard to the bacteria
(Staphylococcus aureus), the highest effectiveness was for
sample (5) with lemon leaf extract (23 mm), followed by
sample (4) with orange leaf extract (20 mm), and sample (6)
with olive leaf extract (19 mm). The least effective was for
sample (1) with wild lettuce leaf extract (7 ml). As for the
bacteria (Pseudomonas aeruginosa), sample (5) with lemon

leaf extract gave the highest effectiveness (31 ml), and
sample (2) with myrtle leaf extract gave the least
effectiveness (9 ml), while the other samples showed an
average effectiveness between them. While Streptococcus
pyogenes bacteria showed the highest effectiveness in
sample (4) with orange leaf extract (22 mm), sample (5)
with lemon leaf extract (21 mm), and sample (6) with olive
leaf extract (20 mm), the lowest effectiveness was in sample
(3) with neem leaf extract (17 mm).

Table 4: Inhibition diameter for a concentration of (15%) of the plant extract added to the prepared shampoo

Type of Bacteria Sample (0)mm|Sample (1)mm|Sample (2)mm|Sample (3)mm|Sample (4)mm|Sample (5)mm|Sample (6)mm
Staphylococcus aureus 9 10 15 18 27 26 23
Pseudomonas aeruginosa 7 16 16 14 19 34 16
Streptococcus pyogenes 4 21 23 21 25 26 25

As Table (4) above shows, the results of the effectiveness of
adding a concentration of (15%) of each plant extract to the
prepared shampoo in inhibiting the growth of these bacteria.
As for the bacteria (Staphylococcus aureus), the highest
effectiveness was for sample (4) with an extract of bitter
orange leaves (26 mm), followed by sample (5) with an
extract of lemon leaves (26 mm), and sample (6) with an
extract of olive leaves (23 mm). The least effective was for
sample (1) with wild lettuce leaf extract (10 ml). As for the
bacteria (Pseudomonas aeruginosa), sample (5) with lemon
eaf extract gave the highest effectiveness (34 ml), and
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sample (3) with neem leaf extract gave the least
effectiveness (14 ml), and the other samples showed an
effectiveness  between them. While the bacteria
(Streptococcus pyogenes) showed the highest effectiveness,
sample (5) with lemon leaf extract (26 ml). It was followed
by samples (4) and (6) with orange leaf extract and olive
leaf extract (25 ml), and the least effective was for samples
(1) with wild lettuce leaf extract and (3) with neem leaf
extract (21 ml).

It is clear from the results shown in Tables (2, 3 and 4)
above that all samples of the prepared shampoo showed an
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increase in the diameter of inhibition as a result of
increasing the concentration of the added plant extract from
(5%) to (10%) and then (15%). This indicates that the
effectiveness of the plant extracts increases with increasing
concentration, which enhances their use as an antibacterial.
Lemon leaf extract showed the highest inhibition diameter
across all bacteria, followed by bitter orange leaf extract and
olive leaf extract. Wild lettuce leaf extract and neem leaf
extract, however, were relatively weak in their efficacy
compared to the other extracts. The response of bacteria to
the added plant extracts also varied, with Streptococcus
pyogenes being the most affected, followed by
Staphylococcus aureus, and then Pseudomonas aeruginosa,

https://www.chemistryjournals.net

suggesting that some plant extracts may be more specific in
targeting specific types of bacteria.

B. Antifungal activity

The ability of shampoo samples enriched with plant extracts
to inhibit the growth of four species of Candida albicans
(Candida albicans, Candida krusei, Candida tropicalis, and
Candida glabrata) was tested using the disc diffusion
method. Plant extracts were added at different
concentrations (5%, 10%, 15%) to the prepared shampoo
solution, and the measurement was carried out in the
Biology Department/College of Science/Tikrit University,
and the results are shown in Tables (5), (6) and (7) below:

Table 5: Inhibition diameter for a concentration of (5%) of the plant extract added to the prepared shampoo

Type of Fungi | Sample (O)mm | Sample (1)mm | Sample (2)mm | Sample (3)mm | Sample (4)mm | Sample (5)mm | Sample (6)mm
Candida albicans 11 8 12 10 13 12 13

Candida krusei 9 11 10 9 12 13 12
Candida tropicalis 6 5 10 6 11 9 7
Candida glabrata 4 8 7 5 7 6 7

Table (5) above shows the results of the effectiveness of
adding a concentration of (5%) of each plant extract to the
prepared shampoo in inhibiting the growth of four different
types of fungi of the genus (Candida), by measuring the
diameter of inhibition in millimeters (mm). The larger the
diameter of inhibition, the greater the effectiveness of the
extract in eliminating fungi. As for the fungus (Candida
albicans), the highest effectiveness was for sample (4) with
bitter orange leaf extract (28 mm), followed by sample (2)
with oleander leaf extract (25 mm), and sample (7) with
lemon leaf extract (23). The least effectiveness was for
sample (5) with wormwood leaf extract (12 mm). As for the
fungus (Candida krusei), sample (4) with colocynth fruit
extract gave the highest effectiveness (30 ml), followed by

sample (2) with oleander leaf extract (26 ml) and sample (5)
with wormwood leaf extract (23 ml). Sample (1) with castor
leaf extract gave the least effectiveness (15 ml), and the
other samples showed an effectiveness between them. While
the fungus (Candida tropicalis) showed the highest
effectiveness, which was attributed to sample (4) with
colocynth fruit extract (12 mm) and sample (2) with
oleander leaf extract (11 mm), the lowest effectiveness was
attributed to sample (3) with olive leaf extract (3 mm). As
for the fungus (Candida glabrata), it gave the highest
effectiveness (10 mm) and (9 mm) for samples (4) and (2)
respectively, while samples (3), (6), (1) and (5) gave the
least effectiveness, respectively.

Table 6: Inhibition diameter for a concentration of (10%) of the plant extract added to the prepared shampoo

Type of Fungi | Sample (0)mm | Sample (1)mm | Sample (2)mm | Sample (3)mm | Sample (4)mm | Sample (5)mm | Sample (6)mm
Candida albicans 11 10 14 13 16 14 15

Candida krusei 9 13 14 12 15 17 14
Candida tropicalis 6 6 15 7 13 12 6
Candida glabrata 4 8 10 6 8 8 7

Table (6) above gives the results of the effectiveness of
adding a concentration of (10%) of each plant extract to the
prepared shampoo in inhibiting the growth of fungi of the
genus (Candida), where the fungus (Candida albicans) gave
the highest effectiveness for sample (4) with an extract of
bitter orange leaves (16 mm), followed by sample (6) with
an extract of olive leaves (15 mm), and the Ileast
effectiveness was for sample (1) with an extract of wild
lettuce leaves (10 mm). As for the fungus (Candida krusei),
sample (5) with lemon leaf extract gave the highest

effectiveness (17 ml), and sample (3) with neem leaf extract
gave the least effectiveness (12 ml). While the fungus
(Candida tropicalis) showed the highest effectiveness,
which was in sample (2) with myrtle leaf extract (15 ml),
and the least effectiveness was in samples (1) and (6), which
were wild lettuce leaf extract and olive leaf extract (6 ml),
respectively. As for the fungus (Candida glabrata), the
highest effectiveness (10 ml) was due to the extract of
myrtle leaves (2), while sample (3) gave the lowest
effectiveness (6 ml).

Table 7: Inhibition diameter for a concentration of (15%) of the plant extract added to the prepared shampoo

Type of Fungi | Sample (0)mm | Sample (1)mm | Sample (2)mm | Sample (3)mm | Sample (4)mm | Sample (5)mm | Sample (6)mm
Candida albicans 11 12 16 15 20 16 19

Candida krusei 9 15 17 15 20 20 17
Candida tropicalis 6 8 18 9 16 14 8
Candida glabrata 4 9 13 8 11 9 7

While Table (7) above gave the results of the effectiveness
of adding a concentration of (15%) of each plant extract to
the prepared shampoo in inhibiting the growth of the above-
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mentioned fungi, where the fungus (Candida albicans) gave
the highest effectiveness for sample (4) with an extract of
bitter orange leaves (20 mm), followed by sample (6) with
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an extract of olive leaves (19 mm), and the least
effectiveness was for sample (1) with an extract of wild
lettuce leaves (12 mm). As for the fungus (Candida krusei),
sample (4) with orange leaf extract, and sample (5) with
lemon leaf extract gave the highest effectiveness (20 ml),
while sample (1) with wild lettuce leaf extract and sample
(3) with neem leaf extract gave the least effectiveness (15
ml). While the fungus (Candida tropicalis) showed the
highest effectiveness for sample (2) with myrtle leaf extract
(18 mm), the least effectiveness was for sample (1) with
wild lettuce leaf extract and sample (6) with olive leaf
extract (8 mm). As for the fungus (Candida glabrata), it
gave the highest effectiveness (13 mm) and (11 mm) for
both samples (2) and (4), which were myrtle leaf extract and
bitter orange leaf extract, respectively, while sample (6)
with olive leaf extract gave the lowest effectiveness (7 mm).
It is clear from the results shown in Tables (5, 6 and 7)
above that all samples of the prepared shampoo showed an
increase in the diameter of inhibition as a result of
increasing the concentration of the added plant extract from
(5%) to (10%) and then (15%). This indicates that the
effectiveness of plant extracts increases with increasing
concentration, which enhances their use as an antifungal.
The extracts of bitter orange, lemon and olive leaves
recorded the highest diameter of inhibition against all types
of fungi. While the effectiveness of wild lettuce and neem
leaf extracts was relatively weak compared to the other
extracts, the response of fungi to the added plant extracts
also varied, with Candida krusei being the most affected,
followed by Candida albicans, Candida tropicalis, and
Candida glabrata, respectively. This suggests that some
plant extracts may be more specific in inhibiting certain
types of fungi.
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