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Resumo

Introducao: atualmente as bactérias causadoras da pneumonia, constam da lista com vérios agentes patogénicos que
desenvolveram alto nivel de resisténcia segundo a OMS, sendo que a Streptococcus pneumoniae e Klebsiella pneumoniae
representam 43% dos casos em criancas menores de 5 anos no mundo. O gengibre e o acafrao estdo entre as principais
plantas medicinais utilizadas, devido a acao antimicrobiana. Objetivo: avaliar a atividade antimicrobiana dos extratos
de Gengibre e Acafrao frente a Streptococcus pneumoniae e Klebsiella pneumoniae. Material e Métodos: através de
rizomas de gengibre e acafrdo, obteve-se extratos oleoso e hidroalcodlico para ambos, que posteriormente testou-se a
atividade antibacteriana pelo método de Kirby-Bauer, nas cepas supracitadas, obtidas no Laboratério de Andlises Clinicas
do Hospital Central de Nampula. Recorreu-se o SPSS v. 20.0 para a analise de dados. A normalidade dos dados verificou-
se pelo Teste de Shapiro-Wilk, e a comparacdo das médias entre os grupos por Mann-Whitney. Resultados: mediante as
concentragdes bruta e dilui¢cdes, o extrato hidroalcodlico de agafrao mostrou uma eficacia superior que o de gengibre,
em ambos os microrganismos. No caso dos 6leos essenciais, gengibre apresentou halo de inibicao de 10.67mm frente
a Streptococcus pneumoniae e 0.67mm contra Klebsiella pneumoniae; enquanto que o acafrdo mostrou halos de 13mm
contra Streptococcus pnemoniae e 1,00 mm frente a Klebsiella pneumoniae. Conclusao: os extratos hidroalcodlicos e
oleosos apresentam atividade antimicrobiana frente a Streptococcus pneumoniae e Klebsiella pneumoniae, com diferenca
significativa. O acafrdo foi mais eficaz que o gengibre para os dois microrganismos.
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Abstract

Introduction: Currently the bacteria that cause pneumonia are listed with several pathogens that have developed a
high level of resistance according to the WHO, with Streptococcus pneumoniae and Klebsiella pneumoniae accounting
for 43% of cases in children under 5 years of age worldwide. Ginger and saffron are among the main medicinal plants
used, due to their antimicrobial action. Objective: to evaluate the antimicrobial activity of Ginger and Saffron extracts
against Streptococcus pneumoniae and Klebsiella pneumoniae. Material and Methods: Ginger and saffron rhizomes were
used to obtain oil and hydroalcoholic extracts for both, which were subsequently tested for antibacterial activity using
the Kirby-Bauer method, on the aforementioned strains, obtained at the Clinical Analysis Laboratory of the Hospital
Central de Nampula. SPSS v. 20.0 was used for data analysis. The normality of the data was checked by the Shapiro-Wilk
test, and the comparison of means between groups by Mann-Whitney. Results: At the crude concentrations and
dilutions, the hydroalcoholic extract of saffron was more effective than ginger in both microorganisms. In the case of
essential oils, ginger showed an inhibition halo of 10.67mm against Streptococcus pneumoniae and 0.67mm against
Klebsiella pneumoniae; while saffron showed halos of 13 mm against Streptococcus pneumoniae and 1.00 mm against
Klebsiella pneumonia. Conclusion: the hydroalcoholic and oily extracts show antimicrobial activity against Streptococcus
pneumoniae and Klebsiella pneumoniae, with a significant difference. Saffron was more effective than ginger for both
microorganisms.
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1.INTRODUGAO

As comunidades de Mocambique, um pais em
desenvolvimento, convivem com uma situacao de recursos
limitados, culminando na restricao de acesso aos cuidados de
sauide convencionais, em particular o acesso aos medicamentos
(Mitano et al. 2016). Paralelamente, neste meio, a populagao
recorre bastante a plantas para fins medicinais e alimentares,
ao exemplo de gengibre e o agafrdo, usados como condimento
e para tratar diversas doencas incluindo as do trato respiratdrio
(Cutrim et al. 2019). A pneumonia, é uma doenca comum em
grupos vulneraveis como idosos e criangas menores de 5 anos,
constituindo a terceira maior causa de morbi-mortalidade
neste Ultimo grupo etério (Pota 2022). Considerando o facto de
haver cada vez mais relatos de resisténcia aos antimicrobianos
de primeira linha usados para tratar esta doenca, encontrar
alternativas terapéuticas para fazer face a estas condicbdes
clinicas mediante o uso de plantas medicinais, é de extrema
importancia (Bartoletti et al. 2016; Lemos et al., 2021). Isto
levou a colocacdo da seguinte questdo de pesquisa: serd que
os extratos de gengibre e acafrdo cultivados no povoado de
Namitatari, Distrito de Rapale (Nampula), possuem atividade
antimicrobiana contra Streptococcus pneumoniae e Klebsiella
pneumoniae? Este estudo torna-se relevante e oportuno a
medida que a incidéncia e prevaléncia de pneumonias, bem
como a resisténcia de seus agentes etiolégicos possa ser
controlado, minimizando as consequéncias sociais sobre os
portadores. A pesquisa tem como objetivo principal, avaliar a
atividade antimicrobiana dos extratos de Gengibre e Acafrao
frente a Streptococcus pneumoniae e Klebsiella pneumoniae.

As infecbes respiratérias agudas, constituem grave
problema mundial de saude, muitas vezes levando a morte
grupos vulneraveis, como criangas menores de 5 anos (Ramirez
2018). A pneumonia lidera as causas de morte em criancas até os
cinco anos em Mogambique, s6 em 2021, foram diagnosticadas
969 mil criangcas com a doenca (Pota 2022). E, segundo o
inquérito de causas de mortalidade 2019, a pneumonia
corresponde a 7% de causas de morte em criangas de um a 59
meses Mocambique (Estatistica (Mozambique) 2009).

A pneumonia é uma condicao clinica caracterizada pela
inflamacdo do pulmao, na qual os alvéolos infetados ficam
preenchidos de fluidos provenientes da inflamacao, interferindo
no aporte de oxigénio, como consequéncia da dificuldade nas
trocas gasosas (Tortora, Funke, e Case 2012). O Streptococcus
pneumoniae é o principal agente causador da pneumonia,
representando cerca de 43% dos casos, seguido pela Klebsiella
pneumoniae e Haemophilus influenzae (Corréa et al., 2018).

Atualmente as bactérias causadoras da pneumonia,
constam da lista com varios agentes patogénicos que
desenvolveram alto nivel de resisténcia segundo a Organizagao
Mundial da Salde (Saavedraa e Sousa 2019). Compreende-
se por resisténcia aos antibacterianos, a capacidade que as
bactérias adquirem de sobreviverem a concentragbes de
farmacos que as inibem (Oliveira e Aires 2016).

O mundo enfrenta a grande problematica da resisténcia
microbiana, devido a ampla distribuicdo dos farmacos
antimicrobianos e, consequente facilidade ao acesso por parte
da populacgao, culminando na automedicacao (Oliveira e Aires
2016). Este fendmeno tem chamado a atencao da comunidade
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1.INTRODUCTION

The communities in Mozambique, a developing country,
live with a situation of limited resources, which culminates
in restricted access to conventional health care, in particular
access to medicines (Mitano et al. 2016). However, the
population often uses plants for medicinal and nutritional
purposes, such as ginger and saffron, used as a condiment and
to treat various diseases, including those of the respiratory
tract (Cutrim et al. 2019). Pneumonia is a common disease in
vulnerable groups such as the elderly and children under 5
years of age, constituting the third greatest cause of morbidity
and mortality in this last age group (Pota 2022). Considering the
fact that there are increasing reports of resistance to first-line
antimicrobials used to treat this disease, finding therapeutic
alternatives to treat these clinical conditions by using medicinal
plants, is of utmost importance (Bartoletti et al. 2016; Lemos
et al,, 2021). This led to the following research question: Do
ginger and saffron extracts grown in the village of Namitatari,
Rapale District (Nampula), have antimicrobial activity against
Streptococcus pneumoniae and Klebsiella pneumoniae? This
study becomes relevant because the incidence and prevalence
of pneumonia, as well as the resistance of its etiological agents,
can be controlled, minimizing the social consequences for
carriers. The main objective of the research is to evaluate the
antimicrobial activity of Ginger and Saffron extracts against
Streptococcus pneumoniae and Klebsiella pneumoniae.

Acute respiratory infections are a serious global health
problem, often leading to the death of vulnerable groups, such
as children under 5 years of age (Ramirez 2018). Pneumonia is
the leading cause of death in children up to five years of age
in Mozambique. In 2021, for example, 969,000 children were
diagnosed with the disease (Pota 2022). And, according to the
2019 survey of causes of mortality, pneumonia accounts for
7% of causes of death in children aged between one and 59
months in Mozambique (Estatistica (Mozambique) 2009).

Pneumonia is a clinical condition characterized by
inflammation of the lungs, in which the infected alveoli become
filled with fluids from the inflammation, interfering with oxygen
intake as a result of impaired gas exchange (Tortora, Funke, e
Case 2012). Streptococcus pneumoniae is the main causative
agent of pneumonia, accounting for about 43% of cases,
followed by Klebsiella pneumoniae and Haemophilus influenzae
(Corréaetal., 2018).

Currently, the bacteria that cause pneumonia are on the
list of several pathogens that have developed a high level
of resistance according to the World Health Organization
(Saavedraa e Sousa 2019). Antibacterial resistance is understood
as the ability that bacteria acquire to survive concentrations of
drugs that inhibit them (Oliveira e Aires 2016).

Nowadays, the world faces the major problem of microbial
resistance, due to the wide distribution of antimicrobial drugs
and, consequently, easy access by the population, culminating
in self-medication (Oliveira e Aires 2016). This phenomenon
has attracted the attention of the scientific community due
to the considerable increase in bacteria that do not respond
to conventional treatment, becoming a global public health
problem (Oliveira e Aires 2016; Xu et al. 2018).

The increase in the prevalence of antibiotic resistance is
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cientifica pelo aumento consideravel de bactérias que nao
respondem ao tratamento convencional, tornando-se um
problema de saude publica global (Oliveira e Aires 2016; Xu et
al. 2018).

O aumento da prevaléncia de resisténcia a antibiéticos é
atribuido ao uso indiscriminado deste grupo farmacolégico,
e resulta no incremento de internamentos hospitalares e
respetivos custos de tratamento (Bartoletti et al. 2016). A OMS
estima que a partir de 2050, mais de dez milhdes de pessoas
morrerdo por ano devido a resisténcia microbiana, reforcando
assim a necessidade da bioprospeccao de novos compostos
com propriedades antimicrobianas (Lemos et al., 2021).

A distribuicdo de recursos da saude nao acontece de
forma equitativa em todas as populacdes mocambicanas,
grande parte do povo ndo tem acesso aos medicamentos
convencionais, muitas vezes devido a fraca cobertura do
Sistema Nacional de Saude, levando as comunidades a recorrer
as plantas medicinais para resolver os seus problemas de satide
(Mitano et al. 2016).

O mais preocupante ainda é o fato de alguns estudos feitos
em Mocambique, apontarem para existéncia de muitos casos
de resisténcia bacteriana frente aos agentes antimicrobianos
usados na primeira linha de tratamento de infe¢ées como
pneumonia e meningite (Sigauque et al. 2012). Importa referir
que desde os primordios, 0 homem vem utilizando as plantas
na alimentagdo, medicina, entre outros sectores da vida social
(Martelli e Carvalho 2019).

O gengibre e o acafrdo, sdao bastante comuns na
gastronomia do povo mog¢ambicano, usado como tempero
e condimento na confecdo de alimentos (Martelli e Carvalho
2019). Estas plantas estao entre as principais espécies de plantas
medicinais amplamente utilizadas na medicina popular, sendo
empregue tanto na culindria quanto no combate as diversas
enfermidades por possuir acdo cicatrizante, anti-inflamatéria e
antimicrobiana (Cutrim et al. 2019).

O gengibre (Zingiber officinale Roscoe) é indicado no
tratamento de dores de cabeca, disturbios gastrintestinais,
nauseas, resfriados, osteoartrite e algumasinfe¢des viraiscomoa
hepatite C, além de apresentar efeitos anticancerigenos (Cutrim
et al.,, 2019; Junior, 2020). Enquanto que o acafrdo ( Curcuma
longa Linnaeus) é uma planta originaria da india e cultivada
em todo o mundo, do seu rizoma é seca e moida onde extrai-
se o po, utilizado na culinaria como condimento ou corante de
cor amarela e brilhante, e no preparo de medicamentos, com
propriedade anti-inflamatdria, antioxidante e antibacteriana,
sendo principal constituinte quimico, a curcumina(Ferrao &
Liberato, 2015; Teles et al., 2019). Estudos demonstram que
o seu o6leo essencial apresenta poder antimicrobiano em
potencial contra diferentes patégenos (Teles et al. 2019).

2. MATERIAL E METODOS

Este estudo é de natureza experimental, com abordagem
quantitativa-analitica, finalidade aplicada e de procedimento
laboratorial (Fontelles et al., sem data). Foi realizado no
Laboratério de Analises Clinicas do Hospital Central de
Nampula, sendo que a parte fitoquimica foi tratada no
Laboratério de Etnobotanica e Fitoquimica e Centro de Estudos
Interdisciplinares da Universidade Lurio (UnilLurio).

attributed to the indiscriminate use of this pharmacological
group, and results in an increase in hospital admissions and
respective treatment costs (Bartoletti et al. 2016). The WHO
estimates that by 2050, more than ten million people will die
each year due to antimicrobial resistance, thus reinforcing the
need for bioprospecting of new compounds with antimicrobial
properties (Lemos et al., 2021).

The distribution of health resources is not equitable across
all Mozambican populations, and a large proportion of the
population does not have access to conventional medicines,
often due to the poor coverage of the National Health System,
leading communities to resort to medicinal plants to solve their
health problems (Mitano et al. 2016).

Even more worrying is the fact that some studies carried
out in Mozambique point to the existence of many cases of
bacterial resistance to antimicrobial agents used in the first line
of treatment for infections such as pneumonia and meningitis
(Sigauque et al. 2012). It should be noted that since the
beginning of time, humanity has used plants for food, medicine
and other sectors of social life (Martelli e Carvalho 2019).

Ginger and saffron are very common in the gastronomy
of the Mozambican people, used as spices and condiments in
cooking (Martelli e Carvalho 2019). These plants are among the
main species of medicinal plants widely used in folk medicine,
being used both in cooking and to combat various diseases
because they have healing, anti-inflammatory and antimicrobial
properties (Cutrim et al. 2019).

Ginger (Zingiber officinale Roscoe) is indicated for the
treatment of headaches, gastrointestinal disorders, nausea,
colds, osteoarthritis and some viral infections such as hepatitis
C, in addition to having anticancer effects (Cutrim et al., 2019;
Junior, 2020). While saffron (Curcuma longa Linnaeus) is a
plant native to India and cultivated throughout the world,
its rhizome is dried and ground into a powder, which used in
cooking as a condiment or bright yellow colouring, and in the
preparation of medicines, with anti-inflammatory, antioxidant
and antibacterial properties, being main chemical constituent,
curcumin (Ferrdo & Liberato, 2015; Teles et al., 2019). Studies
show that its essential oil has potential antimicrobial power
against different pathogens (Teles et al. 2019).

2. MATERIAL AND METHODS

This is an experimental study, with a quantitative-analytical
approach, applied purpose and laboratory procedure (Fontelles
et al., sem data). It was carried out at the Clinical Analysis
Laboratory of the Hospital Central de Nampula (HCN), and the
phytochemical part was processed at the Ethnobotany and
Phytochemistry Laboratory and the Center for Interdisciplinary
Studies at Lurio University (UniLurio).

We observed four extracts obtained from ginger (Zingiber
officinale R.) and saffron (Curcuma longa L.) rhizomes, being two
oily extracts/essential oils and two hydroalcoholic extracts. In
each hydroalcoholic extract, four different concentrations were
obtained.

The species of the plants was identified by the Institute of
Agricultural Research of Mozambique - Northeast Zonal Center,
by analysing their macroscopic characteristics.



Foram observados 4 extratos obtidos de rizomas de
gengibre (Zingiber officinale R.) e de acafrao (Curcuma longa
L), sendo 2 extratos oleosos/6leos essenciais e 2 extratos
hidroalcoolicos. Em cada extrato hidroalcodlico foram obtidas
4 concentragdes diferentes.

Aidentificacdo da espécie das plantas foi feita pelo Instituto
de Investigacao Agraria de Mogambique (IIAM) - Centro Zonal
Nordeste, mediante a anélise das caracteristicas macroscépicas.

Foram colhidos rizomas frescos de gengibre e acafrdo com
cerca de 7 meses de idade cultivados no distrito de Rapale, no
povoado de Namitatari, cerca de 14km da Cidade Nampula. Os
rizomas foram lavados com agua corrente, cortados em fatias
e colocados a secar numa estufa com circulacdo de ar por
40horas, para perda de dgua até na ordem dos 10%.

A extracao dos dleos essenciais foi feita pelo método de
Soxhlet. A Tabela 1, mostra as caracteristicas fisicas e percentual
de rendimento dos 6leos essenciais de gengibre e de acafrao,
apos a extragao.

Para a obtencdo dos extratos hidroalcodlicos, foram
usados rizomas secos de gengibre e acafrdo, através da
maceracao em alcool etilico a 90%, na proporcdo de 1:4 durante
72horas; seguida de filtragem do extrato e depois submetido
ao evaporador rotativo para a eliminagdo e recuperacao do
solvente, durante 4horas a uma temperatura de 50°C. Obtido
o extrato seco bruto, este foi acondicionado em ependorfs
com capacidade de 1mL, correspondente a 1g do extrato. Do
volume total de extratos obtidos (3 e 5 mL de acafrdo e gengibre
respetivamente) foram feitas diluicdes com élcool etilico a 90%
na propor¢ao de C1=1:1,C2=1:2 e C3=1:3.

O isolamento e identificacdo de Streptococcus pneumoniae
foi através duma amostra de Liquido Cefalorraquiano
semeada em placas de agar de sangue e agar chocolate;
para a identificacdo do microrganismo foi utilizado o teste
de solubilidade a bilis; e para realizacdo da sorotipagem, foi
utilizada a técnica de Neufeld Quellung (Habib et al., 2014).

Para o isolamento da Klebsiella pneumoniae, foi tomada
uma amostra de urina, levou-se uma porcao de amostra e
cultivou-se em meio de MacKonkey e foi incubada na estufa a
uma temperatura de 35 a 36,5 °C durante 24horas na auséncia
de oxigénio (Farmacopéia Brasileira 4a. ed parte I, sem data).
Algumas colénias do microrganismo foram submetidas a provas
bioquimicas confirmacdo, na qual obteve-se como resultados
um microrganismo fermentador da lactose e sacarose, Indole
- negativo, Motilidade - negativo, Citrato e Ureia — positivo;
que conjugados com as caracteristicas das colénias e o achado
pela coloragdo de Gram ao microscépio, confirmou tratar-se de
Klebsiella pneumoniae.

Para o Teste de Sensibilidade ou Antibiograma, foi utilizado
o método de Kirby-Bauer, com recurso a cultura pura recente de
24h. Nos discos virgens foram impregnados os extratos e depois
colocados na superficie do Agar de Sangue para Streptococcus
pneumoniae e Agar de Muller-Hinton para Klebsiella pneumoniae.
Apds 24horas de incubacao, fez-se a leitura dos resultados
com base na medicdo do didmetro dos halos de inibicdo com
recurso a um parquimetro. A concentragdo minima inibitéria
foi considerada aquela que se situou entre a concentragao que
nao foi capaz de inibir o crescimento bacteriano e aquela que
iniciou a formacdo do halo minimo.
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Fresh rhizomes of ginger and saffron, approximately
7 months old, were harvested from the Rapale district, in
the Namitatari neighbourhood, approximately 14 km from
Nampula City. The rhizomes were washed with running water,
cut into slices and dried in an air-circulated oven for 40 hours to
lose up to 10 percent of the water.

The extraction of essential oils was done using the Soxhlet
method. The table 1 shows the physical characteristics and
percentage vyield of ginger and saffron essential oils after
extraction.

Dried rhizomes of ginger and saffron were used to obtain
the hydroalcoholic extracts by macerating them in 90% ethyl
alcohol in a ratio of 1:4 for 72 hours, then filtering the extract
and submitting it to a rotary evaporator to eliminate and
recover the solvent for 4 hours at a temperature of 50°C. Once
the crude dry extract was obtained, it was stored in ependorfs
with a capacity of 1 mL, corresponding to 1 g of the extract.
From the total volume of extracts obtained (3 and 5 mL of
saffron and ginger respectively) were diluted with 90% ethyl
alcohol in the proportion of C1 =1:1,C2=1:2and C3 =1:3.

Isolation and identification of Streptococcus pneumoniae
was through a cerebrospinal fluid sample seeded on blood
agar and chocolate agar plates; the bile solubility test was
used to identify the microorganism; and the Neufeld Quellung
technique was used to perform serotyping (Habib et al., 2014).

To isolate Klebsiella pneumoniae, a urine sample was taken,
a portion of the sample was cultured in MacKonkey's medium
and incubated in the oven at a temperature of 35 to 36.5 °C for
24 hours in the absence of oxygen (Farmacopéia Brasileira 4a.
ed parte Il, no date). Some colonies of the microorganism were
subjected to biochemical confirmation tests, which resulted
in a lactose and sucrose fermenting microorganism, Indole -
negative, Motility - negative, Citrate and Urea - positive; which,
combined with the characteristics of the colonies and the
finding by Gram staining under the microscope, confirmed that
it was Klebsiella pneumoniae.

For the Sensitivity Test or Antibiogram, the Kirby-Bauer
method was used, using a recent 24-hour pure culture. The
extracts were impregnated onto the virgin discs and then
placed on the surface of the Blood Agar for Streptococcus
pneumoniae and Muller-Hinton Agar for Klebsiella pneumoniae.
After 24 hours of incubation, the results were read based on
the measurement of the diameter of the inhibition halos using
a parking meter. The minimum inhibitory concentration was
considered to be the one between the concentration that was
unable to inhibit bacterial growth and the one that initiated the
formation of the minimum halo.

Statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS version 20.0). To evaluate the
inhibitory effect of essential oils and hydroalcoholic extracts
against Streptococcus pneumoniae and Klebsiella pneumoniae,
the experimental data were subjected to the Shapiro-Wilk
normality test (n <50), the results of which revealed that they
did not obey the normal distribution rule with P = 0,01 (<
0,05). The means and respective deviations were determined for
each concentration. The means were then compared to verify
whether there was a statistically significant difference between
the groups. The Mann-Whitney test was used, and Spearman's
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A andlise estatistica foi feita com o auxilio do Software
estatistico Statistical Package for Social Sciences (SPSS versao
20.0). Para a avaliagcao do efeito inibitério dos 6leos essenciais
assim como dos extratos hidroalcodlicos contra Streptococcus
pneumoniae e Klebsiella pneumoniae, os dados experimentais
foram submetidos ao teste de normalidade de Shapiro-Wilk (n
<50), cujo resultado revelou que os mesmos ndo obedecem
a regra de distribuicdo normal com P _ = 0,01 (< 0,05).
Foram determinadas as médias e os respetivos desvios para
cada concentragdo. Posteriormente fez-se a comparacao das
médias para verificar se existe uma diferenca estatisticamente
significativa entre os grupos, para tal foi utilizado o Teste de
Mann-Withney, e coeficiente de correlacdo de Spearman para
verificar o comportamento dos halos de inibi¢ao em fungao das
concentragdes ou dilui¢des. Todos os testes foram aplicados
num intervalo de confianga de 95% com o nivel de significancia
de 5%.

correlation coefficient was used to check the behaviour of the
inhibition zones as a function of concentrations or dilutions.
All tests were applied within a 95% confidence interval with a
significance level of 5%.

Tabela/Table 1: Caracteristicas fisicas e percentual de rendimento dos 6leos essenciais de gengibre e de acafrdo/Physical characteristics and percentage yield of ginger and saffron

essential oils.

Parametros/Parameters

Oleos essenciais/Essential oils

Gengibre/Ginger

Acafrao/Saffron

Cor/Color Amarelo pélido/Pale Yellow Amarelo/Yellow
Aspeto/Aparence Transparente/Transparent Transparente/Transparent
Densidade/Density 0,78 g/cm? 0,89 g/cm?
Rendimento/Yield 0,234% 0,2967%
3. RESULTADOS 3. RESULTS

No estudo testou-se a sensibilidade dos microrganismos
perante os Oleos essenciais e extratos hidroalcodlicos de
ambas plantas, apurou-se a concentracdo minima inibitdria
dos extratos hidroalcodlicos frente aos dois microrganismos e
comparou-se as médias dos diametros dos halos de inibicdo
dos dleos essenciais frente a cada microrganismo.

O antibiograma mostrou que as concentra¢bes bruta, 1,2 e
3 do extrato hidroalcodlico de Gengibre tem halos de inibicdo de
8.67,7.33,7.00 e 0.00mm para Streptococcus pneumoniae e 6.00,
5.33, 0.00 e 0.00 para Klebsiella pneumoniae, respetivamente.
Nas mesmas concentracdes, o acafrao mostrou halos de 15.33,
11.00, 8.67 e 7.67 contra Streptococcus pneumoniae; 9.67, 9.33,
8.00 e 7.33 contra Klebsiella pneumoniae, conforme mostrado
na Tabela 2 (Médias e desvios padrao dos diametros dos halos
de inibicao criados pelos extratos hidroalcodlicos de gengibre
e acafrdo). Portanto, o extrato hidroalcodlico de acafrao
mostrou uma eficacia superior que o de gengibre, em ambos
os microrganismos. Foi usada a Clindamicina e Imipenem como
controlo positivo para o Streptococcus pneumoniae e Klebsiella
pneumoniae respetivamente, e como controlo negativo, foi
usado alcool etilico a 90% para ambos os microrganismos.

The study tested the sensitivity of microorganisms to
essential oils and hydroalcoholic extracts of both plants,
determined the minimum inhibitory concentration of
hydroalcoholic extracts against both microorganisms and
compared the mean diameters of inhibition halos of the
essential oils against each microorganism.

The antibiogram showed that the crude, 1, 2 and 3
concentrations of the hydroalcoholic extract of Ginger
have inhibition halos of 8.67, 7.33, 7.00 and 0.00 mm for
Streptococcus pneumoniae and 6.00, 5.33, 0.00 and 0.00 for
Klebsiella pneumoniae, respectively. At the same concentrations,
saffron showed halos of 15.33, 11.00, 8.67 and 7.67 against
Streptococcus pneumoniae; 9.67, 9.33, 8.00 and 7.33 against
Klebsiella pneumoniae, like as shown in Table 2 (Means and
standard deviations of the diameters of the inhibition halos
created by the hydroalcoholic extracts of ginger and saffron).
The hydroalcoholic extract of saffron showed greater efficacy
than that of ginger on both microorganisms. Clindamycin and
Imipenem were used as positive controls for Streptococcus
pneumoniae and Klebsiella pneumoniae respectively, and
90% ethyl alcohol was used as negative controls for both
microorganisms.
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Tabela/Table 2: Médias e desvios padrao dos diametros dos halos de inibicao (em mm) criados pelos extratos hidroalcodlicos de gengibre e acafrao contra Streptococcus
pneumoniae e Klebsiella pneumoniae/Means and standard deviations of the diameters of the inhibition zones (in mm) created by the hydroalcoholic extracts of ginger and saffron

against Streptococcus pneumoniae and Klebsiella pneumoniae.

Planta/Plant Concentrag(;;og/;:monl'-l)t entracion Streptococcus pneumoniae Klebsiella pneumoniae

Bruto/ (1000) 8.67+0.577 6.00+1.000
1:1 (500) 7.33+0.577 5.33+0.577
Gengibre/Ginger 1:2 (250) 7.00+1.000 0.00£0.000
9 9 1:3(125) 0.000.000 0.00+0.000
c 23.33+1.155 20.00+1.000
C 0.00+000 0.00£0.000
Bruto/ (1000) : ‘:’ ggﬂ 'g)gg 9.6740.577
1:1 (500) g _: . 9.33+0.577
12 (250) 8.6720.577 8.00+1.000

Acafrao/Saffron ' 7.67+0.577 e
1:3(125) 7.33£0.577

. 15.33+1.159
C 0.0040.000 19.33£1.155
C T 0.00+0.000
Legenda/Legend: C* = Controlo positivo; C = Controlo negativo/C* = Positive controle; C = Negative controle.

Na avaliacdo da atividade antimicrobiana dos 6leos essenciais,
gengibre apresentou halo de inibicdo de 10.67mm frente a
Streptococcus pneumoniae e 0.67mm contra Klebsiella pneumoniae,
enquanto que o acafrdo mostrou halos de 13mm contra
Streptococcus pnemoniae e 1,00 mm frente a Klebsiella pneumoniae,
como pode-se ver na Tabela 3 (Médias e desvios dos diametros
dos halos de inibicdo criados pelos 6leos essenciais de gengibre e
acafrdo contra os microorganismos). A Clindamicina e o Imipenem
serviram para o controlo positivo em ambos microorganismos e
ndo foi envolvido nenhum controlo negativo, por néo ser diluidos
os Oleos essenciais. De acordo a estes resultados, observou-se que
os 6leos sao pouco eficazes frente a bactérias Gram negativas.

A concentragdo minima inibitéria do extrato hidroalcodlico do
gengibre, situou-se entre 125 e 250mg /ML frente a Streptococcus
pneumoniae, e em torno dos 250 a 500mg/mL para Klebsiella
pneumoniae, conforme a Tabela 4 (Concentragdo minima inibitéria
dos extratos hidroalcodlicos de gengibre e acafrao). Para o extrato
de acafrdo, a concentragdo minima inibitéria situou-se abaixo dos
125mgmL em ambos os microrganismos, revelando uma potencial
atividade antibacteriana superior, comparativamente ao gengibre.

In the evaluation of the antimicrobial activity of the essential
oils, ginger showed an inhibition halo of 10.67 mm against
Streptococcus pneumoniae and 0.67 mm against Klebsiella
pneumoniae, while saffron showed halos of 13 mm against
Streptococcus pneumoniae and 1.00 mm against Klebsiella
pneumoniae, as can be seen in Table 3 (Means and deviations of
the diameters of the inhibition zones created by the essential oils
of ginger and saffron against the microorganisms). Clindamycin
and Imipenem served as positive controls for both microorganisms
and no negative controls were used, as the essential oils were not
diluted. According to these results, it was observed that the oils are
not very effective against Gram negative bacteria.

The minimum inhibitory concentration of the hydroalcoholic
extract of ginger was between 125 and 250mg/mL against
Streptococcus pneumoniae, and around 250 to 500mg/mL for
Klebsiella pneumoniae, as shown in Table 4 (Minimum inhibitory
concentration of the hydroalcoholic extracts of ginger and saffron).
For the saffron extract, the minimum inhibitory concentration was
below 125mg/mL for both microorganisms, revealing a higher
potential antibacterial activity compared to ginger.

Tabela/Table 3: Médias e desvios dos didmetros dos halos de inibicao (em mm) criados pelos éleos essenciais de gengibre e agafrao contra Streptococcus pneumoniae e Klebsiella
pneumoniae/Means and deviations of the diameters of the inhibition zones (in mm) created by ginger and saffron essential oils against Streptococcus pneumoniae and Klebsiella

pneumoniae.

Microrganismo/Microorganism Planta/Plant

Oleos essenciais/Essential oils Controlo Positivo/Positive Control

Streptococcus pneumoniae Gengibre/Ginger 10.67+0.577 22.00+1.00
P P Acafrao/Saffron 13.00+1.732 21.00+1.00
Klebsiella pneumoniae Gengibre/Ginger 0.67+0.57 19.00+1.00
p Acafrao/Saffron 1.00+1.00 20.33£1.15

Tabela/Table 4: Concentracdo minima inibitéria dos extratos hidroalcodlicos de gengibre e acafrao em Streptococcus pneumoniae e Klebsiella pneumoniae/Minimum inhibitory
concentration of hydroalcoholic extracts of ginger and saffron on Streptococcus pneumoniae and Klebsiella pneumoniae.

Planta/Plant

Concentra¢ao minima inibitéria (CMI)/Minimum inhibitory concentration (MIC)

Scientific Articles

Streptococcus pneumoniae

Klebsiella pneumoniae

Entre 125 a 250 mg/mL/

Gengibre/Ginger Between 125 to 250 mg/mL

Entre 250 a 500 mg/mL/
Between 250 to 500 mg/mL

Abaixo de 125mg/mL/

Acafrao/Saffron Below 125 mg/mL

Abaixo de 125 mg/mL/
Below 125 mg/mL
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A Tabela 5 apresenta os resultados do Teste de Mann-
Whitney mostrando as diferencas entre os grupos (extratos
de gengibre vs acafrdo) frente aos dois microrganismos. Os
resultados revelam que existe uma diferenca estatisticamente
significativa entre o extrato hidroalcodlico de gengibre e de
acafrdo nas concentracbes bruta e 1:1 para o Streptococcus
pneumoniae, e nenhuma diferenca nas concentragdes 1:2
e 1:3. E frente a Klebsiella pneumoniae, ha uma diferenca
estatisticamente significativa entre o gengibre e o acafrao,
apenas na concentracao bruta (ndo havendo obviamente nas
concentragdes 1:1, 1:2 e 1:3). Isto reforca os achados sobre maior
eficécia do extrato hidroalcodlico de acafrao que gengibre em
S. pneumoniae e seguidamente na K. pneumoniae.

Finalmente, a Tabela 6 apresenta resultados do Teste
de Mann-Whitney mostrando as diferencas entre os grupos
(6leos essenciais de gengibre vs acafrdo) frente aos dois
microrganismos. Quando comparadas as médias dos grupos
frente a Streptococcus pneumoniae, os resultados mostraram
que had uma diferenca estatisticamente significativa entre
eles, e como dito anteriormente, o acafrdo foi mais eficaz
comparativamente ao gengibre. Ao passo que, frente a
Klebsiella pneumoniae, ndo ha uma diferenca estatisticamente
significativa.

The Table 5 presents the results of the Mann-Whitney test
showing the differences between the groups (ginger vs saffron
extracts) against the two microorganisms. The results reveal
that there is a statistically significant difference between the
hydroalcoholic extract of ginger and saffron in the crude and 1:1
concentration for Streptococcus pneumoniae, and no difference
in the 1:2 and 1:3 concentrations. As for Klebsiella pneumoniae,
there was a statistically significant difference between ginger
and saffron only in the crude concentration (there was no
obvious difference in the 1:1, 1:2 and 1:3 concentrations).
This reinforces the findings on the greater efficacy of the
hydroalcoholic extract of saffron than ginger in S. pneumoniae
and subsequently in K. pneumoniae.

Finally, the Table 6 presents results of Mann-Whitney test
showing the differences between the groups (ginger and
saffron essential oils) against the two microorganisms. When
comparing the means of the groups against Streptococcus
pneumoniae, the results showed that there was a statistically
significant difference between them, and as previously
mentioned, saffron was more effective compared to ginger.
However, there was no statistically significant difference when
it came to Klebsiella pneumoniae.

Tabela/Table 5: Resultados do Teste de Mann-Whitney mostrando as diferengas entre os grupos (extratos de gengibre vs agafrao) frente aos dois microrganismos com um nivel de
significdncia de 5%/Results of the Mann-Whitney test showing the differences between the groups (ginger and saffron extracts) against both microorganisms with a significance

level of 5%.

Test Statistics (Extratos hidroalcodlicos/Hydroalcoholic extrats)

Teste/Test
- Mann-Whintney U

Microrganismo/
Microorganism

Extrato_Bruto/
Extract_Crude

011 013

Streptococcus Asymp. Sig. (2-tailed) 046 043 037 1.000
pneumoniae
Klebsiella pneumoniae Asymp. Sig. (2-tailed) .043 .072 346 456

Tabela/Table6: Resultados do Teste de Mann-Whitney mostrando as diferencas entre os grupos (6leos essenciais de gengibre vs acafrdo) frente aos dois microrganismos com um
nivel de significancia de 5%/Results of the Mann-Whitney test showing the differences between the groups (ginger and saffron essential oils) against both microorganisms with a

significance level of 5%.

Test Statistics (Oleos essenciais/Essential oils)

Mann-Whintney U

Streptococcus pneumoniae

Klebsiella pneumoniae

Asymp. Sig. (2-tailed)

.043

637

4.DISCUSSAO

Como observou-se na Tabela 2, o extrato hidroalcodlico
de acafrdo mostrou uma ligeira efetividade superior que o de
gengibre, em ambos os microrganismos.

Em relacdo ao extrato hidroalcodlico de gengibre, vérios
estudos corroboram demonstrando a sua eficacia. Um estudo
da Turquia em 2020 demonstrou que este extrato é eficaz
contra cepas de Klebsiellapneumoniae (Mutlu-Ingok et al., 2020).
Resultados similares também foram encontradosnoanode 2018
em Riyadh, onde avaliou-se o potencial inibitério do extrato
hidroalcodlico de gengibre frente a Klebsiella pneumoniae, pelo
método de Kirb-Bauer, onde inibiu o crescimento formando
11Tmm de didmetro de halo de inibicdo (Abdalla & Abdallah,
2018).Em 2021 na Nigéria, uma pesquisa que usou o método
de difusao em disco envolvendo o gengibre, mostrou uma forte

4. DISCUSSION

As can be seen in Table 2, the hydroalcoholic extract
of saffron was slightly more effective than ginger in both
microorganisms.

Regarding the hydroalcoholic extract of ginger, several
studies corroborate its effectiveness. A study from Turkey
in 2020 demonstrated that this extract is effective against
strains of Klebsiella pneumoniae (Mutlu-Ingok et al., 2020).
Similar results were also found in 2018 in Riyadh, where the
inhibitory potential of the hydroalcoholic extract of ginger
against Klebsiella pneumoniae was evaluated, using the Kirb-
Bauer method, where it inhibited growth, forming an 11mm
diameter inhibition halo (Abdalla & Abdallah, 2018).In 2021
in Nigeria, research using the disk diffusion method involving
ginger showed strong inhibitory activity against Streptococcus



atividade inibitéria contra Streptococcus pneumoniae(Ahmad et
al.,, 2021).

O extrato hidroalcodlico de agafrdio mostrou ser
parcialmente ativo frente a Klebsiella pneumoniae, nas suas
concentragdes maxima e 500mg/mL, com halos de inibicdo de
9,67 £0,577 € 9,33 £ 0,577mm respetivamente. Estes resultados
denotam pouca atividade do extrato contra esta bactéria
gram-negativa. Estudos similares divergem com este, como
caso do estudo realizado em 2020 na Poldnia, que observou
o efeito inibitério do acafrdo frente a Klebsiella pneumoniae,
guando o seu extrato hidroalcodlico inibiu o crescimento deste
microrganismo com um halo de 20mm de diametro (Adamczak
et al., 2020). Resultados do potencial antibacteriano do acafrao
frente a Klebsiella pneumoniae, também foram demonstrados
em 2020 na India, onde o extrato hidroalcodlico inibiu o
crescimento em torno dos 32mm de didmetro de halo de
inibicdo (Yadav et al., 2020).

Em funcdo a atividade de acafrdo contra Streptococcus
pneumoniae, os resultados obtidos nesta pesquisa mostram que
o extrato hidroalcodlico na sua concentracdo maxima foi ativo,
com um halo de inibicdo de 15.33+1.155mm, e parcialmente
ativo na concentracdo de 500mg/mL com um halo de inibicao
de 11.00+£1.000mm, contra o mesmo microrganismo. As
literaturas referem que, para extratos vegetais cujo halo de
inibicdo seja =17 mm ou mais deve ser considerado muito
ativo, 14 a 177mm - ativo, 9 a 14 - parcialmente ativo e <9 - ndo
ativo (Ayres et al. 2008).

Segundo os resultados da atividade de 6leos essenciais
(Tabela 3), gengibre e agafrdo mostram-se pouco ativos
contra Streptococcus pneumoniae e quase nenhuma atividade
contra Klebsiella pneumoniae. Ha também pesquisas que
corroboram com este achado, por exemplo, uma determinagéo
microbiolégica através do método de concentracdo minima
inibitéria com os 6leos essenciais de gengibre, ndo obteve
potencial inibitério contra Klebsiella pneumoniae (do
Nascimento et al.,, 2017). Ao analisar estes resultados, é possivel
observar que os 6leos nao sao eficazes frente a bactérias Gram-
negativas como acontece nas Gram-positivas. As bactérias
Gram* sdo mais suscetiveis aos 6leos essenciais que as Gram,
devido a existénciade umamembrana exterior na parede celular
destas ultimas, impedindo a completa difusdo de compostos
hidrofébicos (Cerri & Esmerino, 2022; Di Fonzo, 2024; do
Nascimento et al., 2017; Norinho, 2023). Fato comprovado nesta
pesquisa, pois sobre a Klebsiella pneumoniae, ha menores halos
de inibicdo comparativamente a Streptococcus pneumoniae.

Resultados semelhantes a este estudo, também foram
achados em 2019 no Irdo, avaliando o efeito antibacteriano
do gengibre pelo método de difusdo em disco, e o seu éleo
essencial foi capaz de inibir o crescimento de Streptococcus
pneumoniae(Mahboubi 2019).

5. CONCLUSOES

Os extratos hidroalcodlicos de gengibre e agafrao, possuem
atividade antimicrobiana frente a Streptococcus pneumoniae
e Klebsiella pneumoniae, sendo a concentracdo minima
inibitéria de agafrdo superior que a do gengibre em ambos os
microrganismos. Portanto, hd uma diferenca estatisticamente
significativa entre a atividade antimicrobiana dos extratos
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pneumoniae (Ahmad et al., 2021).

The hydroalcoholic extract of saffron proved to be
partially active against Klebsiella pneumoniae, at its maximum
concentrations and 500mg/mL, with inhibition halos of 9.67 +
0.577 and 9.33 £ 0.577mm, respectively. These results show little
activity of the extract against these gram-negative bacteria.
Similar studies disagree with this one, such as the study carried
out in 2020 in Poland, which observed the inhibitory effect of
saffron against Klebsiella pneumoniae, when its hydroalcoholic
extract inhibited the growth of this microorganism with a
halo of 20mm in diameter (Adamczak et al., 2020). Results
of the antibacterial potential of saffron against Klebsiella
pneumoniae were also demonstrated in 2020 in India, where
the hydroalcoholic extract inhibited growth around 32mm in
diameter of inhibition halo (Yadav et al., 2020).

Regarding the activity of saffron against Streptococcus
pneumoniae, the results obtained in this research show that
the hydroalcoholic extract at its maximum concentration was
active, with an inhibition halo of 15.33+1.155mm, and partially
active at a concentration of 500mg/mL with an inhibition halo
of 11.00£1.000mm, against the same microorganism. The
literature reports that, for plant extracts whose inhibition halo
is =17 mm or more, it should be considered very active, 14 to
17mm - active, 9 to 14 — partially active and K 9 — not active
(Ayres et al. 2008).

According to the results of the activity of essential oils
(Table 3), ginger and saffron showed little activity against
Streptococcus pneumoniae and almost no activity against
Klebsiella pneumoniae. There is also research that corroborates
this finding, for example, a microbiological determination
through the minimum inhibitory concentration method
with ginger essential oils did not obtain inhibitory potential
against Klebsiella pneumoniae (do Nascimento et al., 2017).
When analysing these results, it can be seen that the oils are
not effective against Gram-negative bacteria as they are
against Gram-positive bacteria. The Gram-negative bacteria
are little susceptible to essential oils than Gram-positive,
due to the existence of an outer membrane in the cell wall of
these microorganisms, preventing the complete diffusion of
hydrophobic compounds (Cerri & Esmerino, 2022; Di Fonzo,
2024; do Nascimento et al., 2017; Norinho, 2023). This was
proven in this research, because there are smaller inhibition
halos on Klebsiella pneumoniae, compared to Streptococcus
pneumoniae.

Similar results to this study were also found in 2019 in Iran,
evaluating the antibacterial effect of ginger by the disc diffusion
method, and its essential oil was able to inhibit the growth of
Streptococcus pneumoniae (Mahboubi 2019).

5. CONCLUSION

The hydroalcoholic extracts of ginger and saffron have
antimicrobial activity against Streptococcus pneumoniae
and Klebsiella pneumoniae, with the minimum inhibitory
concentration of saffron being higher than that of ginger
in both microorganisms. Therefore, there is a statistically
significant difference between the antimicrobial activity of the
hydroalcoholic extracts on both microorganisms, with saffron
being the most effective. In turn, the oils of both plants tend
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hidroalcodlicos, em ambos os microrganismos, sendo o agafrao,
o mais eficaz. Por sua vez, os 6leos de ambas plantas tendem a
ser parcialmente ativos contra Streptococcus pneumoniae e ndo
sdo ativos contra Klebsiella pneumoniae.
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