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RESUMO

O objetivo geral deste trabalho foi caracterizar quimica e anatomicamente as cascas de
Stryphnodendron rotundifolium e Myracrodruon urundeuva, e formular coagulantes a base de
seus taninos para serem utilizados na clarificacdo da agua. Foram analisadas a anatomia e a
espessura do floema secundario e periderme, e também a histoquimica da casca. Foram
determinados os teores de cinza, extrativos, lignina e holocelulose, assim como o indice de
Stiasny e o teor de taninos condensados. Dois tipos de cationizacdo foram realizados, um
conforme a reagdo de Mannich e uma alternativa ao formaldeido foi o uso do dimetil carbonato.
As cascas das espécies apresentaram ritidoma frequentemente em anastomose, formando um
padrdo reticulado. As cascas de M. urundeuva foram marcadas pela presenga de ductos
secretores e floema morto entre as peridermes. Fendmeno de dilatacdo foi observado em S.
rotundifolium no floema ndo condutor e em M. urundeuva apos a periderme mais interna. A
guantidade de extrativos em S. rotundifolium foi muito maior que em cascas de varias espécies.
Para os taninos de M. urundeuva, o indice de Stiasny foi de 66,7%, enquanto para os taninos de
S. rotundifolium, de 95,1%. O rendimento de taninos condensados foi de 11,1% para a casca de
M. urundeuva e de 25,2% para a casca de S. rotundifolium. A analise por FTIR indicou que
ambos 0s processos de cationizacdo ocorreram. Os taninos cationizados com dimetil carbonato
apresentaram baixa eficiéncia na remocao de turbidez, porém, podem ser testados como agentes
coagulantes secundarios. Nenhum coagulante a base de tanino alterou o pH da agua. Ambas as
cascas apresentaram maior contetdo fendlico na casca externa do que na casca interna, sendo
indicado a realizagcdo de estudos voltados a elaboracdo de um plano de manejo que vise a
exploracdo sustentavel dessas cascas. Os coagulantes derivados de taninos produzidos pela
reacdao de Mannich apresentaram resultados satisfatorios para o uso da dgua de clarificacdo.

Palavras-chave: Anatomia de casca. Composicdo quimica de casca. Coagulante.
Myracrodruon urundeuva. Stryphnodendron rotundifolium.



ABSTRACT

The general objective of this work was to characterize chemically and anatomically barks from
of Myracrodruon urundeuva and Stryphnodendron rotundifolium, and formulate tannin-based
coagulants of these species to be used in water clarification. Anatomy and thickness of the
periderm and secondary phloem, and also the bark histochemistry were analyzed. Ash,
extractives, lignin, and holocellulose content were determined as well as Stiasny index and
condensed tannins content. Two types of cationization were performed, one following Mannich
reaction and an alternative to formaldehyde was the use of dimethyl carbonate. Barks species
presented rhytidome frequently anastomosing periderm layers, forming a reticulate pattern. M.
urundeuva was marked by the presence of secretory ducts and dead phloem between the
periderms. Dilation phenomena was observed in S. rotundifolium in nonconducting phloem,
and in M. urundeuva after innermost periderm. Amount extractives in S. rotundifolium was
much higher than in barks of several species. For M. urundeuva tannins the Stiasny index was
66.7%, whereas for S. rotundifolium tannins was 95.1%. The yield of condensed tannins was
11.1% for M. urundeuva bark, and 25.2% for S. rotundifolium bark. FTIR analysis indicated
that both cationization processes occurred. Cationized tannins with dimethyl carbonate had low
turbidity removal efficiency, however, can be tested as a secondary coagulant agent. No tannin-
based coagulant changed the pH of the water. Both barks presented more phenolic content in
outer bark than inner bark, in which it is indicated the accomplishment of studies directed to
the elaboration of management plan that aim at the sustainable exploitation of these barks.
Tannin-derived coagulants produced by Mannich reaction presented satisfactory results for use
clarification water.

Keywords: Bark anatomy. Bark chemical composition. Coagulant. Myracrodruon urundeuva.
Stryphnodendron rotundifolium.
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1 INTRODUCAO

Cascas de arvores tém despertado grande interesse no meio cientifico e industrial por se
tratar de promissoras matérias-primas para aplicacdo em diversas areas. Com composi¢do
quimica atrativa, o uso desta parte do vegetal torna possivel a obtencdo de diferentes produtos
de valor agregado.

O mercado de produtos a partir de cascas ainda é pouco desenvolvido devido ao alto
investimento para producdo de produtos com destinacdo nobre, grandes quantidades exigidas e
principalmente a falta de conhecimento das caracteristicas intrinsecas das cascas de cada
espécie florestal. Entretanto, devido as restricdes no uso de produtos sintéticos e com o
crescente apelo pelo pensamento “verde” e uso de materiais renovaveis, o estudo de cascas tem-
se impulsionado no mundo inteiro, sobretudo na Europa (JANSONE; MUIZNIECE;
BLUMBERGA, 2017).

Quimica e estruturalmente, a casca é um material muito complexo. Do ponto de vista
estrutural, a casca em seu estagio secundario de crescimento é composta por floema secundario,
periderme e ritidoma podendo ter ainda tecidos remanescentes do crescimento primario
(EVERT, 2006). O floema secundario é subdividido em floema condutor e floema nédo
condutor. A periderme é constituida de felogénio, felema e feloderme, ja o ritidoma,
corresponde a todos os tecidos mortos isolados pela Gltima periderme formada (BAPTISTA et
al., 2013). Esses tecidos, por sua vez, sdo compostos por células de diferente tamanhos,
formatos, funcbes e quantidades, como os elementos de tubo crivado, fibras, esclereides e
células parenquimaticas. Dessa forma, o estudo anatdmico da casca é uma poderosa ferramenta
ndo sO na identificacdo e separacdo de espécies, como na estimacdo do seu potencial de uso
(FURUNO, 1990).

Do ponto de vista quimico, as cascas sdo similares a madeira no que se refere as fibras,
as quais contém celulose, hemicelulose e lignina. Entretanto, esses componentes ocorrem em
guantidades menores que na madeira uma vez que as cascas normalmente apresentam maior
ocorréncia de extrativos e material inorganico, além de possuirem dois compostos exclusivos,
a suberina e acidos fendlicos (LEWIN; GOLDSTEIN, 1991). Em estudo feito por Jansone,
Muizniece e Blumberga (2017), dentre todos 0s usos da casca (energético, cobertura de solo,
sorvente, material de construcdo e extracdo de compostos quimicos) avaliados, a exploragéo de
compostos quimicos foi o0 que mais apresentou potencial para comercializacdo, sendo liderado

pelos taninos.
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Os taninos sdo compostos quimicos de natureza fendlica e quando extraidos do vegetal
apresentam potencial para ser aplicado nos mais diversos setores, dentre eles na clarificagéo da
agua (BELTRAN-HEREDIA; SANCHEZ-MARTIN, 2009). Seu uso para esta finalidade tem
sido muito interessante, uma vez que se tornam agente coagulante alternativo aos sais
inorganicos e polimeros sintéticos, 0s quais apresentam alguns inconvenientes, como alteracdo
do pH da &gua tratada, impactos ecotoxicologicos e riscos a salde humana
(VIJAYARAGHAVAN et al., 2011; NDABIGENGESERE et al., 1995). Além disso vale
ressaltar que os taninos sdo biodegradaveis, nao tdxicos, ndo corrosivos e de origem renovavel.

Quanto a obtenc¢do dos taninos, o Cerrado brasileiro tem se destacado como fonte desses
compostos bioativos. Com cerca de 6671 especies florestais nativas, sendo 44% endémicas
(MENDONCA et al., 1998; KLINK; MACHADO, 2005), Stryphnodendron rotundifolium
Mart. e Myracrodruon urundeuva Fr. All, da familia Fabaceae e Anacardiaceae
respectivamente, se sobressaem pelo seu vasto uso na medicina devido a presenca de
componentes fendlicos, dentre eles os taninos (CALOU et al., 2014; RIBEIRO et al., 2014;
RODRIGUES et al., 2008; VIANA; BANDEIRA; MATQOS, 2003).

Espécies do género Stryphnodendron sdo conhecidas pelo elevado conteudo tanifero
presente em suas cascas, em torno de 30% segundo Mori et al. (2003) para S. adstringens.
Goulart et al. (2012) e Carvalho et al. (2014) comprovaram que 0s taninos desta espécie podem
também serem usados como adesivos para madeira. Entretanto, para S. rotundifolium os estudos
sdo direcionados apenas para fins medicinais. O mesmo acontece para M. urundeuva, que
atualmente é imune de corte por estar em risco de extincdo devido a exploracdo desenfreada de
sua madeira (MARTINELLI; MORAES, 2013). Entretanto, a comprovacao do potencial de uso
diversificado de sua casca pode ser um importante passo para a conservacao da espécie, pois
além de incentivar novos plantios, a obtencdo da casca pode ser feita por métodos ndo
destrutivos.

Desta forma, o objetivo geral deste trabalho foi caracterizar quimica e anatomicamente
as cascas de Stryphnodendron rotundifolium e Myracrodruon urundeuva, e formular

coagulantes a base de taninos destas espécies para serem utilizados na clarificacdo da agua.
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2 REFERENCIAL TEORICO

3.1 Anatomia da casca

A casca corresponde ao conjunto de tecidos, de origem primaéria e secundaria, que estao
localizados  externamente ao cambio (APEZZATO-DA-GLORIA; CARMELLO-
GUERREIRO, 2009; BOHER et al., 2017). Em arvores, lianas e arbustos, pode ser dividida em
casca externa e casca interna, a primeira, compreende a periderme mais interna e as peridermes
subsequentes com os tecidos isolados por elas, e a segunda corresponde ao floema secundario
(ANGYALOSSY et al., 2016).

Em estagio primario de crescimento, a casca de caules inclui o floema primario, o cortex
e a epiderme, ja em plantas que passam pelo crescimento secundario, a periderme substitui a
epiderme, sendo responsavel, dessa forma pela protecdo de caules e raizes lenhosas,
desenvolvendo-se também préximos a tecidos lesionados, onde forma o stber de cicatrizacéo,
sendo portanto, grande responsavel pela conservacdo dos sistemas internos (ESAU, 1974;
MORRIS; JANSEN, 2016; RAVEN; EVERT; EICHHORN, 2014).

A periderme é constituida de felogénio, também chamado de cAmbio da casca, um tecido
meristematico que produz felema (stber ou cortica) em direcdo a periferia e feloderme, tecido
parenquimatico vivo internamente ao meristema; as células meristeméaticas do felogénio
apresentam divisao assimétrica, sendo produzidas muito mais camadas de felema do que de
feloderme (BOHER et al., 2017; ESAU, 1974). O desenvolvimento de sucessivas peridermes
da origem ao ritidoma, que pode também incluir vérios tecidos de diferentes origens, como
tecidos de origem priméaria (ROTH, 1981).

A formacédo da periderme é estimulada ndo somente pela idade, mas também pelas
condicdes ambientais ou lesbes na superficie do 6rgio (APEZZATO-DA-GLORIA;
CARMELLO-GUERREIRO, 2009). Estudos recentes mostram que o desenvolvimento da
periderme envolve a regulacdo de variados genes e se da em pelo menos seis estagios,
compreendendo séries de divisdes anti e periclinais do periciclo e diminuicdo progressiva da
endoderme, além da diferenciacdo do felema, que exibe um anel de células, momento anterior
ao qual, a regido cortical e epiderme rompem e desprendem-se, e apenas apos isso, a periderme
passa a ser o tecido externo que protege o orgdo (BOHER et al., 2013; BOHER et al., 2017;
WUNDERLING et al., 2018).

No que diz respeito aos tipos celulares encontrados na periderme, o felogénio é

caracterizado por apresentar apenas um tipo, com células em formato retangular e achatadas,
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quando vistas transversalmente e retangulares, poligonais e ou até irregulares, quando
visualizadas sob o aspecto longitudinal (APEZZATO-DA-GLORIA; CARMELLO-
GUERREIRO, 2009; ESAU, 1974).

As células do felema (suber) apresentam forma prismatica, irregular ou alongada, a
depender do plano anatémico analisado, além disso, quase sempre estdo compactadas e se
caracterizam pela suberizacdo das paredes, também apresenta células suberizadas e ndo-
suberizadas, ou células feloides, que se lignificam, podendo se diferenciar em esclereideos
(APEZZATO-DA-GLORIA; CARMELLO-GUERREIRO, 2009; ESAU, 1974). O felema esta
relacionado a protecdo da planta prevenindo ou até mesmo inibindo a passagem de umidade e
gases (BROWN; PANSHIN; FORSAITH, 1949)

O formato das células da feloderme se assemelha com as do parénquima cortical, sdo
ativas, diferenciando-se apenas pelo posicionamento, em fileira radial com as células de felema,
raramente formam mais de quatro camadas; contém cloroplastos, ou compostos fendlicos, com
a presenca de estruturas secretoras, podendo formar também esclereides (APEZZATO-DA-
GLORIA; CARMELLO-GUERREIRO, 2009; ESAU, 1974).

O floema secundario é derivado do cambio vascular, composto por floema condutor e
ndo condutor (ANGYALQOSSY et al., 2016). O floema condutor é um tecido diferenciado de
modo a exercer a funcdo de conducdo. Ele estd envolvido em transporte a longa distancia em
que os elementos de tubo crivado sdo enucleados e desenvolvidos possuindo caracteristicas
especificas, como a abertura de poros na area crivada. A camada de floema formada anualmente
é cerca de seis a 0ito vezes menos espessa que a camada de xilema, em fungdo dessa espessura
relativamente limitada, esse tecido normalmente se apresenta em atividade em um curto
intervalo de tempo, logo, a camada referente ao floema condutor ocupa apenas uma pequena
porcdo da casca (BROWN; PANSHIN; FORSAITH, 1949; EVERT, 2006).

O floema nédo condutor surge com a perda do contetdo citoplasmatico dos elementos de
tubo crivado do floema condutor, ou seja, € a parte do floema cuja capacidade de conducéo foi
perdida (ANGYALOSSY et al., 2016). O surgimento do floema ndo condutor pode ser
evidenciado de quatro formas: (1) colapso dos elementos de tubo crivado e algumas células
associadas a eles; (2) crescimento dilatado resultante do alargamento e divisdo das células de
parénquima radial e/ou axial; (3) esclerificacdo, que consiste no desenvolvimento de paredes
secundarias em células de parénquimas: (4) acimulo de cristais (ESAU, 1969). Apesar de nao
conduzir, ressalta-se o floema ndo condutor continua em funcionamento s6 que de outras
formas, como na estocagem e mobilizacdo de amido e outros metabdlitos, e também possui
capacidade meristematica (ANGYALOSSY et al., 2016).
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3.2 Quimica da casca

A casca desempenha vérias fun¢Bes para manter a planta viva, como protec¢éo contra o
ataque de insetos, microorganismos e componentes quimicos da atmosfera, prevencdo a
desidratacdo e transporte de produtos sintetizados pela fotossintese. Dessa forma, sua
composi¢do quimica se mostra muito complexa, apresentando um grande nimero de diferentes
compostos quimicos. Em comparacdo com a madeira, as cascas sao similares ao xilema
secundario no que se refere as fibras, as quais contém celulose, hemicelulose e lignina.
Entretanto, esses componentes ocorrem em quantidades menores que na madeira uma vez que
as cascas normalmente apresentam maior ocorréncia de extrativos e material inorganico, além
de possuirem dois compostos exclusivos, a suberina e acidos fenolicos (LEWIN; GOLDSTEIN,
1991).

A celulose é um componente estrutural que esta relacionada a resisténcia mecéanica do
vegetal. De acordo com Sjostrom (1981) a celulose é o polissacarideo dominante nas cascas,
aproximadamente 30%, porém, apesar de possuir 0 mesmo arranjo cristalino que a celulose
encontrada na madeira, seu grau de cristalinidade ¢ menor (ROWELL et al., 2005), o que
significa mais regibes amorfas e menor resisténcia mecanica.

As hemiceluloses também sdo componentes estruturais, e se encontram em uma matrix
envolvida por fibrilas de celulose dentro da parede celular. Sua funcdo esta relacionada com a
umidade de equilibrio da planta bem como interagdes supermoleculares, em que certamente
estd envolvida com o processo de lignificacdo servindo como interface entre a celulose e a
lignina (EK; GELLERSTEDT; HENRIKSSON, 2009). As hemiceluloses normalmente
ocorrem como heteropolissacarideos, e na maior parte dos casos, sdo semelhantes nas cascas e
na madeira, com algumas varia¢es na composicdo (ROWELL et al., 2005). Em cascas, as mais
comuns sdo: glucose, galctose, mannose, xylose, arabinose e rhamnose (SEGALL; PURVES,
1946).

A lignina € uma substancia fendlica tridimensional que confere rigidez a parede celular
(KOLLMANN; COTE JUNIOR, 1968). Nas cascas de Angiospermas, sua concentragio é em
torno de 40 a 50% (baseado no material livre de extrativos), enquanto que na madeira, varia
entre 18 e 25% (HARKIN; ROWE, 1971). Vale salientar que a lignina também apresenta
diferenca significativa em relagéo a casca interna e casca externa, sendo que a lignina da casca
interna € similar a lignina da madeira (SJOSTROM, 1981).

Suberina é um componente quimico tipicamente encontrado em cascas. E caracterizada

como insoltvel e impermeéavel a agua, insollvel em solventes organicos e altamente resistente
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ao &cido sulfurico concentrado (PRIESTLEY, 1921). De acordo com Brown, Panshin e Forsaith
(1949), as qualidades de isolamento da periderme séo relacionadas ao felema que é altamente
suberizada para prevenir ou em menos inibir a passagem de umidade e gases.

O material inorganico presente nas cascas podem ser cerca de dez vezes maior que na
madeira (JENSEN et al., 1963). Os metais sdo presentes nas cascas como sais diversos
incluindo oxalatos, fosfatos, silicatos, entre outros. Dentre os metais mais comuns encontra-se
o calcio e o potassio, sendo que o calcio é o mais ocorrente, principalmente na forma de cristais
de oxalato que s&o depositados nas células de parénquima axial (SJOSTROM, 1981).

Por estar relacionada com a protecdo dos 6rgdos, as cascas podem desenvolver a sintese
e secrecdo de metabolitos secundarios, os quais foram se diversificando ao longo da histoéria
evolutiva das plantas, tendo como principal finalidade a defesa contra herbivoros, patdgenos ou
competidores (DELGODA; MURRAY, 2017; RAVEN; EVERT; EICHHORN, 2014).

As principais classes de metabolitos secundarios s&o os alcaloides, os terpendides e 0s
compostos fenolicos, os quais representam um dos grupos fitoquimicos mais recorrente e
diverso, e talvez por isso figure entre os mais estudados dos metabodlitos secundarios
(BALASUNDRAM; SUDRAM; SAMMAN, 2006; LIN et al., 2016; RAVEN; EVERT;
EICHHORN, 2014). S3o exemplos de compostos fendlicos os &cidos fendlicos,
fenilpropandides, flavondides, quinonas, ligininas e os taninos condensados (RISPAIL;
MORRIS; WEBB, 2005).

3.3 Taninos vegetais

Os taninos vegetais sdo substancias fendlicas que possuem a propriedade de se associar
e de se combinar com proteinas e com certos polidis (P1ZZI, 1993). Este comportamento é
considerado a base das propriedades tanantes, e segundo Vermerris e Nicholson (2009), a
palavra tanino se refere ao processo de curtimento da pele de animais, justamente, pelo fato
dessa capacidade que os taninos tém de precipitar o colageno da pele dos animais para formar
0 couro.

Segundo Jorge et al. (2001) os taninos vegetais apresentam peso molecular de 500 até
valores superiores a 20.000 Da. Ferrdo (2003) complementa afirmando que na presenca de &gua,
os taninos formam solugdes coloidais que apresentam reacdo acida e forte sabor adstringente.
Nas plantas, a ocorréncia dos taninos esta relacionada aos sistemas de protecdo contra animais

e microrganismos patdégenos, em que deixam o material amargo ou adstringente ao paladar dos
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mesmos e, entdo, menos predado, o que pode ser explicado pelo fato de os taninos se associarem
as glucoproteinas salivares (SILVA, 2001).

A estrutura dos taninos é variavel dependendo da vida da planta em determinada area.
Suas propriedades variam entre diferentes espécies ou dentro da mesma espécie, dependendo
do tecido vegetal (MORI, 1997). Os taninos podem ser encontrados em praticamente todas as
partes da planta, em tecidos foliares, tecidos do broto, tecidos de sementes, tecidos da raiz e do
tronco (ASHOK; UPADHYAYA, 2012), com destaque para 0 cerne e para as cascas, em que

normalmente ocorrem em maior quantidade.

3.4 Espécies produtoras de taninos

De acordo com Zucker (1983), os taninos se encontram amplamente distribuidos nas
plantas superiores, ocorrendo em aproximadamente 30% das familias, podendo representar de
2 a 40% da massa seca da casca de varias espécies florestais (HERGERT, 1962).

Os taninos sao encontrados com maior frequéncia entre as espécies de angiospermas.
Contudo, nas gimnospermas, também existem alguns géneros, como Pinus, Picea e Tsuga, nos
quais os taninos sao encontrados com frequéncia. Ja entre as monocotiledéneas existem poucas
espécies ricas em taninos; porém, a familia Palmaceae representa uma excecao, ja que 0S
taninos sdo encontrados em algumas espécies. Entre as dicotileddneas, hd muitas familias nas
guais os taninos ocorrem em quantidades significativas, sendo as mais notaveis Fabaceae,
Anacardiaceae, Combretaceae, Rizoforaceae, Mirtaceae e Poligonaceae. A familia
Miristicaceae € de interesse especial, por causa dos tubos taniferos distintivos que ocorrem nos
raios das madeiras de todas as espécies (SILVA, 2001).

Entre as espécies comercialmente exploradas para a producédo, destacam-se o quebracho
(Schinopsis sp.) de ocorréncia na Argentina e Paraguai, a qual pode conter até 25% da massa
seca de sua madeira de cerne em taninos e a acécia-negra (Acacia mollissima e Acacia
mearnsii), de ocorréncia natural na Australia (HASLAM, 1966; PANSHIN et al., 1962). A
Acacia mearnsii é cultivada em varias regides no Rio Grande do Sul e apresenta
aproximadamente 28% de taninos na sua casca (TANAC, 2014).

Além dessas espécies, Haslam (1966) cita como grandes produtoras o Eucalyptus
astringens (casca contendo 40 a 50% de taninos), o0 mangue-vermelho Rhizophora candelaria
e 0 mangue-branco Rhizophora mangle (casca com 20 a 30% de taninos). Em relacdo as
espécies produtoras de taninos no Brasil, destacam as seguintes espécies: barbatimao
(Stryphnodendron adstringens) (MORI et al., 2003), angico branco (Anadenanthera colubrina)
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e angico vermelho (Anadenanthera peregrina) (MOTA, 2016), Tachigali aurea (SOUSA,
2015), Mimosa tenuiflora (AZEVEDO et al., 2017), Myracrodruon urundeuva (QUEIROZ et
al., 2002) e Astronium fraxinifolium (LORENZI, 1992). Nota-se que essas espécies sao todas
de ocorréncia comum no Cerrado brasileiro, sendo que Afonso (2008) destaca que o principal

produto ndo-madeireiro deste bioma sdo os taninos.

3.4.1 Stryphnodendron Mart. (barbatiméo)

O género Stryphnodendron pertencente a familia Fabaceae e subfamilia Mimosoideae,
é popularmente conhecida como barbatimdo e apresenta distribuicdo geografica ampla
(FELFILI et al., 1999). E praticamente exclusivo da América do Sul, tendo sido identificadas
25 espécies, todas encontradas no Brasil (ALMEIDA et al., 1998). Quanto as suas
caracteristicas botanicas, apresenta-se como arvore de pequeno porte, cuja altura normalmente
ndo ultrapassa 8 metros. Seu tronco apresenta de 20 a 30 cm de diametro sendo seu fuste
retilineo até determinada altura, com caule e ramos de forma um pouco tortuosa. A casca é
grossa, rugosa e rigida que se solta facilmente, com parte interna de coloracdo avermelhada
(caracteristica comum em espécies produtoras de taninos devido aos pigmentos da classe das
antocianidinas) (Figura 1) (ALMEIDA et al., 1998; LORENZI, 1998).

As espécies Stryphnodendron adstringens (Mart.) Coville e S.rotundifolium possuem
grande importancia econdmica no Brasil devido as suas propriedades terapéuticas que estdo
relacionadas aos teores de taninos presentes nas casca das espécies, sendo utilizada como
cicatrizante, anti-hemorrégico, no combate a hemorragias e Ulceras, dentre outras aplicacGes
(PALLAZZO-DE-MELO et al., 1996; LIMA et al., 1998; RODRIGUES e CARVALHO, 2001).
Rizzini e Mors (1976), ainda destaca o uso dos taninos destas espécies na fabricacdo de tinta
para escrever e nas industrias de couro e farmacéutica.

Mori et al. (2003) estudaram os taninos da casca de S. adstringens verificando a enorme
potencialidade da espécie para extracdo destes compostos fenolicos, o rendimento em taninos
condensados foi superior a 30%, valor maior que o das espécies exploradas comercialmente.
Carvalho et al. (2014) formulou um adesivo natural a base de taninos de S. adstringens e
utilizou-os para produzir painéis de madeira reconstituida, a concluséo do trabalho foi que em
painéis aglomerados o adesivo natural pode substituir em até 50% o adesivo convencional

uréia-formaldeido sem comprometer os requisitos estipulados pela norma de comercializacéo.
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Figura 1 - Casca da espécie Stryphnodendron rotundifolium Mart.

A

3.4.2 Myracrodruon urundeuva Allemao (aroeira)

Myracrodruon urundeuva € uma espécie arborea pertencente a familia Anacardiaceae.
Conhecida como aroeira, seu limite de distribuicdo natural se estende pelas Regides Nordeste,
Sudeste e Centro-Oeste do Brasil até a regido chaquenha da Bolivia, Paraguai e Argentina
(SANTIN e LEITAO-FILHO, 1991). E mais frequente no nordeste do Brasil, oeste dos estados
da Bahia, Minas Gerais, S&o Paulo e sul dos estados do Mato Grosso do Sul, Mato Grosso e
Goias (LORENZI e MATOS, 2002).

O porte da aroeira varia conforme a regido de ocorréncia, podendo atingir 50 cm de
didmetro e 20 m de altura nos cerrados. Sua casca € castanho-escura, subdividida em placas

escamiformes nos troncos mais velhos, e cinzenta e escamosa nos exemplares mais jovens



19

(Figura 2) (RIZZINI, 1971). Sua madeira é considerada madeira de lei, sendo muito densa,
dura, elstica, resistente a cupins, recebe excelente polimento e, quando seca, é de dificil
trabalhabilidade (SANTQOS, 1987; RIZZINI, 1995; MORAES e FREITAS, 1997).

Myracrodruon urundeuva é amplamente utilizada para diversos fins madeireiros e nao
madeireiros, como para a construgéo de cercas e para fins medicinais (MONTEIRO et al. 2006;
ALBUQUERQUE e OLIVEIRA 2007; LUCENA et al. 2007). Seu uso madeireiro se destaca
por sua alta durabilidade e dificuldade de putrefacdo, &€ muito usada na construcgéo civil como
postes ou dormentes para cercas, na confeccdo de moveis de luxo e adornos torneados
(ALMEIDA et al., 1998; LORENZI, 1992). Suas propriedades antiinflamatdrias, adstringentes,
antialérgicas e cicatrizantes provenientes das cascas, conferem seu uso farmacoldgico (VIANA
et al., 1995). Segundo Souza et al. (2007), tais propriedades se devem a ocorréncia de taninos
do tipo profisetidina, que em roedores foram capazes combater lesGes gastricas.

Queiroz et al. (2002) relataram que o rendimento em taninos condensados no tronco da
aroeira chegou 16,7% quando a extracédo foi realizada em agua com metanol. Os autores ainda
destacaram que o principal componente do extrato foi a fisetina, e em menor quantidade os

acidos galico e elagico, flavanonas, flavanois e elagitaninos.

Figura 2 - Casca da espécie Myracrondruon urundeuva.

Fonte: SOUSA (2017).
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3.5 Quimica dos taninos vegetais

Os taninos vegetais sdo compostos de substancias com uma elevada proporcdo de
grupos fendlicos com hidroxilas livres e de diferentes graus de condensacdo ou polimerizacao
(BROWNING, 1963). Eles podem ser classificados em duas diferentes categorias de
componentes quimicos de natureza fendlica: taninos hidrolisiveis e taninos condensados
(P1ZZ1, 1994).

3.5.1 Taninos hidrolisaveis

Os taninos hidrolisaveis estdao presentes em folhas, galhos, cascas, frutos e madeiras de
varias arvores como, por exemplo: Terminalia, Phyllantus e Caesalpinia, entre outros géneros
(BATTESTIN; MATSUDA; MACEDO, 2004). Para Zucker (1983) e Metche (1980), sua
funcdo nas plantas é protege-las contra os herbivoros, em que estes compostos agem no
processo digestivo desses animais, dificultando-o em decorréncia da complexacdo dos taninos
com certas proteinas ligadas a producao de enzimas digestivas.

De acordo com Lewin e Goldstein (1991), os taninos hidrolisaveis sdo compostos por
oligbmeros de taninos ligados uns aos outros por ligacOes de éster, que podem ser quebradas
por hidrolises acida ou alcalina dando origem a pequenas moléculas. A unidade basica estrutural
desse tipo de tanino é um poliol, usualmente D-glucose, com seus grupos hidroxilas
esterificadas pelo acido galico (galotaninos) ou pelo hexadihidroxifénico (elagitaninos)
(BATTESTIN; MATSUDA; MACEDO, 2004).

Segundo Pizzi (1983), os taninos hidrolisdveis sdo subdivididos em galotaninos e
elagitaninos (Figura 3) conforme o produto da hidrolise, sendo que os galotaninos decompdem-
se em &cido gélico e agucares, enquanto os elagitaninos formam acido elégico e aclcares. Os
galotaninos apresentam como nucleo a glicose, enquanto os elagitaninos sdo iguais ao grupo
dos galotaninos, mas que se formam com mais um grupo hexahidroxidofenol (&cido galico) e
glicose (SILVA, 1999). Em outras palavras, na maioria dos galotaninos se encontram unidades
D-glucose que s&o unidas por ligacdes de éster do acido galico, enquanto os elagitaninos podem
ser considerados produtos da oxidacdo enzimatica dos galotaninos (LEWIN; GOLDSTEIN,
1991).

De acordo com Pizzi (2003), os taninos hidrolisaveis possuem certas propriedades
indesejaveis para producdo de adesivos fenolicos, como baixa reatividade com formaldeido,

baixo carater nucleofilico e limitada producdo mundial. Tais propriedades também sao
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indesejaveis quando se trata de producgdo de coagulantes para tratamento de agua, uma vez que
as reacgdes de funcionalizacdo dos taninos necessitam de sitios reativos, além da baixa producéo
ser sempre um fator limitante principalmente quando se pensa em sintetizar o produto em larga

escala.

Figura 3 - Estrutura do (A) galotanino e (B) elagitanino.
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Fonte: Battestin, Matsuda e Macedo (2004)

3.5.2 Taninos condensados

Os taninos condensados sdo conhecidos por possuirem uma larga distribuicdo na
natureza e particularmente pela expressiva concentracdo encontrada tanto na madeira quanto
na casca de varias espécies (P1ZZl, 2003). Os taninos deste tipo também sdo chamados de
proantocianidinas, provavelmente pelo fato de apresentarem pigmentos avermelhados da classe
das antocianidinas, como cianidina e delfinidina (SANTOS; MELLO, 1999).

Segundo Zucker (1983), os taninos condensados tém funcao de assegurar a defesa contra
microrganismos patogénicos. Ashok e Upadhyaya (2012) salientam que 0s taninos também sdo
encontrados no cerne de coniferas e podem desempenhar um papel na inibigcdo da atividade
microbiana, resultando, assim, na durabilidade natural da madeira. A ocorréncia desses
compostos € comum em angiospermas e gimnospermas, principalmente em plantas lenhosas
(SANTOS; MELLO, 1999).

As moléculas de taninos condensados sdo constituidas por oligbmeros ou polimeros
baseados em unidades monomeéricas do tipo flavondide, que consiste de unidades triciclicas e

hidroxiladas de 15 carbonos (Figura 4) (LAKS, 1991). As unidades flavanoides possuem
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diferentes graus de condensacao sendo unidas por ligagdes carbono-carbono, que sdo dificeis
de serem quebradas por hidrolises (ASHOK; UPADHYAYA, 2012). Dos varios tipos de
monoflavonodides que ocorrem na natureza, apenas os flavan-3-6is e os flavan-3,4-diois
participam na formacdo dos taninos, ja que sao o0s unicos com capacidade de sofrerem reacoes
de polimerizacéo, constituindo-se assim como os precursores dos taninos condensados (P1ZZl,
1983).

Figura 4 - Estrutura da unidade flavanoide percussora dos taninos condensados. Os radicais R,
R2, Rs e R4 podem ser compostos ou por grupo hidroxila ou &tomo de hidrogénio.
R4

R1 R2
Fonte: Jorge et al. (2001).

A estrutura basica dos taninos condensados apresenta um heteroanel central de éter,
ligado a dois anéis fendlicos. De modo geral, corresponde a copolimeros de condensacao, cujas
estruturas podem ser do tipo resorcindlico ou floroglucinolico no anel A e pirogalol ou catecol
no anel B. O tipo resorcindlico é aquele que possui apenas uma hidroxila ligada ao carbono 7
no anel A, enquanto o tipo floroglucinélico possui hidroxilas nos carbonos 5 e 7. O anel B, tipo
catecol, possui duas hidroxilas ligadas, respectivamente, aos carbonos 3’ e 4°, enquanto o anel
B pirogalol possui hidroxilas ligadas aos carbonos 3°, 4’ ¢ 5°. Em alguns taninos pode ocorrer
o0 anel B fendlico, que possui apenas uma hidroxila ligada ao carbono 3’ (PIZZI, 1983).

Taninos condensados apresentam uma rica diversidade estrutural, resultante de padrbes
de substitui¢cGes entre unidades flavanicas, diversidade de posi¢des entre suas ligagdes e a
estereo-quimica de seus compostos (SANTOS; MELLO, 1999). As principais unidades
monomeéricas e nome dos respectivos taninos condensados séo apresentados no Quadros 1. Para
Hemingway et al. (1989), a presenca de grupos hidroxilas favorece a autocondensagdo dos
flavandides, o que ocorre devido a ativacdo das posicGes 6 e 8. Deste modo, a catequina e a
galocatequina sdo mais reativas em condensagdo dos centros nucleofilicos 6 e 8 do que a
fisetidina e a robinetidina.

As ligagdes interflavonodides sdo geralmente realizadas por meio dos centros fortemente

nucleofilicos do anel A: C6 e C8; predominando assim ligacdes C4-C6 em taninos compostos
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primariamente por fisetinidina/robinetinidina e ligagfes C4-C8 nos compostos correspondentes
de catequina/galocatequina (P1ZZI1, 1994) (Figura 5).

Quadro 1 - Nomenclatura dos principais mondmeros e taninos condensados correspondentes.

M onomero

Taninos condensados
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HO o
O OH
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OH
Catequina

Procianidina

OH
O OH
OH

Galocatequina

Prodelfinidina

Fonte: Jorge et al

. (2001) adaptado.
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Figura 5 - Ligacdes interflavanoides (A) C4-C6 e (B) C4-C8.
B OH

Fonte: Sousa (2017).

3.6 Uso de taninos no tratamento de agua

Uma das alternativas no tratamento da agua para abastecimento € a utilizacéo de taninos
vegetais como agente coagulante. Acredita-se que 0s taninos podem assumir a propriedade de
coagulante e atuar na etapa do tratamento referente a coagulagdo/floculacdo. Esta etapa tem
como objetivo desestabilizar os coldides pela destruicdo da camada de solvatacdo, e formar
flocos com estes colodides que tenham peso suficiente para sedimentar. Dessa forma, é possivel
retirar as particulas coloidais suspensas na agua por sedimentacao apés a formacao dos flocos,
proporcionando clarificacdo e reducdo de muitos microrganismos capazes de ocasionar doencas
(SILVA, 1999).

Para Ozacar e Sengil (2003) os taninos sdo coagulantes naturais efetivos numa ampla
faixa de pH, que elimina o uso de alcalinizantes como soda ou cal, ndo acrescenta metais ao
processo e proporciona uma reducdo no volume de lodo a ser descartado. Ainda, devido a sua
composicado organica, pode ser biologicamente degradado ou eliminado termicamente. Tais
caracteristicas sdo essenciais no tratamento da agua e de efluentes, pois possibilitam que os

taninos sejam desejaveis nas etapas de coagulacdo e floculagdo, minimizando alguns impactos
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negativos quando se utiliza coagulantes quimicos, como o odor desagradavel, riscos com
dosagens excessivas, geracdo de lodo organico e em menor quantidade, além de dispensar o
uso de substancias basicas para corre¢cdo do pH.

Em estudos realizados por Coral, Bergamasco e Bassetti (2009), os autores apontaram
que o desempenho do tanino foi semelhante ao do sulfato de aluminio quando analisada a
turbidez. Para os sélidos sedimentaveis, observou-se que a agua tratada com taninos apresentou
uma maior formacéo de solidos em relacdo ao sulfato de aluminio, em que afirmam que 0s
flocos formados pelos taninos se apresentaram mais definidos e aglutinados que os flocos
formados pelo sulfato de aluminio. Para os parametros pH e alcalinidade, verificou-se que a
agua tratada com taninos apresentou resultados mais desejaveis, uma vez que este coagulante
pouco alterou nesses quesitos, ndo sendo entdo necessario 0 uso de um outro produto para a
correcdo do pH do meio. Os autores ressaltaram que este tipo de coagulante apresenta vantagens
a serem consideradas, e que muitos estudos ainda devem ser realizados de forma a caracterizar
por completo este coagulante e seu desempenho no tratamento de 4guas para consumo humano.

Silva (1999), em seu estudo de tratabilidade fisico-quimica com uso de taninos vegetais
em &gua para abastecimento e de esgoto, apresentou resultados que permitiram concluir que o
coagulante a base de tanino foi mais efetivo que o sulfato de aluminio no tratamento de agua
bruta, pois diminuiu os teores de ferro em 90%, aluminio em 65%, zinco em 80% e n&o alterou
teores de cloreto, dureza e condutividade elétrica, enquanto o tratamento a base de sulfato de
aluminio diminuiu os teores de ferro em 70%, aluminio em 43% e o zinco em 60%. Segundo o
experimento do mesmo autor, a necessidade de sulfato de aluminio ficou reduzida em 95%
quando aplicado junto ao tanino.

Segundo Pelegrino (2011), os sais metalicos apesar de serem empregados para
desestabilizacdo quimica dos efluentes, caracterizados como agentes inorganicos nao
biodegradaveis, acrescentam elementos quimicos ao efluente final ou ao lodo, sendo
ambientalmente menos desejaveis que 0s coagulantes naturais. Logo, o autor estudou o
emprego do coagulante natural tanino no pos-tratamento fisico-quimico por coagulagédo e
flotacdo do efluente de reator anaerdbio de manto de lodo de escoamento ascendente, buscando
aperfeicoar esta etapa do sistema de tratamento de esgoto. Pelegrino (2011) utilizou os taninos
extraidos da casca da Acacia negra (Acacia mearnsii) e justificou a utilizagdo desse composto
fenolico sobre a capacidade do produto de neutralizar as cargas dos coloides pela formacao de
ligagbes em pontes e pelo fato do produto ser responsavel pela formacdo dos flocos e

consequentemente a sua decantacéo/flotagao.
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Cruz (2004) citou também como importante fator no emprego dos coagulantes
biodegradéaveis a questdo do odor desagradavel das estagBes de tratamento de efluentes,
originados pela acdo dos microrganismos associados aos sulfatos reduzidos a sulfetos no
processo de coagulacdo/floculacdo. Em seu trabalho este autor afirmou que em comparacéao
com o sulfato de aluminio, o tanino catidnico, apresentou resultados muito parecidos em relacdo
a qualidade do efluente final. Entretanto, além da vantagem em relacdo ao odor, a utilizacdo do
tanino também é vantajosa por apresentar menor custo, por usar uma matéria-prima renovavel,
pela menor contribuicdo de anions sulfatos ao efluente final, menor geracdo de massa de lodo
e obtencéo de um lodo organico com maior facilidade de eliminag&o.

No entanto, vale ressaltar que o grande poder de floculacdo dos taninos se da por meio
da modificacdo dos mesmos. Beltran-Heredia, Sanchez-Martin e Frutos-Blanco (2009)
salientam que algumas pesquisas ja foram encontradas a respeito de alteracdes quimicas na
estrutura dos taninos, porém, a maioria delas sdo patentes, incluindo o processo especifico
utilizado pela empresa brasileira TANAC, empresa de grande destaque internacional, sobretudo
na producdo de taninos extraidos da arvore Acacia mearnsii (acécia negra) destinados
principalmente para tratamento da agua e curtimento de couro.

Segundo 0s mesmos autores, a reagdo que torna os taninos eficientes nesse sentido
envolve trés reagentes: os taninos, um aldeido e um composto de amino. Estes, sob certas
condigdes de pH e temperatura e concentragdes ideais, produzem os agentes coagulantes, sendo
esse processo quimico chamado de Reacdo de Mannich. Essa reacdo resultard em um polimero
catiénico, que se ioniza quando se dissolve em agua, adquirindo carga positiva e atuando como
um cation (GRAHAM et al., 2008). Desta forma, espera-se que em sistemas com particulas
coloidais, os taninos neutralizem as cargas e formem espécies de “pontes” entre estas particulas,
formando os flocos (KONRADT-MORAES et al., 2007).

Sousa (2015) utilizou taninos de trés espécies brasileiras (Anadenanthera peregrina -
angico-vermelho, Tachigali aurea - veludo e Stryphnodendron adstringens — barbatiméo) sem
realizar a reacdo de Mannich. O resultado foi semelhante para todas as espécies, ndo houve
alteracdo do pH da agua e a remocao da turbidez foi de cerca de 40%. Apesar de ser um
resultado longe do desempenho efetuado pelos coagulantes convencionais sulfato de aluminio
e cloreto ferrico (que removem mais de 85% da turbidez), a autora concluiu que provavelmente
apenas ocorreu 0 mecanismo de formacdo de pontes durante o tratamento, uma vez que
normalmente os taninos apresentam longa cadeia e alto peso molecular. A autora também
acredita que a falta de céations e a presenca de hidroxilas nas moléculas dos taninos nédo

permitiram a neutralizacdo de cargas do sistema coloidal, uma vez que para esta interacdo



27

ocorrer, 0s taninos necessitariam de carga oposta a particula do coldide que na maioria das

vezes é negativa.
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ARTIGO 1 - Chemical and structural characterization of barks from Myracrodruon
urundeuva Allemao and Stryphnodendron rotundifolium Mart.

Artigo a ser submetido ao periddico Industrial Crops and Products (versdo preliminar).

ABSTRACT

The objective of this work was to characterize chemically and structurally barks from
Myracrodruon urundeuva Alleméo and Stryphnodendron rotundifolium Mart. Anatomy and
thickness of the periderm and secondary phloem, and also the bark histochemistry were
analyzed. Ash, extractives, lignin, and holocellulose content were determined. Barks species
presented rhytidome frequently anastomosing periderm layers, forming a reticulate pattern. M.
urundeuva was marked by the presence of secretory ducts and dead phloem between the
periderms. Dilation phenomena was observed in S. rotundifolium in nonconducting phloem,
and in M. urundeuva after innermost periderm. Amount extractives in S. rotundifolium was
much higher than in barks of several species. Both barks presented more phenolic content in
outer bark than inner bark, in which it is indicated the accomplishment of studies directed to

the elaboration of management plan that aim at the sustainable exploitation of these barks.

1. Introduction

Myracrodruon urundeuva Alleméo, commonly known as “aroeira”, is a medicinal plant
species from Anacardiaceae family. It is a representative species in the Cerrado Biome and can
be found in gallery forest and ciliary forest (Flora do Brasil 2020, 2018). The potential of barks
is highlighted in several studies that point to the occurrence of large amounts of tannins that are
related to analgesic, anti-inflammatory, antioxidant, antifungal, antibacterial, among other
activities (Calou et al., 2014; Galvéo et al., 2018; Souza et al., 2007; Viana et al., 2003).
Currently, this species is immune to cutting because it is at risk of extinction due to the rampant
exploitation of its wood (Martinelli and Moraes, 2013). In this way, knowledge about their bark
becames fundamental for a sustainable use of the species.

Species of the genus Stryphnodendron are representative of the Cerrado, comprising 13
species endemic to Brazil (Flora do Brasil 2020, 2018). Studies with barks of species of this
genus highlight presence of tannin pyrogallics, flavones, flavonols, flavononols, xanthones,
chalcones, flavonones and steroids as secondary metabolites, a highlight its potential for use in

the medicinal area and as raw material for wood adhesives. Stryphnodendron rotundifoliun
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Mart., popularly known as barbatimao, their barks are utilized for a variety of health problems
by local communities, particularly by the inhabitants of rural areas.

Bark of trees has aroused great interest in the scientific and industrial environment
because they are promising raw materials for application in several areas. With attractive
chemical composition, the use of this part of the vegetable makes it possible to obtain different
products of added value.

The market for products from bark is still underdeveloped due to the high investment
for the production of noble products, large quantities required and mainly because of lack of
knowledge in intrinsic characteristics of the bark of each forest species. However, due to the
restrictions on the use of synthetic products and the growing appeal for "green™ thinking and
the use of renewable materials, the study of bark has been boosted throughout the world,
especially in Europe (Jansone et al., 2017).

Chemically and structurally, bark is a very complex material. From the structural point
of view, the bark in its secondary stage of growth is composed of secondary phloem, periderm
and rhytidome, and may have remaining tissues of the primary growth (Evert, 2006). The
secondary phloem is subdivided into conducting phloem and non-conducting phloem. The
periderm consists of phellogen, phellem and phelloderm, and the rhytidome corresponds the
outer bark, which consists of the innermost periderm and tissues isolated by it (Angyalossy et
al., 2016). These tissues, in turn, are composed of cells of different sizes, shapes, functions and
guantities, such as sieve-tube, fibers, sclereids and parenchyma cells. In this way, the
anatomical study of the bark is a powerful tool in the identification and separation of species
(Furuno, 1990).

From a chemical point of view, barks are similar to wood in relation to fibers, which
contain cellulose, hemicellulose and lignin. However, these components occur in smaller
guantities than in wood since the barks usually present higher occurrence of extractives and
inorganic material, besides possessing two exclusive compounds, suberin and phenolic acids
(Lewin and Goldstein, 1991). The main classes of secondary metabolites are alkaloids,
terpenoids and phenolic compounds, which represent one of the most recurrent and diverse
phytochemical groups, and perhaps because of this it is among the most studied secondary
metabolites (Balasundram et al., 2006; Lin et al., 2016; Raven et al., 2014). In this group, the
tannins stand out as one of the most viable alternatives for the use of the bark (Jansone et al.,
2017).

The barks of several species have been object of recent studies on their chemical and

structural characterization aiming at their potential as raw material, for example, Eucalyptus



37

spp. (Foelkel, 2006; Miranda et al., 2016, Sartori et al. 2016, Sartori et al. 2018), Pseudotsuga
menziesii (Ferreira et al., 2015), Quercus cerris (Sen et al., 2010), Tectona grandis (Baptista et
al. 2013), Anadenanthera peregrina e Anadenanthera colubrina (Mota et al. 2017). These
studies have shown that knowledge about the anatomy and chemical composition of the barks
Is important to direct their processing routes, products and consequently their valorization.
Microscopic observations of the bark structure of S. polyphyllum were performed by
Vergilio and Marcati (2017), however, no anatomical references of S. rotundifolium and M.
urundeuva bark were found. Extracts from the bark of S. rotundifolium (for example, Oliveira
etal, 2011, Costa et al, 2012, Vandesmet et al, 2017) and M. urundeuva (for example, Viana et
al, 1997, Vianaet al. 2003, Carlini et al. 2010, Vieiraet al,, 2015) were characterized in relation
to some chemical constituents and biological activities. The objective of this work was to
characterize chemically and structurally barks from Myracrodruon urundeuva Alleméo and

Stryphnodendron rotundifolium Mart. in order to provide information that values its use.

2. Material and Methods
2.1. Sampling

Barks from six trees from Myracrodruon urundeuva Allem&o and Stryphnodendron
rotundifolium Mart. were collected. M. urundeuva barks were collected in the municipality of
Parnagua, Piaui, Brazil (10°13'39" S, 44°38'21" W) with climate of type Aw according to
Koppen. S. rotundifolium barks were collected in the municipality of Lavras, Minas Gerais,
Brazil (21°14'43" S, 44°59'59" W) with climate of type Cwa according to Képpen. Both were
obtained from native forest and they were taken from the lower part of the stem until 1.3 m of
height.

The trees were randomly selected and characterized: Myracrodruon urundeuva trees
presented around 14.3 cm in diameter at breast height (dbh) and 10-13 m in height;
Stryphnodendron rotundifolium trees presented average of 20.16 cm dbh, and 6.5-8 m in height.

The material collected were divided in two parts, one for anatomical and histochemistry

characterization and other for chemistry characterization.

2.2. Macroscopy analysis

The bark thickness was measured in transverse section using a pachometer and based
on bark thickness and mean diameter of the tree the percentage of bark in each specimen was
determined. Samples were polished in the transverse plane with water sandpaper and was

estimated thickness of the periderm, rhytidome, total secondary phloem, conducting and non-
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conducting phloem, and dead phloem (from Myracrodruon urundeuva). 18 measurements was

performed per species, three per specimen.

2.3. Anatomy

The samples were impregnated with DP 1500 polyethylene glycol and transversal,
tangential and radial microscopic sections were prepared from cambium to the outside (Mota
etal., 2017; Quilho et al. 1999; 2000). A sliding microtome was used, to cut sections 15-20 pum
thick. The sections were stained in alcian blue and in a double staining with alcian blue and
safranin. Permanent slides were mounted in a synthetic resin (entellan).

Macerations were undertaken, small portions were selected of the samples and put in a
solution of glacial acetic acid and hydrogen peroxide (1:1) at 60°C for 7 h (Franklin 1945,
modified by Kraus and Arduin 1997). The macerated material was staining in alcian blue and
semi-permanent slides were mounted in glycerine.

From the slides were quantified diameter of sieve-tube elements; ray height and
thickness, number of cells by ray height and thickness, abundance of rays per linear millimetre;
and number of phellem and phelloderm layers and cells. From macerated material were
quantified length of sieve-tube elements; length, diameter, cell-wall thickness, and lumen
thickness of fibres. For each anatomical feature were performed 180 measurements per species,
30 per specimen.

Microscopic observations and data acquisition used an optical microscope Ken-A
Vision TT-1010, coupled to a digital camera and using Wincel — PRO software. The slides were
photographed using a microscope attached to an image capture system (CX31, Olympus,
Tokyo, Japan). Terminology followed Angyalossy et al. (2016).

2.4. Histochemistry

Sections of bark samples were cut using sliding microtome from samples impregnated
with DP 1500 polyethylene glycol the material. This sections were treated with ferric chloride
to detect phenolic compounds, lugol to detect starch, lugol-H2SO4 70% to detect cellulose and
Sudan 1V to detect suberin in the cell wall, all according to Johansen (1940). To detect inorganic
material was followed methodology purposed for Chamberlain (1932) modified by Kraus and
Arduin (1997), to detect calcium oxalate crystals was used hydrochloric acid and to detect
calcium carbonate crystals was used acetic acid. To detect lignin in the cell wall was used
phloroglucinol-HCI (Sass 1951).
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2.5. Summative Chemical Composition

The barks were air dried, ground and the fraction 35-60 mesh used for chemical analysis.
Summative chemical analysis included determinations of ash, extractives soluble in
dichloromethane, ethanol, and water, Klason and acid-soluble lignin, and holocellulose.

The extractives were determined according to TAPPI standards (TAPPI Standard T204
om-88 and T207 om-93). Successive Soxhlet extractions were made with dichloromethane,
ethanol, and water, for 6 h, 16 h, and 16 h, respectively, and the extractives solubilized by each
solvent were determined gravimetrically.

Klason lignin was determined following to TAPPI Standard T 222 om-88, lignin acid
soluble TAPPI Standard UM 250, and ash TAPPI Standard T 211 om-93. Holocellulose was

determined by difference.

3. Results

3.1. Myracrodruon urundeuva Allemao

The macroscopic outer aspect of M. urundeuva bark is presented in Fig. 1A. The bark
is greyish brown and thick (5.9-13.8 mm), representing 13.5% of tree diameter, irregularly scaly
with some fissures. Detachment of the scales was observed, which made it difficult to analyze
the rhytidome at a microscopic level.

A

Fig. 1. (A) Macroscopic outer aspect of Myracrodruon urundeuva; (B) Transverse section of
the bark of M. urundeuva evidencing phloem (conductive phloem + non-conductive phloem);
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rhytidome with phloem between the periderms (*); union of periderms or anastomosis (arrows).

Scale bar =1 mm.

3.1.1. Bark Anatomy

The bark included the rhytidome and phloem. Outer bark comprised successive
periderms formig rhytidome and dead phloem included betweem them. This part of the bark
represented 8.9% of the tree diameter and 57.5% of bark thickness. Rhytidome presented
reticulate pattern, in which were noted sequent periderms which are discontinuous but overlap
and have anastomosing layers (Fig. 1B). This tissue represented 2.2% of tree diameter (Table
1) considering the sum of periderms. The number of periderms was variable (2-8) due to parts
of rhytidome scaling off throughout the year. Dead phloem was also observed between
periderms. This tissue represented 6.7% of tree diameter, corresponding to 43.1% of bark
thickness (Fig. 1B and Table 1). Phellem cells presented themselves retangular with evenly
thin-walled (Fig. 2B) and some cells contained phenolic content (Fig. 2C). Four growth rings
were detected, marked by the smaller radial dimension of cells (Fig. 2B). The number of
phellem layers was up to 33 (Table 1). Phelloderm is thick, up to seven cell layers, paralleling
that of the phellem, their cells showed themselves rectangular and consist of sclerified and
nonsclerified cell (Fig. 2C and Table 1). In general, periderm layer presented 0.7% of tree
diameter (Table 1).

Cortex comprises parenchyma rectangular cells that sclerified forming groups of
sclereids (Fig. 2A, 3A and 3B). Dead phloem is dark brown, whereas nonconducting phloem is
light brown (Fig. 1B). Secondary phloem is composed of nonconducting and conducting
phloem (Fig. 3A). Phloem of the inner bark (nonconducting and conducting phloem) and in the
dead phloem in the outer bark were marked by the presence of irregularly dispersed resin ducts
(Fig. 2A and 3A).

The conducting phloem represented the smallest portion in relation to the diameter tree,
0.5% (3.6% of the bark thickness) (Table 1). Sieve-tubes are distributed in tangential bands
(Fig. 3D) with all sieve plates simple and slightly inclined (Fig. 4F) and two or more companion
cells lying along the sieve-tube were observed (Fig. 4A). The diameter and length of sieve-tube
elements were 15.0 and 329.5 um respectively (Table 1). Nonconducting phloem represented
6.5% of tree diameter, corresponding to 38.9% of the bark thickness (Table 1).

The axial parenchyma cells is distributed in continuous broad bands in more or less 3—

5 cells that alternated with continuous tangential bands of fibers (Fig. 3A, 3C and 3D). Dilation
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through tangential expansion was seen in dead phloem (Fig. 2A). Aliform parenchyma
associated to secretory ducts was noted on transverse (Fig. 3D) and tangential section (Fig. 4D)

Fig. 2. Transverse sections of Myracrodruon urundeuva Allem. bark. (A) nonconducting
phloem of inner bark (Phl), periderm (P), dead phloem (PI), ducts (white arrow), cortex (Cx),
sclereids (S) and phellem (*); (B) Phellem (Phe), growth ring marked by the smaller radial
dimension of the cells (arrow); (C) Phellem (Phe), Phelloderm cells (Pd), Phellogen cells (*)
and phellem cells with phenolic content (arrow). Bars: A = 100 um; B =50 pum; C = 25 pm.

Rays are non-storied (Fig. 3C and Fig. D) and follow wavy course on the transverse
section (Fig. 3A). They are composed of procumbent cells (Fig. 4B). The number of cells in the
rays was of 1-3 wide, 4-27 in height (Fig. 4C) and 2-6 per millimeter (Table 1). The height was
227.6 um and the thickness was 21.3 um (Table 1). Rays dilatation were seemingly absent
throughout the conducting and nonconducting phloem (Fig. 3A). However, starting of dead
phloem, some rays were slightly dilated (Fig. 2A). Sclerification of rays was noted in
nonconducting phloem near to cortex (Fig. 3C).

Fibers presented themselves in continuous tangential bands with shape rounded to
polygonal in secondary phloem (Fig. 3C). Tangential bands of fibers were alternated along the

phloem in narrow, medium and wide (Fig. 3A). The occurrence of fiber-sclereids was also
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verified (Fig. 4G). In cortical region fibers remained in tangential band and sclereids showed in
clusters (Fig. 2A, 3A and 3B). The diameter and length of fibers, lumen diameter and wall

thickness are shown in Table 1.
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Fig. 3. Transverse sections of Myracrodruon urundeuva Allem. bark. (A) Secondary phloem is
composed of nonconducting (NP) and conducting phloem (CP), fibers in continuous tangential
bands (*), cortex (Cx), resin ducts (white arrows), clusters of sclereids (S); demarcated zones
in detail: (B) cortex (Cx), clusters of sclereids (S), sclerified cell with content (black arrow) and

fibers (*); (C) Fibers (F), fiber lumen (*),undulated rays (R), rays cells sclerificated (black



43

arrow) and axial parenchyma (p); (D) axial parenchyma (p), undulated rays (R), secretory ducts
(C), fibers (*), sieve-tube (St), companion cells (black arrow). Bars: A = 100 um, Be C =25

pm; D =50 pum.
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Fig. 4. Phloem of Myracrodruon urundeuva Allem. bark (A) Transverse section showing sieve-
tube (St), companion cells (arrow) and ray cells (R); (B) Radial longitudinal section showing
ray cells (R) and fibers (f); (C), (D) and (E) Tangential longitudinal section; (C) Rays (R), sieve-
tube (St) and companion cells; (D) rays (R), fibers (F) and radial secretory ducts (C, arrow); (E)
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traumatic radial duct (C); (F) and (G) Dissociated elements: (F) Sieve-tube (St) with sieve plates
simple (arrow); (G) Fibers (F), crystals (arrow) and fiber-sclereid (*). Bars: A =50 um; B =
25 pm; C-G =50 pm.

Table 1
Quantitative data of barks from Myracrondruon urundeuva and Stryphnodendron rotundifolium

Parameter M. urundeuva S. rotundifolium

Relative thickness (%)
Bark (rhytidome+cortex+phloem) 13.5+1.7 (11.0-15.8) 8.1+23(5.4-11.1)
Rhytidome (successive periderms) 2.2+0.9(1.4-3.8) 2.1+£0.8(1.2-3.5)
Periderm 0.7+0.2 (0.5-1.1) 1.7 £0.8 (0.7-2.8)
Secondary phloem 6.2+ 1.9 (3.3-8.1) 45+ 0.8 (3.5-5.7)
Nonconducting phloem + cortex 5.7+1.8(2.9-7.5) 4.0+0.8(3.0-5.1)
Conducting phloem 0.5+0.1(0.3-0.7) 0.5+0.1(0.4-0.6)
Dead phloem 6.7+ 3.2 (4.1-12.3) -

Number of layers/cells
Layers of phellem in the periderm Upto 33 Up to 56
Layers of phelloderm in the Upto7 Upto 6
periderm
Cell in ray thickness 1.7+0.2 (1.0-3.0) 1.2+0.1(1.0-3.0)
Cells in ray height 11.6 + 1.8 (4.0-27.0) 9.0+ 1.4 (4.0-21.0)

Anatomy (um)
Sieve tube diameter 15.0 £ 0.6 (8.7-26.8) 21.8 +1.0(13.6-37.0)
Sieve tube length 329.5+13.0 (202.9-471.2)  348.1+22.1(223.6-573.1)
Ray height 227.6 £ 28.1 (90.7-519.1) 165.2 + 26.8 (81.4-409.2)
Ray thickness 21.3+3.7 (8.2-45.3) 18.2 + 2.2 (8.2-49.2)
Ray per millimeter 3.7+£0.2 (2.0-6.0) 4.2+0.3(2.0-8.0)
Fiber diameter 24.28 + 1.5 (7.3-49.6) 15.4 + 1.3 (9.0-26.6)
Fiber lumen diameter 155+ 1.3(3.1-33.5) 58+ 1.2 (2.2.-14.8)
Fiber wall thickness 44 +04(1.1-8.5) 48+0.6 (1.7-9.1)
Fiber length 683.8 + 86.9 (277.2- 1166.1 + 82.6 (524.7-

1252.3) 1910.6)

The values are shown as population mean * population standard deviation (minimum value —

maximum value).

3.1.2. Histochemistry

Results of histochemical tests are presented in Table 2 and Fig. 5. Phenolic compounds
were observed in all tissues from the M. urundeuva bark (Fig. 5A, Fig. 5B and Fig. 5C). In
secondary phloem were presented in radial parenchyma and mainly in axial parenchyma (Fig.
5A). In dead phloem is possible to observe more phenolic compounds than in secondary phloem
(Fig. 5C). Lignin was observed in walls fibers and sclereids (Fig. 5D and 5E), suberin in walls
phellem cells (Fig. 5F), starch grains in conducting and nonconducting phloem, specifically in

axial parenchyma (Fig. 5G and 5H) and radial parenchyma (Fig. 5G and Fig. 5H), and cellulose
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was presented in all tissues (Fig. 51 and 5J). Calcium oxalate was presented in radial and axial

parenchyma near to the fibers with shape prismatic crystals (Fig. 4G).

Fig. 5. Transverse sections of the Myracrodruon urundeuva Allem. bark submitted to
histochemical tests. A-C. Ferric chloride, black color indicates the presence of phenolic
compounds. (A) Secondary phloem, fibers in continuous tangential bands (F), axial
parenchyma with phenolic content (white arrows), undulated rays (black arrows); (B) Clusters
of sclereids in cortex (S), rays with phenolic content (R), phellem (Phe) and cortex, phelloderm
and phellem cells with phenolic content (arrows); (C) Dead phloem, cells with phenolic content
(white arrows) and ducts with content (black arrows); (D and E) Phloroglucinol-HCI, red
staining indicates the presence of lignin; (D) Secondary phloem, fibers in continuous tangential
bands (F), axial parenchyma with phenolic content (white arrows), undulated rays (black

arrows). (E) Clusters of sclereids (S); (F) Sudan 1V, orange color indicates the presence of
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suberin (black arrow), orange phellem wall (black arrow); (G and H) Lugol, dark blue staining
indicates the presence of starch, fibers, rays cells with starch (white arrows); (I and J) Lugol-
H2SO4 70%, blue staining indicates the presence of cellulose, fibers (F). Bars: A-E, 1 and J =
50 um; G =100 um; F and H = 25 pm.

Table 2
Histochemical tests of Myracrodruon urundeuva and Stryphnodendron rotundifolium bark.

— absent; + present; 0 not tested

Parameter M. urundeuva S. rotundifolium
Phloem Periderm Phloem Periderm
Phenolic compounds + + + +
Starch + - + -
Cellulose + + + +
Lignin + + + +
Suberin 0 + 0 +
Calcium oxalate + 0 + 0

1

o
1

o

Calcium carbonate

3.1.3. Summative Chemical Composition

Table 3 summarizes the chemical composition of M. urundeuva barks. M.urundeuva
barks presented about 22.81% of polar extractives while the lipophilic extracts in
dichloromethane was 4.15%. The proportion between polar and apolar extractives of this
species was about 84.6% and 15.4%, respectively. The lignin represented 25.74% of the
composition of the bark of M.urundeuva and holocellulose 38.06%. The content in ash was
very high at 9.24%.



Table 3
Summative Chemical Composition of barks from

Stryphnodendron rotundifolium
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Myracrondruon urundeuva and

M. urundeuva

S. rotundifolium

Extractives

Dichloromethane (%) 415+04
Ethanol (%) 9.33+£0.3
Water (%) 13.48+1.2
Total (%) 26.96 + 1.7
Lignin
Klason Lignin (%) 24.81+3.1
Soluble Lignin (%) 0.93+£0.2
Total (%) 25.74 £ 3.2
Ash (%) 9.24+0.6
Holocellulose (%) 38.06 + 2.2

3.68+21

3091+13
1560+ 1.5
50.19+3.0

2710+ 1.3
1.10+0.03
28.20+1.3
1.89+0.2

19,72+ 2.0

The values are shown as population mean * population standard deviation

3.2. Stryphnodendron rotundifolium Mart.

Outer aspect of S. rotundifolium bark is greyish presenting microfissures, whereas inner

bark is reddish (Fig. 6). Bark thickness represents 8.1% of diameter tree, and it is composed

majority for secondary phloem, 4.5% of diameter tree (68.6% of bark thickness), being 0.5%

corresponding to conducting phloem and 4.0% for nonconducting phloem (Table 1).

Fig. 6. (A) Macroscopic outer aspect of Stryphnodendron rotundifolium Mart.; (B) Transverse

section of the bark of Stryphnodendron rotundifolium evidencing conductive phloem (Pc), non-

conductive phloem(Pnc) and periderms (P); union of periderms or anastomosis (arrows). Scale

bar =1 mm.
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3.2.1. Bark Anatomy

The bark presented rhytidome formed by two or more successive periderms (Fig. 7A).
The periderm reticulate comprised a phellem nonstratified layer with up to 56 cells in each
radial row and up to six phelloderm layers (Table 1 and Fig. 7C). Phellem and phelloderm cells
were retangular with thin-walled but also included some cells with thickened walls, and with
phenolic content (Fig. 7B and Fig. 7C). Rhytidome represented 31.4% of bark thickness and
2.1% of tree diameter (Table 1). Stratified lenticels was observed (Fig. 7B).
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Fig. 7. Transverse sections of Stryphnodendron rotundifolium (Mart.) bark (A) Rhytidome
(Rh), periderm (Pe), phellem (PI), cortex (Cx); demarcated zones in detail: (B) stratified
lenticels (White arrow), phelloderm (Pd), phellem (PI) e phenolic content in phellem cells
(black arrow); (C) Phellem (PI), phelloderm (Pd), cortex (Cx) and phelloderm cells stratificated
(*) and phenolic content in phellem cells (white arrows). Bars = 100 um (A, B and C).

Cortex comprised parenchyma rectangular cells that sclerified, forming groups of
sclereids and dilated through tangential expansion and anticlinal division (Fig. 8B). Some

sclereids were seen with phenolic compounds (Fig. 8B).
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Secondary phloem is composed of nonconducting and conducting phloem (Fig. 8A).

The demarcation between nonconducting and conducting phloem was marked by collapsed
sieve-tube elements (Fig. 8A).
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Fig. 8. Transverse sections of Stryphnodendron rotundifolium (Mart.) inner bark (A) Secondary
phloem is composed of nonconducting (NP) and conducting phloem (CP), collapsed sieve-tube

(white arrow), expanded parenchyma cells, usually in groups of 2-8 cells (black arrow), fibers
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in descontinuous tangential bands (*), undulated rays (R), dilated undulated rays (Rd), cortex
(Cx), clusters of sclereids (S); demarcated zones in detail: (B) clusters of sclereids (S), sclereid
with phenolic compounds (white arrow), parenchyma cells expanded (black arrow); (C)
gelatinous fibers (*); (D) dilated undulated rays (Rd), axial parenchyma (P), parenchyma cells
expanded (black arrow) and fibers (*); (E) sieve-tube (white arrow), undulated ray (R), axial
parenchyma in tangential bands of 2-6 cells (P), cambium (cm), parenchyma cells expanded

(black arrow) e gelatinous fibers (*). Bars: A =100 um, D e E=50 um; B e C =25 um.

Sieve-tubes are distributed in radial rows in conducting and nonconducting phloem (Fig.
9A) with reticulate pattern and plates strongly inclined (Fig. 9B, Fig. 9E and Fig. 9F). Two or
more companion cells lying along the sieve-tube were observed (Fig. 9A). Companion cells are
fusiform and two or more per strand are associated with sieve-tubes. The diameter and length
of sieve-tube elements were 21.8 and 348.1 um respectively (Table 1).

In conducting phloem, near to cambium, axial parenchyma cells is distributed in broad
bands in more or less 2—6 cells (Fig. 8E). Axial parenchyma cells form the ground tissue (Fig.
8A) and have two to ten cells per parenchyma strand (Fig. 9A, Fig. 8D and Fig. 8E). Prismatic
crystals were presented in chambered axial parenchyma cells (Fig. 9C and Fig. 9D).

Rays are non-storied with an undulated course on the transverse section (Fig. 8A)
composed of procumbent cells (Fig. 9B). In the non-conducting phloem, rays slightly dilated
in a wedge shape by anticlinal divisions and cell expansion (Fig. 8A, Fig. 8D). Phenolic
compounds were verified in ray cells (Fig. 9B). Ray cells showed themselves predominantly
uniseriated (Fig. 9C) with around 9.0 cells in height (Table 1). The height was 165.2 um and
the thickness was 18.2 um (Table 1).

Fibers presented themselves gelatinous in discontinuous tangential bands in secondary
phloem (Fig. 8C and Fig. 8E). The diameter and length of fibers, lumen diameter and wall
thickness are shown in Table 1.

3.2.2. Histochemistry

Results of histochemical tests are showed in Table 2 and Fig. 10. Phenolic compounds
were presented in all tissues from the S. rotundifolium bark (Fig. 10A, Fig. 10B, Fig. 10C, Fig.
10D and Fig. 10E), mainly in rhytidome (Fig. 10A), in which was observed in phellem and
phelloderm cells (Fig. 10A and Fig. 10B). In conducting phloem phenolic compounds were
presented in radial parenchyma and mainly in axial parenchyma (Fig. 10C and Fig. 10D). In

nonconducting phloem were presented in axial parenchyma cells expanded (Fig. 10E). Lignin
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was observed in fibers in secondary phloem (Fig. 10H and Fig. 101), sclereids, and phellem and
phelloderm cells suberized (Fig. 10F and Fig. 10G). Starch grains were noted in conducting and
nonconducting phloem, (Fig. 10M), cellulose in all tissues (Fig. 10L), and suberin in walls

phellem cells. The occurrence of calcium oxalate was also detected (Table 2).

Fig. 9. Conducting phloem of Stryphnodendron rotundifolium Mart bark (A) Transverse section
evidencing sieve-tube (St), companion cells (arrows), fibers (F), and axial parenchyma cells
expanded (*); (B) radial longitudinal section showing sieve-tube (white arrow), procumbents
ray cells (R), axial parenchyma (p) and parenchyma cells expanded (*) and some ray cells with
content (black arrow); (C) tangential longitudinal section showing rays (R), parenchyma cells
expanded (*) and crystals in axial parenchyma cells (black arrow); (D) Dissociated elements,
fibers (F), crystals in axial parenchyma cells (black arrow); (E) Sieve-tube element with lateral
sieve plates (white arrow); (F) detail of compound sieve-tube with a reticulate pattern (black
arrow). Bars: A, D and E =50 um; Be C =25 um.
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Fig. 10. Transverse sections of the Stryphnodendron rotundifolium Mart. bark submitted to
histochemical tests. (A-E) Ferric chloride, black color indicates the presence of phenolic
compounds; (A-B) Secondary phloem, phellem cells with phenolic content (arrows); (C,E)
Nonconducting phloem, axial parenchyma cells with phenolic content (arrows); (D)
Conducting phloem, rays cells with phenolic content (arrows); (F-1) Phloroglucinol-HCI, red
staining indicates the presence of lignin; (F) phellem cells with lignin (arrows); (G-H) lignin in
sclereids (arrows); (I) Lignin in fibers (arrows); (J-K) Sudan IV, orange color indicates the
presence of suberin in phellem cells (arrow); (L) Lugol-H2SO4 70%, blue staining indicates
the presence of cellulose, fibers (F); (M) Lugol, dark blue staining indicates the presence of
amido, (arrows). Bars: A-H and L =50 pm; [-K = 25;M = 100 pm.
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3.2.3. Summative Chemical Composition

Table 3 summarizes the chemical composition of S. rotundifolium barks. Total
extractives content was very high, 50.19%, from which around 92.7% correspond to polar
extractives (46.51% of chemical composition of bark). The lignin represented 28.20% and

holocellulose 19.72%. The content in ash was 1.89%.

4. Discussion

Rhytidome irregularly scaly with some fissures was observed in both species and can
be explained due to frequently anastomosing periderm layers, forming a reticulate pattern that
results in small scales (Roth, 1981). M. urundeuva presented scales more evident and thick than
S. rotundifolium. Outer bark was more thick in M. urundeuva, however, both species bark can
be considered representative in relation to tree diameter. According to histochemistry test,
phenolic compounds were seen in abundance in outer bark and in greater amount than in the
inner bark. In M. urundeuva bark was noted great amount of phenolic content in axial
parenchyma cells mainly in dead phloem, while in S. rotundifolium phenolic content was
observed predominantly in outermost periderm especially in phellem cells. In both species polar
extractives were very high, and can be correlated mainly to phenolic content. Extractives
amount from M. urundeuva was similar to others Brazilian species, as A. peregrina and A.
colubrina, 28.8 and 29.3% respectively (Mota et al., 2017), Copaifera langsdorff , 21.3%,
(Carmo et al., 2016b), and Goupia glabra, 24.6% (Carmo et al., 2016a). S. rotundifolium
presented extractive amount much higher than species before cited as well as in bark of species
of major commercial interest species, as Acacia mangium, 30.5% (Amini et al., 2017), Pinus
pinaster, 16.6% (Fradinho et al., 2002), and Eucalyptus urophylla clones, 17.1 and 14.9%
(Sartori et al., 2018).

M. urundeuva bark presented the main feature common in barks from Anacardiaceae
family, occurrence of secretory ducts with formation of parenchyma sheath (Gibson, 1981; Joel
and Fahn, 1980). These secretory ducts showed themselves quite abundant and irregulary,
dispersed in secondary phloem and dead phloem as well as in Loxopterygium sagotii bark from
the same family (Roth, 1981). Parenchyma sheath was aliform as reported by the same author
for Astronium lecointei bark. Secretory ducts in Anacardiaceae is commonly related as resin
canal, and is related to secretion of lipophilic substances (Aguilar-Ortigozal and Sosa, 2004;
Joel and Fahn, 1980).
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Dilation phenomena was observed in S. rotundifolium from anticlinal cell division and
cell expansion in the rays and the axial parenchyma located in nonconducting phloem. In M.
urundeuva this features occurred after innermost periderm. Dilatation is a process in which bark
increases in circumference to follow to the secondary growth of the xylem (Evert, 2006;
Trockenbrodt, 1990).

In general, crystals are related to inorganic material present in barks (Jensen et al., 1963).
Calcium oxalate was found in both species. Baptista et al. (2013) associated these crystals to
the rigidity of bark, probably substituting sclereids in this role. Lignin, phenolic substance that
confers rigidity to the cell wall (Kollmann; C6té Junior, 1968), was seen in fibers, sclereids and
fiber-sclereids in M. urundeuva and S. rotundifolium in similar amount. Starch grains found in
nonconducting phloem in these species emphasizes that the phloem maintains its functions of
mobilization and storage, evidencing the inconsistency in naming this tissue as nonfunctional
(Angyalossy et al., 2016). The occurrence of holocellulose was present in all tissues for the both
species, however, in smaller amounts than in Eucalyptus hybrids, around 50% (Sartori et al.,
2016). In M. urundeuva bark the amount of holocellulose was almost two times higher than that
in S. rotundifolium bark. Detailed study of the composition of these polysaccharides are
necessary in order to infer about the possibility of use in biorefinery or even as reinforcing

material in composites.

5. Conclusions

Anatomy of barks from Myracrodruon urundeuva and Stryphnodendron rotundifolium
were described for the first time. These species presented rhytidome frequently anastomosing
periderm layers, forming a reticulate pattern. In M. urundeuva was also observed dead phloem
included between periderms.

Both barks presented more phenolic content in outer bark than inner bark, in which
stands out the potential of the sustainable use of these species. For this, it is indicated the
accomplishment of studies directed to the elaboration of management plan that aim at the
sustainable exploitation of these barks. Thus, this sustainable exploration will contribute to an

economic and environmental valuation of Cerrado.
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ARTIGO 2 — Characterization of tannins from Brazilian forest species and its use in

clarification water

Artigo a ser submetido ao periddico Bioresource Technology (versao preliminar).

ABSTRACT

The objective of this work was to characterize the tannins from Stryphnodendron rotundifolium
and Myracrodruon urundeuva barks, and to evaluate its performance in water clarification.
Stiasny index and condensed tannins content were determined. Two types of cationization were
performed, one following Mannich reaction and another one was an attempt to cationize without
the use of formaldehyde. For M. urundeuva tannins the Stiasny index was 66.7%, whereas for
S. rotundifolium tannins was 95.1%. The yield of condensed tannins was 11.1% for M.
urundeuva bark, and 25.2% for S. rotundifolium bark. FTIR analysis indicated that both
cationization processes occurred. Cationized tannins with dimethyl carbonate had low turbidity
removal efficiency, however, can be tested as a secondary coagulant agent. Tannin-derived
coagulants produced by Mannich reaction presented satisfactory results for use clarification
water. S. rotundifolium tannin-derived coagulants needed less time to remove turbidity, this fact

was linked to its higher Stiasny index.

1. Introduction

Water is a primordial element in animal and plant life, being directly related to the health
and living conditions of a community. Due to the high level of urbanization in recent decades
combined with climate change and the development of the industrial and agricultural sectors,
drinking water treatment has become a major challenge. Large volumes of water involved, area
restrictions for the installation of treatment systems traditionally used, and also due to the
degradation of the water quality of the available water sources are significant obstacles
(Mierzwa et al., 2008; Rodriguez et al., 2009).

Among the methods used in water treatment, coagulation and flocculation (CF) is one
of the most practiced because of its low cost, simplicity and reliability. The function of the
coagulant in CF is to destabilize colloidal particles suspended in the water, causing the
formation of flocs of sufficient density to sediment due to gravity (Oladoja, 2015). The most

common coagulating agents used are inorganic salts, such as Al>(SO4)s and FeCls, or synthetic
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polymers (Beltran-Heredia et al., 2011). Despite the wide applicability, these coagulants present
some drawbacks, such as large volume of sludge produced, alteration of the pH of the treated
water, ecotoxicological impacts, and posed risks to human health (Ndabigengesere et al., 1995;
Vijayaraghavan et al., 2011).

In this way, developing environmentally friendly coagulants is a relevant issue. The use
of plant extracts can be an interesting alternative as they are biodegradable, non-toxic and non-
corrosive (Sciban et al., 2009). One of the plant components that stands out for this purpose
are the tannins. Tannins are chemical compounds of phenolic nature that can act as a coagulant
promoting efficient removal of cationic pollutants due to the high presence of hydroxyls in their
structure (Bronco et al., 2006). When cationized, they can act in the destabilization of colloids
in the drinking water treatment (Beltran-Heredia et al., 2011; Sanchez-Martin et al., 2009).

Cationization of tannins consists in a chemical reaction that confers cationic character
to the organic tannin matrix, so the main characteristics (such as solubility, stability at different
pH levels or heavy metals chelating activity) are kept while other ones are added. Thus, it is
expected that in systems with colloidal particles, the tannins neutralize the charges and form
"bridges™ species between these particles, creating the flocs. A wide variety of anionic
substances can be destabilized and subsequently removed with these kinds of coagulants
(Beltrén-Heredia et al., 2011; Graham et al., 2008).

One of the best-known methods for cationization of tannins is from the Mannich
reaction. This method use formaldehyde, a carcinogenic substance of petroleum origin. Thus,
the development of more "green™ processes is also necessary. In this context, the use of dimethyl
carbonate may be an interesting alternative since it is a reagent that has no impact on the
environment and human health. Its use with tannins has already been carried out to obtain
polyurethane according to Thebault et al. (2015).

Species of the genus Acacia of the Fabaceae family are among the most studied ones
for this application (Beltran-Heredia and Sanchez-Martin, 2009a, 2009b), nevertheless, species
of the Anacardiaceae family have also gained prominence (Jesus Beltran-Heredia et al., 2011).
Popularly known as barbatimao, Stryphnodendron sp. belongs to the family Fabaceae, being
appreciated for its pharmaceutical properties (Oliveira et al., 2014; Rodrigues et al., 2008), as
well as their yield in condensed tannins, which may exceed 30% of the chemical composition
of the bark of the trees (Mori et al., 2003). Myracrodruon urundeuva (aroeira), from
Anacardiaceae family, it is also used for medicinal purposes due to the occurrence of tannins,

which have healing properties, antimicrobial, antioxidant, among others (Lucena et al., 2011).
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Although Brazilian species show great potential for tannin production, its use is focused
marjoritarily on the medicinal area. Tannins from M. urundeuva and S. rotundifolium are
studied here for the first time, with a comprehensive analysis of their purity, yield of condensed
tannins, cationization, characterization, as well as the evaluation of these tannins as a coagulant
agent. Therefore, the objective of this work was to characterize the tannins from both species,

and to evaluate its performance in water clarification.

2. Material and Methods

2.1. Sampling and preparation of material

Myracrodruon urundeuva barks were collected in the municipality of Parnagua, Piaui,
Brazil (10°13'39" S, 44°38'21" W) with climate of type Aw according to Koppen.
Stryphnodendron rotundifolium barks were collected in the municipality of Lavras, Minas
Gerais, Brazil (21°14'43" S, 44°59'59" W) with climate of type Cwa according to Képpen. Both
were obtained from native forest. Afterwards, they were dried in ambient temperature for a
period of two weeks and milled in a Retsch SK hammer mill to obtain a finer and more uniform
material. Milled barks passed through a set of sieves with apertures of 0,002 m and 0,0018 m,
and was used for extraction the material that was retained in the 0,0018 m sieve.

2.2. Extraction of tannins

The extractions were carried out in two ways. One, for determination of Stiasny Index
and condensed tannins content, and other to obtain powder tannins for cationization.

The extractions for determination of Stiasny Index and condensed tannins content were
carried out in a water bath at 70 °C and in a period of 3 hours. It was used 100 g of dry bark
and 1500 ml of water (liquor / bark ratio 15:1). When the extraction was completed, the material
was filtered by using a fine cloth strainer, the retained part was discarded. The obtained extract
was then sieved in a 200 mesh sieve, and filtered using a vacuum pump and glass crucible lined
with glass wool of porosity 1. The filtrate was concentrated by evaporation to the volume of
150 ml in a heating plate.

The extractions to obtain powder tannins were made in similar way. However, after
filtration using a vacuum pump the liquid was taken to a drying oven at 45 + 3 °C to obtain the

dry material. Then this material was macerated with the use of mortar and pistil.
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2.3. Determination of Stiasny index and condensed tannins content

The Stiasny index was obtained according to Guangcheng et al. (1991) with
modifications. From the liquid concentrated, 0.2 kg samples were taken and 10 mL of distilled
water, 4 mL of formaldehyde (37%, m / m) and 2 mL of 10 N HCI were added. This mixture
was heated for 35 minutes under reflux. Under these conditions, the tannins form insoluble
complexes which can be separated by simple filtration. The extract was filtered through a
sintered glass crucible of porosity 2 and placed in the drying oven at a temperature of 103 £ 2

° C until the constant mass. The Stiasny index was calculated by following the equation:

(dry mass of precipitate tannin — formaldehyde)

St dex — 100
iasny index (dry mass of solids in 20 g of extract) *

Condensed tannins content was obtained by multiplying Stiasny index by the total solids

yield. All measurements were made in triplicate.

2.4. Cationization

Two types of cationization were performed in both species. One following Mannich
reaction and another one was an attempt to cationize without the use of formaldehyde.

The cationization was made based on the Mannich reaction reported by Konrath and
Fava (2006) was done in three steps:

e 5.4 g of ammonium chloride and 24.4 g of formaldehyde were placed in a volumetric
flask. The mixture was heated at 80 °C for a period of 2h. To verify the effectiveness of
the reaction between formaldehyde and ammonium chloride, a visual evaluation was
performed by the appearance of light yellow to colorless.

e The product obtained in the first step of the Mannich reaction was mixed with 28.0 g of
an aqueous tannin solution (50%) for 30 minutes at 60 °C.

e After the second stage the post-reaction stage was carried out, which consisted of adding
0.2 g of monoethanolamine and allowed to react for 3 h at a temperature of 50 °C.

An attempt to cationize the tannins without the use of formaldehyde was made from the
use of dimethyl carbonate. The method used was according to Thebault et al. (2015) with

modifications. Reactions were conducted at room temperature. 21.0 g of dimethyl carbonate
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were added to 10.0 g of powdered tannin extracts. The mixture was run under mechanical
agitation for two hours. The second step consisted of adding 7.0 g of ammonium chloride to the

mixture for 45 minutes.

2.5. FTIR analysis

FTIR analysis was done both to characterize the tannins as to confirm the cationization.
The analysis was carried out using a Shimadzu IRAffinity-1 spectrophotometer. Samples were
oven dried at 60 °C for three hours. A blank sample tablet of KBr was prepared for the reference
spectrum. A similar tablet was prepared by KBr with 5% w/w of the sample powder to analyze.

Each spectrum was obtained with 32 scans with the resolution of 4 cm™ from 4000 to 400 cm™2.

2.6. Coagulation assays

The water samples were collected in the reservoir lake used to collect water from the
Federal University of Lavras (UFLA). Tannins of Myracrodruon urundeuva and
Stryphnodendron rotundifolium cationized with and without formaldehyde were evaluated as
coagulant agent, and for comparison, the ferric chloride was also evaluated.

Jar-test was selected as the standard treatment in order to study flocculant process. 1.8
L of turbidity-known from collect water and 0.1 L of coagulant solution (200 mg.L?,
determined in pre-tests) were put into a beaker. Two stirring periods were applied: one at 130
rpm for 2 min and another one at 35 rpm for 20 min. 1 h after Jart-test was finished, sample
was colleted from the center of the beaker to evaluate turbidity and pH. Jar-test procedure was

also carried out without coagulant agent.

3. Results and Discussion

3.1. Stiasny index and condensed tannins content

The Stiasny index is a parameter that allows to evaluate the purity of the tannic extracts.
The lower the Stiasny Index, the lower the purity of the tannic extract, indicating that there are
compounds, such as sugars and gums, that depending on their concentration may make the use
of tannins impracticable. For Myracrodruon urundeuva tannins the Stiasny index was 66.7%,

whereas for Stryphnodendron rotundifolium tannins the index was 95.1%. The Stiasny Index
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of Stryphnodendron rotundifolium tannins was superior to that of tannins of Acacia species
extracted in hot water, such as A. mangium, 83.5% (Hendrik et al., 2016) and A. mahogany,
79.7 % (Lestari et al., 2015). Although the Stiasny Index of Myracrodruon urundeuva has been
smaller, there are no studies that relate this property to its use in water treatment. This stands
out the relevance of this work.

The yield of condensed tannins was 11.1 g of 100 g M. urundeuva bark or 11.1%, and
25.2 g of 100g Stryphnodendron rotundifolium bark (25.2%). For similar extraction conditions,
Sartori et al. (2018) found condensed tannin yield of less than 3% for Eucalyptus clones.
Compared with commercially exploited species, the yield of M. urundeuva condensed tannins
was near to that of A. mangium tannins, which presented 15.4% (Hoong et al., 2009), while

Stryphnodendron rotundifolium was superior.

3.2. FTIR Analysis

The functional groups of of M. urundeuva and S.rotundifolium tannins extracted in hot
water were analyzed by FTIR. The spectrum are presented in Fig. 1 and the assignments in
Table 1. The band referring to O-H stretch vibration in phenolic and aliphatic structures were
identified at 3446 cm™ and 3432 cm?® for M. urundeuva and S. rotundifolium tannins
respectively. Small peaks around 2935 cm™ were noted in both species. Small peaks in this
region originate from C-H stretch vibration in aromatic methoxyl groups and in methyl and
methylene groups of side chains (Chupin et al., 2013; Faris et al., 2016; Soto et al., 2005). A
weak signal at 1750 cm™ can be assigned to carbonyl groups. For some authors this region is
associated with the C=0 of esters, flavonols or to the oxidation of some O-H groups of the
flavanol molecules (Konai et al., 2017; Ping et al., 2012); Falcdo and Aradjo (2014) specify
that this region is related to the carboxylic acid C=0O of the galloyl unit on the epicatechin
gallate. In this study, S. rotundifolium tannins presented this peak at 1830 cm™, the same
displacement was reported in Vitis vinifera tannins by (Ping et al., 2012). The peaks 1610, 1516,
1442 cm™ are mainly occupied by vibrational motions of C=C groups in the aromatic rings
(Socrates 2000). In this study peaks 1521 and 1450 cm™ from M. urundeuva tannins and 1516
and 1448 cm ! from S. rotundifolium tannins shows evidence of the presence of condensed
tannins (Ntenga et al., 2017). Peaks between 1450 and 1205 cm™ are considered as the most
significant for the description of ring substituent. 1450 cm™ and 1448 cm™ s particularly
resulting from the combination of C-H aromatic bending, C-O stretching and C-OH

deformation (Konai et al., 2017). Two peaks were observed only in M. urundeuva tannins, 1338
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cmt assignmented to saturated C-H in plane bending vibration according to Ping et al. (2012),
and 1286 cm™, corresponding to C-O stretch of the pyran derived part of flavonoid based
tannins. Peak 1240 cm™ was only found in S. rotundifolium tannins, and represents stretching
of C-O carboxyl group which stands for gallic acid or some carbohydrates residues (Konai et
al., 2017). The region between 1350 and 1100 cm™ is dominated by C—O stretching vibrations,
between 1300 and 1200 cm™* show the vibrations of the B-ring, while the region between 1200
and 1100 cm™* show the vibrations of the A-ring (Tondi and Petutschnigg, 2015). According to
Socrates (2000) and Konai et al. (2017) peaks to 1034 — 1216 cm™* of M. urundeuva tannins
and 1038 — 1205 cm ™1 S. rotundifolium tannins can be attributed to the presence of catechin and
proanthocyanidins. Peaks belonging to 900 — 740 cm™* region are O-H wagging of aromatic

alcohols and out of plane bending of aromatic C-H (Socrates, 2000).

—— M. urundeuva

S. rotundifolium

Transmittance (%)

T T T T T T T T T T T T T
3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig.1. FTIR spectrum of M. urundeuva and S. rotundifolium tannins extracted in hot water.

Fig. 2 show FTIR spectrum of both species of tannin-derived products for the reaction

using dimethyl carbonate and ammonium chloride, and in Fig. 3 for the Mannich reaction.
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Fig.2. FTIR spectrum of M. urundeuva and S. rotundifolium tannins-derived products for the
reaction using dimethyl carbonate and ammonium chloride.
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Fig.3. FTIR spectrum of M. urundeuva and S. rotundifolium tannins-derived products for the
Mannich reaction.
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Table 1. Summary of FTIR spectra of M. urundeuva and S. rotundifolium tannins extracted in

Assignment

hot water.

Peak (cm™)

M. urundeuva S. rotundifolium

3446 3432
2941 2933
1749 1830
1607 1610
1560 1560
1521 1516
1450 1448
1362 1352
1338 -
1286 -
- 1240
1216 1205
1168 1147
1113 1108
1034 1038
- 982
795 795

O-H stretching vibration

C-H stretch vibration in aromatic methoxy! groups and
in methyl and methylene groups of side chains

C=0 stretching vibration of esters or flavonols
Vibrational motions of C=C groups in the aromatic
rings

Vibrational motions of C=C groups in the aromatic
rings

Vibrational motions of C=C groups in the aromatic
rings

Vibrational motions of C=C groups in the aromatic
rings, C—H aromatic bending, C-O stretching and C—
OH deformation

C—H deformations region and ring substituent
Saturated C-H in plane bending vibration

C-O stretch of the pyran derived part of flavonoid
based tannins

stretching of C-O carboxyl group which stands for
gallic acid or some carbohydrates residues

C-O stretching vibrations or epicatechin and
proanthocyanidins

C-O stretching vibrations or epicatechin and
proanthocyanidins

Aromatic C-H in plane bending vibration and the C—
O stretching for the OH substitution of pyran ring
epicatechin

C-O stretching vibrations or epicatechin and
proanthocyanidins

Aromatic C-H out of plane bending vibration

C—H out of plane bending of the B ring of flavonoids

vibrations
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In Fig. 2, it was observed a shouldering located at 3128 cm™ for M. urundeuva and S.
rotundifolium tannins. These peaks can be attributed to stretching of primary amides that
indicates that N-H bonds were formed (Silverstein et al., 1981). Peaks at 1727 cm™ in M.
urundeuva and 1720 cm ™t in S. rotundifolium tannins are assignmented to stretching vibration
band of the C=0 double bond of amides corresponding an ester polyol (Pellizzi et al., 2014,
Thébault et al., 2015). 1546 cm ™t in M. urundeuva and 1532 cm™t in S. rotundifolium evidence
the band of in-plane deformation (bending) of the group NH. (Pellizzi et al., 2014; Thébault et
al., 2015; Wilhelm and Gardette, 1997).

In Fig. 3, peaks around 1720 cm™ in both species was noted. However, the band
corresponding to the group NH2 showed to be more developed in S. rotundifolium tannins than
in M. urundeuva tannins. In the cationization process it was observed that S. rotundifolium
tannins reacted rapidly with the mixture of formaldehyde and ammonium chloride and formed
an insoluble complex, whereas the product of the reaction with M. urundeuva tannins remained
liquid. This fact can be explained by the difference of Stiasny index from the species. It is

known that the higher the index, the greater the reaction capacity of tannins with formaldehyde.

3.3. Coagulation assays

Turbidity and pH were evaluated before assays with coagulant agents. Thus, initial
conditions presented 202 NTU of turbidity and 7.87 of pH.

Fig. 4 shows turbidity removal percentages that have been carried out by using different
coagulants agents. It was possible to observe that the cationized tannins with dimethyl carbonate
had low turbidity removal efficiency and could be compared to the treatment with no coagulant
agent. The bond between the dimethyl carbonate and the tannin molecule is made from the
carbonation of tannins hydroxyl groups (Thébault et al., 2015). Thus, despite of the FTIR
analysis to show that cationization occurred, it is likely that the molecule underwent hydrolysis
and the cationic group may have reacted with the tannin itself.

Both cationized tannins based on the Mannich reaction presented performance
comparable to ferric chloride. The way this new coagulant agents forms coagules and flocs
suggests it follows a bridging procedure (Beltran-Heredia et al., 2010). Cationized tannins
based on the Mannich reaction presented performance similar to ferric chloride, where the
turbidity removal was around 96% for all. The results were satisfactory and can be compared
to commercial tannin-derived from Acacia mearnsii, produced by TANAC (Sanchez-Martin et
al., 2009).
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In relation to Stiasny index, although of M. urundeuva had been lower than that of S.
rotundifolium, this factor did not prevent its use for this function. However, it was observed
during the water clarification process that the tannins of S. rotundifolium reacted faster, forming
larger flocs and presenting a lower decantation time even when compared to ferric chloride.
This result can be confirmed by FTIR analysis in which the band corresponding to the cationic
group was less evident in M. urundeuva tannins.

Fig. 5 shows pH of water after the use of different coagulants agents. All the tests in
which tannin-based products were used did not change the pH of the water, while ferric chloride
reduced the pH. This performance in the drinking water treatment is interesting, since it
dispenses the use of reagent pH controllers and consequently reduces the cost with chemicals,

and also contributes to the quality of the sludge formed, ie it contains less reagents chemical.

No coagulant

S. rotundifolium
Dimethyl Reaction

M. urundeuva
Dimethyl Reaction

S. rotundifolium
Mannich Reaction

M. urundeuva
Mannich Reaction

Ferric Chloride

T T T T
0 20 40 60 80 100

Turbidity Removal (%)

Fig.4. Turbidity removal using different coagulants agents.
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No coagulant

S. rotundifolium
Dimethyl Reaction

M. urundeuva
Dimethyl Reaction

S. rotundifolium
Mannich Reaction

M. urundeuva
Mannich Reaction

Ferric Chloride

I T T T T T T T T T T 1
60 62 64 66 68 70 72 74 76 78 80 82

pH

Fig.5. pH of water after the use of different coagulants agents.

4. Conclusions

Tannins from M. urundeuva and S. rotundifolium barks showed distinct characteristics
in which S. rotundifolium showed a higher condensed tannins content and Stiasny index. This
was the first time tannins of these species were used in water clarification. Cationization using
dimethyl carbonate and ammonium chloride presented low turbidity removal when compared
to the others, however, studies are indicated to evaluate its potential as a secondary coagulant
agent. Tannin-derived coagulants produced by Mannich reaction presented satisfactory results
for use water clarification. S. rotundifolium tannin-derived coagulants needed less time to
remove turbidity, this fact was linked to its higher Stiasny index. The pH of the water had no
significant change in any of the tests that used the products based on the tannins.

The extraction of tannin will represent an important valorization of these bark and,
therefore, will contribute to the treatment of water for human consumption and the sustainability

of M. urundeuva and S. rotundifolium.
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