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Abstract

Solid shampoo is an innovative and alternative cosmetic form of shampoo that,
as it does not contain water in its composition, gains the attribute of being more
sustainable. This work aims to develop, evaluate the stability, and characterize a
solid shampoo formulation. Nine solid shampoo formulations were prepared by
varying the concentrations of solid surfactants defined through a statistical design.
The formulations, labeled F1 to F9, were submitted to the preliminary stability
evaluation under different storage conditions for 30 days, in which organoleptic
characteristics as well as the pH values were evaluated. Approved formulations
were physically and functionally characterized. Only two formulations (F3 and F5)
were approved in the stability assessment because they did not show changes in
consistency, color, odor, appearance, and pH under different storage conditions.
These formulations showed stable foaming, but crumbled very easily and
presented low hardness, which indicates the need to adjust the concentration
of consistency agents to make the formulation more resistant to breakage. The
formulations demonstrated excellent cleaning and conditioning ability.

Resumo

O xampu sélido é uma forma cosmética inovadora e alternativa de xampu que,
pornao conterdguaemsuacomposicdo,ganhaatributode sermaissustentavel.
Este trabalho tem como objetivo desenvolver, avaliar a estabilidade e
caracterizar formulacao de xampu solido. Foram preparadas nove formulacées
variando-se as concentracdes dos tensoativos solidos definidos por meio de
um delineamento estatistico. As formulacdes, denominadas F1 a F9 foram
submetidas a avaliacdo de estabilidade preliminar em diferentes condicoes
de armazenamento por 30 dias, nos quais foram avaliadas caracteristicas
organolépticas assim como o valor de pH. As formula¢des aprovadas foram
caracterizadas fisica e funcionalmente. Apenas duas formulacdes (F3 e
F5) foram aprovadas na Avaliacdo da Estabilidade pois nao apresentaram
alteracbes na consisténcia, coloracdo, odor, aspecto e pH, nas diferentes
condicdes de armazenamento. Essas formulacdes mostraram formacdo de
espuma estavel mas desmancharam muito facilmente e apresentavam baixa
dureza, o que indica a necessidade de adequar a concentracdo dos agentes
de consisténcia a fim de tornar a formulacdo mais resistente a quebra.
Ademais, as formulagées demonstraram excelente capacidade de limpeza e
de condicionamento.
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Introduction

Shampoos are products primarily intended to
promote cleansing of hair and scalp (removal of
oils, skin particles, dandruff, dirt, environmental
pollutants and other contaminating particles).
However, in addition to the elementary attributes, the
formulation is expected to guarantee beautification
and parameters such as hair combability and
mechanical resistance (1).

Shampoo formulations are basically composed of a
mixture of surfactants incorporated in a convenient
cosmetic form: liquid, solid or powder. Surfactants
are the main ingredients in shampoos because, in
addition to their high cleaning capacity, they form
foam (a quality desired by consumers) due to the
amphiphilic characteristics of these molecules (2).

Shampoo bars are an alternative cosmetic form
that, unlike conventional shampoo (liquid), does
not contain water as the main ingredient in its
formulation, making it more sustainable (3,4). Allied
to the low amount of water, it is expected that the
product needs a lower concentration of substances
with preservative action, and this would have a
positive impact on the environment since some
molecules, such as parabens, can accumulate in
marine and water animals sweet (5,6). Reducing the
need for preservative ingredients is also interesting as
it reduces the ability of the product to cause allergic
contact dermatitis and other allergic reactions (7).

However, obtaining solid shampoo represents a
challenge since most of the surfactants (cleaning
agents and foam formers) currently available on
the market have a liquid consistency. The problems
frequently found in commercially available solid
shampoos are hardness in the bar (plasticity), lack
of shine, cracking, foam not pleasant in quantity
and creaminess, roughness, and wear in use (loss of
mass, softening of the bar) (8,9). Thus, developing and
improving a solid shampoo formulation containing
innovative ingredients while maintaining the desired
attributes of this cosmetic class is essential. Therefore,
this work aimed to develop, evaluate the preliminary
stability and characterize physically solid shampoo
bar formulations.
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Introducao

Xampus sao primariamente produtos destinados a
promover a limpeza dos cabelos e couro cabeludo
(remocao de o6leos, particulas de pele, caspa,
sujeira, poluentes ambientais e outras particulas
contaminantes). Porém, além dos atributos
elementares, espera-se que a formulacdo garanta
embelezamento e parametros como penteabilidade
e resisténcia mecanica (1).

Formulacdes de xampu sao compostas, basicamente,
por uma mistura de tensoativos incoporados em uma
forma cosmética conveniente: liquido, sélido ou em
po. Os tensoativos sdo os principais ingredientes
dos xampus pois, além de elevada capacidade de
limpeza, formam espuma (qualidade desejada pelos
consumidores) em funcdo da carcateristica anfifilica
dessas moléculas (2).

O xampu em barra é uma forma cosmética alternativa
que, diferentemente do convencional (liquido),
nao contém agua como ingrediente principal em
sua formulagdo, tornando-o mais sustentavel (3,4).
Aliado a baixa quantidade de 3agua, é esperado
que o produto necessite de menor concentracao
de substancias com acdo conservante e isso teria
um impacto positivo no meio ambiente visto que
algumas moléculas, como os parabenos, sao capazes
de se acumular em animais marinhos e de agua doce
(5,6). A reducao da necessidade de ingredientes
conservantes também é interessante pois reduz a
capacidade do produto causar dermatites de contato
alérgica e outras reacoes alérgicas (7).

Porém, sua obtencdo representa um desafio
visto que a maioria dos tensoativos (agentes de
limpeza e formadores de espuma) disponiveis no
mercado atualmente sao de consisténcia liquida. Os
problemas frequentemente encontrados em xampus
sélidos comercialmente disponiveis sao: dureza
na barra (plasticidade), falta de brilho, cracking
(rachadura), espuma nao agradavel em quantidade e
cremosidade, aspereza e desgaste em uso (perda de
massa, amolecimento da barra) (8,9). Assim, torna-
se fundamental o desenvolvimento de formulacdes
de xampu sélido contendo ingredientes inovadores,
ao mesmo tempo em que mantem os atributos
desejados desta classe de cosmético. Portanto, o
objetivo deste trabalho foi desenvolver, avaliar a
estabilidade preliminar e caracterizar fisicamente
formulagdes de xampu soélido em barra.
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Table 1 - Quali-quantitative composition of the formulations obtained by statistical mixture design (DOE).
Tabela 1- Composicao quali-quantitativa das formulacdes obtidas por planejamento estatistico de mistura (DOE).

Ingredient /IngredienteINCI*) | F1 | F2 | 3 | Fa | F5 | F6 [ F7 | F8 | Fo
%w/w | %p/p

Sodium Cocoyl Isethionate 19.8 19.8 26.4 26.4 23.1 23.1 19.8 264 | 23.1
Cocos Nucifera Oil 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Stearic Acid 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 | 0.65
Sodium Coco Sulfate 13.2 19.8 6.6 19.8 2.9 19.8 16.5 132 | 14.85
Cocamidopropyl Betaine 13.2 13.2 17.6 17.6 15.4 154 13.2 17.6 15.4
Sodium Lauryl Sulfoacetate 33.0 26.4 33 19.8 33 23.1 29.7 26.4 | 28.05
Cetearyl Alcohol 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Cetrimonium Chloride 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Butyrospermum parkii Butter 1.85 1.85 1.85 1.85 1.85 1.85 1.85 1.85 1.85
Panthenol 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Citric Acid qs4-5 | gs4-5 | qs4-5| qs4-5 | gs4-5]|9s4-5|qgs4-5| qgs4-5|qgs4-5
Parfum qs gs gs qs qs qs qs qs qs
Pilocarpus Pennatifolius Leaf Extract 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

*INCI: International Nomenclature of Cosmetic Ingredients

Materials and methods

Development and preparation of formulations

The quantitative composition of the formulations
(Table 1) was obtained according to mixture-type
statistical planning (DOE), in which the concentrations
ofthethree solid surfactants used were varied (sodium
cocoyl isethionate, sodium coco sulfate, and sodium
lauryl sulfoacetate) as their sum corresponded to
100% of the surfactant mixture. Statistical planning
was conducted using R software, resulting in nine
formulations.

The preparation of the formulations began by mixing
sodium isethionate with cocoamidopropyl betaine,
which remained under heating in a water bath for
approximately one hour until a paste was formed,
as shown in Figures 1a-d. This step was necessary
because sodiumisethionateflakes have a high melting
range (191-194 °C), which hinders its homogeneous
incorporation only by heating. A previous mixture
with cocoamidopropyl betaine facilitates the process.
After the mixture was prepared under heating, the
paste was crushed with the aid of a mortar and pestle
to guarantee an improved homogenity of the mixture
(Figure 1c).

Materiais e Métodos

Desenvolvimento e preparo das formulacées

A composicao quantitativa das formulacdes (Tabela
1) foi obtida segundo um planejamento estatistico
(DOE) do tipo mistura, na qual variaram-se as
concentragdes dos trés tensoativos sélidos utilizados
(cocoilisetionatodesddio, sulfatode sédio cocoelauril
sulfoacetato de sédio) de modo que a soma desses
ingredientes compreendesse 100% da mistura de
tensoativos. O planejamento estatistico foi realizado
no software R obtendo-se nove formulacgdes.

Inicialmente foi preparada uma mistura de isetionato
de soédio com cocoamidopropil betaina, que
permaneceu sob aquecimento em banho-maria por
aproximadamente uma hora, até haver a formacéao
de uma pasta, como mostrado nas Figuras 1a - d.
Esta etapa foi necessaria pois o isetionato de sodio
em flocos apresenta faixa de fusdao elevada (191-
194 °C), ou seja, ndo seria possivel incorpora-lo
de modo homogéneo na formulacdo utilizando-
se apenas aquecimento. Uma mistura previa com
cocoamidopropil betaina facilita o processo. Apds
a mistura realizada sob aquecimento, a pasta foi
triturada com auxilio de gral e pistilo a fim de garantir
uma mistura ainda mais homogénea (Figura 1c).
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Subsequently, the other ingredients (except the
Jaborandi glycolic extract) were weighed and
incorporated into the sodium isethionate and
cocoamidopropyl betaine paste under heating. After
obtaining a homogeneous mixture, it was removed
from heating, and the glycolic extract of Jaborandi
was added under vigorous manual agitation. The
formulation was transferred to appropriate molds
and cooled in a refrigerator until solidification.

Preliminary Stability Evaluation

The formulations were subjected to stress conditions
for 30 days to accelerate the appearance of possible
signs of instability. The samples were stored under
the following conditions: room temperature (22
+ 2 °C), heating (40 + 2 °C), and cooling (5 = 1 °C).
The samples were evaluated for organoleptic
characteristics (appearance, color, and odor) and
pH value at times 0 (zero), 7, 14, and 30 days (10).
Time zero was considered around 48 hours after the
preparation of the formulation.

The analysis of the organoleptic characteristics was
conducted visually. The pH measurements were
made with a pH meter using 10% (w/w) dispersions
of solid shampoo formulations in purified water.

Foam Formation Test

The test used to characterize the formed foam was an
adaptation of the Ross-Miles Test (11). About 1 gram
of shampoo, previously triturated, was transferred
to graduated cylinders. Deionized water was added

Posteriormente, os demais ingredientes (exceto o
extrato glicélico de Jaborandi) foram incorporados
a pasta de isetionato de sédio e cocoamidopropil
betaina sob aquecimento. Apds a mistura adquirir
um aspecto homogéneo, retirou-se do aquecimento
e adicionou-se o extrato glicdlico de Jaborandi
sob agitacdo manual vigorosa. A formulacao foi
transferida para moldes apropriados e resfriada em
geladeira até a solidificacao.

Avaliagao de Estabilidade Preliminar

As formulagdes foram submetidas a condicbes de
estresse, por 30 dias, visando acelerar o surgimento
de possiveis sinais de instabilidade. As amostras foram
armazenadas nas seguintes condi¢cdes: temperatura
ambiente (22 + 2 °C), aquecimento (40 £ 2 °C) e
resfriamento (5 + 1 °C). As amostras foram avaliadas
quanto as caracteristicas organolépticas (aspecto, cor
e odor) e valor de pH nos tempos 0 (zero), 7, 14 e 30
dias (10). Considerou-se como tempo zero cerca de
48 horas ap6s o preparo da formulacao.

A andlise das caracteristicas organolépticas foi
realizada visualmente. As medidas de pH foram
realizadas em pH metro a partir de dispersdes de
10% (p/p) das formulagdes de xampu solido em agua
purificada.

Teste de Formacgao de Espuma

O ensaio para caracterizacdo da espuma formada
utilizado foi uma adaptacdao do Teste de Ross-Miles
(11). Cerca de 1 grama do xampu, previamente
ralado, foi transferido para provetas, completando

Figure 1 - A mixture of sodium isethionate and cocoamidopropyl betaine. (a) The image shows the heating
performed in a water bath. (b) Paste formation of sodium isethionate and cocoamidopropyl betaine. (c) Paste
of sodium isethionate and cocoamidopropyl betaine being milled. (d) Paste after shredding.

Figura 1 - Mistura de isetionato de sédio e cocoamidopropil betaina. (a) Imagem mostra o aquecimento
realizado em banho-maria. (b) Formacao da pasta de isetionato de sédio e cocoamidopropil betaina. (c)
Pasta de isetionato de sddio e cocoamidopropil betaina sendo triturada. (d) Pasta apés a trituracao.
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Table 2 - Scale for evaluating cracks (8).
Tabela 2 - Escala para avaliacdao de rachaduras (8).

Scale/Escala | Level/Nivel

0

No Changes / Sem alteracdes

| Superfical cracks / Fissuras superficiais

Deep cracks / Fissuras profundas

Splitting / Particdo

up to the 50 ml level. The graduated cylinder was
inverted three times. The foam level generated at
the initial instant and after 20 minutes of rest was
recorded. The test was performed in triplicate.

Crack test

Shampoo samples (in triplicate) were suspended in a
system where half of the shampoo was immersed in
deionized water inside a plastic container for 24 hours
at room temperature. After this period, they were
removed from the water and remained suspended
for drying for 32 hours. Subsequently, the levels of
cracks were classified as O, |, I, or lll, according to Table
2(8,12).

Texture test

The analysis of texture parameters (consistency,
hardness, cohesiveness, and work of cohesion) of
the shampoo bars was conducted in penetration
compression mode, in the Stable Micro Systems
Texture Analyzer® texturometer (Surrey, United
Kingdom) using the SMS P/N probe, penetration
depth of 8 mm, test speed of 1 mm/s and trigger
force of 0.049 N. Eight repetitions were made for each
shampoo bar (in duplicate) and tests were performed
at room temperature (~25°C).

Hair Strand Cleaning Test

Strands of virgin natural straight Caucasian hair
(triplicate per group), purchased commercially,
with 15 c¢cm in length and mass of 2.5 g, were
initially weighed obtaining its exact initial mass.
Subsequently, these were immersed in a solution of
artificial sebum dispersed in hexane (6% w/w) After
evaporation of the organic solvent, the resulting
condition mimics the natural human sebum that
adheres to the hair fiber, leaving it with a dirty
appearance (13,14). The artificial sebum (Table 3)
was prepared by simply mixing the ingredients after
melting.
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com agua deionizada até o nivel de 50 ml. A proveta
foi invertida trés vezes. O nivel de espuma gerado
no instante inicial e apds 20 minutos de repouso foi
anotado. O ensaio foi realizado em triplicata.

Teste de Rachadura

As amostras dos xampus (em triplicata) foram
suspensas por um sistema onde metade ficou
imersa em dgua deionizada dentro de um recipiente
plastico por 24 horas a temperatura ambiente. Apds
este periodo, os mesmos foram retirados da agua
€ permaneceram suspensos para secagem por 32
horas. Posteriormente, os niveis de rachaduras foram
classificados em 0, |, Il ou Ill, de acordo com a Tabela
2(8,12).

Andlise de textura

Os parametros de textura (consisténcia, dureza,
coesividade e trabalho da coesdo) dos xampus em
barra foi realizada em modo de compressao por
penetracdo, no texturémetro Stable Micro Systems
Texture Analyzer® (Surrey, Reino Unido) utilizando a
sonda SMS P/N, profundidade de penetracdo de 8
mm, velocidade de teste de T mm/s e trigger force de
0,049 N. Foram feitas 8 repeticdes para cada barra de
xampu (em duplicata) e os testes foram realizados em
temperatura ambiente (~25°C).

Teste de Limpeza de Mechas de Cabelo

Mechas de cabelo caucasiano liso natural virgem
(triplicata por grupo), adquiridas comercialmente,
com aproximadamente 15 cm de comprimento e
massa de 2,5 g foram inicialmente pesadas, obtendo-
se sua massa inicial exata. Posteriormente, estas
foram mergulhadas em uma solucao de sebo artificial
(6% p/p) em hexano, condicdo que mimetiza o sebo
natural humano que fica aderido a fibra capilar, apds
evaporagao do solvente organico, deixando-a com
a aparéncia de suja (13,14). O sebo artificial (Tabela
3) foi preparado por meio da simples mistura dos
ingredientes ap6s fusao.
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Table 3 - Quali-quantitative composition of the artificial sebum.
Tabela 3 - Composicao quali-quantitativa do sebo artificial.

Ingredient/ Ingrediente, *INCI %w/w / %p/p
Cetyl alcohol 20.0
Stearic Acid 20.0
Petrolatum 10.0
Ricinus Communis Seed Oil 20.0
Cocos Nucifera Oil 20.0
Caprylic / CapricTriglyceride 10.0

*INCI: International Nomenclature of Cosmetic Ingredients

Hair locks remained in contact with the artificial
sebum solution for 20 minutes with the aid of a
magnetic stirrer. Subsequently, the excess solution
was removed manually and left to rest for 24 hours
at room temperature (22.0 = 2.0 °C) and controlled
relative humidity (65% RH), for drying. After this
period, the locks were weighed again, obtaining the
mass that comprises the sum of the lock of hair and
the adhered sebum.

After drying, the locks were washed according to
a standardized procedure. Initially, the locks were
rinsed for 10 seconds in warm water at 40.0 + 1.0 °C.
Approximately 1.0 g of shampoo was then applied
to the locks, followed by a massage for 1 minute.
Subsequently, the locks were rinsed for 30 seconds
with warm water at 40.0 + 1.0°C. Excess water was
removed manually, and the locks were left to dry
naturally at room temperature (22.0 + 2.0°C) for
at least 48 hours (15). After drying, the locks were
weighed obtaining the sum of the mass of the lock
and the residual artificial sebum. This assay was
performed in triplicate. The detergency power was
calculated by the percentage of sebum removed,
according to Equation 1 (14).
ST—SR

DP:1OOX( ST ) [Eq. 1]

where: DP = detergency power; SR = amount of
residual sebum present in the lock after the washing
procedure; ST= amount of total sebum present in the
lock before the washing procedure.
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As mechas permaneceram em contato com a solugao
de sebo artificial por 20 minutos sob agitacdo, com
auxilio do agitador magnético. Posteriormente, o
excesso de solucao foi retirado manualmente, sendo
deixadas em repouso por 24 horas a temperatura
ambiente (22,0 + 2,0 °C) e umidade relativa controlada
(65% UR), para secagem. Apds este periodo, as
mechas foram pesadas novamente, obtendo-se a
massa que compreende a soma da mecha de cabelo
e do sebo aderido.

Apdés o processo de secagem, as mechas foram
lavadas conforme procedimento padronizado.
Inicialmente, as mechas foram enxaguadas por 10
segundas em dgua morna a 40,0 = 1,0 °C. Em seguida,
cerca de 1,0g de xampu foi aplicado as mechas, sendo
massageada por 1 minuto. Posteriormente, as mechas
foram enxaguadas durante 30 segundas com &gua
morna a 40,0 £ 1,0°C. O excesso de agua foi retirado
manualmente, e as mechas foram deixadas para
secar naturalmente a temperatura ambiente (22,0
+ 2,0 °C) durante pelo menos 48 horas (15). Apds a
secagem, as mechas foram pesadas, sendo obtido a
soma da massa da mecha e do sebo artificial residual.
Este ensaio foi realizado em triplicata. O poder de
detergéncia foi calculado pela porcentagem de sebo
removido, conforme Equacado 1 (14).
ST—SR

pp=100x 57 ) [Eq. 1]

onde: DP = poder de detergéncia; SR = quantidade de
seboresidual presente namechaapds o procedimento
de lavagem; ST= quantidade de sebo total presente
na mecha antes do procedimento de lavagem.



Combability

Total work for dry combing was determined on the
Dia-Stron® MTT 175 (Dia-Stron LTD, Hampshire, UK)
at room temperature (22.0 + 2.0°C) and 65% RH. The
locks of hair (approximately 2.5 g in mass and 15 cm
in length) were initially combed ten times using a
plastic comb to untangle the strands, thus preventing
damage to the equipment. Five trials, at least, were
conducted for each lock, and between each trial, the
lock was rotated 360° five times (16). The percentage
change in force required for dry combing was
calculated by comparing the values obtained for the
same lock of hair, before and after washing with the
solid shampoo. The test was done in triplicate.

Statistical analysis

Statistical analysis was performed using Student's
t-test for two means, except the combing test, in
which the paired t-test was used, comparing the
results obtained before and after washing the locks
with solid shampoo. The significance level adopted
was 0=0.05.

Results and discussion

Shampoo formulations are generally prepared
from a mixture of anionic, amphoteric and cationic
surfactants. The anionic substances used in this work
(sodium coco sulfate, sodium cocoyl isethionate and
sodium lauryl sulfoacetate) have a high cleaning and
foaming capacity. Sulfoacetates (e.g., sodium lauryl
sulfoacetate) and sulfosuccinates (e.g., disodium lauryl
sulfosuccinate) can be used for milder“Sodium Lauryl
Ether Sulfate (LESS)-free” shampoos. Isethionates
have been used to obtain synthetic bars as they are
gentle on the skin and have recently attracted much
interest as suitable replacement for sulfates in“sulfate-
free” shampoos. Cocoamidopropyl betaine is one of
the amphoteric secondary surfactants most used in
shampoos, it has a low irritation potential compared
to sulfated ones but reduces the foaming capacity of
anionic compounds (17). Cationic surfactants, such
as cetrimonium chloride, act as conditioning agents,
improving combability and neutralizing the static
negative charge present on the surface of the hair
shaft (18).
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Penteabilidade

O trabalho total para pentear a seco foi determinado
no Dia-Stron”MTT 175 (Dia-Stron LTD, Hampshire, RU)
a temperatura ambiente (22,0 + 2,0 °C) e 65% UR. As
mechas de cabelo (com aproximadamente 2,5g de
massa e 15cm de comprimento) foram inicialmente
penteadas dez vezes usando um pente plastico
para desembaracar os fios, evitando assim danos
ao equipamento. Cinco ensaios, no minimo, foram
conduzidos para cada mecha, sendo que entre cada
ensaio a mecha era rotacionada 360° por cinco vezes
(16). A porcentagem de variacao na forca necessaria
para pentear a seco foi calculada comparando-se os
valores obtidos para a mesma mecha de cabelo, antes
e apos a lavagem com o xampu soélido. O ensaio foi
feito em triplicata.

Andlise estatistica

Aandlise estatisticafoirealizada pelotestetde Student
para duas médias, exceto o teste de penteabilidade,
em que empregou-se o teste t pareado, comparando
os resultados obtidos antes e apds a lavagem das
mechas com xampu sélido. O nivel de significancia
adotado foi a=0,05.

Resultados e discussao

Formulacdes de xampu sdao geralmente preparadas
a partir de uma mistura de tensoativos aniénicos,
anfotéricos e cationicos. Os anidnicos, empregados
neste trabalho (sulfato de sédio coco, cocoil
isetionato de sodio e lauril sulfoacetato de sédio),
possuem elevada capacidade de limpeza e formacéo
de espuma. Sulfoacetatos (por exemplo, lauril
sulfoacetato de sodio) e sulfosuccinatos (por exemplo,
lauril sulfosuccinato dissodico) podem ser usados
para shampoos mais suaves e “sem Lauril Eter Sulfato
de Soédio (LESS)". Isetionatos tém sido empregados
para obter barras sintéticas pois sao suaves paraa pele
e, recentemente, tém atraido muito interesse como
substitutos adequados para sulfatos em xampus
“sem sulfato”. Cocoamidopropil betaina é um dos
tensoativos secundarios anfotéricos mais utilizados
em xampus, possui baixo potencial de irritacdo em
relacdo aos sulfatados mas reduz a capacidade de
formacao de espuma proveniente dos anionicos (17).
Tensoativos catidnicos, como o cloreto de cetrimdnio,
atuam como agentes condicionantes, melhorando
a penteabilidade e neutralizando a carga negativa
estatica presente na superficie da fibra a capilar (18).
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The formulations, prepared from the experimental
design, had a characteristic coconut aroma, due to the
various raw materials derived from coconut present
in it (cocoyl sodium isethionate, coconut oil, and
sodium coco sulfate), white color, and homogeneous
appearance (Figure 2).

According to the Stability Guide for Cosmetic Products
of ANVISA (Brazil) (10), the Preliminary Stability
Evaluation aims to guide the choice of formulations
in the product development stage. Thus, due to the
nature of the test, the formulations are exposed
to extreme temperature conditions, which allows
the anticipation of possible reactions between the
components, being useful in the screening stage.
Changes in the pH value, for example, may indicate
the occurrence of some chemical reaction, including
degradation of the presentcomponents and oxidation
(19). Information on organoleptic characteristics
(appearance, odor, and color) is also essential, as they
show chemical and physical changes in the inputs
used.

The pH values of the formulations during the
stability test under storage conditions at room
temperature (22 + 2 ©C), heating in an oven (40 + 2
°C), and cooling in a refrigerator (5 £ 1 °C) reached the
maximum value of 6.6, independent of temperature.
The surfactant sodium cocoyl isethionate is easily
hydrolysable, generating fatty acids and sodium
isethionate, a substance that, in water, has a pH of
7 to 11. Therefore, the increase in pH observed may
be the result of the formation of sodium isethionate
during storage of the formulation in the presence
of moisture (20). The pH values are considered
acceptable because the hair fiber, like the skin, has
a slightly acidic pH, being biocompatible with pH
values between 4.5 and 7.0 (21).

As formulacdes preparadas a partir do delineamento
experimental apresentaram aroma caracteristico de
coco, devido as diversas matérias-primas derivadas
de coco presentes na mesma (cocoil isetionato de
sédio, 6leo de coco e sulfato de sédio coco), coloracao
branca e aspecto homogéneo (Figura 2).

De acordo com Guia de Estabilidade de Produtos
Cosméticos da ANVISA (Brasil) (10), o ensaio de
estabilidade preliminar visa orientar a escolha das
formulacdes, na etapa de desenvolvimento do produto.
Assim, devido a natureza do ensaio, as formulacdes
sdo expostas a condi¢cdes extremas de temperatura,
0 que permite a antecipacdo de possiveis reacdes
entre os componentes, sendo Util na etapa de triagem.
Alteracdes no valor de pH, por exemplo, podem indicar
a ocorréncia de alguma reacdo quimica, incluindo
degradacdo dos componentes presentes e oxidacao
(19). Informagdes sobre caracteristicas organolépticas
(aspecto, odor e cor) também sdo fundamentais pois
evidenciam alteracdes quimicas e fisicas nos insumos
utilizados.

Os valores de pH das formulacdes ao longo do ensaio
de estabilidade nas condicbes de armazenamento
temperatura ambiente (22 + 2 °C), aquecimento em
estufa (40 £ 2 °C) e resfriamento em refrigerador
(5 £ 1 °C) durante os 30 dias de estudo chegou, no
maximo, a 6,6 independentemente da temperatura.
O tensoativo cocoil isetionato de sodio é facilmente
hidrolisavel, gerando acidos graxos e isetionato de
soédio, substancia que, em agua, possui pH 7 a 11.
Portanto, o aumento de pH observado pode ser
resultado da formacéo de isetionato de sddio durante
o armazenamento da formulacdo na presenca de
umidade (20). Os valores de pH sao considerados
aceitaveis pois a fibra capilar, assim como a pele,
apresenta pH levemente acido, sendo biocompativel
com valores de pH entre 4,5 e 7,0 (21).

Figure 2 - Example of the appearance of the solid shampoo.
Figura 2 - Exemplo de aspecto do xampu sélido.
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Regarding the aspect of the formulations, at room
temperature storage conditions (22.0 + 2.0 °C), only
formulationsF3,F5,F7,and F8 did notshow changesin
consistency (solid), color (white), odor (characteristic
of coconut), and aspect (homogeneous), being
considered stable. The other formulations showed
changes in appearance as the surfaces because
they became heterogeneous. At high-temperature
storage conditions (40.0 2.0 °C), only formulations
F3, F4, and F5 maintained their initial characteristics
after 30 days of testing. Formulations F2, F6, F7, F8,
and F9 showed a change in appearance (they had
a heterogeneous surface), while F1 also showed a
change in consistency, becoming semi-solid (pastey).
When stored in a refrigerator (5.0 = 1.0 °C), only F1 did
not maintain its initial characteristics after 30 days of
testing. The greater number of unaltered formulations
observed in low-temperature conditions can be
explained by the lower speed of chemical reactions
in this condition.

As only formulations F3 and F5 were stable at all
storage temperatures for 30 days, they were physically
and functionally characterized. Both formulations
had the lowest concentrations of sodium coco
surfactant sulfate and high proportions of sodium
cocoyl isethionate and sodium lauryl sulfoacetate.

In general, the formulations approved in the stability
tests performed well in foaming, with a small
variation in volume during rest time. Formulation
F3 generated 25.0 + 4.0 ml of foam initially, while F5
generated 18.67 £+ 2.31 ml. After 20 minutes of rest,
the F3 presented a variation of 4.07 + 0.66% and the
F5 a variation of 2.08 + 3.61%. Thus, the foam stability
of the F3 formulation was 95.9 + 0.7% while the F5
was 97.9 + 3.6%. However, statistical analysis revealed
that the samples did not show significantly different
results (p = 0.447).

These results indicate that the prepared solid
shampoo formulations have similar or greater foam
stability values than liquid shampoo formulations,
bar soaps, or liquid surfactant dispersions (22-25).
Antonic et al. (22) evaluated bar soaps obtained by
saponification reactions and observed that soaps
prepared with canola or palm oil generated soaps
with foam stability of around 70%. A dispersion of
saponins extracted from Furcraea foetida showed a
stability of 85% (24). Badi and Khan showed that the
liquid shampoo formulations evaluated had foam
stability of around 100% (25).
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Comrelacaoaoaspecto das formulagdées armazenadas
a temperatura ambiente (22,0 = 2,0 °C), apenas
as formulacées F3, F5, F7 e F8 nao apresentaram
alteragdes na consisténcia (sélida), coloracao (branca),
odor (caracteristico de coco) e aspecto (homogénea),
sendo consideradas estaveis. As demais formulacdes
apresentaram alteracbes de aspecto pois as
superficies tornaram-se heterogéneas. A temperatura
elevada (40,0 + 2,0 °C), apenas as formulacdes F3,
F4 e F5 mantiveram as caracteristicas iniciais apos
30 dias de ensaio. As formulacdes F2, F6, F7, F8 e F9
apresentaram alteracao de aspecto (apresentaram
superficie heterogénea), enquanto a F1 também
mostrou alteracdao de consisténcia, tornando-se
semissélida (pastosa). Em baixa temperatura (5,0 +
1,0 °C) somente a F1 nao manteve as caracteristicas
iniciais apds 30 dias de ensaio. O maior nimero de
formulagdes inalteradas observado em condicdo de
baixa temperatura pode ser explicado pela menor
velocidade de reacdes quimicas nessa condicao.

Como apenas as formulagdes F3 e F5 mostraram-se
estdveisemtodasastemperaturasdearmazenamento,
por 30 dias, elas foram caracterizadas fisica e
funcionalmente. Ambas as formulagdes possuiam
as menores concentracdes do tensoativo sulfato de
soédio coco e elevadas proporg¢des de cocoil isetionato
de sédio e lauril sulfoacetato de sodio.

De modo geral, as formulacdes aprovadas nos testes
de estabilidade obtiveram um bomdesempenho em
formar espuma, apresentando pequena variacdo
de volume no tempo de repouso. A formulacao F3
gerou 25,0 + 4,0 ml de espuma incialmente, enquanto
a F5 gerou 18,67 £ 2,31 ml. Apds 20 minutos de
repouso, a F3 apresentou variacdo de 4,07 £ 0,66%e a
F5 de 2,08 + 3,61%. Assim, a estabilidade da espuma
da formulacao F3 foi de 95,9 + 0,7% enquanto a F5
de 97,9 + 3,6%. Porém, a analise estatistica revelou
que as amostras nao apresentaram resultados
significativamente diferentes (p-valor = 0,447).

Esses resultados indicam que as formulagdes de
xampu solido preparadas apresentam valores de
estabilidade de espuma semelhantes ou maiores que
formulacdes de xampu liquidosabonetes em barra ou
dispersdes de tensoativos liquidos (22-25). Antonic
et al. (22) avaliou sabonetes em barra obtidos por
meio de rea¢des de saponificacdo e observou que os
saboes preparados com 6leo de canola ou de palma
geraram sabonetes com estabilidade de espuma em
torno de 70%. Uma dispersao de saponinas extraidas
de Furcraea foetida apresentou estabilidade de 85%
(24). Badi e Khan mostrou que as formulacdes de
xampu liquidas avaliadas apresentaram estabilidade
da espuma em torno de 100% (25).
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Cracking test results are intended to classify
shampoos into cracking levels from 0 to Ill. Level 0
bars do not have cracks, Level | bars have cracks with
superficial cracks, Level Il bars have cracks with deep
cracks, and Level Il bars have deeper cracks, causing
partitioning (26). As can be seen in Figure 3, it was not
possible to evaluate the formation of cracks because
the formulations collapsed soon after being removed
from immersion. This result indicates the need to
increase the concentration of consistency agents,
namely stearic acid and cetostearyl alcohol, as it is
known that incorporating consistency agents can
reduce cracking in the formulation and increase its
resistance.

Texture characterization methods for cleaning bars
involve penetration tests using texturometers and
probes such as needles, cones, or wires. Thus, it is
possible to measure parameters such as consistency,
hardness, cohesiveness, and cohesion work through
analysis of curves generated by the equipment that
relate time and force (N) (27) (Figure 4). The peak or
maximum force is considered the measure of firmness
or hardness of the sample, that is, the higher the value,
the firmer the sample. The area under the curve in this
positive region of the graph indicates the consistency
of the formulation. The maximum force observed in
the negative portion of the graph, produced in the
return of the probe, is related to the cohesiveness
of the sample, while the area under the curve in the
negative region indicates the work of cohesion (28).
In this work, a needle-type probe was used, and the
texture analysis results obtained for samples F3 and
F5 are presented in Table 4.

There are few works published in the literature that
present texture analysis results of bar formulations,
such as soaps or shampoos. Existing works more
frequently present only firmness data, to the
detriment of other tests. As there is no international
standardization of the test parameters (probe type,
penetration depth, test speed), the results obtained
in this work cannot be compared with many others.
Sousa (2020) developed bar soaps and obtained
firmness results, using the same test parameters, in
the order of 40N (26). Therefore, the shampoo bar (F3
and F5) showed low hardness values, 1.12 + 0.05N
e 0.81 £ 0.28N, respectively, which corroborates
the results obtained in the crack test. From the
small number of samples evaluated (only two were
approved in the preliminary stability evaluation) and
published works in this area, it is not possible to infer

52

Os resultados do teste de rachadura tem como
objetivo classificar os xampus em niveis de rachaduras
de 0 a lll. As barras de Nivel 0 nao apresentam
rachadura, as de nivel | apresentam rachaduras com
fissuras superficiais, de Nivel Il apresentam rachaduras
com fissuras profundas e as de Nivel lll apresentam
rachaduras mais profundas, ocasionando particao
do mesmo (26). Como pode-se observar na Figura
3, ndo foi possivel avaliar a formacao de rachaduras
porque as formulagdes desmancharam logo apds
serem retiradas da imersdo. Esse resultado indica a
necessidade de aumentara concentracao dos agentes
de consisténcia, nomeadamente o 4cido estearico e
o alcool cetoestearilico, pois sabe-se que incorporar
agentes de consisténcia pode gerar reducao de
rachaduras na formulacao e aumentar sua resisténcia.

Os métodos de caracterizacdo de textura para
barras de limpeza envolvem testes de penetracdo
empregando texturOmetros e sondas do tipo
agulhas, cones ou arames. Assim, é possivel medir
parametros como consisténcia, dureza, coesividade
e trabalho da coesdo por meio de andlise de curvas
geradas pelo equipamento que relacionam tempo
e forca (N) (27) (Figura 4). O pico ou forca maxima
é considerada a medida de firmeza ou dureza da
amostra, ou seja, quanto maior o valor, mais firme é a
amostra. A drea sob a curva nessa regido positiva do
gréfico indica a consisténcia da formulacdo. A forca
maxima observada na por¢do negativa do grafico,
produzida no retorno da sonda, estd relacionada
a coesividade da amostra, enquanto a éarea sob a
curva na regido negativa indica o trabalho da coesao
(28). Neste trabalho utilizou-se uma sonda tipo agulha
e os resultados da andlise de textura obtidos para as
amostras F3 e F5 sdo apresentados na Tabela 4.

Ha poucos trabalhos publicados na literatura
que apresentam resultados de andlise de textura
de formulacbes em barra, como sabonetes ou
xampus. Os trabalhos existentes apresentam com
mais frequéncia apenas dados de firmeza, em
detrimento dos demais. Como nao ha padronizacao
internacional dos parametros do teste (tipo de sonda,
profundidade de penetracao, velocidade do teste),
os resultados obtidos neste trabalho ndo podem
ser comparados com muitos outros. Sousa (2020)
desenvolveu sabonetes em barra e obteve resultados
de firmeza, utilizando os mesmos parametros do
teste, da ordem de 40N (26). Portanto, os xampus
em barra F3 e F5 apresentaram valores de dureza
baixos, 1,12 £ 0,05N e 0,81 + 0,28N, respectivamente,
0 que corrobora com os resultados obtidos no Teste
de Rachadura. Com o pequeno numero de amostras
avaliadas (apenas duas foram aprovadas na avaliacdo
de estabilidade preliminar) e de trabalhos publicados
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Formulation /
Formulagao

After 24 hours of
immersion /
Apos 24h de imersao

After 32 hours of drying /
Apos 32h de secagem

F3.1

F3.2

F3.3

F5.1

F5.2

F5.3

Figure 3 - The aspect of the solid shampoos in the Crack Test, indicated by
formulation code and triplicate.
Figura 3 - Exemplo de aspecto do xampu sélido no teste de rachadura,
indicado pelo cédigo da formulacao e pela triplicata.
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Table 4 - Physical characterization of solid shampoo bar samples

Tabela 4 - Caracterizacao fisica das amostras de xampu sélido em barra.

F3

F5

Formulation / Formulag8o

Test / Teste F3 F5 p-value / p-valor
Foam Formation Test /
Teste de Formacao de Espuma (cm) 25.0+4.0 18.67 +2.31 0.201
Foam Stability / Estabilidade da Espuma (%) 95.9+0.7 979+36 0.447
Detergency power / Poder de detergéncia (%) 843+7.8 75.0+£19.3 0.521
Consistency / Consisténcia (N.s) 535+0.26 3.74£0.47 2.07x10-8
Work of cohesion / Trabalho da coeséo (N.s) -0.63 £ 0.06 -0.65 + 0.08 0.281
Hardness / Dureza (N) 1.12+£0.05 0.81+0.28 0.001
Cohesiveness / Coesividade (N) -0.26 £ 0.02 -0.26 £0.03 0.476
0.8
0.6
= 0.4
©
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=
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=
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Figure 4 - Curve displayed in the texture analysis test.
Figura 4 - Curva exibida no ensaio de andlise de textura.
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Figure 5 - Total work to comb the locks before and after the washing step.
Figura 5 - Trabalho total para pentear as mechas antes e apés a etapa de lavagem.
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the impact of each surfactant on texture parameters.
Therefore, new experiments are necessary to deepen
understanding of this type of formulation.

Both formulations analyzed showed excellent
potential for cleaning hair strands (around 80%),
as shown in Table 4, in comparison with literature
data that show that commercial liquid shampoo
formulations have a cleaning capacity of around 60%
(29). Statistical analysis revealed that the samples
did not show significantly different results (p-value
= 0.521), that is, the difference in composition did
not impact this effectiveness parameter of the solid
shampoo.

In the combability test, the statistical analysis revealed
that both F3 and F5 did not impact the combability
of the hair strands (Figure 5), since the total work
values, before and after shampoo application, were
not significantly different (p-value equal to 0.142
and 0.672, respectively), that is, the difference in
composition does not influence this characteristic.
However, notably, it is possible to observe a tendency
towards a decrease in the conditioning power of the
F3 formulation.

Despite the high concentration of anionic surfactants
(sodium cocoyl isethionate, sodium coco sulfate,
sodium lauryl sulfoacetate) present in the solid
shampoo formulation, there was no increase in the
force required for combing. This result is due to the
presence of positively charged molecules, such as
cocoamidopropyl betaine (amphoteric surfactant
that has a net positive charge at the pH of the
formulation) and cetyltrimethylammonium chloride
(antistatic cationic agent). Both contribute to the
neutralization of negative charges naturally presentin
the hair fiber as well as those deposited by the anionic
surfactants in the formulation, thus reducing frizz and
combing work (30). In addition, the formulations have
moisturizing and emollient agents such as coconut
oil, d-panthenol, and shea butter that, by lubricating
the hair fiber, improve its combability (31).

55

Development of solid shampoo
Desenvolvimento de xampu sélido

nesta area, nao é possivel inferir sobre o impacto de
cada tensoativo nos parametros de textura. Assim,
novos experimentos sao necessarios para aprofundar
o entendimento nesse tipo de formulacao.

Ambas as formulagdes analisadas apresentaram
excelente potencial de limpeza das mechas de cabelo
(cerca de 90%), como mostrado na Tabela 4, em
comparacao com dados da literatura que mostram
que formulagdes de xampu liquido comercial
apresentam capacidade delimpeza de cerca de 60%
(29). A andlise estatistica revelou que as amostras
ndo apresentaram resultados significativamente
diferentes (p-valor = 0,521), ou seja,a diferenca na
composicao nao impactou esse parametro de eficacia
do xampu sélido.

No teste de penteabilidade, a analise estatistica
revelou que tanto a F3 quanto a F5 nao impactaram
na penteabilidade das mechas de cabelo (Figura
5), pois os valores de trabalho total, antes e
apods a aplicagdo do xampu, nao se mostraram
significativamente diferentes (p- valor igual a 0,142
e 0,672, respectivamente), ou seja, a diferenca na
composicdo nao influénciou essa caracteristica.
Porém, notavelmente, é possivel observar uma
tendéncia na diminuicao do poder condicionante da
formulacéo F3.

Apesar da elevada concentracdo de tensoativos
anionicos (cocoil isetionato de sddio, sulfato de sédio
coco, lauril sulfoacetato de sédio) presentes na
formulacdo do xampu sélido, ndao houve aumento
significativo da forca necessdria para pentear.
Esse resultado deve-se a presenca de moléculas
carregadas positivamente, como a cocoamidopropil
betaina (tensoativo anfotérico que apresenta carga
liquida positiva no pH da formulacado) e cloreto de
cetiltrimetil aménio (agente catiénico antiestatico).
Ambos contribuem para a neutralizacdo das cargas
negativas presentes naturalmente na fibra capilar
assim como daquelas depositadas pelos tensoativos
aniodnicos da formulacdo, reduzindo, assim, o frizze o
trabalho para pentear (30). Além disso, as formulagdes
possuem agentes hidratantes e emolientes como
6leo de coco, d-pantenol e manteiga de karité
que, ao lubrificarem a fibra capilar, melhoram a sua
penteabilidade (31).
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Conclusions

Formulations approved in the preliminary stability
evaluation showed stable foaming, and excellent
cleaning and conditioning ability but had low
hardness, which indicates the need to adjust the
concentration of consistency agents to make the
shampoo bars more resistant to breakage.
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Conclusoes

As formulacdes aprovadas no teste de estabilidade
preliminar mostraram formacdao de espuma
estavel, excelente capacidade de limpeza e de
condicionamento mas possuiam baixa dureza, o que
indica a necessidade de adequar a concentracao dos
agentes de consisténcia a fim de tornar a formulacao
mais resistente a quebra.
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