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Natural dyes are in demand due to their inherent goodness and minor side effects. However, color fastness and poor
reproducibility after application in human hair still need to be improved for natural hair dyeing. This study investigates
the efficacy of Genipa americana fruit coloring extracts for hair dyeing. The dye was extracted from green fruit using
a hydroalcoholic solution of 70% ethanol and 30% water. The study analyzed the physicochemical properties of the
shampoo dye and evaluated its microbiological quality. The study also assessed the ability of the coloring shampoo to
dye bleached hair by measuring the total color difference using a tristimulus colorimeter. The shampoo was applied
for one month, with different numbers of applications (30, 15, and 10) and concentrations of 7.5% and 10% of the
extract. A tress of bleached hair was also used as a control, but it did not receive any treatment. The results showed
that the physicochemical characteristics were within the parameters established for this type of formulation. Likewise,
the microbiological quality was satisfactory. Regarding the coloring capacity, it was shown that the 10% formulation
presented the most significant color difference concerning the hair of the bleached tresses after 30 applications of 45
minutes each compared to the control. It was also shown that the concentration of G. americana extract directly affected

the coloring.

INTRODUCTION

Hair coloring products comprise a significant beauty
and personal care market segment [1]. The hair industry is
moving towards using less harmful hair dyes that do not contain
parabens (the most commonly used preservatives), persulfates
(used in bleaching powders), or ammonia, which is an alkaline
solution that opens up the hair cuticles to allow the color to be
deposited on the hair cortex [2]. Synthetic hair dyes that contain
heavy metals such as Pb, Cd, and Ni have toxic properties that
can harm the environment and human health [3]. Specific hair
dye formulations may cause skin sensitivity in the consumers
and the professionals who apply them [4]. Contact dermatitis
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is a common condition that can be caused by hair dye, and its
typical clinical presentation is redness, scaling, and itching of
the face, along with dermatitis on the neck, hairline, and ears.
Severe reactions can include facial swelling and ulceration of
the scalp and ears after using hair dye [5,6]. In some cases,
hair loss, scalp irritation, and changes in skin pigmentation,
such as facial-pigmented contact dermatitis and lichen planus
pigmentosus, may be present [7,8,9]. Additionally, certain
oxidative hair dyes can cause painful sensory irritation of the
scalp [10].

The use of natural dyes for hair coloration has a long
history, dating back to ancient times when they were used
medicinally, decoratively, and in religious ceremonies [11,12].
Before synthetic dyes were invented, metallic compounds,
plant extracts, and dried plants were used for hair dyeing [13].
Various herbal preparations and plant extracts, such as saffron,
birch bark, mullein, and turmeric, were utilized for hair staining.
Ancient Egyptians used henna to maintain their hair color,
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while ancient Greeks lightened their hair using a potassium
lye solution and a yellow flower petal ointment [14]. Romans
darkened their hair using lead combs and walnut stains [15].

Natural dyes are non-oxidative hair dyes that can be
either temporary or semi-permanent. They can be absorbed into
the hair’s cuticle and certain parts of the fiber’s cortex to create
color. Derived from plants, such as flowers, fruits, seeds, leaves,
and roots, these dyes are low-irritating, less allergenic, and eco-
friendly. They also have health properties, such as being anti-
inflammatory, antioxidant, and antimicrobial [16].

There are two main methods of natural plant dyes
to color hair: direct dyeing and mordant dyeing. This process
involves two distinct steps: first, dye molecules diffuse into
the hair fibers; second, chemical bonds form between the dye
molecules (which contain hydroxyl or carboxyl groups) and the
amino/sulthydryl groups in the hair keratin. This bond formation
can occur with or without a mordanting product [17]. Diffusion
is a three-stage process: (i) Dye molecules are transported to the
fiber/water interface through aqueous diffusion and agitation.
(i) Dyes are absorbed by the outer layer of the hair cuticle.
(iii) Dye molecules with low molecular weight penetrate the
inner structures of the hair, mainly through the cell membrane
complex (CMC), which connects the cortical cells and cuticle
[18]. The research indicates that dye substances primarily enter
the hair cortex through CMC penetration [19,20]. Meanwhile,
less ionized small molecules can pass through and spread over
the lipid bilayer of CMC [21]. Additionally, the condition of
hair fibers impacts the absorption and diffusion of external
dye substances. For instance, hydrogen peroxide in hair dye
formulations can break down the disulfide bonds in hair keratin,
damaging the hair fibers. As a result, this allows for deeper
penetration and stronger dye bonding to the hair [12,22].

Direct dyeing is a process of coloring hair without
using an oxidizing agent. During direct dyeing, the dye forms
a bond with the hair fiber. The intensity of the color depends
on how well the dye molecules bond with the hair fiber’s
surface. Smaller dye molecules, such as non-ionic dyes at 0.95
nm, cationic dyes at 1.4 nm, and anionic dyes at 1.2-1.3 nm
[23], can easily enter the hair cuticle. On the other hand, larger
molecules have a tougher time penetrating. However, they can
still be attracted to the hair fiber through various forces such as
electrostatic, van der Waals, and hydrogen bonding [24]. Natural
dyes from henna leaves and walnut husks are commonly used
for direct dyeing. In henna, lawsone, reacts with amino groups
in hair keratin fibers at a slightly acidic pH (4.5-6.0), resulting
in hair coloration. Scanning electron microscopy (SEM)
observations have shown that henna dye may help repair cuticle
damage and provide a smooth, moisturized appearance to dyed
hair cuticles [25].

Synthetic dyes used to be popular for long-lasting hair
color, but now ammonia-free commercial dyes are available to
deposit color without damaging hair structure [26]. Permanent
hair dyes are synthetic oxidative hair widely used for their
strong dyeing performance and predictable colors [27] that use
intermediates such as p-aminophenol and p-phenylenediamine,
and some couplers such as m-aminophenol, resorcinol and
m-hydroxyphenol [28]. However, studies have reported potential
health risks associated with synthetic ingredients, including

allergenicity [29,30], carcinogenicity [31], mutagenicity
[32,33], and environmental toxicity [34].

The interest in natural hair dyes, which replace the
toxic compounds in synthetic permanent and semi-permanent
dyes, is increasing [22,11]. Using natural and renewable raw
materials to develop a hair color that can permanently dye
hair without causing damage is a highly sought-after goal in
the industry [11]. Natural dyes are considered eco-friendly,
biodegradable, and have a low probability of causing allergies
or toxic reactions. Additionally, using “green formulations”
in hair dyes ensures that the compounds used do not harm the
environment [35].

Previously, iridoids like genipin were reported as dye
protein fibers and recommended as “natural reactive dyes”
for materials containing amino groups, including leather,
wool, and silk [1]. Brazil’s Indigenous tribe members used
this fruit’s contents to dye their textiles, create pottery, and
paint their bodies during ritual ceremonies and battles [36].
Many countries, such as Brazil, have a long tradition of folk
medicine in their various geographical regions and cultural
communities [37]. Ethnomedical knowledge encompasses
intricate practices, particularly those related to using herbs
from Indigenous plant life [38]. There are experiences in
the development of pharmaceuticals and cosmetics based
on traditional knowledge about the use of plants and their
components, which is an opportunity that should be prioritized
through research in academic and research institutions [39].
Brazil has developed some drugs; for example, Lapachol,
originally from the Handroanthus impetiginosus tree, was
used to treat malaria and served as the model for atovaquone,
a drug used to treat acute uncomplicated malaria caused by
Plasmodium falciparum [40]. The latest research in cosmetics
focuses on using nontraditional oils and butter from Brazilian
tropical plants, promoting sustainability and benefiting small
farms. These oils have the potential to replace traditional
skincare ingredients and are increasingly being incorporated
into new commercial products [41].

A tree of the Rubiaceae family, Genipa americana
L., is found in Asia and Latin America, and it was established
that it contains the iridoids geniposide and genipin, which are
monoterpenes that can react with proteins and amino acids to
create colored compounds [42]. These iridoids in fruit are initially
colorless. However, upon contact with the amino groups, they
turn blue in green fruit and crystalline yellow in ripe fruit [1].

Hair dye is one of the most popular cosmetics,
although some components are dangerous. People continue to
use it even if they have suffered discomfort or developed an
allergy. Therefore, it is necessary to investigate new sources to
develop safer dyes. Otherwise, these products will continue to
be dangerous [43]. New technologies have been developed to
expand the range of available colors, simplify processes, and
make them more efficient and faster while minimizing damage
to hair and human health [44]. Various cosmetic technologies
have been employed in hair dyes, leading to the accessibility
of pigment agents and a wider range of products, including
permanent, semi-permanent, and temporary dyes. For this
reason, the popularity of products containing semi-permanent
dyes has increased even though they last only for about four to
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six washes and interact moderately with the hair shaft [45] but

are gentler on the hair compared to permanent options [46].
The present investigation proposes using G. americana

fruit extract as a hair dye shampoo formulation component.

MATERIAL AND METHODS

Samples preparation

Green fruits of G. americana L., (Fig. 1A) also known
as “Huito,” were collected during February in Sicllabamba,
Echarati, La Convencion, Cusco, Per(. The botanical
identification was done at the Vargas CUZ Herbarium of the
Universidad Nacional de San Antonio Abad del Cusco using
dichotomous keys, consulting specialized bibliography, and
comparing with herbarium samples while agreeing with the
classification of the angiosperm phylogenetic system group
IV-2016. The fruits were sliced (Fig. 1B), dried in a stove at
30°C—40°C for a week, and ground in a coffee mill, obtaining
a particle size of 3—4 mm.

Preparation of G. americana green fruit extract

Genipin is a colorless molecule that reacts with
primary amines in the presence of oxygen to form water-
soluble blue Pigments (Fig. 1C) [47].Choosing a water-soluble
solvent, such as a 70% ethanolic solution, was necessary for the
extraction procedure [48] and to prevent sample contamination.
The grounded sample (100 g) was macerated with 250 ml of
a 70% ethanolic solution for 20 days at room temperature and
shaken vigorously daily. It was then filtered with a Buchner
funnel connected to a vacuum bomb and evaporated at 40°C
using a rota-evaporator.

Formulation of hair dye shampoo

To formulate the hair dye shampoo, sodium lauryl
sulfate (25%), coconut fatty acid diethanolamine (1.5%),
methylparaben (0.2%), Ethylenediaminetetraacetic — acid
(EDTA) (0.1%), and Butylated hydroxytoluene (BHT) (0.05%)
were mixed in hot water (at 55°C) until complete dissolution
and foam formation were avoided. After the solution was cooled
at room temperature (17°C-20°C), G. americana extract (7.5%,
10%, and 12.5%) was added, and the pH was adjusted to 6 using
triethanolamine. Distilled water was added to a final volume of
100 ml, and a 20% solution of NaCl (1.5%) was added to adjust
the viscosity.

Physicochemical and microbiological evaluation of
formulations

The prepared shampoo underwent a physical and
chemical evaluation to determine its quality. The color, odor,

Figure 1. Genipa americana plant (A); Green fruits (B); Dried and sliced fruits (C).

appearance, consistency, and precipitation formation after 7
days were visually inspected [49]. Foam stability and foam
expansion were also measured. The modified cylinder shake
method involved adding 50 ml of 1% shampoo solution to a 250
ml graduated cylinder, covering it with parafilm, and shaking
it upside down ten times. The foam volume was measured
immediately and then after 1, 2, 3, 4, and 5 minutes to account
for foam stability [50,51].

The pH was measured at a constant temperature
using a Jenway 3510 pH meter after being calibrated with a
standard solution of pH 7. Distilled water with a pH range of
6.24-6.88 was necessary [52]. The viscosity was measured
at 25°C with a Brookfield viscometer (Viscoqc 100-L model,
Anton Paar, Graz, Austria) [53]. In addition, after production,
the microbiological quality of the shampoo was analyzed.
The total viable bacterial count was determined using
standard laboratory procedures. The sample was dispersed
in a phosphate buffer, and 10-fold serial dilutions were made
under aseptic conditions. The pour plate technique was
used to count bacteria and yeast. A 1 ml sample was taken
from the proper dilution. Bacterial counts were conducted
using soya bean casein digest (SBCD) agar, while yeast and
mold counts were determined using Sabouraud dextrose
agar containing 40 ppm chlortetracycline. A positive result
was considered if bacterial colonies were observed on the
solidified agar plates after 48 hours of incubation at 37°C
and if fungal growth was observed on the plates after 2 weeks
of incubation at 25°C. To identify isolates, 1 g of the sample
was transferred into a flask containing 50 ml of SBCD broth
and 0.5% Polysorbate 80. After 48 hours of incubation at
37°C, a loopful of the flask contents was streaked onto
SBCD agar (supplemented with 0.5% Polysorbate 80), and
the plates were then incubated for an additional 48 hours at
37°C. To identify the isolates, 1 g of the sample was placed
into a flask containing 50 ml of SBCD broth and 0.5%
Polysorbate 80. The flask was then incubated for 48 hours at
37°C. After incubation, a sample was spread on SBCD agar
(supplemented with 0.5% Polysorbate 80), and the plates
were further incubated for 48 hours at 37°C.

Colonies that formed were obtained in pure culture.
The colonies were incubated on Mannitol Salt Agar to confirm
the presence of Staphylococcus aureus. Cetrimide Agar was used
for the isolation and enumeration of Pseudomonas aeruginosa.
MacConkey Agar was used to isolate Gram-negative bacteria
and determine Escherichia coli [54,55].

Evaluation of the ability of the shampoo dye hair to color
bleached hair

Bleaching application

Black human hair untreated with chemicals was
obtained from a local salon in Cusco, Peru, for dye testing. It
was then bleached to observe the color change during the use of
natural dyes [22].

The hair tresses were bleached with commercial
bleaching products. The bleaching powder (BlondMe Premium
Lightener 9+), whose main components are potassium persulfate,
ammonium persulfate, and magnesium carbonate hydroxide,
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and developer (Schwarzkopf Professional BlondMe Premium
Developer), with hydrogen peroxide, paraffinum liquidum, sodium
cetearyl sulfate, peg-35 castor oil, and potassium hydroxide as
main components, and were mixed in a non-metallic bowl at a ratio
of 1:2.5. The bleaching product was applied to each sample using a
brush, using 9 g for each sample, which equates to 1.4 mg per 1 mg
of hair [56]. The hair was left for 30 minutes and then rinsed with
demineralized water. After rinsing, the hair tresses were combed
and detangled before being dried with a commercial dryer.

Application of hair dye shampoo

Four tresses of bleached hair were selected and then
dyed with a shampoo containing G. americana extract for
1 month. The hair tresses were massaged, and the shampoo
was left over the hair for 45 minutes at 20°C and 45%-50%
humidity and then rinsed with demineralized water. Following
the previous step, a commercial hair dryer was used to dry all
the tresses. The shampoo dye was reapplied as follows:

— The first group had 30 applications and 30 washes.

— The second group had 15 applications and 15 washes.

— The third group had 10 applications and 10 washes.

— The fourth group did not receive any treatment and served
as a control.

Color measurement

The measure of color changes was made in triplicate
using a Chromameter CR-400 (Minolta Camera Co., Osaka,
Japan). The L*, a*, and b* color coordinates indicated the hair
color. L* represents the lightness scale, with 0 being black
and 100 being white. a* indicated green-red (-a = green, +a =
red), while b* indicated blue-yellow (-b = blue, +b = yellow).
To obtain precise measurements, calibration was carried out
using the white calibration plate under the same temperature
conditions as the measurements. The following data should be
displayed on the chromameter screen: y = 93.5; y = 0.3190 and
x = 0.3114. The test results were presented as AL, Aa, and Ab
values, indicating the variation between the bleached hair and
the samples in terms of L*, a*, and b* values. Positive AL values
indicate more luminosity samples than the standard, while
negative values indicate darker ones. Positive Aa values indicate
redder samples, while negative values show greener ones.
Positive Ab values indicate more yellow samples, while negative
values indicate bluer ones. The absolute color differences can be
measured by using the following formula: [57].

AE = AL + Aa® + Ab?

(h

AE = (L, L)} +(a, - a,)* +(b,~ b,)} @

where:

Li, a, b, = bleached hair tresses

L, a,, b, = samples of hair tresses with G. americana.

AE values compare color samples, with smaller values
indicating closer colors. Ranges of differences are: 0-0.2 =
imperceptible; 0.2-0.5 = very small; 0.5-1.5 = small; 1.5-3.0

= visible; 3.0-6.0 = much; 6.0-12.0 = big; > 12 = very great
[58,59,60].

STATISTICAL ANALYSIS

Significance differences between treatments were
evaluated using one-way ANOVA and Scheffé test (p < 0.05)
with statistical software SPSS (version 22).

RESULTS AND DISCUSSION

Hair dye shampoo formulations

Table 1 presents the composition of G. americana hair
dye shampoo formulations at 7.5%, 10%, and 12.5%.

Natural ingredients in cosmetics are increasingly
popular. Shampoo cleans hair using a surface-active agent. It
comes in cream, gel, or liquid form and contains properties that
emulsify, wet, detangle, and foam. This leaves hair soft, clean,
and manageable [61].

Table 1 shows a formula that contains 60% water,
25% anionic surfactant, and 1.5% secondary surfactant. Other
ingredients, including EDTA and BHT, provide stability.
Cocamide DEA has been the most used secondary surfactant
with alkyl sulfates and alkyl ether sulfates for the last 30 years.
It enhances foam heights and stability, solubilizes effectively,
and helps to increase viscosity [62,63,64]. Cocamide DEA is
a versatile ingredient, solubilizing agent, thickening aid, and
foam stabilizer [65]. The formula also contains G. americana
extract for added coloring properties.

Most shampoo formulations need to contain both
primary and secondary surfactants. The primary surfactants
provide most of the fundamental properties. In contrast,
secondary surfactants enhance the effects of the primary
surfactants in specific ways, such as boosting foam or making
the shampoo milder on the scalp and eyes. Surfactants are

Table 1. Formulation of hair dye shampoos containing G. americana
extracts at 7.5, 10, and 12.5%.

Constituent Inci Name Quantity Function
(Yo)
Sodium lauryl sulfate Sodium Lauryl 25 Anionic
Sulfate surfactant
Coconut fatty acid Cocamide DEA 1.5 Secondary
diethanolamine surfactant
Ethylene diamine tetra- Disodium EDTA 0.1 Chelator
acetic acid (EDTA)
Butylated Hydroxytoluene ~ BHT 0.05 Antioxidant
(BHT)
Sodium chloride Sodium 1.5 Thickener
Chloride
Methylparaben Sodium 0.2 Preservative
Methylparaben
G. americana extract =~ —-—mmmmmmom - 7.5,10, Natural dye
12.5

Triethanolamine Triethanolamine q.s pH=6 pH corrector

Water Aqua q.s 100 Vehicle
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essential for cationic polymer-based deposition systems, which
deliver actives and benefit agents to the hair and scalp [66].

EDTA is frequently utilized as a chelating agent,
forming chemical complexes with metals. Shampoos are most
effective in water with low levels of magnesium and calcium,
as these elements can react with shampoos and create insoluble
foam. When magnesium, calcium, and other metal ions bind to
EDTA, shampoos’ effectiveness is unaffected.

Antioxidants like BHT help prevent and slow down
the oxidation process of other chemicals by binding to radical
molecules and reducing their decomposition power [67]. Some
studies have shown that samples incorporating BHT exhibit
minor absolute color difference (AE) fluctuations and less color
degradation [68].

Sodium chloride is an effective thickening and
viscosity agent. This salt increases the surfactant micelles’
swelling and resistance to movement [69].

Physicochemical and microbiological evaluation of
formulationsTable 2 displays the results of physicochemical
tests conducted on the shampoo dye formulation at three
different extract concentrations.

All three formulations possess similar
physicochemical characteristics, with slight color variations
(Fig. 2). The 7.5% formulation had less intense coloration than
the other formulations. Additionally, the odor varies with the
concentration of the extract, with higher concentrations leading
to a more intense odor. A precipitate formation after 7 days
was present in the 12.5% formulation, so this formulation was
discarded for the coloration evaluation. However, there was no
appearance, consistency, foam formation, foam stability, pH, or
viscosity variation. The precipitation observed in the shampoo
formulation using 12.5% of G. americana extract may be due
to several factors; among them, we can mention the higher
number of solid residues from the higher amount of extract
[70]. It is also known that anionic surfactants such as sodium
lauryl sulfate can interact with some positively charged groups,
giving rise to precipitates [71]. This precipitation negatively

Table 2. Physicochemical parameters of hair dye shampoos
containing G. americana extracts.

Physicochemical G. americana extract (%)
parameters 75 10 125
Color Light Moderate Intense bluish-
bluish-black  bluish-black  black
Odor Light odor ~ Moderate Moderate odor
of Genipa odor of of Genipa
Genipa
Appearance Black shiny  Black shiny  Black shiny
Consistency Slightly Slightly thick  Slightly thick
thick
Foam expansion (cm®) 105 108 109
Foam stability Good Good Good
Precipitate formation after ~ No No Yes
7 days
pH 6 6 6
Viscosity (mPa*s) 4849 4849 4849

impacts the quality and efficacy of the formulated shampoo, so
it was not used to color bleached hair tresses.

The pH level of shampoo is crucial for improving
hair quality, minimizing eye irritation, and maintaining the
scalp’s ecological balance. Mild acidity helps prevent swelling,
promotes scale setting, enhances hair shine, and minimizes hair
damage [72]. A stable pH level of 5-7 in shampoo prevents
scalp damage and is close to the skin’s pH. In other words,
shampoos should have a neutral or slightly acidic pH. Citric
acid is commonly used in formulations to achieve the right pH
for the shampoo [73,74].

Shampoos containing G. americana extracts have apH
level of 6, in compliance with skin health and safety regulations
[75]. In a study by Al Badi and Khan [76], the pH of samples of
herbal shampoo was reported to be 7.2. Another study developed
by Seema et al. [77] found that the pH of a polyherbal shampoo
was 5.5, which is considered slightly acidic. Most commercial
shampoos have a pH between 6.0 and 7.0 at 25°C [76], ideal for
conditioning hair and creating a proper electric charge [78]. The
pH level of the environment affects the absorption of proteins in
hair, with absorption being higher when the pH level is between
6 and 9. Using conditioners with a pH of 6 makes hair softer, so
our product has the proper conditioning status [79].

Consumers often base their choice of shampoo on
its ability to produce foam, a measure of its effectiveness in
cleaning hair. The amount of foam produced by shampoo has
a psychological impact and is seen as an indicator of how well
it can clean hair [80]. However, when evaluating its efficacy,
shampoo users should consider factors such as the duration,
consistency, and stability of foam production [81]. Foaming
and consistency are important properties in shampoo, as people
often link more foam with better cleaning, although the two
aren’t always connected. Foam is created when foaming agents
in the shampoo interact with water and air. The greater the
shampoo’s foaming potential, the higher the foam. Additionally,
the more stable the foam, the longer it will last without breaking
or disappearing [76]. Although foam generation has little
to do with the cleaning ability of shampoos, it is extremely
important to consumers and, therefore, a significant criterion
in evaluating shampoos [81]. The volume and stability of
foams are important factors in assessing shampoos’ quality
and consumer acceptance [82]. Shampoos that produce large
volumes and stable foams, which maintain their volume for an
extended period, are generally preferred by consumers. High-
quality shampoos can produce a large volume of stable foams
after shaking. In our study, the G. americana shampoo showed
a foam expansion of 105, 108, and 109 c¢cm? for 7,5%, 10%, and
12,5%, respectively. Previous studies established that shampoo

Figure 2. G. americana shampoo at different concentrations.
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should have a foam volume of 100 cm? or more for 5 minutes to
demonstrate good stability. In the same study, Pantene, Sunsilk,
and Herbal Essence commercial shampoos showed 107, 106,
and 104 cm?® foam volumes, respectively [83].

Shampoo viscosity is influenced by the amount
of solids present, which is vital in defining and controlling
attributes like shelf-life stability [72]. Viscosity and rheological
properties affect the quality of liquid shampoos. These factors
can impact various aspects of the product, such as appearance,
transparency, ease of dispensing, consistency, and foam
formation [84]. The rheological properties of a shampoo
formulation are essential to ensure the desired consistency
and ease of dispensing from the container. The viscosity of
our formulations at different percentages of G. americana
extracts was the same ( 4849 mPa*s), which seems an adequate
value. Sunsilk, Pantene, Ultra Doux, Herbal essences, L’Oreal
Elvive, and Syoss at 25°C showed 6213.67, 10131.67, 5297.33,
9226.67, 9593.67, and 3457 mPa*s, respectively [72].

Table 3 shows the results of microbiological analysis
for hair dye shampoos containing G. americana extracts.
The concentrations used were 7.5%, 10%, and 12.5%. The
formulations were free from pathogenic microorganisms
P aeruginosa, S. aureus, and E. coli. This indicates that
the preparations were appropriately made and safe from a
microbiological quality control standpoint. Additionally, yeast
and mold counts were within the acceptable criteria for this
product type, and the total aerobic mesophilic bacteria also met
the criteria.

Shampoos do not necessarily require sterility.
However, they must be devoid of harmful microorganisms
and should not contain excessive microbial contaminants [86].
Research studies have demonstrated that Pseudomonas species
in shampoos containing sodium lauryl sulfate as a surfactant
can lead to product separation and color change. Cosmetics
industries are particularly concerned about the presence of P,
aeruginosa in their products. This bacterium is an opportunistic
pathogen that can cause spoilage and is the most common

Table 3. Microbiological analysis results of hair dye shampoos
containing G. americana extracts.

Analysis G. americana extract (%) Acceptance
75 10 12.5 criteria for
microbiological
quality [85]
Staphylococcus ~ Absence ~ Absence  Absence Absence per | g
aureus or ml
Pseudomonas Absence  Absence  Absence Absence per 1 g
aeruginosa or ml
Total coliforms ~ Absence ~ Absence  Absence Absence per 1 g
and Escherichia or ml
coli
Total aerobic <5x10°  <5x102 <5x10*> <1x10°CFU/g
mesophilic CFU/ml CFU/ml CFU/ml  orml
Molds and yeast <10 CFU/ <10 <10 <1x10°CFU/g
ml CFU/gml CFU/g or ml
ml

CFU: Colony Forming Units.

microorganism associated with recalls of cosmetic formulations
in the United States and Europe [87]. Shampoos, like any
product containing water and organic or inorganic compounds,
must be preserved to prevent microbial contamination. This is
crucial for consumer safety and to prolong the product’s shelf
life. The primary goal of microbiological safety is to shield
consumers from potentially harmful microorganisms and to
maintain the product’s quality by preventing biological and
physicochemical deterioration [88].

Evaluation of color: Table 4 shows the results of the
shampoo dye coloration, including different concentrations
and application numbers, showing that L*, a*, and b* vary
considerably in the data obtained from bleached hair tresses;
it is also observed that when the exposure of the hair to the
shampoo dye is more constant (30 applications), the coloration
change is more significant. The concentration of G. americana
extract directly affects hair color, with higher concentrations
(10%) resulting in more significant differences compared to
bleached hair, as shown in Figure 4.

Using natural plant colorants as a substitute for toxic
synthetic colors in hair dyeing has garnered a growing interest.
However, natural hair dyeing has yet to overcome the challenge
of achieving consistent color and long-lasting results on human
hair[89]. Extracted plantdyes canbe directly applied or combined
with metal ion-based mordants to address this issue [90].
Direct dyes are commonly applied to the surface of hair fibers,
but their use results in a limited chroma range and poor color
fastness [11,91].

In our investigation, we applied hair dye formulations
directly onto hair tresses. We discovered that the number of
applications and the concentration of the extract affected the
hair’s coloration. We found the most effective conditions
for better coloration to be 30 applications and 10% extract
concentration, resulting in a scale of AE from 6.0 to 12.0, which
means a great difference from bleached hair tresses.

Historically, plant extracts such as indigo and
henna were used in Europe and Asia to dye hair from light
brown to black [92]. However, synthetic dyes can cause skin
discoloration, allergies, skin irritation, unexpected hair colors,
and hair breakage [93]. Prolonged use of chemical dyes can
lead to erythema, dry scalp, hair loss, and even skin cancer [94].

Synthetic hair dyes are classified as permanent or
temporary, depending on their ability to penetrate the hair and
color longevity. Temporary dyes are less damaging because
they do not penetrate the cortex [95] and last for 5-8 washes,
while permanent dyes provide long-lasting results. Natural dyes
are similar to temporary hair dyes but face certain challenges.
For instance, they do not penetrate deeply into the hair or
prevent the dyed hair from fading or washing out due to weak
color and long-term deposition [96]. To improve hair dyeability,
developers can be added to open the hair cuticle and break
down chemical bonds. This process allows dye molecules to
interact with the proteins of the hair. Additionally, mordants can
be added to fix the dye in hair fibers and enhance hair color
fastness [22].

As shown in Figure 3, there were differences
between the treatments using G. americana shampoo: T1:
G. americana 7.5% + 30% applications; T2: G. americana
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Table 4. Absolute color differences (AE) of hair dye shampoos containing G. americana extracts.

Hair tresses Applications Photographic image L A b AE*
number

Bleached - 554+0.21 7.32+0.35 22.01£0.11 0.0
G. americana 7.5% 30 51.73+£0.12 7.1+£0.23 18.78 £0.28 4.9071°
15 54.74 £ 0.06 6.65+0.19 19.43+£0.32 2.7461°
10 56.9+0.41 6.82+0.36 20.65 +0.08 2.0856°
G. americana 10% 30 46.93 +£0.17 7.35+0.34 16.83 £0.29 9.9284¢
15 50.45 +0.06 6.99 +0.27 17.16 £0.13 6.9378¢
10 54.94£0.19 6.45+0.11 18.37+0.22 3.7707¢

*Different letters indicate significant differences, as Scheffé’s test indicates, at p < 0.05.

7.5% + 15% applications; T3: G. americana 7.5% + 10%
applications; T4: G. americana 10% + 30% applications; T5:
G. americana 10% + 15% applications; T6: G. americana
10% + 10% applications. Positive AL values indicate more
luminosity samples than the control, while negative values
indicate darker ones. Positive Aa values indicate redder
samples, while negative values show greener ones. Positive
Ab values indicate more yellow samples, while negative
values indicate bluer ones. According to our results, the T4
(T4: G. americana 10% + 30% applications) showed better
results regarding the absolute color differences (AE).
Temporary hair colors in shampoos, lotions, or
foams only last until the next wash. They add color highlights,
neutralize yellow tones in white hair, or cover up a few gray
hairs. These colors contain high molecular weight ingredients
that deposit on the hair’s surface and are easily removed.
The dye is combined with a cationic polymer to make it less
soluble, adhere better to the hair, and then dispersed in a base
using surfactants to create the final product [97]. One example
is henna, derived from the Lawsonia alba plant, also used on
nails and skin [95]. Semi-permanent hair colors do not contain
ammonia or ethanolamine but may contain hydrogen peroxide
or resorcinol. These colors cannot lighten hair and are typically
used to cover white hair or enhance natural hair color. Their low
molecular weight enables them to penetrate the middle layers
of the hair cuticle without tightly binding to the hair protein
itself [98]. As a result, applying semi-permanent colors does not
require prior hair modification, as is necessary with permanent

hair color. Many organic compounds, such as quinones,
carotenoids, tannins, curcuminoids, and flavonoids, are used
as coloring agents in hair dye plants and have been studied
for their effectiveness in dyeing hair [91]. Previous studies
have discussed using plant pigment extracts in natural hair
dye formulations. For instance, Indigofera tinctoria (Indigo),
Lawsonia inermis (Henna), Emblica officialis (Amla), Juglans
nigra (walnut hull), and Hibiscus rosasinensis (Shoe flower)
there have also been documented in the literature of their use
as natural sources of hair dye [99,100]. The blackcurrant’s
discarded fruit skins are used to create hair dye through an
extraction and purification process. Research shows that this
blackcurrant hair dye is fade-resistant [101]. Thai plants,
including False daisy, Thao yanang, Sappan tree, Kae lae,
and turmeric extracts, are greenish, brownish, and yellowish
in color. When combined with a natural developer and metal
as a mordant agent, these extracts were utilized for hair dye,
resulting in a color range from dark reddish-brown to orangish-
brown [22]. Rich anthocyanins black beans can be used as a
hair dye when extracted with hydrochloric ethanol, and the
color lasts through four washings [96]. Research has shown
that anthocyanin extracted from black beans is a potential
natural hair dye. However, the durability of this dye is not as
good as other natural dyes [96]. For example, studies have
demonstrated that natural pigments derived from Thai plants
and ferrous sulfate as a mordant enhance color retention in up
to fifteen shampoo washes [22]. This is because ferrous sulfate
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Figure 3. The difference in color coordinate values compared with the bleached hair (control); lightness values (AL), redness (Aa), yellowness (Ab), and total
difference (AE) of hair dyed with T1: G. americana 7.5% + 30% applications; T2: G. americana 7.5% + 15% applications; T3: G. americana 7.5% + 10 applications;
T4: G. americana 10% + 30 applications; T5: G. americana 10% + 15% applications; T6: G. americana 10% + 10% applications.

a,b,c,d,e; A, B, C, D; a*b*,c*,d*; A*, B*, C*, D*, E*, F* means followed by a different letter are significantly different to Scheffe’s test (p < 0.05) of lightness values

(AL), of redness values (Aa), of yellowness values (Ab), and total difference (AE).

creates a complex with the hair fiber, improving the natural
dye’s adherence to the hair [102].

The black bean dye takes longer to dye hair compared
to commercially marketed hair dyes. Typically, most hair dyes
require 45-60 minutes of dyeing, whereas the black bean dye
needs 1.30 hours for a better effect. However, because all
ingredients in this formulation are natural, they have a minimal
impact on the dyeing process. Previous studies have also shown
that hair dyed with plant extracts is more durable, even though
it may take longer to dye the hair (around 2 hours). Natural dyes
adhere better to the hair, allowing the dye molecules to penetrate
the cuticle and diffuse into the cortex [103]. Phycocyanin from
Arthrospira (Spirulina) platensis can be used as hair dye. It
retains 50% of its color after five shampoo washes and has good
physical stability in hair dye powder formulation with no color
degradation issues [104].

According to Machado et al. [1], geniposide is the
primary extracted substance from G. americana ripe fruit. It
could react with hair keratin, resulting in changes in color in
response to pH and temperature. The study found that mild
treatment conditions such as 5% G. americana, pH 5.5, and
25°C caused visible differences in white hair. Increasing the
G. americana concentration or pH level achieved a significant
color change. This change was classified as a big difference

. I
Figure 4. Color changes of hair tresses with G. americana extract at different
concentrations after 30 applications. The incorporation of G. americana extracts

into a shampoo with a pH of 6 results in the development of brown tones, which
are distinctly visible.

with an AE of 6.7. Furthermore, exposing the sample to high
temperatures led to a red color, which differed considerably
from untreated white hair samples with an AE greater than
12.0. The concentration of G. americana influenced the
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color change. 5% and 20% resulted in AE of 37.6 and 54.0,
respectively. Our findings agree with these results because we
obtained an AE of 9.9284, which means a big difference with
the bleached tresses.

Yang et al. [105] found that the color of hair changes
due to the reaction between proteins and genipin, a byproduct of
geniposide. The study produced pigments with different colors
based on the pH level used. The color varied from magenta (pH
9) to dark red (pH 12) at higher pH levels and from brown (pH
5) to blue (pH 7) at neutral or slightly acidic pH levels. Hair
color depends on geniposide concentration and the availability
of deprotonated amino groups of keratin [105].

Based on our research, we conclude that G. americana
contains a natural pigment suitable for dyeing hair. When
this pigment is applied to bleached hair strands using a 10%
ethanolic extract for 30 applications, it produces an interesting
brown color. This natural alternative could be safe and effective
for covering gray hair.

When using natural colorants in hair dye cosmetics, it
is important to consider stability issues such as thermal, light,
and acidity/alkalinity. Over the years, various encapsulation
systems have been developed to protect plant extracts from
environmental stresses such as extreme pHs, UV, and heat
[106]. Encapsulation shields dye molecules by enclosing
them in a shell, ensuring the stability and dyeability of natural
colorants in hair dye products. Techniques include emulsion
polymerization, suspension polymerization, and spray drying
[107]. For example, microcapsules of colorants from Chinese
gallnut and henna were produced using spray drying techniques,
improving stability and formulation compatibility [108,109].
Encapsulation has solved compatibility and stability issues in
natural dyeing with plant colorants. Inorganic nano-carriers,
such as nanoparticles, nanofibers, and nanotubes, stabilize
plant-based hair dyes and improve the dyeing process. For
instance, with their small size and increased surface-to-volume
ratio, carbon nanotubes can be easily absorbed into the hair
cuticles, enhancing affinity and leading to long-lasting coloring
effects [110].

Mordant dyeing is a process that helps fix dyes on
hair fibers to improve colorfastness [111]. Commonly used
mordants include metal salts such as iron (II) sulfate, copper (II)
sulfate, and alum [22], which form a bond with the dye through
dative covalent bonding. This bonding affects the colors’ hue
and ability to remain colorfast [112]. Bio-mordants, like 4loe
vera extract and tannin-rich plant extracts, are being explored
as effective alternatives to metallic mordants [113,114].

CONCLUSION

Genipa americana green fruits, commonly known as
Huito, produce a dye that can be used effectively as a hair dye.
After 30 applications, hair treated with shampoo containing 7.5%
and 10% G. americana extract showed satisfactory development
of visible brown tones. The organoleptic, physicochemical, and
microbiological characteristics remained stable throughout the
analysis period. When hair samples were bleached and washed
with the developed formulations, the most successful outcomes
were achieved with a 10% shampoo concentration applied 30
times per month, each application lasting 45 minutes, followed

by a water rinse. The shampoo used had a pH of 6, and the
resulting color was brown. The absolute color difference
(AE) of the hair dye shampoo containing 10% G. americana
extract was 9.9284, indicating a significant difference from the
bleached hair.

Recently, a growing demand for safer, more
environmentally friendly hair coloring products from plants has
been growing. This is due to a global awareness of the harmful
effects of synthetic hair dyes, leading to a trend in the hair dye
market. The scientific community is exploring natural colorants as
substitutes for synthetic dyes due to a focus on sustainability and
health benefits. Natural colorants offer advantages such as being
eco-friendly, less toxic, and biodegradable. Many plant colorants
also have health-promoting properties, such as antioxidants, anti-
inflammatory, and antimicrobial effects. Further researchisneeded
to understand how plant-derived colorants interact with human
hair. This will help develop effective plant-based hair dyes and
broaden the variety of plants or engineered microorganisms used
for large-scale production. Additionally, more research is needed
to develop better encapsulation systems, nanocarriers, and bio-
mordants to enhance the effectiveness of natural colorants in hair
dyes. Natural dyes act as temporary hair dyes but develop weak
colors and have long-term deposition problems because they do
not penetrate the hair sufficiently to prevent fading. To improve
hair dyeability, ingredients such as a developer can be added. A
developer opens the hair cuticle, allowing dye molecules to enter
the hair shaft and interact with hair proteins. A substance called
mordant fixes the dye in hair fibers and improves color fastness.
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