Julio César Ribeiro
(Organizador)

‘transdisciplinar
A das éiénéiés agrarias

| Atena

Editora

Ano 2021



Julio César Ribeiro
(Organizador)

|$‘C|p||nar
das ciéncias agrarias

[Z\tena

Editora

Ano 2021



»

)
3
KO
S

Ciéncias Ag

Editora chefe
Prof* Dr? Antonella Carvalho de Oliveira
Assistentes editoriais
Natalia Oliveira
Flavia Roberta Barao
Bibliotecaria
Janaina Ramos
Projeto grafico
Natalia Sandrini de Azevedo
Camila Alves de Cremo
Luiza Alves Batista
Maria Alice Pinheiro 2021 by Atena Editora
Imagens da capa Copyright © Atena Editora
iStock  Copyright do texto © 2021 Os autores
Edicao de arte  Copyright da edicado © 2021 Atena Editora
Luiza Alves Batista Direitos para esta edicdo cedidos a Atena
Revisdao Editora pelos autores.
Os autores  Open access publication by Atena Editora

Todo o contelido deste livro esta licenciado sob uma Licenca de
Atribuicao  Creative  Commons.  Atribuicao-Nao-Comercial-
NaoDerivativos 4.0 Internacional (CC BY-NC-ND 4.0).

O contelido dos artigos e seus dados em sua forma, correcdo e confiabilidade sdo de
responsabilidade exclusiva dos autores, inclusive nao representam necessariamente a posicao
oficial da Atena Editora. Permitido o download da obra e o compartilhamento desde que sejam
atribuidos créditos aos autores, mas sem a possibilidade de altera-la de nenhuma forma ou
utiliza-la para fins comerciais.

Todos os manuscritos foram previamente submetidos a avaliagdo cega pelos pares, membros
do Conselho Editorial desta Editora, tendo sido aprovados para a publicagdo com base em
critérios de neutralidade e imparcialidade académica.

A Atena Editora € comprometida em garantir a integridade editorial em todas as etapas do
processo de publicacdo, evitando plagio, dados ou resultados fraudulentos e impedindo que
interesses financeiros comprometam os padroées éticos da publicacao. Situacoes suspeitas de
ma conduta cientifica serdo investigadas sob o mais alto padrao de rigor académico e ético.

Conselho Editorial

Ciéncias Humanas e Sociais Aplicadas

Prof. Dr. Alexandre Jose Schumacher - Instituto Federal de Educacao, Ciéncia e Tecnologia do Parana
Prof. Dr. Américo Junior Nunes da Silva - Universidade do Estado da Bahia

Prof® Dr* Andréa Cristina Marques de Araljo - Universidade Fernando Pessoa

Prof. Dr. Antonio Carlos Frasson - Universidade Tecnolégica Federal do Parana

Prof. Dr. Antonio Gasparetto Jinior - Instituto Federal do Sudeste de Minas Gerais

Prof. Dr. Antonio Isidro-Filho - Universidade de Brasilia

[/:\tena

Editora

Ano 2021


https://www.edocbrasil.com.br/
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4774071A5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4444126Y9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4734644D8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4771171H3
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4242128Y5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4168013D9

»

)
3
Py

Iy
(&)

A

Ciéncias A

Prof. Dr. Arnaldo Oliveira Souza Junior - Universidade Federal do Piaui

Prof. Dr. Carlos Antonio de Souza Moraes - Universidade Federal Fluminense

Prof. Dr. Criséstomo Lima do Nascimento - Universidade Federal Fluminense

Prof® Dr? Cristina Gaio - Universidade de Lisboa

Prof. Dr. Daniel Richard Sant’Ana - Universidade de Brasilia

Prof. Dr. Deyvison de Lima Oliveira - Universidade Federal de Rondonia

Prof® Dr* Dilma Antunes Silva - Universidade Federal de Sdo Paulo

Prof. Dr. Edvaldo Antunes de Farias - Universidade Estéacio de Sa

Prof. Dr. Elson Ferreira Costa - Universidade do Estado do Para

Prof. Dr. Eloi Martins Senhora - Universidade Federal de Roraima

Prof. Dr. Gustavo Henrique Cepolini Ferreira - Universidade Estadual de Montes Claros
Prof. Dr. Humberto Costa - Universidade Federal do Parana

Prof® Dr® Ivone Goulart Lopes - Istituto Internazionele delle Figlie de Maria Ausiliatrice
Prof. Dr. Jadson Correia de Oliveira - Universidade Catélica do Salvador

Prof. Dr. José Luis Montesillo-Cedillo - Universidad Auténoma del Estado de México
Prof. Dr. Julio Candido de Meirelles Junior - Universidade Federal Fluminense

Prof® Dr? Lina Maria Gongalves - Universidade Federal do Tocantins

Prof. Dr. Luis Ricardo Fernandes da Costa - Universidade Estadual de Montes Claros
Prof® Dr* Natiéli Piovesan - Instituto Federal do Rio Grande do Norte

Prof. Dr. Marcelo Pereira da Silva - Pontificia Universidade Catélica de Campinas
Prof® Dr* Maria Luzia da Silva Santana - Universidade Federal de Mato Grosso do Sul
Prof. Dr. Miguel Rodrigues Netto - Universidade do Estado de Mato Grosso

Prof. Dr.Pablo Ricardo de Lima Falcdo - Universidade de Pernambuco

Prof® Dr* Paola Andressa Scortegagna - Universidade Estadual de Ponta Grossa
Prof® Dr® Rita de Céassia da Silva Oliveira - Universidade Estadual de Ponta Grossa
Prof. Dr. Rui Maia Diamantino - Universidade Salvador

Prof. Dr. Saulo Cerqueira de Aguiar Soares - Universidade Federal do Piaui

Prof. Dr. Urandi Jodo Rodrigues Junior - Universidade Federal do Oeste do Para

Prof? Dr* Vanessa Bordin Viera - Universidade Federal de Campina Grande

Prof® Dr* Vanessa Ribeiro Simon Cavalcanti - Universidade Catdlica do Salvador
Prof. Dr. William Cleber Domingues Silva - Universidade Federal Rural do Rio de Janeiro
Prof. Dr. Willian Douglas Guilherme - Universidade Federal do Tocantins

Ciéncias Agrarias e Multidisciplinar

Prof. Dr. Alexandre Igor Azevedo Pereira - Instituto Federal Goiano

Prof. Dr. Arinaldo Pereira da Silva - Universidade Federal do Sul e Sudeste do Para
Prof. Dr. Antonio Pasqualetto - Pontificia Universidade Catélica de Goias

Prof® Dr? Carla Cristina Bauermann Brasil - Universidade Federal de Santa Maria
Prof. Dr. Cleberton Correia Santos - Universidade Federal da Grande Dourados
Prof® Dr? Diocléa Almeida Seabra Silva - Universidade Federal Rural da Amazonia
Prof. Dr. Ecio Souza Diniz - Universidade Federal de Vicosa

Prof. Dr. Fabio Steiner - Universidade Estadual de Mato Grosso do Sul

Prof. Dr. Fagner Cavalcante Patrocinio dos Santos - Universidade Federal do Ceara
Prof® Dr? Girlene Santos de Souza - Universidade Federal do Recdncavo da Bahia
Prof. Dr. Jael Soares Batista - Universidade Federal Rural do Semi-Arido

Prof. Dr. Jayme Augusto Peres - Universidade Estadual do Centro-Oeste

Prof. Dr. Jilio César Ribeiro - Universidade Federal Rural do Rio de Janeiro

Profe Dr? Lina Raquel Santos Aradjo - Universidade Estadual do Ceara

Prof. Dr. Pedro Manuel Villa - Universidade Federal de Vigosa

Prof® Dr* Raissa Rachel Salustriano da Silva Matos - Universidade Federal do Maranhao
Prof. Dr. Ronilson Freitas de Souza - Universidade do Estado do Para

Prof® Dr® Talita de Santos Matos - Universidade Federal Rural do Rio de Janeiro
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Ciéncias A

Prof. Dr. Tiago da Silva Tedfilo - Universidade Federal Rural do Semi-Arido
Prof. Dr. Valdemar Antonio Paffaro Junior - Universidade Federal de Alfenas

Ciéncias Bioldgicas e da Salde

Prof. Dr. André Ribeiro da Silva - Universidade de Brasilia

Prof® Dr* Anelise Levay Murari - Universidade Federal de Pelotas

Prof. Dr. Benedito Rodrigues da Silva Neto - Universidade Federal de Goias

Prof? Dr* Daniela Reis Joaquim de Freitas - Universidade Federal do Piaui

Prof? Dr* Débora Luana Ribeiro Pessoa - Universidade Federal do Maranhao

Prof. Dr. Douglas Siqueira de Aimeida Chaves - Universidade Federal Rural do Rio de Janeiro
Prof. Dr. Edson da Silva - Universidade Federal dos Vales do Jequitinhonha e Mucuri

Prof? Dr® Elizabeth Cordeiro Fernandes - Faculdade Integrada Medicina

Prof® Dr* Eleuza Rodrigues Machado - Faculdade Anhanguera de Brasilia

Prof® Dr* Elane Schwinden Prudéncio - Universidade Federal de Santa Catarina

Prof* Dr® Eysler Gongalves Maia Brasil - Universidade da Integracdo Internacional da Lusofonia Afro-
Brasileira

Prof. Dr. Ferlando Lima Santos - Universidade Federal do Recdncavo da Bahia

Prof? Dr® Fernanda Miguel de Andrade - Universidade Federal de Pernambuco

Prof. Dr. Fernando Mendes - Instituto Politécnico de Coimbra - Escola Superior de Salde de Coimbra
Prof® Dr* Gabriela Vieira do Amaral - Universidade de Vassouras

Prof. Dr. Gianfabio Pimentel Franco - Universidade Federal de Santa Maria

Prof. Dr. Helio Franklin Rodrigues de Almeida - Universidade Federal de Ronddnia

Prof® Dr? lara Lucia Tescarollo - Universidade Sao Francisco

Prof. Dr. Igor Luiz Vieira de Lima Santos - Universidade Federal de Campina Grande

Prof. Dr. Jefferson Thiago Souza - Universidade Estadual do Ceara

Prof. Dr. Jesus Rodrigues Lemos - Universidade Federal do Piaui

Prof. Dr. Jonatas de Franga Barros - Universidade Federal do Rio Grande do Norte

Prof. Dr. José Max Barbosa de Oliveira Junior - Universidade Federal do Oeste do Para

Prof. Dr. Luis Paulo Souza e Souza - Universidade Federal do Amazonas

Prof® Dr* Magnélia de Araljo Campos - Universidade Federal de Campina Grande

Prof. Dr. Marcus Fernando da Silva Praxedes - Universidade Federal do Reconcavo da Bahia
Prof® Dr* Maria Tatiane Gongalves Sa - Universidade do Estado do Para

Prof® Dr* Mylena Andréa Oliveira Torres - Universidade Ceuma

Prof® Dr* Natiéli Piovesan - Instituto Federacl do Rio Grande do Norte

Prof. Dr. Paulo Inada - Universidade Estadual de Maringa

Prof. Dr. Rafael Henrique Silva - Hospital Universitario da Universidade Federal da Grande Dourados
Prof® Dr* Regiane Luz Carvalho - Centro Universitario das Faculdades Associadas de Ensino
Prof® Dr* Renata Mendes de Freitas - Universidade Federal de Juiz de Fora

Prof® Dr® Vanessa da Fontoura Custodio Monteiro - Universidade do Vale do Sapucai

Prof® Dr* Vanessa Lima Gongalves - Universidade Estadual de Ponta Grossa

Prof? Dr® Vanessa Bordin Viera - Universidade Federal de Campina Grande

Prof® Dr* Welma Emidio da Silva - Universidade Federal Rural de Pernambuco

Ciéncias Exatas e da Terra e Engenharias

Prof. Dr. Adélio Alcino Sampaio Castro Machado - Universidade do Porto

ProF@ Dr® Ana Grasielle Dionisio Corréa - Universidade Presbiteriana Mackenzie

Prof. Dr. Carlos Eduardo Sanches de Andrade - Universidade Federal de Goias

Prof® Dr* Carmen Lucia Voigt - Universidade Norte do Parana
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APRESENTACAO

A obra “A Face Transdisciplinar das Ciéncias Agrarias” vem ao encontro da
necessidade das Ciéncias Agrarias em suprir as demandas transdisciplinares na construgao
do conhecimento através de uma visdo menos compartimentalizada.

Dividida em dois volumes que contam com 28 capitulos cada, abordam primeiramente
assuntos referentes a época de semeadura e efeitos de diferentes sistemas de plantio na
germinacdo de sementes, utilizacdo de microrganismos no desenvolvimento de plantas
e controle de pragas, e avaliagdo do uso de residuos na agricultura, dentre outros. Em
seguida sdo tratados assuntos referentes ao bem-estar animal, e caracteristicas de
produtos de origem animal. Na terceira e Ultima parte, s@o expostos assuntos voltados ao
acesso as politicas publicas, reforma agréaria e desenvolvimento rural.

O organizador e a Atena Editora agradecem aos autores vinculados as diferentes
instituicbes de ensino, pesquisa e extensado do Brasil e exterior, por compartilharem seus
estudos tornando possivel a elaboracao deste e-book.

Esperamos que a presente obra possa estimular a intercomunicagdo das mais
diversas areas das Ciéncias Agrarias em prol da ciéncia e pesquisa, suprindo as mais
variadas demandas de conhecimento.

Boa leitura!

Julio César Ribeiro
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ABSTRACT: Several studies report honey to be
a easy to use substrate for silver nanoparticle
synthesis. This study analyzed the synthesis of
silver nanoparticles using two honey samples
through different protocols in order to compare
their morphology and antibacterial properties.
The honey samples used were collected from the
Londrina State University meliponary and from
the Unidade de Conservagdao Monte Sinai (Maua
da Serra-PR, Brazil), diluted to 50% (v/v) in
water and sterilized by filtration in 0.22 ym filters.
Afterwards, the diluted honey samples were
mixed 1:1 with a water solution containing 5 mM
AgNOQ, and aliquots were separated in different
tubes. The content of each tube underwent a
different synthesis process: exposure to sunlight,
basification to pH 5 or basification to pH 10.
After synthesis, samplings from each sample
were submitted to a heat treatment of water bath
at 60°C for 30 minutes. The shape and size of
silver particles inside the micro compounds
were observed by images obtained through
Scanning Electron Microscopy (SEM), which
revealed silver varying between 100 and 150 nm
in size. Investigation regarding the antibacterial
properties was performed by determination of
Minimal Inhibitory Concentration (MIC) assays,
time-kill curve comparison and morphological
alterations of bacteria surface after treatment by
SEM. The MIC assays showed concentrations
varying between 15.625 and 500 yM, while the
time-kill curves revealed Escherichia coli to be
more sensitive than Staphylococcus aureus
and that the silver microparticles produced
by basification to pH 10 have a more limited
antibacterial action. SEM images showed surface
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damage in E. coli exposed to silver microparticles synthesized by sunlight or basification to
pH 5. In conclusion, the studies performed show the clinical potential of these honeys with
silver microparticles in the form of micro compounds and the importance of future synthesis
optimization of micro compounds.

KEYWORDS: Antibacterial, honey, micro compounds, nanoparticles, silver.

ATIVIDADE ANTIBACTERIANA DE MICROPARTICULAS DE PRATA
ENCAPSULADAS COM MEIS DE Apis mellifera E Scaptotrigona bipunctata

RESUMO: Varios estudos atestam que o mel é um substrato de facil uso no processo
de sintese de nanoparticulas de prata. Este estudo analisou a sintese de nanoparticulas
de prata usando duas amostras de mel através de diferentes protocolos como forma de
comparar suas morfologias e propriedades antibacterianas. As amostras de mel usadas
foram coletadas do meliponario da Universidade Estadual de Londrina (UEL) e da Unidade
de Conservagdo Monte Sinai (Maua da Serra-PR, Brasil); diluidas 50% (v/v) em agua e
esterilizadas por filtragem usando filtros de 0.22 um. Depois, as amostras de mel diluidas
foram misturadas na proporgéo de 1:1 com uma solugéo de agua contendo 5 mM de AgNO,
e aliquotas da mistura foram separadas em diferentes tubos. O conteudo de cada tubo foi
submetido a um processo de sintese diferente: exposi¢éo a luz solar, alcalinizagao até pH
5 ou alcalinizagdo até pH 10. O formato e tamanho das particulas de prata dentro foram
observadas por Microscopia Eletrénica de Varredura (MEV), que revelaram microparticulas
cujos tamanhos variaram entre 100 e 150 nm. As propriedades antibacterianas foram
investigadas por ensaios de Concentragéo Inibitéria Minima (CIM), comparagéo de curvas de
crescimento e morte e altera¢des morfologicas de bactérias apds tratamentos vistas em MEV.
Ensaios de CIM mostraram que as concentragdes variaram dentre 15.625 e 500 yM, ja as
curvas revelaram que Escherichia colifoi mais sensivel aos tratamentos que Staphylococcus
aureus e que microparticulas produzidas por alcalinizagcdo até pH 10 possuem uma agéo
antibacteriana mais limitada. Imagens obtidas por MEV mostraram danos em bactérias E.
coli expostas a micrcompostos de prata obtidos por luz solar ou alcalinizagédo até pH 5. Em
concluséo, os estudos realizados mostram o potencial clinico de méis com microparticulas de
prata na forma de micro compostos e a importancia da otimizagdo na sintese dos mesmos.
PALAVRAS-CHAVE: Antibacteriano, mel, microcompostos, prata.

11 INTRODUCTION

The “Golden age” of antibiotics, which began with the discovery of penicillin, brought
forward several health benefits, their inappropriate usage and presence in fomites such as
water by improper, resulted in a selective pressure which favored multidrug-resistant (MDR)
bacterial strains. They are ever-increasingly present in clinical cases which persists to this
day; and infections caused by bacteria resistant to novel antibiotics them claim 700,000
lives every year according to the WHO, making the one of the antibacterial resistance is one
of the biggest threats to global health (SINGH, 2006; FERREIRA et al., 2008; SILVER, 2011;
TODAR, 2011; WHO, 2015; O’ NEILL, 2016; WHO, 2016). In response to this alarming
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scenario, many studies have been conducted in search of new therapies.

Among the articles published, many focus on the modern usage of antibacterial
substances used since Antiquity. One among these is silver, which is already employed in
products intended for dental care and burns and wounds healing (as silver sulfadiazine)
and presents antibacterial mechanisms such as membrane disruption and DNA disrepair;
however, it is recommended its formulation in the form of nanoparticle before usage in
order to improve its antibacterial effect and avoid adverse ones (KIM et al., 2007;
ChERNOUSOVA; EPPLE, 2012; GIBSON et al., 2014; WANG et al., 2014; GUPTA et al.,
2016; GUPTA et al., 2019). Another substance studied for its antibacterial properties is
honey, known today to have hydrogen peroxide, which causes oxidative stress; as well as to
other antibacterial molecules obtained from the bee (like bee-defesin-1) and its floral source
(such as flavonoids) (BOGDANOV, 1996; GANZ, 2003 KWAKMAN et al., 2010; BIZERRA
et al., 2012; KWAKMAN; ZAAT, 2012; NOLAN et al., 2019). The diversity in antibacterial
components tends to not favor resistant bacterial strains and has allowed for products such
as Manuka® and Revamil® to be licensed for usage against bacterial infections (MOLAN;
BETS, 2004; KWAKMAN et al., 2011; CARNWATH et al., 2014).

The fact that silver and honey can be used as antibacterial effectively is interesting
because silver nanoparticles can be obtained by basification or sunlight exposure of honey
solutions with silver nitrate (BAR et al., 2009, KWAKMAN et al., 2010; PHILIP, 2010; MITTAL
et al., 2013; MADHU et al., 2019). Thus, this article reports the development of micro
compounds with silver nanoparticles synthesized using honey as a capping and reducing
agent through different methods.

21 MATERIAL AND METHODS

2.1 Acquisition of honey samples and micro compound synthesis using
honey

Honeys used in for the synthesis of silver particles were obtained during the
years 2018 and 2019 from hives of two bee species: the Africanized A. mellifera Latreille
(Hymenoptera: Apidae) honeybee and the S. bipunctata Lepeletier 1836 (Hymenoptera:
Apidae: Meliponinae) stingless bee. They were collected from a meliponary (Universidade
Estadual de Londrina, Londrina-PR, Brazil) using glass syringes and metal spatulas, put
in plastic tubes. Before to the conduction of synthesis protocols, they were diluted 1:1 in
deionized water, sterilized through filtration with 0.22 pm filters (Millipore®), and stored
at 4°C. The three different methods of silver particles production described below were
performed through adaptations from the protocols described by Tagad et al. (2013), Priz
(2014) and Gonzalez et al. (2016).

Three prepared samples of “HAM” (“honey from Apis mellifera’) solution and three of
“HSB” (“honey from Scaptotrigona bipunctata”) solution were mixed in tubes (50% vv') with
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a solution of AQNO, (Sigma-Aldrich®, Brazil) at 5 mM. Then one tube of each honey sample
was exposed to sunlight for 10 minutes (“ML” — “microparticles by light”). The remaining
pair of solutions were basified by adding a 1M NaOH solution until pH was 5.0 (forming
“MB”- microparticles by basification), and the last pair had their pH adjusted to 10 by similar
fashion (“MAB” — microparticles by aggregative basification). All solutions were mixed and
left in ambient temperature for 5 minutes before storage at 4°C for 24 hours. The number of
samples obtained from these protocols was six, which totalized twelve after the production
of the “heated” variants through the protocol described in “microdilution assay” section.

2.2 Bacterial strains

The Micro dilution assays (see below) were performed against the reference
bacterial reference strains: Escherichia coli ATCC 8739 and ATCC 25922, Pseudomonas
aeruginosa ATCC 9027 and ATCC 27853, Salmonella enterica serovar Enteritidis ATCC
13076, S. enterica serovar Typhimurium UK-1, Staphylococcus aureus ATCC 25923 and
ATCC 29213, and Staphylococcus epidermidis strain 1E4248. Among those strains, S.
aureus ATCC 29213 and E. coli ATCC 8739 were selected as Gram-positive and Gram-
negative reference strains for the antibacterial effect comparison. All strains were stored at
a temperature of -20°C in Brain Heart Infusion (BHI) broth (Oxoid® Brazil) containing 20%
(v/v) glycerol (Merck® Brazil).

2.3 Micro dilution assays with and without heating

Determination of the Minimal inhibitory concentrations (MICs) for each micro
compound against the varied bacterial strains tested was based on the Clinical and
Laboratory Standards Institute (CLSI, 2017) guidelines through the microdilution method
after serial dilution in 96-well plates. Thermal stability of the antibacterial properties of the
compounds was verified by obtaining “heated” variants (“®”) trough heating samplings from
each type at 60 °C for 30 minutes in water bath before the microdilution and assays.

Each bacterial strain prior to the assay was cultivated in Muller Hinton (MH- Difco®)
agar 24 hours before the experiment and then suspended in a sterile saline solution (NaCl
0.85%, Sigma-Aldrich® Brazil) at a concentration of 1.5 x 108 CFUmL" (0.5 on the McFarland
scale). Aliquots of 10 uL were transferred to microtubes containing 990 uL MH (Difco®)
broth. From those microtubes, aliquots containing 50 pL were plated in wells containing 50
puL MH (Difco®) broth with a sample serially diluted (for a final bacterial concentration of 7.5
x 10° CFUmL™). The micro compounds concentrations tested ranged from 15.625 to 500
UM; and wells without any treatment (bacterial viability control) and without bacteria (sterility
control) and assays were performed in triplicate per honey samples per bacterial strain. The
96-well plates were incubated at 37 °C for 24 hours and; after incubation, the optical density
values at 600 nm were determined using a Bio-Rad® Microplate Reader (model 3550), and
the MIC values were detected.
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2.4 Antibacterial effect comparison in relation to micro compound type and
bacteria

The effect of the synthesized micro compounds on bacterial growth was compared
by a time-response growth curve assay. In this assay, E. coli ATCC 8739 and S. aureus
ATCC were previously cultivated in MH (Difco® agar plates for 24 hours at 37 °C and then
suspended in sterile saline (NaCl 0.85% - Sigma-Aldrich®), resulting in two saline solutions
containing 1.5 x 108 colony forming units (CFU) per mL (0.5 on the McFarland scale) of
either E. coli or S. aureus. From each solution, three samples of 10 pL inoculated in a
separate microtube containing 990 uL MH (Difco®) broth solutions and with a type of micro
compound at the chosen concentration of 125 pM.

The microtubes were incubated at a temperature of 37°C for 7 hours. At four time
points (0, 2, 4, and 7 hours after incubation), a portion of 100 yL from each sample was
collected and serially diluted ten-fold in microtubes with MH (Difco®) broth. From these
dilutions, three samples of 10 pyL from each were inoculated in MH (Difco®) agar media
plates. Lastly, those plates were cultivated at 37°C for 18 hours and formed colonies formed
were counted.

2.5 Scanning electron microscopy of sample nanoparticles and bacteria
affected by nanoparticle treatment

Before preparation of the microscopy slides, 1 mL of selected nanoparticle solutions
(HAM ML, HAM MAB, HSB ML and HSB MAB) had their excess honey removed by
centrifugation for one hour at 24°C and 3,000 g. The resulting pellets were then resuspended
in 1 mL of deionized water. For the preparation of the bacterial samples slides to be
analyzed by SEM, 10 uL E. coli aliquots at 1,5 x 108 CFU concentration were inoculated in
microtubes with 990 pL solution of MH broth with selected nanoparticles (both heated and
non-heated) solution at 125 uM. Afterwards, those samples were incubated for 4 hours at
37°C, centrifuged four times at 1,000 g, 3,000 g and twice at 7,000 g (each 5 minutes long
and all at 24°C), and resuspended 100 pL of deionized water. From each sample, 10 uL
were collected and deposited in different polylysine-coated (1%) glass slide inside wells
and submitted to the four stages of slide preparation: fixation, post-fixation, dehydration and
critical point drying.

The first step, fixation, was performed right after the sample dried in the slide
by immersing the slide overnight at 4°C in a 0.1 M cacodylate buffer solution with 2%
glutaraldehyde and 2% paraformaldehyde. In the next morning, for the post-fixation stage,
the buffer was removed and replaced by 1% OsO, solution and left in room temperature
for two hours. Afterwards, the slides were dehydrated through submersion in gradient
ethanol solution (70, 80, 90, and 100°GL). Lastly, the samples were submitted critical point
dehydration using CO,BALTEC CPD 030 Critical Point Dryer) and then coated in gold using
the Baltec SCD Super Cotter. The ensuing slides were observed with a scanning electron
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microscope (FEI Quanta 200) and images taken were analyzed with Image J.

2.6 Statistical analysis

Data collected from the time-kill curve assay were analyzed by one-way ANOVA
and differences between CFU logarithm means of the same bacteria submitted to different
treatments were determined using Tukey’s range test or the Chi-square test (a = 5%).
Comparison between the CFU among S. aureus and E. coli treated with the same HAM
micro compound was made in similar manner, however the logarithm CFU average of either
initial timestamp (time= 0) were subtracted from logarithm of CFU averages from each
subsequent timestamps; followed by paired t-test analysis. All tests were performed with
the statistical programs GraphPad Prism version 6.02 and BioEstat version 5.3.

31 RESULTS

3.1 MIC assay of micro compounds

Figures 1A and 1B display Minimal Inhibitory Concentrations (MICs) of HAM and HSB
micro compounds against Gram negative bacterial ATCC strains compared to treatment with
AgNO,, while Figures 1C and 1D display the MIC concentrations of the same compounds

against Gram positive strains.
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Figure. 1C and 1D Minimal Inhibitory concentrations (MICs) of AGNO, micro compounds produced
with honey collected from Apis mellifera honeybees (C) or Scaptotrigona bipunctata stingless bees
(D) against American Type Culture Collection (ATCC) Gram-positive bacterial strains. Notes: MIC
concentrations are separated by according to the combinations bacteria and microparticles type
tested. Abbreviations: AgNQO,, Silver nitrate; ATCC, American Type Culture Collection; HAM, Honey
samples collected from Apis mellifera honey honeycombs; HSB, Honey samples collected from
Scaptotrigona bipunctata honeycombs; ML, micro compound obtained by light exposure; MB, micro
compound obtained by adjusting pH to 5; MAB, micro compound obtained by by adjusting pH to 10, uM,
micromolar, d, heated variant of micro compound.

The MICs obtained varied between 31 to 250 uM, and the concentration of 62.5 uM
was the modal MIC. Mean MIC of HAM micro compounds tested against the Gram-negative
strains was 98.6 yM; while mean MIC for HSB micro compounds was 98.1 yM. Against the
Gram-positive strains, the average MIC of HAM and HSB micro compounds were 96.9 uM
and 124.8 uM, respectively. Mean MIC for treatments with silver nitrate (AgNO,) against the
Gram-negative strains calculated was 56.0 yM; and 124.7 uM against the Gram-positive

ones.

3.2 Antibacterial effect comparison in relation to synthesis type and bacteria

The effects of HAM micro compounds on the bacterial growth kinetics of E. coli
ATCC 8739 and S. aureus ATCC 29213 up to 7 hours are shown in the Figure 2.
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Figure 2. Time-kill curves of Staphylococcus aureus ATCC 29231 and Escherichia coli ATCC 8739

v N
Time (Hours)

2 4

teeodd

mmmononn

aureus w/ HAM ML
aureus w/ HAM MAB
aureus w/ HAM MB
coli w/ HAM ML

coli w/ HAM MB

coli w/ HAM MAB

exposed to HAM microparticles. Notes: Time-kill curves are nominated after the bacteria exposed to
antibacterial treatment, honey samples used in micro compound synthesis and method of synthesis.

All micro compound treatments were at 125 yM. Abbreviations: CFU, colony forming units; HAM,

Honey samples collected from Apis mellifera honey honeycombs; HSB, Honey samples collected from
Scaptotrigona bipunctata honeycombs; MAB, micro compound obtained by adjusting pH to 10; MB,

micro compound obtained by adjusting pH to 5; ML, microparticles obtained by light exposure.

Effects are analyzed based on CFU counts in determined timestamps and results
are displayed in number of colony forming units per milliliter (CFUmL™). The Gram-negative
strain (E. coli ATCC 8739) demonstrated a higher sensitivity than the Gram-positive one (S.
aureus ATCC 29213), as the corrected CFU average of E. coli was significantly lower than
the corrected S. aureus CFU, expect for the HAM MAB micro compound after two hours of
incubation. In relation to the comparison between treatments, as shown in Tables 1Aand
B, usage of ML micro compounds resulted the significantly lowest CFU counts; while MAB
microparticles presented a more limited antibacterial effect.

(A)
Time (in hours)
Synthesis 4 7
ML B B
MB B C
MAB A A
(B)
Time (in hours)
Synthesis 4 7
ML A B
MB B C
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MAB B A A

Notes: ANOVA analysis results of CFU exposed to micro compound treatments are displayed in the
form of ranks. It was attributed to the highest CFU average in a given timestamp the rank “A”, and to
each significantly lower mean was attributed the next letter as its rank. All micro compound treatments
were at 125 yM. Abbreviations: MAB, micro compound obtained by adjusting pH to 10; MB, micro
compound obtained by adjusting pH to 5; ML, micro compound obtained by light exposure.

Tables 1A and 1B. ANOVA rankings of CFU obtained from Escherichia coli ATCC 8738 (A) and
Staphylococcus aureus ATCC 29231 (B) submitted to different HAM microparticles.

3.3 SEM images of centrifuged particles inside micro compounds and
measurements

From the SEM images taken at a magnification of 20.000x, silver microparticles
formation inside the micro compounds obtained trough different methods can be seen in the
panel depicted in Figure 3. Average size (established as the equivalent circular diameter)
among the silver particles inside all types of micro compounds varied between 100 and
150 nm. Thus the particles inside the micro compounds can be considered a mixture
nanoparticles and fine particles according to international organizations (EU, 2011; FDA
2014). The other panel (Figure 4) show bacteria presenting blebs after being growth in
media containing ML or MB micro compounds, regardless of which honey samples was
used in the synthesis process.

Figure 3. Selected Scanning Electron Microscopy of micro compounds containing silver particles
at 20,000x magnification. Abbreviations: HAM, Honey samples collected from Apis mellifera honey
honeycombs; HSB, Honey samples collected from Scaptotrigona bipunctata honeycombs; MAB, micro
compound obtained by adjusting pH to 10; MB, micro compound obtained by adjusting pH to 5; ML,
micro compound obtained by light exposure.
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Figure 4. Selected Scanning Electron Microscopy of Escherichia coli ATCC 8739 cultivated with micro
compounds at 20000x magnification. Notes: Images are nominated after which micro compound
Escherichia coli ATCC 8739 was exposed to. All micro compound treatments were at 125 M. The
bacteria in the “Control” image were not exposed to any treatment, while bacteria in the “AgNO,” were
exposed to silver nitrate at 125 yM. Abbreviations: AGNO,, Silver nitrate; Control, bacteria not subjected
HAM, Honey samples collected from Apis mellifera honey honeycombs; HSB, Honey samples collected
from Scaptotrigona bipunctata honeycombs; MAB, micro compound obtained by adjusting pH to 10;
MB, micro compound obtained by adjusting pH to 5; ML, micro compound obtained by light exposure; 3,
heated variant of micro compound was used.

4| DISCUSSION

The obtained MIC concentrations of all non-centrifuged micro compounds (Figures 1A
Through 1D) varied between 15 and 250 yM even among the heated variants (which, given
the methodology deployed, means 1.62-27 pgmL' of silver is present in the compounds
at MIC); while the size of nanoparticles inside them varied between 100 and 150 nm
(Figure 3). This concentration range is similar to findings regarding MIC concentrations
of nanoparticles which are described having similar sizes and are shown to be effective
antibacterial in literature, and thus these results allude to a promising result for the micro
compounds synthesized (HAJIPOUR et al., 2012; KHAN, 2012; TAGAD et al., 2013; PRIZ,
2014; GONZALEZ et al., 2016; ESCARCEGA-GONZALEZ et al., 2018). However, the time-
kill curve assay reveals more nuances and differences to the antibacterial effect (Figure 2).

In accordance to the MIC findings, all treatments presented for seven hours an
antibacterial effect at least bacteriostatic. Additionally, the Gram-negative bacteria (E. coli)
was more sensitive to the micro compound treatments than the Gram-positive one (S. aureus),
which were which corroborates to current literature (BAEK; AN, 2011; ASHKARRAN et al.,
2012; HAJIPOUR et al., 2012; LAGBAS et al., 2015). Additionally, this finding advocates for
micro compounds usage against bacterial infections in isolation as well as in combination
because other studies have established Gram-negative bacteria to be more resistant to
other antibacterial substances (including novel antibacterials) (ASHKARRAN et al., 2012;
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LAGBAS; PELISCO; RIEGO, 2015; NISHIO et al., 2015; JIMENEZ et al., 2016; GUPTA et
al., 2019; CLEBIS et al., 2019).

The time-kill curve assay (Figure 2) also demonstrates MB micro compounds to be
more effective than comparison to ML; and MAB micro compounds to be the least effective.
This is corroborated in the SEM images of bacteria after micro compound treatments, which
show a greater amount of cellular damage in cases which E. coliwas subjected to treatments
with ML or MB (Figure 4). While the antibacterial properties described in this work differs
greatly from those described for honey, high degrees of basicity also compromise stability
of antibacterial molecules such as H,0,, and thus the data found indicate that honey might
partially contribute to the antibacterial effect could be related to the of the antibacterial
effect of the MAB micro compound (NISHIO et al., 2015 CLEBIS et al., 2019; BRUDZYNSKI
2020,). Therefore, micro compounds obtained through different protocols wereshown by the
experiments performed to present differences in their effect against bacteria.

In conclusion, the data here describes the synthesis of micro compounds containing
silver through usage of two honey samples and their clinical potential against bacterial and
present antibacterial effect. The types of micro compounds obtained also demonstrated
significant differences in their effect against bacteria, which warrant further studies as well

as reveal new possibilities for clinical treatments.
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