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A new era starts here

As we have announced during the last months, 2020 is the year
for full open access of the Biomedical and Biopharmaceutical
Research journal. A longtime objective is now fulfilled, and it
is an evolutionary landmark intending to reach another level

of organization and consolidation. To reach this point, a great
deal of work was done by a small but dedicated team within the
BBR.

At this time, we remind ourselves of our independent character,
separate from any editorial or industry group, exclusively
rooted in the science and education world, and under a non-
profit frame. Additionally, it is important to remember that we
are wholeheartedly dedicated to the growth of scientific culture
thought made real in our common mother-language within the
wide “Lusophone” space. These were the founding purposes,
and through them we have been supporting many institutions
and individuals, especially in Portugal and Brasil, acting as a
“window” that has been expanding since our inception. Our
journal is, in fact, already an extraordinary science network,
Portuguese — based but currently involving other institutions
and individuals from all over the world. Nearly all our
published papers reveal original research, most often developed
under partnership. Our publication shift is a relevant attribute
effectively contributing to the advancement of knowledge,
impacting researchers, institutions, communities and cultures.

It is not easy to gather editors from very different origins,
cultural background, and experiences, but our resulting quality
evolution is obvious. We are committed to continuing these
objectives, without forgetting our founding principles.

The open access of BBR is a determinant milestone.
Furthermore, our editorial policy is also in progress, being
more adapted to the current future, more attractive, and surely
more demanding not only for authors but also for editors

and peer-reviewers. We are in fact entering a new era, a new
consolidation phase to reach higher quality standards.

Thank you to all who, in different forms, made this possible.
We are deeply grateful for your generous contributions, and we
look forward to working together for a bright future.

L Monteiro Rodrigues
Editor
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Uma nova era a comecar

Conforme foi amplamente anunciado nos ultimos meses,
2020 ¢ o ano de acesso aberto e total para o nosso Jornal de
Investigacao Biomedica e Biofarmacéutica (JIBB). Um objetivo
ha muito definido, e agora cumprido. Um marco evolucionario
que representa a nossa determinagdo em alcangar outro nivel
de organizagdo e consolidagdo para este projecto. Para chegar
a este ponto, muito foi feito por um grupo pequeno mas muito
dedicado ao progresso do JIBB.

Devemos ter presente o nosso carater independente, de qualquer
grupo editorial ou industrial. Somos um projeto exclusivamente
enraizado no mundo da ciéncia ¢ da educacdo, numa logica
desprovida de fins lucrativos. Igualmente importante, sentimo-
nos assumidamente dedicados ao desenvolvimento do
pensamento e da cultura cientifica que concretizamos na nossa
lingua materna comum, no amplo espago “lusdfono”. Esses
foram os propdsitos fundadores e, através deles, apoiamos muitas
institui¢cdes e individuos, especialmente em Portugal e no Brasil,
atuando como uma “janela” que vem se alargando. Na verdade, o
nosso jornal ja ¢ em si mesmo uma rede cientifica extraordinaria,
assentando no “portugués” como base comum, mas envolve
na actualidade muitas outras instituicdes e individuos de todo
o mundo. Praticamente todos os nossos artigos publicados
revelam investigagao original, principalmente desenvolvidas em
parceria. Este ¢ um marco relevante que contribui efetivamente
para o avanco do conhecimento, impactando pesquisadores,
institui¢des, comunidades e culturas.

Nao ¢ facil reunir editores de diferentes origens culturais e
experiéncias. Contudo, a evolugao da nossa qualidade ¢ inegavel.
E estamos comprometidos em continuar a concretizar esses
objetivos, sem esquecer 0s nossos principios fundamentais.

O acesso aberto ¢ um marco determinante. Além disso, a
nossa politica editorial também estd em andamento, sendo
mais adaptada ao futuro atual, mais atraente e certamente mais
exigente, ndo apenas para os autores, mas também para os
editores ¢ revisores. Efectivamente, o JIBB esta a entrar numa
nova era, numa nova fase de consolidacdo para alcangar outros
niveis de maior qualidade.

Obrigado a todos aqueles que, de diferentes formas, tornaram
tudo isto possivel. Aqui expressamos a nossa profunda gratidao
pela generosidade das Vossas contribuigdes, e aguardamos com
grande esperanca e expectativa, os resultados deste esforgo
conjunto para um futuro melhor.
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Abstract

Healthy foods should be available to anyone, especially young adults at educational institutions. University students
can suffer a lack of preoccupation with their health and consequently also present unhealthy food choices, due to the
adaptation of a new environment, study stress, lack of proper time management, and busy class schedules.

This study consisted of two cross-sectional observational analyzes, in which students were randomly recruited from the
university, and data was obtained through the Computer-aided web interviewing survey method, through a web-based
questionnaire. The sample included 584 participants, 297 from 2018 and 287 from 2019.

The preference and choice for a healthy snack bar in university facilities seem to be conditioned mainly by the price of
meals, as most students mentioned this as the main condition of their choice, both in 2018 and 2019. In this sense, most
respondents report that only "sometimes" would they be willing to pay more than usual or travel a longer distance, to
dine in a healthier snack bar.

We conclude that the factor that most influences the choice of healthy food is the price, but there is a higher demand and
consumption trend for healthy food in young college students.

Keywords: Food choice, consumption trends, healthy food, behaviors, university students

Resumo

Alimentos saudaveis deveriam estar disponiveis para qualquer pessoa, especialmente para jovens adultos nas suas
instituicoes de ensino. Devido a adaptacao a um novo ambiente, stress provocado pelo estudo, falta de gestdo adequada
do tempo e horarios ocupados pelas aulas, os estudantes universitarios podem sofrer de falta de preocupagdo com a sua
saude e, consequentemente, também apresentar escolhas alimentares pouco saudaveis.

Este estudo consistiu em duas analises observacionais transversais. Os estudantes foram recrutados aleatoriamente na
universidade, e os dados foram obtidos através do método de pesquisa Computer-aided web interviewing, através de um
questionario enviado pela web.

A amostra final incluiu 584 participantes, sendo que 297 sdo procedentes da analise de 2018 e 287 de 2019.

A preferéncia e escolha por um bar mais saudavel nas instalagdes universitarias, parece ser condicionada, sobretudo, pelo
preco das refeigdes, ja que a maioria dos estudantes referiu esta como a principal condicionante da sua escolha, tanto em
2018, como em 2019. Neste sentido, a maioria dos inquiridos refere que s6 “as vezes” estaria disposto a pagar mais do
que o habitual, ou percorrer uma maior distancia, para efetuar as suas refeigdes num bar saudavel.

Concluimos que o fator que mais influencia a escolha de comida saudavel € o preco, contudo parece existir uma maior
procura, preocupagao e tendéncia de consumo por comida saudavel nos jovens universitarios.

Palavras-chave: Escolha alimentar, tendéncias de consumo, comida saudavel, comportamentos, estudantes universitarios
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Introduction

Healthy foods, like fruits, vegetables, legumes, and
nuts, among others, should be available to anyone, espe-
cially young people, for example at the school level (1).
In the National Program for the Promotion of Healthy
Eating, one of the action plans for 2018-2019 was the
“Modification of food supply in certain public spaces
(including higher education institutions)” and for 2019-
2020: “Contribute technically to the implementation
of a simplifying nutrition labeling system”(4). Thus,
schools and universities should be able to encourage
young people to choose higher quality food products by
promoting certain menu changes (2).

Today it is known that young consumers are well in-
formed about the products they eat (3) and also have
become more aware of the foods they chose both at
home and away from home (4). Increasingly inter-
ested in adhering to a healthy diet, young people are
progressively opting for more complete food products,
both in terms of their nutritional value, as well as their
origin, the form of production, including locally grown
and organically grown produce, the composition, and
the healthiness of the food product (5,6). Conscien-
tious consumers value personal health and are sensitive
to the effects of food products (5). Young people also
place progressively greater attention on the quality of a
product. In addition to the quality parameter of a food
product, other factors influence young people's choices,
namely economic (7), social, and personal taste (3) fac-
tors.

However, due to the adaptation of a new environment,
study stress, lack of proper time management and busy
class schedules, these university students can suffer a
lack of concern about their own health and consequently
also present unhealthy food choices (8,9). The presence
of healthy restaurants in the university campus could be
a possible way to prevent these unhealthy patterns. Tak-
ing this into consideration, the main aim of the present
study was to describe the factors that may influence the
choice for a healthy restaurant in the university cam-
pus, as well as the trends in healthy food consumption
among university students from the Universidade Luso-
fona de Humanidades e Tecnologias (ULHT) in Lisbon,
Portugal.

Factors influencing healthy food choices
Fatores escolha comida sauddavel

Introducao

Uma alimentacdo saudavel deveria estar ao alcance de
qualquer pessoa, principalmente dos mais jovens, por
exemplo a nivel das institui¢des educativas (1). No
Programa Nacional para a Promog¢ao da Alimentagéo
Saudavel, um dos planos de ac¢des para 2018-2019 ¢ a
“Modificacdo da oferta alimentar em determinados es-
pacos publicos (instituicdes do ensino superior)” e para
2019-2020: “Contribuir tecnicamente para a implemen-
tacdo de um sistema de rotulagem nutricional simplifi-
cativo” (2).

Hoje em dia sabe-se que o jovem consumidor esta bem
informado no que toca aos produtos que ingere (3), tan-
to em casa como fora dela (4).

Tendo cada vez mais interesse na adesdo a uma dieta
saudavel, os jovens optam progressivamente por produ-
tos alimenticios mais completos, quer no que toca ao
seu valor nutricional, assim como, a origem, a forma
de produgdo do produto, incluindo produtos cultivados
localmente e organicamente, a composi¢ao, ¢ a salubri-
dade do produto alimenticio (5, 6). O tipo de consumi-
dor consciente valoriza a saude pessoal ¢ ¢é sensivel aos
efeitos dos produtos alimenticios (5). Os jovens colo-
cam ainda, uma atengdo progressivamente maior na
qualidade de um produto. Além do parametro de quali-
dade de um produto alimenticio, existem ainda outros
fatores que influenciam as escolhas dos jovens, sendo
eles fatores econdmicos (7), sociais € 0 gosto pessoal
(3).

No entanto, devido a adaptagdo a um novo ambiente,
stress provocado pelo estudo, falta de gestdo adequada
do tempo ¢ horarios ocupados pelas aulas, os univer-
sitarios podem sofrer uma falta de preocupagdo com a
propria satde e, consequentemente, também apresentar
escolhas alimentares pouco saudaveis (8, 9). A presenca
de restaurantes saudaveis no campus da universidade
podera ser uma forma possivel de evitar esses padroes
prejudiciais. Tendo em consideragdo todos estes fa-
tores, o principal objetivo do presente estudo foi de-
screver os fatores que podem influenciar a escolha de
um restaurante saudavel no campus da universidade,
bem como as tendéncias no consumo de alimentos en-
tre estudantes universitarios da Universidade Lusofona
de Humanidades e Tecnologias (ULHT) em Lisboa,
Portugal.
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Material and Methods

Design and study population

The present study consists of two cross-sectional ob-
servational analyses to evaluate the habits, preferences,
and choices about the dining facilities existing at the
university campus of the ULHT. Participants (> 18
years old) were randomly recruited from this univer-
sity, all were students from a wide range of academic
courses, from architecture and engineering, to health
sciences, such as nutrition, veterinary, sports or psy-
chology. The effective sample size of the present study
was 584 participants, 297 coming from the 2018 analy-
sis and 287 coming from the cross-sectional assessment
performed during 2019.

Habit assessment and consumption preference

Secondary data was searched using indexed scientific
databases and a program from the Portuguese Ministry
of Health. Primary data was obtained through a com-
puter-aided web interviewing survey method, in which
the respondent completed the questionnaire through a
web link. Data collection was performed using a struc-
tured questionnaire, composed of four sections. In the
first and second sections, the personal characteristics
and the course attended were collected. The third sec-
tion explored the eating habits, how daily meals were
consumed, the average time to consume them, and the
monetary expenditure each respondent made per day
in snack bars or canteens. The fourth section looked at
the trend toward eating healthy food in university snack
bars, specifically, the types of foods likely to be chosen
, willingness to travel further, , and the willingness to
pay more for healthy options.

At the evaluated university campus facilities, the stu-
dents have available three restaurants: two of them pre-
senting traditional Portuguese food (“A Cantina” and
“Xiribitata”) and one presenting healthy food options,
including homemade meals, vegan, vegetarian, lower
fat/carb/ processed ingredients, , etc. (“100 Corantes”™).

Statistical analysis

Data are presented either as means and standard devia-
tion (SD) for continuous variables or numbers and per-
centages for dichotomous variables. All analyses were
performed using SPSS version 26.0 software (SPSS
Inc, Chicago, IL).

Material e Métodos

Desenho e estudo da populagdo

O presente estudo consiste em duas analises obser-
vacionais transversais com o objetivo de avaliar os
habitos, preferéncias e escolhas sobre as instalagdes
de restauragdo existentes no campus universitario da
Universidade Lusofona de Humanidades e Tecnologias
(ULHT), Lisboa (Portugal). Os participantes (>18 anos)
foram recrutados aleatoriamente na universidade, e sdo
estudantes dos mais variados cursos académicos, desde
arquitetura, passando por engenharias e terminando nas
areas da satide, como nutri¢@o, veterinaria, desporto ou
psicologia. O tamanho efetivo da amostra do presente
estudo foram 584 participantes, sendo que 297 sao pro-
cedentes da analise de 2018 e 287 sdo procedentes da
avaliag@o transversal realizada durante o ano 2019.

Avaliagdo de habitos e preferéncia de consumo

Para obter o resultado do estudo, a pesquisa de dados
secundarios foi efetuada com recurso a base de da-
dos cientificas indexadas e programa do Ministério da
Satde de Portugal. Os dados primarios foram obtidos
através do método de pesquisa Computer-aided web
interviewing, em que o respondente preenche o ques-
tionario através de um link enviado pela web. A recolha
de dados foi realizada por meio de um questiondrio es-
truturado, composto por quatro se¢des. Na primeira e
segunda sec¢do, foram recolhidas as caracteristicas pes-
soais e o curso frequentado. A terceira se¢ao explorou
os habitos de refeicao, as formas de consumo das re-
feigcdes didrias, o tempo, em média, para as consumit,
e o dispéndio monetario que cada respondente efetuou
por dia, nos bares ou cantina. A quarta se¢do analisou a
tendéncia de consumo de comida sauddvel nos bares da
universidade, os tipos de alimentos que escolheria, se
estaria disposto a percorrer uma distancia maior para os
consumir e a predisposi¢do de pagar mais por este tipo
de alimentos.

Nas instalacdes universitarias avaliadas, os alunos tém
a sua disposi¢ao 3 restaurantes: 2 deles apresentando
comida tradicional portuguesa (“A Cantina” e “Xiribi-
tatd”) e 1 deles apresentando opg¢des de alimentacgdo
saudavel, como por exemplo refeigdes caseiras, vegan,
vegetariano, baixo em gordura/ hidratos de carbono/ in-
gredientes processados, etc. (“100 Corantes™).

Analise estatistica

Os dados sdo apresentados como médias e desvio pa-
drao (DP) para varidveis continuas ou numeros e per-
centagens para variaveis dicotomicas. Todas as analises



Results

A total of 584 students, 229 of whom were men and
355 women, participated in the present analyses. The
general characteristics of the population according to
the years in which the surveys were conducted (2018
vs. 2019) are summarized in Table 1. Most of the in-
dividuals surveyed in 2018 were aged between 20 and
25 years (70.40%), were women (62.60%), Portuguese
(57.20%) and mainly from health science courses
(41.40%). Very similar results were obtained in 2019,
except for the origin of the academic course, as in this
case, 49.10% of respondents were from economics,
business, or engineering courses.

Table 2 shows the characterization of this population's
use of catering facilities on ULHT's university campus.
The number of lunches and dinners held at the same uni-
versity declined in 2019 compared with 2018, however,
the number of snacks and light meals increased over the
same period. The largest percentage (24.90% in 2018
vs. 34.80% in 2019) of students reported spending on
average between 1-3€ per day in ULHT bars. Also, the

Factors influencing healthy food choices
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foram realizadas mediante o software SPSS versdo 26.0
(SPSS Inc, Chicago, IL).

Resultados

Um total de 584 estudantes da ULHT, sendo que 229
eram homens e 355 mulheres, participaram nas pre-
sentes analises. As caracteristicas gerais da populacao,
de acordo com os anos em que foram realizadas as
pesquisas (2018 vs. 2019) estdo resumidas na Tabela
1. Os individuos inquiridos no ano de 2018 apresenta-
vam, na sua maioria (70.40%) entre 20 e 25 anos, eram
mulheres (62.60%), portuguesas (57.20%) e sobretudo
pertencentes aos cursos de ciéncias da saude (41.40%).
Resultados muito similares foram obtidos em 2019,
com excecdo para a procedéncia do curso académico,
ja que neste caso 49.10% dos inquiridos pertenciam a
cursos de economia, gestao ou engenharias.

Na Tabela 2 pode ser observada a caracterizagdo da uti-
lizagdo por parte desta populacao das instalacdes de res-
tauracdo existentes no campus universitario da ULHT.

Table 1 - General characteristics of the study population categorized by year of research. Data expressed as
percentages (number of respondents)
Tabela 1 -Caracteristicas gerais da populagdo caracterizadas por ano de pesquisa. Dados expressos em
percentagens (numero de respondentes)

018 2019
(=297} (m=28T}

Age [ Idade, % (n)

=200 years S <20 anos 14,50 (43) 19,50 {56

20-25 (200 8), 20-24 (2019) ywears © anos TOAQ (209) 54700157

26-30 (2001 8), 25-30(2019) years [ anos 11440 (34) 1880 (54

=300 years =30 anos 3T0011) F0(20)
Cender S Sexo, % (n)

Men £ Homem 37400111 41 100118)

Wimen / Mulher 6260 (186) 38.90(16%)
MNationality / Nacionalidade, %% (n)

Portuguese / Portuguesa 720017 TTO0(221)

Foreign / Estrangeiro J1.00{92) 13,00 {39

Dual nationality  Dupla nacionalidade 11,800 (35) D.40(2Ty
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Health ¢ Sande 41.400123) 36,200 104y

Arts [ Artes 9.10027) 28008

Economics / Econonua 14,50 (43) 49 100141

Letters /! Humamidades 31.30(93) o110 (26}
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Table 2 - Characterization of the university facilities utilization. Data expressed as percentages (number
of respondentes) Abbreviations: ULHT, Universidade Lusofona de Humanidades e Tecnologias
Tabela 2 - Caracterizacdo da utilizagao das instala¢des da universidade. Dados expressos em percentagens
(nimero de respondentes). Abreviaturas: ULHT, Universidade Lus6fona de Humanidades e Tecnologias
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Lizhr imssls pir work eateim ar ULHT ¢ Refeigies
T — 197 {1.66] 234 {2.2T)
1.3 [ESCTE] 1530 {44
1-3E 4.90(74) 34,80 100y
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5TE 200720 19,20 {55y
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majority of the participants reported consuming at or
bringing home their lunches, dinners and light snacks
when they are at ULHT and do not use their bars. Con-
sumption in other bars/restaurants outside of ULHT
decreased almost by half, compared to lunch/dinner
(34.70% in 2018 vs. 17.40% in 2019) as well as snacks
and light meals (27.90% in 2018 vs. 16.00% in 2019).

Regarding preferences or opinions about the existing
catering facilities on the Lisbon university campus (Ta-
ble 3) during 2018, most students have no preference
over which snack bar is the cheapest, however, it seems
evident that “A Cantina” is their favorite, as 41.40%
consider the best value for money, 35.00% think it has
the best distance and 33.30% think it has the best envi-
ronment, compared to the other options. During 2019,
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O numero de almocos e jantares realizados na mesma
universidade decresceu em 2019, em comparagdo com
2018, contudo, o nimero de lanches e refeicoes ligeiras
aumentou no mesmo periodo de tempo. A maior per-
centagem (24.90% em 2018 vs. 34.80% em 2019) dos
alunos refere gastar em média, entre 1 a 3€ por dia, nos
bares da ULHT. Também a maioria da amostra refere
consumir em/ou trazer de casa, os seus almogos, jan-
tares e refeicdes ligeiras quando estda na ULHT e nao
utiliza os seus bares. De referir que o consumo em out-
ros bares/restaurantes fora da ULHT diminuiu quase
para metade, em relagdo a almogos/ jantares (34.70%
em 2018 vs. 17.40% em 2019) assim como, lanches
e refei¢des ligeiras (27.90% em 2018 vs. 16.00% em
2019).

Table 3 - University snack bar preferences. Data expressed as percentages (number of respondentes)
Tabela 3 - Preferéncias sobre os bares da universidade. Dados expressos em percentagens (nimero
de respondentes).

Cheapest snack bar / Bar mais econtmicn, % (n)
Mo prefercnee [ Sem preferéneia
Xirifirara
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Xiribitara

A Canting

Mo preference [ Sem preferéncia
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Do not like / Nio gosto
Do ot go [ Nao vou
Indifferent ! Indiferente
Like / Gosio

Do not like £ Wio gosto
Do ot go / Mo vou
Indifferent’ Indiferente
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Do not ke £ Mio gosto
Dw not go / Niéo vou
Indiffierent / Indiferente
Like ! Gosto
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1,200 (63}
41.40(123)
30,00 89)
23,20 (69)
35.00(104)
2B.600(B5)
29,00 (86}
33,30 (99)
12.50{36)
560 (16)
35.90(103)
46.00 (132)
4.50014)
500 (23]
27.20(78)
5090 (172)
2.10 (6]
35.50 (102)
24,40 (70)
& FH.00 (104
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the trend seems to continue, as 59.90% say they like “A
Cantina”, while only 46.00% have the same opinion for
“Xiribitata”. Finally, 38.00% think that “100 Corantes”
presents a concept of healthier food, however, it is a bit
more expensive and in a location slightly farther from
the center of the campus.

Regarding the preference and choice for a healthier bar
in ULHT facilities, it seems that this decision is main-
ly conditioned by the price of meals, as most students
mentioned this as the main condition of their choice,
both in 2018 as in 2019. In this sense, most respond-
ents also point out that only "sometimes" would they be
willing to pay more than usual, or to go further, to dine
in a healthier snack bar. Finally, 79.40% and 72.80%
of respondents were interested in having access to the

Em relacdo as preferéncias ou opinides sobre as in-
stalagdes de restauracdo existentes no campus de Lis-
boa (Tabela 3) durante o ano de 2018, os alunos, na
sua maioria, ndo tém preferéncia sobre qual o bar mais
econémico, contudo, parece evidente que A Cantina ¢é
o bar preferido dos mesmos, ja que 41.40% considera
que apresenta a melhor qualidade-preco, 35.00% con-
sidera que se encontra a uma melhor distancia e 33.30%
refere o seu melhor ambiente, em compara¢do com as
restantes opc¢des. Durante o ano de 2019, a tendéncia
parece manter-se, ja que 59.90% refere gostar d’A Can-
tina, enquanto somente 46.00% tém a mesma opinido
em relacdo ao Xiribitata e 38.00% em relacdo ao 100
corantes, que apresenta um conceito de comida mais
saudavel, um pouco mais dispendioso e com uma lo-

Table 4 - University healthy snack bar preferences and choices. Data expressed as percentages (number

of respondentes)

Tabela 4 - University healthy snack bar preferences and choices. Dados expressos em percentagens

(numero de respondentes).

18
(=297}

2019
(=287

Would vou be s costomer of a healthy snack bar at ULHT? ! Seria cliente de um bar saudavel na ULHT, % {n)

Mever consume / Nunca conswmiria 1.4 (5] 2.800(8)
Always comsume |/ Consumiria sempre 17.50({52) 3380 (9T
Depends on the price ! Depende do prego 4780 (142) S6.40 (162)
Depends on the prosduct £ Depende do produte 3370 (1000 T 20

Would you be willing to pay more at a healthier snack bar than vow wswally do’, % (n) / Estaria disposto a pagar
mais num bar sandavel do gue paga habitualmente?, %o (n)

Mever / Nunca 12.50{37) 31,40 (90
Rarely / Raramente 2150064 L 0y

Sometimes | As vezes S0.80(151) 4150 (120)
Always / Sempre 1380 (41) 268077

Would you be a client of a healthy snack bar even traveling further?, % (n} / Seria cliente de um bar saudavel
mesmo percorrendo uma maior distincia?, %o (m)

Mewer S Nunca 3400109 B23)
Rarely / Rarumente 1310 {34} L& 10 (52}
Sometimes / As vezss 6970 (20T 0%, 30 (196)
Always [ Sempre 10,80 {32) 5.60(16)

Would vou like to have access to the deseription of the ingredients used on the available products?, %, (n) / (rostaria

de ter acesso b descricio dos ingredientes dos produtes disponibilizados?, % (n)

Yes / Smm
Mo/ Mo
Indifferent ! Indiferente

Would you like to have access to the nutritional composition of the available products?, % (n) | Gostaria de ter
acesso d informagdo nuirichonal dos produtos disponibilizados?, % (n)

Yes / Smn
Mo/ Mio

Indifferent ! Indiferente

= T9.40(22%)
- 4.90(14)
= L5 70 (45)

= T2 R0 209)
E 3.1009)
- 24,00 (6Y)




list of products/ingredients used, as well as nutritional
information, respectively. These results can be clearly
seen in Table 4.

Discussion

The purpose of this study was trying to understand the
trends of healthy food consumption in young Portu-
guese university students. The number of lunches and
dinners held in ULHT snack bars/restaurants decreased
in 2019 compared to 2018. However, the number of
snacks and light meals increased in the same period.
This denotes a tendency of respondents to adhere
to fast meals, as can be observed in the scientific lit-
erature (10). Another topic to take into account is that
most respondents spend on average between 1-3€/day
at ULHT snack bars.

According to the literature review (2), which advocates
the “Modification of food supply in certain public spac-
es (higher education institutions)”, a healthier snack bar
was created at ULHT in 2019. Related with the price to
pay for having this healthy snack bar, most students in-
dicated that only "sometimes" would be willing to pay
more than usual, or to travel a greater distance inside
the university, to make their meals in this restaurant.
These results were also recognized by Jiumpanyarach
(7), which points to economic factors as an aspect that
influences young people's choices beyond the quality of
the food product.

One of the action plans for 2019-2020 (2) is to contrib-
ute to the implementation of an expressive nutrition la-
beling system. This action is of interest to the students,
as 79.40% say they have an interest in the description
of products and ingredients and 72.80% would like to
have access to nutritional information.

It should be noted that consumption outside of ULHT
was almost halved compared to lunch/dinners, snacks
and light meals from 2018 to 2019, the opening year
of the “100 Corantes” snack bar. The explanation to
this relation may be because this new healthy snack bar
has met a need for some students, however, additional
studies are needed to answer this and other remaining
questions.

Factors influencing healthy food choices
Fatores escolha comida sauddavel

calizagdo ligeiramente mais afastada do centro do Cam-
pus.

Em relagdo a preferéncia e escolha por um bar mais
saudavel nas instalacdes da ULHT, parece ser que essa
decisdo ¢ condicionada, sobretudo, pelo preco das re-
feicdes, ja que a maioria dos estudantes referiu esta
como a principal condicionante da sua escolha, tanto
em 2018, como em 2019. Neste sentido, também a
maioria dos inquiridos refere que s6 “as vezes” estaria
disposto a pagar mais do que o habitual, ou percorrer
uma maior distancia, para efetuar as suas refeigdes num
bar saudavel. Finalmente, 79.40% e 72.80% dos in-
quiridos demonstram ter interesse sobre a descrigdo dos
produtos e ingredientes disponibilizados, assim como,
ter acesso a informagao nutricional dos mesmos, respe-
tivamente. Estes resultados podem ser observados em
maior profundidade na Tabela 4.

Discussio

O proposito deste estudo visa entender as tendéncias
de consumo de comida saudavel em jovens universi-
tarios Portugueses. O niumero de almogos ¢ jantares re-
alizados nos bares/restaurantes da ULHT, decresceu em
2019, em comparagdo com 2018. Contudo, o nimero de
lanches e refeigdes ligeiras aumentou no mesmo perio-
do de tempo. Isto denota uma tendéncia dos inquiridos
em aderir a refei¢des rapidas, como se anteriormente
descrito na evidéncia cientifica (12).

De acordo com a revisdo da literatura (4), em que se
defende a “Modificacdo da oferta alimentar em deter-
minados espacos publicos (instituicdes do ensino su-
perior)”, foi criado na ULHT, em 2019, um bar com
alimentacao mais saudavel. No entanto, a escolha dos
estudantes por este tipo de alimentagdo revelou estar
condicionada ao prego das refeigdes, ja que a maioria
dos estudantes acrescenta que s “as vezes” estaria dis-
posto a pagar mais do que o habitual, ou a percorrer
uma distancia maior no interior da universidade, para
efetuar as suas refei¢des num bar saudavel. Estes re-
sultados sdo reconhecidos no estudo de Jiumpanyarach,
(11), que aponta os fatores econémicos como um as-
peto que influencia as escolhas dos jovens, para além
da qualidade do produto alimenticio. Outro aspeto a
considerar ¢ que a maioria dos respondentes gasta, em
média entre 1-3€ por dia, nos bares da ULHT.

Um dos planos de ag¢des para 2019-20 (4) ¢ contribuir
para a implementacao de um sistema de rotulagem nu-
tricional expressivo. E esta a¢do vai ao encontro do
interesse dos estudantes, na medida em que 79.40%
revelam ter interesse na descri¢do dos produtos e ingre-
dientes utilizados na preparacdo dos pratos e 72.80%

9
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Conclusions

To the best of our knowledge, the present study is the
first to describe that the number of lunches and dinners
held in ULHT restaurants decreased in 2019 compared
to 2018. However, the number of snacks and light
meals increased in the same period. It should be noted
that consumption outside of ULHT has almost halved
compared to lunch/dinners, snacks and light meals
from 2018 to 2019, the opening year of the healthier
snack bar. Related with the price to pay for eating in
this healthy restaurant, most students add that only
"sometimes" would be willing to pay more than usual,
or to travel a greater distance inside the university, to
make their meals in this restaurant. Finally, 79.40% of
the evaluated students described interest in having the
description of products and ingredients and 72.80% of
them would like to have access to their nutritional in-
formation.
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gostariam de ter acesso a informagdo nutricional dos
mesmos.

Importa referir que o consumo fora da ULHT, diminuiu
quase para metade, em relacdo a almocgos/jantares,
lanches e refeigoes ligeiras, de 2018 para 2019, ano de
abertura do Bar “100 Corantes”. Esta relagdo observada
podera ser explicada pelo facto deste bar ter vindo col-
matar algumas necessidades dos estudantes, contudo
futuros estudos sdo necessarios para esclarecer esta e
outras questdes pendentes.

Conclusoes

Pelo melhor do nosso conhecimento, o presente estudo
¢ o primeiro a descrever que o numero de almogos ¢
jantares realizados nos restaurantes da ULHT diminuiu
em 2019 em comparagao a 2018. No entanto, o nimero
de lanches e refeigdes leves aumentou no mesmo pe-
riodo. E importante referir também, que o consumo
de almogos e jantares, lanches e refeigdes leves fora
da ULHT caiu quase para metade em 2019 (o ano da
abertura do restaurante saudavel) em comparagdo com
2018. Relacionado com o preco a pagar no restaurante
saudavel, a maioria dos estudantes acrescenta que ap-
enas "as vezes" estaria disposto a pagar mais do que
o habitual, ou a percorrer uma distdncia maior dentro
da universidade, para efetuar as suas refeicdes neste
estabelecimento. Finalmente, 79,40% dos estudantes
avaliados descreveram interesse em ter a descri¢do de
produtos e ingredientes utilizados na confec¢ao dos pra-
tos e 72,80% deles gostariam de ter acesso as suas in-
formacgdes nutricionais.
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Abstract

Food choices for adopting a healthy lifestyle are influenced by a set of factors. Early adulthood and university entry are
crucial for the development of eating habits that will be decisive in quality of life. In Portugal, there are few studies that
assess the nutritional status of university students. The main objective of this study, as a pilot study, was to characterize
the dietary habits of university students at Universidade Lus6fona in Lisbon, Portugal. This cross-sectional descriptive
study included university students, aged between 18 and 28 years old. Anthropometric data were collected, and body
mass index was calculated. The dietary habits were assessed through a semi-quantitative food frequency questionnaire,

administered directly. The average daily intake values were: energy, 2282.9 + 954.0 kcal, 243.2 g of carbohydrates,
114.2 g of proteins, and 100.9 g of lipids. These values include a protein intake of 25.40%, 52.11% carbohydrate and
22.47% lipids. It was concluded that there is an increase in protein and lipid intake in samples from the university
students evaluated.

Keywords: University students, food frequency questionnaire, recommended intake

Resumo

As escolhas alimentares para a ado¢ao de um estilo de vida saudavel sdo influenciadas por um conjunto de fatores. O
inicio da idade adulta e a entrada na Universidade ¢ crucial para o desenvolvimento de habitos alimentares que serdo
decisivos na qualidade de vida. Em Portugal, sdo poucos os estudos que avaliam o estado nutricional de estudantes
universitarios, como tal, o principal objetivo deste estudo, como um estudo piloto, ¢ avaliar a ingestao alimentar de 52
estudantes universitarios da Universidade Lusofona em Lisboa, Portugal. Este estudo descritivo transversal teve como
amostra estudantes universitarios com idades compreendidas entre os 18 e os 28 anos de idade. Foi administrado de forma
direta o questionario semi-quantitativo de frequéncia alimentar. Os resultados apds a analise do questionario reportam que
uma ingestdo média da amostra corresponde a 2282,9 + 954,0 kcal, 243,2 g hidratos de carbono, 114,2 g de proteinas e
100,9 g de lipidos. Estes valores correspondem a uma percentagem de ingestdo de 25,4% de proteinas, 52,1% de hidratos
de carbono e 22,5% de lipidos. Conclui-se que existe um aumento da ingestao proteica e lipidica na amostra de estudantes
universitarios avaliada.

Palavras-chave: Estudantes universitarios, questionario de frequéncia alimentar, ingestdo recomendada
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Introduction

Over the last decades, there has been a significant in-
crease in the study of the importance of adopting
healthy lifestyle habits (1-3). However, the increase in
eating errors and physical inactivity have been iden-
tified as the main factors implicated in the origin of
chronic diseases (2,4). In Portugal there has been a pro-
gressive loss of most of the characteristics of the tra-
ditional dietary pattern and the adoption of a western
dietary pattern (5).

Food choices are influenced by a number of factors, in-
cluding age, gender, lifestyle, beliefs, preferences, and
costs. Admission to a university represents, in a way,
the transition from youth to early adulthood, character-
ized by a stressful, tiring, period of more responsibility
in regard to housing, financial management, and in par-
ticular unhealthy food choices. Several studies reveal
that the main determinants of young college students'
food choices are the lack of available time, conveni-
ence, and cost (6). With the increase of meals taken
away from home, the choice of fast food chains and
pre-cooked foods is characteristic of this age group (7).
Higher education students are a population at risk for
nutrient deficiency, especially micronutrients, derived
from inadequate eating habits such as low consumption
of fruits and vegetables, skipping meals (most com-
monly breakfast), and high consumption of fast food
(8).

Health and good nutritional status are essential to
achieve good school performance. Nevertheless, prac-
tices of an unhealthy lifestyle inevitably lead to nutri-
tional deficiencies, which are very negative for young
people, given the fact that they are in a period of intense
and fast growth and unquestionably require the inges-
tion of all nutrients (9).

Considering these assumptions, this work was mainly
focused on the characterization of the eating habits of a
sample of university students from Universidade Luso-
fona in Lisbon, Portugal; it was specifically aimed to
assess the caloric and macro and micronutrients intake.

Pilot Study - Energy and micronutrient intake
Estudo Piloto - Consumo de energia e macronutrientes

Introducao

Nas ultimas décadas tem-se assistido a um consideravel
aumento do estudo da importancia da adogao de habi-
tos de vida saudaveis (1-3). No entanto, mas praticas
alimentares e inatividade fisica s@o identificados como
os principais fatores implicados na origem de doengas
crénicas € ao impacto que estas acarretam para os indi-
viduos (2,4).

Tém se verificado em Portugal, a perda progressiva da
maioria das caracteristicas do padrao alimentar tradi-
cional ¢ a adogdo de um padrio alimentar ocidental (5).
As escolhas alimentares sdo influenciadas por um con-
junto de fatores, nomeadamente idade, sexo, estilo de
vida, crengas, preferéncias e custos. A entrada na Uni-
versidade representa de certo modo, a transi¢do da
juventude para o inicio da idade adulta, sendo carac-
terizada por um estilo de vida “stressante”, cansativo
¢ de maior responsabilidade em relagdo a casa, gestao
financeira e, em particular, escolhas alimentares pouco
saudaveis. Diversos estudos revelam que os principais
determinantes das escolhas alimentares dos jovens
universitarios sdo a falta de tempo disponivel, a con-
veniéncia e o custo (6). Com o aumento das refeigdes
realizadas fora de casa, a opgdo por cadeias de fast food
e alimentos pré-confecionados ¢ algo caracteristico
desta faixa etaria (7). Os estudantes do ensino superior
sd0 uma populacdo em risco de deficiéncias alimen-
tares, principalmente de micronutrientes, derivado de
habitos alimentares desadequados, nomeadamente um
baixo consumo de frutos e vegetais, incluindo hortico-
las e leguminosas. A frequente omissdo de refei¢des,
nomeadamente o pequeno-almoco, a falta de variedade
de alimentos ingeridos e o crescente consumo de re-
feicdes do tipo fast food sdo igualmente fatores que
promovem defici€ncias nutricionais (8). A satde e um
bom estado nutricional sdo essenciais para alcangar um
bom desempenho escolar. Contudo, estes tipos de prati-
cas conduzem inevitavelmente a ocorréncia de carén-
cias nutricionais, algo bastante negativo para os jovens
uma vez que se encontram em intenso e rapido cresci-
mento necessitando, inquestionavelmente, da ingestao
de todos os nutrientes (9).

Considerando estes pressupostos, este trabalho teve
como principal foco a caracterizacdo dos habitos ali-
mentares de uma amostra de estudantes universitarios
da Universidade Lusoéfona, em Lisboa; Portugal, es-
pecificamente avaliar a ingestdo caldrica e de macro e
micronutrientes.
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Material and Methods

This paper is a cross-sectional descriptive study. Data
collection took place during May 2019.

Sample

This study was made from a sample by convenience and
consisted of 52 students from multiple courses [Nutri-
tion (n=34), Sports (n=5), Communication (n=7) and
Law (n=6)] of Universidade Luso6fona and aged be-
tween 18 and 28 years. The total number of students at
the Universidade Lusofona was approximately 11,350
(10). Data was obtained after written informed consent,
and the questionnaires were conducted anonymously to
ensure the confidentiality of the information collected.

Instruments

Sociodemographic, anthropometric and food intake
assessment data were collected. All data was obtained
throughthe participants’ answers to the questionnaire.

Questionnaires

For sociodemographic characterization, the following
data were collected: age, educational attainment, and
personal background. For anthropometric evaluation,
data was collected regarding height (m) and weight
(kg), and body mass index (BMI) was calculated using
the internationally recommended procedures by WHO
(11). To assess food intake, a semi-quantitative food
frequency questionnaire (FFQ) was applied and admin-
istered directly (12,13). In order to avoid biasing the
answers, the participants had no prior knowledge of the
content of the questionnaires. To obtain food consump-
tion, the frequency reported for each item was multi-
plied by its standard average portion, in grams, and a
seasonal variation factor for food consumed at specific
times (0.25 was considered the three-month average
seasonality).

Statistical analysis

Data are presented as mean (standard deviation) for
cardinal variables, and absolute and relative frequen-
cies (%) for nominal and ordinal variables. Foods were
converted to nutrients using the Food Processor Plus
software program (ESHA Research, Salem, OR, USA),
with nutrition information from the US Department of
Agriculture's food composition tables adapted to typi-
cally Portuguese foods. Shapiro-Wilk test was used to
test the normality of the distribution of variables. Data
was analyzed by SPSS statistical package version 23.0
(IBM Inc., Armonk, New York, USA) and results were
considered to be a statistically significant when p <0.05.
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Material e Métodos

O presente trabalho constitui um estudo descritivo
transversal. A recolha de dados decorreu durante o0 més
de Maio de 2019.

Amostra

O estudo foi realizado a partir de uma amostra por
conveniéncia, constituida por 52 estudantes de diver-
sos cursos (Nutri¢ao (n=34), Desporto (n=5), Comuni-
cacdo (n=7) e Direito (n=6)) da Universidade Luséfona
de Lisboa com idades compreendidas entre os 18 e 28
anos, considerando o total de alunos da Universidade
Lusoéfona de 11.350 (10) estudantes. Os dados foram
obtidos ap6s o consentimento informado escrito, tendo
os questionarios sido realizados em anonimato para as-
segurar a confidencialidade da informagéao recolhida.

Instrumentos

Foram recolhidos dados sociodemograficos, antropo-
métricos e avaliagdo da ingestdo alimentar. Todos os
dados foram obtidos por resposta dos participantes ao
questionario.

Questionarios

Para a caracterizagdo sociodemografica foram recolhi-
dos os seguintes dados: idade, estado civil, habilitagdes
literarias e antecedentes pessoais. Para a avaliagdo
antropométrica foram recolhidos dados referentes a
altura (1), peso (kg), e foi feito o calculo do indice de
massa corporal (IMC), usando os procedimentos inter-
nacionalmente recomendados pela OMS (11). Para a
avaliag@o da ingestdo alimentar recorreu-se a aplicagdo
de um questionario semi-quantitativa de frequéncia ali-
mentar (QFA), tendo a sua administragdo sido realizada
de forma direta (12,13). De forma a evitar enviesa-
mento das respostas, os participantes ndo tiveram con-
hecimento prévio do conteudo dos questionarios. Para
a obtengdo do consumo alimentar, a frequéncia referida
para cada item foi multiplicada pela respetiva por¢ao
média padrdo, em grama, ¢ por um fator de varia¢do
sazonal para alimentos consumidos em épocas especifi-
cas (0,25 foi considerada a sazonalidade média de trés
meses).

Analise Estatistica

Os dados estdo apresentados por média (desvio pa-
drdo) para varidveis cardinais, e frequéncias absolutas
e relativas (%) para as variaveis nominais ¢ ordinais. A
conversao dos alimentos em nutrientes foi efetuada uti-
lizando como base o programa informatico Food Pro-
cessor Plus (ESHA Research, Salem, OR, USA), com



Results

Sample Characterization

The sample consisted of 52 university students from
the Universidade Lusofona , 59.6% women and 40.4%
men. The majority of students (65.4%) were in Nutri-
tion course, and the mean age of the sample was 21.2 +
1.8 years (range: 18 to 28). The average body mass in-
dex was 20.5 + 5.6 kg/m?. All participants did not have
any associated pathology known to date.

Dietary Intake Assessment

The food intake of the participating students after con-
version to nutrients is shown in Table 1, i.e., the values
of the average daily macronutrient intake and energy
obtained, after analyzing the food frequency question-
naire data.

Table 1 shows that the average intake of the sample cor-
responds to 2282.9 +954.0 kcal. These results are not in
accordance with those presented in Dietary Reference
Values of European Food Safety Authority (14,15). The
possibility of inaccuracy of the referenced foods, as
well as the concealment of the consumption of some
foods, may explain the lower energy consumption (be-
low the recommendations).

Pilot Study - Energy and micronutrient intake
Estudo Piloto - Consumo de energia e macronutrientes

informacao nutricional proveniente de tabelas de com-
posi¢do de alimentos do Departamento de Agricultura
dos Estados Unidos da América, adaptada a alimentos
tipicamente Portugueses. O teste de Shapiro-wilk foi
utilizado para testar a normalidade da distribuicdo das
variaveis. Os dados foram analisados pelo SPSS sta-
tistical package version 23.0 (IBM Inc., Armonk, New
York), sendo considerado um resultado com significado
estatistico, quando p<0,05.

Resultados

Caracterizacdo da Amostra

A amostra foi constituida por 52 estudantes universi-
tarios da Universidade Lus6fona, em Lisboa, sendo que
59,6% sexo feminino ¢ 40,4% sexo masculino. A maio-
ria dos estudantes (65,4%) sdo do curso de Nutrigdo, e a
média de idades da amostra foi de 21,2 + 1,8 anos (vari-
acdo entre 18 ¢ 0s 28 anos). A média de indice de massa
corporal foi de 20,5 + 5,6 kg/m?. Todos os participantes
nao tém qualquer patologia associada, conhecida até a
data.

Ingestdo Alimentar

A ingestdo de alimentos apds a conversdo em nutri-
entes esta representada na Tabela 1, ou seja, os valores
da ingestao média diaria de macronutrientes e energia
obtidos apds a andlise dos dados do questionario de
frequéncia alimentar.

A tabela 1 mostra que a ingestdo média da amostra cor-
responde a 2282.9 + 954,0 kcal, estes resultados nao

Table 1 - Caloric intake (kcal), protein (grams), carbohydrates and lipids in university students (n = 52) of the
Luséfona University of Lisbon
Tabela 1 -Ingestdo calorica (kcal), proteinas (gramas), hidratos de carbono e lipidos em estudantes
universitarios (n=52) da Universidade Luséfona de Lisboa

Standard
Minimum’ | Maximum/ | Average/ . .n o . Percentape!
n , . Deviation/ Desvio
Minimo Miaximo Média _ Percentagem
Padrio
Calories (keal)
52 1142.1 52719 22829 934.0 -
Calorias (Keal) | i i
Proteins/ )
52 28.5 2603 114,2 2.7 254%
Proteinas
Carbohydrates/
Hidratos de 32 GO8.8 519.7 2342 101 .4 52.1%
Carbono
Lipids’ Lipidos 52 379 2402 1009 464 22 5%
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Table 2 Comparison of the average daily intake of nutrientes by sex in university students (n = 52) of the
Universidade Lusofona of Lisbon
Tabela 2 -Comparacao do consumo médio didrio de nutrientes por sexo em estudantes universitarios (n = 52)
da Universidade Luso6fona de Lisboa

Male/Masculino Female/Feminine
(n=21) (n=31) p value!
Calories (kcaly Calorias (Kcal) 26054 £ 2662 20645 £ 118.2 o074
Proteing’ Profeinas (g) 127.1+£13.9 1054+ 7.6 0183
Carbohyvdrates/ Hidratos de Carbono (g) 2TOR+ 258 2033755 0013
Lipids/ Lipidos (g) 1.6 £ 12.6 234 +37.3 265

Ip-value for the comparison between male and female considered a result with statistical significance when p <0.05.

Regarding the macronutrients consumed, an average
intake of 243.2 g carbohydrates, 114.2 g of protein, and
100.9 g of lipids was determined. These values cor-
respond to a protein intake of 25.4%, 52.1% carbohy-
drate, and 22.5% lipids. When comparing differences
between sex, we did not obtain statistically significant
differences (Table 2), except in carbohydrates (p <
0.05). Male participants had a higher carbohydrates in-
take then female participants, and according to the Di-
rectorate General of Health (DGS) recommendations,
the percentage of carbohydrates recommended (55 to
75%) is slightly higher than that obtained. However,
because this disparity is not high, it is not considered of
great relevance (16).

The current nutritional recommendations for total en-
ergy value, as a percentage, indicate a protein intake
of between 10 and 15%, carbohydrates between 55 to
75%, and lipids between 15 to 30 %. The intake values
of the study sample are within the recommendations,
however, the protein intake of the study sample is 10%
higher than recommended (Figure 1). The increase in
protein intake by the sample under study may be due to
the fact that college students and the Portuguese popu-
lation (in general) consume more eggs, meat, and fish
group than other food groups . It is important to high-
light that this protein intake, mainly due to meat, sug-
gests that there may be excess saturated fat, registered
in this study at 28.5 + 14.8g.

Moreover, the lipids are within the recommended val-
ues, although slightly higher than the recommended av-
erage intake. The range is due to the high consumption
of products from the “sweets and pastries” group or the
use of “oils and fats” for seasoning (14). It should be
noted that although lipids are essential in a balanced
diet, in this case this discrepancy arises from meals
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estdo de acordo com os valores de referéncia da EFSA
(14,15). A possibilidade de imprecisao dos alimentos
referenciados, bem como a ocultacdo do consumo de
alguns alimentos, podera explicar os consumos ener-
géticos inferiores as recomendacgdes. Relativamente
aos macronutrientes consumidos verifica-se que uma
ingestdo média de 243,2 g hidratos de carbono, 114,2
g de proteinas e 100,9 g de lipidos. Estes valores cor-
respondem a uma percentagem de ingestdo de 25,4%
de proteinas, 52,1% de hidratos de carbono e 22,5% de
lipidos. Ao comparar as diferencas entre sexos, nao ob-
tivemos diferencas estatisticamente significativas (Tab-
ela 2), exceto nos hidratos de carbono (p<0,05) que os
homens ingerem em média uma quantidade superior em
relacdo as mulheres, e de acordo com as recomendacgdes
da DGS, a percentagem de hidratos de carbono reco-
mendada (55 a 75%), encontra-se ligeiramente supe-
rior a obtida, contudo devido a esta disparidade nao ser
elevada ndo se considera de grande relevancia.

As recomendag¢des nutricionais atuais para o valor en-
ergético total, em percentagem, declaram um consumo
de proteinas entre 10 e 15%, hidratos de carbono de 55
a 75%, lipidos de 15 a 30% (16). O que comparado
com os valores de ingestdo da amostra em estudo, esta
dentro das recomendagdes, no entanto o valor da in-
gestdo proteina da amostra ¢ 10% superior ao recomen-
dado (Figura 1). O aumento da ingestdo de proteinas
pela amostra em estudo, poder-se-a dever ao facto de
os estudantes universitarios consumirem mais alimen-
tos do grupo dos “ovos, carnes e peixes” do QFA, do
que outros grupos de alimentos. E importante destacar
que este consumo proteico por advir principalmente das
carnes, sugere que possa haver um excesso de gordura
saturada, neste estudo foi de 28,5 + 14,8g.

No caso dos lipidos esta dentro dos valores recomen-
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Figure 1 - Comparison between the daily intake of macronutrients (protein, percentage carbohydrates)
between the sample of university students (n = 52) and the values recommended by the Directorate General
of Health (DGS)

Figura 1 - Comparagdo entre a ingestdo didria de macronutrientes (proteinas, hidratos de carbono em
percentagem) entre a amostra de estudantes universitarios (n=52) e os valores recomendados pela direcdo
geral de saude (DGS)
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based on processed food and high energy density foods,
high in fat and sugars often eaten between meals.
There is an unbalanced dietary pattern associated with a
sedentary lifestyle related to a change in macronutrient
density in the diet, i.e., a higher amount of protein and
lipids than carbohydrates. The diet of a typical young
college student is predominant in foods rich in total
fat, saturated fat, and cholesterol, and poor in fruits
and vegetables (17). The concept of a traditional meal
has been changing in both composition and cooking.
This change is due to inconsistent school schedules, in-
creased study demands, a lack of time management for
household chores, separation from family, and a prefer-
ence to consume meals away from home. Thus, accord-
ing to Bernardo et al. (18), the lack of variety in col-
lege students’ intake could be due, to an increase in the
number of meals eaten in restaurants or pre-prepared
because of the vast availability of fast and easily acces-
sible food (fast food and snacks), as well as conveni-
ence, cost and the frequent omission of meals, namely
breakfast and midday snacks.

This work has some limitations, the small number of
participants limits the scope of this work, however, as a
pilot study it is suitable for future development in this
theme.

dados, apesar de ser um pouco superior a média de
ingestdo recomendada. O intervalo deve-se ao grande
consumo de produtos do grupo “Doces e pastéis” ou
a utilizagdo de “Oleos e gorduras” para temperar (14).
E de referir que apesar de os lipidos serem essenciais
numa alimentagdo equilibrada, neste caso esta discrep-
ancia surge devido a refei¢des baseadas em comida
processada, em alimentos com elevada densidade ener-
gética, ricos em gorduras e agiicares muitas vezes con-
sumidos fora das refei¢des.

Nota-se um padrdo alimentar desequilibrado associado
a um estilo de vida sedentario relacionado com uma
mudanca da densidade de macronutrientes na dieta,
ou seja, uma maior quantidade de proteinas e lipidos
que hidratos de carbono. A alimentagdo de um tipico
jovem universitario predomina em alimentos ricos em
gordura total, saturada e colesterol sendo pobre em fru-
tas e horticolas (17). O conceito de refeigdo tradicional
tem vindo a alterar-se, tanto na composi¢ao como na
confecao. Esta mudanca deve-se a horarios escolares
desencontrados, maiores exigéncias no estudo, a uma
falta de gestao de tempo de tarefas domésticas, afasta-
mento da familia e, ndo menos importante, 0 consumo
preferencial de refei¢des realizadas fora de casa. Assim,
a falta de variedade na ingestdo dos estudantes univer-
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Conclusion

Thus, our study concludes that there is an increase in
protein intake in the sample of college students evalu-
ated. This increase may trigger repercussions on future
health, not only because of the protein intake, but also
the the saturated fat intake, which may be accentuated
by a decrease in healthy eating habits as they are in
college education. Considering the limitations of this
work, this preliminary data gives us an idea that the in-
troduction of food education lectures will be necessary
to inform the population how to have a healthy diet and
to give some advice about cooking.

Conflict of interest

No conflicts of interest
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sitarios podera ser explicada, de acordo com Bernardo
et al. (18), por um aumento na quantidade de refeigdes
consumidas em restaurantes ou pré-preparadas devido
a disponibilidade de comida de facil e rapido acesso
(fast food e snacks), bem como a conveniéncia, o custo
e a frequente omissdo de refei¢des, nomeadamente o
pequeno almogo e o lanche.

Este trabalho tem algumas limitag¢des, o pequeno niime-
ro de participantes limita o escopo deste trabalho, no
entanto, como um estudo piloto, ele ¢ adequado para o
desenvolvimento futuro deste tema.

Conclusio

Deste modo, conclui-se que existe um aumento da
ingestdo proteica na amostra de estudantes universi-
tarios avaliada, este aumento podera desencadear re-
percussodes no estado de saude futuro, ndo apenas pela
quantidade de ingestdo de proteinas, mas pela quanti-
dade de ingestdo de gordura saturada, que podera ser
acentuado por um decréscimo nos habitos alimentares
a medida que se encontram no ensino universitario.
Considerando as limita¢des deste trabalho, estes dados
preliminares indicam que ¢ necessario a introducgdo de
palestras de educagao alimentar, com o intuito de infor-
mar a populagdo sobre a adogdo de um estilo de vida
saudavel e alguns conselhos sobre confe¢des saudaveis.

Conflitos de interesse

N3o existem conflitos de interesse
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A study of vegetable (thistle) rennet in the production of Flor de Guia cheese

Um estudo sobre o coalho vegetal (cardo) na producgdo de queijo Flor de Guia
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Abstract

The Protected Designation of Origin for Flor de Guia Cheese includes two fundamental requirements: the exclusive use
of vegetable (thistle) rennet from Cynara cardunculus var. ferocisisima or Cynara escolymus, as a milk coagulant, and
to use certain percentages of milk with respect to the species of origin. These two variables, depending on the random
criterion of the cheese-maker, give us the interest of knowing the possible influence they may have on the production
process and therefore also on the variability of the final characteristics of the cheese. Thus, the proposed objectives
were to study the influence of the use, on the one hand, of different concentrations of thistle (C. cardunculus) on the
coagulation of different milk types and, on the other, of different mixtures of milk types (of different species) on the
coagulation time. The tests for the coagulant activity were carried out following the Berridge technique modified by the
NOVO method, obtaining the enzymatic solution from dried thistle flowers in maceration provided by a cheesemaker.
The assays showed increased coagulant activity as the concentration of thistle extract increased (especially at low
concentrations and on sheep and cow milk) as well as the percentage of sheep milk in the mixtures used as substrate.
Further investigations about the use of these two variables, combining high percentages of sheep's milk and thistle
extracts of moderate strength, will need for improving the sensory characteristics of Flor de Guia cheese

Keywords: Artisanal cheese, Cynara cardunculus, Flor de Guia cheese, vegetable rennet

Resumo

A Denominagao de Origem Protegida para o queijo Flor de Guia inclui dois requisitos fundamentais: o uso exclusivo de
coalho vegetal (cardo) de Cynara cardunculus var. ferocissima ou Cynara escolymus, como coagulante do leite, € o uso
de certas percentagens de leite em relagdo as espécies de origem. Estas duas variaveis, dependendo do critério aleatdrio do
produtor de queijos, revelam-nos o interesse de conhecer a possivel influéncia que elas podem ter no processo de produgdo
e, portanto, também a variabilidade das caracteristicas finais do queijo. Assim, os objectivos propostos foram estudar a
influéncia do uso, por um lado, de diferentes concentragdes de cardo (C. cardunculus) na coagulacao de diferentes tipos
de leite e, por outro lado, em diferentes misturas de tipos de leite (de diferentes espécies) no tempo de coagulagdo. Os
testes para a actividade coagulante foram realizados seguindo a técnica de Berridge modificada pelo método NOVO,
obtendo a solucdo enzimatica de flores de cardo secas em macerac@o, fornecidas por um queijeiro. Os ensaios mostraram
actividade coagulante aumentada a medida que a concentrag@o de extracto de cardo aumentou (especialmente em baixas
concentragdes e nos leites de ovelha e vaca), bem como a percentagem de leite de ovelha nas misturas usadas como
substrato. Investigacdes adicionais sobre o uso dessas duas variaveis, combinando altas percentagens de leite de ovelha e
extractos de cardo de for¢a moderada, serdo necessarias para melhorar as caracteristicas sensoriais do queijo Flor de Guia.

Palavras-chave: Queijo artesanal, Cynara cardunculus, queijo Flor de Guia, coalho vegetal
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Introduction

The first reference of milk coagulation with thistle, saf-
flower seeds, or fig sap was made 50 years BC. The
Greek writer Theophrastus made the first description
of the thistle, although its identity was not yet correct.
Thistle is cultivated in Europe, where it was introduced
approximately in 1685, and is considered as a culinary
speciality as well as a vegetable coagulant. Other plant
species (e.g., pineapple, papaya) that also contain en-
zymes, specifically aspartic proteases, are also capable
of coagulating milk. The sap of the wild fig tree has
also been described in the //iad of Homer as a milk co-
agulant.

Both in Spain and Portugal, extracts of different types
of thistle are used for the production of some varieties
of sheep cheeses. For the traditional production of these
cheeses, the so-called "rennet grass" or "yerbacuajo"
from the thistle flowers belonging to different species
of the genus Cynara have been used (1).

Cynara cardunculus, commonly known as thistle, is a
specie native to the Mediterranean, which belongs to
the family Compositae (Asteraceae), grows wild in the
south and west of the Mediterranean, Portugal, Madei-
ra and the Canary Islands (2). It is the most popular
species and the most used to make different Protected
Designation of Origin (PDO) cheeses both in Spain and
Portugal, although C. humilis and C. scolymus are spe-
cies that are suitable for making these cheeses. They
can be used as substitutes or mixed with C. cardunculus
(3).

The main enzymes of C. cardunculus, responsible for
coagulation are cardosins A and B, located in the femi-
nine part of the plant. Cardosin A is considered to have
activity and specificity similar to chymosin (an enzyme
located in the stomach of ruminants), while cardosin
B is similar to pepsin (also an enzyme located in the
stomach of ruminants) (4). Cardosin B has a greater co-
agulant activity than A and C (5). Nowadays cardosins
A and B are also known as cyprosins. The milk coagu-
lation activity of this enzyme is due to the presence of
three aspartic proteases, initially named cynarases 1, 2
and 3 (cyprosin B corresponding to cynarase 3), car-
dosin A is also known as cyprosin 1 and 2, while B as
cyprosin 3 (6).

Vegetable rennet in Flor de Guia cheese production
Coalho vegetal na produgdo de queijo Flor de Guia

Introducao

A primeira referéncia de coagulago do leite com cardo,
sementes de agafrdo ou seiva de figo foi feita 50 anos
A. C. O escritor grego Theophrastus fez a primeira de-
scri¢do do cardo, embora a sua identidade ainda ndo es-
tivesse correta. O cardo ¢ cultivado na Europa, onde foi
introduzido aproximadamente em 1685, ¢ é considerado
uma especialidade culindria e também um coagulante
vegetal. Outras espécies vegetais (por exemplo, ananas,
papaia) que também contém enzimas, especificamente
proteases asparticas, também sdo capazes de coagular o
leite. Além disso, a seiva da figueira selvagem foi de-
scrita na /liada de Homero como coagulante do leite.
Tanto em Espanha como em Portugal, extractos de
diferentes tipos de cardo sao utilizados para a produgao
de algumas variedades de queijos de ovelha. Para a
produgdo tradicional desses queijos, foi utilizado o
chamado "rennet-grass" ou "yerbacuajo" das flores
de cardo pertencentes a diferentes espécies do género
Cynara (1).

Cynara cardunculus, vulgarmente conhecido como
cardo, ¢ uma espécie nativa do Mediterraneo, perten-
cente a familia Compositae (Asteraceae), que cresce
selvagem no sul e oeste do Mediterraneo, Portugal, Ma-
deira e IThas Canarias (2). E a espécie mais popular ¢ a
mais usada para fabricar diferentes queijos de Denomi-
nacdo de Origem Protegida (DOP) tanto em Espanha
como em Portugal, embora C. humilis ¢ C. scolymus
sejam espécies adequadas para a producdo destes quei-
jos. Estas espécies podem ser usados como substitutos
ou misturados com C. cardunculus (3).

As principais enzimas de C. cardunculus, responsaveis
pela coagulagdo, sdo as cardosinas A ¢ B, localizadas na
parte feminina da planta. Considera-se que a cardosina
A possui actividade e especificidade semelhantes a qui-
mosina (uma enzima localizada no estomago dos rumi-
nantes), enquanto a cardosina B é semelhante a pepsina
(também uma enzima localizada no estdmago dos ru-
minantes) (4). A cardosina B tem uma actividade co-
agulante maior que A e C (5). Actualmente, as cardosi-
nas A e B também s3o conhecidas como ciprosinas. A
actividade de coagulacdo do leite desta enzima ¢ devida
a presenga de trés proteases asparticas, inicialmente de-
nominadas cinarases 1, 2 ¢ 3 (ciprosina B correspond-
ente a cinarase 3), cardosina A também conhecida como
ciprosina 1 e 2, enquanto a B conhecida como ciprosina
3 (6).
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Cheeses produced with vegetable plant rennet

In the Iberian Peninsula, especially in the area of An-
dalucia, Extremadura, Portugal and also the Canary
Islands, different types of cheeses are produced with
vegetable rennet and they are considered, in turn, PDO
cheeses. Cynara cardunculus is the most common
species of vegetable rennet that is used to make these
cheeses by virtue of the high proteolytic activity of the
enzymes located in its pistils.

Next, we describe the main PDO cheeses with their
sensory and physical characteristics, from Portugal,
Extremadura, Andalucia and the Canary Islands, made
with vegetable rennet. Popular cheeses (7) made with
vegetable rennet in Portugal include Serpa cheese,
Azeitdo Cheese, Evora cheese, Serra de Estrella cheese,
Nisa cheese, and Castelo Branco cheese. Popular
cheeses made with vegetable rennet in Spain include
Torta del Casar cheese, La Serena cheese, Afiejo de los
Pedroches cheese, and Flor de Guia Cheese from the
Canary Islands.

Flor de Guia Cheese

According to the Official State Gazette (BOE) with
Resolution of April 15, 2008 for the elaboration of this
type of cheese (8), Flor de Guia cheese will have to
respect certain percentages of milk: “elaborated funda-
mentally with milk of Canarian sheep admitting, never-
theless, the mixture of milk of ewe with the one of other
species, provided that the following proportions are re-
spected: Canary sheep milk will always be present at
least 60%”. “The maximum percentage to be used for
Canarian cow's milk and its crosses will be 40%. The
maximum proportion to be used of goat milk of any of
the Canarian breeds is set at 10%”. It is also mentioned
that: "Its main characteristic is that the coagulation of
the milk will be made exclusively with vegetable rennet
obtained from the dried flower heads of the varieties of
the varieties of thistle C. cardunculus var. ferocissima
and C. scolymus” (8).

For this reason, in this study we have set two clear ob-
jectives, 1) study the influence of the use of different
concentrations of thistle (C. cardunculus) in the coagu-
lation of different types of milk (coagulating activity),
and 2) consider the effect on coagulation time through
the use of thistle extract from the obtained mixtures of
milk different species contemplated in the PDO used as
raw material for the production of cheese and therefore,
it could be the starting point of future studies about their
influence on the final characteristics of the product.
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Queijos produzidos com coalho de vegetais

Na Peninsula Ibérica, especialmente na regido da An-
daluzia, Extremadura, Portugal e também nas Ilhas
Canarias, diferentes tipos de queijos sdo produzidos
com coalho de vegetais, que s@o considerados, por sua
vez, queijos DOP. Cynara cardunculus € a espécie mais
comum de coalho vegetal usada para fazer esses quei-
jos em virtude da sua elevada actividade proteolitica
das enzimas localizadas em seus pistilos.

Em seguida, descrevemos os principais queijos DOP
com as suas caracteristicas sensoriais e fisicas, de Por-
tugal, Extremadura, Andaluzia e Ilhas Canarias, elab-
orados com coalho de vegetais. Os queijos populares
(6,7) elaborados com coalho de vegetais em Portugal
incluem queijo de Serpa, queijo de Azeitdo, queijo de
Evora, queijo Serra da Estrella, queijo de Nisa, e queijo
de Castelo Branco. Os queijos populares elaborados
com coalho de vegetais em Espanha incluem queijo
Torta del Casar, queijo La Serena, queijo Afiejo de los
Pedroches, e queijo Flor de Guia das Ilhas Canarias.

Queijo Flor de Guia

De acordo com o Diario Oficial do Estado (BOE) com
a Resolucdo de 15 de abril de 2008 para a elaboragdo
deste tipo de queijo (8), o queijo Flor de Guia devera re-
speitar determinadas porcentagens de leite: "elaborado
fundamentalmente com leite de ovelha das Canarias,
admitindo, no entanto, a mistura de leite de ovelha
com a de outras espécies, desde que sejam respeitadas
as seguintes proporgdes: estar sempre presente pelo
menos 60%". “O percentual maximo a ser usado para
o leite de vaca das Canarias e seus cruzamentos sera de
40%. A propor¢ao maxima a ser utilizada para o leite de
cabra de qualquer uma das racas das Canarias ¢ fixada
em 10%”. Também ¢ mencionado que: "A sua princi-
pal caracteristica € que a coagulagdo do leite sera feita
exclusivamente com coalho vegetal obtidos a partir das
cabecas secas das flores das variedades de cardo C. car-
dunculus var. ferocissima e C. scolymus” (8).

Por esse motivo, neste estudo, estabelecemos dois obje-
tivos claros: 1) estudar a influéncia do uso de diferentes
concentracdes de cardo (C. cardunculus) na coagulagdo
de diferentes tipos de leite (actividade de coagulacdo) e
2) considerar a efeito no tempo de coagulacao através
do uso de extracto de cardo das misturas de leite obti-
das de diferentes espécies contempladas na DOP utili-
zadas como matéria-prima para a producdo de queijo
e, portanto, poderia ser o ponto de partida de estudos
futuros sobre a sua influéncia nas caracteristicas finais
do produto.



Materials and Methods

In this work, we used dried wild thistles of the species
C. cardunculus, which were provided by a cheese facto-
ry located in Santa Maria de Guia (Gran Canaria) where
they are used for the production of their cheeses. For
the preparation of the thistle extract used in this study,
we followed the same guidelines as those followed by
the cheesemaker (in terms of the water used for macera-
tion, filter purifier, maceration time and temperature).
Thus, the coagulation of the milk for the preparation
of the cheeses took place in 30-60 minutes at 37°C and
62% relative humidity.

When the thistles flowers have been harvested and the
petals were dried, then they were stored in hermetically
sealed bags or crystal containers until being used at the
maceration process. The appropriate amount of this-
tle flower was weighed; distilled water was added, in
a controlled amount to allow maceration. This process
has been standardized by the PDO Flor de Guia cheese,
where the manipulation and concentration of thistle
flower (C. cardunculus) are described.

In order to obtain an optimized enzymatic solution, so-
lutions were prepared at five different concentrations.
An initial concentration of 0.13 g of thistle extract in
12.5 ml of distilled water was made, simulating the
same concentrations used by the cheesemaker with the
same quantity of water. Likewise, duplicate (0.26 g),
triplicate (0.39 g), quadruplicate (0.52 g), and quintu-
plicate (0.65 g) concentrations were each prepared in
12.5 mL of distilled water. Tests were carried out with
these concentrations to determine which best adapts to
the criterion of the Berridge technique modified by the
NOVO method (9), which recommends that the best
concentration of thistle extract is that which coagulates
the milk in 4.5 — 5.5 minutes.

Reconstituted milk

In order to carry out the coagulation time tests for the
different extracts prepared with different concentrations
of thistle, the Severinsen technique (9) indicates that
they must be carried out on reconstituted milk, with
specific characteristics.

The reconstituted milk was made using skimmed milk
powder (Nestlé Spain S.A., Barcelona, Spain). For its
reconstitution, 12 g of powdered milk was mixed in 100
ml of 0.01 M CaCl, (1873,1000, Panreac Applicem,
Barcelona, Spain).
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Materiais e Métodos

Neste trabalho, utilizamos cardos selvagens secos da
espécie C. cardunculus, fornecidos por uma fabrica
de queijos localizada em Santa Maria de Guia (Gran
Canaria), onde sao utilizados para a produgdo dos seus
queijos. Para a preparagdo do extracto de cardo, utili-
zado neste estudo, seguimos as mesmas orientagdes do
fabricante de queijos (em termos de agua utilizada para
maceracdo, purificador de filtro, tempo e temperatura
de maceracdo). Quando as flores de cardos sdo colhidas
e as pétalas secas, elas foram armazenadas em sacos
hermeticamente fechados ou em recipientes de cristal
até serem utilizadas no processo de maceragao.

As pétalas secas foram armazenadas em sacos hermet-
icamente fechados. A quantidade adequada de flor de
cardo foi pesada; foi adicionada agua destilada, em
quantidade controlada para permitir a maceragdo. Este
processo foi padronizado pelo queijo DOP Flor de Guia,
onde sdo descritas a manipulacdo ¢ a concentragdo da
flor de cardo (C. cardunculus).

Para obter uma solu¢do enzimatica optimizada, foram
preparadas solugdes em cinco concentragdes diferentes.
Foi realizada uma concentragio inicial de 0,13 g de ex-
tracto de cardo em 12,5 ml de agua destilada, simulan-
do as mesmas concentragdes usadas pelo queijeiro com
a mesma quantidade de 4gua. Da mesma forma, as con-
centragdes de duplicado (0,26 g), triplicado (0,39 g),
quadruplicado (0,52 g) e quintuplicado (0,65 g) foram
preparadas em 12,5 ml de agua destilada. Foram reali-
zados testes com estas concentragdes para determinar a
que melhor se adapta ao critério da técnica de Berridge
modificado pelo método NOVO (9), que recomenda
que a melhor concentragdo do extracto de cardo seja a
que coagula o leite em 4,5 - 5,5 minutos.

Por fim, a coagulacdo do leite para a preparacdo dos
queijos ocorreu em 30-60 minutos a 33-34°C e 62% de
humidade relativa.

Leite reconstituido

Para realizar os testes de tempo de coagulagdo para os
diferentes extractos preparados com diferentes concen-
tragdes de cardo, a técnica Severinsen (9) indica que
eles devem ser realizados em leite reconstituido, com
caracteristicas especificas.

O leite reconstituido foi elaborado com leite em po des-
natado (Nestlé Spain S.A., Barcelona, Spain). Para sua
reconstitui¢do, 12 g de leite em p6 foram misturados
em 100 ml de CaCl, 0,01 M (1873,1000, Panreac Ap-
plicem, Barcelona, Espanha).
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Table 1 - Milk type combinations evaluated. Values shown are relative percentages %
Tabela 1 - Combinagdes de tipos de leite avaliadas. Os valores mostrados sdo percentagens relativas %

Treatment / Tratamento

1 2 3 4 5 6 7 8 9
Sheep / Ovelha 60 60 70 70 80 80 90 90 100
Cow /Vaca 30 40 20 30 10 20 0 10 0
Goat/ Cabra 10 0 10 0 10 0 10 0 0

Mixed milk from cow, sheep and goat

The milk used for the observation of the influence of
the percentages of mixed milk from different species
(cow, sheep and goat) in the coagulation tests with
thistle extract was collected directly from the farm. The
milk was obtained after milking the animals, and they
were transported (1.5 L of each species), directly to the
laboratory of Bromatology of the Faculty of Veterinary
of the University of Las Palmas de Gran Canaria, where
they were stored at 4°C into the refrigerator.

The samples were distributed in quantities of 10 ml in
glass test tubes, separated according to milk species
and kept frozen until required for further analysis.
Table 1 shows the experimental conditions, which are
defined by the percentage that must be higher or equal
to 60% for sheep milk and for cow and goat milks, less
than or equal to 40% and 10%, respectively.

Coagulation test of milk with thistle extract

The Berridge technique, modified by the NOVO meth-
od (9), was used to determine the coagulant force of the
thistle rennet produced. Thus, 10 ml of each mixture of
milk and reconstituted milk, previously adjusted to pH
6.4 by the addition of 0.1 N of NaOH (181693.1211,
Panreac Applicem, Barcelona, Spain), were placed in
test tubes and left to be tempered in a bain-marie at ap-
proximately 33-34 °C. Next, 1 ml of the solution of the
prepared thistle extract was added to each of the test
tubes and placed again in a bain-marie in an inclined
position.

The tubes were rotated slowly manually (ten times) to
observe the moment of the formation of the lumps in
the wall of the tube or the breakage of the milk film.
The coagulation time from the beginning of inoculation
with the extract to the beginning of coagulation was
measured. The coagulation tests in the different milk
mixtures were done in five replicates.

All coagulation time control tests were performed by
the same observer under the same criteria.
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Leite misto de vaca, ovelha e cabra

O leite utilizado para a observacdo da influéncia das
percentagens de leite misto de diferentes espécies (vaca,
ovelha e cabra) nos testes de coagulagdo com extracto
de cardo foi recolhido directamente da quinta. A mistu-
ra foi obtida apos a ordenha dos animais e estes foram
transportados (1,5 1 de cada espécie), directamente para
o laboratorio de Bromatologia da Faculdade de Veter-
inaria da Universidade de Las Palmas de Gran Canaria,
onde foram armazenados a 4°C em refrigeragdo.

As amostras foram distribuidas em quantidades de 10
ml em tubos de ensaio de vidro, separados de acordo
com as espécies de leite e mantidos congelados até ser-
em necessarios para analises posteriores.

A Tabela 1 mostra as condi¢des experimentais, defini-
das pela percentagem, que deve ser maior ou igual a
60% para o leite de ovelha e para os leites de vaca e
cabra, inferior ou igual a 40% e 10%, respectivamente.

Teste de coagulagdo do leite com extracto de cardo

A técnica de Berridge, modificada pelo método NOVO
(9), foi utilizada para determinar a forga coagulante
do coalho produzido pelo cardo. Assim, 10 ml de cada
mistura de leite e leite reconstituido, previamente
ajustados a pH 6,4 pela adicdo de 0,1 N de NaOH
(181693.1211, Panreac Applicem, Barcelona, Espan-
ha), foram colocados em tubos de ensaio e colocados
para serem temperados em banho-maria a aproximada-
mente 33-34 °C. Em seguida, 1 ml da solucao do ex-
tracto de cardo preparado foi adicionado a cada um dos
tubos de ensaio e colocado novamente em banho-maria
em posicao inclinada.

Os tubos foram rotacionados lentamente manualmente
(dez vezes) para observar o momento da formacgao dos
grumos na parede do tubo ou a quebra do filme de leite.
Foi medido o tempo de coagulagdo desde o inicio da
inoculagdo com o extracto até o inicio da coagulagdo.
Os testes de coagulagdo nas diferentes misturas de leite
foram realizados em cinco repetigoes.



Statistical analysis

A graphic exploration of the data suggests that the coag-
ulation time (until the beginning) decreased as the per-
centage of sheep’s milk increased, but tends to increase
when at a percentage of 100% (i.e., using sheep’s milk
only). Therefore, the variables included in the multivar-
iate linear analysis were: % Sheep, % Cow and binary
variable with value one when % Sheep = 100 and zero
otherwise (%Sheep=100).

Then, a selection of variables based on the subset best
regression and Bayesian Information Criterion (BIC)
was conducted. The estimated model was summarized
as coefficients, standard errors (SE,) and p-values. The
goodness of fit was assessed by mean of the adjusted
R-square, which takes values between 0 and 1. Statisti-
cal significance was set at p< 0.05. Data was analyzed
using the R package, version 3.1.1 (10).

Results and Discussion

Determination of the strength of rennet

In order to assess the strength of this vegetable rennet
(thistle), tests were conducted to coagulate reconstitut-
ed milk at pH 6.4 with different concentrations of thistle
extract (Table 2), according to the NOVO technique (9).
The different experiments obtained are presented be-
low:

According to the Storch and Segelke equation, the reac-
tion speed must be proportional to the concentration of
the enzyme and, consequently, the product of the rennet
concentration multiplied by the coagulation time of the
milk must be constant. That is to say:

CxT=K

C=rennet concentration; T= milk coagulation time; K=
constant.

This occurs in the tests carried out in this study, espe-
cially in concentrations of 1 to 3% of the thistle extract
tested. It is necessary to take into account the variabil-
ity of the enzymatic concentration in each prepared ex-
tract, however, it is not possible to control the parts of
dried thistle.
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Todos os testes de controlo do tempo de coagulagdo
foram realizados pelo mesmo observador, sob os mes-
mos critérios.

Analise estatistica

Uma exploracao grafica dos dados sugere que o tempo
de coagulagdo (até o inicio) diminuiu a medida que a
percentagem de leite de ovelha aumentou, mas tende
a aumentar quando em uma porcentagem de 100% (ou
seja, usando apenas leite de ovelha). Portanto, as var-
iaveis incluidas na analise linear multivariada foram: %
ovelha, % vaca e variavel binaria com valor 1 quando
% ovinos = 100 e zero caso contrario (% ovinos = 100).
Em seguida, foi realizada uma selec¢do de variaveis
com base no melhor subconjunto de regressao e no Cri-
tério de Informagdo Bayesiano (BIC). O modelo esti-
mado foi resumido em coeficientes, erros padrao (SE)
e valores de p. A qualidade do ajuste foi avaliada por
meio do R quadrado ajustado, que assume valores en-
tre 0 e 1. A significancia estatistica foi definida como p
<0,05. Os dados foram analisados através do pacote R,
versao 3.1.1 (10).

Resultados e Discussio

Determinag¢do da for¢a do coalho

Para avaliar a for¢a deste coalho vegetal (cardo), foram
realizados testes para coagular o leite reconstituido a
pH 6,4 com diferentes concentragdoes de extracto de
cardo (Tabela 2), de acordo com a técnica NOVO (9).
As diferentes experiéncias obtidas sdo apresentadas
abaixo:

Segundo a equacdo de Storch e Segelke, a velocidade
da reagdo deve ser proporcional a concentragdo da en-
zima e, consequentemente, o produto da concentragdo
de coalho multiplicada pelo tempo de coagulagdo de
leite deve ser constante. Ou seja:

CxT=K

C= concentragdo do coalho; T= tempo de coagulagdo
do leite; K= constante.

Isto ocorre nos testes realizados neste estudo, princi-
palmente nas concentragdes de 1 a 3% do extracto de
cardo testado. E necessario ter em consideracdo a vari-
abilidade da concentra¢do enzimatica em cada extracto
preparado, no entanto, ndo € possivel controlar as partes
do cardo seco.
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Table 2 - Coagulation times (minutes), depending on the concentration of thistle used
Tabela 2 - Tempos de coagulagdo (minutos), dependendo da concentracdo de cardo utilizada

Concentration of extract / Coagulation time / Tempo de coagula¢io
Concentracio de extracto Test / Test/ Average time /
(g/100 ml H,0) Teste 1 Teste 2 Tempo médio
1 19:46 18:04 18:75
2 8:34 9:14 8:74
3 6:08 5:40 5:74
4 4:16 4:09 4:125
5 3:23 3:28 3:255

As the concentration of thistle extract increased, the co-
agulation time was shorter. At a concentration of 1%,
coagulation was made at 18:75 minutes, while for a
concentration of 5%, only 3:255 minutes are needed.
In general, high concentrations of thistle flower extract
do not significantly influence coagulation activity, how-
ever, at low concentrations, coagulation time tends to
increase with decreasing enzyme concentration (Figure
1).

These observations were in agreement with those car-
ried out by Garcia et al. (11,12) in a study that compared
the use of two types of thistle extract (Cynara cardun-
culus L. and Cynara scolymus L.) on the coagulation
time of milk. A similar result was observed by Sanjuan
and Fernandez-Salguero (1) in a study on the influence
of some factors on the coagulation time by vegetable
rennet (Cynara sp.).

A medida que a concentragdo do extracto de cardo au-
mentava, o tempo de coagulag@o era menor. Numa con-
centragdo de 1%, a coagulagdo foi realizada aos 18:75
minutos, enquanto que para uma concentracao de 5%,
foram necessarios apenas 3:255 minutos.

Em geral, altas concentragdes de extracto de flor de
cardo ndo influenciam significativamente a actividade
de coagulagdo, no entanto, em baixas concentragdes,
o tempo de coagulagdo tende a aumentar com a di-
minui¢do da concentragdo de enzimas (Figura 1).

Estas observagoes estavam de acordo com as realizadas
por Garciaetal. (11,12) num estudo que comparou o uso
de dois tipos de extracto de cardo (Cynara cardunculus
L. e Cynara scolymus L.) no tempo de coagulacdo do
leite. Resultado semelhante foi observado por Sanjuan
e Fernandez-Salguero (1) num estudo sobre a influéncia
de alguns factores no tempo de coagulagao pelo coalho
de vegetais (Cynara sp.).
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Figure 1 - Coagulation activity (minutes) of different concentrations of thistle in reconstituted milk
Figura 1 - Actividade de coagulacdo (minutos) de diferentes concentra¢des de cardo no leite reconstituido
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Leite de ovelha

Goat milk /
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Leite de cabra
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Leite de vaca

Reconstituted milk /
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Figure 2 - Coagulation time (minutes) with different percentages (%) of thistle extract in
different types of milk
Figura 2 -Tempo de coagulagdo (minutos) com diferentes percentagens (%) de extracto de
cardo em diferentes tipos de leite

Effect of the concentration of thistle extract on the time
of milk coagulation

The results of coagulation tests on different types of
milk (sheep, cow, goat and reconstituted milk) carried
out with different concentrations of thistle extracts are
presented in Figure 2.

With regard to milk type, the sheep’s milk took the
least time to achieve coagulation with the different
concentrations of thistle extract. As the concentration
of the thistle extract used increased, coagulation time
decreased.

A curious fact is that with goat's milk coagulation time
remains at 6 minutes for concentrations of 2.3% and
4%. It is possible that the protein composition of the
milk of this species is not as sensitive to the concen-
tration of the coagulation enzyme. Some authors (13)
found goat milk with high fat content could be associ-
ated with better coagulation properties in cheese mak-
ing, whereas milk with high protein content could be
associated with delayed coagulation, and milk with a
large quantity of casein associated with improved ren-
neting ability only once coagulation had begun (i.e.,
curd firmness).

As already observed in the previous test for the test of
rennet strength with reconstituted milk, it was observed
that coagulation was slowest in the different milk types
at the 2% concentration of thistle extract. In contrast,

Efeito da concentragdo de extracto de cardo no tempo
de coagulagdo do leite

Os resultados dos testes de coagulagao em diferentes
tipos de leite (ovelha, vaca, cabra e leite reconstituido)
realizados com diferentes concentracdes de extractos
de cardo sdo apresentados na Figura 2.

No que diz respeito ao tipo de leite, o leite de ovelha foi
0 que levou menos tempo para obter coagulagdo com
as diferentes concentracdes de extracto de cardo. A
medida que a concentragdo do extracto de cardo usado
aumentava, o tempo de coagulacdo diminuia.

Um facto curioso ¢ que, com a coagulagdo do leite de
cabra, o tempo permanece em 6 minutos para concen-
tragdes de 2,3% e 4%. E possivel que a composi¢io
proteica do leite desta espécie ndo seja tdo sensivel a
concentracao da enzima de coagulagdo. Alguns autores
(13) descobriram que o leite de cabra com alto teor de
gordura pode estar associado a melhores propriedades
de coagulacdo na fabricacdo de queijos, enquanto o
leite com alto teor de proteina pode estar associado a
atraso na coagulacdo e o leite com uma grande quanti-
dade de caseina associada apenas a melhoria da capaci-
dade de coagulagdo. uma vez iniciada a coagulagdo (ou
seja, firmeza da coalhada).

Como ja observado no teste anterior para o teste a forga
do coalho com leite reconstituido, observou-se que a
coagulagdo foi mais lenta nos diferentes tipos de leite
na concentracdo de 2% de extracto de cardo. Por outro
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Table 3 - Coagulation times according to percentages of milk mixture of different species using 1% thistle
extract. X + sd — average + standard deviation
Tabela 3 - Tempos de coagulagdo de acordo com percentagens da mistura de leite de diferentes espécies
usando extracto de cardo a 1%. X + sd — média + desvido padrao

. % Sheep Milk / % Cow Milk / % Goat Milk / Coagulation Time / X #+ sd

% Leite de Ovelha % Leite de Vaca % Leite de Cabra Tempo de coagulacio
60 30 10 4.55 502 511 442 449 4.718 + 0.322
60 40 0 526 528 455 426 4.12 4.694 + 0.548
70 20 10 523 502 5.00 430 441 4.792 + 0.411
70 30 0 4.08 425 425 335 357 3.900 £ 0.415
80 10 10 355 354 4.00 345 344 3.596 = 0.231
80 20 0 4.11 4.03 4.01 4.03 3.50 3.936 £ 0.247
90 0 10 357 337 325 319 323 3.322 £ 0.154
90 10 0 315 330 326 244 359 3.148 £ 0.428
100 0 0 4.25 425 420 416 4.27 4.226 + 0.045

the 5% concentration of thistle extract was the fastest to
achieve coagulation.

If we analyse the coagulation times individually ac-
cording to the concentrations of thistle extract, we ob-
serve that in sheep's milk coagulation was achieved in
less time. However, there are differences in the type of
milk that were slower to coagulate as below:

- Concentration 2%: Cow's milk and reconstituted milk
were the slowest to coagulate.

- Concentration 3%: Goat's and reconstituted milk were
the slowest to coagulate.

- Concentration 4%: Goat and cow milk were the slow-
est to coagulate.

- Concentration 5%: Cow's milk and reconstituted milk
were the slowest to coagulate.

To observe the influence of milk mixtures of different
species on the remaining coagulation tests, a concentra-
tion of 1% was taken as a standard condition when pre-
paring the thistle extract. This concentration resulted
in a coagulation time approximately within the limits
stipulated by the NOVO, Severinsen (9), or modified
Berridge method, necessary for the Storch and Segelke
equation to be valid (4.5 to 5.5 minutes).

Influence of mixtures of milk used as a substrate on
coagulation time

Table 3 shows the descriptive results of the coagulation
times obtained from the nine milk mixtures of differ-
ent species using a thistle extract at 1%, including the
(milk) percentages covered by the DOP of Flor de Guia
cheese.
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lado, a concentragdo de 5% de extracto de cardo foi a
mais rapida a obter coagulagdo.

Se analisarmos os tempos de coagulacdo individual-
mente de acordo com as concentracdes de extracto de
cardo, observamos que a coagulacdo do leite de ovelha
foi alcancada em menos tempo. No entanto, existem
diferencas no tipo de leite que foram mais lentas para
coagular como abaixo se demonstra:

- Concentragao 2%: o leite de vaca e o leite reconstitui-
do foram os mais lentos a coagular.

- Concentracdo de 3%: o leite de cabra e o leite recon-
stituido foram os mais lentos a coagular.

- Concentragao 4%: o leite de cabra e vaca foi o mais
lento a coagular.

- Concentragao 5%: o leite de vaca e o leite reconstitui-
do foram os mais lentos a coagular.

Para observar a influéncia de misturas de leite de difer-
entes espécies nos restantes testes de coagulagao, uma
concentracao de 1% foi tomada como condi¢do padrao
na preparacao do extracto de cardo. Essa concentragao
resultou em um tempo de coagulag¢ao aproximadamente
dentro dos limites estipulados pelo NOVO, Severinsen
(9) ou método de Berridge modificado, necessario para
que a equacao de Storch e Segelke fosse valida (4,5 a
5,5 minutos).

Influéncia das misturas de leite utilizadas como
substrato no tempo de coagulagdo

A Tabela 3 mostra os resultados descritivos dos tem-
pos de coagulagdo obtidos das nove misturas de leite de
diferentes espécies usando um extracto de cardo a 1%,



Based on the graphic exploration of these data, a lin-
ear model was proposed for the variable "coagulation
time", depending on the percentage of sheep's milk
used, with a correction for the concentration of 100%
sheep's milk.

The selected model (best subset regression and BIC)
has the form:

Coagulation Time =
BO + B1-%Sheep + B2- (%6Sheep=100) + e

being /(%Sheep=100) 1 or 0 according to %Sheep =
100 or not and e the error term.

The term B1 reflects the expected change in coagulation
times so that for each unit that increases the concen-
tration of sheep's milk, the expected coagulation time
decreases significantly by 0.05 minutes.

The goodness of the adjustment is given by the adjusted
coefficient R?, which with 63.6% indicates that in this
percentage the model explains the variability of the
data (Figure 3).

As the concentration of sheep's milk increases (from 60
—90%), the clotting coagulation time decreases linear-
ly. However, with 100% sheep’s milk, coagulation time
increases. The reason for this is unknown. The absence
of milk of other species might explain a delay in the
coagulation time.

The values observed for the coagulation times in the
different mixtures vs. those predicted by the model is
shown in Figure 4.

The prediction of the model was observed to be quite
good, as the values predicted by the model have high
concordance with those observed.

The data shows that there is an acceleration of coagula-
tion by the vegetable thistle extract, as the percentage
of sheep increases in the milk mixtures considered as
acceptable by the DOP of Flor de Guia cheese.
Therefore, it can be assumed that the sensory character-
istics of Flor de Guia cheese are affected by the percent-
ages of sheep's milk that the producer intends to use as
the raw material for his cheeses, as this will influence
the speed of curd formation after the addition of thistle
extract as a coagulant. Unfortunately, the samples from
the different cheeses produced were not evaluated for
sensory characteristics. This may be considered in a fu-
ture study.

Ordiales et al. (14) observed that a high coagulant
activity of the thistle extract after 24 hours of maceration
improved the creaminess, viscosity and acceptability
in Torta del Casar cheeses, such that the best thistles
for the production of these cheeses would be those of
greater coagulation activity. This seems to indicate that
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incluindo as percentagens (de leite) abrangidas pela
DOP do queijo Flor de Guia.

Com base na exploracdo grafica destes dados, foi
proposto um modelo linear para a variavel "tempo de
coagulagdo", dependendo da percentagem de leite de
ovelha utilizada, com correccéo para a concentracdo de
100% de leite de ovelha.

O modelo selecionado (melhor regressao de subcon-
junto e BIC) tem a forma:

Tempo de coagulagdo =
BO + B1-%0velha + B2- (%6O0velha=100) + e

sendo /(%0Ovelha=100) 1 ou 0 de acordo com %Ovelha
=100 ou nio e e o termo do erro.

O termo B1 reflecte a mudancga esperada nos tempos de
coagulagdo, de modo que, para cada unidade que au-
menta a concentracdo de leite de ovelha, o tempo es-
perado de coagulacdo diminui significativamente em
0,05 minutos.

A qualidade do ajuste ¢ dada pelo coeficiente ajustado
R?, que com 63,6% indica que nessa percentagem o
modelo explica a variabilidade dos dados (Figura 3).

A medida que a concentragio de leite de ovelha aumen-
ta, o tempo de coagulacdo diminui linearmente com
um efeito inexplicavel que ocorre para 100% de leite
de ovelha. A auséncia de leite de outras espécies pode
explicar um atraso no tempo de coagulacao.

Os valores observados para os tempos de coagulacdo
nas diferentes misturas vs. os previstos pelo modelo sao
mostrados na Figura 4.

A previsdo do modelo foi observada como bastante boa,
pois os valores previstos pelo modelo tém alta con-
cordancia com os observados.

Os dados mostram que existe uma acelerag@o da coagu-
lagdo pelo extracto de cardo vegetal, pois a percenta-
gem de ovelha aumenta nas misturas de leite considera-
das aceitaveis pela DOP do queijo Flor de Guia.
Portanto, pode-se supor que as caracteristicas sensoriais
do queijo Flor de Guia sejam afectadas pelas percenta-
gens de leite de ovelha que o produtor pretende usar
como matéria-prima para 0s seus queijos, uma vez que
isso influenciara a velocidade de formacao de coalhada
apos a adicao de extracto de cardo como coagulante.
Infelizmente, as amostras dos diferentes queijos ndo
foram avaliadas quanto as caracteristicas sensoriais.
Isso pode ser considerado num estudo futuro.

Ordiales et al. (14) observaram que uma alta actividade
coagulante do extracto de cardo apo6s 24 horas de
maceracdo melhorou a cremosidade, a viscosidade e
a aceitabilidade nos queijos Torta del Casar, de modo
que os melhores cardos para a producao desses queijos
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high percentages of sheep's milk used by cheesemakers
in the production of Flor de Guia cheese might improve
the organoleptic appreciation of these cheeses by
consumers.

However, the same authors (14) indicated that most
vegetable coagulants have a high proteolytic nature,
and this excessive activity limits their use in cheese
manufacturing, as it can lead to lower cheese yields,
bitter tastes, acids, and texture defects. Therefore, in
order not to over-accelerate the coagulation process in
Flor de Guia cheeses, it would be advisable to use high
percentages of sheep's milk, and to use thistle extracts
with moderate strength. In this way, cheeses with pleas-
ant sensory characteristics can be obtained, avoiding
the appearance of devaluing defects.

There are several factors that related the kind of this-
tle flower with milk coagulation (or clotting) activ-
ity (MCA) due to great variability in the composition,
mainly due to the degree of dryness of the thistle used.
This dependence on previous drying of flower after
harvesting (collection place, drying time, sun exposure,
year, etc). Thus, traditional drying procedures seem to
affect the flower MCA. In fact, the MCA was signifi-
cantly lower for dried flower when compared with the
non-dried flower (15). In both groups the results for
MCA showed a wide variation and this can mean that
uncontrolled utilization of thistle flower may be an un-
favourable factor for a stable cheesemaking technology
compared to the use of extracts.

The results obtained in this study also show that the ex-
clusive use of sheep's milk delays the coagulation time
of the thistle extract. This option, which is also avail-
able to cheesemakers assigned to this PDO, may be a
good decision, since it would be "a way of accelerat-
ing the maturation of cheese made with sheep's milk,
while preserving all the organoleptic properties of this
type of cheese, adding different amounts of enzymes
of C. cardunculus" (16). Nevertheless, further research
studies could address other effects such as the influence
of dry thistle, concentration, and the content of protein
fractions and microorganisms, on milk composition,
coagulation properties, and cheese-making.

Vegetable rennet in Flor de Guia cheese production
Coalho vegetal na produgdo de queijo Flor de Guia

seriam aqueles com maior actividade de coagulagao.
Isso parece indicar que altas percentagens de leite de
ovelha usado pelos queijeiros na producao do queijo
Flor de Guia podem melhorar a apreciagao organoléptica
desses queijos pelos consumidores.

No entanto, os mesmos autores (14) indicaram que a
maioria dos coagulantes vegetais t€ém uma alta na-
tureza proteolitica, e essa actividade excessiva limita
o seu uso na elaboragdo de queijos, pois pode levar a
menores rendimentos, sabor amargo, acidos e defeitos
de textura. Portanto, para ndo acelerar o processo de
coagulagdo nos queijos Flor de Guia, seria aconsel-
havel usar altas percentagens de leite de ovelha e usar
extractos de cardo com for¢a moderada. Dessa forma,
podem ser obtidos queijos com caracteristicas sensori-
ais agradaveis, evitando o aparecimento de defeitos de
desvalorizagao.

Existem varios factores que relacionam o tipo de flor de
cardo com a actividade de coagulacdo do leite (ACL),
devido a grande variabilidade na composigao, princi-
palmente devido ao grau de secagem do cardo utiliza-
do. Isso depende da secagem prévia da flor apds a col-
heita (local de colheita, tempo de secagem, exposi¢ao
ao sol, ano, etc.). Assim, os procedimentos tradicionais
de secagem parecem afectar a ACL da flor. De facto,
a ACL foi significativamente menor para flores secas
quando comparada com as flores ndo secas (15). Em
ambos os grupos, os resultados da ACL mostraram uma
grande variagdo e isso pode significar que a utiliza¢ao
descontrolada da flor de cardo pode ser um factor des-
favoravel para uma tecnologia estavel de producao de
queijo, comparado com a utilizagdo de extractos.

Os resultados obtidos neste estudo também mostram
que o uso exclusivo de leite de ovelha atrasa o tempo
de coagulagdo do extracto de cardo. Essa opcdo, tam-
bém disponivel para os queijeiros designados para esta
DOP, pode ser uma boa decisdo, pois seria "uma ma-
neira de acelerar a maturagdo do queijo produzido com
leite de ovelha, preservando todas as propriedades or-
ganolépticas desse tipo de queijo, adigdo de diferentes
quantidades de enzimas de C. cardunculus" (16). No
entanto, outros estudos poderiam abordar a pesquisa
sobre outros efeitos, como a influéncia do cardo seco,
a concentragao, o conteudo das fracgdes proteicas e os
microrganismos na composi¢do do leite, nas proprie-
dades da coagulagao e na producao de queijo.
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Abstract

Grape pomace, a by-product of winemaking, contains numerous chemical compounds with high nutritional value and
potential benefits for human health, which enable its use for product enrichment in different industries from cosmetics
to food. The aim of this study was to incorporate the grape pomace flour of the Touriga Nacional and Arinto grapes
varietals from the Alentejo region of Portugal in a recipe for salty crackers, which were submitted to sensory evaluation
by applying a hedonic test to 53 individuals. The results of the evaluation show a clear tendency of preference for the
crackers with 10% of grape pomace flour, both in the Touriga Nacional and Arinto samples, which presented the highest
result averages.

Keywords: grape pomace, salty crackers, sensory evaluation, Touriga Nacional, Arinto

Resumo

O bagago deuva € o subproduto da vinificagdo que apresenta na sua constitui¢do diversos compostos quimicos com elevado
valor nutritivo e potenciais beneficios para a satide humana, o que viabiliza a sua utilizacdo em diferentes industrias desde
a cosmética a alimentar, através do enriquecimento dos produtos. Este estudo teve assim como objetivo a incorporagido
de farinhas de bagaco da uva, resultantes da vinificagdo, das castas Touriga Nacional e Arinto, provenientes da regido
portuguesa do Alentejo, numa receita de bolachas salgadas, as quais foram submetidas a avaliagdo sensorial aplicando
um teste hedonico a 53 individuos. Os resultados da avaliacdo sensorial revelam uma clara tendéncia de preferéncia pelas
bolachas com incorporagdo de 10% de farinha de bagago, tanto na amostra contendo Touriga Nacional como na amostra
contendo Arinto, na medida em que foram as que apresentaram os parametros mais elevados.

Palavras-chave: bagaco de uva, bolachas salgadas, avaliagdo sensorial, Touriga Nacional, Arinto
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Introduction

In Portugal the wine industry is one of the main indus-
tries, not only in terms of production (6.1 million hecto-
litres of wine in 2018) but also in terms of trade balance
(8,041,480 € of exports), making Portugal the eleventh
largest wine producer in the world (1).

However, the industrial production of wine generates
a large volume of waste which, according to the
International Wine Organization (2), corresponds to
25% of the weight of the grape. Thus, the annual wine
production in Portugal creates around 200 kilotons/
year of winemaking residue, which is called grape
pomace (3). Regulation (EC) 1493/1999 defines the
grape pomace as the residue resulting from the pressing
of fresh grapes, whether fermented or not during the
winemaking process, constituted of stalks, stems, films,
and grains. Depending on the grape pomace variety and
the method used in winemaking, a red/fermented grape
pomace or a sweet/fresh grape pomace can be obtained.
In the production of white wines, the resulting sweet/
fresh grape pomace does not ferment along with the
must and thus the wine has low alcohol content and
high sugar content. Conversely, red/fermented grape
pomace ferments together with the must to produce a
wine with higher alcohol and lower sugar content (3).
After winemaking, the waste produced can be used as
fertilizer, as a raw material for the production of spirits
and of tartaric acid, or disposed of in landfills, the latter
being the least sustainable and with equally negative
environmental consequences (4-6).

Given the growing interest in environmental
preservation and in view of the economic value
generated by this industry, the sustainable use of these
wastes is imperative. Based on several studies, which
highlight various components of great relevance from
a nutritional point of view, grape pomace may, from
this perspective, be used for human consumption.
In this sense, after drying and grinding, the resulting
by-products may give rise to a grape pomace flour
rich in fibre, proteins, polyphenols, and antioxidant
compounds (7-9).

Therefore, in this study this residue is proposed to be
used in a sustainable, economical, environmentally, and
socially advantageous manner through the incorpora-
tion of grape pomace flour into food for human con-
sumption, namely salty crackers. In this way, conven-
tional wheat flour is replaced by grape pomace flour,
at percentages of 5% and 10% (w/w), to nutritionally
enrich the food. The resulting different crackers were
then subjected to sensory evaluation with untrained
tasters (10).
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Introducao

Em Portugal a indUstria vitivinicola ¢ das principais
industrias, ndo s6 em termos produtivos (6,1 milhdes
de hectolitros de vinho em 2018), como em termos de
balango comercial (8.041.480 € em exportagdes), dados
que fazem de Portugal o décimo primeiro produtor
mundial de vinho (1).

A producdo industrial de vinho gera contudo, um
grande volume de residuos que, segundo a Organizagao
Internacional de Vinho (2), correspondem a 25% do
peso da uva. Deste modo, a produ¢do anual de vinho
em Portugal origina, cerca de 200kilotoneladas/ano de
residuo da vinificacdo, o qual se designa por bagago de
uva (3). No Regulamento (CE) 1493/1999 estabelece-
se como bagaco, o residuo resultante da prensagem das
uvas frescas, fermentado ou ndo, durante o processo
de producdo de vinho, constituido por engagos,
pedunculos, peliculas e grainhas. Dependendo da casta
e do método utilizado na vinificagdo, pode obter-se um
bagago tinto/fermentado ou um bagago doce/fresco.
Por um lado, na produgdo de vinhos brancos o bagago
resultante doce/fresco, ndo fermenta juntamente com o
mosto e por isso o bagago apresenta um baixo teor de
alcool e elevado teor de agticar. Por outro lado, o bagago
tinto/fermentado, fermenta em conjunto com o mosto
dando origem a um bagago com um teor de alcool mais
elevado e menor teor de agucar (3). Apos a vinificagao,
os residuos produzidos podem ser utilizados como
fertilizantes, matéria-prima na producdo de aguardentes
e producdo de acido tartarico ou serem descartados em
aterros, este ultimo exemplo é ndo s6 menos sustentavel
e com consequéncias ambientais igualmente negativas
(4-6).

Dado o crescente interesse na preservacdo ambiental e
tendo também em vista o valor econdmico gerado por
esta industria, ¢ imperativo o uso sustentavel destes
residuos. Tendo por base diversos estudos, onde se
realcam varios componentes de grande relevancia
do pondo de vista nutricional, o bagaco pode, nesta
perspetiva, vir a ser utilizado na alimentagdo humana.
Neste sentido, apds secagem ¢ moagem, a farinha de
bagago de uva resultantes da origem a uma, rica em
fibras, proteinas, polifendis e compostos antioxidantes
(7-9).

Assim, na sequéncia de diversas pesquisas que foram
levadas a cabo, ¢ proposto neste estudo a utilizagdo
deste residuo de forma sustentavel, econéomica, ambi-
ental e socialmente vantajosa através da incorporagao
da farinha de bagago de uva num alimento para consu-
mo humano, nomeadamente bolachas salgadas. Desta
forma, substitui-se a farinha de trigo convencional pela



With the aim to assess the acceptability of the salty
crackers, a preliminary sensory evaluation was used, as
there are important advantages in the use of these tests
with regard to the perception of the most relevant qual-
ity attributes for consumer acceptability. These tests
are therefore universally used in order to determine the
global preferences of consumers (11).

Material and Methods

Biological samples

Grape pomace samples of the Arinto and Touriga
Nacional varieties were supplied by Adega Cooperativa
Carmim, in Reguengos de Monsaraz, Alentejo, Portugal,
corresponding to a white and red grape, respectively.

Cracker preparation

The formulation used in this study was produced ac-
cording to a previously developed recipe (12). This
recipe was used to prepare salty crackers without grape
pomace flour, which were used as a control in this
study, and was also used to produce the four other salty
crackers containing grape pomace flour. All ingredients
used are shown in Table 1.

Four different formulations were prepared with
incorporation of grape pomace: cracker with 5%
incorporation of Arinto variety flour (Arinto 5%);
cracker with 10% incorporation of Arinto variety flour
(Arinto 10%); cracker with 5% incorporation of Touriga
Nacional variety flour (Touriga Nacional 5%); and
cracker with 10% incorporation of Touriga Nacional
variety flour (Touriga Nacional 10%) (Table 1).
Ingredients used included T55 Extra fine wheat flour
(Nacional), refined white sugar (Sidul), fine table salt
(Continente), sunflower oil (Fula), sodium bicarbonate
(Royal), distilled water, and grape pomace flour.

To begin, all ingredients were added and mixed in a
food processor (Bimby, Vorwerk), at position 4, for 2
min, to form a homogeneous dough. The dough was
subsequently flattened in a manual rolling mill (Atlas,
Marcato) at positions 2, 4, and 6. This step was repeated
three times for each position. Then the dough was cut
into a rectangular shape (2.5 cm x 2 cm) and allow to
rest for 10 min, followed by baking in an electric oven
(Arianna) at 160° C for 15 min. Finally, the crackers
were dried at 60° C for 30 min. The procedure used is
described in Figure 1.

Sensory analysis of crackers with grape pomace flour
Avaliagdo sensorial de bolachas de farinha de bagago de uva

farinha de bagago de uva, numa percentagem de 5% e
10% (m/m), de modo a enriquecer nutricionalmente o
alimento. As diferentes bolachas salgadas resultantes,
foram de seguida submetidas a uma avalia¢do sensorial
preliminar com participantes provadores nao treinados
(10).

Com vista a avaliar a aceitabilidade dos alimentos
confecionados, recorreu-se a uma avaliagdo sensorial,
visto existirem importantes vantagens na utilizacao
destes testes no que concerne a percecao de atributos de
qualidade mais relevantes para a posterior aceitagdo por
parte do consumidor. Estes testes sdo por isso univer-
salmente usados de modo a determinar as preferéncias
globais dos consumidores (11).

Materiais e Métodos

Amostras biologicas

As amostras de bagaco de uva das variedades de Arinto
e Touriga Nacional foram fornecidas pela Adega
Cooperativa Carmim, em Reguengos de Monsaraz,
Alentejo, correspondendo a uma casta branca e uma
tinta, respetivamente.

Preparagdo das bolachas

A formulagdo utilizada foi produzida de acordo com
uma receita previamente desenvolvida (12). A receita
original, sem farinha de bagaco de uva, foi usada como
controlo, e para produzir as formulagdes contendo farin-
ha de bagago de uva. Todos os ingredientes constam na
Tabela 1. Foram preparadas quatro formulagdes, com
diferentes incorporagdes de farinha de bagaco da uva:
bolacha com 5% de incorporagdo de farinha da casta
Arinto (Arinto5%); bolacha com 10% de incorporacao
de farinha da casta Arinto (Arinto10%); bolacha com
5% de incorporagdo de farinha de bagago da casta de
Touriga Nacional (Touriga 5%); e bolacha com 10% de
incorporagdo de farinha de bagaco da casta de Touriga
Nacional (Touriga 10%) (Tabela 1).

Os ingredientes utilizados incluiram: farinha de tri-
go T55 extrafina (Nacional), agucar branco refinado
(Sidul), sal fino de mesa (Continente), 6leo de girassol
(Fula), bicarbonato de sodio, (Royal), agua destilada e
farinha de bagaco de uva.

Inicialmente todos os ingredientes foram adicionados
e misturados num processador de alimentos (Bimby,
Vorwerk), na posicdo 4, durante 2 min, para a formagao
de uma massa homogénea. Esta foi posteriormente
moldada na laminadora manual (Atlas, Marcato) nas
posicdes 2, 4 e 6. Repetiu-se esta etapa trés vezes para
cada posicdo. De seguida, a massa foi cortada em for-
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Table 1 - Formulation of salty crackers ingredients
Tabela 1 - Ingredientes da formulagdo das bolachas salgadas

5% 10%
Ingredients / Control / . .
] Incorporation / Incorporation /
Ingredientes Controlo N .
Incorporacio Incorporacio

Quantity / Quantidade (g)

Wheat flour 91.00 £ 0.01 83.50 £ 0.01 76.00 £ 0.01
Farinha de Trigo

"
W ’lte sugar 1.50 +0.01 1.50 +0.01 1.50 £0.01
Actcar branco
Fine salt

e sa 1.50 £ 0.01 1.50 +0.01 1.50 £ 0.01
Sal fino
Baking poder 2.25+0.01 2.25+0.01 2.25+0.01
Fermento quimico
Sunflower oil 11.25+0.01 11.25+0.01 11.25 +0.01
Oleo de girassol
Destilled Water 4250£001  42.500.01 4250 0.01
Agua destilada
Grape pomace flour ) 750+ 0.01 15.00 + 0.01

Farinha de bagaco de uva

Weighing/Pesagem  ——> Mixing/Mistura —— Rolling Flat/Laminagéo

\4
Mass Resting/Repouso Baking/Cozedura
modulation/Moldagem z (10 min) > (160 °C, 15 min)
\%
Drying/Secagem

(60 °C, 30 min)

Figure 1 Preparation of salty crackers with incorporation of grape pomace flour
Figura 1 - Preparacgdo de bolachas salgadas com incorporacao de farinha de bagaco
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Table 2 - Hedonic and purchase scales
Tabela 2 - Escalas hedonica e compra

Hedonic / Hedonica

Purchase / Compra

Very pleasant / Muito agradavel
Pleasant / Agradavel

Indifferent / Indiferente
Unpleasant / Desagradavel

~ N W AN W

Very unpleasant / Muito desagradavel

Sensory evaluation

The use of trained tasting panels is more typical for
conducting descriptive testing, and the use of untrained
panels may be suitable for the technique of free-choice
profiling (13,14). In this study, a preliminary sensory
evaluation was made. A group of 53 untrained individu-
als, mainly researchers and students, voluntarily joined
the evaluation, which included tasting of the salty
crackers and a survey.

Although the frequency scale most used is the nine-
point scale by Meilgaard (13), the 5-point scale pro-
posed by Moskowitz (14) proved to be more appropri-
ate (15). The attributes evaluated in this evaluation were
colour, aroma, flavour, texture, and overall impression,
using a 5-point hedonic scale (Table 2). The intention to
purchase was also parameterized according to a 5-point
scale, shown in Table 2.

At the end of the survey, the participants choose that
which they “best like” and the one they “least like”
among all of the crackers.

Statistical analysis

Data are presented either as means and standard de-
viation (SD) for continuous variables or numbers and
percentages for dichotomous variables. The distribu-
tion of the selected characteristics between groups
was compared using y2 tests for categorical variables
or Student’s t-tests or analysis of variance (ANOVA),
as appropriate, for continuous variables. All statistical
tests were two-tailed, and the significance level was set
at p <0.05. All analyses were performed using the SPSS
software version 26.0 (SPSS Inc, Chicago, IL).

Certainly buy / Compraria de certeza

Would probably buy / Provavelmente compraria

Don’t know if I would buy / Nao sei se compraria
Probably wouldn’t buy / Provavelmente ndo compraria

Certainly wouldn't buy / Nao compraria de certeza

ma retangular (2,5 cm % 2 ¢cm) e repousou por 10 min,
seguindo para a cozedura no forno elétrico (Arianna), a
160 °C durante 15 min. Por fim, procedeu-se a secagem
na estufa a 60 °C (Arianna), durante 30 min. O procedi-
mento utilizado encontra-se descrito na Figura 1.

Avaliacdo sensorial

A utilizagdo de painéis de provadores treinados ¢ mais
usual para conduzir testes do tipo descritivo e o uso de
painéis nao treinados, mais apropriados para a técnica
de perfil de escolha-livre (13-14). Neste estudo foi re-
alizado um estudo preliminar de avaliagdo sensorial
com um grupo de 53 individuos ndo treinados, sobr-
etudo investigadores e estudantes que aderiram volun-
tariamente a avaliacdo sensorial que incluiu a prova das
bolachas e preenchimento de um inquérito.

Embora a escala de frequéncia mais utilizada seja a es-
cala de nove pontos de Meilgaard (13) esta foi substitui-
da pela escala de 5 pontos proposta por Moskowitz (15)
que mostrou ser mais adequada (11). Os atributos avali-
ados nesta avaliagdo sensorial foram cor, aroma, sabor,
textura e impressdo global, recorrendo a uma escala
hedonica de 5-pontos (Tabela 2). A inteng¢do de compra
foi igualmente parametrizada segundo uma escala com
5-pontos, que consta na Tabela 2. No final do inquérito
foi solicitado aos participantes que escolhessem entre
todas as bolachas avaliadas a que “gostei mais” ¢ a que
“gostei menos”.

Analise estatistica

Os dados sdo apresentados como médias e desvio pa-
drdo (DP) para variaveis continuas ou nimeros e per-
centagens para variaveis dicotomicas. Comparamos a
distribuicdo das caracteristicas selecionadas entre os
grupos usando testes de Pearson 2 para variaveis cat-
egoricas ou testes t de Student ou analise de variancia
(ANOVA), conforme apropriado, para variaveis con-
tinuas. Todos os testes estatisticos foram bicaudais e o
nivel de significancia foi estabelecido em p <0,05. To-
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Results and Discussion

The participants in the present analyses included 53 in-
dividuals, of which 71.70% were females from 19 to 83
years old, and 28.30% were males from 14 to 72 years
old. Mean age according to gender is shown in Table 3.
Grape pomace crackers feature an attractive look and
colour characteristic of wine products, particularly in
the case of Touriga Nacional. The coloration depends
on the type of grape pomace variety used, with violet
tones in the case of Touriga Nacional and brown tones
in the case of Arinto. These features can be observed in
Figure 2.

According to the results observed in Table 4 regarding
the sensorial analysis of the different types of crackers,
the Arinto 10% cracker clearly had the highest score of
colour, flavour, texture, global appreciation, and pur-
chase intention, compared to the rest of the crackers
with different incorporation and/or variety. However,
none of these results were statistically significant, and
this may be due to the small sample included.

The results regarding the sensory parameters evaluated
are shown in Figure 3, and the results obtained in rela-
tion to purchasing intention are shown in Figure 4.

das as analises foram realizadas utilizando o software
SPSS versao 26.0 (SPSS Inc, Chicago, IL).

Resultados e Discussio

Os participantes neste estudo incluiram 53 individuos,
sendo 71,70% do sexo feminino, de 19 a 83 anos, ¢
28,30% do sexo masculino, de 14 a 72 anos. A média
de idade de acordo com o sexo pode ser observada na
Tabela 3.

As bolachas de bagago de uva apresentam uma aparén-
cia atraente e caracteristica da cor dos produtos vitiv-
inicolas que lhe deram origem, em especial a de bagago
de Touriga Nacional. A coloragdo depende da casta de
bagaco de uva utilizada, com tons violetas no caso da
Touriga Nacional e tons marrons no caso da Arinto. To-
dos esses resultados podem ser observados na Figura 2.
De acordo com os resultados observados na Tabela 4
em relagdo a avaliagdo sensorial dos diferentes tipos de
bolachas, fica claro que as de 10% da Arinto sdo as que
apresentam maior pontuagao de cor, sabor, textura, val-
orizacao global e intengdo de compra, comparados para
o resto das bolachas com incorporagdo e/ou variedade
diferentes. No entanto, nenhum desses resultados foi
estatisticamente significativo, o que pode ser devido a
pequena amostra estudada.

A Figura 3 apresenta os resultados referentes aos

Figure 2 - Control cracker, without incorporation of grape pomace, (A); crackers with flour incorporation of
the Touriga Nacional 5% (B) and 10% (C), crackers with flour incorporation of the Arinto 5% (D) and 10% (E).
Figura 2 - Bolacha controlo, sem incorporagdo de bagaco, (A); bolachas com incorporagdo de farinha da casta
Touriga Nacional 5% (B) e 10% (C), bolachas com incorporacao de farinha da casta Arinto 5% (D) e 10% (E)
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Table 3 - Mean age according to gender. Age expressed as means (standand deviation/SD). *p
values for comparisons between groups were tested by Student’s t-test
Tabela 3 - Idade expressa em média (desvio padrao/DP). *Valores P para comparagdes entre
grupos foram testados mediante teste t de Student.

All population / Men / Women /
- p-value*/
Populacio tot. Homem Mulher Valores P*
(n=53) (n=15) (n=38) arores
Age/ idade,
ge’ 1dade 43.96 (13.08)  44.07(14.76)  43.92 (12.57) 0.971

years/ anos

Sensory evaluation / Avaliagdo sensorial

Color/Cor
5.00

4.00

AN

=== Touriga Nacional 10%
Touriga Nacional 5%

Arinto 10%

Global \ Arinto 5%
appreciation/ . Smell/Aroma
Apreciagdo Global *
Texture/Textura Taste/Sabor

Figure 3 - Responses obtained from the participants (n = 53) in the sensory evaluation for 5% and 10%

Touriga Nacional salty crackers, and 5% and 10% Arinto. 1 - “very unpleasant,” 2 -

"unpleasant," 3 -

“indifferent,” 4 - "pleasant," 5 - "very pleasant"
Figura 3 - Respostas obtidas do painel de participantes (n = 53), para bolachas salgadas de Touriga

Nacional 5% e 10%, e Arinto 5% e 10%. 1

4 - “agradavel,” 5 -

According to the results in Figure 3, the most appre-
ciated crackers were 10% Arinto, with average overall
values of 4.32 in colour, 3.72 in aroma, 4.32 in flavour
and 3.92 in texture. The Touriga Nacional 10% cracker
was the second most appreciated, with average values
of 3.87 in colour, 3.73 in aroma, 4.03 in flavour and
3.67 in texture. The lower incorporation levels were
less accepted, with the Arinto 5% having the worst at-
tributes, with a global average value of 4.10 for colour,
3.43 for aroma, 2.29 for flavour and 3.14 for the texture.
The Touriga Nacional 5% registered 3.52 for colour,
3.52 for flavour, 3.66 for flavour, and 3.17 for texture.

The “like best” and “like least” choice for the four
crackers are presented in Table 5. The individuals
included in the analysis reported that the cracker that
they “best like” was the Touriga 10% with 39.60% of
the total evaluation and the cracker that they “least
like” was the Touriga 5% with 41.50%. It is important

- “muito desagradavel,” 2 -
"muito agradavel"

“desagradavel,” 3 - “indiferente,”

parametros sensoriais avaliados e a Figura 4 os
resultados obtidos em relagao a intengdo de compra.

De acordo com os resultados da figura 3, as bolachas
mais apreciadas foram as de 10% Arinto, com valores
gerais médios de 4,32 em cores, 3,72 em aroma, 4,32 em
sabor e 3,92 em textura. As de 10% Touriga Nacional
com valores médios de 3,87 em cores, 3,73 em aroma,
4,03 em sabor e 3,67 em textura foram os segundos
mais apreciados. Os niveis de incorporacdo menor
foram menos aceites, sendo o Arinto 5% a formula com
os piores atributos, com valor médio global de 4,10
para cor, 3,43 para aroma, 2,29 para sabor e 3,14. paraa
textura. A Touriga Nacional 5% registou 3,52 para cor;
3,52 para sabor, 3,66 para sabor e 3,17 para textura.

A escolha da bolacha que “gostei mais™ e da que “gostei
menos” estd apresentada na Tabela 5. Os individuos
incluidos na andlise escolheram que a bolacha “Touriga
10%” com 39,60% da avaliacdo total como a que
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Purchase intention/Intencdo de compra

100%
90%

80%
70%
60%
50%
40%
30%
20%

10%
0%
Touriga Nacional 10%

Percentage/Percentagem

Touriga Nacional 5%

Would certainly buy/Certamente compraria

B Not sure/ndo tenho a certeza

B Would probably buy/Provavelmente compraria

Probably wouldn't buy/Provavelmente ndo compraria
W Certainly wouldn't buy/certamente ndo compraria

Arinto 10%

Arinto 5%

Figure 4 - Responses obtained from the tasters (n = 53) in the sensory evaluation in relation to purchasing
intention, for 5% and 10% Touriga Nacional salty crackers, and 5% and 10% Arinto crackers
Figura 4 - Resultados obtidos na avaliagdao sensorial (n = 53) em relagdo a intengdo de compra, para

bolachas salgadas de Touriga Nacional 5% e 10% e Arinto 5 e 10%

Control / Touriga Touriga . o . o "
Controlo Nacional 10% Nacional 5% An(r:ltzozg % Ar(l::z) IS)A) Ifa;:;l;e P/ "
(n=41) (n=30) (n=29)
Colour / Cor 3.46 (0.75) 3.87(0.78) 3.52(0.57) 4.32 (0.69) 4.10(0.83) 0.097
Flavour / Aroma 3.17 (0,70) 3.73(0.83) 3.52(0.63) 3.72 (0.84) 3.43 (0.60) 0.153
Taste / Sabor 3.15(0.79) 4.03 (0.81) 3.66 (0.72) 4.36 (0.64) 3.29(0.72) 0.168
Texture / Textura 2.95(1.02) 3.67 (1.09) 3.17 (0.85) 3.92(0.95) 3.14 (1.20) 0.172
Global appreciation /
Apreciacio global 3.07 (0.85) 3.97(0.89) 3.59(0.73) 4.32 (0.56) 3.43(0.75) 0.089
Purchase intention /) ¢ | |, 3.87 (0.94) 3.34(1.11) 4.32(0.69) 3.00 (1.18) 0.074

Intencio de compra

Table 4 - Sensory evaluation according the diferent incorporation and varities. Data expressed as means (SD).
*p-values for comparisons between groups were tested by Pearson y2. Score: Color, Aroma, Flavor, Texture,
Global impression=1-Very unpleasant, 2-Unpleasant, 3-Indifferent, 4-Pleasant, 5-Very pleasant; Purchase
intention=1-Certainly wouldn't buy, 2-Probably wouldn't buy, 3-Don't know if [ would buy, 4-Would probably

buy, 5-Ceratainly buy.

Tabela 4 - Analise sensorial de acordo as diferentes incorporagdes e castas. Dados expressos em médias (SD).
*Valores P para comparagdes entre grupos foram testados mediante Pearson y2. Pontuacdo: Cor, Aroma,
Sabor, Textura, Impressao global=1-Muito desagradavel, 2-Desagradavel, 3-Indiferente, 4-Agradavél,
5-Muito agradavel; Intencdo de compra=1-Nao compraria de certeza, 2-Provavelmente ndo compraria, 3-Nao

sei se compraria, 4-Provavelmente compraria, 5- Compraria de certeza.
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Table 5 - Best and least liked crackers choice results. Data expressed as percentage (n). *p-values for comparisons
between groups were tested by Pearson y2
Tabela 5 - Resultados da escolha da bolacha que mais e menos gostaram. Dados expressos como percentagem
(n). *Valores P para comparagdes entre grupos foram testados mediante Pearson y2

Touriga Touriga . o . o p-value* /

Nacional 10% Nacional 5% Arinto 10% Arinto 5% Valores P*
Best "kfng‘;;te‘ mais 39.60 (21) 9.40 (5) 34.0 (18) 7.50 (4) 0.864
Least hke( Iﬁ j‘;tel menos 13.20 (7) 41.50 (22) 5.70 3) 30.20 (16) 0.732

to remind that these results are different from those
observed in Table 4, where Arinto 10% obtained the
highest score in most of the parameters because more
individuals were tasting Touriga crackers than Arinto
crackers. Nevertheless, these differences can also be
explained by the fact that the individual may behave
differently when faced with a sensory evaluation with
several attributes and with a hedonic scale of several
points or when an emotional response of like or dislike
is requested (16).

Conclusion

This preliminary evaluation made it possible to under-
stand a possible trend in the national market related to
different incorporations of grape pomace flour of the
Touriga Nacional and Arinto varietals in salty crack-
ers. The results show a greater preference in terms of
the parameters evaluated (colour, flavour, texture, pur-
chase intention, and global appreciation) for crackers
with the incorporation of 10% flour in both varieties.
Considering the appreciation of the participants, the
results indicated that the use of these residues has po-
tential for use as an ingredient in food enrichment since
the most accepted and most appreciated crackers were
those with the highest percentage of grape pomace flour
incorporation. Therefore, it would be interesting to in-
crease the percentage of incorporation of this ingredient
in the future, with a view to promoting an increase in
the nutritional value of products for human consump-
tion. Similar studies involving the incorporation of this
type of flour from different grape varietals and food
matrices also showed a high level of high acceptance
(17,18), although Acun and Giil (19) have emphasized
that foods with more than 10% incorporation of grape
pomace flour have decreasing acceptance. Based on the
description of the different matrices previously studied
and this preliminary study, we consider, with a view to

“gostei mais” e “Touriga 5%” como a que “gostei
menos” com 41,50%. E importante ressaltar que esses
resultados sdo diferentes dos observados na Tabela 4,
onde o "Arinto 10%" obteve a pontuagdo mais alta na
maioria dos pardmetros, ndo s6 porque houve mais
pessoas provando bolachas Touriga do que bolachas
Arinto, mas também porque, quando ¢ solicitada uma
resposta emocional do tipo “gosto” ou “ndo gosto”,
o individuo pode comportar-se de maneira diferente
quando confrontado com uma avaliagao sensorial com
varios atributos e com uma escala hedonica de varios
pontos (16).

Conclusao

A avaliag@o preliminar realizada permite compreender
uma possivel tendéncia do mercado nacional relacionada
com diferentes incorporagdes de farinha de bagaco
de uva das variedades Touriga Nacional ¢ Arinto em
biscoitos salgados. Os resultados mostram uma maior
preferéncia em termos dos parametros avaliados (cor,
sabor, textura, intencao de compra e valorizacao global)
pelos biscoitos com incorporagdo de 10% de farinha
em ambas as variedades. Considerando a apreciacdo do
participante, os resultados indicaram que a utiliza¢do
destes residuos apresenta potencial para uso como
ingrediente no enriquecimento de alimentos, uma vez
que, os biscoitos mais aceitos e mais apreciados foram
aqueles com maior percentagem de incorporacdo de
farinha de bagago de uva. Seria, portanto, interessante
aumentar a percentagem de incorporagdo no futuro,
com vistas a promover o aumento do valor nutricional
deste potencial ingrediente para o consumo humano,
uma vez que outros estudos semelhantes, realizados
com a incorporagdo deste tipo de farinha, mas com
diferentes variedades e matrizes alimentares, mostraram
também um elevado nivel alto nivel de aceitagdo
(17,18), embora Acun e Giil (19) tenham enfatizam que
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consolidating the results obtained, the realization of a
new study with incorporation greater than 10%, with
a significantly larger number of participants, and with
groups of trained tasters.
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alimentos com incorpora¢ao de farinha de bagaco de
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A 53-year-old businesswoman, who has constant heart-
burn complaints, especially after meals. She was sent to
the Nutrition Consultation by the general practitioner
for gastroesophageal reflux, who medicated her with
the antacid Maalox.

Anthropometric evaluation

Weight: 76.7 kg

Height: 160 cm

BMI: 29.96 kg/m2

Waist circumference: 86 cm

Assessment of body composition (TANITA BC-545N)
Body fat: 42.8 %
Total body water: 42 %

Analytical Parameters:

Hematology

Leukocytes: 5.6x10%/L (4.0-10.0)
Erythrocytes: 4.9x10'%/L (3.9-5.2)
Hemoglobin: 15.4 g/dL (12.0-16.0)
Hematocrit: 44.4% (34.7-46.0)

Glycated hemoglobin (A1C): 4.7% (4.0-6.0)

Biochemistry

Glucose: 75 mg/dL (50-100)

Urea: 38 mg/dL (< 50)

Creatinine: 0.68 mg/dL (up to 1.20)
Uric acid: 4.4 mg/dL (2.4-6.0)

Total cholesterol: 165 mg/dL (< 200)
HDL cholesterol: 76 mg/dL (> 59)
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Uma empresaria de 53 anos de idade, com queixas con-
stantes de azia, principalmente apds as refeigdes. Ela
foi encaminhada a Consulta de Nutri¢do pelo clinico
geral devido a refluxo gastroesofagico, que lhe medicou
o antiacido Maalox.

Avaliacdo antropométrica

Peso: 76,7 kg

Altura: 160 cm

IMC: 29,96 kg / m2
Circunferéncia da cintura: 86 cm

Avaliacao da composigao corporal (TANITA BC-545N)
Gordura corporal: 42,8%
Agua corporal total: 42,0%

Parametros analiticos:

Hematologia

Leucocitos: 5,6x10° / L (4,0-10,0)
Eritrécitos: 4,9x10'2 /L (3,9-5,2)
Hemoglobina: 15,4 g/ dL (12,0-16,0)
Hematocrito: 44,4% (34,7-46,0)
Hemoglobina glicada (A1C): 4,7% (4,0-6,0)

Bioguimica

Glicose: 75 mg / dL (50-100)

Ureia: 38 mg / dL (<50)

Creatinina: 0,68 mg / dL (até 1,20)
Acido urico: 4,4 mg / dL (2,4-6,0)
Colesterol total: 165 mg / dL (<200)
Colesterol HDL: 76 mg / dL (> 59)

44



LDL cholesterol: 90 mg/dL (up to 130)
Triglycerides: 47 mg/dL (up to 150)

Alanine Aminotransferase: 48 U/L (up to 45)
Aspartate Aminotransferase: 43 U/L (up to 32)
Gama Glutamyltransferase: 15 U/L (up to 42)
Iron: 113 pg/dL (60-170)

Endocrinology

Thyroid Function:
Free T4: 0.9 ng/dL (0.7-1.8)
TSH: 2.3 mUI/L (0.4-4.2)

Anemia

Ferritin: 56.6 pg/L (50.0-200.0)
Folic Acid: 14.4 ug/L (> 4.5)
Vitamin B12: 639 ng/L (> 200)

Clinical evaluation:

Medication (symptomatic):
Maalox antacid

Intestinal transit: regular

Eating habits:

Wake up: 7:00 a.m.

Breakfast: black tea and toast with honey and walnuts
During morning: 1 espresso coffee with 1 packet of
sugar

Lunch: 12:30 p.m.

Dish: Half a plate of white rice or pasta or 2 potatoes +
meat or fish (140 g) + cooked vegetables (30g)

Drink red wine (250 ml)

After lunch: 1 espresso coffee with 1 packet of sugar

During afternoon:1 orange

Dinner: 7:30 p.m.

Identical to lunch

Between dinner and bedtime: 2 oatmeal biscuits
Water consumed: about 2 L per day

Environment, behavior and social:

Sedentary and without will power to initiate physical
activity. She has the habit of going out for dinner two
to three times a week and, according with her opinion,
she usually eats a lot, feeling badly (heartburn) during
the night and having difficulty sleeping. She has diffi-
culty eating every three hours because of her work. She
has the habit of drinking coffee after meals and in the
morning. She does not notice which foods cause her
heartburn.

Gastroesophageal reflux (Clinical case)
Refluxo gastroesofagico (Caso clinico)

Colesterol LDL: 90 mg / dL (até 130)
Triglicerideos: 47 mg / dL (até 150)

Alanina aminotransferase: 48 U / L (até 45)
Aspartato Aminotransferase: 43 U/ L (até 32)
Gama Glutamiltransferase: 15 U/ L (até 42)
Ferro: 113 pg/ dL (60-170)

Endocrinologia

Fungdo da tirdide:
T4 livre: 0,9 ng / dL (0,7-1,8)
TSH: 2,3 mUI/ L (0,4-4,2)

Anemia

Ferritina: 56,6 ug / L (50,0-200,0)
Acido folico: 14,4 pg /L (> 4.5)
Vitamina B12: 639 ng / L (> 200)

Avaliacio clinica:

Medicacgao (sintomatica):
Antiacido Maalox

Transito intestinal: regular

Habitos alimentares:

Acordar: 7:00

Pequeno-almoco: cha preto e torradas com mel e nozes
Durante a manha: 1 café expresso com 1 pacote de agu-
car

Almoco: 12:30

Prato: Meio prato de arroz branco ou massa ou 2 batatas
+ carne ou peixe (140 g) + legumes cozidos (30g)
Bebe vinho tinto (250 ml)

Apo6s o almogo: 1 café expresso com 1 pacote de aguicar

Durante a tarde: 1 laranja

Jantar: 19:30

Idéntico ao almogo

Entre o jantar e a hora de dormir: 2 biscoitos de aveia
Agua consumida: cerca de 2 L por dia

Ambiente, comportamento e social:

Sedentario e sem for¢a de vontade para iniciar a activi-
dade fisica. Ela tem o habito de sair para jantar duas a
trés vezes por semana e, de acordo com a sua opiniao,
geralmente come muito, sentindo-se mal (azia) durante
a noite e tem dificuldade em dormir. Ela tem dificul-
dade em comer a cada trés horas por causa do trabalho.
Ela tem o habito de tomar café apos as refeicdes e pela
manha. Ela ndo percebe quais os alimentos que lhe
causam azia.
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Questions:

1. What is gastroesophageal reflux?

2. What care to take

3. What foods should be avoided?

4. What are the main symptoms?

5. What are the associated complications?
6. How serious is gastroesophageal reflux?

Answers:

1. Gastroesophageal reflux can be defined as symptoms
or complications resulting from the reflux of gastric
contents into the esophagus or beyond, into the oral
cavity (including larynx) or lung (1). It is caused by the
malfunctioning of a kind of valve, specifically, the low-
er esophageal sphincter (LES), which opens for food to
pass from the esophagus to the stomach and then closes
to retain what has been ingested as well as gastric juices
(2).

2. Eat at the latest three hours following the last meal;
Reduce the volume of food especially at night; Reduce
the number of coffees; Avoid black tea and alcohol. De-
crease the consumption of beverages during the meal.
Wait for at least half an hour before going to bed. The
pressure on the stomach caused by excess weight also
facilitates the onset of reflux (1,2). These dietary chang-
es are intended to help reduce the need for medication.
The antacid Maalox side effects that may occur in case
of prolonged use or at high doses are the phosphorus
depletion. If the patient presents chronic renal failure
there is a risk of encephalopathy due to aluminum and
intoxication by magnesium (3.4).

3. Avoid black tea and alcohol, chocolate, and acidic
foods such as broccoli, cucumber, tomato, and spicy
foods. The number of coffees should be reduced (2,5).
4. Cough, heartburn, acid regurgitation, and dysphagia
(1,5,6).

5. Erosive esophagitis, stricture, Barrett’s esophagus,
hiatal hernia, and extraesophageal symptoms (7,8,9).
6. The lack of prevention can lead to the exacerbation of
symptoms with the origination of other complications.
One factor that exacerbates the symptoms is weight
gain and having a high body mass index (BMI) (2,7,8 ).
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Questoes:

1. O que ¢ refluxo gastroesofagico?

2. Que cuidados tomar?

3. Quais os alimentos que devem ser evitados?
4. Quais sdo os principais sintomas?

5. Quais sdo as complicagdes associadas?

6. Qual a gravidade do refluxo gastroesofagico?

Respostas:

1. O refluxo gastroesofagico pode ser definido como
sintomas ou complicagdes resultantes do refluxo do
conteudo gastrico no esdéfago ou mais além, na cavi-
dade oral (incluindo laringe) ou pulméo (1). E causado
pelo mau funcionamento de uma espécie de valvula,
chamada esfincter esofagico inferior (eei): abre a pas-
sagem do alimento do es6fago para o estdmago e de-
pois fecha para reter o que foi ingerido e também os
sucos gastricos (2).

2. Comer o mais tardar trés horas apo6s a ultima refeicéo;
Reduzir o volume de alimentos, especialmente a noite;
Reduzir o nimero de cafés; Evitar cha preto e alcool.
Diminuir o consumo de bebidas durante a refeigao.
Aguardar algum tempo antes de ir para a cama, de pelo
menos meia hora. A pressao no estdbmago causada pelo
excesso de peso também facilita o aparecimento do re-
fluxo (1,2). Estas mudangas na dieta visam ajudar a re-
duzir a necessidade de medicagao.

Os efeitos secundarios do antidcido Maalox que podem
ocorrer em caso de uso prolongado ou em altas doses
sdo a deplegdo fosforada. Se o paciente apresentar in-
suficiéncia renal cronica, existe o risco de encefalopa-
tia devido ao aluminio e de intoxicag@o pelo magnésio
(3,4).

3. Evitar cha preto e alcool, chocolate, alimentos acidos
como brdcolos, pepino, tomate, alimentos condimenta-
dos e reduzir o nimero de cafés (2,5).

4. Tosse, azia, regurgitacdo acida e disfagia (1,5,6).

5. Esofagite erosiva, estenose, esofago de Barrett, hér-
nia hiatal e sintomas extraesofagicos (7,8,9).

6. A falta de prevencgdo pode levar a exacerbacdo dos
sintomas com a origem de outras complicacdes. Um
factor que agrava os sintomas ¢ o ganho de peso e o
elevado indice de massa corporal (IMC) (2,7,8).



Gastroesophageal reflux (Clinical case)
Refluxo gastroesofagico (Caso clinico)
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Abstract

Melasma is a common hyperpigmentation that can cause impairment of quality of life. Current melasma treatments
present limitations and adjuvant treatments are of great interest.. The objective of this study was to evaluate the clinical
efficacy of an oral and topical treatment based on olive extract containing hydroxytyrosol for melasma control. A pilot
clinical study was conducted with 42 women with melasma, randomized in three groups of 14 participants - control,
oral or topical, who received daily treatment containing hydroxytyrosol or placebo for 90 days. Melasma was evaluated
once a month using the melasma area and severity index (mMASI) and the melanin and erythema index. Statistical
analysis was performed using ANOVA between the groups and paired ANOVA (RM) in each group individually. The
melanin index and mMASI resulted in reduced values for oral treatment, compared to the control and topical group with
no significant difference (p> 0.05). However, oral treatment evaluated paired by time showed a significant reduction
in mMASI (p <0.0001) and melanin index (p = 0.0466) after 60 days. Finally, the treatments with olive extract based
on hydroxytyrosol showed great potential for the control of melasma or as an adjunctive to traditional dermatological
treatment.

Keywords: Hydroxytyrosol, olive extracts, depigmentation agents, clinical trial, melasma

Resumo

O melasma ¢ uma das hiperpigmentacdes adquiridas mais comuns e pode causar prejuizos na qualidade de vida. Os
tratamentos apresentam limitagdes e, portanto, tratamentos auxiliares para o controle do melasma sdo de grande interesse.
O objetivo do estudo foi avaliar a eficacia clinica de tratamentos oral e topico a base de extrato de oliva contendo
hidroxitirosol para o controle do melasma. Foi realizado um estudo clinico piloto com 42 mulheres com melasma
randomizadas em trés grupos com 14 participantes - controle, oral ou tdpico - que receberam tratamento didrio com
hidroxitirosol ou placebo por 90 dias. O melasma foi avaliado mensalmente utilizando os indices de area e gravidade do
melasma (mMASI) e de melanina e eritema. A analise estatistica foi realizada usando ANOVA entre os grupos e ANOVA
RM em cada grupo individualmente. O indice de melanina e eritema e mMASI resultaram em valores menores para o
tratamento oral comparado com os grupos controle e topico. No entanto, o tratamento oral reduziu significativamente os
valores do indice mMASI (p=0,0132) e melanina (p=0.047) ap6s 60 dias. Por fim, os tratamentos com extrato de oliva
baseado em hidroxitirosol mostraram grande potencial para o controle do melasma ou como adjuvante ao tratamento
convencional.

Palavras-chave: Hidroxitirosol, extrato de oliva, agentes despigmentantes, estudo clinico, melasma
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Introduction

Melasma is a common acquired chronic hyperpigmen-
tation affecting mostly the face, characterized by brown
patches of variable darkness. Melasma affects all racial
types with variable incidence but is more common in
women of skin phototypes Il to V and residing in areas
with high ultraviolet radiation incidence (1,2) The exact
cause of melasma is still unknown but it is considered
to have a heterogeneous pathology involving multiple
factors. Exposure to sunlight, family history, and hor-
monal alterations are the main triggering factors (3).
Although it is an aesthetical asymptomatic disorder,
melasma can cause significant psychosocial discom-
fort, impairing quality of life and leading to high thera-
peutic demand (4).

Diverse treatment options are available, including topi-
cal and oral agents, chemical peelings and laser admin-
istration. Therapy remains a challenge, however, as
results are highly variable, unpredictable, inconsistent,
and associated with frequent relapses and adverse ef-
fects (5). Topical treatment is still the main modality of
treatment for hyperpigmentation conditions, including
melasma.

Despite the multifactorial mechanism involved in the
development of melasma, inhibition of melanogenesis
by topical treatment is the main target of depigment-
ing agents. The standard depigmenting agent is hyd-
roquinone, but its safety is controversial due to cases
of exogenous ochronosis and other adverse events (6).
Therefore, alternative tyrosinase inhibitors represent-
ing safer and more effective depigmenting agents for
melasma are of great demand (7,8).

Tyrosinase is an enzyme that catalyze the first two main
steps of melanin biosynthesis, which L-tyrosine is hy-
droxylated to L- dihydroxyphenylalanine (L-DOPA)
and sequentially oxidated to dopaquinone (8, 9).
Dihydroxyphenols, such as hydroquinone and hydroxy-
tyrosol, represents a known group of antioxidant mol-
ecules that inhibit tyrosinase as competitive substrates
L- DOPA, generating enzymatic reaction products that
do not undergo the next steps of melanogenesis (8,10).
However, hydroxytyrosol has the advantage to be con-
sidered non-cytotoxic and non-mutagenic according to
experiments in animal models (11).

Hydroxytyrosol (3,4-dihydroxiphenylethanol) is the
main antioxidant phenol found in olive extracts. In vitro
studies have demonstrated it has diverse pharmacologi-
cal effects (antioxidant, anti-inflammatory, anti-cancer
and neuro-protective (12)) and could also be beneficial
to the adjunctive treatment of melasma. Hydroxytyro-
sol is a very potent antioxidant, with higher antioxi-

Oral and topical treatment of melasma with hydroxytyrosol
Tratamento oral e topico do melasma com hidroxitirosol

Introducao

Melasma é uma hiperpigmentagdo cronica adquirida
comum que afeta principalmente a face, caracterizada
por manchas marrons de escuriddo variavel. Melasma
afeta todos os tipos raciais com incidéncia variavel,
mas ¢ mais comum em mulheres, fototipos IIl a V ¢
residentes em areas com alta incidéncia de radiagdo
ultravioleta (1,2). A causa exata do melasma ainda ¢
desconhecida, mas ¢ considerada uma patologia heter-
ogénea por envolver multiplos fatores. A exposi¢do ao
sol, o historico familiar e as altera¢cdes hormonais sdo
os principais fatores desencadeantes (3).

Embora seja um distarbio estético assintomatico, o me-
lasma pode causar desconforto psicossocial significa-
tivo, prejudicando a qualidade de vida e levando a alta
demanda terapéutica (4).

Diversas opgdes de tratamento estdo disponiveis, in-
cluindo agentes topicos e orais, peelings quimicos ¢
laser. Mas a terapia continua a ser um desafio, pois os
resultados sdo altamente variaveis, imprevisiveis e in-
consistentes, associados a frequentes recaidas e efeitos
adversos (5). O tratamento topico ainda é a principal
modalidade de tratamento para condi¢des hiperpigmen-
tares, incluindo o melasma.

Apesar do mecanismo multifatorial envolvido no de-
senvolvimento do melasma, a inibigdo da melanogénese
pelo tratamento topico € o principal alvo dos agentes
despigmentantes. O agente despigmentante padrdo é a
hidroquinona, mas sua seguranca ¢ controversa devido
a casos de ocronose exdgena e outros eventos adversos
(6). A hidroquinona atua como um inibidor da tirosi-
nase; no entanto, inibidores da tirosinase mais seguros
e eficazes para atuar como agentes despigmentantes do
melasma sdo de grande demanda (7,8).

A tirosinase ¢ uma enzima que catalisa os dois primei-
ros passos principais da biossintese da melanina, cuja
L-tirosina ¢ hidroxilada em L-di-hidroxifenilalanina
(L-DOPA) e sequencialmente oxidada em dopaquinona
(8,9).

Os diidroxifenois, como hidroquinona e hidroxitiro-
sol, representam um conhecido grupo de moléculas
antioxidantes que inibem a tirosinase como substratos
competitivos a L-DOPA, gerando produtos de reagdes
enzimaticas que ndo passam pelos préximos passos da
melanogénese (8,10). Além disso, o hidroxitirosol tem
a vantagem de ser considerado ndo citotéxico ou mu-
tagénico por experimentos em modelos animais (11).
O hidroxitirosol (3,4-dihidroxifeniletanol) é o prin-
cipal fenol antioxidante encontrado nos extratos de
oliva. Estudos in vitro demonstraram diversos efeitos
farmacologicos como atividade antioxidante, antiin-
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dant activity than ascorbic acid (13), a well-known but
unstable ingredient for melasma treatment that exerts
its depigmenting action by strong antioxidant activity
(14). Another in vitro study with hydroxytyrosol report-
ed that the dose-dependent inhibition of tyrosinase was
comparable to another depigmenting agent, kojic acid
(21). In fact, hydroxytyrosol has a potent radical scav-
enging activity and can protect UV-derived oxidative
stress cytotoxicity to keratinocytes (22, 22,24).

In addition, in vitro studies have shown that hydrox-
ytyrosol has an anti-inflammatory potential to inhibit
matrix metalloproteinase-9 (MMP-9) gene expression
(16). This is one of the metalloproteins responsible for
basal membrane impairment in a microenvironment of
cutaneous photoaging (18), an attribute of melasma’s
pathology (5,6).

In this context, olive extracts containing hydroxytyro-
sol presents potential pharmacological effects as a safe
botanical dermatological alternative in topical and oral
treatment for melasma control or as an adjunctive long-
term maintenance treatment.

The aim of the study was to evaluate the clinical ef-
ficacy of an oral and topical treatment based on olive
extract containing hydroxytyrosol for melasma control.

Material and Methods

A randomized, double-blind, placebo-controlled, pilot
study was conducted with a convenience sample of
42 women for 90 days at the School of Pharmaceuti-
cal Sciences of Ribeirao Preto — Universidade de Séo
Paulo (FCFRP-USP), Ribeirao Preto - SP, Brazil. The
study protocol was previously approved by the institu-
tional Ethical Commission for Research (CEP/FCFRP
n°4346115.0.00005403). The study was performed
from January 2017 to October 2017. Informed written
consent was obtained from all subjects prior to enroll-
ment. Inclusion criteria were being women, age 30-50,
Fitzpatrick phototypes III and IV (18), presenting cent-
er-facial melasma. Patients were screened by telephone
and, if eligible, underwent a screening examination by
the investigators at the university. Non-inclusion crite-
ria were pregnancy, history of adverse reaction to cos-
metics, systemic diseases, and use of skin-whitening
treatments three months prior to inclusion in the study.
At the initial visit, a pre-structured interview was con-
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flamatoria, supressora tumoral e neuro-protetora (12,
15), e também poderiam ser benéficos ao tratamento
adjuvante do melasma. O hidroxitirosol ¢ um antioxi-
dante potente, sua atividade antioxidante ¢ mais efetiva
que o acido ascorbico (13), um ingrediente renomado,
mas instavel para o tratamento do melasma que exerce
sua acao despigmentante pela forte atividade antioxi-
dante (14). Outro estudo in vitro com hidroxitirosol
relatou que a inibigcdo da tirosinase ¢ dependente da
dose e comparavel ao acido kojico, outro ingrediente
ativo usado como agente despigmentante (21). De fato,
o hidroxitirosol tem uma atividade de eliminacdo de
radicais livres potente e pode proteger a citotoxicidade
gerada pelo estresse oxidativo derivado do UV em
queratindcitos (22,23,24).

Além disso, estudos in vitro evidenciaram que o hi-
droxitirosol tem o potencial anti-inflamatério para ini-
bir a expressdo do gene metaloproteinase de matriz-9
(MMP-9) (16). Esta ¢ uma das metaloproteinas respon-
saveis pelo comprometimento da membrana basal em
um microambiente do fotoenvelhecimento cutdneo
(17), uma caracteristica presente na patologia do me-
lasma (5,6).

Nesse contexto, o extrato de oliva contendo hidroxitiro-
sol apresentam potenciais efeitos farmacoldgicos como
uma alternativa de origem botanica segura para o trata-
mento topico e oral no controle do melasma ou como
um tratamento de manutenc¢do a longo prazo. Assim, o
objetivo do estudo foi avaliar a eficacia clinica de um
tratamento oral e topico a base de extrato de oliva con-
tendo hidroxitirosol para o controle do melasma.

Materiais e Métodos

Foi realizado um estudo clinico piloto randomizado,
duplo-cego, placebo-controlado, com uma amostra
de conveniéncia definida com 42 mulheres durante
90 dias na Faculdade de Ciéncias Farmacéuticas de
Ribeirdao Preto - Universidade de Sao Paulo (FCFRP-
USP), Ribeirao Preto - SP, Brasil. O protocolo do es-
tudo foi aprovado pelo Comité de Etica em Pesquisa
(CEP / FCFRP n°4346115.0.00005403). O estudo foi
realizado de janeiro de 2017 a outubro de 2017. O ter-
mo de consentimento livre e esclarecido foi assinado
pelas participantes antes de sua inscri¢do. Os critérios
de inclusdao foram: mulheres, idade 30-50, Fitzpatrick
Fototipos III e IV (18) apresentando melasma centro-
facial. As pacientes foram selecionadas por telefone e,
se elegiveis, foram submetidas a um exame de triagem
pelos pesquisadores da universidade. Os critérios de
ndo inclusdo foram gravidez, histdria de reagdo adversa
a cosméticos, doengas sistémicas, uso de tratamentos
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Participants recruited following the
adopted inclusion criteria

Participantes recrutadas seguindo os
critérios de inclusdo (n=60)

Non-included or excluded

participants / Participantes ndo
incluidos ou excluidos (n=18)

A 4

Randomised

Randomizadas (n=42)

CONTROL / CONTROLE

Alocated / Alocadas (n=14)

- Received the alocated
intervention / Receberam a
intervengdo alocada (n=14)

- Not receiving the alocated
intervention / Ndo receberam a
intervengdo alocada(n = 0)

- Drop out

intervention / Ndo receberam a

TOPICAL / TOPICO
Alocated / Alocadas (n=14)

- Received the alocated
intervention / Receberam a
intervengdo alocada (n=14)

- Not receiving the alocated

intervengdo alocada(n = 0)

- Drop out

I
ORAL

Alocated / Alocadas (n=14)

- Received the alocated
intervention / Receberam a
intervengdo alocada (n=14)

- Not receiving the alocated
intervention / Ndo receberam a
intervengdo alocada(n = 0)

Descontinuou estudo (n=3)

Descontinuou estudo (n=3)

- Drop out

Descontinuou estudo (n=3)

l [

- Analised / Analisadas (n=11)

- Excluded / Excluidas da
analise (n=0)

- Analised / Analisadas (n=11)

- Excluded / Excluidas da
andlise (n=0)

-Analised/ Analisadas(n=11)

- Excluded / Excluidas da
analise (n=0)

Figure 1 - Flow diagram according to CONSORT guidelines showing the flow of participants
in the trial, including dropouts
Figura 1 - Diagrama de fluxo de acordo com as diretrizes do CONSORT mostrando o fluxo
de participantes no estudo, incluindo desisténcias

ducted to obtain personal information about influencing
or exacerbating factors, including the time of onset of
the melasma, subjective factor associated to its devel-
opment, history of pregnancy, use of contraceptive pill,
sun exposure, drug history, previous treatments for me-
lasma and family history of melasma.

Figure 1 shows the flow diagram according to CON-
SORT guidelines showing the flow of participants in
the study, including dropouts.

A statistic software (19) for randomization assignment
in block design divided the subjects in three groups
with 14 participants each that received the interventions
as described:

de clareamento da pele 3 meses antes da inclusdo no
estudo.

Na visita inicial, foi realizada uma entrevista pré-estru-
turada para obter informagdes pessoais sobre fatores
que influenciam ou exacerbam a doenga, incluindo o
tempo de inicio do melasma, fator subjetivo associado
ao seu desenvolvimento, histéria de gravidez, uso de
pilula anticoncepcional, exposicdo ao sol, historico
medicamentoso, tratamentos prévios para o melasma e
historia familiar.

A Figura 1 mostra o diagrama de fluxo de acordo com
as diretrizes do CONSORT mostrando o fluxo de par-
ticipantes no estudo, incluindo desisténcias.

Um software estatistico (19) para a randomizagdo em
blocos dividiu as participantes em trés grupos com 14
participantes, que receberam as intervencgdes descritas
a seguir:
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= Control: topical vehicle formulation and oral placebo
= Topical: topical formulation containing the olive ex-
tract and oral placebo

= Oral: topical vehicle formulation and oral capsule
containing the olive extract

The topical formulation was based on an emulsion com-
posed by (INCI - International Nomenclature Cosmetic
Ingredient): Water, Carbomer, Caprylic capric triglyc-
eride, Ceteareth — 20, Cetyl Alcohol, C12-C15 Alkyl
Benzoate, Butylene Glycol, Glycerin, Dimethicone
Cyclopentasiloxane, Phenoxyethanol, Polysorbate 80,
Butylated hydroxytoluene, Dissodium EDTA. This
topical formulation was added or not (vehicle) with 1%
of olive extract, which contains 20% hydroxytyrosol
(HydrOlive®, Cobiosa, Spain). Oral supplementation
consisted of capsules containing 300 mg of olive ex-
tract containing 3% hydroxytyrosol (Oli-Ola®, Nexira
Health, France) or placebo.

Participants were advised to use the products and sun-
screen daily for 90 days. All participants used the same
sunscreen. The study was designed as a double blind
study, with neither the investigator nor the patients
aware of the treatment content.

Clinical evaluations were performed before treatment
(baseline), and 30, 60 and 90 days after the initiation
of treatment.

The subjective evaluation of melasma was obtained by
modified Melasma Area and Severity Index (mMASI)
score (20), based on high resolution images of the face
at standard positions and luminosity using Visioface
1000D equipment (Courage-Khazaka Electronic, Kdln,
Germany). The score was calculated by dividing the
face into four areas: forehead (F), right malar (RM),
left malar (LM), and chin (C), which correspond to
30%, 30%, 30%, and 10% of the total face area, re-
spectively. The melasma in each area was graded on
two variables - area and darkness - that were scored
as follows: area of involvement: 0 = absent, 1 = up to
10%, 2 = 10%-29%, 3 = 30%-49%, 4 = 50%-69%, 5 =
70%-89%, and 6 = 90%-100%; darkness: 0 = absent, 1
= slight, 2 = mild, 3 = marked, and 4 = severe. The total
score was calculated (mMASI=0.3A (f) P (f)+ 0.3A
(md) P (md)+ 0.3A (me) P (me)+ 0.1A (q) P (q)) and
ranged from 0 to 24.

The skin pigmentation evaluation was obtained through
a narrow band reflectance spectrophotometer Mexam-
eter (Courage-Khazaka Electronic, Koln, Germany),
which provided objective measurements from the le-
sional region of melanin and hemoglobin (erythema)
indexes.

The experimental continuous data obtained in mMASI
and Mexameter readings were evaluated using analysis
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= Controle: formulagdo topica de veiculo e placebo oral.
= Topica: formulagao topica contendo o extrato de oliva
e placebo oral.

= Oral: formulagao topica de veiculo e oral contendo o
extrato de oliva.

A formulagao topica foi uma emulsao a base de (INCI -
International Nomenclature Cosmetic Ingredient): Wa-
ter, Carbomer, Caprylic capric triglyceride, Ceteareth —
20, Cetyl Alcohol, C12-C15 Alkyl Benzoate, Butylene
Glycol, Glycerin, Dimethicone, Cyclopentasiloxane,
Phenoxyethanol, Polysorbate 80, Butylated hydroxy-
toluene, Dissodium EDTA, acrescida ou nao (veiculo)
de 1% de extrato de oliva, contendo 20% hidroxitirosol
(HydrOlive®, Cobiosa, Espanha). A suplementagdo oral
foi feita com capsulas contendo 300 mg de extrato de
oliva contendo 3% de hidroxitirosol, Oli-Ola®, Nexira
Health, Franca, ou placebo. As participantes do estudo
foram orientadas a utilizar os produtos e o protetor solar
diariamente por um periodo de 90 dias. Todas as par-
ticipantes usaram o mesmo protetor solar. Nem o inves-
tigador nem os pacientes estavam cientes do contetido
dos tratamentos - estudo duplo cego.

As avaliagdes clinicas foram realizadas antes - valores
basais e ap6és o periodo de 30, 60 e 90 dias de trata-
mento.

A avaliagdo do melasma foi realizada por meio do es-
core modificado Melasma Area and Severity Index
(mMASI) (20), baseado em imagens de alta resolug@o
da face em posi¢cdes e luminosidade padronizados
pelo equipamento Visioface 1000D (Courage-Khazaka
Electronic, Kdln, Alemanha). A pontuagdo foi calcu-
lada dividindo a face em quatro éreas: testa (F), malar
direito (MD), malar esquerdo (ME) e queixo (Q), que
correspondem a 30%, 30%, 30% e 10% da area total
da face, respectivamente. O melasma em cada area foi
classificado em duas variaveis - area e escuridao, que
foram classificadas da seguinte forma: area de envolvi-
mento: 0 = ausente, 1 = até 10%, 2 = 10% -29%, 3 =
30% -49 %, 4 = 50% -69%, 5 = 70% -89% e 6 = 90%
-100%; Escuriddo: 0 = ausente, 1 = leve, 2 = leve, 3
= marcado e 4 = grave. O escore total foi calculado
(mMASI = 0,3A (f) P (f) + 0,3A (md) P (md) + 0,3A
(me) P (me) + 0,1A (q) P (q)) e varia de 0 a 24.

A avaliagdo da pele por medidas objetivas de pigmen-
tacdo na regido lesionada foram determinadas com
um espectrofotometro de refletdncia de banda estreita
Mexameter (Courage-Khazaka Electronic, Kdln, Ale-
manha) fornecendo o indice de melanina e hemoglo-
bina (eritema).

Os dados experimentais continuos obtidos nas leituras
de mMASI e Mexameter foram avaliados por meio de
analise de variancia (ANOVA), uma vez que os dados
foram distribuidos normalmente pelo teste de normali-



of variance (ANOVA), as the data was found to be
normally distributed by the Shappiro-Wilk normality
test (mMMASI p=0.182; Mexameter p=0.110). A p value
<0.05 was assumed to indicate statistical significance
for the comparison of the groups at four times: basal
(t0), 30 (t30), 60 (t60) and 90 days (t90). Also, ANOVA
with repeated measures (RM) was used to evaluate
each treatment as single-arm to observe significative
improvement comparing baseline values to 90 days.
The statistical data was analyzed using GraphPad Prism
software (GraphPad Software, California, USA), alpha
set at 0.05.

Results

After evaluating 60 participants screened by telephone,
42 met the inclusion criteria and were randomized into
the four treatment groups with 14 allocated to each one:
control, topical and oral. Three subjects in each stud-
ied group dropped out without any specific reason. The
data from these patients were not considered in the ob-
jective efficacy analysis.

The baseline characteristics of the participants are sum-
marized in Table 1. The age of the participants ranged
from 32 to 49 years, with a mean of 40.5 = 4.3 years.
Overall, 29 (69%) participants had Fitzpatrick photo-
type III and 13 (31%) phototype IV. Moreover, the in-
formed duration of melasma was distributed as follows:
17 (40%) more than 10 years, 11 (26%) from 6 to 10
years, 11 (26%) for up to 5 years, 3 (8%) no informa-
tion, and, none (0%) for less than 1 year.

Furthermore, the triggering factors associated with
the development of melasma in participant’s opinions
(n=42) were as follows: 17 (40%) pregnancy, 5 (12%)
hormonal therapy, 8 (19%) solar radiation, 3 (8%) psy-
chologic distress, 1 (2%) cosmetic use, and 8 (19%) re-
ported no association to any specific cause. Pregnancy
occurred in 34 (80%) of cases, and gestation associated
melasma was reported by 17 (50%) of these patients.
Thirty five (83%) had used oral contraceptives, and 30
(71%) had previously tried dermatological treatment.
Results obtained for facial pigmentation evaluated
by mMASI were considered normal by the Shappiro-
Wilk tests for treatment and time variables (p>0.05).
The mMASI presented great intervariability between
groups as a result of intrinsic melasma characteristics.
The facial pigmentation evaluated by mMASI showed
no significant differences at the beginning of the study,
as well as in its sequence at 30, 60 and 90 days (p> 0.05,
in each time evaluated). In contrast, significant results
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dade de Shappiro-Wilk (mMASI p=0,182; Mexameter
p=0,110). Em seguida, considerou-se um valor de P
<0,05 para indicar significancia estatistica para a com-
paragdo dos grupos em quatro momentos: basal (t0),
30 (t30), 60 (t60) e 90 dias (t90). Além disso, ANOVA
com medidas repetidas (RM) foi usado para avaliar
cada tratamento como brago unico para observar uma
melhora significativa de cada tratamento individual-
mente comparando os valores basais aos 90 dias. Os
dados estatisticos foram analisados utilizando o soft-
ware GraphPad Prism (GraphPad Software - Califor-
nia, EUA), alfa a 0,05.

Resultados

Apos avaliagdo de 60 participantes selecionadas por tel-
efone, 42 preencheram os critérios de inclusdo e foram
randomizadas para os quatro grupos de tratamento com
14 alocadas para cada um: controle, topico e oral. Trés
participantes em cada grupo estudado desistiram sem
qualquer razdo especifica. Os dados desses pacientes
ndo foram considerados na analise objetiva da eficacia.
As caracteristicas basais dos participantes estdo resu-
midas na Tabela 1. A idade dos participantes variou de
32 a 49 anos, com média de 40,5 + 4,3 anos. No geral,
29 (69%) participantes apresentaram o fototipo III de
Fitzpatrick e 13 (31%) o fototipo IV. A duracao infor-
mada do melasma foi: 17 (40%) mais de 10 anos, 11
(26%) de 6 a 10 anos, 11 (26%) até 5 anos, 3 (8%) sem
informacao e, nenhuma por menos de 1 ano.

Além disso, os fatores desencadeantes associados ao de-
senvolvimento do melasma na opinido das participantes
(n=42) foram: 17 (40%) gestacao, 5 (12%) terapia hor-
monal, 8 (19%) radiacdo solar, 3 (8%) psicoldgica an-
gustia, 1 (2%) uso cosmético e 8 (19%) relataram nen-
huma associagdo a qualquer causa especifica. Gravidez
havia ocorrido em 34 (80%) dos casos, € o melasma
associado a gestagdo foi relatado por 17 (50%) dessas
pacientes. Trinta e cinco (83%) haviam usado contra-
ceptivos orais e 30 (71%) haviam realizado tratamento
dermatologico anteriormente.

Os resultados obtidos para a pigmentacdo facial
avaliada pelo mMASI foram consideradas normais
pelos testes de Shappiro-Wilk nas variaveis tratamento
e tempo (p>0,05). O mMASI apresentou grande
intervariabilidade entre os grupos em decorréncia das
caracteristicas intrinsecas do melasma. Os valores
de pigmentacdo facial avaliados pelo mMASI ndo
apresentaram diferencas significativas no inicio do
estudo, assim como em sua sequéncia, aos 30, 60 e
90 dias (ANOVA p > 0,05, em cada tempo avaliado).
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Table 1 - Baseline characteristics of patients and melasma (SD standard deviation)
Tabela 1 - Caracteristicas basais das participantes e do melasma por grupo (DP desvio padrao)

Groups Control Topical Oral
Grupos Controle Tépico
(n=14) (n=14) (n=14)

Age (years), mean = SD

Idade (anos), média + DP 39.1+4.6 40.5+4.1 41.9+4.0

Phototype, Fototipo, n (%)

I 9 (64%) 9 (64%) 11 (78%)

v 5 (36%) 5(36%) 3 (22%)

Melasma Duration / Dura¢io do melasma, n (%)

Up to 5 years / Até 5 anos 2 (14%) 3 (21%) 5(36%)

6 to 10 years / 6 a 10 anos 5(36%) 4 (29%) 2 (14%)

More than 10 years / Mais de 10 anos 4 (29%) 7 (50%) 6 (43%)

Not informed / Nao informado 3 (21%) 0 1 (7%)

Previous dermatological treatment

Tratamento dermatologico prévio, n (%) 11 (78%) 7 (50%) 12 (85%)

mMASI, mean+SD / média + DP 8.64+£3.9 841+3.5 8.54+4.0

Melanin / Melanina index

mean + SD / média + DP 539.5+40.9 539.5+32.8 532.3+31.5

Erythema / Eritema index

mean + SD / média + DP 642.8 +22.8 648.1+24.4 659.4+£253
were detected in the mMASI when the treatments were  Por outro lado, resultados significativos foram

analyzed as a single-arm with paired values for the time
variation (ANOVA RM, p <0.0001), and by multiple
comparisons, with Bonferroni correction, we verified
this result refers to the oral group comparing baseline
time to 60 (p = 0.0212) and 90 days (p = 0.0008), and
to the topical group, which also showed improvement
comparing the baseline time with 90 days (p = 0.0003).
Nevertheless, a decrease of the score was observed
for all groups during the treatment, especially for oral
therapy, which presented a 22% decrease, compared to
11% for control group, and 15% for topical treatment
(Figure 2).

Figures 3, 4 and 5 show high resolution images from
the study participants as examples as illustration of
results before and after treatments.

After confirming the normal distribution of data
obtained for time and treatments (Shappiro-Wilk, p>
0.05), the melanin index measured by the Mexameter
showed a slight decrease in pigmentation in the oral
group. Even so, the results of the melanin index did not
show significant reduction between the groups at all
evaluated times (ANOVA, p > 0.05), as was observed
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detectados no mMASI quando os tratamentos foram
analisados individualmente com valores pareados para
a variag¢ao de tempo (ANOVA RM, p <0,0001), e pelas
comparagdes multiplas, com corre¢do de Bonferroni,
verificamos que este resultado se refere ao grupo oral
na comparagdo entre o tempo inicial comparado a 60
(p=0,0212) e 90 dias (p=0,0008), e ao grupo topico, que
também apresentou melhora comparando o tempo basal
com o de 90 dias (p=0,0003). No entanto, observou-
se diminui¢do do escore em todos os grupos durante
o tratamento, especialmente para o tratamento oral,
que apresentou reducdo de 22%, comparado a 11% no
grupo controle e 15% no tratamento tépico (Figure 2).
As Figuras 3, 4 e 5 ilustram as imagens de alta reso-
lucdo obtidas de participantes do estudo, antes e apos
os tratamentos.

Ap6s verificar a distribui¢ao normal dos dados obtidos
para tempo e tratamentos (Shappiro-Wilk, p>0,05), o
indice de melanina medido pelo aparelho Mexameter
apresentou leve diminui¢do da pigmentacdo no grupo
oral. Mesmo assim, osresultados dos indices de melanina
ndo apresentaram reducdo significativas entre os grupos
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2g3

mMASI

Control/  Topical / Oral
Controle Topico

Figure 2 - mMASI values among treatment groups at evaluated times (means and confidence
intervals C195% are indicated)
Figura 2 -Valores do mMASI entre os grupos de tratamento nos tempos avaliados ( s3o mostrados
médias e intervalos de confianga IC95%)

Figure 3 - A 41 year-old woman with recalcitrant melasma for 8§ years before treatment (A) and after
(B) 60 days of use of the topical treatment containing the olive extract
Figura 3 - Participante de 41 anos com melasma recalcitrante ha 8 anos antes do tratamento (A) e
apos (B) 60 dias de uso do tratamento topico contendo o extrato de oliva
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Figure 4 - A 36-year old woman with recalcitrant melasma for 19 years before treatment (A)
and after (B) 60 days of use of the oral treatment containing the olive extract

Figura 4 - Participante de 36 anos com melasma recalcitrante ha 19 anos antes do tratamento
(A) e apos (B) 60 dias de uso do tratamento oral contendo o extrato de oliva

. i il

Figure 5 - A 38 year-old woman with recalcitrant melasma for 2 years before treatment (A)
and after (B) 60 days of placebo use
Figura 5 - Participante de 38 anos com melasma recalcitrante por 2 anos antes do tratamento
(A) e apos (B) 60 dias de uso de placebo
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Indice de Melanina

Melanin Index

Figure 6 - Melanin index among treatment groups at evaluated times (means and confidence intervals
CI95% are indicated)
Figura 6 - indice de melanina entre os grupos de tratamento nos tempos avaliados (sdo mostrados médias
e intervalos de confianga 1C95%)
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Figure 7 - Erythema index among treatment groups at evaluated times (means and confidence intervals
CI95% are indicated)
Figura 7 - Indice de eritema entre os grupos de tratamento nos tempos avaliados (sdo mostrados médias
e intervalos de confianga 1C95%)
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Figure 8 - A 36 year-old woman with erythema before treatment (A) and after 60 days (B)
of the oral treatment containing the olive extract
Figura 8 - Participante de 36 anos com eritema antes (A) e apds 60 dias (B) do tratamento
oral contendo o extrato de oliva

in mMASI (Figure 6). However, significant results
were detected in the melanin index when paired values
for time variation in the oral group were analyzed
individually as a single-arm (ANOVA RM, p = 0.0466)
comparing the initial time with 60 days (p = 0.0167) in
multiple comparisons.

The Mexameter also provides erythema quantifica-
tion related to vascular feature of melasma. The base-
line values had no significant differences (ANOVA,
p=0.277). Despite no significant difference between the
treatments after 90 days (ANOVA, p=0.290), the oral
group showed higher decrease in erythema compared to
the other groups (Figure 7). Figure 8 shows the image
of a study participant with a reduction in erythema after
60 days of oral treatment.
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em todos os tempos avaliados (ANOVA, p>0,05), assim
como observado no mMASI (Figura 6). No entanto,
resultados significativos foram detectados no indice
de melanina quando os valores pareados para variagao
de tempo no grupo oral analisado individualmente
(ANOVA RM, p = 0,0466) ao comparar o tempo inicial
com 60 dias (p=0,0167)

O Mexameter também fornece quantificacao de erite-
ma que esta relacionada a caracteristica de aumento da
vascularizacdo do melasma. Os valores de eritema ini-
ciais ndo apresentaram diferencas significativas entre
os grupos (ANOVA, p = 0,277). Apesar de ndo haver
diferenga significativa entre os tratamentos apds 90 dias
(ANOVA, p = 0,290), o grupo oral apresentou maior
diminui¢do do eritema em relagdo aos demais grupos
(Figura 7). A Figura 8 mostra a imagem de uma partici-
pante com a reducdo no eritema ap6s 60 dias do trata-
mento oral.



Discussion

Corresponding to the results obtained in epidemiologic
studies by Handel at al. and Tamega et al. (25,26), the
semi-structured interviews allowed the participants to
report the most common triggering factor for melasma:
solar radiation and hormonal alterations, including
pregnancy or contraceptive use.

The demand for an effective treatment for melasma
can be recognized by its chronic and relapsing
characteristics, observed in this study as most of the
participants had presented with the disorder for more
than five years, and 71% had previously tried classical
dermatodrlogical treatments containing hydroquinone.
None of the patients had the melasma onset at less than
1 year. In addition, the dropout rate was equal in all
groups and most occurred before 30 days of treatment.
The period recommended for the first visual clinical
affects for melasma is in 56 days (27).

In 2014, Jutley et al. performed a systematic review of
melasma treatments, and determined the main limita-
tion of the studies evaluated was poor methodology,
with a lack of standardized outcome assessments (28).
Therefore, to complement the subjective evaluation
using mMASI score, the use of objective biophysical
techniques is important for reproducible analysis in me-
lasma clinical trials (29).

Despite the fact that no statistically significant altera-
tions were observed in the mMASI scores, a reduction
in all groups over time was observed, with a more pro-
nounced pigmentation decrease after the oral treat-
ment. Evaluating time as the main variable, in a single-
arm or intragroup evaluation, the oral group presented
significant reduction in mMASI when baseline values
were compared to those after 60 and 90 days of treat-
ment. It is important to emphasize that no reduction in
melasma area parameter was observed in mMASI eval-
uation. Therefore, only pigmentation darkness showed
decreased values in the score.

By the objective techniques, the melanin content pre-
sented similar results to mMASI, since no statistical
difference was observed among treatment groups com-
pared to the control at the evaluated times. However,
a significant pigmentation decrease was noticed in the
oral group when ANOVA RM was performed compar-
ing 60 days to baseline, as a single-arm treatment.

The obtained results of the groups containing the ol-
ive extract compared to the control could indicate that
hydroxytyrosol bioavailability at the basal layer of epi-
dermis, where melanogenesis predominantly occurs,
may have been lower than expected to exert its enzy-
matic competitive inhibition to tyrosinase in both oral
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Discussao

Concordando com os resultados obtidos nos estudos
epidemiologicos de Handel et al. e Tamega et al.
(25,26), as entrevistas semiestruturadas permitiram aos
participantes relatar os fatores desencadeantes mais
comuns do melasma, em suas concepgdes: radiagdo
solar e alteragdes hormonais, incluindo gravidez ou uso
de contraceptivos.

A demanda por um tratamento efetivo para o melasma
pode ser reconhecida por suas caracteristicas cronicas ¢
recidivantes, que foram observadas a maioria das par-
ticipantes apresentarem a doenga por mais de 5 anos
e 71% ja haviam experimentado o tratamento derma-
toldgico classico contendo hidroquinona. Nenhuma das
pacientes tivera o inicio do melasma em menos de 1
ano. Além disso, a taxa de abandono foi igual em todos
0s grupos ¢ ocorreu principalmente antes de 30 dias de
tratamento. No entanto, o periodo recomendado para os
primeiros efeitos clinicos visuais para o melasma ¢ de
56 dias (27).

Em 2014, Jutley et al. realizaram uma revisao sistemati-
ca dos tratamentos com melasma e a principal limitagdo
dos estudos avaliados foram que as metodologias usa-
das eram inadequadas, levando ao lapso de avaliagdes
padronizadas dos resultados (28). Entdo, para comple-
mentar a avaliagdo subjetiva do pesquisador usando o
escore mMASI, o uso de técnicas biofisicas objetivas
sdo importantes para a analise reprodutivel nos estudo s
clinicos de melasma (27).

Apesar de ndo terem sido observadas alteragdes esta-
tisticamente significantes no escore do mMASI, foi ob-
servada redug@o em todos os grupos ao longo do tem-
po, com diminui¢@o da pigmentagdo mais pronunciada
apos o tratamento oral. Avaliando o tempo como a var-
iavel principal, em uma avaliacdo intragrupo ou single
arm, o grupo oral apresentou reducdo significativa no
mMASI quando os valores basais foram comparados
aqueles apos 60 e 90 dias de tratamento. E importante
enfatizar que nenhuma redu¢o no pardmetro da area do
melasma foi observada na avaliagio do mMASI. Por-
tanto, apenas o parametro da escuriddo da pigmentacao
apresentou valores reduzidos na pontuagao.

Pelas medidas objetivas realizadas, o indice de melani-
na apresentou resultados semelhantes ao mMASI, uma
vez que ndo houve diferenca estatistica entre os grupos
de tratamento em relag@o ao controle nos tempos avali-
ados. No entanto, uma diminuicdo significativa da pig-
mentagdo foi notada no grupo oral quando ANOVA RM
foi realizada individualmente neste grupo comparando
o tempo de 60 dias com o inicial.
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and topical pathways. Both olive extracts used in the
study had a standardized concentration of hydroxytyro-
sol: 3% in the oral and 20% in the topical. Even so, the
topical cream containing 1% of the olive extract was
the maximum recommended by the distributor. Hence,
Alonso et al. showed that the in vitro hydroxytyrosol
epidermal absorption profile have presented a low skin
penetration through the stratum corneum and reduced
skin permeation to dermis (29). This could be improved
by the conversion of hydroxytyrosol into more lipo-
philic hydroxytyrosol esters.

Despite the wide distribution of hydroxytyrosol to all
tissues, its bioavailability by the oral route is also poor,
as only 2% of the free form can be found at plasma
after its intake (11). Even so, the higher depigmenting
effect observed in the oral treatments compared to topi-
cal could suggest that the oral treatment dosage of this
substance may attain a major bioavailability at the tar-
get site (epidermal basal layer) when compared to the
topical delivery in this study.

So, further studies with higher concentrations of hy-
droxytyrosol from olive extracts for topical and oral
routes are suggested to verify its depigmenting poten-
tial.

It was possible to observe reduction of the erythema in
the oral group, despite not being significant. This effect
can be a result of the great anti-inflammatory activity of
the hydroxytyrosol, which in vitro studies presents a re-
duced pro-inflammatory cytokines and inducible nitric
oxide synthase (iNOS) (30), which are involved in the
increased vascular component in the lesion (31,6). As
melasma presents with an increased vascular compo-
nent in lesional skin associatedwith photoaging (32,5),
erythema analysis was useful to assess the treatment
response.

It is known that the therapies for melasma must not
only target the tyrosinase inhibition but should have an
anti-aging and anti-inflammatory approach (5,6). Hy-
droxytyrosol is a single agent that has multiple potential
mechanisms to support restoring the basal membrane,
acting against cytokines and other inflammatory fac-
tors, inhibiting tyrosinase and exerting potent antioxi-
dant activity, as previously described. As a result, other
studies with higher concentrations of hydroxytyrosol
contained in olive extracts have great potential to assist
as an adjunct to conventional dermatological melasma
therapy or as a complementary long-term maintenance
treatment for melasma.

60

Os resultados obtidos nos grupos contendo o extrato de
oliva comparados ao controle podem indicar que a bio-
disponibilidade do hidroxitirosol na camada basal da
epiderme, onde a melanogénese ocorre predominante-
mente, pode ter sido menor do que o esperado para ex-
ercer sua inibi¢do competitiva enzimatica na tirosinase
tanto oral quanto topica. caminhos. Ambos os extratos
de oliva utilizados no estudo tinham uma concentragao
padronizada de hidroxitirosol: 3% na oral ¢ 20% na
topica. Mesmo assim, o creme topico contendo 1%
deste extrato de oliva foi 0 maximo recomendado pelo
distribuidor. Além disso, Alonso et al. mostraram que o
perfil de absorcao epidérmica de hidroxitirosol in vitro
apresentou baixa penetracdo cutanea através do estrato
corneo e permeacao cutanea reduzida a derme (29). Isto
poderia ser melhorado pela conversao do hidroxitirosol
em tensoativos derivados de éster para aumentar a sua
lipofilicidade.

Apesar de o hidroxitirosol apresentar ampla dis-
tribuicdo para todos os tecidos, sua biodisponibilidade
por via oral também ¢ baixa, apenas 2% da forma livre
pode ser encontrada no plasma apds sua ingestao (11).
Mesmo assim, o maior efeito de despigmentacao obser-
vado nos tratamentos orais em comparagdo com o topi-
co poderia sugerir que a dosagem do tratamento oral
dessa substancia pode atingir uma biodisponibilidade
maior no local alvo (camada basal epidérmica) quando
comparado ao topico neste estudo. Assim, estudos pos-
teriores com maiores concentragdes de hidroxitirosol a
partir de extratos de oliva para rotas topicas e orais sdo
sugeridos para verificar seu potencial despigmentante.
Foi possivel observar reducdo do eritema no grupo
oral, apesar de ndo significativa. Esse efeito pode ser
resultado da grande atividade anti-inflamatoria do hi-
droxitirosol que, em estudos in vitro, mostrou redugao
das citocinas pro-inflamatérias e a sintase induzida do
oxido nitrico (iNOS) (30), que estao envolvidas no au-
mento do componente vascular na lesao (31,6). Como
o melasma apresenta aumento do componente vascu-
lar associada ao fotoenvelhecimento (32,5), a analise
do eritema foi interessante para avaliar essa resposta ao
tratamento.

As terapias para o melasma nao devem apenas visar
a inibi¢do da tirosinase, mas também devem ter uma
abordagem antienvelhecimento e anti-inflamatoria
(5,6). Assim, o hidroxitirosol ¢ um agente Unico que
possui multiplos mecanismos potenciais para restau-
rar a membrana basal, atuar contra citocinas ¢ outros
fatores inflamatorios, inibir a tirosinase ¢ exercer uma
atividade antioxidante potente, como descritas anteri-
ormente. Assim, o extrato de oliva com concentragdo
padronizada de hidroxitirosol tem um grande potencial



Conclusion

Considering the great interindividual variability that is
an intrinsic melasma characteristic, the subjective and
objective analysis showed no significant difference in
the groups along time for the oral and topical treatment
with the olive extract containing standardized concen-
tration of hydroxytyrosol compared to placebo. How-
ever, the oral treatment reduced the mMASI and mela-
nin index values after the 60 day usage period when
compared to baseline values in intragroup analysis.

In addition, considering the described benefits, we sug-
gest that further studies to test if an increased concen-
tration of hydroxytyrosol could determine better results
in the oral and topical treatments for melasma control.
Finally, this study contributes to better understanding
of oral and topical treatments containing an ingredient
with multiple beneficial pharmacological effects that
presents great potential as an adjunctive to dermato-
logical treatments for melasma control.
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Abstract

Bioactive compounds from natural sources have been extensively studied as potential therapeutic agents, due to their
chemical, structural, and biological properties. Among them, hydroxycinnamic acids emerge with a very interesting
pharmacological potential to prevent and treat several diseases, including cancer. However, while some studies support
their anticancer activity, other reports indicate otherwise. Since the impact of these compounds on renal cancer is not well
established, further studies are needed to better understand their biological effects and their potential therapeutic uses in
this cancer.

In this work, the cytotoxicity of three hydroxycinnamic acids: ferulic, caffeic and p-coumaric acids, was evaluated on
786-0O human renal cancer cells by MTT and CV assays. At concentrations up to 250 uM, none of the studied natural
compounds showed cytotoxic effects to 786-O cell line. At higher concentrations (500 and 1000 uM), while ferulic acid
also did not significantly influence the cell viability of 786-O cells, p-coumaric and caffeic acids decreased the renal cancer
cells viability. Nevertheless, further studies on the biological activity of these compounds, using other methodologies, as
well as using other cancer cell models, should be performed.

Keywords: Ferulic acid, caffeic acid, p-coumaric acid, cytotoxicity, 786-O cells

Resumo

Os compostos bioativos provenientes de produtos naturais tém sido amplamente estudados como potenciais agentes
terapéuticos, devido as suas propriedades quimicas, estruturais, ¢ biologicas. De entre estes, os acidos hidroxicinamicos
emergem com um potencial farmacolégico muito interessante para prevenir e tratar varias doengas, incluindo o cancro. No
entanto, enquanto alguns estudos demonstram a sua atividade antitumoral, outros estudos indicam o oposto. Uma vez que
o impacto desses compostos no cancro renal ndo esta bem estabelecido, so necessarios mais estudos para compreender
melhor os seus efeitos biologicos e os seus potenciais usos terapéuticos neste cancro.

Neste trabalho, a citotoxicidade de trés 4cidos hidroxicinamicos: acidos fertlico, cafeico e p-cumarico foi avaliada em
cé€lulas tumorais renais humanas 786-0O, através dos ensaios do MTT e do CV. Nenhum dos compostos naturais estudados,
até 250 uM, mostrou efeitos citotoxicos na linha celular 786-O. A concentragdes acima de 250 puM, enquanto que o
acido ferulico ndo influenciou significativamente a viabilidade celular das células 786-O, os acidos p-cumarico e cafeico
diminuiram a viabilidade das células renais tumorais. No entanto, novos estudos sobre a atividade bioldgica destes
compostos, utilizando outras metodologias, bem como outros modelos celulares tumorais, devem ser realizados.

Palavras-chave: Acido ferulico, acido cafeico, acido p-cumarico, citotoxicidade, células 786-O
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Introduction

Natural resources, such as plants, remain one of the
most significant origins of active compounds for thera-
peutic applicability due to their unique properties, such
as their chemical and structural diversity (1,2). Among
them, phenolic compounds are likely the most explored
natural compounds due to their potential health benefits
(3-5).

Phenolic compounds, naturally produced by plants, are
very well-known bioactive compounds. In the plant
kingdom, phenolics represent the second most abun-
dant group of organic compounds and are derived from
shikimate, pentose phosphate, and phenylpropanoid
pathways (6). Their structure consists of an aromatic
ring containing at least one hydroxyl group (6,7). Due
to their chemical, structural, and known biological
properties, phenolic compounds have been extensively
studied as potential therapeutic agents. (3,8,9). Several
studies describe the beneficial effects of these natural
compounds, including their antitumor and antioxidant
activities (6,10-15).

Phenolic compounds can be classified into two main
groups: flavonoids and non-flavonoids. Phenolic acids,
flavonoids, and tannins represent some of their sub-
classes, which are the most important in the human diet
(6,7,16). Among them, phenolic acids are amongst the
bioactive compounds most commonly found in plants.
Phenolic acids are divided into two main groups, the
hydroxycinnamic acids (eg. cinnamic, ferulic, sinapic
acids) and the hydroxybenzoic acids (e.g., gallic, vanil-
ic and p-hydroxybenzoic acids) comprised by nine- and
seven-carbon structure, respectively (2,4,8,17).

The hydroxycinnamic acids are the largest group of
phenolic acids, and some studies have shown their ben-
efits to human health, particularly in preventing diseas-
es that may be caused by oxidative stress, such as can-
cer or inflammatory and cardiovascular diseases (2,18).
Thus, in this context, and to explore the biological po-
tential of these compounds, three hydroxycinnamic
acids: ferulic, caffeic, and p-coumaric acids (Figure 1)
were selected for this study.

Ferulic acid (4-hydroxy-3-methoxycinnamic acid), caf-
feic acid (3,4-dihydroxycinnamic acid) and p-coumaric
acid (3-(4-hydroxyphenyl)-2-propenoic acid) are com-
monly present in dietary sources, such as plants (e.g.,
bamboo shoots, eggplant, ginseng), cereals (e.g., corn,
rice, wheat), vegetables (e.g., radish, beans, red beet),
beverages (e.g., coffee, wine), and fruits (e.g., orange,
grapefruit, apples) (2,17,19-22). The amount of these
hydroxycinnamic acids present in the previously men-
tioned sources varies greatly. For example, the presence
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Introducao

Os recursos naturais, como as plantas, continuam a ser
uma das fontes mais relevantes de compostos ativos
com aplicabilidade terapéutica, devido as suas pro-
priedades unicas, como a sua diversidade quimica e
estrutural (1,2). Entre eles, os compostos fendlicos sao
provavelmente os compostos naturais mais explorados,
devido aos seus potenciais beneficios para a saude (3-
5).

Os compostos fenolicos, produzidos naturalmente pe-
las plantas, s3o compostos bioativos bem conhecidos.
No reino vegetal, estes compostos sdo o segundo grupo
mais abundante de compostos organicos ¢ derivam das
vias xikimato, pentose-fosfato e fenilpropanoide (6).
A sua estrutura consiste num anel aromatico contendo
pelo menos um grupo hidroxilo (6,7). Devido as suas
propriedades quimicas, estruturais e bioldgicas conhe-
cidas, os compostos fendlicos t€m sido extensivamente
estudados como potenciais agentes terapéuticos (3,8,9).
Varios estudos descrevem os efeitos benéficos desses
compostos naturais, incluindo as suas atividades antitu-
morais ¢ antioxidantes (6,10-15).

Os compostos fendlicos podem ser classificados em
dois grupos principais: flavonoides e nao flavonoides.
Os acidos fenolicos, flavondides e taninos represen-
tam algumas das suas subclasses, as quais sdo as mais
importantes na dieta humana (6,7,16). Entre eles, os
acidos fendlicos estdo entre os compostos bioativos
que sdo mais comuns encontrar em plantas. Os acidos
fenolicos sdo divididos em dois grupos principais, 0s
acidos hidroxicinamicos (ex. acidos cinamico, feruli-
co, sinapico) ¢ os acidos hidroxibenzoicos (ex. acidos
galico, vanilico e p-hidroxibenzdico), constituidos por
uma estrutura de nove e sete carbonos, respetivamente
(2,4,8,17).

Os acidos hidroxicindmicos sdo o maior grupo de aci-
dos fendlicos e alguns estudos tém demonstrado os seus
beneficios na saide humana, particularmente na pre-
vengao de doengas que podem ser causadas pelo stresse
oxidativo, como cancro ou doengas inflamatorias e car-
diovasculares (2,18).

Assim, neste contexto e para explorar o potencial bi-
olégico destes compostos, trés acidos hidroxicinami-
cos: os acidos ferulico, cafeico e p-cumarico (Figura 1)
foram selecionados para serem estudados.

O acido fertlico (acido 4-hidroxi-3-metoxicinamico), o
acido cafeico (acido 3,4-di-hidroxicinamico) ¢ o acido
p-cumarico (acido 3-(4-hidroxifenil)-2-propenoico)
encontram-se habitualmente presentes na dieta alimen-
tar, como em plantas (ex. rebentos de bambu, beringela,
ginseng), cereais (ex. milho, arroz, trigo), legumes (ex.



Phenolic acids’ cytotoxicity on 786-O cells
Citotoxicidade de acidos fendlicos em células786-O

A o OH B OH cC o OH
OCH3 HO
OH OH
Ferulic acid/ Caffeic acid/ p-coumaric acid/

Acido ferulico

Acido cafeico

Acido p-cumarico

Figure 1 - Chemical structure of the ferulic acid (A), caffeic acid (B) and p-coumaric acid (C)
Figura 1 - Estrutura quimica do acido ferulico (A), acido cafeico (B) e 4cido p-cumarico (C)

of p-coumaric acid may range from 0.5 mg/ kg dry mat-
ter (DM) in blackberries to 3700 mg/ kg DM in mush-
rooms (21).

The synthesis of these hydroxycinnamic acids in
plants occurs through the shikimate pathway, starting
with L-phenylalanine and/or L-tyrosine as precursors.
Briefly, phenylalanine and tyrosine are converted into
p-coumaric acid that is then hydroxylated to form
caffeic acid that forms ferulic acid by methylation
(2,6,20).

Considering the biological activity of these phenolic
acids, many studies have shown the wide range of bio-
logic effects of ferulic, caffeic, and p-coumaric acids
(2,5,15,17,19-22). Nonetheless, there are some con-
troversial reports concerning the anticancer potential
of the studied phenolic acids. Therefore, it is essential
to conduct more studies in various cell models to at-
tempt to clarify the biological activity and the poten-
tial therapeutic use of these bioactive compounds. The
carcinogenic potential of these compounds should also
be considered, as there are some studies reporting this
effect for caffeic acid (17).

Renal cell carcinoma (RCC) is the most common type
of kidney cancer, representing up to 5% of all adult
malignancies. Furthermore, since this type of kidney
cancer is highly vascularized, metastatic, and has a
low response to adjuvant therapies and surgery, it is
relevant to find new and more effective treatments
(23-27). Bearing all of this in mind, the aim of this
work was to perform an overall review of the impact
of ferulic, caffeic, and p-coumaric acids on different
tumor cell lines and to experimentally study the impact

rabanete, feijao, beterraba vermelha), bebidas (ex. caf€,
vinho) e frutas (ex. laranja, toranja, maca) (2,17,19-22).
A quantidade destes 4cidos hidroxicinamicos presentes
nas fontes mencionadas anteriormente varia muito. Por
exemplo, a presenca de &cido p-cumadrico pode variar
de 0,5 mg/kg de matéria seca (MS) em amoras a 3700
mg/kg MS em cogumelos (21).

A sintese desses acidos hidroxicindmicos nas plantas
ocorre através da via do xikimato, comecando com L-
fenilalanina e/ou L-tirosina como precursores. Resu-
midamente, a fenilalanina e a tirosina sdo convertidas
em acido p-cumarico, que ¢ posteriormente hidroxilado
para formar o acido cafeico que por sua vez origina o
acido fertlico por metilacdo (2,6,20).

Considerando a atividade biologica desses acidos
fendlicos, muitos estudos tém demonstrado a ampla
gama de efeitos bioldgicos dos acidos fertlico, cafeico
e p-cumarico (2,5,15,17,19-22). No entanto, no que se
refere ao potencial antitumoral dos 4cidos fenolicos
estudados, existem alguns resultados controversos.
Portanto, ¢ essencial realizar mais estudos em varios
modelos celulares, com o intuito de esclarecer a ativi-
dade bioldgica e o potencial uso terapéutico destes
compostos bioativos. O potencial carcinogénico destes
compostos também deve ser considerado, uma vez que
existem alguns estudos que reportam este efeito para o
acido cafeico (17).

O carcinoma de células renais (CCR) € o tipo mais co-
mum de cancro renal, representando até 5% de todas as
doengas malignas em adultos. Para além disto, como
este tipo de cancro renal ¢ altamente vascularizado,
metastatico e apresenta uma baixa resposta as terapéu-
ticas adjuvantes e a cirurgia, € relevante encontrar trata-
mentos novos ¢ mais eficazes (23-27). Tendo tudo isto
em consideragdo, o objetivo deste trabalho foi realizar
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of these compounds on the well-established 786-O in
vitro human renal cancer cell model. To the best of our
knowledge, there are no previous in vitro studies that
evaluate the effect of these compounds on human renal
cancer.

Materials and Methods

Materials

The following reagents and solvents were purchased
from Sigma-Aldrich (Saint Louis, MO, USA), phos-
phate buffered saline (PBS; 0.01 M, pH 7.4), trypsin,
penicillin—streptomycin (pen/strep) solution, dimethyl
sulfoxide (DMSO), ethanol, acetic acid, hydrogen
peroxide (H,0,), thiazolyl blue tetrazolium bromide
(MTT), crystal violet (CV), p-coumaric acid, and caf-
feic acid. Fetal bovine serum (FBS) and Dulbecco’s
Modified Eagle’s Medium (DMEM) were purchased
from Biowest (Nuaillé, France). Ferulic acid was ob-
tained from Henrifarma (Sao Paulo, Brazil).

Ferulic acid, p-coumaric acid, and caffeic acid solu-
tions were prepared in DMSO. The final concentration
of DMSO was 0.5 % (v/v) for all experiments.

Cell Culture

The 786-O human adenocarcinoma cells were obtained
from the American Type Culture Collection (ATCC;
Manassas, VA, USA). Cells were cultured in high glu-
cose DMEM medium supplemented with 10% FBS and
1% pen/strep, at 37 °C in a humidified atmosphere con-
taining 5% CO,.

MTT assay

Cell viability was determined using the MTT reduction
assay. 786-0O cells were seeded at a density of 3 x 10°
per well in 96-well plates and incubated for 24 h. After-
ward, cells were treated with ferulic acid, p-coumaric
acid or caffeic acid (0-250 uM) for 48 h. A solution
of H,O, (I mM) was used as a positive control, while
0.5% (v/v) of DMSO was used as vehicle control. The
MTT reduction assay was then performed according to
previously published procedures (28,29). Absorbance
values for the vehicle-treated control cells correspond
to 100% of cell viability. For this assay, at least two
independent experiments were carried out and at least
six replicates were used for each condition in each in-
dependent experiment.
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uma revisdo geral do impacto dos acidos fertlico, cafei-
co e p-cumdrico em diferentes linhas celulares tumorais
e estudar experimentalmente o impacto destes compos-
tos nas células 786-O, um modelo in vitro de cancro
renal humano bem estabelecido. Adicionalmente, tanto
quanto sabemos ndo existem estudos prévios in vitro
que avaliem o efeito destes compostos em cancro renal
humano.

Materiais e Métodos

Materiais

Os reagentes e solventes utilizados adquiridos a Sigma-
Aldrich (Saint Louis, MO, EUA) foram o tampéo fosf-
ato (0,01 M, pH 7,4), a tripsina, a solugdo de penicilina-
estreptomicina, o dimetilsulfoxido (DMSO), o etanol,
0 4cido acético, o peroxido de hidrogénio (H,0,), o
brometo de tetrazolio azul de tiazolil (MTT), o cristal
violeta (CV), o acido p-cumarico e o acido cafeico. O
soro bovino fetal (FBS) e o meio de cultura Dulbecco’s
Modified Eagle’s Medium (DMEM) foram adquiridos
a Biowest (Nuaillé, Franga). O acido ferulico foi obtido
pela Henrifarma (Sao Paulo, Brasil).

Os acidos fertlico, cafeico e p-cumarico foram prepara-
dos em DMSO. A concentracdo final de DMSO foi de
0.5% (v/v) em todas as experiéncias realizadas.

Cultura celular

As células de adenocarcinoma humano 786-O foram
adquiridas a American Type Culture Collection (ATCC;
Manassas, VA, EUA). As células foram cultivadas em
meio DMEM com elevada concentracdo de glucose
suplementado com 10% de FBS e 1% de solugdo de
penicilina-estreptomicina e mantidas a 37 °C sob uma
atmosfera himida contendo 5% de CO,.

Ensaio de reducdo de MTT

A viabilidade celular foi determinada utilizando o en-
saio de redugdo do MTT. Para tal, as células 786-O
foram cultivadas a uma densidade de 3 x 10° por pogo,
em placas de 96 pogos e incubadas durante 24 h. Em
seguida, as células foram tratadas com os acidos fer-
ulico, p-cumarico e cafeico (0-250 uM) durante 48 h.
Como controlo positivo foi usada uma solugdo de H,O,
(1 mM), enquanto o DMSO (0.5%, v/v) foi usado como
veiculo. Apds este periodo, o ensaio de reducdo de
MTT foi realizado de acordo com protocolos descritos
previamente (28,29). Os valores de absorvancia para as
células tratadas com o veiculo (controlo) correspondem
a 100% da viabilidade celular. Para este ensaio, foram



Crystal violet (CV) staining assay

The CV staining assay was carried out as a confirmato-
ry assay to evaluate the impact of phenolic compounds
on cell viability. First, 786-O cells were cultured at a
density of 3 x 10° per well, in 96-well plates, and in-
cubated for 24 h. Then, cells were treated with ferulic,
p-coumaric or caffeic acids (0-1000 uM) for 48 h. A
solution of H O, (1 mM) was used as a positive con-
trol while 0.5% (v/v) of DMSO was used as vehicle
control. The CV staining assay was then performed ac-
cording to previously published protocols (12, 29-31).
Absorbance values for the vehicle-treated control cells
correspond to 100% of cell viability. For this assay, at
least two independent experiments were carried out and
six replicates were used for each condition in each inde-
pendent experiment. The half-maximal inhibitory con-
centration (IC, ) was calculated using GraphPad Prism
7" statistical software (San Diego, CA, USA).

Results and Discussion

In previous studies, ferulic, caffeic, and p-coumaric
acids have shown biological activity towards different
tumor cell lines, indicating that these compounds could
be promising anticancer agents. Nonetheless, there are
also studies in which this class of bioactive compounds
did not exhibit anticancer properties.

To the best of our knowledge, there are no previous
studies that evaluate the influence of these compounds
on cell viability using renal cancer cell models. Hence,
in this work, the cytotoxicity of ferulic, caffeic, and
p-coumaric acids was evaluated in 786-O cells through
two different methodologies, the MTT reduction assay
and the CV staining assay.

The MTT reduction assay is one of the most common
assays used to evaluate the cytotoxicity of potential
anticancer compounds. This assay is based on the
assumption that the mitochondrial activity of the
most viable cells is constant and the reduction of
MTT tetrazolium salt into formazan occurs in the
mitochondria of living cells. Thus, an increase or
decrease in the number of viable cells depend linearly
on their mitochondrial activity (33,34). In this study,
the MTT reduction assay results revealed that the

Phenolic acids’ cytotoxicity on 786-O cells
Citotoxicidade de acidos fendlicos em células786-O

efetuadas pelo menos duas experiéncias independentes
e usados pelo menos seis replicados para cada condigdo
em cada uma das experiéncias independentes.

Ensaio colorimétrico do cristal violeta (CV)

O ensaio colorimétrico do CV foi utilizado como ensaio
confirmatorio para avaliar o impacto dos compostos
fendlicos na viabilidade celular.Inicialmente, as células
786-0 foram cultivadas a uma densidade de 3 x 103
células por pogo, em placas de 96 pocos e incubadas
durante 24 h. Em seguida, as células foram tratadas
com os acidos fertlico, p-cumarico e cafeico (0—1000
uM) durante 48 h. Uma solugdo de H,O, (I mM) foi
usada como controlo positivo, enquanto o DMSO (0.5
%, v/v) foi usado como veiculo. Em seguida, o ensaio
colorimétrico do CV foi realizado de acordo com proto-
colos publicados anteriormente (12, 29-31). Os valores
de absorvancia para as células tratadas com o veiculo
(controlo) correspondem a 100% da viabilidade celular.
Para este ensaio, foram efetuadas pelo menos duas ex-
periéncias independentes e usados seis replicados para
cada condi¢do em cada uma das experiéncias independ-
entes. A metade da concentragdo maxima inibitdria
(IC,) foi calculada utilizando o software estatistico
GraphPad Prism 7° (San Diego, CA, USA).

Resultados e Discussio

Estudos anteriores demonstram que os acidos ferulico,
cafeico e p-cumarico apresentam atividade bioldgica
em diferentes linhas celulares, indicando que estes
compostos poderdo ser promissores agentes antitumo-
rais. No entanto, também existem estudos, nos quais
esta classe de compostos bioativos ndo exibiram pro-
priedades anticancerigenas.

De acordo com o nosso conhecimento, ndo existem es-
tudos prévios que avaliem a influéncia destes compos-
tos na viabilidade celular, utilizando modelos celulares
de cancro renal. Desta forma, neste trabalho a citotoxi-
cidade dos acidos ferulico, cafeico e p-cumarico foi
avaliada nas células 786-O através de duas metodolo-
gias distintas, o ensaio de reducdo de MTT e o ensaio
colorimétrico com CV.

O ensaio de reducdo de MTT ¢ um dos ensaios mais
usados para avaliar a citotoxicidade de potenciais
compostos antitumorais. Este ensaio baseia-se no
pressuposto de que a atividade mitocondrial das células
mais vidveis € constante e que a redu¢ao do sal MTT
tetrazolio em formazan ocorre nas mitocondrias das
células vivas. Assim, um aumento ou diminui¢do do
numero de células viaveis depende linearmente da
atividade mitocondrial das mesmas (33,34). Neste
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Figure 2 - Cell viability of 786-O cells exposed to ferulic acid (A), caffeic acid (B) and p-coumaric acid (C) (0-
250 uM; 48 h). The cell viability was evaluated by the MTT assay. Values represent mean = SD (n = 2-3) and are
expressed as percentages of the non-treated control cells.

Figura 2 - Viabilidade celular das células 786-O expostas ao acido ferulico (A), acido cafeico (B) e acido p-
cumarico (C) (0-250 uM; 48 h). A viabilidade celular foi avaliada pelo ensaio do MTT. Os valores representam a
média £ DP (n = 2-3) e estdo expressos como percentagens das células controlo ndo tratadas.

studied compounds (0-250 uM; 48 h) did not show
cytotoxic effects on this cell line when compared with
the non-treated control cells (Figure 2). At the highest
studied concentration (250 uM; 48 h) of ferulic acid,
caffeic acid, and p-coumaric acid, the cell viability
observed was similar to that of control cells, being
111.1%, 104.1% and 92.9%, respectively. Since MTT
reduction assay can be influenced by compounds that
modify the cell metabolism and reaction conditions, a
confirmatory methodology, the CV staining assay was
performed. Moreover, in CV assay, a higher range of
concentrations of ferulic, caffeic, and p-coumaric acids
(up to 1000 uM) was used.

The CV staining assay is a non-enzymatic assay that
quantifies the number of adherent cells. This assay is
based on the affinity between dye and DNA (34). The
amount of dye absorbed depends on the total DNA
content in the culture and, consequently, on the number
of viable cells. Although the CV staining assay does
not provide information about cell functionality, as it
is metabolism-independent (34). In this work, after 48
h treatment, the CV staining assay revealed that none
of the studied compounds showed cytotoxic effects at
concentrations up to 250 pM (Figure 3), which is in
agreement with our previous results obtained with the
MTT assay. Nevertheless, a different impact on cell
viability was observed when 786-O cells were exposed
to higher concentrations (500 and 1000 uM) of ferulic,
caffeic and p-coumaric acids (Figure 3). The exposure
to the higher concentrations of ferulic acid (500 and
1000 pM) continues to not significantly influence the
cell viability of 786-O cells, with these values being
109.5 % and 104.5 %, respectively. On the other hand,
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estudo, os resultados do ensaio de redugdo de MTT
revelaram que os compostos estudados (0-250 uM; 48
h) ndo demonstraram efeitos citotoxicos nesta linha
celular, quando comparados com as células controlo
nédo tratadas (Figura 2). A concentragio mais elevada
estudada (250 uM; 48 h) dos acidos fertlico, cafeico
e p-cumarico, a viabilidade celular foi semelhante a
viabilidade celular obtida das células controlo, obtendo-
se 111,1%, 104,1% e 92,9%, respetivamente. Uma vez
que o ensaio de reducdo do MTT pode ser influenciado
por compostos que modificam o metabolismo celular e
as condic¢des da reagdo, foi realizada uma metodologia
confirmatoria, o ensaio colorimétrico do CV.
Adicionalmente, no ensaio colorimétrico do CV, foi
usado um maior intervalo de concentragdes dos acidos
ferulico, cafeico e p-cumarico (até 1000 uM).

O ensaio colorimétrico do CV é um ensaio nao
enzimatico que quantifica o numero de células
aderentes. Este ensaio ¢ baseado na afinidade entre
o corante ¢ o ADN (33). A quantidade de corante
absorvido depende do conteudo total de ADN na cultura
e, consequentemente, do numero de células viaveis.
No entanto, o ensaio colorimétrico do CV nao fornece
informagdes sobre a funcionalidade celular, uma vez
que ¢ independente do metabolismo (34). Neste estudo,
apos um tratamento de 48 h, o ensaio colimétrico do
CV revelou que nenhum dos compostos estudados
apresentou efeitos citotoxicos as concentracdes até
250 uM (Figura 3), estando de acordo com 0s nossos
resultados previamente obtidos com o ensaio de
reducdo do MTT. No entanto, observou-se um impacto
diferente na viabilidade celular quando as células 786-
O foram expostas a concentragdes mais elevadas (500
e 1000 uM) dos acidos ferulico, cafeico e p-cumarico
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Figure 3 - Cell viability of 786-O cells exposed to ferulic acid (A), caffeic acid (B) and p-coumaric acid (C) (0-
1000 uM; 48 h). The cell viability was evaluated by the CV assay. Values represent mean + SD (n = 2-4) and are
expressed as percentages of the non-treated control cells. Cell viability of non-treated control cells is shown to the
right of each graph.
Figura 3 - Viabilidade celular das células 786-O expostas ao acido fertlico (A), acido cafeico (B) e acido p-
cumarico (C) (0-1000 uM; 48 h). A viabilidade celular foi avaliada pelo ensaio do CV. Os valores representam a
média = DP (n = 2-4) e s@o expressos como percentagens das células controlo ndo tratadas. A viabilidade celular
das células controlo ndo tratadas ¢ monstrada a direita da cada grafico.
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for p-coumaric acid, the results showed cytotoxic effects
at the highest concentration evaluated (1000 uM), with
cell viability of 74.97%. Interestingly, for caffeic acid, a
significant decrease in cell viability was observed at the
concentration of 500 uM, when compared with the non-
treated control cells, reaching 66.4% and decreasing
to 17.7% at the concentration of 1000 uM. The IC_
calculated for the exposure of 786-0 cells to caffeic acid
(48 h) was 603.4 uM. Thus, the cell viability results
obtained with CV assay revealed that 786-O cells were
more sensitive to caffeic acid, followed by p-coumaric
acid and then ferulic acid. However, these results
obtained for caffeic and p-coumaric acids only occur at
higher concentrations. Therefore, further studies should
be performed using these two bioactive compounds, to
understand their safety in non-tumor renal cell lines.

Globally, the results are in accordance with previously
published works using other tumor cell lines (Table 1).
For instance, in a previous study from our group, per-
formed in another cancer cell line (MDA-MB-231 cells)
and using similar experimental conditions (0-250 puM;
48 h; CV staining assay), the ferulic acid did not sig-
nificantly affect the cell viability (15). In another study,
using a different renal cancer cell line (769-P), it was
observed that ferulic acid (50 uM; 48 h; MTT assay)
did not significantly suppress cell proliferation (35).
Moreover, Serafim et al. (18) also observed that ferulic
acid (0-75 uM; 24, 48, or 72 h; sulforhodamine B as-
say) did not inhibit the proliferation of human breast
cancer cell lines, including the MDA-MB-231 cells.
In another study from our group with U20S cells (0-
1000 uM; 24 h; CV assay), ferulic acid did not induce a
significant decrease in cell viability (36). Furthermore,
other reports also revealed that caffeic acid (0-75 uM;
24,48, or 72 h; sulforhodamine B assay) did not exhibit
cytotoxic effects on human breast cancer cells (MCF-7,
MDA-MB-231, and HS578T) (18). In a previous report
with p-coumaric acid (0-10 mM; 48 h; MTT assay) at
concentrations higher than 750 pM, cytotoxic effects in
colon carcinoma (HT 29) and human colorectal carci-
noma (HCT-15) cells were observed (37).

Even though there are certain studies in accordance
with our results, there are also some in vitro studies that
demonstrated that these compounds not only decrease
the cell viability and the cell proliferation but also in-
duce apoptosis in different cancer cell lines (Table 1),
using a concentration range similar to ours (38-42).
For example, in a previous study, it was reported that
ferulic acid, at concentrations up to 100 uM, decreased
breast cancer MDA-MB-231 cell viability (38). Moreo-
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(Figura 3). A exposicdo a concentragdes mais elevadas
de acido fertlico (500 e 1000 uM) continuou a ndo
influenciar significativamente a viabilidade celular
das células 786-0O, sendo a mesma igual a 109,5% e
104,5%, respetivamente. Por outro lado, para o acido
p-cumarico os resultados revelaram efeitos citotoxicos
a concentragdo mais elevada estudada (1000 uM),
obtendo-se uma viabilidade celular de 74,97 %.
Curiosamente, para o acido cafeico foi observada
uma diminui¢do significativa da viabilidade celular
a concentracao de 500 uM, em comparagdo com as
células controlo ndo tratadas, obtendo-se um valor de
66,4% que diminui para 17,7% a concentragao de 1000
uM. O valor de IC,; calculado para a exposigdo das
células 786-O ao acido cafeico (48 h) foi de 603.4 uM.
Assim, estes resultados de viabilidade celular obtidos
com o ensaio colorimétrico do CV, revelaram que as
células 786-0 foram mais sensiveis ao acido cafeico, em
seguida ao acido p-cumarico e depois ao acido ferulico.
No entanto, estes resultados obtidos para os acidos
cafeico e p-cumarico s6 ocorrem as concentragdes
mais elevadas. Desta forma, mais estudos devem ser
efetuados utilizando estes dois compostos bioativos,
para compreender a sua seguran¢a em linhas celulares
renais nao tumorais.

Globalmente, os resultados estdo de acordo com out-
ros trabalhos previamente publicados utilizando out-
ras linhas celulares tumorais (Tabela 1). Por exemplo,
num estudo previamente realizado pelo nosso grupo,
utilizando outra linha celular tumoral (células MDA-
MB-231) e em condigdes experimentais semelhantes
(0-250 uM; 48 h, ensaio colorimétrico do CV), o acido
fertlico ndo afetou significativamente a viabilidade ce-
lular (12). Num outro estudo, utilizando uma linha ce-
lular de cancro renal diferente (769-P), observou-se que
o0 acido feralico (50 pM; 48 h; ensaio redugao do MTT)
ndo suprimiu significativamente a proliferacao celular
(34). Para além disto, Serafim e colaboradores (16)
também observaram que o acido feralico (0-75 uM; 24,
48 ou 72 h; ensaio sulforodamina B) ndo inibiu a prolif-
eracdo de linhas celulares humanas de cancro da mama,
incluindo as células MDA-MB-231. Num outro estudo
previamente realizado pelo nosso grupo com células
U20S (0-1000 uM; 24 h; ensaio colorimétrico do CV),
o0 acido feralico ndo induziu uma diminui¢ao significa-
tiva da viabilidade celular (35). Adicionalmente, outros
estudos também revelaram que o acido cafeico (0-75
uM; 24, 48 ou 72 h; ensaio sulforodamina B) ndo apre-
sentou efeitos citotoxicos em células humanas de can-
cro da mama (MCF-7, MDA-MB-231 e HS578T) (18).
Num estudo prévio com o acido p-cumarico (0-10 mM;
48 h; ensaio de redugdo do MTT)a concentragdes supe-
riores a 750 uM, nao foram observados efeitos citotoxi-
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Table 1 - Overview of the cytotoxic effects of the three phenolic acids under study (ferulic, caffeic and p-coumaric acids) in different
cancer cell lines
Tabela 1 - Visdo geral dos efeitos citotoxicos dos trés acidos fendlicos em estudo (acidos ferulico, cafeico e p-cumarico) em
diferentes linhas celulares tumorais

Concentration /

Time of exposure /

Compound / Cell line / N L. Assay / Results / References /
c B} Linha celul Concentracio Tempo de exposicio Ensai Resultad Referénci
“omposto inha celular M) (hours/ horas) nsato esultados eferéncias
. CV staining / No cytotoxic effects /
MDA-MB-231 5250 48 Colorimétrico do CV Sem efeitos citotoxicos as
MCE-7
Sulforhodamine B / ) iferati inhibi
MDA-MB-231 2575 24, 48,72, 168 M Mz. . Qmﬁdwﬁ B hm“a“WMMWWMMWQMM“WM—MMMWNS as)
HS57ST ulforodamina Z
. ” . Cell viability decreased/ ”
Ferulic acid / MDA-MB-231 3-100 24,48, 12 CCK-8 kit Diminuicéo daviabilidade celular (8)
Acido fertilico 769-P 5, 50 48 MTT Oa:. Eo:%@ao: not W%Emm.mm@\ 35)
. Proliferacao celular nao suprimida
CV staining / Cell viability decreased/ "
U208 1- 1000 24 Colorimétrico do CV Diminuigdio daviabilidade celular (36)
A549 Cell proliferation inhibited /
HT29-D4 30-1000 24 MTT Inibicdo da proliferacéo celular (42)
MCEF-7 .
Sulforhod: B/ i
MDA-MB-231 25.75 24, 48,72, 168 w W © mﬁawm m MNMMWMMHMMH % 18)
HS57ST ulforodamina 2
Caffei id / XIT Cell viability d d/
Aatterc act MDA-MB-231 10-100 24, 48 Sulforhodamine B / Sulforodamina B, = " ilty dectease (39)
iminuicdo daviabilidade celular
, Neutral red / Vermelho neutro
Acido cafeico
Anti-proliferative effects /
Caco-2 cells 50-1000 24 MTT Efeitos anti-proliferativos (40)
A549 Cell proliferation inhibited /
HT29-D4 50-1000 2 MTT Inibicdo da proliferacdo celular (42)
HT 29 Cytotoxic effects / °
HCT-15 50-10000 48 MTT Efeitos citotdxicos GN
p-Coumaric acid / Cvtotoxic effects/
N2a 150 24, 48, 72 MTT yiotoxieeliects (41)
. MNm:ra cifofoxicos
Acido p-cumadrico
A549 Cell proliferation inhibited /
HT29-D4 50-1000 24 MTT Inibigao da proliferagéao celular (42)
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ver, in another study, using the same cell line and the
XTT, sulforhodamine B, and neutral red assays, after
a 24 or 48 h period of exposure to caffeic acid (10-100
uM), the cell viability decreased in a concentration-de-
pendent manner (39). In another study, using the MTT
assay, it was also observed that caffeic acid (50-1000
UM, 24 h) led to an anti-proliferative effect in Caco-2
cells (40). Moreover, another research study revealed
that p-coumaric acid (150 uM) decreased the cell vi-
ability of neuroblastoma cells, being this decrease more
significant after 72 h of treatment (41). Furthermore,
Bouzaiene et al. (2015), also observed that the exposure
to ferulic, caffeic and p-coumaric acids (50-1000 puM,
24 h, MTT assay) significant inhibited, in a concentra-
tion-dependent manner, the proliferation of human lung
(A549) and colon (HT29-D4) cancer cells (42). These
discrepancies between studies can be related to differ-
ent experimental conditions used as well as to some
inherent cellular mechanisms of each cell type. These
studies prove the importance of using different meth-
odologies, experimental conditions, and models when
evaluating the possible applicability of phenolic acids
as anticancer agents.

Conclusion

In this study, we investigated the cytotoxicity of ferulic,
caffeic, and p-coumaric acids in a human renal cancer
cell line. Our results revealed that up to 250 uM, none
of the studied natural compounds showed cytotoxic
effects on the 786-O cell line under our experimental
conditions. Nonetheless, at higher concentrations, in
the presence of caffeic and p-coumaric acids, cytotoxic
effects were observed. Therefore, more studies using
these two natural compounds should be conducted to
understand their safety in non-tumor cells. Further stud-
ies with other methodologies, experimental parameters,
or using other cancer cell lines should also be consid-
ered. Additionally, this work also highlights the impor-
tance of publishing negative results, since this data may
be fundamental to redirect further studies.
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cos em c¢lulas de carcinoma do colon (HT 29) e em
células de carcinoma colorretal humano (HCT-15) (37).
Contudo, embora existam alguns estudos concordantes
com 0s nossos resultados, existem também alguns es-
tudos in vitro que demonstraram que estes compostos
diminuem nao s6 a viabilidade e a proliferagdo celular
bem como induzem a apoptose em varias linhas celu-
lares tumorais (Tabela 1), utilizando um intervalo de
concentragdes semelhante ao do nosso trabalho experi-
mental (38-42). Por exemplo, num estudo prévio, foi
reportado que o acido feralico, a concentragdes até 100
uM, diminuiu a viabilidade das células MDA-MB-231
de cancro da mama (38). Adicionalmente, num outro es-
tudo, usando a mesma linha celular e utilizando os en-
saios do XTT, sulforodamina B e vermelho neutro, apos
um periodo de exposi¢do de 24 ou 48 h ao acido cafeico
(10-100 uM), a viabilidade celular obtida diminuiu de
forma dependente da concentracao (39). Num outro es-
tudo, utilizando o ensaio de redugdo do MTT, também
foi observado que, o acido cafeico (50-1000 puM; 24
h) causou efeitos antiproliferativos em células Caco-2
(40). Para além disto, outro trabalho revelou que o aci-
do p-cumarico (150 uM), diminuiu a viabilidade celular
de células do neuroblastoma, sendo a diminuigdo mais
significativa apos 72 h de tratamento (41). Para além
disto, Bouzaiene et al. (2015), também observaram que
a exposicao aos acidos ferulico, cafeico e p-cumarico
(50-1000 uM, 24 h, ensaio de redugdo do MTT) inibiu,
de forma significativa e dependente da concentracao,
a proliferacdo de células tumorais do pulmao humano
(A549) do colon (HT29-D4) (42). Estas discrepancias
entre os diversos estudos podem estar relacionadas
com as diferentes condigdes experimentais utilizadas,
assim como com a diferenga dos mecanismos celulares
caracteristicos de cada tipo de células. Estes estudos
demonstram a importancia de usar diferentes metodo-
logias, modelos e condigdes experimentais, quando se
pretende avaliar a possivel aplicabilidade dos acidos
fenolicos como agentes antitumorais.

Conclusao

Neste estudo foi investigado a citotoxicidade dos acidos
ferulico, cafeico e p-cumarico em linhas celulares renais
tumorais humanas. Os nossos resultados revelaram que
até 250 uM, nenhum dos compostos naturais estudados
mostrou efeitos citotoxicos na linha celular 786-
O, sob as nossas condigdes experimentais. Contudo,
as concentragdes mais elevadas, foram observados
efeitos citotoxicos na presenga dos acidos cafeico e
p-cumarico. Desta forma, mais estudos usando estes
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Abstract

Calendula officinalis L. (Asteraceae), popularly known as Marigold in Europe and “Caléndula” in Brazil is a medicinal
plant used for centuries to treat a wide variety of ailments including gastric ulcers. Despite its folk use, there are few
studies about the potential of C. officinalis extract to heal gastric ulcers. In this study, gastric ulcer healing potential of
C. officinalis inflorescences (HECO) was evaluated using chronic gastric ulcer induced by acetic acid in Wistar rats.
Different groups (n=6) were treated orally with vehicle (water plus 0.5% Tween 80, 1 mL/100 g), omeprazole (20 mg/
kg), or HECO (10, 30 and 100 mg/kg), twice a day for seven days. The results showed that HECO is rich in phenolic
substances and displays healing chronic gastric ulcer activity, evidenced by diminished lesion area. Additionally, the
data suggest that its effectiveness is related, at least in part, to the capacity of extract to increase production of protective
factors of gastric mucosa, such as mucus and antioxidants, and to increase collagen synthesis. This study contributes to
the validation of the folk use of the extract of C. officinalis inflorescences for the treatment of gastric ulcer.

Keywords: gastric ulcer; Calendula; ulcer healing; marigold

Resumo

Calendula officinalis L. (Asteraceae), popularmente conhecida como Marigold na Europa e Caléndula no Brasil, ¢ uma
planta medicinal usada para tratar varias doengas, incluindo ulceras gastricas. Porém, ha poucos estudos sobre o potencial
do extrato de C. officinalis na cicatrizagdo de tlceras gastricas. Neste estudo, o potencial de cicatrizagao de tlceras gastricas
das inflorescéncias de C. officinalis (HECO) foi avaliado usando ulcera géstrica cronica induzida por acido acético em
ratos Wistar. Diferentes grupos (n = 6) foram tratados oralmente com veiculo (solugdo 0,5% de Tween 80, 1mL/100 g),
omeprazol (20 mg/kg) ou HECO (10, 30 e 100 mg / kg), duas vezes ao dia, durante sete dias. Os resultados mostraram
que o HECO ¢ rico em substancias fenolicas e apresenta atividade cicatrizante de tlcera gastrica cronica, evidenciada
pela diminuicao na area da lesdao. Além disso, os dados sugerem que a eficacia esta relacionada, pelo menos em parte, a
capacidade do extrato em aumentar fatores protetores da mucosa gastrica, como muco e fatores antioxidantes, além de
aumentar a sintese de colageno. Este estudo contribui para a valida¢ao do uso popular do extrato de inflorescéncias de C.
officinalis para o tratamento de tlcera gastrica.

Palavras-chave: ulcera gastrica; Caléndula; cicatrizagdo de ulceras; marigold
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Introduction

Calendula officinalis L. (Asteraceae), popularly known
as Marigold in Europe and “Caléndula” in Brazil, is a
medicinal plant widely grown in the world. Its inflo-
rescences have been used for centuries to treat a wide
variety of ailments including skin diseases, wounds,
burn and gastrointestinal ulcers (1,2). When the terms
“calendula tea and gastric ulcer” were used in a recent
(March 2020) web search, the results included more
than 230,000 references regarding recommendations
and methods of preparations (tea infusion) based on
Calendula officinalis inflorescences to treat gastric ul-
cers. The plant is listed in the following compendiums:
German Commission E Monographs,European Scien-
tific Cooperative on Phytotherapy, British Herbal Phar-
macopeia, the World Health Organization monographs,
and the Formulario de Fitoterapicos da Farmacopeia
Brasileira (Brazilian Pharmacopeia) for wound healing
and anti-inflammatory actions (3, 4).

Despite widespread folk use to treat gastrointestinal ul-
cers, there are few studies about the potential of Calen-
dula officinalis extract to heal gastric ulcers. Therefore,
this study aims to help fill this scientific gap (5). In the
literature, there are previous studies concerning its gas-
troprotection effect in acute ulcer models (gastroprotec-
tive models) (1,6), but an extract or compound found to
have a gastroprotective effect does not always ensure
it also has healing properties. Therefore, established or
potential antiulcer agents should also be evaluated us-
ing of a chronic ulcer model (healing model).

Gastric ulcer is a chronic disease that affects millions
of people all the world and is characterized by the pres-
ence of a deep necrotic lesion involving the entire stom-
ach mucosal thickness, reaching the muscular mucosa
(7). Currently, therapy is primarily based on acid gastric
suppression, using Proton Pump Inhibitors (PPIs) and
type-2 histamine receptor antagonists (H2RAs), such as
omeprazole and cimetidine (respectively). However, in
recent years, several studies have related antisecretory
drugs with serious adverse effects, for example, head-
ache, dyspepsia, diarrhea, atrophic gastritis (a precur-
sor for gastric cancer), increased Clostridium difficile
colitis, decreased calcium absorption and increased risk
of osteoporotic fractures, pneumonia, and thrombocy-
topenia, among others (8,9). Thus, the current search
for safer and more effective antiulcer treatments is man-
datory, and the approach of using plants and folk medi-
cine has been shown to be promising in this sense.
Hence, the aim of the work is to assess the gastric ulcer
healing potential of the hydroalcoholic extract of Ca-
lendula officinalis inflorescences in a preclinical acetic
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Introducao

Calendula officinalis L. (Asteraceae), popularmente
conhecida como “Marigold” na Europa e Caléndula no
Brasil, ¢ uma planta medicinal amplamente distribuida
no mundo. Suas inflorescéncias sdo usadas ha séculos
para tratar uma grande variedade de doengas, incluindo
doengas de pele, feridas, queimaduras e ulceras gas-
trointestinais (1,2). Quando sdo usados os termos “cha
de caléndula e tlcera gastrica” foram usados em uma
busca recente (margo de 2020) em um site de pesquisa,
os resultados retornam mais de 230.000 referéncias so-
bre recomendacdes ¢ métodos de preparagdes (infusdo
de chd) com base nas inflorescéncias de Calendula of-
ficinalis para tratar Ulceras gastricas. A planta esta lis-
tada como tendo propriedades cicatrizantes e anti-in-
flamatorias nos seguintes compéndios:monografias da
Comissao E Alema, Cooperativa Cientifica Europeia de
Fitoterapia (ESCOP), Farmacopeia Britanica de Ervas,
monografias da Organiza¢do Mundial da Saude e For-
mulario de Fitoterapicos da Farmacopeia Brasileira (3,
4).

Apesar do amplo uso na medicina popular para tratar
ulceras gastrointestinais, ha poucos estudos sobre o
potencial do extrato de Calendula officinalis para cic-
atrizacdo de ulceras gastricas. Portanto, este estudo tem
como objetivo ajudar a preencher essa lacuna cientifica
(5). Na literatura, existem estudos anteriores sobre o
efeito gastroprotetor em modelos de ulcera aguda (mod-
elos gastroprotetores) (1,6), mas o fato de um extrato ou
composto ter efeito gastroprotetor nem sempre garante
propriedades curativas, portanto, agentes antiulcerosos
estabelecidos ou potenciais também devem ser avali-
ados usando um modelo de tlcera cronica (modelo de
cicatrizagdo).

A tlcera gastrica ¢ uma doenga cronica que afeta mil-
hoes de pessoas em todo o mundo, ¢ ¢ caracterizada pela
presencga de uma lesdo necrdtica profunda envolvendo
toda as camadas da mucosa do estdmago, atingindo in-
clusive a camada muscular da mucosa (7). Atualmente,
a farmacoterapia da Ulcera gastrica ¢ baseada principal-
mente na supressao da secregao de acido gastrico, usan-
do inibidores da bomba de préotons (IBP) e antagonistas
do receptor de histamina tipo 2 (H2-RAs), como ome-
prazol e cimetidina. No entanto, nos ultimos anos, vari-
os estudos relacionaram medicamentos antissecretores
com sérios efeitos adversos, como por exemplo: dor de
cabega, dispepsia, diarreia, gastrite atrofica - precursora
do cancer gastrico -, aumento da colite por Clostridium
difficile, diminui¢do da absor¢do de calcio e aumento
do risco de fraturas osteoporoticas, pneumonia, trom-
bocitopenia, entre outros (8,9). Deste modo, atualmente



acid-induced chronic ulcer model in order to fill this
gap and collaborate to confirm the folk medicine indi-
cations, contributing to open the way for other studies
which could to allow the development of phytomedi-
cines to treat gastric ulcer from this plant.

Materials and Methods

Chemicals

Omeprazole, TRIS-HCI, 5,5 'dithiobis-2-nitrobenzoic
acid, bovine serum albumin, GSH and rutin were pur-
chased from Sigma-Aldrich (St Louis, MO, USA). Eth-
anol, acetonitrile, acetic acid, formic acid and trichlo-
roacetic acid were purchased from Merck (Darmstadt,
Germany). Xylazine and ketamine were purchased
from Syntec (Santana de Parnaiba, SP, Brazil). Brad-
ford reagent was purchased from Bio-Rad (Hercules,
CA, USA).

Botanical material and extract preparation

Dry Calendula officinalis inflorescences (200 g.) were
purchased from the Natural Products House in Itajai
City, Brazil in May 2016 and identified by comparison
with voucher specimen and description reported in com-
pendium “Virtual Herbarium” (available in http://inct.
splink.org.br/) by agronomist René Artur Ferreira. The
inflorescences were reduced to small pieces using knife
mill (Marconi, Piracicaba, SP, Brazil) and macerated in
a hydroalcoholic solution (70% ethanol/ 30% water) for
seven days. After maceration, the solution was filtered
and the solvent was removed using a rotatory evapora-
tor. Next, the extract was dried in an airstream at 45 °C
using a circulating hot air oven. The final humidity in
the extract was measured by loss on drying methodol-
ogy as described in Brazilian Pharmacopoeia (10), and
the result showed that its humidity was 5%. The yield
was 15.6 g (yield: 7.85%) of the hydroalcoholic extract
of Calendula officinalis inflorescences (HECO).
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a busca por medicamentos anti-ulcera gastrica, mais se-
guros e eficazes, ¢ de grande importancia e as plantas
medicinais tem se mostrado promissoras nesse sentido.
Portanto, o objetivo deste trabalho ¢ avaliar o potencial
cicatrizante de ulceras gastricas do extrato hidroalcodli-
co de inflorescéncias de Calendula officinalis em mod-
elo de ulcera cronica experimental induzida por acido
acetico, a fim de preencher essa lacuna e colaborar para
confirmar a indicagdo popular, contribuindo de forma
a abrir caminho para outros estudos que permitam o
desenvolvimento de um medicamento fitoterapico para
tratar Ulcera gastrica a partir desta planta.

Material e Métodos

Reagentes

Omeprazol, TRIS-HCI, acido 5,5 'ditiobis-2-nitroben-
z6ico, albumina sérica bovina, GSH e rutina foram
adquiridos da Sigma-Aldrich (St Louis, MO, EUA).
Etanol, acetonitrila, acido acético, acido formico e aci-
do tricloroacético foram adquiridos da Merck (Darm-
stadt, Alemanha). Xilazina e cetamina foram adquiridas
da Syntec (Santana de Parnaiba, SP, Brasil). O reagente
de Bradford foi adquirido da Bio-Rad (Hercules, CA,
EUA).

Obtengdo do material vegetal e extrato

As inflorescéncias secas de Calendula officinalis (200
g.) foram compradas em Casa de Produtos Naturais
na cidade de Itajai, Brasil, em maio de 2016. A iden-
tificagdo botanica foi realizada por comparagdo com
espécime depositada e autenticada, bem como sua
descri¢ao relatada no compéndio “Herbario Virtual”
(disponivel em http: //inct.splink .org.br/) pelo engen-
heiro agronomo René Artur Ferreira. As inflorescéncias
foram reduzidas a pequenos pedagos usando moinho de
facas (Marconi, Piracicaba, SP, Brasil) ¢ maceradas em
solucdo hidroalcoodlica (70% de etanol/30% de agua),
por sete dias. Apds a maceragao, a solugdo foi filtrada
e o solvente foi removido por um evaporador rotativo.
Em seguida, o extrato foi seco em uma corrente de ar
a 45 °C, utilizando uma estufa de ar seco circulante. A
umidade final no extrato foi mensurada pela metodo-
logia de perda por dessecagdo, conforme descrito na
Farmacopeia Brasileira (10), e o resultado mostrou que
a umidade foi de 5%. O rendimento final foi de 15,6 g
(rendimento: 7,85%) do extrato hidroalcoolico das in-
florescéncias de Calendula officinalis (HECO).
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Phytochemical analysis

Samples HECO and rutin, an abundant substance in C.
officinallis used as phytochemical marker (10) were
freshly prepared in a mixture of water/acetonitrile (1:1,
v/v) by sonication. Both were filtered through a cel-
lulose regenerated membrane filter (0.22 um). For the
chromatographic analysis, an ACQUITY UPLC I-class
system was used, with an ACQUITY UPLC BEH C18
column (50 mm x 2.1 mm i.d. 1.7um) (both Waters,
Milford, MA, USA) at 35 °C for substance separation.
The mobile phase consisted of water (formic acid 0.1%)
(A) and acetonitrile (B), in a gradient from 95:5 (A:B,
v/v; 0 min) to 0:100 (v/v; 11 min) with a flow rate of 0.3
mL/min. A 2 pL aliquot of each sample was injected,
with detection at 354 nm.

To establish a calibration curve for the determination
of its concentration in the HECO, rutin was injected
in five concentrations (0.1-100 pg/mL). Samples were
prepared in triplicate and injected in duplicate. The
areas were plotted against the corresponding concen-
tration, and linearity was determined by linear regres-
sion analysis using Microsoft Excel 15.0® (Microsoft,
Redman WA, USA). The HECO extract solution (1 mg/
mL), for determination, was prepared in triplicate and
injected in duplicate.

UHPLC-QToF analysis

For chromatographic separation, a Nexera X2 UH-
PLC (Shimadzu, Kyoto, Japan) was used. The same
conditions as described in the previous (Phytochemi-
cal analysis) section were applied.. MS analysis was
performed on an impact II QTOF system (Bruker Dal-
tonik, Bremen, Germany), over a 50-1000 m/z range.
Capillary voltage was set at 4000 V, end plate offset
voltage at 500 V, nebulizer pressure at 4 Bar and dry gas
temperature at 200 °C.

Animals

Male Wistar rats (180-200 g) were supplied by Central
Animal Laboratory of the University of Vale do Itajai
(UNIVALI). The animals were kept in polypropylene
cages at 22 + 2 °C under 12 h light/dark cycle during
five days (acclimatization period) with access to food
and water ad libitum until eight hours prior to the ex-
periments.. All protocols were approved by the Insti-
tutional Animal Ethics Committee (CEUA/UNIVALI;
approval number 02 / 2015p) and were carried out in
accordance with the International Standards and the
Ethical Guidelines on Animal Welfare (NRC, 1996 and
CCAC, 1993).
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Andalise fitoquimica

As amostras HECO e rutina (uma substancia abundante
em C. officinallis usada como marcador fitoquimico
(10) foram preparadas em uma mistura de dgua/acetoni-
trila (1: 1, v/v) e dissolvidas usando ultrassom. Apos,
ambas foram filtradas com membrana regenerada de
celulose (0,22 um). Para a analise cromatografica, foi
utilizado equipamento UPLC ACQUITY I, e foi utili-
zada uma coluna C18 UPLC ACQUITY BEH (50 mm
x 2,1 mm i.d. 1,7 pm) (ambos Waters, Milford, MA,
EUA) a 35 ° C para a separacao das substancias. A fase
movel consistiu em agua (4cido férmico a 0,1%) (A) e
acetonitrila (B), em um gradiente de 95: 5 (A: B, v/v; 0
min) a 0: 100 (v/v; 11 min) com uma taxa de fluxo de
0,3 mL/min. Uma aliquota de 2 pL de cada amostra foi
injetada, com detecgdo a 354 nm.

Para determinacao da rutina no HECO uma curva linear
foi construida, a partir da inje¢do do analito em cinco
concentragdes (0,1-100 pg/mL). As amostras foram
preparadas em triplicata e injetadas em duplicata. As
areas foram plotadas de acordo com a concentragdo
correspondente, e a linearidade foi determinada por
analise de regressdo linear usando Microsoft Excel
15.0° (Redmond, WA, USA). A solu¢ido do extrato (1
mg/mL), para determinagao, foi preparada em triplicata
e injetada em duplicata.

Andalise por UHPLC-QToF

Para analise UHPLC-QToF, foi utilizado um equipa-
mento Shimadzu Nexera X2 (Shimadzu, Kyoto, Japan).
As condi¢des cromatograficas foram as mesmas descri-
tas acima, na se¢do Andlise Fitoquimica. A analise de
MS foi realizada em um analisador Impact II Bruker
QToF, na faixa de m/z 50-1000. A tensdo capilar foi
ajustada em 4000 V, a tensao de compensacao da placa
final em 500 V, a pressdo do nebulizador em 4 Bar e a
temperatura do gas seco em 200 °C.

Animais

Ratos Wistar machos (180-200 g) foram fornecidos
pelo Biotério Central da Universidade do Vale do Itajai
(UNIVALI). Os animais foram mantidos em gaiolas de
polipropileno a 22 + 2 °C sob ciclo de 12 horas claro/
escuro durante cinco dias (periodo de aclimatagao) com
acesso a comida e agua ad libitum até oito horas antes
dos experimentos.. Todos os protocolos foram aprova-
dos pelo Comité de Etica de uso de Animais (CEUA
/ UNIVALI; nimero de aprovagdo 02/2015p) e foram
realizados de acordo com as Normas Internacionais e
Diretrizes Eticas sobre Bem-Estar Animal (NRC, 1996
e CCAC, 1993).



Chronic gastric ulcer induced by acetic acid in rats

After eight hours fasting, 30 rats were anesthetized with
xylazine and ketamine (10 mg/kg and 5 mg/kg, i.p.),
and a midline laparotomy was performed to expose the
stomach and allow the application of 500 uL of 80%
acetic acid onto the serosa using a plastic tube(6 mm).
The contact between acetic acid and mucosa lasted 1
min, and after this time the acid was aspirated, the se-
rosa was washed with saline, the stomach was put back
on the abdominal cavity, and the incision was sutured
as described by Okabe et al. (11). Two days after surgi-
cal recovery the rats were randomly divided into dif-
ferent groups (n=6), and orally treated with vehicle
(water plus 0.5% Tween 80, 1 mL/100 g), omeprazole
(20 mg/kg), or HECO (10, 30 and 100 mg/kg), twice a
day for seven days. On Day 8 of the treatment period,
the animals were euthanized, the stomach removed and
opened along the greater curvature and the gastric ul-
cer area in the mucosa was measured using a graduated
scale. Next, a lesion site fragment was immediately
fixed with a 10% neutral buffered formalin for histo-
logical and histochemical analysis and the remaining
tissue used for quantification of reduced glutathione
(GSH) levels.

Histological and histochemical analyses

For histological and histochemical analyses, one frag-
ment of the gastric ulcer from each animal was fixed in
10% neutral buffered formalin followed by embedding
in paraffin, and 7 um sections were cut and prepared in
slides. After deparaffinization, a portion of histological
sections were stained by the classical hematoxylin and
eosin method. Another portion of the deparaffinized
segments was used in the histochemical analysis to
measure gastric mucin using the Schiff’s Periodic Acid
(PAS), and collagen by Masson's trichrome staining
(12). ImagelJ software was used to assess the content of
gastric mucin and collagen.

Quantification of GSH levels

Quantification of GSH levels was carried out as
described by Sedlak et al. (13). First, the ulcerated
tissue fragments were homogenized using a tissue
homogenizer (IKA T 10 UltraTurrax®, Wilmington,
DE, USA) at 25,0000 rpm in order to lyse the cells.
This process was undertaken under ice using phosphate
buffer 200 mM (pH 6.5) at a ratio 3:1 of buffer: sample.
Afterward, the samples were stored frozen at -80 °C
until GSH quantification, when they were thawed.
Prior to GSH quantification, the protein concentration
was measured using 5 pL of sample and 200 pL of
Bradford reagent. Bovine serum albumin (0.01 - 0.10
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Ulcera gastrica créonica induzida por dacido acético em
ratos

Ap6s oito horas em jejum, 30 ratos foram anestesiados
com xilazina e cetamina (10 mg/kg e 5 mg/kg, i.p.) e
uma laparotomia na linha média foi realizada para
expor o estdmago e permitir a aplicacdo de 500 pL
de acido acético a 80% na serosa usando um tubo de
plastico (6 mm). O contato entre o acido acético e a
mucosa durou 1 minuto e, apds esse periodo, o acido
foi aspirado, a serosa foi lavada com solugdo salina,
o estomago foi recolocado na cavidade abdominal e a
incisdo foi suturada conforme descrito por Okabe et al.
(11). Dois dias apds a recuperagdo cirirgica, os ratos
foram divididos aleatoriamente em diferentes grupos
(n = 6) e tratados oralmente com veiculo (dgua mais
0,5% Tween 80, 1 mL/100 g), omeprazol (20 mg/kg) ou
HECO (10, 30 e 100 mg/kg), duas vezes ao dia por sete
dias. No oitavo dia do periodo de tratamento, os animais
foram submetidos a eutanasia, o estobmago removido e
aberto ao longo da curvatura maior e a area da ulcera
gastrica na mucosa foi medida usando uma escala
graduada. Em seguida, um fragmento do local da lesdo
foi imediatamente fixado com formalina tamponada
neutra a 10% para andlise histologica e histoquimica,
e o restante foi utilizado para quantificacdo dos niveis
reduzidos de glutationa (GSH).

Andalises histologicas e histoquimicas

Para analises histologicas e histoquimicas, um frag-
mento da ulcera gastrica de cada animal foi fixado em
formalina tamponada neutra a 10%, apds incorporagao
em parafina e cortes de 7 pm foram executados e mon-
tados em laminas de microscopia. Apos desparafini-
zagao, parte dos segmentos histologicos foi corada pelo
método classico de hematoxilina e eosina para observar
o processo de cicatrizagdo microscopicamente. Outra
porcao dos segmentos desparafinizados foi usada na
analise histoquimica para medir a mucina gastrica us-
ando o Acido Periodico de Schiff (PAS) e o colageno
pela coloragdo tricromatica de Masson (12). Para aval-
iar o conteudo de mucina e coldgeno gastrico foi utili-
zado o software Imagel.

Quantificagdo dos niveis de GSH

A quantificagdo dos niveis de GSH foi realizada como
descrito por Sedlak et al. (13). Primeiramente, os
fragmentos de tecido ulcerado foram homogeneiza-
dos usando um homogeneizador de tecidos (IKA T 10
UltraTurrax®,Wilmington, DE, USA) a 25.0000 rpm,
a fim de lisar as células. Este processo foi realizado
sob gelo usando tampao fosfato 200 mM (pH 6,5) na
taxa de 3:1 de tampao:amostra. Além disso, as amostras
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pug/mL) was used to obtain a standard curve. Afterward,
the homogenate was deproteinized using 12.5%
trichloroacetic acid and the material resultant was
centrifuged at 900 x g, 20 min, at 4 °C. Next, 10 uL of
the supernatant was added to 290 pL of 0.4 M TRIS-HCl
buffer (pH 8.9) and the reaction initiated by the addition
of 5 uL of 1 mM 5,5 'dithiobis-2-nitrobenzoic acid.
The absorbance was read after 5 min at 415 nm and the
individual values were interpolated on a standard curve
of GSH (1.25 — 10.0 pg/mL). Results are expressed
in pg/g of tissue. In quantification of GSH, a group of
control (non-intervened, n=6) animals was included
with the experiment to allow comparison of the normal
levels in animals without any acid treatment.

Statistical analysis

The data are reported as mean + standard error of the
mean (SEM) and were compared by one-way analysis
of variance (ANOVA), followed by Bonferroni’s test
using GraphPad Prism 5% software (GraphPad Soft-
ware, San Diego, CA, USA). A p value <0.05 was con-
sidered significant in all experiments.

Results and Discussion

Phenolic substances are widely described for Calendula
species, including flavonoids and hydroxycinnamic and
hydroxybenzoic acid derivatives (14). To this end, the
hydroalcoholic extract of C. officinalis was analyzed by
UPLC-MS/MS in order to give additional information
focusing on phenolic substances based on their chemi-
cal composition. Using MS-fragmentation data, it was
possible to elucidate the structure of five flavonols and
two hydroxycinnamic acid derivatives (Figure 1).

Both flavonols-O-glycosides and flavonols aglycones
were detected in the extract of C. officionalis. Two of
them exhibited an ion at m/z 301, characterizing querce-
tin [quercetin-H] {1}, as well as a quercetin derivative.
The sugar moiety linked to the quercetin derivative was
assigned as 3-O-rutinoside (Rha-1->Glc-6) since the
abundance of the cleavage of the glycosidic link was
higher than of quercetin itself (15). This confirmed the
presence of quercetin-3-O-rutinoside (rutin {2}). The
identification was confirmed by the co-injection of
quercetin and rutin standards.

Substances {3} and {4} were identified as isorham-
netin and as isorhamnetin-3-O-glucoside. For {3}, a
pseudomolecular ion [M-H] at m/z 315 was assigned
to [isorhamnetin-H]-. For {4}, a base peak [M-H-glu-
coside] at m/z 315 with a pseudomolecular ion [M-H]
at m/z 477 indicated the loss of 162 Da, corroborating
with a 3-O-glucoside derivative of isorhamentin (16).
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foram mantidas em congelamento a -80 °C até a quan-
tificagdo do GSH, quando foram descongeladas. Antes
da quantificagdo do GSH, a concentracdo de proteina
foi medida usando 5 pL de amostras e 200 pL de rea-
gente de Bradford. A albumina sérica bovina (0,01 -
0,10 pg/mL) foi utilizada para obter uma curva padrao.
Ap6s, 0 homogenato foi desproteinizado usando 12,5%
de acido tricloroacético e o material resultante foi cen-
trifugado a 900xg, 20 min, a 4 °C. Em seguida, 10 pL
do sobrenadante foi misturado com 290 puL de tampao
TRIS-HCI 0,4 M (pH 8,9) e a reagdo foi iniciada pela
adicdo de 5 pL do acido 5,5 'ditiobis-2-nitrobenzoico 1
mM. A absorbancia foi lida ap6s 5 min a 415 nm e os
valores individuais foram interpolados em uma curva
padrao de GGSH (1,25 - 10,00 pg/mL). Os resultados
foram expressos em pg/g de tecido. Na quantificagdo
do GSH, um grupo naive (n=6) foi inserido no experi-
mento para permitir a comparacdo dos niveis normais
em animais sem nenhum tratamento.

Analise estatistica

Os dados foram expressos como média + erro padrao
da média (SEM) e foram comparados pela analise de
variancia unidirecional (ANOVA), seguida pelo teste
de Bonferroni usando o software GraphPadPrism 5®
(software GraphPad, San Diego, CA, EUA). Um valor
de p <0,05 foi considerado significativo em todos os
experimentos.

Resultados e Discussio

As substancias fenolicas sao amplamente descritas para
as espécies de Calendula, incluindo flavonoéides e de-
rivados dos acidos hidroxicindmico e hidroxibenzoico
(14). Nesse sentido, o extrato hidroalcodlico de C. of-
ficinalis foi analisado por UPLC-MS/ MS, a fim de for-
necer informacgdes adicionais com foco em substancias
fendlicas devido a sua composi¢do quimica. Utilizando
dados de fragmentacao de MS, foi possivel elucidar a
estrutura de cinco flavonois e dois derivados do acido
hidroxicinamico (Figura 1).
Flavonois-O-glicosideos e flavonois agliconas foram
detectados no extrato de C. officionalis e dois deles exi-
biram um ion em m/z 301, caracterizando a quercetina
[quercetina-H] {1}, bem como um derivado da quercet-
ina. A fracao de acucar ligada ao derivado de quercetina
foi atribuida como 3-O-rutinosideo (Rha-1->Glc-6),
uma vez que a abundancia da clivagem do elo glicosid-
ico era maior do que a propria quercetina (15). Isso con-
firmou a presenca de quercetina-3-O-rutindsido (rutina
{2}). A identificagdo foi corroborada pela co-injecao de
padrdes das substancias quercetina e rutina.
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Figure 1 - Majority substances identified in hydroalcoholic extract of Calendula officinalis inflorescences
(HECO). {1} quercetin; {2} quercetin-3-O-rutinoside (rutin); {3} isorhamnetin; {4} isorhamnetin-3-O-glu-
coside; {5} kaempferol-3-O-(6-p-coumaroyl) glucoside; {6} caffeic acid; {7} 3,4-O-dicaffeoylquinic acid
Figura 1 - Substancias majoritarias identificados no extrato hidroalcoolico das inflorescéncias de Calendula
officinalis (HECO). {1}quercetina; {2} quercetina-3-O-rutindsido (rutina); {3) isorhamnetina; {4} isoram-
netina-3-0-glucdsido; {5} kaempferol-3-O- (6-p-coumaroil) glucésido; {6} acido cafeico;{7} acido 3,4-O-

dicafeoilquinoico
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Finally, for compound {5}, MS2 fragments at m/z 447
and at m/z 285 were in assigned as [M-H-p-coumaroyl]
and as [M-H-coumaroylglucoside]. Because of the
pseudomolecular ion [M-H] at m/z 593, flavonol 5 is
suggested to be kaempferol-3-O-(6-p-coumaroyl) glu-
coside (17). For the hydroxycinnamic acid derivatives,
compound 6 was identified as caffeic acid, based both
on MS2 fragmentation pattern and retention time. Com-
pound 7 demonstrated a pseudomolecular ion [M-H]- at
m/z 515, with fragment ions at m/z 355 and m/z 173,
suggesting its identification as 3,4-—0O-dicaffeoylquinic
acid (18). Taking into account that rutin {2} was one of
the most abundant flavonols in HECO, its concentra-
tion was determined. The calibration curve was dem-
onstrated as linear on the evaluated range (R>=0.9995)
and the marker content was estimated as 4.02 + 0.12
mg/g. Previous studies reported lower content of rutin
(19); however, there is no standardization for rutin con-
tent in C. officinalis (20).

There are several polyphenols, including flavonoids
and hydroxycinnamic acid derivatives, which display
an interesting potential for treatment and prevention
of gastric ulcers (21,22). Thus, considering the chemi-
cal profile of HECO and considering its ethnopharma-
cology its potential to healing gastric ulcers has been
undertaken in vivo using acetic acid-induced chronic
gastric ulcer model. The acetic acid-induced gastric ul-
cers model is known also as the “kissing ulcer” because
acetic acid is put in contact with gastric mucosa for
some seconds to produce an ulcerative lesion on both
the anterior and posterior walls (23). This model has
been largely used in order to investigate the preclinical
potential of antiulcer drugs as it satisfactorily mimics
the morphology and pathology of the ulcerative process
in humans (24).

The results showed that treatment with HECO (10,
30 and 100 mg/kg, per os) twice a day for seven days,
reduced the 80% acetic acid-induced ulcer area by
18.9%, 57.2%, and 73.8%, respectively. However,
the reduction was statistically significant only in
groups treated with 30 mg/kg (*p < 0.05) and 100 mg/
kg (**p < 0.01) when compared to the vehicle group
(127.90 £ 12.04 mm?). In the positive control group,
the administration of omeprazole (20 mg/kg, per os),
a Proton Pump Inhibitor used as standard drug in ulcer
treatment, reduced the ulcerated area by 54.1% (*p <
0.05) (Figure 2, panel A). The histological appearance
of the hematoxylin/eosin-stained ulcerated tissue
showed, as expected, that the extension of the ulcer
base (B) is larger and associated to deep damage into
mucosa and submucosa in the vehicle group. On the
other hand, the treatment with omeprazole (20 mg/
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As substancias {3} e {4} foram identificados como
isorhamnetina ¢ como isorhamnetina-3-O-glucoésido.
Para {3}, um ion pseudomolecular [M-H] em m/z
315 foi atribuido a [isorhamnetina-H]. Para {4}, um
pico base [MH-glucosideo]" em m / z 315 com um
ion pseudomolecular [MH]" em m/z 477 indicou a
perda de 162 Da, corroborando com um derivado de
3-O-glucdsido da isorrehamentina (16). Finalmente,
para o composto {5}, os fragmentos de MS2 a m/z
447 e a m/z 285 foram designados como [M-H-p-
coumaroil]” e como [M-H-coumaroilglucosideo]. Por
causa de um ion pseudomolecular [M-H] em m/z 593,
¢ possivel sugerir que o flavonol 5 ¢ o kaempferol-3-O-
(6-p-coumaroil) glucosideo (17). Para os derivados do
acido hidroxicinamico, o composto 6 foi identificado,
com base no padrdo de fragmentacdo de MS2, bem
como no tempo de reten¢dao, como acido cafeico. O
composto 7 demonstrou um ion pseudomolecular [M-
H] em m/z 515, com ions fragmentos em m/z 355 e m/z
173, sugerindo sua identificacdo como acido 3,4-O0O-
dicafeoilquinodico (18). Considerando que a rutina
{2} era um dos flavonois mais abundantes na HECO,
seu contetdo foi determinado. A curva de calibragao
foi demonstrada como linear na faixa avaliada (R> =
0,9995) e o contetido do marcador foi estimado em 4,02
+ 0,12 mg/g. Estudos prévios relatam um teor de rutina
menor (19); porém, nao ha padronizagao para o teor de
rutina em C. officinalis (20).

Existem varios polifendis, como os flavonoides e de-
rivados do acido hidroxicinamico, que apresentam um
interessante potencial para o tratamento e prevencao de
ulceras gastricas (21,22). Assim, considerando o perfil
quimico do HECO e, também a etnofarmacologia, seu
potencial para cicatrizagdo de ulceras gastricas foi reali-
zado in vivo usando o modelo de tlcera géstrica cronica
induzida por acido acético. O modelo de ulcera gastrica
induzida por 4cido acético ¢ conhecido também como
“Olcera de beijo”, porque o acido acético € colocado em
contato com a mucosa gastrica por alguns segundos ¢
produz uma lesao ulcerativa nas paredes anterior € pos-
terior (23). Esse modelo tem sido amplamente utilizado
para investigar o potencial pré-clinico dos medicamen-
tos antiulcerosos, pois imita satisfatoriamente a morfo-
logia e a patologia do processo ulcerativo em humanos
(24).

Os resultados mostraram que o tratamento com HECO
(10, 30 e 100 mg / kg, p.o) duas vezes ao dia por sete
dias, reduziu a area da tlcera induzida por acido acético
a 80% em 18,9%, 57,2% e 73,8%, respectivamente. No
entanto, houve reducio significativa apenas nos grupos
tratados com 30 mg/kg (* p <0,05) e 100 mg/kg (**
p <0,01), quando comparado ao grupo veiculo (127,90



kg) or HECO (100 mg/kg) provided an ulcer with a
smaller base and partial regeneration of the margin (M)
indicating acceleration of the healing process (Figure
2, panel B).

To explore the mode of action of HECO in the healing
process, histochemical analysis for mucins and colla-
gen were conducted, as well as quantification of glu-
tathione reduced (GSH) in the ulcerative site. Mucins
and collagen have been analyzed in histological cuts
stained by Schiff’s Periodic Acid (PAS) and Masson's
trichrome, respectively.

The analysis of histological cuts stained with Schiff’s
Periodic Acid and Masson’s trichrome showed a statis-
tically significant increase of the mucins and collagen
fibers in ulcer site in HECO 100 mg/kg and positive
control groups when compared with negative control
(Figure 3). In Schiff’s Periodic Acid staining, the mu-
cins are highlighted in rose color. Masson's trichrome
staining normally is used to assess type I collagen,
which is highlighted in blue (25). This collagen type is
the most abundant in the gastric stroma (26).

The gastric mucosal barrier is an interesting example
of natural engineering. This structure is responsible
for avoiding self-digestion of the stomach wall by the
highly corrosive juice which it secretes (27). One of
its main constituents is mucus, which contains special-
ized O-glycoproteins called mucins (28). The genesis
of acetic acid-induced gastric lesions starts mainly with
the depletion of gastric wall mucus (29). Additionally,
it has been demonstrated that collagen synthesis of the
gastric mucosa has a key role in the gastric ulcer heal-
ing process. Collagen synthesis is not only triggered in
the submucosa, but also in deeper layers, such as the
muscularis propria and serosa, indicating the coordinat-
ed interaction of all structural layers of the gastric wall
during the gastric ulcer healing process (26,30). Thus,
the increase of mucins and collagen fibers provoked by
the administration of HECO can be related to its heal-
ing gastric ulcer activity.

After mucus depletion, a significant increase in the
production of free radicals also occurs, causing dam-
age to the cell and cellular membrane due to excessive
oxidative stress (31). In physiologic conditions, high
GSH concentrations are found in the gastric mucosa.
Considering the potent antioxidant effect of GSH and
that it is a substrate for antioxidant enzymes, its pres-
ence is important to protect the mucosal from oxidative
stress (32,33). A strong relationship between diminish-
ing GSH levels and an increase in levels of ulcer sever-
ity has been reported (34). Therefore, GSH levels were
quantified. The results displayed that there was a sig-
nificant increase in the GSH levels in ulcer sites from

Calendula officinallis in gastric ulcer
Calendula officinalis L. cicatriza uilcera gdstrica

+ 12,04 mm?). No grupo controle positivo, a adminis-
tragdo de omeprazol (20 mg/kg, po),inibidor da bomba
de prétons usado como medicamento padrdo no trata-
mento da ulcera, reduziu a area ulcerada em 54,1% (* p
<0,05) (Figura 2, painel A). A aparéncia histoldgica do
tecido ulcerado corado com hematoxilina/eosina mos-
trou, como esperado, que a extensao da base da tlcera
(B) foi maior e associada a danos profundos na mucosa
e submucosa no grupo veiculo. Por outro lado, o trata-
mento com omeprazol (20 mg/kg) ou HECO (100 mg/
kg) proporcionou uma tlcera com menor base e regen-
eragdo parcial da margem (M), indicando acelerag@o do
processo de cicatrizagdo (Figura 2, painel B).

Para explorar o modo de a¢do do HECO no processo de
cicatrizagdo, foram realizadas analises histoquimicas
de mucinas e colageno, bem como quantificacdo da
glutationa reduzida (GSH) no sitio ulcerativo. Mucinas
e colageno foram analisados em cortes histologicos
corados pelo acido periodico de Schiff (PAS) e pelo
tricrdmico de Masson, respectivamente.

A analise dos cortes histologicos, corados com o acido
periodico de Schiff e o tricromico de Masson, mostrou
um aumento estatisticamente significativo das mucinas
e fibras de colageno no local da tilcera nos grupos HECO
100 mg/kg e controle positivo, quando comparado ao
controle negativo (Figura 3). Na colorag@o com acido
periddico de Schiff, as mucinas sdo destacadas na cor
rosa. A coloragdo tricromica de Masson normalmente
¢ usada para avaliar o colageno tipo I, destacando-o de
cor azul (25). O colageno tipo I ¢ o mais abundante no
estroma gastrico (26).

Abarreira da mucosa gastrica ¢ um exemplo interessante
de engenharia natural. Essa estrutura ¢ responsavel por
evitar que a propria parede do estdmago seja digerida
pela secreg@o (suco gastrico) altamente corrosiva que
esta secreta (27). Um de seus principais constituintes €
o muco, que contém O-glicoproteinas especializadas,
chamadas mucinas (28). A génese das lesdes gastricas
induzidas pelo acido acético comega principalmente
com a deplecdo do muco da parede gastrica (29).
Além disso, foi demonstrado que a sintese de colageno
da mucosa gastrica tem um papel fundamental no
processo de cicatrizagdo da ulcera gastrica. A sintese
de colageno ndo ¢ desencadeada apenas na submucosa,
mas também em camadas mais profundas, como a
“muscularis propria” e a serosa, indicando a interagao
coordenada de todas as camadas estruturais da parede
gastrica durante o processo de cicatrizagdo da ulcera
gastrica (26,30). Assim, o aumento de mucinas e fibras
colagenas provocadas pela administracio de HECO
pode estar relacionado a sua atividade cicatrizante da
ulcera gastrica.
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Figure 2 - Effects of HECO (10, 30 and 100 mg/kg) on chronic gastric ulcers induced by 80% acetic acid.
Panel A: gastric ulcer area (mm?). The results are expressed as mean = S.E.M. (n = 6). Statistical comparison
was performed using one-way ANOVA followed by Bonferroni's test. *p < 0.05, **p < 0.01 when compared to
vehicle group (Veh). Panel B: representative histological cuts from groups treated with vehicle (water) (Veh),
omeprazole (Ome) (20 mg/kg), and HECO (100 mg/kg), respectively. Hematoxylin/Eosin (HE) staining. The
rats were treated orally twice a day for seven days with vehicle (water), omeprazole (Ome) or HECO (100
mg/kg). The arrows indicate the ulcer site, bars = 10 mm and histological section increased by 25x, M and B
indicate margin and base of ulcer, respectively.
Figura 2 - Efeitos do HECO (10, 30 e 100 mg / kg) nas ulceras gastricas cronicas induzidas por acido acético
80%. Painel A: area de tlcera gastrica (mm?). Os resultados sdo expressos como média + EPM. (n = 6) A
comparagao estatistica foi realizada usando ANOVA de uma via, seguida pelo teste de Bonferroni. * p <0,05,
** p <0,01 quando comparado ao grupo veiculo (Veh). Painel B: cortes histologicos representativos dos grupos
tratados com veiculo (4gua) (Veh), omeprazol (Ome) (20 mg / kg) e HECO (100 mg / kg), respectivamente.
Coloragao com hematoxilina/eosina (HE). Os ratos foram tratados por via oral duas vezes ao dia durante sete
dias com veiculo (agua), omeprazol (Ome) ou HECO (100 mg / kg). As setas indicam o local da tlcera, barras
=10 mm e o corte histolégico aumentado em 25x, M e B indicam margem e base da ulcera, respectivamente.
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Figure 3 - Effects of HECO on histochemical staining for mucin-like glycoproteins (Schiff’s Periodic Acid -
PAS) and Collagen fibers (Masson's trichrome). Panels A and B: mucins and collagen fibers quantification in
pixels, respectively. The quantifications were made using the ImageJ] program. The results are expressed as
mean + S.E.M. (n = 6). Statistical comparison was performed using one-way ANOVA followed by Bonferroni’s
test. * p<0.05, ** p<0.01 when compared to vehicle group (Veh). Panels C and D: representative histological
cuts from groups treated with vehicle (water) (Veh), omeprazole (Ome) (20 mg/kg) and HECO (100 mg/kg)
orally twice a day for seven days, respectively. In Panel C, Schiff’s Periodic Acid (PAS) staining with mucins
visible in rose. In Panel D: Masson's trichrome (Masson) staining with collagen fibers visible in blue.
Figura 3 -Efeitos do HECO na colorag¢do histoquimica para glicoproteinas semelhantes a mucina (acido
periddico de Schiff - PAS) e fibras de coldgeno (tricrdmico de Masson). Painéis A e B: quantificacdo de mucinas
e fibras coldgenas em pixels, respectivamente. As quantificacdes foram feitas usando o programa ImagelJ. Os
resultados s3o expressos como média + E.P.M. (n = 6) A comparacdo estatistica foi realizada usando ANOVA
de uma via, seguida do teste de Bonferroni. * p <0,05, ** p <0,01 quando comparado ao grupo veiculo (Veh).
Painéis C e D: cortes histologicos representativos dos grupos tratados com veiculo (dgua) (Veh), omeprazol
(Ome) (20 mg/kg) e HECO (100 mg/kg) por via oral duas vezes ao dia por sete dias, respectivamente. No
Painel C foram utilizadas coloragdo com acido periddico de Schiff (PAS) e as mucinas foram coradas em rosa;
no painel D: foi utilizada colora¢ao tricromica de Masson (Masson) e fibras coldgenas foram coradas em azul.
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groups that received HECO 100 mg/kg and omeprazole
20 mg/kg (Figure 4).

Chandra et al. (6) evaluated the gastroprotective effect
of C. officinalis ethanolic extract in ethanol-induced
and indomethacin-induced ulcer models. In this study,
the administration of extract 100 and 200 mg/kg orally,
produced significant inhibition of ulcer index in both
models of ulcers. Antisecretory activity in a pylorus
ligature-model was also observed, with decreasing in
gastric secretion volume and increase in pH, in addi-
tion to elevated GSH level in indomethacin-induced
ulcers and gastric mucus level in all models of ulcers
used. Safety aspects of C. officinalis extract were also
evaluated in this study. The results showed reversion
the increase of serum alanine aminotransferase (ALT)
levels observed in the control group, while aspartate
aminotransferase (AST), alkaline phosphatase (ALP),
total protein, albumin, bilirubin direct and albilirubin
total were kept in normal range, and in toxicity acute
study the extract was found to be safe up to 2000 mg/kg
with no signs of mortality or change in behavioral pat-
tern. These findings suggest that C. officinalis extract is
not toxic and safe.
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Ap6s a deplecdo do muco, também ocorre um aumento
significativo na produgdo de radicais livres, causando
danos as células e as membranas celulares devido ao
estresse oxidativo excessivo (31). Em condi¢des fisi-
ologicas, altas concentragcdes de GSH sao encontradas
na mucosa gastrica. Considerando seu potente efeito
antioxidante sua presenca € importante para proteger a
mucosa do estresse oxidativo (32, 33). Foi relatada uma
forte relagdo entre a diminuig¢do dos niveis de GSH e o
aumento dos niveis de gravidade da ulcera (34). Por-
tanto, os niveis de GSH foram quantificados nesta in-
vestigacdo. Os resultados mostraram que, no local da
ulcera, nos grupos que receberam HECO 100 mg/kg e
omeprazol 20 mg/kg, houve um aumento significativo
nos niveis de GSH (Figura 4).

Chandra et al. (6) avaliaram o efeito gastroprotetor do
extrato etanolico de C. officinalis em modelos de tlcera
induzida por etanol e indometacina. Neste estudo, a ad-
ministragdo do extrato 100 e 200 mg/kg por via oral
produziu inibic¢ao significativa no indice de ulcera nos
dois modelos. Também foi observada atividade antisse-
cretora no modelo de ligadura pilorica com diminuigao
do volume de secregdo gastrica e aumento do pH, além
da elevag@o do nivel de GSH nos modelos de ulceras
induzidas por indometacina e no nivel de muco gastrico

Ome  HECO 100 mg/kg

Acetic acid 80%

Figure 4 - Effects of HECO 100 mg/kg on reduced glutathione (GSH) levels on chronic gastric ulcers induced
by 80% acetic acid. The results are expressed as mean = S.E.M. (n = 6). Statistical comparison was performed
using one-way analysis of variance (ANOVA) followed by Bonferroni’s test. #p<0.05 when compared to non-
ulcerated group (Naive). *p<0.05, **p<0.01 when compared to vehicle group (Veh). The rats were treated
orally twice a day for seven days with vehicle (water), omeprazole (Ome), or HECO (100 mg/kg).
Figura 4 - Efeitos de HECO 100 mg/kg nos niveis de glutationa reduzida (GSH) em tlceras gastricas cronicas
induzidas por acido acético 80%. Os resultados sdo expressos como média = E.P.M. (n = 6). A comparagio
estatistica foi realizada usando a analise de variancia unidirecional (ANOVA) seguida pelo teste de Bonferroni.
#p <0,05 quando comparado ao grupo ndo ulcerado (Naive). * p <0,05, ** p <0,01 quando comparado ao grupo
veiculo (Veh). Os ratos foram tratados por via oral duas vezes ao dia durante sete dias com veiculo (dgua)
omeprazol (Ome) ou HECO (100 mg/kg).
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Yadav et al., (35) investigated gastroprotective effects
of a 50% C. officinalis ethanolic extract. The findings
showed significant inhibition in the formation of ulcers
induced by physical (stress) and chemical agents (etha-
nol), with reducing oxidative stress in gastric tissue as
evidenced by lipid peroxidation (LPO) and superoxide
dismutase (SOD) decreasing and, increase in catalase
(CAT).

The extract dichloromethane obtained from C. offici-
nalis flowers was evaluated in vitro on the NF-«xB path-
way using AGS human gastric cancer cells. NF-xB,
when activated by proinflammatory stimuli, translo-
cates into the cell nucleus, where it promotes the tran-
scription, encoding many mediators of the inflammatory
process. The authors related evidence that C. officinalis
exerts anti-inflammatory activity on the gastric cells by
the inhibition of the NF-kB system. Using bio-guided
fractionation were identified triterpenic saponins (far-
adiol-3-myristate and the corresponding aglycone) as
responsible, at least in part, for the observed effect (36).
In another study, four triterpenic saponins isolated from
C. officinalis were evaluated in ethanol and indometh-
acin-induced ulcer models, and results showed that all
presented a significant gastroprotective effect in etha-
nol-induced ulcer, while in indometacin-induced ulcers
only one saponin was not active (1). These data confirm
the importance of triterpenic saponins to gastroprotec-
tive of C. officinalis, in addition to the phenolic com-
pounds identified in this study.

On the other hand, in a study considering the effect of
C. officinalis infusion on indomethacin-induced gas-
tric ulcers, Bertges et al., (37) conclude that the oral
administration of C. officinalis infusion did not reduce
the neutrophilic and lymphocytic infiltrates, as well as
gastric lesions indomethacin-induced in the studied pe-
riod. These results are contradictory with the findings
observed in this and other studies, however, this could
be explained due to differences in extraction process,
treatment time, and dose used, considering that the in-
fusion is considerably more diluted than extracts and
treatment was carried out for only two days.

Thus, our results corroborate with previous works and
contribute to a better knowledge of the antiulcer and
gastroprotective properties of C. officinalis. However,
all previous studies utilized acute ulcer models, there-
fore, it is important to remember that this study is one
of the first concerning the potential of C. officinalis ex-
tract in healing chronic gastric ulcer.
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em todos os modelos de tlceras testados. Ainda neste
estudo, foram considerados aspectos de seguranca do
extrato de C. officinalis. Os resultados mostraram re-
versao do aumento dos niveis séricos de Alanina Ami-
notransferase (ALT) observados no grupo controle,
além disso, os niveis de aspartato aminotransferase
(AST), fosfatase alcalina (ALP), proteina total, albu-
mina, bilirrubina direta e bilirrubina total foram man-
tidos na faixa normal e no estudo de toxicidade aguda,
o extrato foi considerado seguro até 2000 mg/kg, sem
provocar quaisquer sinais de mortalidade ou alteracao
no padrdo comportamental. Esses achados sugerem que
o extrato de C. officinalis ndo ¢ o apresenta toxicidade
significativa.

Yadav et al., (35) investigaram os efeitos gastroprote-
tores do extrato etandlico 50% de C. officinalis. Os re-
sultados mostraram inibigdo significativa na formagao
de ulceras induzidas por agentes fisicos (estresse) e
quimicos (etanol), com redu¢@o do estresse oxidativo
no tecido gastrico, como evidenciado pela diminui¢ao
da peroxidacao lipidica (LPO) e superdxido dismutase
(SOD) e aumento da catalase (CAT).

Os efeitos do extrato de diclorometano obtido das flores
de C. officinalis na via do NF-xB foram avaliados in vit-
ro, usando células de cancer gastrico humano (AGS). O
NF-kB, quando ativado por estimulos pro-inflamatori-
o0s, transloca-se para o nucleo celular, onde promove
transcrigdo, codificando muitos mediadores do pro-
cesso inflamatorio. Os autores relataram evidéncias de
que C. officinalis exerce atividade anti-inflamatoria nas
células gastricas pela inibi¢ao da via mediada pelo NF-
«B. Utilizando fracionamento bio-guiado, foram iden-
tificadas saponinas triterpénicas (faradiol-3-miristato e
aglicona correspondente) os quais foram responsaveis,
pelo menos em parte, pelo efeito observado (36). Em
outro estudo, quatro saponinas triterpénicas isoladas de
C. officinalis foram avaliadas em modelos de ulcera in-
duzida por etanol e indometacina, e os resultados mos-
traram que todas apresentaram efeito gastroprotetor
significativo na ulcera induzida por etanol, enquanto na
ulcera induzida por indometaicina apenas uma saponina
ndo foi ativa (1). Estes dados confirmam a importancia
das saponinas triterpénicas para o gastroprotetor de C.
officinalis, além dos compostos fenolicos identificados
neste estudo.

Por outro lado, em estudo considerando o efeito da
infusdo de C. officinalis nas tulceras gastricas induzidas
por indometacina, Bertges et al., (37) concluiram que a
administracdo oral da infusdo nao reduziu os infiltrados
neutrofilicos e linfocitarios, bem como como as lesdes
gastricas induzidas por indometacina no periodo
estudado. Esses resultados s@o contraditorios com os
resultados deste e de outros estudos, no entanto, isso
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Conclusion

In summary, results showed that a hydroalcoholic ex-
tract of C. officinalis inflorescences displays healing
chronic gastric ulcer activity. The data suggest that ef-
fectiveness is related, at least part, to the capacity of
extract to increase protective factors of gastric mucosa
such as mucus and antioxidant factors as well as an in-
crease in collagen synthesis. In addition, the findings of
this study suggest that phytotherapeutic products can
be obtained from C. officinalis inflorescences for the
development of new drugs to treat gastric ulcers. It also
contributed to the validation of the folk use of this spe-
cie for the treatment of gastric ulcers.

Author Contributions Statement

LNBM, LBS, TB, VSB, and ACA performed pharma-
cological assays. LCK Jr prepared the extract and did
the phytochemical analysis. LMS and SFA ensured sta-
tistical analysis, wrote and corrected the manuscript.

Acknowledgements

We are grateful to Conselho Nacional de Desenvolvi-
mento Cientifico e Tecnologico (CNPq), Coordenagao
de Aperfeicoamento de Pessoal de Nivel Superior
(CAPES), Fundagdo de Apoio a Pesquisa Cientifica e
Tecnologica do Estado de Santa Catarina (FAPESC)
and Universidade do Vale do Itajai (UNIVALI) for their
financial support.

Conflict of interests

The senior editor co-authoring this manuscript had no
participation in the review nor in the decision process.
All authors have declared there were no financial and/
or personal relationships that may present a potential
conflict of interest.

88

pode ser explicado devido a diferengas no processo
de extragdo, tempo de tratamento e dose utilizada,
considerando que a infusdo ¢ consideravelmente mais
diluida que os extratos e o tratamento foi realizado por
apenas dois dias.

Assim, nossos resultados corroboram com trabalhos
anteriores e contribuem para um melhor conhecimento
das propriedades antiulcera e gastroprotetoras de C. of-
ficinalis. No entanto, todos os estudos anteriores foram
realizados em modelos agudos de tulcera, assim, ¢ im-
portante reforcar que este ¢ o primeiro a respeito do
potencial do extrato de C. officinalis na cicatrizagao de
ulcera cronica gastrica.

Conclusoes

Em resumo, os resultados mostraram que o extrato
hidroalcodlico de inflorescéncias de C. officinalis
possui atividade cicatrizante da ulcera cronica gastrica.
Os dados sugerem que a eficacia esta relacionada, pelo
menos em parte, a capacidade do extrato em aumentar
os fatores protetores da mucosa gastrica, como o
muco ¢ os fatores antioxidantes, bem como o aumento
da sintese de colageno. Os resultados sugerem que
produtos fitoterapicos podem ser obtidos a partir das
inflorescéncias de C. officinalis para o desenvolvimento
de novos medicamentos para o tratamento de ulceras
gastricas. Além disso, os achados desta investigacao
também contribuem para a validagdo do uso popular
dessa das inflorescéncias desta planta no tratamento de
ulceras gastricas.

Declaracio sobre as Contribuicdes dos Autores

LNBM, LBS, TB, VSB, ¢ ACA realizaram ensaios
farmacologicos. LCK Jr preparou o extrato e realizou
analises fitoquimicas. LMS e SFA realizaram analises
estatisticas, escreveram e corrigiram o manuscrito.

Agradecimentos

Agradecemos ao Conselho Nacional de Desenvolvi-
mento Cientifico e Tecnologico (CNPq), a Coorde-
nacao de Aperfeicoamento de Pessoal de Nivel Superi-
or (CAPES), a Fundagdo de Apoio a Pesquisa Cientifica
e Tecnologica do Estado de Santa Catarina (FAPESC)
e a Universidade do Vale do Itajai ( UNIVALI) pelo
apoio financeiro.

Conflito de interesses

O editor senior envolvido na autoria deste manuscrito
nao teve qualquer participag@o no processo de revisao
ou de decisdo. Todos os autores declararam nao
haver relagdes financeiras e/ou pessoais que possam
representar um potencial conflito de interesses.



Calendula officinallis in gastric ulcer
Calendula officinalis L. cicatriza uilcera gdstrica

References / Referéncias

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Yoshikawa M, Murakami T, Kishi A, Kageura T, Matsuda H. Medicinal Flowers. III.1) Marigold. (1): Hypoglycemic, Gastric Emptying Inhibitory, and Gastro-
protective Principles and New Oleanane-Type Triterpene Oligoglycosides, Calendasaponins A, B, C, and D, from Egyptian Calendula officinalis. Chemical and
Pharmaceutical Bulletin. 2001; 49: 863-870.

Leach M.J. Calendula officinalis and wound healing: a systematic review. Wounds 2008; 20: 236-243.

Khare CP. New York, USA: Springer Science Business Media, LLC; 2007. Indian Medicinal Plants: An Illustrated Dictionary; pp. 111-2.

Brasil. Agéncia Nacional de Vigilancia Sanitaria. Formulario de Fitoterapicos da Farmacopéia Brasileira / Agéncia Nacional de Vigilancia Sanitaria. Brasilia:
Anvisa, 2011. 126p.

Basch E, Bent S, Foppa I, Haskmi S, Kroll D, Mele M, Szapary P, Ulbricht C Vora M, Yong S. Marigold (Calendula officinalis L.): An Evidence-Based System-
atic Review by the Natural Standard Research Collaboration. Journal of Herbal Pharmacotherapy. 2006; 6: 135-159.

Chandra P, Kishore K, Ghosh A.K. Evaluation of antacid capacity and antiulcer activity of Calendula officinalis L. in experimental rats. Oriental Pharmacy and
Experimental Medicine. 2015; 15: 277-285.

Kangwan N, Park JM, Kim EH, Hahm KB. Quality of healing of gastric ulcers: Natural products beyond acid suppression. World Journal of Gastrointestinal
Pathophysiology. 2014; 15: 40-47.

Dacha S, Razvi M, Massaad J, Cai Q, Wehbi M. Hypergastrinemia. Gastroenterology 2015; 3: 201-208.

Fox RK, Muniraj T. Pharmacologic Therapies in Gastrointestinal Diseases. The Medical Clinics of North America. 2016; 100: 827-850.

. Farmacopeia Brasileira, 6° edi¢do, volume 1, Agéncia Nacional de Vigilancia Sanitaria. Brasilia: Anvisa, 2019. 873p. Available: http://portal.anvisa.gov.br/

farmacopeia-brasileira

. Okabe S, Roth LA, Pfeier JA. A Method for experimental penetrating gastric and duodenal, ulcers in rats. The American Journal of Digestive Diseases. 1971; 16:

277-284.

. Da Silva LM, Boeing T, Somensi LB, Cury BJ, Steimbach VM, Silveria AC, Niero R, Chechinel-Filho V, Santin JR, Andrade SF. Evidence of gastric ulcer heal-

ing activity of Maytenus robusta Reissek: In vitro and in vivo studies. Journal of Ethnopharmacology. 2015; 175: 75-85.

. Sedlak J, Lindsay RH. Estimation of total prote in bound and nonprotein sulfhydril groups in tissues with Ellman’s reagent. Analytical Biochemistry. 1968; 25:

192-205.

. Faustino MV, Pinto DCGA, Gongalves MJ, Salguerio L, Silveira P, Silva AMS. Calendula L. species polyphenolic profile and in vitro antifungal activity. Journal

of Ethnopharmacology. 2018; 45: 254-267.

. Cuyckens F, Rozengberg R, de Hoffmann E, Clayes M. Structure characterization of flavonoid O-diglycosidesby positive and negative nano-electrospray ioni-

zationion trap mass spectrometry. Journal of Mass Spectrometry. 2001; 36: 1203-1210.

. Schieber A, Keller P, Streker P, Klaiber I, Carle R. Detection of isorhamnetin glycosides in extracts of apples (Malus domestica cv. “Brettacher””) by HPLC-PDA

and HPLC-APCI-MS/MS. Phytochemical Analysis. 2002; 13, 87-94.

. Felipe DF, Brambilla LZS, Porto C, Pilau EJ, Cortez DAG. Phytochemical analysis of Pfaffia glomerata inflorescences by LC-ESI-MS/MS. Molecules. 2014;

19: 15720-15734.

. Clifford MN, Knight S, Kuhnert NA. Discriminating between the six isomers of dicaffeoylquinic acid by LC-MS. Journal of Agricultural and Food Chemistry.

2005; 53: 3821-3832.

. Fonseca YM, Vicentini FTMC, Catini CD, Fonseca MJV. Determination of rutin and narcissin in marigold extract and topical formulations by liquid chromatog-

raphy: applicability in skin penetration studies. Quimica Nova. 2010; 33(6):1320-1324.

World Health Organization. WHO Monographs on Selected Medicinal Plants — Volume 2. 2002: 35-44.

Klein-Jr LC, Santin JR, Niero R, Andrade SF, Cechinel-Filho V. The therapeutic lead potential of metabolites obtained from natural sources for the treatment of
peptic ulcer. Phytochemistry Reviews. 2012; 11: 567-616.

Costa P., Almeida MO., Lemos M., Arruda C., Casoti R., Somensi LB., Boeing T., Mariott M., Silva RCMVAF, Stein BP, Souza P, Santos AC, Bastos JK, Da
Silva LM, Andrade SF. Artepillin C, Drupanin, aromadendrin-4'-O-methyl-ether and Kaempferide from Brazilian Green Propolis promote gastroprotective ac-
tion by diversified mode of action. Journal of Ethnopharmacology. 2018; 226: 82-89.

Nakao K-I, Ro A, Kibayashi K. Evaluation of the morphological changes of gastric mucosa induced by a low concentration of acetic acid using a rat model.
Journal of Forensic and Legal Medicine. 2014; 22: 99-106.

Okabe S, Amagase K. An overview of acetic acid ulcer models—the history and state of the art of peptic ulcer research. Biological and Pharmaceutical Bulletin.
2005; 28: 1321-1341.

Calvi ENC, Nahas FX, Barbosa MV, Calil JA, Thara SSM, Silva MS, Franco MF, Ferreira LM. An experimental model for the study of collagen fibers in skeletal
muscle. Acta Cirurgica Brasileira. 2012; 27(10): 681-686.

Shahin M, Gillessen A, Pohle T, Weber C, Schuppan D, Herbst H, Domschke W. Gastric ulcer healing in the rat: kinetics and localisation of de novo procollagen
synthesis. Gut. 1997;41(2):187-94.

McColl KEL. The elegance of the gastric mucosal barrier: designed by nature for nature. Gut. 2012; 61(6): 787-788.

Rodriguez-Pifieiro AM, Bergstrom JH, Ermund A, Gustafsson JK, Schiitte A, Johansson ME, Hansson GC. Studies of mucus in mouse stomach, small intestine,
and colon. II. Gastrointestinal mucus proteome reveals Muc2 and Muc5ac accompanied by a set of core proteins. American Journal of Physiology. Gastrointes-
tinal and Liver Physiology. 2013; 305(5): 348-356.

Amagase K, Yokota M, Tsukimi Y, Okabe S. Characterization of "unhealed gastric ulcers" produced with chronic exposure of acetic acid ulcers to indomethacin
in rats. Journal of Physiology and Pharmacology. 2003; 54(3): 349-60.

Shahin M, Konturek JW, Pohle T, Schuppan D, Herbst H, Domschke W. Remodeling of extracellular matrix in gastric ulceration. Microscope Research and
Technique. 2001; 53(6): 396-408.

Kwiecien S, Brzozowski T, Konturek S.J. Effects of reactive oxygen species action on gastric mucosa in various models of mucosal injury. Journal of Physiology
and Pharmacology. 2002; 53: 39-50.

Cnubben NHP, Rietjens IMCM, Wortelboer H, Zanden J, Bladeren PJ. The interplay of glutathione-related processes in antioxidant defense environmental.
Environmental Toxicology and Pharmacology. 2001; 10: 141-152.

Townsend DM, Tew KD, Tapiero H. The importance of glutathione in human disease. Biomedicine and Pharmacotherapy. 2003; 57(3—4): 145-155.
Chattopadhyay I, Bandyopadhyay U, Biswas K, Maity P, Banerjee R.K. Indomethacin inactivates gastric peroxidase to induce reactive-oxygen-mediated gastric
mucosal injury and curcumin protects it by preventing peroxidase inactivation and scavenging reactive oxygen. Free Radical Biology and Medicine. 2006;
40(8):1397-1408.

Yadav AK, Mishra PK, Jain PK, Rao CV, Tiwaril S, Singh V. Investigation of Calendula officinalis whole plant as a gastroprotective and antioxidant in peptic
ulcer. British Journal of Medical and Health Research. 2016; 3(7).

Colombo E, Sangiovanni E, D’ Ambrosio M, Bosisio E, Ciocarlan A, Fumagalli M, Guerriero A, Harghel P, Dell’Aglil M. A Bio-Guided Fractionation to Assess
the Inhibitory Activity of Calendula officinalis L. on the NF-kB Driven Transcription in Human Gastric Epithelial Cells. Evidence-Based Complementary and
Alternative Medicine. 2015, Article ID 727342, 8 pages.

Bertges LC, Felga AMG, Teixeira JBP, Pimentel CFMG, Neves PO. Effect of Calendula officinalis infusion on indomethacin-induced gastric lesions in Wistar
rats. Revista Cubana de Plantas Medicinales. 2006; 11(2).

89



D
Biomedical and
Biopharmaceutical

Research

Jornaldelnvestigagéao

doi: 10.19277/bbr.17.1.228

Biomédicae Biofarmacéutica

C

)

Rheological, texture, and sensory analyses and in vivo clinical efficacy of cosmetic
formulations containing ascorbyl tetraisopalmitate

Analises reologica, de textura, e sensorial e eficacia clinica in vivo de formulagcoes cosméticas
contendo tetraisopalmitato de ascorbila

G. C. Bonilha, G. M. D. Costa, P. M. B. G. Maia Campos*

School of Pharmaceutical Sciences of Ribeirdo Preto — University of Sdo Paulo, Av do Café, s/n°, Monte Alegre, Ribeirdo Preto,
SP, Brazil 14040-903

*Corresponding author: pmcampos@usp.br

Abstract

Cosmetics with anti-aging effects using ingredients of sustainable origin are increasing in the cosmetic market. This
study aimed to evaluate the physical-mechanical and sensory properties and immediate clinical efficacy of cosmetic
formulations with ingredients from natural sources to which were added or not (vehicle only) ascorbic acid (AAS) or
ascorbyl tetraisopalmitate (ATIP). The preliminary stability, physical-mechanical properties, rheology texture profile,
and sensory analysis were performed. In addition, immediate clinical effects in terms of skin hydration, transepidermal
water loss (TEWL), and skin microrelief were investigated on the forearms and in the faces of nineteen subjects by non-
invasive biophysical and skin imaging techniques. There were slight changes in the formulations with AAS submitted
to thermal stress, but they were stable under ambient temperature. All formulations were effective in skin hydration.
Serums and gel cream with ATIP decreased TEWL but did not significantly change the microrelief parameters. The
serum achieved good sensory acceptance and parameters were correlated to those obtained by the texturometer. The
best performance was from serum with ATIP, whereas gel cream was not well accepted. Therefore, results showed a
correlation between physical-mechanical and sensorial properties, in addition to better stability and acceptance of the
fat-soluble form of vitamin C.

Keywords: serum formulation, vitamin C, natural ingredients, clinical efficacy

Resumo

Cosméticos antiaging com ingredientes naturais de origem sustentavel sdo crescentes no mercado cosmético. Esse
trabalho teve por objetivo avaliar as propriedades fisico-mecanicas e sensoriais e a eficacia clinica imediata de formulagdes
cosméticas a base de ingredientes de origem natural, nas formas de sérum e de gel creme, acrescidas ou ndo (veiculo) de
acido ascorbico (AAS) ou tetraisopalmitato de ascorbila (TIPA) Foram avaliadas estabilidade preliminar, propriedades
fisico-mecanicas através de perfis de textura e reologia, analise sensorial e eficacia imediata nos antebragos e face de
dezenove participantes, analisando hidratagdo, perda transepidérmica de agua (TEWL) e microrrelevo cutineo, por
técnicas ndo invasivas incluindo a imagem da pele. Houve leves alteracdes nas formulacdes com AAS submetidas ao
estresse térmico, sendo estaveis sob temperatura ambiente. As formulagdes foram eficazes na hidratagdo da pele e os
séruns e gel creme que continham TIPA diminuiram a TEWL, mas ndo alteraram significativamente os parametros do
microrrelevo. O sérum obteve boa aceitagdo sensorial, com parﬁrnetros correlacionados aos obtidos pelo texturometro,
sendo o sérum com TIPA melhor avaliado, enquanto que o gel creme néao foi bem aceito. Portanto, os resultados obtidos
mostraram relacao entre caracteristicas fisico-mecanicas e sensoriais, além da melhor estabilidade e aceitagdo da forma
lipossoltivel da vitamina C.

Palavras-chave: sérum formulation, vitamina C, ingredientes de origem natural, eficacia clinica
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Introduction

Antiaging, minimizing skin changes caused by aging or
photoaging, is one of the most desired characteristics
for some cosmetic consumers. Products claiming
antiaging effects intend to act in the improvement of
skin hydration and skin pigmentation pattern while
potentially reducing expression lines. Antioxidants
compounds have been added to cosmetic anti-
aging formulations due to their reductive properties,
neutralizing reactive oxygen species and minimizing
the damage that could be caused to DNA and protein
molecules (1).

Among the main antioxidants used is ascorbic acid or
vitamin C, which also acts as an essential cofactor in the
enzymatic reaction of collagen synthesis, and improves
overall skin appearance (2-5). However, ascorbic acid
can exhibit instability in the presence of oxygen, high
temperatures, light, and high pH. Formulations contain-
ing ascorbic acid may lose their antioxidant potential,
as well as undergo visible changes over time, especially
in colour (2,6).

Because of their higher stability, some formulations
have different forms of vitamin C, such as the fat-solu-
ble derivative ascorbyl tetraisopalmitate, whose appli-
cations and stability has been described in studies and
has shown proven efficacy as a precursor of vitamin
C, offering the same positive effects and other benefits
related to penetration and hydration (7). However, in
order to increase the production of collagen, it is nec-
essary to have the vitamin in its free form. Therefore,
there must be a mechanism of hydrolysis of the com-
pound after penetration, which may imply a partial use
of the substance, as the conversion might not be suf-
ficiently effective.

There has been a search for more natural and biocom-
patible products in the cosmetic market, those which
are composed of ingredients of natural or sustainable
origin and present a pleasant cosmetic form, since the
sensory perception influences on the purchase and use
(8). In this context, serums have had high adhesion
by the consumer due to their practical application, as
they usually have good spreadability, fast absorption,
and low stickiness (9). This study aimed to evaluate the
physical-mechanical and sensory properties and imme-
diate clinical efficacy of cosmetic formulations based
on ingredients from natural sources in the form of se-
rum and gel cream to which were added or not (vehicle
only) ascorbic acid (AAS) or ascorbyl tetraisopalmitate
(ATIP).

Texture and clinical efficacy of Vit C cosmetics
Textura e eficacia clinica de cosméticos com Vit C

Introducao

Antienvelhecimento ¢ um dos apelos mais desejados
para o consumidor de cosméticos, o qual consiste
em minimizar as alteragdes da pele causadas pelo
envelhecimento ou fotoenvelhecimento. Os produtos
que reivindicam efeitos antienvelhecimento visam atuar
na melhoria do padrao de hidratacdo e pigmentagdo da
pele, enquanto podem reduzir as linhas de expressdo.
Os antioxidantes sdo compostos que vem sendo muito
adicionados em formulagdes cosméticas antiaging em
funcdo das suas propriedades redutoras, neutralizando
as espécies reativas de oxigénio e minimizando os
danos que poderiam ser causados as moléculas de DNA
e proteinas (1).

Dentre os principais antioxidantes adicionados estd o
acido ascorbico ou vitamina C, que também age como
cofator essencial na reacdo enzimatica de sintese de
colageno, promovendo a melhora da aparéncia geral
da pele (2-5). No entanto, pode apresentar instabilidade
na presenga de oxigénio, altas temperaturas, luz ¢ pH
elevado, e as formulagdes que o contém podem perder
seu potencial antioxidante, assim como sofrer alteragdes
visiveis ao longo do tempo, especialmente na cor (2,6).
Algumas formulacdes tém formas derivadas da
vitamina C, por apresentarem maior estabilidade, como
o derivado lipossoluvel tetraisopalmitato de ascorbila,
que ja teve suas aplicacdes e estabilidade descritas em
estudos, mostrando eficacia comprovada como um
precursor da vitamina C, com os efeitos dessa e outros
beneficios relacionados a penetragdo e hidratagdo (7).
Entretanto, para que haja aumento da produgdo de
colageno, é necessaria a presenca da vitamina na forma
livre. Por isso, deve haver um mecanismo de hidrolise
do composto apos a penetragdo, o que pode implicar em
um aproveitamento parcial da substancia, uma vez que
a conversdo pode nido ser efetiva o suficiente.

No mercado cosmético ha uma busca por produtos mais
naturais ¢ biocompativeis, os quais sdo compostos por
ingredientes de origem natural ou sustentavel, e com
forma cosmética agradavel, uma vez que a percepgao
sensorial influencia na compra e uso (8). Nesse con-
texto, os séruns tém tido alta aderéncia pelo consum-
idor, devido a praticidade de aplicacdo, uma vez que
apresentam boa espalhabilidade, rapida absorc¢do e
baixa pegajosidade (9). Este estudo teve por objetivo
avaliar as propriedades fisico-mecanicas e sensoriais ¢
a eficacia clinica imediata de formula¢des cosméticas a
base de ngredientes de origem natural, nas formas de
serum ¢ de gel creme, adicionadas ou ndo (veiculo) de
acido ascorbico (AAS) ou tetraisopalmitato de ascor-
bila (TTPA).
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Material and Methods

The studied formulations are described in the Table 1.
More than 97% of the composition of the developed ve-
hicles were ingredients of natural or sustainable origin.
The gel cream (GC) and serum (SE) cosmetic forms
had the same aqueous phase and thus mostly the same
composition. Formulations were evaluated as vehi-
cle (without active ingredients) and with ATIP or with
AAS, incorporated at 2%.

Formulations’ characterization

stability tests

and  preliminary

Formulations were submitted to centrifugation using
a centrifuge test (CentiBio® 80-2B, Biovera, Brazil)
to evaluate the occurrence of phase separation. Rheo-
logical analysis of formulations was performed using
a cone and plate type digital rheometer (DV-III®, AM-
ETEK Brookfield Middleboro, MA, USA), with 0.500
g of formulation in each analysis, obtaining apparent
minimum viscosity, flow and consistency indexes, and
thixotropy values. The texture profile was studied from
spreadability, texture and hardness tests obtained with
a texturometer (TA.XT/Plus®50, Extralab, Itatiba, SP,

Material e Métodos

As formulagoes estudadas sdo descritas na Tabela 1,
sendo que mais de 97% da composi¢ao dos veiculos
desenvolvidos eram ingredientes de origem natural ou
sustentdvel. As formas cosméticas gel creme (GC) e
serum (SE) tiveram a mesma fase aquosa e, assim, a
maior parte da composicdo em comum. As formulacdes
foram avaliadas na forma de veiculo (sem ingredientes
ativos) e com TIPA ou AAS, incorporados a 2%.

Caracterizagdo e testes de estabilidade preliminar das
formulagoes

As formulagdes foram submetidas a um teste de cen-
trifugacdo em centrifuga (CentiBio® 80-2B, BioVera,
Brasil) para avaliar ocorréncia de separacao de fases.
A analise reoldgica das formulacdes foi realizada no
digital redmetro tipo cone e placa (DV-III* AMETEK
Brookfield, Middleboro, MA, EUA), com 0,500 g de
formulacdo em cada andlise, obtendo valores de vis-
cosidade aparente, indices de fluxo e de consisténcia e
tixotropia. O perfil de textura foi estudado com testes de
espalhabilidade, textura e dureza, feitos no texturomet-
ro (TA.XT/Plus®50, Extralab, Itatiba, SP, Brasil), que

Table 1 - Composition of studied formulations: GC, GC-AAS, GC-ATIP, SE, SE-AAS and SE-ATIP
Tabela 1 - Composi¢ao das formulagdes estudadas: GC, GC-AAS, GC-TIPA, SE, SE-AAS ¢ SE-TIPA

Composition/ : : Formulations/
s i Supplier/ i F lacs
Composicao ] Fornecedor i \ | ormulagoes \ \
I I GC-ATIP / SE-ATIP /
(INCI Name) ! ! GC | GC-AAs | GC-TIPA ' SE | SE-AAs | SE-TIPA
Hydroxyethylcellulose ! Galena® ! v o v oo v o v o v oo v
Xanthan gum ! CP Kelco® 222
Disodium EDTA | Mapric® A A A
Sodium metabisulfite Mapric® R A
Propylene glycol ~, Nikkol®Galena® ; ¥ ' v 1 v 1 v 1 v 1 V¥
Glycerin : Mapric® R A A s
CI3-15 Alkane i Neossance®/Galena® | v ' v 1 v 1 ! !
Steareth-2 | Croda® LY v ! :
Steareth-21 | Croda® A ! !
Butylated | - i I I ] i i
v 1 v 1 v 1 1 1
hydroxytoluene i Mapric i ! : ! ' '
Xvlityl Sesquicaprylate | Chemyunion® : v ! v ! v ! v ! v ! v
Aqua : - LY
Polyglyceryl-10 | : : : : |
Myristate \ . o ! ] ] ] i 1
. " ' Nikkol®/Galena® | v 1 v 1 v 1 v 1 v O v
Triethylhexanoin, | | ! ! ! ! !
Glycerin, Water ! ] ] ] i i 1
Ascorbyl ! . . ® | : : : | :
) . I Nikkol®/Galena® ! I Y I v
Tetraisopalmitate ! A i 1 " i
Ascorbic acid ! Galena® ! L v : LY
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Brazil), which provides time-dependent power graphs
(10). The spreadability test (“TTC Spreadability Rig”)
provided results of firmness and work of shear, the
texture test (A/BE-d45 “Back extrusion Rig 45 mm
DISC") indicated parameters of firmness, consistency,
cohesiveness and viscosity index, and the hardness test
(“P/45C” Penetration conical probe) resulted in hard-
ness, cohesiveness and stickiness values.

The formulations were GC (vehicle gel cream), GC-
AAS (gel cream with AAS), GC-ATIP (gel cream with
ATIP), SE (vehicle serum), SE-AAS (serum with AAS)
and SE-ATIP (serum with ATIP). These were submitted
to a preliminary stability study, stored at temperatures
of 25 °C and 45 °C, and measuring pH (Tecnal® TEC-
3MPp, Tecnopon, Piracicaba SP, Brazil) and rheology,
as well as visually evaluating organoleptic characteris-
tics (appearance, colour, odour), for 14 days.

Study Participants

Nineteen female subjects, aged from 39 to 55 years
(medium of 46.3 £ 4.6 years old), Fitzpatrick skin
phototype II and III, were enrolled and signed a free
and informed consent form. The study was approved
by the Ethics Committee of the Faculty of Pharma-
ceutical Sciences - University of Sao Paulo (CAAE:
84599418.8.0000.5403). The subjects were divided
into three balanced groups with average baseline hy-
dration measurements in the malar region of the face
approximately equal between them.

Methodology

Sensory analysis and immediate efficacy tests were per-
formed in the clinical studies. In the sensory analysis,
seven randomized areas of 4 cm? of the inner part of the
forearms were studied for all formulations (GC, GC-
AAS, GC-ATIP, SE, SE-AAS and SE-ATIP) according
to the participants' perception after the application (20
pL) of formulations in each determined region of the
forearm, maintaining one clean for control. Question-
naires were graded from one to five (bad, regular, good,
very good and excellent, respectively) and applied to
assess the moisture and soft skin feeling, spreadability,
stickiness, skin touch (immediately after application
and after five minutes), and purchase intention.

For the efficacy tests, each group received the applica-
tion of one of the three serums (SE, SE-AAS or SE-
ATIP) on the entire face (1 g of formulation). Evalua-
tion took place the malar region application, before and
two hours after application, as well as all areas and on
the forearm in those areas used for sensory analysis.
The stratum corneum water content was measured in
five replicates (Corneometer® TMCM 825, Courage

Texture and clinical efficacy of Vit C cosmetics
Textura e eficacia clinica de cosméticos com Vit C

fornece graficos de forga em funcgdo do tempo (10). O
teste de espalhabilidade (“TTC Spreadability Rig”) for-
neceu resultados de firmeza e trabalho de cisalhamento,
o teste de textura (A/BE-d45 “Back extrusion Rig 45
mm DISC”), indicou parametros de firmeza, consistén-
cia, coesividade e indice de viscosidade, ¢ o teste de
dureza (probe conico de penetragdo “P/45C”) resultou
em valores de dureza, coesividade e pegajosidade.

As formulagdes GC (gel creme veiculo), GC-AAS (gel
creme com AAS), GC-TIPA (gel creme com TIPA), SE
(serum veiculo), SE-AAS (sérum com AAS) e SE-TIPA
(serum com TIPA) foram submetidas a estudo de esta-
bilidade preliminar, armazenadas em temperatura de 25
°C e em estufa a 45 °C, sendo registrados valores de pH
(Tecnal® TEC-3MPp, Tecnopon, Piracicaba SP, Brazil)
e reologia por 14 dias, além da avaliagdo visual de car-
acteristicas organolépticas (aspecto, cor, odor).

Participantes do estudo

Foram recrutadas dezenove participantes de pes-
quisa do sexo feminino, faixa etaria de 39 a 55 anos
(média de 46,3 £+ 4,6 anos) ¢ fototipos de Fitzpatrick
II e III, que assinaram termo de consentimento livre
e esclarecido. O estudo foi aprovado pelo Comité de
Etica em Pesquisa Clinica da Faculdade de Ciéncias
Farmacéuticas da Universidade de Sao Paulo (CAAE:
84599418.8.0000.5403). As participantes foram dividi-
das em trés grupos equilibrados com medidas basais
médias de hidratagdo na regido malar do rosto aproxi-
madamente iguais entre eles.

Metodologia

Nos estudos clinicos, foram realizadas analises sensori-
ais e testes imediatos de eficacia. Na avaliacdo sensori-
al, foram estudadas sete areas randomizadas de 4 cm? da
parte interna dos antebragos para todas as formulagdes
(GC, GC-AAS, GC-TIPA, SE, SE-AAS ¢ SE-TIPA) de
acordo com a percepcdo das participantes apés a apli-
cacdo (20 pL) das formulagdes em cada regido demar-
cada do antebrago, mantendo uma limpa para controle.
Questionarios foram classificados de um a cinco (ruim,
regular, bom, muito bom e 6timo, respectivamente) e
aplicados para avaliar a sensacdo de hidratacdo e ma-
ciez da pele, espalhabilidade, pegajosidade, sensagdo
ao toque imediata e apds cinco minutos, e intengdo de
compra.

Para os testes de eficacia, cada grupo recebeu a apli-
cacao de um dos trés séruns (SE, SE-AAS ou SE-TIPA)
no rosto todo (1 g de formulagdo) e a avaliagao foi feita
na regido malar, antes e apds duas horas da aplicacao,
nas mesmas areas do antebraco usadas para a analise
sensorial. O contetido aquoso do estrato corneo foi me-
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& Khazaka, Cologne, FRD) and TEWL values were
obtained in triplicate (Tewameter® TM210, Courage
& Khazaka, Cologne, FRD). Skin microrelief images
were recorded (VisioScan® VC98, Courage & Kazaka,
Cologne, FRD) and analysed for parameters which
describe the skin surface (SELS - Surface Evaluation
of Living Skin): SEr (roughness), SEsc (desquama-
tion), SEw (number and width of wrinkles) and SEsm
(smoothness).

Data analysis and Statistics

All statistical analysis had a 95% confidence interval
and the data sets were analysed for normality before
defining which statistical tests were applicable in each
case. For rheology, texture, and pH data, unidirectional
and Tukey analysis of variance tests, or Kruskal-Wallis
non-parametric followed by Dunns, were applied. For
clinical study data sets, the t-test was used for para-
metric and the Mann-Whitney test for non-parametric
analysis.

Results and Discussion

In the preliminary centrifugation test, all formulations
were unchanged. GC and SE vehicle formulations, and
these added with ATIP, had an initial mean pH of 5.4,
whereas those containing AAS had pH values of 3.3,
on average, due to the acidic characteristic of the active
substance.

The decision was made to not adjust the pH of the AAS
formulations to avoid instability seen in preliminary
tests with pH adjustments made. Thus, the formulation
was recommended for night use only.

At rheological characterization, the shear stress curves
(Figure 1) showed higher shear stress for the GC for-
mulations, indicating higher viscosities than those of
the serums. This behaviour was confirmed by minimum
apparent viscosity and by the texture test results, in
which the parameters of viscosity index and cohesive-
ness were higher for GC and GC-AAS, intermediate for
GC-ATIP, and the lowest were found for the serums,
with values very close to each other. In addition, both
the consistency index from rheology and the firmness
and consistency from texture test indicated higher val-
ues for the gel cream comparing to the serum. Hyster-
esis areas were the same and quite low, indicating the
polymers’ intrinsic characteristic of low thixotropy,
since both xanthan gum and hydroxyethyl cellulose
have pseudoplastic behaviour, with great ease of vis-
cosity recovery once shear stress is no longer applied
(11,12).

In the stability study by thermal stress, formulations
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dido (Corneometer® TMCM 825, Courage & Khazaka,
Cologne, RFA), em cinco réplicas, e valores de TEWL
foram obtidos (Tewameter® TM210, Courage & Khaza-
ka, Cologne, RFA) em triplicata. As imagens de micro-
rrelevo cutaneo foram registradas (VisioScan® VC98,
Courage & Khazaka, Cologne, RFA), e analisadas com
relagdo aos parametros que descrevem a superficie da
pele (SELS - Surface Evaluation of Living Skin): SEr
(rugosidade), SEsc (descamacdo), SEw (numero e lar-
gura das rugas) e SEsm (suavidade).

Analise de dados e Estatistica

Todas as analises estatisticas tiveram 95% de intervalo
de confianca e os conjuntos de dados foram analisados
com relagdo a normalidade antes de definir quais os
testes estatisticos aplicaveis em cada caso. Para dados
de reologia, textura e pH, foram aplicados os testes de
analise de variancia unidirecional e Tukey, ou o nao-
paramétrico de Kruskal-Wallis seguido de Dunns. Em
dados do estudo clinico, foi utilizada a analise do t-test
para dados paramétricos, e Mann-Whitney test para da-
dos ndo-paramétricos.

Resultados e Discussio

Nos testes de estabilidade preliminar por centrifu-
gacdo todas as formulagdes se mostraram inalteradas.
As formulagdes GC e SE veiculos, e adicionadas de
TIPA, apresentaram pH inicial de 5,4, em média, ja
as que continham AAS tiveram valores de pH de 3,3,
em média, devido a caracteristica acida da substancia
ativa. Optou-se por nao corrigir o pH das formulacdes
de AAS para evitar a instabilidade vista em testes pre-
liminares com corre¢do. Desta forma, a formulacao foi
recomendada apenas para uso noturno.

Na caracterizacao de reologia, as curvas de tensdo de
cisalhamento (Figura 1) mostraram maior tensdo para
cisalhar as formulagdes GC, com viscosidades superi-
ores as dos séruns, comportamento confirmado pelos
resultados de viscosidade minima aparente, e pelo teste
de textura, com os parametros de indice de viscosidade
e de coesividade, em que GC e GC-AAS possuiram os
maiores valores, GC-TIPA, se mostrou intermediario,
e 0s séruns tiveram os menores, com valores bastante
proximos. Além disso, tanto o indice de consisténcia
da reologia, quanto a firmeza e consisténcia do teste
de textura, apontaram valores superiores para o gel
creme em relagdo ao sérum. As areas de histerese foram
bastante baixas e iguais, indicando a caracteristica int-
rinseca dos polimeros de apresentarem baixa tixotropia,
uma vez que tanto a goma xantana, quanto a hidroxi-
etilcelulose, tém comportamento pseudoplastico, com
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Figure 1 - Shear stress curves as a function of shear rate of the studied formulations
Figura 2 - Curvas de tensdo de cisalhamento em funcdo de taxa de cisalhamento das formulagdes
estudadas

Table 2 - Measured pH values in the preliminary stability study of the GC, GC-AAS, GC-ATIP, SE,
SE-AAS and SE-ATIP formulations
Tabela 2 - Valores medidos de pH ao longo do estudo de establidade preliminar das formulagoes
GC, GC-AAS, GC-TIPA, SE, SE-AAS e SE-TIPA

GC-ATIP / SE-ATIP /

GC GC-AAS  Gce.TIPA SE SE-AAS  gE.TIPA
5.47 3.37 5.19 5.38 3.24 5.52
TO 5.43 3.34 5.22 5.39 3.25 5.47
541 3.31 5.22 5.38 3.26 5.45
5.29 - 5.26 5.21 - 543
T7-25°C 5.33 - 5.23 5.27 - 5.40
5.32 - 5.24 5.28 - 543
5.41 - 5.28 5.24 - 5.34
T7-45°C 5.37 - 5.29 5.23 - 5.34
5.32 - 5.29 5.25 - 5.30
5.42 3.33 5.23 5.27 3.32 5.32
T14 -25°C 5.45 3.33 5.22 5.24 3.32 5.31
5.32 3.34 5.23 5.24 3.32 5.30
5.29 3.31 541 5.20 3.27 5.17
T14 - 45°C 5.23 3.31 5.30 5.18 3.27 5.14
5.17 3.32 5.32 5.17 3.29 5.16
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Figure 2 - Comparative results of shear stress curves versus shear rate during the preliminary stability
study of formulations GC (a), GC-AAS (b), GC-ATIP (¢), SE (d), SE-AAS (e) and SE- ATIP (f)
Figura 2 - Resultados comparativos das curvas de tensdo de cisalhamento em funcdo de taxa de
cisalhamento ao longo do estudo de estabilidade preliminar das formula¢des GC (a), GC-AAS (b),
GC-TIPA (c), SE (d), SE-AAS (e) e SE-TIPA (f)

those containing AAS showed a slight colour change
after 14 days, likely due to an initiation of the oxidation
process, and most showed an expected decrease in pH
(Table 2), justified by the high aqueous content and the
influence of temperature on pH (13). The apparent min-
imum viscosity and consistency index both decreased
and there was an increase in flow index in the AAS
formulations under thermal stress, confirming instabil-
ity only under this condition (Figure 2). The SE and
SE-ATIP formulations presented higher stability, and a
similar result was obtained in a study of formulations
containing ATIP, in which vehicle and formulation with
active ingredient did not differ from each other in terms
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grande facilidade de recuperagdo da viscosidade, uma
vez que a tens@o de cisalhamento para de ser aplicada
(11,12).

No estudo de estabilidade por estresse térmico, as
formulagdes que continham AAS apresentaram leve
alteracdo de cor ap6s 14 dias, devido a um provavel
inicio de oxidagdo, ¢ a maior parte delas apresentou
diminuigdo esperada do pH (Tabela 2), justificada pelo
alto contetido aquoso e a influéncia da temperatura no
pH (13). A viscosidade minima aparente e indice de
consisténcia diminuiram e houve aumento do indice
de fluxo nas formula¢des de AAS em estresse térmico,
confirmando instabilidade apenas nessa condigdo



of viscosity and consistency index parameters, which
were kept stable through the preliminary study period
with storage at temperatures of 25 °C and 45 °C (14).

The serum formulations were well accepted, as
shown in Figure 3, which stood out regarding great
spreadability, skin touch, and hydration, with purchase
intentions of 37% for SE, 37% for SE-AAS and 63%
for SE-ATIP. The texturometer spreadability results
confirmed its sensory predictive nature, since SE and
SE-ATIP presented lower work of shear that would
indicate better spreadability, according to the verified
correlation between both parameters (10,15). On the
other hand, the GC formulations did not have good
acceptance, with purchase intention between 5 and
11%. In the hardness test, these formulations presented
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(Figura 2). As formulagdes SE e SE-TIPA apresentaram
maior estabilidade, e um resultado similar foi obtido em
estudo de formulagdes contendo TIPA, em que veiculo e
formulagdo com ingrediente ativo nao se diferenciaram
com relagdo aos parametros de viscosidade e indice
de consisténcia, além de terem se mantido estaveis
durante estudo preliminar com armazenamentos sob
temperaturas 25 °C e 45 °C (14).

Houve boa aceitacao das formulagdes de serum, como
apresentado na Figura 3, que se destacaram com
relacdo a 6tima espalhabilidade, sensacdo ao toque e
hidratacdo, com inten¢do de compra de 37% para SE,
37% para SE-AAS e 63% para SE-TIPA. Os resulta-
dos de espalhabilidade do texturometro confirmaram
o caracter preditivo de sensorial do equipamento, uma

== GC-AAS
= == GC-ATIP / GC-TIPA
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Skin touch after S
minutes/ Sensaciio ao
toque apos 5 minutos
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Figure 3 - Results of the sensory analysis of the studied formulations
Figura 3 - Resultados da avaliacdo sensorial das formulagdes estudadas
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higher values of cohesiveness and stickiness, parameters
that most spoiled sensory perception, as they made it
difficult to spread and absorb into the skin. Thus, the
most viscous formulations had worse spreadability and
stickiness, and this was consistent with other research
findings (16).

Regarding clinical efficacy testing (Figures 4 and 5),
an immediate moisturizing effect was observed on the
forearm for all formulations, with higher values of stra-
tum corneum water content for GC, GC-AAS and SE-
ATIP. The control region and the malar region of the
face remained unchanged. TEWL was reduced in the

vez que SE e SE-TIPA apresentaram baixo trabalho de
cisalhamento, indicativos de melhor espalhabilidade,
de acordo com a correlacdo verificada entre os dois
parametros (10,15). Em contrapartida, os GC ndo tiver-
am boa aceitagdo, com inten¢do de compra entre 5 ¢
11%. No teste de dureza, esses apresentaram valores
superiores de coesividade e pegajosidade, parametros
que mais prejudicaram a percepcao sensorial, por di-
ficultarem a espalhabilidade e absor¢@o na pele. Com
isso, confirmou-se que as formulagdes mais viscosas
apresentaram pior espalhabilidade e pegajosidade, em
concordancia com outros trabalhos (16).
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Figure 4 - Results of the clinical efficacy tests (hydration and TEWL) of the studied formulations on
forearm areas. The measurements were made before any application (baseline or time 0) and after two
hours of applying 20 pL of each formulation in the areas for all nineteen subjects.

Figura 4 - Resultados dos testes clinicos de eficacia (hidratagdo e TEWL) das formulagdes estudadas
nas areas do antebrago. As medicdes foram feitas antes de qualquer aplicacdo (basal ou tempo 0) e ap6s
duas horas de aplicagdo de 20 uL de cada formulagdo nas areas para todas as dezenove participantes.
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Figure 5 - Results of the clinical efficacy tests (hydration and TEWL) of the studied serums on malar
area of the face. The measurements were made before any application (baseline or time 0) and after two
hours of applying on the entire face 1 g of the designated formulation, according to the three groups.
Figura 5 - Resultados dos testes clinicos de eficdcia (hidratacdo e TEWL) dos séruns estudados na
area malar do rosto. As medi¢des foram feitas antes de qualquer aplicagdo (basal ou tempo 0) ¢ apds
duas horas de aplicacao no rosto todo de 1 g da formulag@o determinada, de acordo com os trés grupos.

areas of the forearm in which GC-ATIP, SE, SE-AAS
and SE-ATIP were applied, but no alterations were not-
ed in the malar region. These different results between
the two regions may have occurred due to physiologi-
cal differences between the areas and also due to much
lower basal hydration values in the forearms within
the studied group, which could make moisturizing ac-
tion more pronounced on these areas (17,18). In skin
microrelief analysis, no changes were observed in the
parameters in any region, due to high interindividual
variation. Finally, the serum formulations showed bet-
ter efficacy, mainly on TEWL reduction.

Nos testes de eficacia clinica (Figuras 4 e 5), observou-
se efeito hidratante imediato para todas as formulacdes,
com valores superiores de conteudo aquoso do estrato
corneo para GC, GC-AAS e SE-TIPA. A regido con-
trole e a regido malar do rosto se mantiveram inaltera-
das. A TEWL reduziu nas areas da pele do antebracgo
em que foram aplicadas GC-TIPA, SE, SE-AAS e
SE-TIPA, mas sem alteracao na regido malar. A difer-
enca de efeitos pode ter ocorrido devido as diferencas
fisiologicas entre as regioes estudadas e pelos valores
basais de hidratacdo dentro do grupo estudado terem
sido muito inferiores na pele dos antebracos, fazendo
com que a acao hidratante tenha sido mais pronunciada
nessa regiao (17,18). Na analise do microrrelevo cuta-
neo, nao foram observadas alteracdes dos pardmetros
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Conclusion

Serum presented better stability and sensory percep-
tion, which correlated to physical-mechanical param-
eters, such as spreadability, and serum with ATIP were
evaluated the best because it did not alter formulation’s
properties. The studied formulations were effective in
the immediate hydration and only serums and gel cream
containing ATIP reduced TEWL. In summary, serums
were the cosmetic form that showed the greatest mois-
turizing efficacy and preference for study participants.
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em nenhuma regido estudada, em fungdo da alta vari-
acdo interindividual. Por fim, as formula¢des sérum
mostraram melhor eficacia, especialmente na reducao
da TEWL.

Conclusao

O sérum apresentou melhor estabilidade e percepgao
sensorial, que foi correlacionada aos parametros fisico-
mecanicos, como espalhabilidade, sendo o sérum com
TIPA melhor avaliado, por ndo ter alterado as proprie-
dades da formulagdo. As formulacdes estudadas foram
eficazes na hidrata¢do imediata e somente 0s séruns € o
gel creme contendo TIPA reduziram a TEWL. Em sin-
tese, os seruns foram a forma cosmética que apresentou
maior eficacia hidratante e preferéncia pelos partici-
pantes do estudo.
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Development and evaluation of physico-chemical stability of cosmetic formulations
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Abstract

The major goal of this research work was to use the dry extract of the fruits of Jussara palm tree (Euterpe edulis Martius)
in the development of a tinting shampoo (0.3% (w/v) anthocyanin extract) and an exfoliating beauty cream integrating
granules from the seeds of the fruit (1%, w/v). The dry extract was characterized via determination of the content of
anthocyanins by the differential pH method, antioxidant activity by the phospho-molybdenum complex methodology,
and antimicrobial activity by the disc-diffusion method. The extraction yield was 2.3% (w/w) (2.25 g dry extract/100 g
fruit), with an antioxidant activity of 139.0 =+ 5.5% relative to that of ascorbic acid, indicating a high antioxidant capacity.
The anthocyanin extract did not exhibit antimicrobial activity. The physico-chemical stability characteristics of both
the tinting shampoo and the exfoliating cream were evaluated via accelerated stability studies at 0, 30, 60 and 90 days
of storage at 40 = 2 °C and 75 + 5% relative humidity. The cosmetic products prepared were stable in relation to the
physico-chemical characteristics under the conditions studied.

Keywords:Jussara; Euterpe edulis Martius; anthocyanins; tinting shampoo; exfoliating cream

Resumo

O principal objetivo deste trabalho de investigagdo consistiu em utilizar o extrato seco dos frutos da palmeira Jussara
(Euterpe edulis Martius) no desenvolvimento de um shampoo matizante (0,3% (m/v) de extrato antocianinico) ¢ de
um creme de beleza esfoliante integrando granulos das sementes do fruto (1%, m/v). O extrato seco foi caracterizado
através da determinagdo do teor em antocianinas pelo método do pH diferencial, a atividade antioxidante pelo método
do complexo fosfo-molibdénio e a atividade antimicrobiana pelo método de disco-difusdo. O rendimento de extragdo
foi de 2,3% (m/m) (2,25 g extrato seco/100 g fruto), com uma atividade antioxidante de 139,0 + 5,5% relativamente
aquela do acido ascorbico, indicando uma alta capacidade antioxidante. O extrato antocianinico nao exibiu atividade
antimicrobiana. As caracteristicas de estabilidade fisico-quimica tanto do shampoo matizante como do creme esfoliante
foram avaliadas por ensaios de estabilidade acelerada aos 0, 30, 60 e 90 dias de armazenamento a 40 £2 °C ¢ 75 + 5%
de humidade relativa. Os produtos cosméticos preparados foram estaveis em relagdo as caracterisiticas fisico-quimicas
nas condi¢oes estudadas.

Palavras-chave: Jussara; Euterpe edulis Martius; antocianinas; shampoo matizante; creme exfoliante
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Introduction

The use of raw materials of plant origin in cosmetic
products is a promising trend in the cosmetics industry,
as consumers are increasingly looking for products that
take advantage of the benefits that nature provides. The
use of plant extracts in cosmetics has been highlighted
by consumer demand, who are increasingly concerned
with buying ecologically friendly products (1). In con-
trast to cosmetic ingredients of a synthetic nature, plant
products are generally mild and biodegradable, exhibit-
ing low toxicity (1-3). The aim of this research study
was to evaluate the use of extracts from plant sources
in different types of cosmetics, as a function of several
interesting properties (3-5) such as antioxidant and an-
timicrobial activities, tyrosinase inhibition effect (1),
and inhibition of the harmful effects of UVA radiation
(4,5), among other properties.

The fruit of the Jussara palm is considered an excel-
lent source of anthocyanins, with anthocyanins being
considered the most important group of water-soluble
natural dyes, responsible for red, orange, pink, violet,
blue, and purple colors in most flowers and fruits (6,7).
These bioactive molecules are water-soluble glycosides
belonging to the flavonoid class and are derived from
the flavylium cation or 2-phenylbenzopyrilium (8).
Anthocyanins exhibit great potential for application in
foods, pharmaceutical products and cosmetics, due to
their wide range of colors, atoxicity, and beneficial ef-
fects on health (9). Anthocyanins are being studied for
their high antioxidant capacity (3,10), photoprotective
efficacy (4), and coloring ability (11).

Cosmetics with the purpose of changing hair color,
such as hair dye products, are used with high frequen-
cy. According to the durability of the color following
hair dye application on hair strands, hair dying systems
can be divided into temporary, semi-permanent, demi-
permanent and permanent (12). Natural pigments such
as anthocyanins can be used in temporary stain appli-
cations, as in the process known as tinting. Temporary
coloration is not effective in covering gray or white hair
because the pigment only reaches the cuticle. These
products sometimes are used to add shine and make the
natural hair color more vibrant (13).

Another possible and interesting use of raw by-prod-
ucts from fruits involves the seeds, aiming at obtaining
natural exfoliants. The seeds of the fruit of the Jussara
palm can also be used for this purpose, since exfoliants
of synthetic origin are proving to be potent environ-
mental contaminants. Microplastics have accumulated
in the oceans and marine sediments around the world
in recent years, with maximum concentrations reach-
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Introducao

A utilizacdo de matérias-primas de origem vegetal em
produtos cosméticos ¢ uma tendéncia promissora na in-
dustria de cosméticos, uma vez que os consumidores
procuram cada vez mais produtos que tirem partido dos
beneficios que a natureza proporciona. O uso de extra-
tos vegetais em cosméticos tem se destacado pela de-
manda do consumidor, que se preocupa cada vez mais
em comprar produtos ecologicamente corretos (1). Em
contraste com os ingredientes cosméticos de natureza
sintética, os produtos a base de plantas sdo geralmente
mais suaves ebiodegradaveis, exibindo uma baixa toxi-
cidade (1-3). O objetivo deste trabalho de investigagao
consistiu em avaliar a utilizagdo de extractos de fontes
vegetais em diferentes tipos de produtoscosméticos, em
funcdo de diversas propriedades interessantes (3-5) tais
como atividades antioxidante e antimicrobiana, efeito
inibidor da tirosinase (1), inibi¢ao dos efeitos prejudici-
ais dos raios UVA (4,5), entre outras propriedades.

O fruto da palmeira Jussara ¢ considerado uma ex-
celente fonte de antocianinas, sendo estes pigmentos
considerados o mais importante grupo de corantes nat-
urais soliveis em agua, responsaveis pelas cores ver-
melha, laranja, rosa, violeta, azul ¢ roxa na maior parte
das flores e frutos (6,7). Estas moléculas bioativas sdo
glicosideos soliveis em agua que pertencem a classe
dos flavonoides e s@o derivados do catido flavilium ou
2-fenilbenzopirilium (8).

As antocininas exibem grande potencial de aplicacdo
em alimentos, produtos farmacéuticos e cosméticos,
devido a sua ampla gama de cores, atoxicidade e efeitos
benéficos para a satude (9). As antocianinas estdo a ser
estudadas devido a sua elevada capacidade antioxidade
(3,10), eficacia fotoprotetora (4) e capacidade colorante
(11).

O uso de cosméticos com o objetivo de mudar a cor do
cabelo, tais como produtos de coloragao capilar, ocorre
com elevada frequéncia. De acordo com a durabilidade
da cor ap6s aplicagdo de produtos de coloragdo capilar
em mechas de cabelo, os sistemas de coloragdo podem
ser divididos em temporario, semipermanente € perma-
nente (12). Pigmentos naturais tais como as antociani-
nas podem ser utilizados em aplica¢des de coloracdo
temporaria, como no processo conhecido como mati-
zacdo. A coloracdo temporaria ndo € tdo eficaz em co-
brir cabelos grisalhos ou brancos, porque o pigmento
apenas alcanca a cuticula. Por vezes, estes produtos sao
utilizados para conferir brilho e tornar a cor natural do
cabelo num tom mais vibrante (13).

Outro possivel e interessante uso de matérias-primas
residuais provenientes de frutos envolve as sementes,
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ing 100000 particles per cubic meter. Because of their
very small size, microplastics can be ingested by low
trophic fauna, with consequences still unknown to the
health of the organisms and the entire marine trophic
chain (14). Microspheres obtained from synthetic poly-
mers are used in hundreds of products, such as abra-
sives (including cosmetics intended for face and body
wash), cleansers, moisturizers, and exfoliants, among
others. Approximately 6% of liquid soaps and commer-
cially available shower gels in Europe include plastic
microspheres (15). The scientific evidence that points
to the seriousness of environmental contamination by
(micro) plastics have led some multinational companies
to commit to eliminating these types of materials from
their products by 2020 (16,17).

In this sense, it is important to develop products or sub-
stances that are viable alternatives to synthetic exfoli-
ants, for use as abrasives in cosmetics, with character-
istics that are less aggressive to the environment, such
as seed-based scrubs. Hence, the use of the Jussara fruit
pulp residue as an exfoliating raw material for use in
cosmetics can be quite interesting both from ecological
and commercial points of view, leading to a complete
valorization of this fruit and avoiding the generation of
environmentally contaminating residues.

Due to the facts mentioned above, the present research
work finds justification in the development of a tinting
shampoo containing extract of anthocyanins and an ex-
foliating beauty cream incorporating granules derived
from the seeds of the Jussara palm tree fruit (Euterpe
edulis Martius).

Material and Methods

Materials

The fruits of Jussara palm tree (Euterpe edulis Martius)
were a kind gift by Floricultura Campineira (Campinas,
SP, Brazil), with its cultivation located in Jaguaruina
(SP, Brazil). The fruits were stored under freezing
conditions (-18 °C) throughout the experiments. For
the shampoo tint test, locks of blond human hair were
purchased from the specialized company Lika Hair
(Sorocaba, SP, Brazil). All the reagents used were of

104

com o objetivo de obter esfoliantes naturais. As se-
mentes do fruto da palmeira Jussara podem assim ser
também utilizadas com este objetivo, uma vez que os
esfoliantes de origem sintética tém-se revelado potentes
contaminantes ambientais. Os microplasticos tém-se
acumulado nos oceanos e nos sedimentos marinhos por
todo o mundo nos ultimos anos, com concentragdes
maximas a atingirem 100000 particulas por metro
cubico. Devido ao seu tamanho diminuto, os microp-
lasticos podem ser ingeridos pela fauna tréfica baixa,
com consequéncias ainda desconhecidas para a satde
dos organismos e de toda a cadeia trofica marinha (14).
As microesferas obtidas a partir de polimeros sintéti-
cos sdo utilizadas em centenas de produtos, tais como
abrasivos (incluindo cosméticos destinados a lavagem
facial e lavagem corporal), produtos de limpeza, hi-
dratantes, esfoliantes, entre outros. Cerca de 6% dos
sabonetes liquidos e géis para banho disponiveis com-
ercialmente na Europa t€m adicdo de microesferas de
plastico (15). A evidéncia cientifica que aponta para a
gravidade da contaminacdo ambiental por (micro) plas-
ticos tem levado algumas empresas multinacionais a
comprometerem-se a eliminar estes tipos de materiais
dos seus produtos até 2020 (16,17).

Neste sentido, ¢ importante o desenvolvimento de
produtos ou substancias que sejam alternativas viaveis
aos esfoliantes sintéticos, para utilizagdo como abra-
sivos em cosméticos, com caracteristicas menos agres-
sivas para o meio ambiente, tais como os esfoliantes
oriindos de sementes. Assim, a utilizagdo do residuo
da polpa do fruto da Jussara como matéria-prima esfo-
liante para utilizacdo em cosméticos pode ser bastante
interessante, tanto do ponto de vista ecologico, como
do ponto de vista comercial, levando a completa val-
orizagdo deste fruto e evitando a geracdo de residuos
contaminantes do meio ambiente.

Devido aos fatos supramencionados, o presente tra-
balho de investigacdo encontra justificacdo no desen-
volvimento de um shampoo matizante contendo extrato
antocianinico ¢ de um creme de beleza esfoliante in-
corporando granulos derivados das semente do fruto da
palmeira Jussara (Euterpe edulis Martius).

Material e Métodos

Materiais

Os frutos da palmeira Jussara (Euterpe edulis Martius)
foram gentilmente cedidos pela Floricultura Campi-
neira (Campinas, SP, Brasil), sendo proveniente da
sua estacdo de cultivo localizada em Jaguariuna (SP,
Brasil). Os frutos foram armazenados sob condi¢des
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Table 1 - The composition of body exfoliation cream formulation
Tabela 1 Composi¢ao da formulagdo de creme esfoliante corporal

il r
INCI* Nomenclature / Nomenclatura INCI* Function/ Fun¢io Commercia nafne ! % (W)
Nome comercial % (m/m)
OILY PHASE / FASE OLEOSA
Helianthus annuus (Sunflower) SEED OIL + XYLITOL . n
Thickener and emulsifying agent / . .
SESQUICAPRYLATE + GLYCERYL STEARATE + i Emulfeel SGP / Emulfeel SGP 5.00
X Agente espessante e emulsificante
Eurphobia cerifera (Candelilla) WAX + SODIUM HYDROXIDE
PARAFFINUM LIQUIDUM Emollient fatty acid / Mineral oil / Oleo mineral 6.00
Acido gordo emoliente
— - P
METHYLPARABEN Anti fungal. a'gen‘t/ Melh‘ylparaben Nllpaglfl ﬂ/ 0.18
Agente antifingico Metilparabeno Nipagin®
Anti-fungal agent / Propylparaben Nipazol® /
PROPYLPARABEN Agente antifiingico Propilparabeno Nipazol® 0.02
Euterpe edulis SEED POWDER Exfoliant / Esfoliante 1.00
. Propylene glycol /
PROPYLENE GLYCOL Humectant / Humectante B g 4.00
Propilenoglicol
FRUIT EXTRACT Fragrance / Perfume Essence / Esséncia 0.50
AQUEOUS PHASE / FASE AQUOSA
helati i i 11
DISODIUM EDTA Chelating agent and viscosity cot.nro ler/ EDTA 0.10
Agente quelante e controlador de viscosidade
ioni .
WATER/ AGUA Solvent / Solvente Deionized water / 5P
Agua desionizada 100

Table 2 - Formulation of shading shampoo for white, blond and discolored hair
Tabela 2 - Formulagdo de shampoo matizante para cabelos brancos, loiros e descolorados

1 o,
INCI* Nomenclature / Nomenclatura INCI* Function/ Fun¢io Commercial nafne ! 7o (WIW)
Nome comercial % (m/m)
PRESERVATIVE PHASE / FASE CONSERVANTE
PROPYLENE GLYCOL Moisturizing / Humectante Propylene glycol 5.00
Propilenoglicol
METHYLPARABEN Antl-fungal‘ a,genFe / Methylparaben / 0.18
Agente antifingico Metilparabeno
PROPYLPARABEN Antl—ﬁmga} a}ger}t/ Prop}flparaben / 0.02
Agente antifingico Propilparabeno
Propylparaben
;- : ®
PROPYLPARABEN Anti-fungal agent/ Nipazol®/ 0.02
Agente antifungico Propilparabeno
Nipazol®
WATER PHASE AND SURFACTANTS / FASE AQUOSA E TENSIOATIVOS
Anionic Surfactant / Sodium lauryl ether
SODIUM LAURYL ETHER SULFATE .. u . sulfate / Lauril éter 25.00
Tensioativo aniénico L
sulfato de sodio
Cocamide Dea
Emulsifyi tol CN
COCAMIDE DEA (SYNOTOL CN 90) mulsifying agent/ (Synotol EN90) / 3.50
Agente emulsificante Dietanolamida de acido
gordo de coco 90
1 1 k3%
WATER / AGUA Solvent / Solvente Deionized water / A5
Agua desionizada 100
EXTRACT AND FRAGRANCE / EXTRATO E ESSENCIA
FRUIT EXTRACT Fragrance / Perfume Essence / Esséncia 0.50
Antioxidant and color d /
Euterpe edulis FRUITS EXTRACT 10x'1 a'n and color donor Colorant/ Colorante 0.3%
Antioxidante e colorante
pH ADJUSTMENT / CORRECAO DO pH
e . Triethanolamine 20% / | q.s.p. pH
TRIETHANOLAMINE Basifying / Basificante Trietanolamina 20% 6
CITRIC ACID Acidulant / Acidificante Citric Acid / asp-pH
Acido citrico 6
GELIFYING AGENT / GELIFICANTE
Hydroxyethylcellulose
. (Natrosol®) /
HYDROXYETHYLCELLULOSE Thickener / Espessante . L. 1.00
Hidroxietilcelulose
(Natrosol®)

**q.s.p. = quantity sufficient per / ** q.s.p.= quantidade suficiente para

* International Nomenclature of Cosmetic Ingredients / * Nomenclatura Internacional de Ingredientes Cosméticos;
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pro-analysis (PA) grade and the water used was puri-
fied in a Milli-Q® system until a final conductivity of
18.2 MQ.cm!. All components used in the preparation
of cosmetics were of pharmaceutical grade and were
either purchased from specialized distributors or kindly
donated by Chemyunion Quimica Ltda (Sorocaba, SP,
Brazil). The formulations used in the preparation of the
cosmetics are detailed in Tables 1 and 2.

Methods

The first part of the experimental work was focused on
obtaining and characterizing the anthocyanin extract
produced from the fruits of the Jussara palm tree. Af-
ter the extraction process, the exfoliating granules were
prepared from the anthocyanin extraction residues
(fruit seeds) and duly characterized. The second part
of the experimental work was focused on developing
and characterizing the cosmetic formulations (tinting
shampoo and exfoliating cream) and the determination
of their physical-chemical stability.

Preparation of anthocyanin extracts

The anthocyanin extraction process was performed
according to the procedure described by Favaro et al.
(18). The anthocyanin extraction was made by combin-
ing the Jussara fruit pulp with 94% ethanol (solvent)
in a 1:3 ratio (fruit:solvent, w/v). The first step of the
process consisted of manually removing the pulp from
the Jussara fruit with a knife. The pulp obtained was
weighed and the solvent added. The solution was placed
in a thermostated bath set at 55 °C (Novatécnica, model
NT 230, Piracicaba, SP, Brazil) for the extraction of an-
thocyanins. After 30 min, the macerate was filtered on
qualitative filter paper to obtain the liquid extract. The
extract was then dried in a fume hood with air circula-
tion for approximately 6 h, in the absence of light. The
dried extract was then stored in a polyethylene flask
wrapped with aluminium foil for protection from light,
under freezing conditions (-18 °C).

Quantification of anthocyanins in the extract

The spectrophotometric differential pH method was
used to quantify the anthocyanins present in the dry
extract (19). Absorbance readings of the samples were
performed at the wavelengths of 520 nm and 700 nm in
a UV-Vis spectrophotometer (Multispec, model 1501,
Shimadzu, Tokyo, Japan). The anthocyanin content
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de congelagdo (-18 °C) durante todo o procedimento
experimental. Para o teste de matizacdo do shampoo
foram utilizadas mechas de cabelos loiros de origem
humana adquiridas a empresa especializada Lika Hair
(Sorocaba, SP, 33). Todos os reagentes utilizados foram
de grau pro-analise (PA) e a 4gua utilizada foi purifi-
cada num sistema Milli-Q® até uma condutividade final
de 18.2 MQ.cm™. Todos os componentes utilizados na
preparagdo dos cosméticos foram de grau farmacéutico,
tendo sido ou adquiridos em distribuidoras especializa-
das ou gentilmente cedidos pela empresa Chemyunion
Quimica Ltda (Sorocaba,SP, Brasil). As formulagdes
utilizadas na preparacao dos cosméticos podem ser en-
contradas nas Tabelas 1 e 2.

Meétodos

A primeira parte do trabalho experimental focou-se na
obtengdo e caracterizacdo de um extrato de antociani-
nas produzido a partir dos frutos da palmeira Jussara.
Apobs o processo de extragdo, os granulos esfoliantes
foram preparados a partir dos residuos da extragdo das
antocianinas (sementes dos frutos) ¢ devidamente car-
acterizados. A segunda parte do trabalho experimental
focou-se no desenvolvimento e determina¢do da es-
tabilidade fisico-quimica de formulagdes cosméticas
(shampoo matizante e creme de beleza esfoliante).

Preparagdo dos extratos antocianinicos

O processo de extragdo das antocianinas foi realizado
de acordo com o procedimento descrito por Favaro et
al. (18). A extragdo das antocianinas foi feita adicio-
nando a polpa dos frutos da Jussara com solvente na
propor¢ao 1:3 (fruta:solvente, m/v), utilizando-se como
solvente uma solucdo de etanol 94% . A primeira etapa
do processo consistiu na remog¢ao manual da polpa do
fruto da Jussara com auxilio de uma faca. A polpa assim
obtida foi pesada e adicionado o solvente. Esta solug@o
foi colocada em banho termostatizado a 55 °C (Nova-
técnica, modelo NT 230, Piracicaba, SP, Brasil) para
extracdo das antocianinas. Apos 30 min, o macerado
foi filtrado em papel de filtro qualitativo por forma a
obter o extrato humido. Este extrato hiimido foi entdo
seco numa hotte com circulagdo de ar durante aproxi-
madamente 6 h, na auséncia de luz. O extrato seco foi
depois armazenadonum frasco de polietileno envolvido
por folha de aluminio para protecdo contra a luz, sob
condi¢des de congelagio (-18 °C).

Quantificagcdo das antocianinas no extrato

O método utilizado para quantificar as antocianinas pre-
sentes no extrato seco foi 0 método espectrofotométrico
do pH diferencial (19). As leituras de absorvancia das



was calculated as cyanidin-3-glycoside (MW = 449.2
g/mol) equivalent, using Equation 1.

c (mg anthocyanin) _ ((4As10nm —A700nm )pH 1.0~ (Asionm—A700nm)pH 4.5) "MW - DF (Eq_ 1)
100 g fruit - 1

where A is absorbance, € is the molar absorptivity
(26900 mol.dm'*¢), DF is the dilution factor, MW is the
molecular weight of cyanidin-3-glycoside, and 1 is the
thickness of the cuvette (cm).

Antioxidant activity of the extract

The antioxidant activity was determined by the phos-
pho-molybdenum complex method, which is based on
the reduction of molybdenum (VI) to molybdenum (V)
in the presence of a substance with antioxidant capac-
ity (20). The percentage of antioxidant activity (% AA)
was calculated using Equation 2.

Asam.ple_Ablank

%AA = x 100 (Eq. 2)

Aascorbic acid—Ablank

where A is the absorbance of the sample, A, | is
the absorbance of the blank, and A vie acid is the ab-
sorbance of ascorbic acid.

Antimicrobial activity of the extract

The antimicrobial activity of the Jussara extract was
determined by the antimicrobial susceptibility test using
the disc-diffusion technique (21). The bacterial strains
used were Staphylococcus aureus (CCCD-S007),
Pseudomonas  aeruginosa  (CCCD-P004) and
Escherichia coli (CCCD-E003) (Cefar Diagnostica
Culture Collection, Sao Paulo, Brazil). The culture
medium was TSA (Trypticase Soy Agar) from Fluka
(St. Louis MO, USA). Ultrapure water was used as a
negative control, and penicillin/streptomycin (Vitrocell,
Campinas, SP, Brazil) was used as a positive control.

Preparation of the exfoliating agent from the seeds of
the Jussara fruit

The seeds were separated, washed with ultrapure wa-
ter and dried in an incubating chamber (Fanem, model
515, Guarulhos, Brazil) at 100 °C for 24 h. The dried
residue was then milled in a Willey knife mill (Mar-
coni, model MA340, Piracicaba, Brazil) and the pow-
der obtained was graded to determine the size of the
granules produced.
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amostras foram realizadas aos comprimentos de onda
de 520 nm e 700 nm num espectrofotometro UV-Vis
(Multispec, modelo 1501, Shimadzu, Téquio, Japao). O
teor em antocianinas foi calculado como equivalente da
cianidina-3-glicosideo (MM = 449,2 g/mol),utilizando-
se a Equacdo 1.

(mg lmthacyanin) _ ((As10nm=A700nm)pH 1.0~ (As1onm=A700nm)pH a.5) - MW - DF
100 g fruit E21

(Eq. 1)
onde A é a absorvancia, € é a absortividade molar
(26900 mol.dm™), DF ¢ o fator de dilui¢do, MM ¢ a
massa molecular da cianidina-3-glicosideo; ¢ 1 é a esp-
essura da cuvete (cm).

Atividade antioxidante do extrato

A atividade antioxidante foi determinada pelo método
do complexo fosfomolibdénio, o qual é baseado na
redu¢@o do molibdénio (VI) a molibdénio (V) na pre-
senca de uma substancia com capacidade antioxidante
(20). A percentagem de atividade antioxidante (% AA)
foi calculada utilizando a Equacéo 2.

(Eq. 2)

Aamostra=Abranco

%AA = X 100

Ascido ascsrbico~Abranco

onde Aamostra ¢ a absorvancia da amostra, A
sorvancia do branco, e A

acido ascorbico
acido ascorbico.

prance © @ ab-
ranco .
¢ a absorvancia do

Atividade antimicrobiana do extrato

A atividade antimicrobiana do extrato de Jussara foi
determinada pelo teste de sensibilidade a antimicro-
bianos, utilizando a técnica de disco-difusao (21). As
estirpes bacterianas utilizadas foram Staphylococcus
aureus (CCCD-S007), Pseudomonas aeruginosa (CC-
CD-P004) e Escherichia coli (CCCD-E003) (Colegao
de Culturas Cefar Diagnostica, Sdo Paulo, Brasil). O
meio de cultura utilizado foi o TSA (Trypticase Soy
Agar) da marca Fluka (St. Louis, MO, EUA). Como
controle negativo utilizou-se agua ultrapura e como
controle positivo utilizou-se penicilina/estreptomicina
(Vitrocell, Campinas, SP, Brasil).

Preparagdo do agente esfoliante a partir das sementes
do fruto da Jussara

As sementes foram separadas, lavadas com agua ul-
trapura e secas em estufa (Fanem, modelo 515, Guarul-
hos, Brasil) a 100 °C durante 24 h. O residuo seco foi
entdo triturado em moinho de facas do tipo Willey
(Marconi, modelo MA340, Piracicaba, Brasil) ¢ o po
obtido foi tamizado visando determinar o tamanho dos
granulos produzidos.
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Determination of the granulometry of the exfoliating
agent

The granulometry of the exfoliating agent was
determined by sieving, using an electromagnetic sieve
agitator for granulometric analysis (Bertel, Caieiras,
Brazil). Approximately 100 g of sample were poured
in the highest granulation sieve and the sieve stack
was shaken at 60 vibrations per second for 15 min.
The amount of powder remaining in each sieve was
determined, and Equation 3 was used to calculate the
mean particle size (mm) (22).

d= Y(%retained)x(average aperture)
- 100

(Eq.3)

where d is the average diameter (mm), % retained is the
percentage fraction retained on each sieve, and average
aperture is the average aperture of the mesh (mm) in
each granulometric class.

Density of granules

The density of the granules was determined by pycnom-
etry, using a helium pycnometer from Quantachromed
Instruments (model Ultrapyc 1200e, Boynton Beach,
FL, USA).

Scanning electron microscopy

The surface microstructure of the granules was ob-
served in a Scanning Electron Microscope (SEM) from
JEOL (model JSM-63660, Tokyo, Japan).

Preparation of cosmetic products

Preparation of cosmetics (shading shampoo and body
exfoliating cream) followed the Good Manufacturing
and Control Practices established by Resolution of Di-
rectors Collective (RDC) 67/2017 of Anvisa (Brazilian
National Health Surveillance Agency) (23).

The shampoo was prepared in a 100 mL beaker by dis-
solving propylene glycol, methyl paraben, and propyl
parabenin deionized water, followed by heating to 70
°C. This was called the preservative phase. Afterward,
in another 100 mL beaker, lauryl sulfate and coconut
fatty acid diethylamide were homogenized with cold
deionized water at 300 rpm. This was the surfactant
phase. The two phases (preservative and surfactant)
were then mixed in another beaker and duly homog-
enized using a magnetic stirrer at 300 rpm. The pH was
corrected to 6.0 via the dropwise addition of citric acid
or triethanolamine. A 30% (w/w) NaCl solution was
then dripped into the solution until the desired viscos-
ity was reached, evaluated by the physical appearance
of the shampoo. Afterward, natrosol was sprayed onto
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Determinagdo da granulometria do agente esfoliante

A granulometria do agente esfoliante foi determinada
pelo método da tamizag@o, utilizando um agitador elec-
tromagnético de peneiras para analises granulométricas
(Bertel, Caieiras, Brasil). Cerca de 100 g de amostra
foram colocadas no tamis de maior granulacdo e em
seguida a pilha de tamizes foi agitada a 60 vibracdes
por segundo durante 15 min. Determinou-se a quanti-
dade de po restante em cada tamis e, para o calculo
do tamanho médio das particulas (mm), utilizou-se a
Equacao 3 (22).

(Eq. 3)

d = Y (%retida)x(abertura média)
- 100

onde d € o didmetro médio (mm), % retida ¢ a percenta-
gem da fracdo retida em cada tamis, e abertura média ¢
a abertura média da malha (mm) em cada classe granu-
lométrica.

Densidade dos granulos

A densidade dos granulos foi determinada por picno-
metria, utilizando-se um picnémetro de hélio da marca
Quantachrome Instruments (modelo Ultrapyc 1200e,
Boynton Beach, FL, EUA).

Microscopia eletronica de varrimento

A microestrutura de superficie dos granulos foi ob-
servada num Microscopio Eletrénico de Varrimento
(MEV) da marca JEOL (modelo JSM-63660, Toquio,
Japao).

Preparagdo dos produtos cosméticos

A preparacdo dos produtos cosméticos (shampoo ma-
tizante e creme esfoliante corporal) seguiu as Boas
Praticas de Fabricagdo e Controle estabelecidas pela
Resolucao da Diretoria Colegiada (RDC) 67/2007 da
Anvisa (Agéncia Nacional de Vigilancia Sanitaria do
Brasil) (23).

O shampoo foi preparado num gobelé de 100 mL, através
da adicdo de propilenoglicol, metilparabeno e propilpa-
rabeno, e dissolucdo em dgua deionizada, seguido de
aquecimento a 70 °C. Esta fase foi denominada fase
conservante. De seguida, num outro gobelé de 100 mL,
os tensioativos lauril sulfato de sodio e dietilamida de
acidos gordos de coco foram dissolvidos a frio em dgua
desionizada com homogeneizagdo magnética a 300
rpm. Esta fase foi denominada de fase surfactante. As
duas fases (conservante e surfactante) foram misturadas
num outro gobelé e devidamente homogeneizadas por
agitacdo magnética a 300 rpm. O pH foi corrigido para
6,0 por adicao de gotas de acido citrico ou trietanolami-
na. Em seguida, uma solugido de NaCl a 30% (m/m) foi



the shampoo, which was gently homogenized by hand
to prevent foaming. Finally, the Jussara extract was
added in a 0.3% (w/w) ratio and the formulation was
homogenized by gentle stirring (24). Tests with 0.2, 0.3
and 0.4% (w/v) anthocyanin extract were performed in
order to determine the best shading effect for the sham-
poo. Colour fixation analysis was performed using
locks of blond human hair. The locks were manually
cleaned with neutral shampoo (5 mL) and immediately
washed with shading shampoos (5 mL) containing dif-
ferent anthocyanin concentrations.

The exfoliating beauty cream was initially prepared by
separately heating all components of the oil phase to
the melting point of solid fatty substances (ca. 70 °C).
The aqueous phase components were heated to 75 °C
and then slowly added to the oil phase with manual stir-
ring until cooled to room temperature (25 °C). Subse-
quently, the seed granules (previously hydrated) were
added at a ratio of 1% (w/v) of the total volume of the
formulation. The samples were stored in polyethylene
containers at room temperature (25 °C) under light pro-
tection until the execution of the preliminary stability
and accelerated stability tests.

Physical-chemical stability tests

Preliminary stability tests (freeze-thaw cycle, centrifu-
gation test, and thermal stress) were performed 24 h af-
ter the preparation of the cosmetic products. Following,
the samples were stored either at room temperature (25
+ 2 °C) or in an incubating chamber (40 + 2 °C and 75
+ 5% relative humidity (RH)) and subjected to the ac-
celerated stability test at 0, 30, 60 and 90 days of stor-
age. For the body exfoliating cream, the organoleptic
characteristics, pH, viscosity and scatter ability tests
were also performed, while for the shading shampoo
the organoleptic characteristics, pH and relative density
tests were performed (25).

Cosmetic formulations using Jussara palm tree fruits
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gotejada até se atingir a viscosidade desejada determi-
nada pela aparéncia fisica do shampoo. Na sequéncia,
pulverizou-se natrosol sobre o shampoo que foi entdo
suavemente homogeneizado manualmente por forma
a evitar a formagdo de espuma. Finalmente, o extrato
de Jussara foi adicionado na propor¢ao de 0,3% (m/m)
e a formulacdo foi homogeneizada por agitagdo suave
(24). Foram realizados ensaios com concentragdes
massicas de extrato antocianinico de 0,2, 0,3 e 0,4%
(m/v), de modo a determinar o melhor efeito matizante
para o shampoo. A analise da fixagdo de cor foi reali-
zada utilizando-se mechas de cabelos loiros de origem
humana. As mechas foram manualmente higienizadas
com shampoo neutro (5 mL) e imediatamente lavadas
com os shampoos matizantes (5 mL) contendo difer-
entes concentra¢des de antocianina.

O creme esfoliante foi inicialmente preparado aquecen-
do-se, separadamente, todos os componentes da fase
oleosa até ao ponto de fusdo das substancias gordas sol-
idas (cerca de 70 °C). Os componentes da fase aquosa
foram aquecidos a 75 °C e depois lentamente adiciona-
dos a fase oleosa sob agitagdo manual, até arrefecimento
a temperatura ambiente (25 °C). Subsequentemente, os
granulos das sementes (previamente hidratados) foram
adicionados na propor¢ao de 1% (m/v) em relagdo ao
volume total da formulagdo. As amostras foram arma-
zenadas em recipientes de polietileno, mantidas em
temperatura ambiente ( 25 °C) sob protecdo da luz até
a realizacdo dosdos testes de estabilidade preliminar e
acelerada.

Ensaios de estabilidade fisico-quimica

Apos a preparacao dos produtos cosméticos (24 h), re-
alizaram-se os ensaios de estabilidade preliminar (ciclo
de congelagdo-descongelacao, teste de centrifugagio e
stress térmico). Na sequéncia, as amostras foram arma-
zenadas tanto a temperatura ambiente (25 £ 2 °C) como
em estufa (40 = 2 °C e 75 £ 5% de umidade relativa
(UR)), e sujeitas ao teste de estabilidade acelerada apos
0, 30, 60 ¢ 90 dias de armazenamento. Para o creme
esfoliante corporal, realizaram-se também os ensaios
de caracteristicas organolépticas, pH, viscosidade e
espalhabilidade, enquanto que para o shampoo mati-
zante foram realizados os ensaios de caracteristicas or-
ganolépticas, pH e densidade relativa (25).
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Results and Discussion

Characterization of dry anthocyanin extract

The most commonly used solvents for anthocyanin ex-
traction from fruits are aqueous mixtures of ethanol,
methanol, or acetone. Extraction with methanol is the
most efficient, but ethanol is preferred due to its much
lower toxicity (9). The use of hydroalcoholic solutions
varies from 50% to 95% (v/v) in several extraction pro-
cesses. (7,24,26) The yield of the extraction process
was 2.3% (w/w) (2.25 g dry extract/100 g fruit) and
could be considered efficient. The total concentration
of anthocyanins in the extract was 1.09 = 0.10 g / 100
g pulp, so Jussara fruits proved to be a good source of
this pigment. However, the evaluation of these param-
eters should also consider the degree of maturation of
the fruit and the geographic location of the plant source,
among other factors (25,27).

The antioxidant activity of the anthocyanin extract
obtained from the fruit of Jussara was 139.0 £ 5.5%
in relation to the ascorbic acid, indicating a high anti-
oxidant capacity of the extract. This property has been
observed in other reported works (28-30). However, in
the present study, no antimicrobial activity whatsoever
was observed in the extract against the microorganisms
studied.

Characterization of granules

After cleaning, drying, and grinding the seeds, the gran-
ulometry was determined, with granules of an average
diameter of 650 um obtained. By evaluating different
commercial exfoliating products, it was observed that
the sizes of the plastic microspheres employed varied
from 60 pum to 800 pum in diameter (31). Thus, the par-
ticle size of the granules produced proved to be suitable
for use in cosmetics.

In addition, the density of the granules in the helium
pycnometer was determined in order to verify the buoy-
ancy capacity of the cosmetic products. The results ob-
tained were 1.3559 + 0.0018 g cm™ (n=5). This value
indicated that the granules would not be able to remain
suspended in liquid samples. Therefore, we chose to ag-
gregate the granules in an exfoliating cream due to its
higher viscosity.

There was also a concern in assessing the micromor-
phology of the particles obtained, because irregular
edges can irritate the skin. causing micro-scratches,
lesions, and inflammation (32). The scanning electron
microscopy photomicrographies (Figure 1) revealed
that the particles produced by the grinding process are
irregular. Therefore, they were not suitable for incor-
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Caracterizacdo do extrato antocianinico seco

Os solventes mais utilizados para a extracdo de an-
tocianinas a partir de frutos sdo misturas aquosas de
etanol, metanol ou acetona. A extragdo com metanol é
a mais eficiente, mas o etanol é preferido devido a sua
muito menor toxicidade (9). O uso de solugdes hidroal-
coolicas varia entre 50% a 95% (v/v) em varios proces-
sos de extragdo (7,25,26). O rendimento do processo de
extragdo foi de 2,3% (m/m) (2,25 g extrato seco/100 g
fruto) e pode ser considerado eficiente. A concentragdo
total de antocianinas no extrato foi de 1,09 + 0,10 g /
100 g polpa, pelo que os frutos da palmeira Jussara pro-
varam ser uma boa fonte deste pigmento. No entanto, a
avaliacdo destes parametros deve também considerar o
grau de maturacdo do fruto, a localizacdo geografica da
planta, entre outros fatores (25,27).

A atividade antioxidante do extrato antocianinico ob-
tido a partir do fruto da Jussara foi de 139,0 £ 5,5%
em relagdo ao acido ascorbico, indicando assim uma el-
evada capacidade antioxidante do extrato. Esta proprie-
dade foi também observada em outros trabalhos encon-
trados na literatura (28-30). No entanto, neste trabalho
de investiga¢do ndo foi observada qualquer atividade
antimicrobiana do extrato contra 0s microrganismos es-
tudados.

Caracterizagdo dos granulos

Apos limpeza, secagem e trituracdo das sementes, de-
terminou-se a granulometria, tendo-se obtido granulos
com um didmetro médio de 650 um. Através da aval-
iacdo de diferentes produtos esfoliantes comercializa-
dos no mercado, observou-se que os tamanhos das mi-
croesferas de plastico utilizadas variavam entre 60 pm
e 800 um de diametro (31). Desta forma, o tamanho dos
granulos produzidos neste estudo mostrou-se adequado
para o uso em cosméticos.

Adicionalmente, determinou-se a densidade dos granu-
los em picnémetro de hélio, com o objetivo de verificar
a capacidade de flutuabilidade em produtos cosméticos.
Os resultados obtidos foram de 1,3559 +0,0018 g cm?
(n=5). Este valor indicou que os granulos ndo seriam
capazes de se manterem em suspensiao em amostras
liquidas. Assim, optou-se por agregar os granulos num
creme esfoliante em fun¢do da sua maior viscosidade.
Existiu também a preocupagdo em avaliar a micromor-
fologia das particulas obtidas, pois rebordos irregulares
podem irritar a pele causando micro-arranhdes, lesdes e
inflamacao (32). Por observacao das imagens de micro-
scopia eletronica de varrimento (Figura 1), observou-se
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Figure 1 - Scanning Electron Microscopy Photomicrographs of Jussara fruit seed granules, ob-
tained after the grinding process by knife milling, at various magnifications (a, x50; b, x75; ¢, x150;
d, x1000; e, x1000; £, x1000)

Figura 1 -Fotomicrografias de microscopia eletronica de varrimento de granulos de semente de fru-
to de Jussara, obtidas apos o processo de trituragao por moinho de facas, para varias magnificagdes
(a, x50; b, x75; ¢, x150; d, x1000; e, x1000; f, x1000)

poration into cosmetic preparations intended for facial
exfoliation. Thus, we chose to incorporate the particles
produced in a cream for body exfoliation.

Characterization of shading shampoos

When the shampoo containing 0.2% (w/v) of antho-
cyanin extract was used, there was almost no change
in color in the hair strand. With the use of the shampoo
containing 0.4% (w/v) anthocyanin extract, the blonde
tone of hair was darkened more than expected. Thus,
the concentration of 0.3% (w/v) anthocyanin extract
was set as the most suitable for the production of the
shading shampoo. Figure 2 shows the locks of hair tint-
ed with the three prepared shampoos.

The anthocyanin extract exhibited good ability as a col-
orant. However, this ability has still been little explored
for cosmetic uses. Studies point to the use of anthocya-
nins as a dye in lipsticks (33) and hair coloring sprays

que as particulas produzidas pelo processo de trituragdo
sdo irregulares. Assim, ndo sdo indicadas para incor-
poracdo em preparagdes cosméticas intencionadas para
esfoliagdao da face. Optou-se, portanto, pela incorpo-
racgdo das particulas produzidas num creme para esfoli-
agdo corporal.

Caracterizagdo do shampoo matizante

Quando foi utilizado o shampoo contendo 0,2% (m/v)
de extrato antocianinico quase ndo houve alteragdo de
cor na mecha de cabelo. Ja com a utilizagdo do sham-
poo contendo 0,4% (m/v) de extrato antocianinico, o
tom de loiro da mecha de cabelo escureceu mais do que
o previsto. Assim, determinou-se como mais adequada
para a producdo do shampoo matizante a concentracao
de 0,3% (m/v) de extrato antocianinico de Jussara. A
Figura 2 apresenta as mechas de cabelo matizadas com
os shampoos.

O extrato de antocianinas demonstrou boa capacidade
como colorante. Contudo, esta capacidade ainda tem
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Figure 2 - Photographs of locks of hair after washing with shading shampoos with different concentrations of
Jussara extract (a= 0.2%, b=0.3% and c=0.4% w/v)
Figura 2 - Fotografias de mechas de cabelo apos a lavagem com os shampoos matizantes com diferentes con-
centragdes de extrato de Jussara (a=0,2%, b=0,3% ¢ ¢ =0,4% m/v)

(34). However, it has been observed that the hair fiber
has a high anthocyanin accumulation capacity and ex-
cellent washing stability (35).

The methods used to assess the quality of the shad-
ing shampoo involved sensorial and physicochemical
analyses (36), evaluating organoleptic characteristics,
pH value, height and stability of the foam formed, rela-
tive density and apparent viscosity. Table 3 displays the
results obtained in these procedures.

Regarding the pH value, it is recommended that sham-
poos for daily use have a pH value ranging from 5 to 7.
Hence, the shading shampoo produced, with a pH value
between 5.5 and 6, was considered adequate as a prod-
uct for capillary use. The relative density of the shad-
ing shampoo was 1.064 g cm?, an expected value and
within the standards of a shampoo-type product. Ap-
parent viscosity and density are important rheological
properties for the acceptance of a cosmetic product, as
they are related to the quality of the product. Although
the foam formed is not directly linked to the cleaning
process, it represents an important sensory factor for
the consumer (33,37). Adequate foaming was observed
in the formulated shampoo, which can be considered as
a positive quality factor for the product.
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sido pouco explorada no uso em cosméticos. Trabalhos
de investigagdo apontam o uso de antocianinas como
corantes em batons (33) e sprays para coloragdo de ca-
belos (34). No entanto, tem sido observado que a fi-
bra capilar possui elevada capacidade de acumulacao
de antocianinas com excelente estabilidade a lavagem
(35).

Os métodos utilizados para avaliacdo da qualidade do
shampoo matizante envolveram analises sensoriais e
fisico-quimicas (36), sendo avaliadas caracteristicas
organolépticas, pH, altura e estabilidade da espuma
formada, densidade relativa e viscosidade aparente. A
Tabela 3 apresenta os resultados obtidos nestes ensaios.

Em relacdo ao valor do pH, é recomendado que os
shampoos de utilizacdo diaria apresentem valores de
pH entre 5 e 7. Assim, o shampoo matizante produz-
ido, com valor de pH entre 5,5 e 6,0, foi considerado
adequado como produto de uso capilar. A densidade
relativa do shampoo matizante foi de 1,064 g cm™, um
valor esperado e dentro dos padrdes de um produto do
tipo shampoo. A viscosidade aparente e a densidade sao
propriedades reologicas importantes para a aceitacao
de um produto cosmético, pois estdo relacionadas com
a qualidade do produto. Ainda que a espuma formada
ndo esteja diretamente ligada ao processo de limpeza,
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Table 3 - Results obtained for the quality parameters of shading shampoo produced with 0.3% (w/v)
of anthocyanin extract obtained from the fruits of Jussara palm tree
Tabela 3 - Resultados obtidos para os parametros de qualidade do shampoo matizante produzido
com 0,3% (m/v) de extrato antocianinico obtido a partir do fruto da palmeira Jussara

Parameter evaluated / Parametro avaliado Results obtained / Resultados obtidos
pH 6.070 £ 0.085
Viscosity* / Viscosidade* 10.6439 + 0.816 cSt
Relative density** / Densidade relativa** 1.064 + 0.085 g cm?
Foam formation and stability / 14 cm of height // 10 min. /
Formagao e estabilidade da espuma 14 cm de altura // 10 min.
Colour / Cor Reddish (Absorbance = 1.548 a 550 nm) /
Avermelhada (Absorbancia = 1,548 a 550 nm)
Fragrance / Odor Characteristic / Caracteristico

*Calculated using a Ford Cup viscometer from Gehaka (Sao Paulo, Brazil) and orifice n° 2; The viscosity produced was
the average of the values obtained, expressed in mm?/s or Centistokes (cSt) (40). **Calculated using a pycnometer.

*Calculada utilizando-se viscosimetro Copo Ford da marca Gehaka (Sao Paulo, Brasil) e orificio nimero 2; A viscosidade
produzida foi a média dos valores obtidos, expressa em mm? /s ou Centistokes (cSt) (40). **Calculada utilizando-se um

picnémetro.

Table 4 - Physico-chemical properties of shampoo samples in different storage times and temperature
conditions
Tabela 4 - Propriedades fisico-quimicas das amostras de shampoo matizante em diferentes tempos
de armazenamento e condigdes de temperatura

Organoleptic characteristics
Temperature (C°)/ | Time (days) / (color, odor, appearance) / H Viscosity* (cSt) /
Temperatura (C°) Tempo(dias) Caracteristicas organolépticas P Viscosidade* (cSt)
(cor, odor, aspecto)
0 No changes / 6.07 10.64
Sem alteragoes
30 No changes / 6.10 9.99
25+ 5°C Sem alteracdes
60 No changes / 5.80 10.89
Sem alteragdes
90 No changes / 5.9 10.80
Sem alteragoes
0 No changes / 6.07 10.64
Sem alteracdes
30 No changes / 5.80 10.70
42 £2 °C and Sem altera¢des
o * h
75% UR 60 No changes / 5.90 11.20
Sem alteracdes
90 No changes / 5.90 10.11
Sem alteragdes

*Calculated using a Ford Cup viscometer from Gehaka (Sdo Paulo, Brazil) and orifice n® 2; The viscosity produced was the
average of the values obtained, expressed in mm?/s or Centistokes (cSt) (40). **UR = relative humidity
*Calculada utilizando-se viscosimetro Copo Ford da marca Gehaka (Sao Paulo, Brasil) e orificio nimero 2; A viscosidade

produzida foi a média dos valores obtidos, expressa em mm? /s ou Centistokes (cSt) (40).; **UR = humidade relativa
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Regarding the shampoo samples, no changes were ob-
served during the period of the preliminary stability
tests. In the accelerated stability studies, no significant
organoleptic changes were observed with impairment
of sensorial characteristics or in relation to pH and vis-
cosity values, during the entire evaluated storage period
(Table 4).

Characterization of the body exfoliating cream

The physical or mechanical exfoliation of the skin is
superficial, since the active exfoliating agent does not
interact with the internal layers of the skin. The exfoli-
ating agent content based on polyethylene in cosmetic
preparations may range from 0.05% to 12% (w/w), de-
pending on the type of product and particle size (15).
Thus, the addition of 1%, 1.5%, and 2% (w/w) exfo-
liating granules were tested because they are the most
commonly present in cosmetic products with exfoliat-
ing functions. The addition of 1.0% (w/w) exfoliating
granules was the most adequate from both visual and
sensorial aspects, being chosen for the formulation of
the body exfoliating cream.

The exfoliating body cream produced was character-
ized and subjected to the preliminary stability and ac-
celerated stability tests. The quality evaluation of the
body exfoliating cream included sensorial and phys-
icochemical analyses (34), organoleptic characteristics,
pH value, viscosity and scattering. The results obtained
in these tests are displayed in Table 5.

Regarding the organoleptic characteristics of the body
exfoliating cream, the formulation produced was mac-
roscopically homogeneous, shiny, exhibiting white
color and pleasant odor, with uniform distribution of
the exfoliating granules. The viscosity, pH, and spread-
ability parameters were adequate for a body cream and
are important parameters for the consumer acceptance
of the product (39). The spreadability and viscosity of
semisolid preparations are quite variable depending on
their constituents, form of preparation, and intended
use (22).

Accelerated stability tests (centrifugation, heat stress,
and freeze-thaw cycles) indicated good physical-chem-
ical stability without creaming, flocculation, or coales-
cence phenomena.

The exfoliating body cream prepared had a pH value
suitable for body use, which remained stable throughout
the storage period. After 90 days of storage, the pH val-
ues showed a small decrease, but still remaining within
the pH range considered suitable for a cosmetic product
to be applied on the skin. Throughout the storage period
studied, no changes were observed indicating loss of
stability of the developed body exfoliating cream. The
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ela representa um fator sensorial importante para o con-
sumidor (36,37). No shampoo matizante formulado
observou-se uma adequada formagdo de espuma, o que
pode ser considerado um fator de qualidade positivo
para o produto.

Nao foram observadas quaisquer alteragdes durante o
periodo de realizagdo dos ensaios de estabilidade pre-
liminar nas amostras de shampoo. Nos estudos de es-
tabilidade acelerada ndo se observaram altera¢des or-
ganolépticas significativas com comprometimento das
caracteristicas sensoriais, em relagao aos valores de pH
e de viscosidade, durante todo o periodo de armazena-
mento avaliado (Tabela 4).

Caracterizagdo do creme corporal esfoliante

A esfoliagdo fisica ou mecanica da pele é superficial,
uma vez que o agente esfoliante ativo ndo interage sob
a pele. Teores de agentes esfoliantes a base de poli-
etileno em preparagdes cosméticas podem variar entre
0,05% a 12% (m/m), dependendo do tipo de produto e
tamanho das particulas (15). Assim, testou-se a adi¢ao
de 1%, 1,5% e 2% (m/m) de granulos esfoliantes, por
serem estes os teores mais vulgarmente presentes em
produtos cosméticos com fungdo esfoliante. A adi¢ao
de 1,0% (m/m) de granulos esfoliantes foi considerada
a mais adequada tanto do ponto de vista visual como
sensorial, sendo escolhida para a formulagido do creme
corporal esfoliante.

O creme corporal esfoliante produzido foi caracterizado
e sujeito aos testes de estabilidade preliminar e de esta-
bilidade acelerada. Os métodos de avaliagdo da quali-
dade do creme corporal esfoliante abrangeram analises
sensoriais ¢ fisico-quimicas (38), tendo sido avaliadas
caracteristicas organolépticas, pH, viscosidade e espal-
habilidade. Os resultados obtidos nestes testes podem
ser encontrados na Tabela 5.

Em relagdo as caracteristicas organolépticas do creme
corporal esfoliante, a formulacdo apresentou-se mac-
roscopicamente homogénea, brilhante, com coloracao
branca e odor agradavel, com distribuicao uniforme dos
granulos esfoliantes. Os parametros viscosidade, pH e
espalhabilidade foram considerados adequados para
um creme corporal, sendo parametros importantes para
a aceitagdo do produto pelo consumidor (39). A espal-
habilidade e viscosidade das preparacdes semisolidas
sdo bastante variaveis dependendo dos seus constitu-
intes, forma de preparacdo e uso intencionado (22).

Os testes de estabilidade acelerada (centrifugagao,
stress térmico e ciclos de congelagao-descongelagio)
indicaram uma boa estabilidade fisico-quimica com
auséncia dos fendomenos de cremeacido, floculacdo e
coalescéncia.
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Table 5 - Results obtained for the quality parameters of the exfoliating body cream produced with 1.0%
(w/w) of exfoliating granules obtained from the seeds of the fruits of the Jussara palm tree
Tabela 5 - Resultados obtidos para os parametros de qualidade do creme corporal esfoliante obtidos a
partir das sementes dos frutos da palmeira Jussara.

Parameter evaluated / Parametro avaliado Results obtained / Resultados obtidos

White color, shiny and homogeneous /
Coloracgao branca, brilhante e homogénea
Characteristic odor / Odor caracteristico
Uniform distribution of the granules /
Distribui¢ao uniforme dos granulos

Organoleptic characteristics /
Caracteristicas organolépticas

pH 5.950£0.012
Viscosity* / Viscosidade* 921 £31.28 cP
Spreadability / Espalhabilidade 36-42 mm?

*Calculated using a Brookfield viscometer, model DV-I Prime, with spindle n°® 2. Viscosity in this equipment was
obtained in centipoise (cP) (40)

*Calculada utilizando-se um viscosimetro da marca Brookfield, modelo DV-I Prime, com spindle n°® 2. A viscosidade,
neste equipamento, foi obtida em centipoise (cP) (40)

Table 6 -Physico-chemical properties of exfoliating cream samples in different storage times and
temperature conditions
Tabela 6 - Propriedades fisico-quimicas das amostras de shampoo matizante em diferentes tempos
de armazenamento e condigdes de temperatura

Organoleptic characteristics
Time (days) / (color, odor, appearance)/ H Viscosity* (cP) / Spreadability (mm?) /
Tempo(dias) Caracteristicas organolépticas P Viscosidade* (cP) | Espalhabilidade (mm?)
(cor, odor, aspecto)
No changes /

0 - 5.95 921 cP* 42-34
Sem alteragoes

30 No changes / 5.94 913 cP 42-35
Sem alteragoes

60 Nochanges / 5.94 917 cP 41-36
Sem alteragoes

90 No changes / 5.91 916 cP 4235
Sem alteragdes

0 No changes / 5.96 920 cP 42-36
Sem alteragoes

30 No changes / 5.94 917 cP 42-36
Sem alteragdes

60 No changes / 5.94 919 cP 42-35
Sem alteragoes

90 No changes / 5.92 919 cP 42-35
Sem alteracoes

*Calculated using a Brookfield viscometer, model DV-I Prime, with spindle n°® 2. Viscosity in this equipment was
obtained in centipoise (cP)(40). **UR = relative humidity

*Calculada utilizando-se um viscosimetro da marca Brookfield, modelo DV-I Prime, com spindle n° 2. A viscosidade,
neste equipamento, foi obtida em centipoise (cP) (40).; **UR = humidade relativa
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results of the viscosity and spreadability were very con-
sistent throughout the storage period, indicating that the
cream prepared remained stable. Regarding the results
obtained in the spreadability tests, it was observed that
the values produced did not change significantly during
the product storage period (Table 6).

Conclusions

The anthocyanin extract obtained from the fruits of Jus-
sara palm tree showed a high content of anthocyanins
and a high antioxidant capacity. Hence, the fruits of Jus-
sara proved to be viable sources for the commercial ex-
ploitation of anthocyanins, with promising use in cos-
metic products such as those formulated in the present
research work. The use of a natural scrub is also very
interesting as synthetic exfoliators are proving to be
potent environmental contaminants. The shading sham-
poo exhibited adequate characteristics for the intended
use and was stable during the stability tests performed.
The body exfoliating cream integrating the granules ob-
tained from the seeds of Jussara fruits showed excellent
cosmetic properties and good stability.

The results of the study presented herein provide op-
tions for the use and valorization of the fruits of the
Jussara palm tree.
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O creme corporal esfoliante apresentou um valor de
pH adequado para utilizagdo corporal, tendo-se man-
tido estavel durante todo o periodo de armazenamento.
Apos 90 dias de armazenamento, o valor de pH apre-
sentou um pequeno decréscimo, mantendo-se no en-
tanto dentro da gama de pH considerado adequado para
um produto cosmético a ser aplicado sobre a pele. Du-
rante todo o periodo de armazenamento estudado, nao
foram observadas altera¢des que indicassem perda de
estabilidade do creme corporal esfoliante. Os resulta-
dos das determinagdes de viscosidade e espalhabilidade
apresentaram-se bastante consistentes ao longo de todo
o periodo de armazenamento, indicando que o creme
preparado permaneceu estavel. Em relagido aos resulta-
dos obtidos nos testes de espalhabilidade, observou-se
que os valores produzidos ndo variaram significativa-
mente durante o periodo de armazenamento estudado
(Tabela 6).

Conclusoes

O extrato antocianinico obtido a partir dos frutos da
palmeira Jussara apresentou elevado teor de antociani-
nas e elevada capacidade antioxidante. Assim, os fru-
tos da Jussara provaram ser uma fonte viavel para a
exploracdo comercial de antocianinas, com utilizagdo
promissora em produtos cosméticos tais como os elabo-
rados neste trabalho de investigacdao. O uso de um esfo-
liante de origem natural é também muito interessante,
uma vez que os esfoliantes de origem sintética sdo po-
tentes contaminantes ambientais.

O shampoo matizante apresentou caracteristicas ad-
equadas para o uso pretendido e mostrou-se estavel
durante os ensaios de estabilidade realizados. O creme
corporal esfoliante integrando os granulos obtidos a
partir das sementes dos frutos de Jussara apresentou
excelentes propriedades cosméticas e boa estabilidade.
Os resultados do estudo aqui apresentado propicia op-
¢oOes para a utilizacao e valorizagdo do fruto da palmei-
ra Jussara.
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pleased to invite you to the this event, that will be held in Lisbon (Portugal), on March 3-
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food engineers, and other health professionals and the agri-food industry is of particular
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Scientific detailed program

March 3rd

09:00h: Opening ceremony
Prof. Dr. Luis Monteiro Rodrigues, Director of the Health Sciences School

Prof. Dr. Nelson Tavares, Director of the Nutrition and Dietetics degree
Prof. Dr. Lino Mendes, Ordem dos Nutricionistas

09:30h: Clinical Nutrition I
Last evidence in oncology applied nutrition - Prof®. Dr®. Paula Ravasco, Hospital Universitario de
Santa Maria; Universidade de Lisboa; CIIS Universidade Catdlica Portuguesa
The role of Dietitians on cancer - Dr® Inés Carretero, Mama Help
Oral communications:
Food intake and IGF-1 modulation in Breast Cancer: A case study — Laurinda Simées
In vitro anticancer activity of phenolic bioactive compounds studied in a human
renal cancer cell model — Rita Caparica
The dietary compound erucin impacts renal cancer cells viability and motility - fris Guerreiro
Ketogenic diet vs VLCKD: myths and facts — Joana Lima (Sponsored by Kalibra-Prk group)

11:00h: Coffee break

11:30h: Nutrition tomorrow
Projeto Mun-si/CEIDSS - Dr* Joana Baleia, Mun-si/CEIDSS

Oral communications:
Characterization of Chromium Binding in Lalmin Mineral Enriched Yeast - Lauri Valk (Sponsored by
Lallemand)
Impact Of University Environment On Food Choices Of Displaced Students — Rita Barbara
Influence of Instagram and Digital Influencers on College Student Feeding — Tatiana Fontes

13:00h: Lunch

14:00h: Nutrition today
Nutritional education through social network - Dr”. Mafalda Almeida, Loveat

Professional promotion through social networks - Dr* Barbara Oliveira, barbaranutricao.pt
Online nutritional appointments - Dr®. Lilian Barros, Santa Melancia

15:30h: Coffee break

16:00h: Clinical Nutrition II
Sports supplementation - Prof. Dr. Vitor Hugo Teixeira, FCNAUP
Weight loss supplementation - Dr”. Filipa Cortez Faria, Farmodiética
Disease supplementation - Dr* Raquel Rodrigues, Nestlé Health Science

17:30h: Awards delivery and closing ceremony

March 4th

09:00h — 12:00h: “Energy regulation and strategies for weight control in the athlete”
(ADVANCED WORKSHOP)
Prof. Dr. Ricardo Silvestre, Centro de Alto Rendimento do Jamor

Dr. Bruno Pereira, Centro de Alto Rendimento do Jamor
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Oral communication abstracts

OC 1: Food intake and IGF-1 modulation in Breast Cancer: A case study
Laurinda Simdes', Nelson Tavares'?

! Escola de Ciéncias e Tecnologias da Saude, Universidade Lusofona de Humanidade e Tecnologias, Campo
Grande 376, 1749-024 Lisboa, Portugal
2CBIOS - Centro de Investiga¢ao em Biociéncias e Tecnologias da Saude da Universidade Lusdfona de Humani-
dades e Tecnologias, Campo Grande 376, 1749-024 Lisboa, Portugal
E-mail: laurindamariasimoes@gmail.com

Breast cancer is the most common type of cancer in women worldwide and is therefore a field of research that has
gained particular relevance. Research involving food intake and IGF-1 modulation in breast cancer is scarce. Here
we present a case study of a woman with HER2-positive breast cancer that after chemotherapy and radio therapy
used Whole Food Plant Based Dietary pattern for 232 days. Blood markers including IGF-1, Glycemia, LDL-
Cholesterol, HDL-Cholesterol, Total Cholesterol, Haemoglobin, and also Body Mass Index were assessed at base-
line and after 210 days. The woman baseline IGF-1 was 21 nmol/L and decreased to 16.3 nmol/L after 210 days.
Glycemia was 80 mg/dL and increased to 85 mg/dL, LDL-Cholesterol was 82 mg/dL and decreased to 81 mg/
dL, LDL-Cholesterol was 73 mg/dL and increased to 80 mg/dL, Total Cholesterol was 155 mg/dL and increased
to 161 mg/dL, Haemoglobin was 12.8 g/dL and increased to 13 g/dL and BMI was 21.7 kg/m? decreased to 20.6
kg/m? after 210 days. A decrease of 22.4 percent in IGF-1 and an increase of 6.3 percent in Glycemia were noted.
Additional research is necessary to confirm these promising results on IGF-1 and to clearly whether Whole Food
Plant Based Diet dietary pattern might be clinically useful.

OC 2: In vitro anticancer activity of phenolic bioactive compounds studied in a human renal cancer
cell model

Rita Caparica'?, Ana Julio'?, André Rolim Baby?, Tania Santos de Almeidal,** and
Jodo Guilherme Costa'*

! CBIOS-Universidade Luséfona’s Research Center for Biosciences & Health Technologies, Campo Grande 376,

1749-024 Lisbon, Portugal
? Department of Biomedical Sciences, University of Alcald, Ctra. Madrid-Barcelona Km. 33.600, Alcala de
Henares, 28871 Madrid, Spain
3 Department of Pharmacy, School of Pharmaceutical Sciences, University of Sdo Paulo, 580 Prof. Lineu Prestes
Av, Bl. 15, Sao Paulo, SP 05508-900, Brazil
*COB, CQE and Department of Chemistry and Biochemistry, Faculty of Sciences, University of Lisbon, Campo
Grande 1749-016 Lisbon, Portugal.
# Shared senior authorship
Email: rita.caparica@ulusofona.pt, jgcosta@ulusofona.pt, tania.almeida@ulusofona.pt

Several studies have highlighted the therapeutic properties of different bioactive compounds from natural sources.
Among them, phenolic compounds emerge with a very interesting pharmacological potential to prevent and treat
some human diseases, including cancer. Rutin and the phenolic acids, ferulic, caffeic and p-coumaric acids, are
widely found in nature and are commonly present in the human diet, namely in plants (eg. buckwheat, bamboo
shoots) and fruits (eg. oranges, apples). Interestingly, the impact of these bioactive compounds on renal cancer is
not completely established.

Thus, the aim of this study was to evaluate the impact of the four studied phenolic compounds in the viability of
786-0 human renal cancer cells, using the MTT and the CV assays. The MTT results revealed that, while ferulic,
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caffeic and p-coumaric acids did not significantly influence the cell viability, rutin decreased the cell viability of
the human renal cancer cells in a concentration-dependent manner. Additionally, the CV assay also showed that the
ferulic, caffeic and p-coumaric acids (up to 250 uM) did not influence the viability of the 786-O cells. At higher
concentrations (500 and 1000 pM), although ferulic acid did not significantly affect the cell viability of 786-O
cells, caffeic and p-coumaric acids decreased the cell viability of human renal cancer cells.

In conclusion, our results showed that rutin was the most promising compound, as observed by the cytotoxic effect
against 786-0 renal cancer cells. This demonstrates the potential anticancer effect of this natural compound, that
deserves to be further explored.

Acknowledgments: The authors would like to thank to Fundagdo para a Ciéncia e a Tecnologia, Portugal (UID/
DTP/04567/2019). Rita Caparica and Ana Julio would like to acknowledge ALIES for the grant PADDIC 2018-
2019.

OC 4: Ketogenic diet vs VLCKD: myths and facts
Joana Lima!

!Pronokal group, Kalibra diet
E-mail: joana.l@pronokal.com

According to the WHO, worldwide obesity has almost tripled since 1975. In 2016, there were more than 1,900
million adults over the age of 18, overweight or obese in the world.

Many strategies have been proposed to combat the advancement of obesity in the world, from diets low fat and
relatively high levels of carbohydrates, through drug-based therapies to bariatric surgery. Thus, the emergence of
other effective and safe nutritional approaches for the effective fight against obesity is important.

Myths like the ketogenic diet is dangerous; rapid weight loss is associated with poorer long-term weight outcomes;
there is irritability, bad mood and frequent headache in the ketosis state; our brain does not function well without
carbohydrates or that we are subject to nutritional deficiencies after performing a ketogenic diet have already been
clarified by science.

Much has been said about the ketogenic diet for weight loss in recent times, there are those who support it and
those who are against it. So, is this a valid nutritional strategy? What harms and benefits will it bring with itself?,
but what is a Ketogenic Diet?

Its definition is based on a diet with low carbohydrate content (50g / day or 10% of the TEV), high fat content
(> 60% of the TEV) and normalized intake of protein, with or without energy limit. Therefore, it is necessary to
introduce another concept of ketogenic diet: very low caloric Ketogenic diet (VLCKD), in which TEV is between
450 to 800Kcal / day, with a reduction in the intake of carbohydrates and fats and an adequate intake of protein.
Both induce a metabolic condition called "physiological ketosis", thus distinguishing it from ketoacidosis, but the
two approaches differ greatly from the fat content of the diet.

The possibility of a high intake of saturated fat and an endless number of calories per day makes the ketogenic diet
doubtful in terms of safety and efficacy when compared to VLCKD.

The Kalibra Method is a VLCKD that guarantees an effective, safe and quality weight loss, reduces body fat and
preserves lean mass as much as possible. It is a method divided into different stages: weight loss, transition and
maintenance and always applied under the supervision of a nutrition professional. It appears as a nutritional.
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OC 5: Characterization of Chromium Binding in Lalmin Mineral Enriched Yeast
Lauri Valk, Jacinthe C6té!, Myriam Tourancheau?, and Nadine Renard?

! Lallemand Baking, Montreal, QC, Canada;
? Lallemand Bio-Ingredients, QC, Canada
3 Lallemand Health Solutions, Zurich, Switzerland

Chromium deficiency in humans results in symptoms comparable to those associated with diabetes. A systematic
review and meta-analysis suggests favorable effects of chromium supplementation on glycaemic control in pa-
tients with diabetes. Chromium supplementation may also improve triglycerides and HDL-C levels. More specifi-
cally, the effect of chromium-enriched yeast on blood glucose and insulin variables, blood lipids, and markers of
oxidative stress has been described in animal and human subjects.

Yeast Saccharomyces cerevisiae can be fermented with the addition cf salts containing chromic chloride (Cr 3+
ions) resulting in its incorporation into yeast cells components. When evaluating the efficacy of this process, one
needs to determine the overall percentage of chromium bound to yeast in the finished product. Since salts, miner-
als, as well as various inorganic, organic and biological molecules can form crystals— X-ray crystallography was
used to evaluate the types of chemical bonds formed between yeast and chromium. X-ray crystallography is a tool
used for identifying the atomic and molecular structure of a crystal, in which the crystalline atoms cause a beam
of incident X-rays to diffract into many specific directions. X-ray analyses by crystallography were performed on
Lalmin Cr2000, a chromium mineral enriched yeast, to determine the presence of residual chromium salts (chro-
mium chloride, CrClI 3 ).Generally when crystalline substances are present at 2% or more of the molecular mass,
they will be detected by X-ray analyses. The results of the X-ray analysis of Lalmin Cr 2000 showed no diffrac-
tion peaks above the amorphous contribution from normal, unenriched yeast. These results suggest that, in the
produced chromium enriched yeast 100% of the chromium was incorporated into the yeast molecular structures.
In order to further characterize the chromium in Lalmin Cr2000 yeast, it’s location in the yeast cell and how it is
organically bound, an enzymatic fractionation technique was applied. By selectively liberating the mineral from
the different yeast cell components, it was possible to characterize the mineral distribution in the yeast cell. Hydro-
lyses using amylase, protase, pronase, beta-glucanase and deoxyribonuclease were performed on Lalmin Cr2000
yeast. The different yeast cell fractions, isolated by centrifugation, were recovered and subjected to ICP-MS to
determine their chromium concentrations. The results showed that the majority of the chromium incorporated into
Lalmin Cr2000 was associated with the yeast intracellular proteins (55%), the cells wall components (24%) and
the yeast DNA (10%). These results also confirmed that the majority of the chromium incorporated into Lalmin
Cr2000 was organically bound.

OC 6: Impact Of University Environment On Food Choices Of Displaced Students
Rita Barbara!, Cintia Ferreira-Pégo’

' School of Science and Humanity, Universidade Luséfona de Humanidades e Tecnologias,
Lisboa, Portugal
2 CBIOS-Universidade Lusofona’s Research Center for Biosciences & Health Technologies, Campo Grande 376,
1749-024 Lisbon, Portugal
E-mail: ritaantunes 14@gmail.com

Currently, there is a change in eating patterns, especially in the younger generations, who are leaving the tradi-
tional Mediterranean diet, which is associated with numerous benefits such as better quality of life and longevity,
and adopting a typical Western diet, poor in fruit and vegetables and high in fast food and sugary drinks. Univer-
sity students are a vulnerable group as they are exposed to various influences, and displaced students seem to be
more predisposed to develop unfavourable eating habits. The aim of this study was to assess the adherence to the
Mediterranean diet of Portuguese university students from the Lisbon region and to find out whether, upon entering
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the university, students changed the frequency of eating certain foods and meals, comparing displaced and non-
displaced students. For this purpose, self-administered questionnaires were applied thru an online platform to 102
students, with an average age of 21 years. The study population has an average body mass index (BMI) classified
as normal and an average adherence to the Mediterranean diet. Most students are non-smokers and about half of
the population drinks coffee, of which the displaced are the largest consumers. Finally, it was found that displaced
students changed their frequency of consumption of fish and fast food after entering university, showing less fre-
quency of fish consumption and equal or higher frequency of consumption of fast food.

OC 7: Influence of Instagram and Digital Influencers on College Student Feeding
Tatiana Fontes', Cintia Ferreira-Pégo’

ISchool of Science and Humanity, Universidade Luséfona de Humanidades e Tecnologias,
Lisboa, Portugal
2 CBIOS-Universidade Lusofona’s Research Center for Biosciences & Health Technologies, Campo Grande 376,
1749-024 Lisbon, Portugal
E-mail: tatiana.fontes.97@gmail.com

Internet use is increasing year by year, as have investigations of this addiction in young people. Instagram has be-
come one of the most used social networks by young people around the world. A closer look at this social network
showed that the hashtag “Food” is one of the 25 most used. For this reason, the present study aims to verify the
influence that Instagram and digital influencers have on the feeding of college students. Was analyzed the infor-
mation of 150 participants, aged between 18 and 35 years old, residing in Portugal, by participating in the study
“Influence of Instagram and Digital Influencers on College Student Feeding”, a quantitative cross-sectional survey.
Data were obtained by completing an online questionnaire,in the Google search engine, where variables regarding
general population characteristics (age, gender, course, place of residence, etc.) and variables related to Instagram
(frequency of use, dislocation to establishments, aspects that raise most interest, among others) and digital influ-
encers (credibility, notoriety of establishments, adherence to food tips / advice and adherence to diets / dietary
regimes, obtaining the desired results, among others) were evaluated. After the analysis, with the aid of the SPSS
software, it was found that 43.3% of the participants said they had already followed food tips / advice. Of which
52.3% stated that they did not verify the scientific credibility of these same tips, with a statistically significant dif-
ference (P value = 0.001) in both questions, when comparing courses in health and sports with courses in other
areas. On the other hand, 40% of the population says they have already adhered to diets advertised by digital in-
fluencers, not having statistically significant differences between courses. Being that, 65,3% of the sample, affirms
not having obtained the desired results. In conclusion, Instagram and digital influencers may have a direct inflence
on the dietary choices of college students, especially in non-health and sports related areas.
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P1: Body shape concerns in Portuguese university students
Cintia Ferreira-Pégo’, Adriana Costa', Joana Rodrigues', Bruno Sousa'’
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E-mail: adriana.t.costa@hotmail.com

Many current models of beauty in developed countries represent extreme thinness in women and a muscular body
in men. The body image perception will condition the search for ideal beauty through different behaviors and can
be transformed into eating disorders. The university students, with the changes typical of youth and university
transition, are a vulnerable group. The purpose of this analysis was to evaluate the concerns about body shape in
university students from the Universidade Lus6fona de Humanidades e Tecnologias. The study included 163 stu-
dents, of whom 100 were women, with a mean age of 21.71 (SD=3.80) years. 81% of men presented no body shape
concerns, 17.50% showed mild, 1.60% moderate and 0% intense preoccupation. In comparison, 59% of women
presented no level of body shape concerns, 27% showed a mild, 10% moderate, and 4% intense body shape pre-
occupation. The odds ratio of presenting concerns about body shape were significantly related to being of female
gender. There were more cases of preoccupation about body shape in women, regardless of age, academic course,
or adherence to the Mediterranean diet.

P2: Development of a novel and sustainable food product: lupine-based vegetable “cheese”
Catarina Lucas', Inés Bordalo!, Inés Ferreira', Laurinda Simées', Tatiana Ferreira', M. Cristiana Nunes'?

T'ECTS — Escola de Ciéncias e Tecnologias da Saude, Universidade Lusofona de Humanidades e Tecnologias,
Campo Grande, 376, 1749-024 Lisboa, Portugal
2LEAF — Linking Landscape, Environment, Agriculture and Food, Instituto Superior de Agronomia, Universi-
dade de Lisboa, Tapada da Ajuda, 1349-017 Lisboa, Portugal
E-mail:catarinalucasosl@hotmail.com

Global food production comprises climate stability and the resilience of the entire ecosystem, being the largest
contributor to environmental degradation and transgression of the planet's boundaries [1].

Animal-based proteins, such as dairy products, eggs, fish and meat, are the foundation of Western diets and an
integral part of global food production [2]. However, dairy products and meat (mainly red) are also amongst the
types of food that require large amounts of water for their production, emitting more greenhouse gases [1,2]. Sub-
stantial changes and improvements in food production practices are required, like drastically reduce food waste
and develop plant-based nutrition standards [1,3]. Sustainable food sources that could potentially feed the world’s
growing population include plant-based proteins [1,2].

Lupin is a legume that has been grown over thousands of years, all over the world and in a variety of soil condi-
tions. It can fix nitrogen and absorb phosphates directly from the soil and it does not require nitrogen fertilizers,
which makes it a sustainable crop. In addition, lupin has one of the highest levels of protein amongst legumes and
is considered to have an excellent amino acid profile, whilst also containing a high fibre content [4]. Such char-
acteristics allow its usage in a variety of food applications, including the replacement of milk proteins in gelled
mixed systems [5].

The present study aims to develop a healthy and sustainable vegetable “cheese” with lupin, adapted to the general
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population. A formulation based on almond drink and cashew, using agar as gelling agent, was used to test two
formulations with lupin beans and compare with the control. The nutritional value of the vegetable “cheeses” was
determined using Cronometer® software. Sensory analysis assays using an untrained panel of 25 people, with ages
between 18 and 52, were carried out. The parameters evaluated were colour, texture, taste, aroma, overall impres-
sion and buying intention, using a 5-level scale.

Vegetable “cheeses” with lupin have lower energy and saturated fat contents compared to control, and were con-
sidered by the tasters as the most appealing in taste, flavour, texture and colour. This study suggests that lupin
enhance the nutritional and sensory properties of vegetable gelled systems and could become widely consumed in
the next future.
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P3: Dietary habits and adherence to the Mediterranean Diet of rotational shift work nurses
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The aim of this study was to evaluate dietary habits and Mediterranean Diet (MD) adherence in relation to work-
related factors of a group of 30 rotational shift work nurses, aged between 22 and 51 years, randomly recruited
from a private hospital in Lisbon. A questionnaire was created to collect information on major shift work domains,
general eating habits along with questions based on a validated 14-item questionnaire to assess MD adherence.
The 53,6% of the participants revealed moderate adherence to MD and no significant differences were found in
MBD adherence score according to work-related variables. Participants working more hours per week and having
less days off per week showed better dietary behavior, and less experienced nurses reported some lower quality
snacks consumption. Nutritional intervention strategies for this population are required to improve dietary habits
and prevent adverse health outcomes associated with shift work.
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P4: Nutrition knowledge, Mediterranean diet, and age associated with eating behavior: a cross-sectional
study of Portuguese university students.
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Student life during the university period is characterized by many changes in eating behaviors and dietary pattern,
due to the adaptation of a new environment, study stress, lack of proper time management and busy class sched-
ules. These unhealthy actions may be detrimental to cognitive processing and influence academic performance,
which is related to professional success.

Cross-sectional information about eating behavior was assessed using the Dutch Eating Behavior Questionnaire
(DEBQ), in 169 students aged between 18 and 50 years, from the Universidade Lus6fona de Humanidades e Tec-
nologias, from different academic courses, related or not with health sciences. Mediterranean diet adherence was
also assessed using a validated 14-item questionnaire.

Of the 169 participants, 33 presented a restrained eating behavior, 73 an external and 63 an emotional. 62.10% of
the nutrition sciences students presented an emotional eating behavior. In the nutrition sciences academic course,
it was observed that these students presented a significantly higher risk of having an emotional eating behavior.
Otherwise, presenting restrained eating behavior was statistically associated with being old and having a higher
MedDiet adherence.

Studying nutrition sciences was associated with having an emotional eating behavior. Older students and those
who adhere more closely to the MedDiet were associated with having a restrained eating behavior.

P5: The nutritional potentiality of grape pomace in human food: effect on texture and colour of salted
cookies
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The winemaking industry has become a valued segment worldwide in the sectors of agriculture, economy and
environment. World wine production reached 292.3 million hectolitres in 2018, generating about 13 million tons
of residue (1). These by-products, namely grape pomace, results from the pressing of the grape and consists of the
solid parts such as stalks, stems, skins and seeds (2).

In recent years there have been numerous studies on the chemical, nutritional and physiological properties of this
by-product, showing its diverse potential as a possible ingredient for human consumption, since many bioactive
compounds reported high nutritional value and health benefits (3-6). Grape pomace is an excellent raw material for
the development of other food products, in line with the concept of a circular economy.

In this study, we focus on two different grape pomaces (Arinto and Touriga Nacional, white and red wine varie-
ties, respectively) from Alentejo, a Portuguese region. These residues were recycled through a drying and grinding
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process giving rise to a flour. The objective of this work is to evaluate these grape pomace flours as innovative in-
gredients to enhance the functional properties of cookies. Three levels (5, 10 and 15 % w/w) were incorporated into
a salt cracker formulation and compared to control. The cookie's physical properties were analysed for 4 weeks
in terms of firmness, in a texturometer, and CIELAB colour parameters, using a colorimeter. The incorporation of
grape pomace flours, even at 15 %, did not comprise texture. Innovative and stable tonalities varied, depending on
the variety used, from violet (Touriga Nacional) to brown (Arinto). The developed cookies presented stable texture
and colour along four weeks storage.

Considering the obtained results, grape pomace may potentially be considered innovative ingredient with func-
tional properties and a value-added recycled and sustainable product.
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University entrance is characterized as a period willing to stress, mainly caused by academic requirements. This
leads to changes in eating behavior, namely a high desire to eat, a consumption of more palatable foods and a
reduced intake of fruit and vegetables. Health students have more knowledge about healthy eating compared to
other areas, but there is not always a relationship between their behaviors and this knowledge. A cross-sectional
analysis was carried out with the objective of verifying whether the stress caused by the evaluations influences the
students diet, as well as it differs between students of health courses and those from other areas. The study was
composed by 346 portuguese university students from different courses. To assess their eating habits, the partici-
pants answered a questionnaire. 87% of university students had a regular consumption of foods rich in fat, sugar
and salt as consolation. The vast majority (74%) used to eat to relieve stress. Students did not consumed more than
2 doses of vegetables and 3 pieces of fruit daily. The adoption of less healthy eating behaviors was mainly observed
in students from areas other than health.
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P7: Diterpenoids from edible Plectranthus spp. as potential chemopreventive and therapeutic agents in
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Plectranthus is an Old-World genus belonging to Lamiaceae family, commonly known as mint family. This family
include many aromatic plants, widely use in culinary, such as mint (Mentha piperita L.), sage (Salvia officinalis
L.) or rosemary (Salvia rosmarinus). Plectranthus genus comprises more than 300 species distributed through the
tropical and warm regions of the globe.1 Plectranthus species exhibit a wide range of uses in different areas as
horticultury, floricultury, ethnobotany, household and as foodplants. Some of the species are traditionally used in
culinary as aromatic herbs, starch or vegetables. Different parts of the plant are used such as the tubers (P. punc-
tatus, P. edulis, P. rotundifolius, P. parviflorus), the fruits of P. parvifolius (which are employed as vegetables), the
leaves (P. mollis, P. barbatus, P. amboinicus) and the stems of P. crassus and P. esculentus (the latter case as gruel
sweetener).2 A large number of Plectranthus species are used in traditional medicine and have potential for de-
velopment towards their use in the primary health care system.3 In fact, this genus is rich in valuable biologically
active compounds, specifically, diterpenes.2 Several naturally occurring dietary and non-dietary phytochemicals
have shown enormous potential in the prevention and treatment of several cancers, especially those of the gastroin-
testinal tract. Diterpenoids, are a large group of phytochemicals, traditionally used for medicinal purposes in India
and China and are currently explored as anticancer agents in clinical trials.

The abietane diterpenes 7a,6p-dihydroxyroyleanone (P. madagascariensis), 6,7-dehydroroyleanone (P. madagas-
cariensis), 7a-acetoxy-6p-hydroxyroyleanone (P. grandidentatus and P. madagascariensis) parvifloron D (P. eck-
lonii) are examples of cytotoxic molecules obtained with different extraction methods and solvents from Plectran-
thus spp.4,5

The potential role of these naturally occurring diterpenoids, in the chemoprevention and treatment of liver tumors
is a key point in this work.

The in vitro effects of these agents and related cellular and molecular mechanisms are herein highlighted. The
potential challenges and future directions involved in the advancement of these potential natural compounds in the
chemoprevention and therapy of human cancers are understudy.
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Diabetes is the 7th leading cause of death, affecting 422 million of adults in 2016. 9.2% of the Portuguese popula-
tion is diabetic: 59.8% overweight and 22.1% obese [1-2]. Type 2 diabetes (T2D) results from the ineffective use
of insulin in adults, promoting hyperglycemia. T2D accounts for 90% of all cases of diabetes and may remain undi-
agnosed for numerous years. Among other, unbalanced diet, overweight and obesity increases the risk of T2D [1].
Besides regular glycemic control, monitoring glycated haemoglobin (HbA1c) are recommended to monitor T2D
[3]. HbAlc “reflects the average blood glucose concentration over the past few weeks” [1]. To identify and analyze
reviews about the impact of diet on the control of T2D during 2019. PRISMA criteria were followed. Timeframe:
2019 (lyear). Keywords: [“diabetes” and “type 2" and “diet” and “control”]. PubMed and SciELO were screened.
Inclusion criteria: reviews describing impacts/outputs of diet on the control of T2D. Exclusion criteria: other topics
and repeated studies. PubMed (n=74 reviews): 21 selected. SCIELO (n=6 studies): 0 selected. Overall, 2 reviews
confirmed that diets related to weight loss of >5% may improve glycaemic control and HbAlc in T2D, supporting
a similar glycemic reduction to those promoted by the addition of oral antidiabetics. Three reviews identified that a
healthy diet (e.g. avoiding saturated fatty acids) and physical activity are among the most relevant factors to posi-
tively control T2D. Fifteen reviews supported the influence of specific diets or foods on the positive management
of T2D. Diets (n=9): palaeolithic diet (n=1), popular diets (low-carbohydrate, ketogenic or vegan diet) (n=4), low
caloric (n=1), diets capable of modulating gut microbiota (dietary fiber or polyphenols) (n=1) and Mediterranean
diet (n=2). Foods with demonstrated positive effect (n=3): green tea (n=1), zinc (n=1) and pistachios (n=1). Foods
with potential positive effect (n=3): foods rich in polyunsaturated fatty acids (e.g. fish, fish and vegetable oils or
nuts) (n=1), foods rich in anthocyanins and flavan-3-ols (e.g. some fruits) (n=1) and probiotic yogurt (n=1). One
review discussed cultural/personal factors that may influence adherence to a healthy diet (e.g. honey consump-
tion due religious values). A healthy diet, especially those related to weight loss contributes for the management
of T2D. Dietary habits (e.g. consumption of certain foods) and physical activity may positively support glycemic
control, since weight loss may be favored. It seems advisable that health professionals supervise the impletion of
diets to minimize the potential risk of hypoglycemia. Study limitations: The number of screened keywords and
databases was limited, and a restricted timeframe was assessed. The methodologies of the selected reviews were
not individually evaluated. Limitations may have somewhat influenced study conclusions.
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