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Editorial | Editorial | Editorial

A revista Millenium - Journal of Education,
Technologies and Health, inaugura o seu terceiro ano da
série 2, com a edigdo regular do nimero 8, privilegiando
a produgdo cientifica de manuscritos originais,
atestados por blind peer review. A
multidisciplinariedade e transdisciplinaridade dos
artigos cientificos presentes neste nimero evidenciam
0 proprio escopo e génese da revista.

A secgdo Engenharias, Tecnologia, Gestdo e Turismo, é
composta pelos artigos “Pesquisa sobre as propriedades
de resisténcia do geopolimero feito de residuos de
minas de tungsténio e vidro reciclado”, onde se
pretende definir o impacto da adi¢do de vidro moido
reciclado nas propriedades mecanicas do aglomerante
geopolimérico produzido a partir de residuos de
minério de tungsténio; “Tratamento de agua residual
proveniente da produgdo de biodiesel com recurso ao
oxidante quimico ido persulfato, onde encontramos os
resultados da aplicagdo deste oxidante para limpeza da
agua residual; “Indicadores de qualidade do servigo da
ERSAR — caso pratico de um municipio”, que apresenta
um estudo, realizado entre 2011 e 2016, para avaliar,
em termos técnicos, ambientais e econdémicos, um
sistema municipal de gestdo de residuos sélidos, num
municipio de média dimensdo; e ainda o artigo
“Aplicagdo das metodologias lean na redugdo dos
tempos de setup na industria farmacéutica”, no qual se
demonstra a importancia de aplicar a metodologia lean
nesta industria, com vista a competitividade e
produtividade.

Na sec¢do Educagdo e Desenvolvimento Social,
apresenta-se o artigo “A dinamica da criagdo do
conhecimento numa rede intra-organizacional” com
evidéncias que o contexto de uma rede intra-
organizacional pode proporcionar um ambiente de
aprendizagem coletivo, representado sobretudo pela
interacdo que ocorre entre os colaboradores das
unidades e por meio de varios “espacos de interagdo” e
criagdo de conhecimento.

A seccdo Ciéncias Agrarias, Alimentares e Veterindrias
contempla os artigos: “Efeito dos hidrocoldides no
revestimento e nas propriedades organoléticas do rissol
regenerado em forno e comparagdo com o processo de
fritura”, no qual se procuram apresentar opgdes para
uma alimentagdo mais saudavel, reduzindo os
maleficios associados a fritura; “Caraterizagdo quimica,
propriedades antioxidantes e perfil fendlico de casca de
pinheiro”, que visa estudar a composigdo quimica da
casca de Pinus pinaster Aiton subsp. atlantica e o perfil
fendlico dos seus extratos aquosos, etandlicos e
hidroetandlicos; e o artigo “Influéncia dos solventes de
extragdo no conteido em compostos bioactivos e
actividade antioxidante de flores de amores-perfeitos”,
onde se evidencia que a extragdo de compostos
bioativos e a atividade antioxidante de flores de
amores-perfeitos sdo influenciadas pelo solvente usado
suprarreferido.

Na secgdo Ciéncias da Vida e da Saude encontramos o
artigo “Promogdo da independéncia Funcional em
Idosos Institucionalizados” apresenta, por sua vez, um
estudo onde se pretendeu comparar a independéncia
funcional de dois grupos de idosos com caracteristicas
inicialmente semelhantes, residentes numa Estrutura
Residencial para Idosos, sedentdrios, sendo um dos
grupos submetido a um programa de exercicio fisico.

A Equipa Editorial
Madalena Cunha, José Luis Abrantes, Maria Jodo
Amante, Paula Correia, Paula Santos

Millenium - Journal of Education, Technologies and
Health, inaugurates its third year of the series 2, with
the regular edition number 8, privileging the scientific
production of original manuscripts, attested by blind
peer review. The multidisciplinarity and
transdisciplinarity of the scientific papers present in
this issue show the very scope and genesis of the
journal.

In the section of Engineering, Technology,
Management and Tourism, we can find the following
papers: “Research on strength properties of
geopolymer based on tungsten mine waste and
recycled ground glass”, that intends to define the
impact of recycled ground glass addition on
mechanical properties of geopolymeric binder made
from tungsten mine waste; “Wastewater treatment of
biodiesel production using persulphate ion as an
oxidant”, where we can analyze the results of the
application of this oxidant for cleaning the residual
water; “ERSAR service quality indicators - practical
case of a municipality”, which presents a study
between 2011 and 2016 to evaluate, in technical,
environmental and economic terms, a municipal solid
waste management system in a medium-sized
municipality; as well as “Application of lean
methodologies in the reduction of setup times in the
pharmaceutical  industry”,  which  seeks to
demonstrate the importance of applying lean
methodology in this industry regarding
competitiveness and productivity.

In section Education and Social Development Sciences,
we can find “Dynamics of knowledge creation in intra-
organizational networks”, that presents evidence that
the context of an intra-organizational network may
help a collective learning environment, mainly
represented by the interaction that occurs between
the collaborators of the different units and with the
help of several “interaction”, creating knowledge
spaces.

The Agriculture, Food and Veterinary Sciences section
publishes the following papers: “Hydrocolloids effect
on coating batter and on organoleptic properties of
rissol regenerated in oven and comparison with deep-
frying process”, in which they try to present options
for a healthier diet, reducing the damages associated
with frying; “Chemical characterization of pine bark,
antioxidant properties and phenolic profile of its
extracts”, that aims to study the chemical composition
of the bark from Pinus pinaster Aiton subsp. atlantica
and the phenolic profile of its aqueous, ethanolic and
hydroethanolic  extracts.;  “Extraction  solvents’
influence on the content of bioactive compounds and
antioxidant activity of pansies”, that shows that the
bioactive compounds and antioxidant activity of
pansies’ extracts are affected by the solvent used.

The Life and Healthcare Sciences section has the
following paper O artigo “Promotion of functional
independence institutionalized elderly” in which the
authors try to compare functional independence of
two elderly groups with initially similar characteristics,
living in a nursing home care, after one of the groups
being submitted to a physical exercise program.

The Editorial Board
Madalena Cunha, José Luis Abrantes, Maria JoGo
Amante, Paula Correia, Paula Santos

La revista Millenium - Journal of Education, Technologies
and Health, inaugura su tercer afio de la serie 2, con la
edicion regular del nimero 8, privilegiando la produccién
cientifica de manuscritos originales, atestados por revisién
de pares ciego. La  multidisciplinariedad vy
transdisciplinariedad de los articulos cientificos presentes
en este nimero evidencian el propio alcance y génesis de
la revista.

La seccion Ingenieria, Tecnologia, Gestion y Turismo, se
compone de los articulos "Investigacion sobre las
propiedades de resistencia del geopolimero hecho de
residuos de minas de tungsteno y vidrio reciclado", donde
se pretende definir el impacto de la adicién de vidrio
molido reciclado en las propiedades mecdnicas del
aglomerante geopolimérico producido a partir de
residuos de mineral de tungsteno; "Tratamiento del agua
residual proveniente de la produccién de biodiesel con
recurso al oxidante quimico y persulfato, donde
encontramos los resultados de la aplicacion de este
oxidante para la limpieza del agua residual; "Indicadores
de calidad del servicio de ERSAR - caso practico de un
municipio”, que presenta un estudio, realizado entre 2011
y 2016, para evaluar, en términos técnicos,
medioambientales y econdémicos, un sistema municipal
de gestion de residuos sdlidos, en un municipio de
tamafio medio; y el articulo "Aplicacion de las
metodologias lean en la reduccion de los tiempos de
setup en la industria farmacéutica", en el cual se
demuestra la importancia de aplicar la metodologia lean
en esta industria, con el fin de competitividad y
productividad.

En la seccién Educacion y Desarrollo Social, se presenta el
articulo "La dinamica de la creacion del conocimiento en
una red intra-organizacional" con evidencias que el
contexto de una red intra-organizacional puede
proporcionar un ambiente de aprendizaje colectivo,
representado sobre todo por la interaccion que ocurre
entre los colaboradores de las unidades y por medio de
varios "espacios de interaccion" y creacion de
conocimiento.

La seccion Ciencias Agrarias, Alimentares y Veterinarias
contempla los articulos: "Efecto de los hidrocoloides en el
revestimiento y en las propiedades organolépticas del
rissole regenerado en el horno y comparacion con el
proceso de fritura", en el que se buscan presentar
opciones para una alimentacién mas sana, reduciendo los
maleficios asociados a la fritura; "Caracterizacién quimica,
propiedades antioxidantes y perfil fendlico de cascara de
pino", que pretende estudiar la composicién quimica de la
cascara de Pinus pinaster Aiton subsp. atlantica y el perfil
fendlico de sus extractos acuosos, etandlicos vy
hidroetandlicos; y el articulo "Influencia de los disolventes
de extraccion en el contenido en compuestos bioactivos y
actividad antioxidante de flores de amores perfectos",
donde se evidencia que la extracciéon de compuestos
bioactivos y la actividad antioxidante de flores de amores-
perfectos son influenciadas por el solvente utilizado
suprarreferido.

En la seccion Ciencias de la Vida y de la Salud
encontramos el articulo "Promocion de la independencia
funcional en ancianos institucionalizados" presenta, a su
vez, un estudio donde se pretendi6 comparar la
independencia funcional de dos grupos de ancianos con
caracteristicas inicialmente similares, residentes en una
estructura residencial para ancianos, sedentarios, siendo
uno de los grupos sometidos a un programa de ejercicio
fisico.

El Equipo Editorial
Madalena Cunha, José Luis Abrantes, Maria Jodo Amante,
Paula Correia, Paula Santos
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RESUMO

Introdugao: Os geopolimeros sdo os materiais inorganicos modernos obtidos como resultado da reagdo quimica sob condicdes
fortemente alcalinas. As principais vantagens destes materiais sdo: parametros de alta resisténcia; resisténcia ao fogo;
resisténcia ao gelo e resisténcia a ambientes agressivos. Por causa da menor emissdo de CO, durante o processo de produgdo,
eles também sdo considerados materiais ecolégicos em comparagao com materiais de cimento Portland comuns.

Objetivos: O objetivo da investigacdo foi definir o impacto da adi¢do de vidro moido reciclado nas propriedades mecanicas do
aglomerante geopolimérico produzido a partir de residuos de minério de tungsténio.

Métodos: Os parametros de resisténcia de amostras geopoliméricas foram determinados com base no teste de flexdo e teste de
compressao.

Resultados: As amostras geopoliméricas que contém 20%, 40% e 80% de vidro moido reciclado apresentam resisténcia a flexao
similar. A resisténcia a compressdo de geopolimeros a base de vidro aumenta com o crescente conteudo de vidro moido
reciclado.

Conclusdes: Em termos de resisténcia a flexdao, a composi¢cdao mais favoravel foi a mistura composta por 60% de vidro moido
reciclado e 40% de residuos de minério de tungsténio. Em termos de resisténcia a compressdo, a composicdo mais favoravel foi
a mistura composta de 80% de vidro moido reciclado e 20% de residuos de minério de tungsténio.

Palavras-chave: geopolimero; ligante geopolimérico; residuos de minério de tungsténio; vidro moido reciclado.

ABSTRACT

Introduction: Geopolymers are the modern inorganic materials obtained as a result of chemical reaction under strongly alkaline
conditions. The main advantages of these materials are: high strength parameters, fire resistance, frost resistance and resistance
to aggressive environment. Because of lower CO, emission during production process, they are also considered as
environmentally friendly materials in comparison to ordinary Portland cement (OPC) systems.

Objectives: The aim of the investigation was to define the impact of recycled ground glass addition on mechanical properties of
geopolymeric binder made from tungsten mine waste.

Methods: The strength parameters of geopolymeric samples were determined on the basis of three-point flexural test and
uniaxial compression test.

Results: The geopolymer samples that contain 20%, 40% and 80% of recycled ground glass present similar flexural strength. The
compressive strength of glass-based geopolymers increases with growing content of recycled ground glass.

Conclusions: In terms of flexural strength, the most favourable composition was the mixture composed of 60% recycled ground
glass and 40% tungsten mine waste. In terms of compressive strength, the most favourable composition was the mixture
composed of 80% recycled ground glass and 20% tungsten mine waste.

Keywords: geopolymer; geopolymeric binder; tungsten mine waste; recycled ground glass.

RESUMEN

Introduccion: Los geopolimeros son los materiales inorganicos modernos obtenidos como resultado de la reaccién quimica bajo
condiciones fuertemente alcalinas. Las principales ventajas de estos materiales son: pardmetros de alta resistencia, resistencia al
fuego, resistencia a las heladas y resistencia al entorno agresivo. Debido a la menor emision de CO, durante el proceso de
produccion, también se consideran materiales ecoldgicos en comparacion con los materiales ordinarios de cemento Portland.
Objetivos: El objetivo de la investigacidn fue definir el impacto de la adicién de vidrio triturado reciclado en las propiedades
mecanicas del aglutinante geopolimérico a partir de desechos de la mina de tungsteno.

Métodos: Los parametros de fuerza de las muestras geopoliméricas se determinaron sobre la base de la prueba de flexion de
tres puntos y la prueba de compresion.

Resultados: Las muestras de geopolimeros que contienen 20%, 40% y 80% de vidrio triturado reciclado presentan una
resistencia a la flexién similar. La resistencia a la compresién de los geopolimeros basados en vidrio triturado aumenta con el
creciente contenido de vidrio triturado reciclado.

Conclusiones: En términos de resistencia a la flexidn, la composicién mas favorable fue la mezcla compuesta por 60% de vidrio
triturado reciclado y 40% de desechos de la mina de tungsteno. En términos de resistencia a la compresién, la composicién mas
favorable fue la mezcla compuesta de un 80% de vidrio reciclado y un 20% de desechos de la mina de tungsteno.

Palabras Clave: geopolimero; aglutinante geopolimérico; residuos de la mina de tungsteno; vidrio triturado reciclado.
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INTRODUCTION

From a chemical point of view, the term "geopolymer" refers to a wide group of modern inorganic binders obtained as a result
of chemical reaction under strongly alkaline conditions. Geopolymer synthesis, also known as geopolymerization, involves
combining powdered solid precursor rich in silicon (Si) and aluminium (Al) with an alkaline solution. The product of chemical
reaction is 3-dimensional amorphous aluminosilicate network built up of cross linked SiO, and AlO, tetrahedral units (Davidovits,
2008). Connection between tetrahedral is provided by bridging oxygen atoms. The negative charge of AlO, tetrahedron is
balanced by positive metal ions such as sodium, potassium, barium, lithium or calcium.

Generally, alkali-activation technology provides numerous advantages over ordinary Portland cement (OPC) systems. Apart from
being environmentally friendly, geopolymers are also characterized by extraordinary properties such as high flexural and
compressive strength, excellent resistance to aggressive environment (acids, sulphates, chlorides) and ability to withstand
extreme weather conditions and corrosion attack (Provis and van Deventer, 2009).

1. THEORETICAL FRAMEWORK

In practice, geopolymer synthesis starts with mixing finely ground aluminosilicate material with an alkaline solution. Currently,
geopolymeric binders may be produced of a wide range of solid materials including industrial by-products (e.g. coal fly ashes,
blast furnace slag) and primary raw materials (calcined clays). Alkaline activator is usually a combination of sodium and
potassium hydroxide and silicate. Distilled water is often added to the mixture in order to provide smooth consistency, which in
turn allows for easier mixing and moulding of the samples. The selection of raw materials becomes a very significant stage in
formation of geopolymeric binders because it strongly influences resulting properties such as workability, setting behaviour,
physical and chemical features of the final product. Moreover, various types of additives may be introduced into the mixture in
order to enhance specific material properties. The most commonly added materials include: metakaolin; ground glass; fly ash;
pozzolan; kaolinite and silica sand. Addition of heat resistance fillers such as chamotte, corundum, wollastonite, fly ash and
carbon, basalt or ceramic fibres may help to control shrinkage (Vickers, van Riessen, Rickard, 2015). Moreover, the natural
aggregates (e.g. limestone, granite or schist) used for the production of Ordinary Portland Cement (OPC) concrete are also
suitable for the production of geopolymeric concrete. According to Provis and van Deventer (2009), the formation of
geopolymers consists of two basic steps: mixing of ingredients and heat-curing. In most cases, geopolymeric binders are allowed
to be cured at room temperature, however heat-curing is more favourable. It was also proved that temperature and the time of
curing strongly influence compressive strength of geopolymers. Moreover, the fastest strength increase is observed during first
24 hours of heat treatment (Adam and Horianto, 2014).

In order to obtain satisfactory mechanical properties of geopolymers, source materials should contain an optimal amount of
reactive silica and alumina. Recycled glass shows great potential for use in geopolymer technology because it contains a lot of
reactive silica and is chemically and physically homogeneous (Christiansen, 2013). Moreover, such a high content of silica may
eliminate the need for sodium silicate in the starting mixture. However, glass cullet contains relatively small amount of alumina,
what may negatively affect the stability and mechanical properties of the final product. Geopolymer composition in this case
should be carefully designed and a proper amount of materials rich in reactive alumina should be introduced into the mixture
(Vafaei and Allahverdi, 2017).

2. METHODS

A comprehensive research program has been established to investigate the physical and mechanical properties of geopolymer
made from tungsten mine waste. In this paper, only the influence of recycled ground glass addition on strength parameters is
discussed.

2.1 Materials used

Tungsten mine waste was obtained from Panasqueira mine during international cooperation under the European Union’s
Horizon 2020 Research and Innovation Staff Exchange programme (REMINE, 2018). It is worth to mention that Panasqueira mine
is one of the oldest tungsten mines in Europe and it is located in the Municipality of Covilha, District of Castelo Branco.
Currently, Panasqueira mine produces between 100-200 tonnes of waste material per day (Sangiorgi et al., 2016). During the
tungsten excavation two main groups of waste are produced. First are coarse aggregates which are by-products of rock blasting.
Such aggregates are used in small quantities for the construction of the road surfaces. Second by-product of tungsten mining is
waste mud accumulated in large lagoons accounting for several million tonnes (Pacheco-Torgal et al., 2008). Over the years of
mining activity, the heaps of waste mud have reached enormous proportions. In the area of former plant called Rio, about
730000 m® of tungsten mine waste are stored, while the Barroca Grande plant accumulated over 1.1 million m? of waste mud.
The results of the diffractometer study (X-ray power diffraction system) indicated that the waste mud consists mainly of quartz
and muscovite (Pacheco-Torgal et al.,, 2007). While analysing the chemical composition, tungsten mud contains a high
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percentage of silica and alumina. Small quantities of sulphur, titanium and magnesium oxide are also present in the sample.
Moreover, tungsten waste mud consists of relatively large amount of iron and potassium oxide which according to Pacheco-
Torgal et al. (2005) may have a significant impact on the compressive strength of geopolymer binder. Considering the
composition of material used as a precursor, it can be concluded that waste mud shows potential for use in geopolymer
technology due to its relatively high percentage of silica and alumina which may guarantee a successful result of alkali-activation
processes.

In this research, collected in Panasqueira mine waste mud was first dried in the oven and then manually sieved to obtain fine
powder, with the granulation not bigger than 500 micrometres (0.5 mm).

Soda-lime glass is the least expensive and the most widely used type of glass constituting over 90% of all glass produced. Such
glass is primarily used for the production of bottles, everyday drinking glasses, jars and also for window glass, where chemical
and high temperature resistance are not required. Recycled glass powder (cullet) is normally made from soda-lime glass of type
used for glass containers. Standard composition of soda-lime glass contains mainly sodium oxide, calcium oxide and silica which
is favourable in terms of geopolymerization process.

To obtain the ground glass for the research, first some clear bottles were collected and then with the use of Los Angeles
machine a fine cullet was made. Similarly, as it was in the case of tungsten mud waste, also the ground glass was manually
sieved to obtain grain fraction from 0 to 0.5 mm.

A combination of both sodium hydroxide and sodium silicate solution was applied as an alkaline activator in geopolymer
formation. Sodium-containing solutions were chosen because they are less expensive and more widely available than
potassium-based ones. The solution of sodium hydroxide (NaOH) was made from pellets (with 97.5% purity and molar mass of
40 g/mol) which were dissolved in demineralised water. The final NaOH solution of 10 M concentration was prepared 24 hours
before forming the samples to allow time for liquid equilibrating.

The second liquid ingredient used in the experiment included sodium silicate solution of R-145 type. While taking into
consideration its chemical composition, the molar ratio (SiO,/Na,0) was equal to 2.6 and the solid content (Na,O + SiO,) ranged
between 39-43%. According to specifications, the relative density of waterglass solution was equal to about 1.45-1.48 g/cma.
The liquid ingredients such as sodium hydroxide and sodium silicate were combined together in ratio 4.0.

2.2 Samples preparation
The geopolymer samples were synthesized from various proportions of waste mud and recycled ground glass (Table 1).

Table 1 - Proportion of solid ingredients in individual samples

no. sample ground glass (w/w) waste mud (w/w)
1 GG 20 20 80
2 GG 40 40 60
3 GG 60 60 40
4 GG 80 80 20

Preparation of geopolymer samples is an important stage which strongly influences the final characteristics of the finished products,
their microstructure and resulting mechanical properties. The formation of geopolymer samples consists of three main steps: mixture
proportioning and mixing, casting and heat curing.

Weighing of raw materials was performed with use of the laboratory scale accurate to 1.0 mg. The dry ingredients such as tungsten
waste mud and ground glass were dry mixed before being added to the alkaline solution. Solid components were blended using putty
knife until the material became homogenous. Then, the sodium silicate and sodium hydroxide (NaOH) solutions were combined
together and mixed for 5 minutes. The next step involved adding the liquid to the solid constituents and precise mixing until the
geopolymer paste became smooth and homogenous. The time and the way of mixing are very significant factors that strongly affect
the quality of the finished sample. The distilled water was also added to the mixture in order to provide more fluid consistency and
enable easier mixing. The excessive amounts of water contained in the samples may lead to drying shrinkage and occurrence of cracks.
This in turn may cause material weakening and reduction of strength. Such phenomenon was also considered and the water dosing
was carefully controlled. Finally, the following dependence was observed — the higher the ground glass content, the lower the water
demand of geopolymer sample. The second stage involved pouring the geopolymer mixture into the special mould made out of
Plexiglas. The choice of Plexiglas instead of steel was made in order to avoid any interaction between mixture components and internal
walls of the mould during casting and curing process. The mould provided a space for six specimens with dimensions 40 x 40 x 160 mm.
The mixture was carefully placed into the mould using a putty knife. After casting, the geopolymer samples were wrapped in protective
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film to prevent water evaporation and to protect them against the impact of humidity during the curing process. Generally, alkali-
activated binders are allowed to be cured at ambient temperature, however heat-curing is more favourable and results in higher
compressive and flexural strength of the final product. For this reason, the geopolymer samples were cured in a climatic chamber for
24 hours at temperature 60°C. After transferring from the mould, the geopolymer specimens were stored at room temperature (about
20°C) for the next 27 days.

2.3 Mechanical behaviour analysis

Mechanical parameters of geopolymeric samples were determined on the basis of three-point flexural test and uniaxial compression
test. The strength tests were carried out using PILOT automatic compression-flexural tester (Controls S.p.A., Italy) in accordance with
the Polish Standard PN-EN 1015-11:2001: Methods of test for mortar for masonry — Part 11: Determination of flexural and compressive
strength of hardened mortar. The following standard provides the detailed requirements connected with testing of masonry samples.
The three-point bending test was performed using geopolymer prisms with dimensions 40 x 40 x 160 mm. During bend-testing, the
samples were subjected to the concentrated force F acting in the middle of the beam span (Figure 1, left). The distance between
supporting pins was equal to 100 mm. The loading pin was gradually lowered at a constant rate (50 N/s) until failure occurred. The
flexure test was carried out using four geopolymer prisms, each of them contained different amount of ground glass (Table 1). Bending
strength was determined on the basis of the following relationship:

f,=1.5 X (F—> (1)

where:

F — destructive force [N],

| —span length [mm],

b — width of the sample [mm],
d — height of the sample [mm].

Uniaxial compression test was carried out on the portions of prisms previously broken in flexure — two parts of each sample
were examined. The geopolymer specimens were placed in between two steel plates (Figure 1, right) and axially loaded by two
opposing forces directed towards each other. The moveable head of the testing machine was gradually lowered until the sample
broke. The uniaxial compressive strength is calculated with the use of the following formula:

R=— (2)

where:
P — critical compressive force [N],

. . - 2
A — cross-sectional area subjected to compression [mm©].

Figure 1 - Left: geopolymer beam subjected to bending. Right: half of the beam exposed to uniaxial compression.
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3. RESULTS

Flexural strength of geopolymer samples is shown in Table 2. The values of bending strength were determined on the basis of
destructive force according to the equation (1). In most cases, as a result of the test an irregular crack formed in the middle of
the sample (perpendicularly to the longitudinal axis of the beam), where the loading pin was applied. In case of specimen with
the highest ground glass content (GG80), bending crack also formed in the middle of the beam, however its shape was
completely different — except one main crack there were also some smeared cracks.
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Table 2 - Results of three-point bending tests

Bending
Sample Destructive force F [kN] Strength f, [MPa]
GG20 0.778 1.902
GG40 0.893 2.093
GG60 1.309 3.093
GG80 0.778 1.951

The destructive force magnitudes in compression tests are presented in Table 3. On the basis of these values and according to
equation (2) the compressive strength of geopolymer samples were calculated (Table 4).

Table 3 - Results of uniaxial compression test — values of destructive forces.

Compression

Sample Force P, [kN] Force P, [kN] Mean value P [kN]
GG20 9.16 8.49 8.83
GG40 13.90 13.59 13.75
GG60 21.96 19.23 20.60
GG80 73.53 82.50 78.02

Table 4 - Results of uniaxial compression test — compressive strength values.

Compression

Sample Strength R; [MPa] Strength R, [MPa] Mean value R [MPa]
GG20 5.73 5.31 5.52

GG40 8.69 8.49 8.59

GG60 13.73 12.02 12.88

GG80 45.96 51.56 48.76

4. DISCUSSION

While considering the results of bending test, it can be noticed that flexural strength of geopolymer samples varies with growing
amount of ground glass addition. Analysing the results in Table 2, bending strength initially increases with increasing amount of
ground glass. The geopolymer sample that contains 60% w/w glass present the highest flexural strength which is equal to 3.1
MPa. Addition of glass powder up to 80% w/w leads to the reduction of strength which then equals only 1.95 MPa. Moreover,
geopolymer samples that contain 20%, 40% and 80% w/w ground glass show very similar flexural strength which is respectively
1.90; 2.09; 1.95 MPa. The obtained results are rather poor in comparison with bending strength values presented in other
researches (Dawczynski et al., 2016). However, these differences may be caused by many factors such as manufacturing
parameters (method and time of mixing, amount of water added to the mixture) or time and temperature of curing (Adam and
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Horianto, 2014). Therefore, further series of strength test are necessary to examine the behaviour of geopolymers subjected to
flexure better and to draw more detailed conclusions. Moreover, the investigation concerning material microstructure and
particle morphology need to be performed in order to determine the exact causes of strength loss.

While taking into consideration the results of uniaxial compression test, it can be noticed that compressive strength of glass-
based geopolymers increases with growing content of ground glass. Analysing the values in Table 4, the compressive strength
rises almost linearly with an increase of ground glass content up to 60% w/w. The differences in strength between samples
GG20, GG40 and GG60 are not greater than 5 MPa. With an increase of glass content up to 80% w/w the measured compressive
strength reaches about 50 MPa, which is almost four times higher than in case of sample that contains 60% w/w ground glass.
Such a good compression behaviour may be connected with smaller amount of water introduced into the mixture during
preparatory works. According to the literature, an evaporation of water from highly saturated samples may lead to drying
shrinkage and surface cracks occurrence. This in turn may cause material weakening and compressive strength reduction (Provis
and van Deventer, 2009). Moreover, the results obtained by (Zaharaki and Komnitsas, 2009), partially confirm the behaviour
observed in the following test. It was indicated that an addition of glass powder up to 50% w/w does not strongly influence the
compressive strength of geopolymers which remains almost the same. They also reported that an increase of glass content
above 90% w/w results in rapid compressive strength growth. Therefore, further series of strength test are required in order to
examine such behaviour better and to identify the causes of the rapid strength increase.

CONCLUSIONS

On the basis of the results of three-point bending test and uniaxial compression test the following conclusions can be drawn:

- Flexural strength of glass-based geopolymer samples increases with an increase of ground glass addition up to 60%
w/w. Addition of glass powder up to 80% w/w leads to bending strength reduction;

- The most favourable composition in terms of flexural strength was obtained for geopolymer sample composed of 60%
w/w glass. In this case, the measured strength was equal to 3.1 MPa;

- Compressive strength of geopolymer samples composed of 20%, 40%, 60% and 80% w/w glass increases with
increasing ground glass content;

- The most favourable composition in terms of compressive strength was obtained for geopolymer specimen composed
of 80% w/w glass. In this case, the measured strength was equal to 48.8 MPa.

The mechanical properties of the tungsten mine waste geopolymeric binder depends not only on the proportion of the materials
used (precursor as well as activator) but also on temperature and time of curing. In this case, to reduce the number of
laboratory tests, numerical analysis may be helpful, but it requires a proven material model. An example of such an analysis is
presented in the paper (Gorski et al., 2016).

ACKNOWLEDGEMENTS

This paper has been prepared with the financial support of European Union’s Horizon 2020 Research and Innovation Staff
Exchange (RISE) programme (Marie Sktodowska-Curie Actions) under grant agreement no. 645696, project REMINE (Reuse of
Mining Waste into Innovative Geopolymeric-based Structural Panels, Precast, Ready Mixes and Insitu Applications) and Polish
Ministry of Science and Higher Education project no. 341284/PnH/2016.

REFERENCES

Adam, A. A., Horianto (2014). The effect of temperature and duration of curing on the strength of fly ash based geopolymer
mortar. Procedia Engineering, 95, 410-414.

Christiansen, M.U. (2013). An Investigation of Waste Glass-Based Geopolymers Supplemented with Alumina. PhD Thesis,
Michigan Technological University.

Davidovits, J. (2008): Geopolymer Chemistry & Applications. Saint-Quentin: Institut Géopolymere.

Dawczynski, S., Gorski, M., Krzywon, R. (2016). Geopolymer as an alternative ecological material for buildings. Proceedings of
14th International Conference on New Trends in Statics and Dynamics of Buildings. Bratislava: Slovak University of
Technology.

Gorski, M., Krzywon, R., Safuta, M., Paszek, N., Dawczynski, S., Pizon, J. (2016). Laboratory test of material properties of
geopolymers made out of postmining waste and their numerical modelling'. Materiaty Budowlane, 8, 89-91.

Pacheco-Torgal, F., Castro-Gomes, J. P., Jalali, S. (2005). Geopolimeric Binder Using Tungsten Mine Waste: Primarily
Investigation. Geopolymer, Green Chemistry and Sustainable Development Solutions, Geopolymer Institute.



8 Dawczynski, S., Ciesla, P., Gorski, M. & Krzywon, R. (2019).
Research on strength properties of geopolymer based on tungsten mine waste and recycled ground glass. Millenium, 2(8), 13-20.
DOI: https://doi.org/10.29352/mill0208.01.00185

Pacheco-Torgal, F., Castro-Gomes, J. P., Jalali, S. (2007). Using Mine Waste Mud to Produce Environmentally Friendly New
Binders. In Portugal SB0O7, Sustainable Construction, Materials and Practices, Challenge of the industry for the New
Millennium (pp. 912-917). Amsterdam: I0S Press BV.

Pacheco-Torgal, F., Castro-Gomes, J. P., Jalali, S. (2008). Investigations of tungsten mine waste geopolimeric binder: Strength and
microstructure. Construction and Building Materials, Vol. 22 (11), 2212-2210.

Provis, J. L., van Deventer, J. S. J. (2009): Geopolymers - Structure, processing, properties and industrial applications. Oxford,
Cambridge, New Delhi: Woodhead Publishing Limited.

REMINE (2018). Retrieved from https://reminemsca.wordpress.com

Sangiorgi, C., Lantieri, C., Tatarani, P., Castro-Gomes, J., Gabriel, M. (2016). Reuse of mining waste into innovative alkali-
activated-based materials for road pavement applications. Functional Pavement Design. Erkens et al. (Eds). London:
Taylor & Francis Group.

Vafaei, M., Allahverdi, A. (2017). High strength geopolymer binder based on waste-glass powder. Advanced Powder Technology,
Vol. 28 (1), 215-222.

Vickers, L., van Riessen, A., Rickard, W.D.A. (2015): Fire-resistant Geopolymers. Role of Fibres and Fillers to enhance Thermal
Properties. Singapore: Springer.

Zaharaki, D., Komnitsas, K. (2009). Effect of additives on the compressive strength of slag-based inorganic polymers. Global NEST
Journal, Vol. 11(2), 137-146.



ENGENHARIAS, TECNOLOGIA, GESTAO E TURISMO

[ ] ]
ENGINEERING, TECHNOLOGY, MANAGEMENT AND TOURISM l I I I 6 n I U l I I
INGENIERIA, TECNOLOGIA, ADMINISTRACION Y TURISMO

TRATAMENTO DE AGUA RESIDUAL PROVENIENTE DA PRODUCAO DE BIODIESEL COM RECURSO AO OXIDANTE
QUIMICO IAO PERSULFATO

WASTEWATER TREATMENT OF BIODIESEL PRODUCTION USING PERSULPHATE ION AS AN OXIDANT

TRATAMIENTO DE AGUAS RESIDUALES DE LA PRODUCCION DE BIODIESEL UTILIZANDO ION PERSULFATO COMO
OXIDANTE

Maria Teresa Borralho®
Ana Pardal
Solange Coelho?

! Polytechnic Institute of Beja, School of Agriculture, Department of Technology and Applied Sciences, Beja, Portugal
? Polytechnic Institute of Beja, School of Agriculture, Beja, Portugal

Maria Teresa Borralho - mtcarvalhos@ipbeja.pt | Ana Pardal - apardal@ipbeja.pt| Solange Coelho - solangecoelhopias@hotmail.com

(c0) ®

BY

Corresponding Author RECEIVED: 17" June, 2018

Maria Teresa Borralho ACCEPTED: 19" September, 2018
Instituto Politécnico de Beja

Rua Pedro Soares, Campus do Instituto Politécnico de Beja

Apartado 6155

7800-295 Beja

mtcarvalhos@ipbeja.pt



22

Borralho, M. T., Pardal, A. & Coelho, S. (2019).
Wastewater treatment of biodiesel production using persulphate ion as an oxidant. Millenium, 2(8), 21 -27.
DOI: https://doi.org/10.29352/mill0208.02.00199

g

RESUMO

Introdugdo: A produgdo de biodiesel produz um efluente altamente poluente, apresentando altos valores de Caréncia Quimica
de Oxigénio (CQO), dleos e gorduras, entre outros contaminantes.

O persulfato de soédio é um poderoso oxidante (EQ = 2.1V). Além da oxidagdo direta que é favorecida em meios alcalinos, ela
pode ser induzida por processos fotoliticos, fotos cataliticos e / ou cataliticos formando radicais sulfato (E2 = 2.6 V),
proporcionando mecanismos de reagdo com radicais livres como radicais hidroxilo.

Objetivos: Neste trabalho foi testado o efeito do composto monopersulfato de potassio (2KHSO5KHSO4K2S04), (Oxone) na
remog¢do da CQO em 4gua residual da etapa de purificagdo do biodiesel.

Resultados: Os ensaios, oxidagdo direta a pH alcalino e oxidagdo catalitica com iGes cobalto, Co (Il), mostraram que os primeiros,
para concentragdes de Oxone de 1.00x10-2 M e 4.00x10-3 M, ndo foram efetivos, pois ndo houve decomposicao do mesmo,
para tempos de reagdo de trés horas, ndo tendo ocorrido, portanto, remogdes da CQO. Nos ensaios cataliticos foram testadas
combinagdes variando entre 5.00x10-3 M e 7.50x10-2 M para o oxidante e 0.10 uM e 1.00 uM para o catalisador.

A decomposicdo completa do oxidante foi sempre verificada entre 15 min. e 2 h.

Os testes com menor concentragao de cobalto mostraram taxas de remogao de CQO em torno de 20% enquanto as maiores
atingiram os 60%.

Conclusdes: O ensaio mais favordvel consegue remogdes significativas da CQO, mas ndo o suficiente para que o efluente seja
descarregado em meio hidrico, de acordo com a legislagdo portuguesa.

Palavras-chave: “Monopersulfato de potdssio”, “Oxidagdao quimica”, “Caréncia Quimica de Oxigénio”,

“Aguas residuais da purificagdo do biodiesel”.

ABSTRACT

Introduction: The production of biodiesel produces a highly polluting effluent, because presents high values of Chemical Oxygen
Demand (COD), oils and fats, among other contaminants.

Sodium persulphate is a powerful oxidant (E2 = 2.1V). In addition to the direct oxidation that is favored in alkaline media, it can
be induced by photolytic processes, catalytic and / or catalytic photos forming sulphate radicals (E2 = 2.6 V) thus providing
reaction mechanisms with free radicals like hydroxyl radicals.

Methods: In this work the effect of the potassium monopersulphate compound (2KHSO5.KHSO4K,S0O,), (Oxone) on the removal
of COD in residual water from the biodiesel purification step was tested.

Results: The tests, direct oxidation at alkaline pH and catalytic oxidation with cobalt ions, Co(ll), showed that the former, for
Oxone concentrations of 1.00x10”> M and 4.00x10 M, were not effective because no decomposition occurred, for reaction
times over three hours, thus not occurring removal of COD. In the catalytic assays combinations were tested, varying between
5.00x10° M and 7.50x10™ M for the oxidant and 0.10 UM and 1.00 uM for the catalyst.

The complete decomposition of the oxidant was always verified between 15 min. and 2 h.

The tests with the lowest concentration of cobalt showed COD removal rates around 20% and the highest one reached 60%.
Conclusions: The most favorable assay achieves significant COD removals, but not enough for the effluent to be discharged in
the hydric medium according the portuguese legislation.

Keywords: “Potassium monopersulphate”, “Chemical oxidation”, “Chemical Oxygen Demand”, “Wastewater from biodiesel
purification”.

RESUMEN

Introduccion: La produccién de biodiesel produce un efluente altamente contaminante, presentando altos valores de Demanda
Quimica de Oxigeno (DQO), aceites y grasas, entre otros contaminantes.

El persulfato de sodio es un poderoso oxidante (E2 = 2.1V). Ademas de la oxidacién directa que es favorecida en medios
alcalinos, puede ser inducida por procesos foto liticos, fotoscataliticos y/o cataliticas formando radicales sulfato (E2 = 2.6 V),
proporcionando mecanismos de reaccién con radicales libres como los radicales hidroxilo.

Objetivos: En este trabajo se probo el efecto del compuesto monopersulfato de potasio (2KHSO5KHSO4K2S04), (Oxone) en la
remocion de la CQO en agua residual de la etapa de purificacion del biodiesel.

Resultados: En los ensayos cataliticos se probaron combinaciones que oscilan entre 5.00x10-3 M y 7.50x10-2 M para el oxidante
y 0.10 uM y 1.00 uM para el catalizador.La descomposicion completa del oxidante ha sido siempre comprobada entre 15 min. y
2 h.

Los ensayos, oxidacion directa a pH alcalino y oxidacién catalitica con iones cobalto, Co (ll), mostraron que los primeros, para
concentraciones de Oxone de 1.00x10-2 M y 4.00x10-3 M, no fueron efectivos, pues no hubo descomposicién de este, para
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tiempos de reaccion de tres horas, no habiendo ocurrido, por lo tanto, remociones de la CQO. En los ensayos cataliticos se
probaron combinaciones que oscilan entre 5.00x10-3 My 7.50x10-2 M para el oxidante y 0.10 uM y 1.00 uM para el catalizador.
La descomposicion completa del oxidante ha sido siempre comprobada entre 15 min.y 2 h.

Las pruebas con menor concentracion de cobalto mostraron tasas de remociéon de DQO en torno al 20% mientras que las
mayores alcanzaron el 60%.

Conclusiones: La prueba mas favorable logré una importante eliminacién de DQO, pero no lo suficiente para que el efluente se
descarga en el medio acuatico, de acuerdo con la ley portuguesa.

Palabras clave: "Monopersulfato de potasio"”, "Oxidacién quimica", "Demanda Quimica de Oxigeno",
“Aguas residuales de depuracion de biodiesel”.

1. STATE OF ART

The untreated biodiesel contains several impurities, which will impact on the performance and durability of the diesel engine.
Therefore, the purification stage is essential. The more traditional purification method is wet washing. However, the inclusion of
additional water to the process offers many disadvantages, including the generation of a highly polluting wastewater that needs
to be treated prior to environmental discharge and the significant loss of biodiesel into the wastewater phase. This type of
effluent has quality parameters much higher than allowed by the portuguese legislation, Decree Law 236/98 of 1** August.
Several strategies based on physical, chemical and biological treatments have been purposed to treat this type of effluent
(Rattanapan, Sawain, Suksaroj & Suksaroj, 2011; Pardal et al, 2014; Borralho, Pardal, Carvalho, Almeida & Baltazar, 2015).
However, none of the processes reduced the Chemical Oxygen Demand (COD) levels sufficiently to allow direct discharge. The
use of persulphate salts (Na,S20g, K,S205 and KHSOs), is an emerging technology in situ of chemical oxidation of organic
compounds (Wei et al., 2015). This compound can directly react with organic molecules with a redox potencial comparable to
hydrogen peroxid (Hussain, Green & Ahmed, 2013; Solis, 2017). In addition to direct oxidation, the persulphate can be induced
to form sulphate radicals, thereby providing mechanisms for reaction with free radicals like to the hydroxyl radicals. Activation
of persulphate to form sulphate radicals is a potent remediation tool for a wide variety of contaminants (Rivas, Gimeno &
Borralho, 2012).

Monopersulphate (HSOs) is the active ingredient of a triple potassium salt, 2KHSOsKHSO,K,SO, (Oxone). At pH above the 8-9,
monopersulphate, (pKa=9.13), dissociates and the predominant specie is SOs>, which, apparently, reacts with ionic forms of
organic matter (Solis, 2017). It also can be induced by photolytic, catalytic and /or photocatalytic processes to form sulphate
radicals (Chen et al., 2012; Wang & Chu, 2012; Chi et al.,, 2016) thereby providing mechanisms for reaction with some
advantages comparing to hydroxyl radicals (Hu & Long, 2016; Oh, Dong & Lim, 2016). Oxone can also be decomposed into
radicals by means of transition metals such Co(ll), Ru(ll) and Mn(Il) (Rodriguez- Chueca et al., 2017), according Eq.1:

HSOs +M ™ — 50, + M™* + OH  (Eq.1)

M= Co(ll); Co(ll), Ru(Il) and Mn (lI)

Moreover, Oxone is relatively stable at room temperature and easy to handle since is available in powder form
(Rodriguez-Chueca et al., 2017).

So, this work was intended to study the effect of the potassium monopersulphate compound in the removal of chemical oxygen
demand (COD) of wastewater from the biodiesel purification stage. Two types of tests were performed; direct oxidation and
oxidation using the metal catalyst Co (ll).

2. METHODS

In this work the effect of the potassium monopersulphate compound (2KHSO5.KHSO,K,S0O,), (Oxone) on the removal of COD in
residual water from the biodiesel purification step was tested.

2.1. Sample
Table 1 summarises the physicochemical characteristics of the biodiesel wastewater (BWP) used, that it was supplied by PRIO
(Prio Energy Co).
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Table 1. Biodiesel wastewater physicochemical characteristics.

Parameter Biodiesel wastewater
pH 3.0

Redox Potential (mV) 360

Conductivity (uS/cm) 190

Turbidity (NTU) 0.36

COD (g Oy/L) 667

Fats (mg/L) 17

2.2 Data collection instruments

The pH and Redox Potential were determined by the potentiometer pH — Metron 654 pH meter and WTW- Inolab
potentiometer respectively, while Conductivity was measured by the conductivity meter Methohm and the Turbidity using a
WTW Turb.550 turbidimeter. The absorbance at 254nm was measured using a UV/Visible espectrofotometer Pharmacia Biotech
Ultraspec 2000. In the determination of Sulphates it was used the furnace, Thermo — Heraeus, model K 114.

The reagents used in this work were:

Sulfuric acid, H,S0,4, 95-98%, (Panreac); Ultrapure water, Mili-Q. Resistivity 10 MQ cm; Sodium hydroxide, NaOH, 98%, (Panreac);
Potassium iodate, KI03, (Panreac); Potassium iodide, KI, 99.0-100.5%, (Panreac); Ammonium molybdate, (NH;),M00,.4H,0, 93.1-
101.0% (Panreac); Oxone, 2KHSO5.KHS0,4.K,S0,4, 99.9%, (Sigma Aldrich) ; Cobalt sulphate, CoSO, 7H,0, (Sigma Aldrich); Sodium
thiosulphate, Na,S,0;, 98-102%, (Panreac); Cloridric acid, HCI, 36% (Panreac); Barium chloride, BaCl,.H,O (Panreac).

All reagents used were analytical grade.

2.3 Analytical determinations

The experiments were carried out in alkaline medium, so the pH was maintained (9<pH<10) with addition of NaOH. For both
treatments (direct oxidation and catalytic oxidation) several concentrations of Oxone were tested and its evolution over time of
reaction was monitored using the iodometric method. This method consists of adding to the sample an excess of iodide which is
titrated with sodium thiosulphate solution.

Thus, 5 mL of sample was taken, 10 mL of H, SO,4, 2.0 N, 25 mL of KI (20 g/L) and a few drops of

saturated ammonium molybdate solution were added, which acts as a catalyst. The reaction that occurs is:

HSOg + 21" +2H" = 1+ H,0 + HSO," (Eq.2)

Then it is titrated with sodium thiosulfate, previously measured with KIO; and the desired concentration is obtained by:

CHSOS- =(V52032--C52032- )/ 2Vsample (Eq?’)

Where Vs,0,% is the volume of thiosulphate spent in the titration, Cs,0,* is the concentration of the thiosulphate solution used
and V gmpre is the volume of the sample.

The evolution of the organic matter degradation was carried out by COD determination (APHA 2012).

The sulphates were determined using the gravimetric method (APHA 2012).

2.4 Procedures

All the experiments were carried out in triplicate and values presented are the average of the results.

The observed standard deviation was always less than 5% of the reported value.

Different physic-chemical parameters such as pH, Conductivity, Redox potential, Turbidity and COD were analyzed for the
sample characterization.

Both experiments were carried out in a discontinuous way using 300 mL of BWP with stirring. The assays started after the
addition of different dosages of (i) Oxone and (ii) Oxone and Co (lI) depending of the type of test (direct oxidation or catalytic
oxidation, respectively). Sodium hydroxide had been added to maintain the pH (9<pH<10) along the assays.

Samples were withdrawn over time of the assay to analyze the evolution of the concentration of Oxone and the pH.

COD was analyzed at the end of each treatment, to assess the respective removal efficiency.

Finally, for the assay that reached the best removal of COD were measured the absorvance at 254 nm and the sulphates.
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3. RESULTS
Direct oxidation results are shown in figure 1:
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Figure 1 — Evolution of normalised concentration of Oxone in direct oxidation.
Experimental conditions: Empty symbols-[Oxone]y= 4.00x10° M; Full symbols- [Oxone]y= 1.00x10 M; 9<pH<10; T=252°C.

Next, it was studied the effect of the catalyst Co (Il) into the process of decomposition of Oxone and were made different

combinations of oxidant and catalyst.
Figure 2 shows the results obtained:

A)
1.00 1.00
050 & 0.90
0.80 2 o 080
= 070 02 ¢ 070
§ 0.60 % g 0.60
& 050 .900 < 050
< 040 30 g 0.40
g 030 e 0.30
g 0.20 CPYS S o020
2 o010 See 0.10
0.00 Seee | 0.00
0 10 20 30 40 50 60 70 80 S0 100110120

Time (min.)

Time (min)

Figure 2 — Evolution of normalized concentration of Oxone for catalytic assays. Experimental conditions at A:
o-[Oxone]g=1.OOXIO'ZM:[CO(II)]=O.1uM; o-[Oxonely=5.00x10"M:[Co(I1])=0.1 UM. Experimental conditions at B:
0-[0xone]y=1.00x10M: [Co(l1])=1.00pM: e [-Oxone]o=2.00x10"°M: [Co(1l)]=1.001M;=-[Oxone],=3.00x10M:[Co(l)]=1.00pM;
A-[Oxone],=5.00x10 M:[Co(ll)]=1.00 uM; 0-[ Oxonelo=7.50x10" M[:Co(I1)]=1.00 uM; 9<pH<10; T= 25°C.

The results of COD removal for all experiments are in figure 3.
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Figure 3 — COD removal rates for the different catalytic assays. Experimental conditions;1-[Oxone]0=5.00x10'3 M: [ Co(l1)]=0.1uM;
2-[Oxone]0=1.00x10'2M: [Co (I1)]=0.1puM; :«"-[Oxonez]ozl.OOxlO'2 M: [Co(ll)]=1.00uM; 4-[Oxone]o=2.00x10'2 M: [Co(II)]=1.00uM; 5- [Oxone],=3.00x10"
2 M: [Co(I1)]=1.00 uM; 6- [Oxone]0=5.00x10'2 M: [Co(11)]=1.00 puM; 7-[Oxone]0=7.50x10'2 M:[Co(I1)]=1.00 uM; 9<pH<10; T= 25°C.
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At 254 nm the aromatic and, in general, the unsaturated compounds have a high molar extinction coefficient and consequently
high absorbance. Thus, given the proportionality between this and the concentration, it can be said that the measurement
obtained at this wavelength is indicative of the total amount of aromatic and unsaturated compounds present.

So, for the best assay, ([Oxone]y= 5.00x10°M and [Co (I)]= 1.00 uM), the absorbance at A= 254 nm was measured. The results
are in figure 4.
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Figure 4 — Evolution of Oxone and absorbance (A= 254 nm) along de time.
Experimental conditions: Full Symbol- [Oxone]o=5.00x10'2 M: [Co(lI)]:l.OOxlO'6 M; Empty Symbol-Absorbance (A= 254 nm).

4. DISCUSSION

The results show that the direct oxidation tests for the potassium monopersulphate concentrations of 1.00x10”° M and 4.00x107
M were not effective because there was no significant decomposition over more than three hours (Figure 1.), but after 2 days of
reaction the monopersulphate suffered an abatement of 70% for the lower concentration tested.

The removal of COD was almost nonexistent, for these the assays (results not shown). The direct oxidation reported by some
authors (Yu, Cui & Zhang, 2010; Rivas et al., 2012) and /or the initiation of the sulphate radical generation process by alkaline
conditions (Guan, Ma, Li, Fang & Chen, 2011), seems to be a very slow process.

Co(ll) has been reported as one of the most effective metal catalyst for the activation of HSO5, promoting a radical sulphate
complex mechanism (Sun, Li, Feng & Tian, 2009; Rivas et al., 2012).

The reduction of Co(lll) to Co(ll) mediated by the oxidation of monopersulphate is thermodynamically feasible (0.82 V) and fast,
and the process proceeds cyclically many times until monopersulphate is totally consumed (Rodriguez- Chueca et al., 2017).
Actually, all catalytic assays showed total decomposition of the oxidant for contact times ranging from 15min. to 2 hours
depending of the initial concentration (Figure2). The figure 3 shows the COD removal rates that were variable and assumed
values between 17% and 60%.

The treatments were started with cobalt concentrations of 0.10 uM, figure 2A, but the difficulty in dosing the compound led to
its increase to 1.00 pM which significantly increased the rate of Oxone decomposition, Figure 2B. Obviously, for identical
concentrations of Oxone tested (1.00x10'2 M) COD removal was identical too (Figure 3).

An increase in the initial Oxone concentration had exert a positive effect on COD removal until reach an optimum value (60 %)
after what it slightly started to be negative. This result was also mentioned by (Solis, 2017).

The most effective test in terms of removal of COD was the combination of [Oxone], = 5.00 x 10° M; [Co(Il)]=1.00 uM, that
reached a COD removal near of 60%, assuming the value of 260 g /L. This result shows the efficacy of the monopersulphate into
oxidate organic matter, but due to the large amount in the raw wastewater the final COD concentration is still above to the
desired one. The Portuguese legislation, Decree-Law 236/98 of 1* August, indicates the parametric value of 150 mg O,/L as the
discharge limit in a hydric medium. Anyway, the decrease of absorbance, (Figure 4), may indicate that the organic matter may be
being decomposed into simpler molecules.

As monopersulphate is a source of sulphates they were measured (2000 mg/L S0,”) for the most favorable test. Although
elevated, still are within the values allowed by the Portuguese legislation (2000 mg /LSO,).

In summary, the direct oxidation HSO5/Co(ll) treatment could be an interesting alternative for the treatment of this
wastewater as a pre- or post-treatment process, alone or in combination with a biological system. In the latter case a
biodegradation study should be recommended.

CONCLUSIONS

The BWP has COD values much higher than allowed by law. It is therefore imperative to treat them before being discharged into
the hydric medium.

The direct oxidation with monopersulphate showed that decomposition was very slow, so there wasn't COD removal for the
times of reaction monitorized. On the other hand, the use of Oxone with de catalyst cobalt seems to be a suitable alternative
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to oxidize organic matter. Oxone improves catalytic oxidation of COD. The most effective test reached a COD removal rate near
60%, assuming the value of 260 g /L. This value is still far from the indicate for portuguese legislation as the discharge limit value
in a hydric medium.

This treatment may to be a previous or post step to a treatment of this type of wastewater. The sulphates and cobalt must, also,
be monitorizated.
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RESUMO

Introdugdo: Os servicos de residuos sdo fundamentais nas sociedades modernas, pois contribuem significativamente para o
desenvolvimento social e econédmico do pais. Portanto, devem obedecer a um conjunto de principios, de entre os quais a
universalidade do acesso, continuidade e qualidade de servico e eficiéncia e equidade de pregos, constituindo-se em importante fator
de equilibrio social.

Do ponto de vista da regulagdo e avaliagdo da qualidade dos servigos publicos prestados aos consumidores, a Autoridade de Regulagao
de Servicos de Agua e Residuos (ERSAR) desempenha um papel de lideranga.

Objetivos: Analisar os indicadores de qualidade de servigo (IQS) de um municipio de médio porte para o periodo de 2011 a 2016, que
permitam avaliar, em termos técnicos, ambientais e econdmicos, um sistema municipal de gestdo de residuos sélidos.

Métodos: A avaliagdo dos servigos de gestdo de residuos sélidos urbanos (RSU) é realizada por meio de trés grupos de indicadores de
qualidade de servigo (indicadores de desempenho): indicadores que refletem a protegdo dos interesses dos consumidores; indicadores
que refletem a sustentabilidade da gestdo de servigos e, por fim, indicadores que traduzem a sustentabilidade ambiental.

Resultados: Os resultados obtidos nos indicadores de qualidade de servigo para a avaliagdo dos objetivos do Plano Estratégico
Portugués para Gestdo de RSU (PERSU 2020) mostram que a cidade ainda tem que fazer um esforgo para atingir os objetivos definidos
para o setor até 2020.

Conclusodes: No geral, a andlise mostra que o sistema apresenta principalmente niveis médios e insatisfatorios de qualidade de servigo.

Palavras-chave: Gestao Municipal de Residuos Sdlidos, ERSAR, Indicadores de Qualidade de Servigo.

ABSTRACT

Introduction: Waste services are fundamental in modern societies as they contribute significantly to the social and economic
development of the country. Therefore, they must comply with a set of principles, among which are the universality of access,
continuity and quality of service and price efficiency and equity, constituting an important factor of social balance.

From the point of view of regulation and evaluation of the quality of public services provided to users, The Water and Waste Services
Regulation Authority (ERSAR) plays a leading role.

Objectives: To analyze the service quality indicators (SQI) of a medium-sized city council for the period 2011 to 2016, which allow to
evaluate in a technical, environmental and economic terms an municipal solid waste management system.

Methods: The evaluation of municipal solid waste (MSW) management services is carried out through three groups of quality of
service quality indicators (performance indicators): indicators that reflect the protection of user interests; indicators that reflect the
sustainability of service management and, finally, indicators that translate environmental sustainability.

Results: The results obtained in the service quality indicators for the evaluation of the goals of the Portuguese Strategic Plan for MSW
Management (PERSU 2020) show that the city has yet to make an effort to meet the goals defined for the sector by 2020. Conclusions:
Overall, the analysis shows that the system presents mainly levels medium and unsatisfactory quality of service.

Keywords: Municipal Solid Waste Management, ERSAR, Service Quality Indicators.

RESUMEN

Introduccidn: Los servicios de residuos son fundamentales en las sociedades modernas, pues contribuyen significativamente al
desarrollo social y econédmico del pais. Por lo tanto, deben obedecer a un conjunto de principios, entre los cuales la universalidad del
acceso, continuidad y calidad de servicio y eficiencia y equidad de precios, constituyéndose en un importante factor de equilibrio
social.

Desde el punto de vista de la regulacion y evaluacion de la calidad de los servicios publicos prestados a los consumidores, la Autoridad
de regulacion de los servicios de agua y de desechos (ERSAR) desempefia un papel de liderazgo.

Obijetivos: Analizar los indicadores de calidad de servicio (IQS) de un municipio de mediano porte para el periodo de 2011 a 2016, que
permitan evaluar, en términos técnicos, ambientales y econdmicos, un sistema municipal de gestidn de residuos sélidos.

Meétodos: La evaluacion de los servicios de gestion de residuos sélidos urbanos (RSU) se realiza a través de tres grupos de indicadores
de calidad de servicio (indicadores de desempefio): indicadores que reflejan la proteccién de los intereses de los consumidores;
indicadores que reflejan la sostenibilidad de la gestidn de servicios y, por ultimo, indicadores que reflejan la sostenibilidad ambiental.

Resultados: Los resultados obtenidos en la calidad de los indicadores de servicio para la evaluacién de los objetivos del Plan Estratégico
para la Gestién de RSU portuguesa (PERSU 2020) muestran que la ciudad todavia tiene que hacer un esfuerzo para alcanzar los
objetivos fijados para el sector en 2020.
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Conclusiones: En general, el analisis muestra que el sistema presenta principalmente niveles medios e insatisfactorios de calidad de
servicio.

Palabras clave: Gestién Municipal de Residuos Sélidos, ERSAR, Indicadores de Calidad de Servicio.

INTRODUCTION

In the past, "household wastes" practically were not a problem. Almost all of the materials used contained components of animal or
plant origin that, once returned to earth, were naturally decomposed into their elemental constituents, re-integrating a new life cycle
(Levis & Cabegas, 2006).

Throughout the twentieth century, all this scenario has changed, with the appearance and production of new materials resulting from
technological development, and with society orientated by consumerist values, where the choice of products has become increasingly
varied (Levis & Cabegas, 2006).

The management of municipal waste, from its production to its final destination, presupposes the systematic and in-depth knowledge
of its characteristics, both quantitative and qualitative (Levis & Cabegas, 2006).

Solid waste management can be a challenge, taking into account:

- Population expansion and economic development;

- Risk to human health and the environment;

- Contaminating water, attracting insects and rodents, and increasing flooding due to blocked drainage canals or gullies;
- Safety hazards from fires or explosions;

- Increases GHG emissions, which contribute to climate changes.

Adequate waste management contributes to the preservation of natural resources, both at the level of prevention and through
recycling and valorization, as well as other specific legal instruments, reflecting the importance of this sector, considered in its aspects,
as environmental and as sector of economic activity and the challenges facing policy makers and all actors in the chain of management,
from the Public Administration, through economic operators to citizens, in general, as producers of waste and indispensable agents of
the continuation of these policies (APA, 2017).

In 2015, 4,765 million tonnes of MW were produced in Portugal, 1% more than in 2014, reversing the trend of decrease observed in
previous years (close to those of 2012). For 2015, in Continental Portugal, a capitation of 459 kg/person.year was below the European
average (474 kg/person.year). Including the amounts of the Autonomous Regions this value would increase to 460 kg/person.year
(APA, Residuos Urbanos Relatério Anual 2015, 2016).

This increase will be related to an improvement of the economic situation in Portugal, which seems to indicate that the objective of
decoupling waste production from economic growth is not being achieved. On the other hand, it is also noted that measures to
prevent waste production are not having the expected effectiveness (APA, 2016).

Regulation of the waste sector in Portugal

Regulation of the waste sector is key to management, environment or quality of service, in order to ensure acceptable conditions for
users, the State and the environment. In addition, regulation becomes the sole verification by the State of investment in the
construction of landfills, incineration plants and other equipment remunerated with state money and the approved by Decree-Law n?
379/93, of 5 November (Silva, Ferreira, & Bras, 2015).

In recent years, the sector of urban waste services has undergone major developments, setting ambitious targets for the treatment of
waste produced. This development has resulted in increasingly demanding collection and treatment of waste, economically and in
terms of the demand for an efficient service. Therefore, it is necessary to evaluate the performance of the Management Entities (EG), a
task that has been assumed by The Water and Waste Services Regulation Authority (ERSAR), being the service quality indicators (SQl) a
good quality assessment instrument, either for the Regulation Authority or for the management entities (ERSAR, 2017).

ERSAR is responsible for developing an assessment of the quality of service levels of all water and waste management entities, but also
collecting, validating, processing and disseminating this information and preparing and publicizing comparative summaries in an annual
report (ERSAR, 2017).

The experience acquired during the application of the 1st generation of the evaluation system, the need to prepare the 2nd generation
for application to all management entities and the publication of the ISO 24500 standards related to performance evaluation of water
services, important contributions to the improvement and consolidation of the system. The system of indicators is organized according
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to these standards which, although they cover only water supply and wastewater services, can also be applied to municipal waste
management services (Cardoso, 2014).

Following the publication of the new strategic plans approved for the water sector (PENSAAR 2020) and for the waste sector (PERSU
2020), ERSAR carried out a deep reflection on the review of the quality of service evaluation system, to adapt the same to these plans.

1. METHODS

In order to have instruments to assess the service quality vis-a-vis the previously mentioned regulation goals three groups of service
quality indicators were defined:

- Indicators that reflect the adequacy of the interface to users: this group of indicators aims to assess whether the service provided
in the year under assessment was appropriate, particularly in terms of greater or lesser physical access and affordability to the
service and the quality with which it is provided; this group is further subdivided into the two aspects mentioned: accessibility of
the service and quality of the service provided.

- Indicators that reflect the sustainability of service management: this group of indicators aims to assess whether basic measures
are being taken to ensure that the service provided is sustainable; this group is further subdivided into the aspects of economic
sustainability of the service, infrastructural sustainability of the service and physical productivity of human resources.

- Indicators that reflect the environmental sustainability: this group of indicators aims to assess the level of protection of
environmental aspects associated with the operator’s activities; this group is further subdivided into efficiency aspects in the use
of environmental resources and the prevention of pollution (ERSAR, 2017).

Sixteen indicators were defined to assess the quality of the municipal waste management service (listed in Table 1), indicating their
scope of application depending on the type of system. The indicators are calculated according to the ERSAR technical guides (ERSAR,
2017b; ERSAR, 2017).

Table 2 shows the Reference values, for each indicator, for retail systems.

Table 1. Municipal waste management service quality indicators

MUNICIPAL WASTE MANAGEMENT SERVICE QUALITY INDICATORS Bulk Retail
@ Accessibility of the service to users
(%]
g RUO1 — Service coverage (%) ° °
£ RUO2 — Selective collection coverage (%) ¢ ¢
)]
w
g RUO3 — Affordability of the service (%)
.5 Quality of the service provided
=
(8]
.g RUO04 — Washing of containers (-) ¢ ¢
e RUO5 — Response to complaints and suggestions (%) ° °
Economic sustainability
RUOG6 — Cost recovery ratio (%) ¢ ¢
Infrastructural sustainability
= nd . th .
= 2" generation 3" generation
Q2
£ Bulk Retail Bulk Retail
©
§ RUO7 — Packaging waste recycling (%) o o RUO7- Recycling of selective waste collection (%) . .
w
‘2 RUO8 — Organic waste recovery (%) o n.a. RUO8 - recycling of undifferentiated waste (%) . .
g. RUQ9 — Incineration (%) o n.a. RUQ9 - Waste recovery by TMB (%) o n.a.
RU10 — Landfill use (%) ¢ n.a.
RU11 - Renewal of waste collection vehicles (km/vehicle) ° °
RU12 — Efficient use of waste collection vehicles [kg/(m3 - year] . .
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MUNICIPAL WASTE MANAGEMENT SERVICE QUALITY INDICATORS Bulk Retail
Physical productivity of human resources
RU13 — Adequacy of human resources (No./1000 t) ¢ ¢
Efficiency in the use of environmental resources
= - (kWh/t) | e n.a.
E % RU14 — Use of energy resources (tep/1000) | naa. .
€ ©
c £
2 g Efficiency in the prevention of pollution
S
c 3
w @ RU15 — Quality of the leachate after treatment (%) o n.a.
RU16 — Greenhouse gas emissions (kg CO,/t) . .

n.a. — not applicable

Table 2 -Reference values, for each indicator, for retail systems

MUNICIPAL WASTE MANAGEMENT SERVICE QUALITY INDICATORS

Reference values for retail system (for predominantly rural intervention areas)

Protection of user interests

Accessibility of the service to users

RUO1 — Service coverage (%)

Good service quality [80; 100]
Average service quality [70; 80[
Unsatisfactory service quality [0; 70[

RUO2 — Selective collection coverage (%)

Good service quality [70; 100]
Average service quality [50; 70[
Unsatisfactory service quality [0; 50[

RUO3 — Affordability of the service (%)

Good service quality [0; 0.50]
Average service quality [0.50; 1.00[
Unsatisfactory service quality [1.00; +oo[

Quality of the

service provided

RUO4 — Washing of containers (-)

Good service quality [6.0; 24.0]
Average service quality [4.0; 6.0[ or [24.0; 28.0[ Unsatisfactory service
quality [0.0; 4.0[ or [30.0; +o [

RUOS — Response to complaints and suggestions (%)

Good service quality 100
Average service quality [85; 100[
Unsatisfactory service quality [0; 85]

Operator sustainability

Economic

sustainability

RUO6 — Cost recovery ratio (%)

Good service quality [100; 110]
Average service quality [90; 100[or ]110.0; 120.0[
Unsatisfactory service quality [0; 90[ or ]120.0; + [

Infrastructural sustainability

2" generation

h .
3" generation

RUOQ7 — Packaging
waste recycling (%)

Good service quality [95; +0]
Average service quality ]90; 95]

Unsatisfactory service quality [0; 90]

RUOQ7- Recycling of Good service quality [100; +x]
selective waste collection | Average service quality ]90;100]
(%) Unsatisfactory service quality [0; 90[

RUO8 — Organic n.a. RUOS - recycling of Good service quality [7; +o]
waste recovery (%) undifferentiated waste Average service quality ]5;7[

(%) Unsatisfactory service quality [0; 5[
RUQ9 — n.a. RUQ9 - Waste recovery n.a.

Incineration (%)

by TMB (%)

RU10 - Landfill use (%)

Good service quality [24; +x]
Average service quality [18;7]
Unsatisfactory service quality [0; 18]

RU11 — Renewal of waste collection vehicles (km/vehicle)

Good service quality [0; 250 000]
Average service quality ]250 000; 350 000 [
Unsatisfactory service quality ]350 000; +o [

RU12 — Efficient use of waste collection vehicles [kg/(m” - year]

Good service quality [400; 500[

Average service quality ]300; 400[ and ]500; 550[
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MUNICIPAL WASTE MANAGEMENT SERVICE QUALITY INDICATORS

Reference values for retail system (for predominantly rural intervention areas)

Unsatisfactory service quality [0; 350[ and [550; +oo[

Physical productivi

ty of human resources

RU13 — Adequacy of human resources (No./1000 t)

Good service quality [1.0; 3.0[
Average service quality ]0.5; 1.0[ and ]3.0; 3.5[
Unsatisfactory service quality [0.0; 0.5[ and [3.5; +oo[

Efficiency in the use of environmental resources

RU14 — Use of energy resources (tep/1000t)

Good service quality [0; 6,5]
Average service quality 16,5; 7,5]
Unsatisfactory service quality ]7,5; +o [

Efficiency in the prevention of pollution

RU15 — Quality of the leachate after treatment (%)

n.a.

RU16 — Greenhouse gas emissions (kg CO,/t)

Good quality service [0; 15]
Average quality service ]15; 18]
Unsatisfactory quality service ]18; +oo [

n.a. —not applicable

2. RESULTS

Table 3 presents the performance indicators for the years 2011 to 2015 and the performance indicators available for 2016, for
the medium-sized city council studied. The Municipality has about thirty-six thousand inhabitants and an area about one

thousand km®.

Table 3 - Values for evaluating service quality indicators in the period 2011 to 2016

2011 2012 2013 2014 2015 2016
“ Accessibility of the service to users
g E RUO1 — Service coverage (%) 93 e 94e 9e 90e 90e 90,4e
o5 RU02 —Selective collection coverage (%) 8e 88e 97e 8le 82e b)
E E RUO3 — Affordability of the service (%) 0.10e 0.21e 0.17e 0.22e 0.25e b)
'5 o« Quiality of the service provided
3 RUO04 — Washing of containers (-) 6e 4.3e 7.2e 3.7e 4.8e 5,68
RUOS — Reply to written complaints and suggestions (%) 94e 96e 100e 95e 92e 78,60
Economic sustainability
RUO6 — Cost recovery ratio (%) | W.i. 0.5e 0,4e NA 54e W.i.
[ Infrastructural sustainability
5 RUOQ7 — Packaging waste recycling (%) 102e 94e 9le 88e 115e W.i.
%( RUO8 — Organic waste recovery (%) W.i. W.i. W.i. W.i. W.i. AR
; RUO9 — Incineration (%) W.i. Wi W.i. Wi Wi W.i.
2 RU10 - Landfill use (%) W.i. W.i. W.i. W.i. W.i. W.i.
% RU11 - Renewal of waste collection vehicles 174,406 194,064 e 218,356 260,870 277,570 W.i.
g (km/vehicle)
&5 RU12 — Efficient use of waste collection vehicles 322e 313e 292e 308e 320e 316e
S [kg/(m”- year]
Physical productivity of human resources
RU13 — Adequacy of human resources (No./1000 t) I NR I 3.2e I 3.1e 3.6e I 3.8e 4e
< = Efficiency in the use of environmental resources
% = RU14 — Use of energy resources (kWh/t) | Se | S5e | S5e | Se | 5,2e 5,2e
; 2 Efficiency in the prevention of pollution
g é RU15 — Quality of the leachate after treatment (%) W.i. W.i. W.i. W.i. W.i. W.i.
% 2 RU16 — Emissions of greenhouse gases (kg CO,/t) 16e 15e 15e 16e 16e 16e
e Good quality service
® Average quality service
e Unsatisfactory quality service
n.a - not applicable
w.i. - without information
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Based on the analysis of the previous table, which corresponds to the evaluation of the management entity and the Alentejo
City Hall, there are indicators for which the evaluation is almost always unsatisfactory during the period considered, such as the
profitability of the car park and the laundering containers.

This assessment may be due to the lack of staff to carry out these tasks, which is reflected in several indicators since without
sufficient staff in the service can not achieve positive results.

On the other hand, it was verified that the indicators physical accessibility of the service, selective collection, economic
accessibility of the service, use of energy resources presented satisfactory evaluation.

In the year 2015 there was improvement in the parameter of packaging waste recycling, which went from an unsatisfactory
quality of service to a good quality of service.

CONCLUSIONS

The Urban Waste service sector has been undergoing major developments in recent years. In addition to the individual policies
of each Member State, the European Union itself has defined policies that have been translated into ambitious goals in terms of
UW treatment targets produced.

The situation of lack of competition and the very requirements to comply with the goals and objectives established in the
PERSU2020 create a need to evaluate performance and ERSAR has assumed this task through regulation, first in the sector in
"Bulk" and then in the sector in "Retail".

The regulation, through the evaluation of service quality indicators of the waste management systems, allows an up-to-date and
accurate knowledge of the state of the services, providing an awareness of what is working satisfactorily and what can still be
improved.

In general, it can be concluded that ERSAR has played a key role in promoting the continuous improvement of the quality levels
of the waste services provided, however, the Management Entities should continue to make an effort that translates into better
transparency, efficiency and effectiveness of management and support the implementation and enforcement of public policies
at national and community level.

Regarding the actions of the Municipality, it can be mentioned that there is a concern for good management of the UW, namely
in the acquisition of new containers for the disposal of waste.

However, there is still little participation of the population in the separation of waste.

In this work, the service quality indicators were analyzed from 2011 to 2016. It was verified that there are indicators with a
satisfactory result, others with unsatisfactory result and indicators with a median result. The indicators of performance with
unsatisfactory result are those that require more attention, as is the case of the washing of the containers of the Municipality, as
mentioned this evaluation is due to the lack of personnel, that to go about collecting the waste, they cannot do the washes.
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RESUMO

Introdugdo: A competitividade internacional acentuada motivada pela globalizagdo com o objetivo de alcangar um publico que
cada vez se nota mais exigente, faz da diminui¢do de custo e aumento da qualidade uma necessidade primaria transversal a
qualquer setor. A industria de medicamentos genéricos onde o preco é a arma principal no alcance do consumidor nao é
excegdo e cria uma forte necessidade na aplicacdo das metodologias Lean com o intuito de otimizar a produgdo.

Objetivos: Reduzir os tempos de setup mediante a aplicagdo de metodologias Lean estruturado por um modelo proposto.
Métodos: No decorrer deste estudo foi revista a bibliografia referente a origem e vdrias metodologias Lean, sendo proposto um
modelo de aplicagdo. A implementa¢do teve por base um estudo detalhado das mudangas resultando num conjunto de
propostas de solugdo dedicados aos principais problemas aplicando diversas ferramentas Lean.

Resultados: Redugdo dos tempos de mudanga na ordem dos 20% e nimero de espera na ordem dos 24,5% no espago de 3
meses.

Conclusdes: A aplicagdo das metodologias Lean revelou uma grande utilidade na identificagdo das causas e na criagdo de
solugdes. A implementagdo de este modelo, ainda que numa fase inicial, permitiu ndo sé reducdo dos tempos de mudangas,
mas como outras melhorias como a diminuicdo do numero de esperas. Contudo, esta aplicagdo, por estar inserido numa
industria farmacéutica contempla alguns procedimentos que ndo podem ser alterados limitando os tempos de mudangas.

Palavras-chave: Lean; IndUstria Farmacéutica; Ferramentas Lean; SMED

ABSTRACT

Introduction: The strong international competitiveness motivated by globalization with the purpose of reaching an increasingly
demanding public, makes cost reduction and quality increase a primary need across all sectors. The generic drug industry where
price is the primary weapon in consumer reach is no exception and creates a strong need in the application of Lean
methodologies to optimize the production.

Objectives: Reduce of changeover times by the application of lean methodologies structured by a proposed model.

Methods: This study started with a review of the bibliography of the Lean’s origin and the several methodologies ending with
the application of a proposed application model. The implementation was based on a detailed study of the setups resulting in a
set of solution proposals dedicated to the main problems applying several lean tools.

Results: Reduction of change times by 20% and waiting times by 24.5% within 3 months.

Conclusions: The application of Lean methodologies revealed a great utility in the identification of causes and in the creation of
solutions. The implementation of this model, although in an initial phase, allowed not only reduction of the times of changes,
but also other improvements such as the reduction of the number of waits. However, this application, due to being inserted in
the pharmaceutical industry, is limited by some procedures that cannot be changed.

Keywords: Lean; Pharmaceutical Industry; Lean Tools; SMED

RESUMEN

Introduccion: La competitividad internacional acentuada motivada por la globalizacidn con el objetivo de alcanzar un publico
que cada vez se nota mas exigente, hace de la disminucién de costo y aumento de la calidad una necesidad primaria transversal
a cualquier sector. La industria de medicamentos genéricos donde el precio es el arma principal en el alcance del consumidor no
es una excepcion y crea una fuerte necesidad en la aplicacion de las metodologias Lean con el fin de optimizar la produccion.
Objetivos: Reducir los tiempos de setup mediante la aplicacién de metodologias lean estructurado por un modelo propuesto.
Métodos: En el transcurso de este estudio se revisé la bibliografia referente al origen y a las varias metodologias Lean, siendo
propuesto un modelo de aplicacién. La implementacién se basd en un estudio detallado de los cambios resultando en un
conjunto de propuestas de solucion dedicadas a los principales problemas aplicando varias herramientas lean.

Resultados: Reduccién de los tiempos de cambio en 20% y tiempos de espera en 24,5% en el plazo de 3 meses

Conclusiones: La aplicacién de las metodologias Lean reveld una gran utilidad en la identificacién de las causas y en la creaciéon
de soluciones. La implementacidn de este modelo, aunque en una fase inicial, permitié no sélo reducir los tiempos de cambio,
sino como otras mejoras como la disminucién del nimero de esperas. Sin embargo, esta aplicacion, debido por estar inserta en
una industria farmacéutica, tiene algunos procedimientos que no pueden ser alterados limitando los tiempos.

Palabras Clave: Lean; Industria Farmacéutica; Herramientas Lean; SMED
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INTRODUTION

Today we are in presence of a global market created by the evolution of transports and communications ways. Nowadays,
customers demand a wide range of products delivered with high quality, quicker response times and sold at reasonable prices.
The importance of short changeover times has become critical to rapidly respond to changes in customer requirements
(Sullivan, McDonald, & Van Aken, 2002) and to be able to switch from one product to another, thus putting the enterprise in
front of other competitors (Wallace & Choi, 2011). The benefits of the setup reduction are the increase of flexibility by
conducting more changeovers and reducing lot size, increase bottleneck capacities in order to maximize the line availability and
minimization of costs (Van Goubergen & Van Landeghem, 2002).

Lean Manufacturing offers the proper tools in order to reduce the waste inside and between the different processes while being
able to increase the value of the product (Karam, Liviu, Cristina, & Radu, 2018). This idea was initiated in the post-war period by
Taiichi Ohno and his peers and initially applied in Toyota, an automotive industry company. Nowadays it is seen with great
interest by any field due to the excellent results demonstrated in Toyota (Jeffrey K. Liker, 2006). Lean thinking aims, within a
continuous improvement cycle, to optimize resources and processes by reducing all activities that do not add value or are not
fundamental to achieve this goal. This concept uses several methodologies that have been developed over the years and make
this goal tangible, examples of these methodologies are Total Productive Maintenance, SMED, Value Stream Mapping or 6-sigma
(Rauch, Damian, Holzner, & Matt, 2016).

The need of reducing wastes is increasingly important in production lines with a wide variety of product (B. S. Kumar &
Abuthakeer, 2013) and generic-product industries are no exception. In this work it is presented an example carried out in the
pharmaceutical industry in a company nationally leader in the production of generic drugs. This application of lean
methodologies has the purpose of reducing the change-over time. In this analysis, is proposal for an implementation model
which, structured in a PDCA cycle, applies several Lean methodologies to identify causes and define the best practices to reduce
change-over times.

A packaging line setup belonging to the pharmaceutical plant, has unique characteristics compared with the setup of other
traditional assembly lines (Bevilacqua, Ciarapica, Mazzuto, & Paciarotti, 2013). This article, using Shingo and McIntosh methods,
seeks to answer the questions, what precautions needs to be taken in this industry? how can waste be identified? What lean
methods can we use? How to fight the wastes found in the plant? Showing step by step an example of a study case. This article
is initiated with the historical background of Lean thinking presenting then the Shingo and McIntosh methods on reducing setup
time and the proposed method that is applied on the case study demonstrated.

1. HISTORICAL BACKGROUND OF LEAN THINKING

The designation of Lean Thinking was given by John Krafcik in 1988 in the research "Triumph of the Lean Production System" in a
MIT program called International Motor Vehicle Program where James Womack was the researcher director. James Womack
and Daniel Jones after several years studying the success of Japanese companies, described the emergence and evolution of this
model of management in two publications “The machine That Changed the World” and “Lean Thinking” (Pinto, 2014). Since
then, this term is used worldwide and progressing from the automotive industry to several areas such as tourism, medicine or
construction industry.

The Lean Thinking concept was born in Japan in the 1940s by Taiichi Ohno, an industrial engineer at Toyota. In a post-war time
with the country in a severe crisis, where there were great needs and scarce resources, Ohno finds himself obligated to take
action by putting his own ideas into practice (Womack, 1990).

This new approach has revolutionized the way the organization thinks and behaves, Lean thinking is not just a set of practices
but a profound cultural change, believing in a change that sustains the dynamics and the process of continuous improvement.
Taiichi Ohno has revolutionized the industry in three fundamental points, people, processes and solutions (Pinto, 2014).

It took more than 20 years of effort to fully implement this whole set of ideas into Toyota's entire supply chain. By the 1990s,
Toyota already offered such a vast product range as General Motors and as a Lean producer it only took half the time and effort
to design a new car compared to other brands (Womack, 1990).

The validity of Lean principles and solutions is corroborated by the success of companies such as Toyota Motors Corporations,
which reached the top of the automotive industry in 2007 by dethroning General Motors from the top position who was since
1930 the largest company in this industry (Schmitt, 2017).

Lean thinking is a management philosophy for maximizing value through the consistent reduction of waste. To do so, it uses a
set of methodologies, techniques and tools oriented to the simplification and optimization of processes, removal of activities
and resources that do not add value and the involvement of all members, in the constant improvement of the organizations
performance (Rauch et al., 2016). These methods, techniques and tools have several applications having been developed over
the decades in several countries by different companies, examples of these methodologies are 5’s, SMED, 6-sigma or Total
Productive Maintenance.
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2. REDUCING SETUP TIME

Changeover time is the period between the last good product produced and the first of the next production (Karam et al., 2018).
Rapid tool change techniques were introduced and developed for the first time by Shingeo Shingo in the 1950s which, after 19
years, examining this methodology reported his work in the book "A revolution in manufacturing: the SMED system" (Dillon &
Shingo, 1985).

During the following decades, the reduction of setup times continued to be addressed by several Japanese companies such as
the case of Mitsubishi Heavy Industries Ltd. and M Electric Japan appearing numerous publications. It was only in the 1980s that
this methodology was extended to European industries in part because of the success of the Toyota Production System (Sohani,
2011).

2.1 MODEL OF THE CASE STUDY

In his work, Shingo points out the need of a structure or a methodology that guides the improvement techniques. The proposed
model aims to detail a cycle based on the Deming’s PDCA cycle that structures an improvement application in the scope of
reduction of the change-over times. This proposal is based on the reports and observations of two major publications, “Shingo's
Revolution in Manufacturing: The SMED System” and S. Culley et al. “Improving Changeover Performance” in which the authors
review Shingo's work and propose organization-led and design-led solutions.

This methodology is structured in 4 phases: “Analyze”, “Interpret and Plan”, “Create” and “Check” (Figure 1).

Analyze - The first phase of the cycle is to analyze in detail all the elements from the characteristics of the industry in which it is
inserted up to the details of each activity. This cycle is based on 5 points, “Knowing”, “Observe”, “Measure”, “Distinguish” and
“Compare”. “Knowing” refers to know all the steps of a changeover and to understand the logic behind it. The first step would
be to define the concept of "value" and understand it is chain, defining the "value" may present the priorities explaining the
precautions that need to exist in a setup. The second point “Observe” is to know the steps in detail, to develop this point, it is
necessary to monitor and observe the changes, in the observe phase, filming may be appealing. One methodologies that can be
used is 5w2h by questioning and understanding all aspects of a change. It is important to observe the sequence of operations
pointing out which tasks are handled, when and by whom, the sequence of operations can be quite significant in the
performance of a change (Culley, Owen, Mileham, & MclIntosh, 2001). Sometimes the setups between the various products are
different having different times. This point, “Distinguish”, differentiates the several characteristics. “Measure” is one of the
important points, measuring and recording all the components of a setup. The “Compare” phase is the comparison between
measurements. It conveys the current state, tells the progress that is being made and allows to analyze the impact of the
different factors involved in a setup.

Interpret and Plan - The interpretation of collected data allows to identify the gaps in the processes, exposing the causes and
setting a way to follow in the reduction of waste. A tool widely used in this analysis is the Ishikawa diagram, a tool which helps
identify the causes of the problems. This phase aims to create a plan by the improvement’s opportunities identified with the
analysis. The interpretation of the difficulties allows at in this point, the creation of solutions and indicates the plan to follow.
SMED and TPM are two major tools that can be used in planning the change-over times reduction strategy.

Create - This point consists in putting into practice the plan created earlier to fight the problems identified. The creation of
solutions involves two elements:

Do - put into practice all physical solutions defined to fight the gaps identified. Methodologies as the application of 5's
or Error Proofing can be used in this phase to support the streamlining of the external and internal activities.

Form - putting into practice non-physical solutions such as training, which have a great impact on performance (Culley
et al., 2001).

Check - Like the last point of a PDCA cycle, this point verifies quantitatively, the consequences of the applications as the case of
times recorded, or qualitatively as in the case of the satisfaction of the employees which is significantly increased with the
successful implementation of Lean applications like 5s or SMED (Boztinaztepe & Canan, 2008).
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Figure 1 - Stages of the Case Study

3. LEAN TOOLS

According to some authors, SMED should be accompanied by other methods such as the application of 5s (Sohani, 2011) or TPM
such as the use of OEE indicator (Karam et al., 2018). In this study case 6 different tools are used to facilitate the analysis of each
step (Figure 1).

3.1 5w2h

5w2h is an introductory method of clarifying problems for the purpose of determining not only the root of the cause, but also
facilitating the implementation of corrective and preventive actions (Nagyova, Palko, & Pacaiova, 2015). During the “Analyze”
stage, this tool is used to study the setups.

3.2 Ishikawa Diagram

This method was developed by Ishikawa in the 1950s. Through this tool it is possible to analyze the possible causes of an effect
such as a problem, a defect or a waste (Gwiazda, 2006). This method is used to identify the causes of the problems and points
out solutions in the “Interpret and Plan” phase.

3.3 Value Stream Mapping
The Value Stream Mapping consists of recording the set of activities that create and deliver value to the customer and other
stakeholders (Seth & Gupta, 2005). This methodology is used in the “Analyze” step to study the setup process.

3.4 SMED

The main tool used in this work to reduce setup time is SMED. The SMED approach is used in the phase “Interpret and Plan” to
identify the activities that can be done while the machine is running. Single Minute Exchange of Die method was introduced by
Shingo and consists of actions that aim at the systematic reduction of setup times to maximize the use of the components
(Karam et al., 2018). The core of SMED is to reduce the time by performing as many activities as possible while the equipment is
running and to simplify the remaining steps. The SMED method’s objective is to systematically reduce setup times to maximize
the use of the components. Shingo presented the SMED methodology with four stages that support the reduction of setup time:
the preliminary stage where internal and external are not distinguished; separate internal and external setup activities, convert

[
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internal setup activities to external ones; and streamline external and internal activities (Dillon & Shingo, 1985). The direct
consequences of reducing changeover are reducing batch size, increasing flexibility, and reducing costs (Karam et al., 2018).
Although SMED is known as a successful method for more than twenty five years, (Ferradds & Salonitis, 2013) in his work,
Mclintosh et al. argue that the Shingo methodology, despite being supported by many examples, might not be the most efficient
way. The authors refer that is given emphasis to low cost organization improvements and little attention to design changes. This
practice can lessen the use of other important improvement options. Mclntosh et al. affirm that improvement which frequently
involves design changes that alter the nature of changeover tasks, (or eliminating some tasks) can have an equal or a greater
result (Mclntosh, Culley, Mileham, & Owen, 2000). In “Improving Changeover Performance”, Mclintosh at al. present
organization-led and design-led solutions to overcome the changeover difficulties (Table 1) (Culley et al., 2001).

Table 1 - Improvement Techniques Source:(Culley et al., 2001) (adapted)

Improvements

Organization-led
Improvements

(improvments by change the organazotion) (improvments by changing the nature of the components)

Design-led Improvements

Move tasks into external time

. - Conduct taks in parallel Mouting guards to complete manual tasks in parallel
On-llne ACtIVIty Break interdependencies beteween tasks and with automated tasks
personnel
(Time required in change-over (Minimize the contribution of existing tasks by reallocating (Minimize the contribution of existing tasks b
activities) tasks) components permitting taks to be realloc

Automate Adjustment
Know of and use of predefined settings . ! )
Adress precision requirements

Define adjustments parameters . K O . .
Ad Understand adiustments interrelationshi Consider using position/condition monitoring
JUStmentS 1 m € p equipment
Address precision requirements .
. Make equipment more robust (less prone to damage)
Damage Avoidance ) )
Upgrade item quality

(Time spent in adjustments)

(Minimize Adjustment tosks) (Change components to minimize time spent in adustment tasks)

Dificulties

"Foolproof" Location

Implement standard changeover procedures
Standardize machine system features

VarIEty Precheck that changeover items are present

(Obstacles imposed by variety) [Stondardize the way changeover is conducted) o o o
(Standardize physical conditions)

Add devices to aid existing tasks

Effort Employ the best tools/handling/storage aids Modify hardware/product to aid existing tasks

Improve access
o , Ensure cleanliness . i
(Trouble created by the effort in Avoid using hand tools

Eliminate superfluous tasks

performing some tasks)
ing tasks by working in a more Eliminate or simplify existing tasks by equipment or product

Eliminate or simplify exi:

tway) maodification)

Shingo and Mclntosh approaches lead to the minimization of change-over activities but with different perspectives, both
methods are represented in the Figure 2.
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Figure 2 - Shingo and MclIntosh approaches on setup time reduction

In Shingo’s book, he demonstrates how the results of the SMED application go beyond reducing change times. Practitioners of
this method can reap benefits such as increased productivity, increased operator performance, as well as quality and safety
(Dillon & Shingo, 1985).

3.5 Total Productive Maintenance

TPM is a management approach that seeks the constant elimination of all forms of waste existing in the productive and
administrative areas of the company. This concept was created in the 1960s by Nakajami in Japan and was initially developed to
support the maintenance of the equipment and which later extended it is area of intervention to the whole process (Williamson,
2015). This methodology relies upon 6 elements: Productivity, Morale, Quality Delivery Safety and Cost (J. Kumar, Soni, &
Agnihotri, 2014). This tool is used in the stage “Interpret and Plan” to analyze the productivity status translating the OEE values,
and in the Create stage training the personnel to perform tasks.

3.6 5's

The 5’s is a lean method and an improvement system adopted to reduce waste, clean the workspace and improve productivity.
It is usually used to facilitate other lean methods. To this end, 5s aims to maintain order in the workplace and uses visual
management to increase operational results (Al-Aomar, 2011). During the create stage, 5’s techniques were applied to
standardize the setup process.

3.7 Error-proofing

Error-proofing methods were introduced by Shingeo Shingo in Japan in the 1960s and are based on the identification and
prevention of errors or defects in processes. These methods have several denominations also known as mistake proofing or fool
proofing and are often covered in their Japanese designation poka-yoke, meaning "error-proof system" (Tommelein & Ballard,
1999). This method is used in the “Create” phase to create mechanisms to prevent errors.

4. CASE STUDY

The implementation was performed on one of the lines of the packaging department of a pharmaceutical company that
produces a wide range of generic drugs for domestic and international market. This line has 2 machines, the blister machine and
the packing machine and has team of 6 people working in shifts of two people per shift.

4.1 Analyse

The application of the model was initiated with the definition of value and the identification of the value chain of the project in
question (Figure 3). In this case, the "value", regarding the industry in which these changes are inserted, is defined by the
modification of the necessary components in a fast way never jeopardizing the health of employees or customers.

13
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Figure 3 - Value Stream Map Packaging Product Change-over
The second step in this stage consisted in collecting and analyzing the data and the characteristics of each change and the

production line. In total, 37 changes were observed, divided into 5 different types of setups according to their nature and named
setups type 1, 2.1, 2.2, 2.3 and 3. These setups have different mean times depending in their complexity.

Setup Average Time
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3
=]
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01:00:00 . I
00:00:00
Setup 1 Setup 2.1 Setup 2.2 Setup 2.3 Setup 3
Setup

Figure 4 - Average Time of the different setups

This packaging line has 2 machines, the blister line to pack the pills into blisters and the cartoner to pack the blisters into carton
boxes. Both machine have the same setup process but with different natures. In this phase, the theoretical and the real times of
each activity of the process were analyzed and compared (Figure 5).
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The history of the changeovers was also analyzed in the years 2016 and 2017, noting the number of changes, the dispersion of
change times, the products, most frequent products, as well as the number of changes between each size of box and leaflet and

number of problems during the setups (Table 2).

4.2 Interpret and Plan
With the first point of the cycle completed, an elaborate interpretation of causes and an improvement plan was defined. The
first step in this stage was the analysis of the main causes using a Lean technique called cause-effect diagram explored by

Ishikawa (Figure 6).

Table 2 - N2 of changes between leaflet dimensions during 2016 / 2017

N2 OF CHANGES BETWEEN LEAFLET DIMENSIONS (2016 & 2017)
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Figure 6 - Ishikawa Diagram of the causes of High Setup Times

With the identification of the main problems, the difficulties were interpreted and by the application of Lean methodologies, 6
solutions were defined:

Application of 5’s methodology: Work Standardization - Create a standard work procedure for the setup activities
including a new element. The purpose of this application is to create a standard procedure of the best practice. This
new practice relies on executing activities in parallel with the help of a third element.

Application of SMED methodology: Acquisition of a redundant set of components - The acquisition of redundant set of
some components externalize the activity of their cleaning.

Standardization of the dimensions of leaflets and carton boxes - Reducing the number of different dimensions, without
creating any kind of constraint to the costumer, reduces the number of adjustments in the setup. By choosing the
dimensions that create the lowest number of stoppages during the production, productivity will increase.

Use of Total Productive Maintenance Morale methods: Creation of Troubleshooting and tutorials - train the personnel
to perform all the functions needed in a setup including adjustments or small maintenance activities.

Poka-yoke application: Rearrange support material — creation of mechanism in the support material to help the
transportation of machine components.

Application of Error Proofing methodology: Creation of checklists for the preparation of machine components - Create
check lists to don’t miss any important part creating a set of components needed in the line.

In the table 3 it is presented, according to the MclIntosh’s SMED approach, the solutions proposed and what difficulty it aims to
reduce. The “Creation of Troubleshooting and Tutorials” and the “Standardization of the dimensions of leaflets and carton
boxes” do not aim specifically to reduce the time consumed in adjustments but by reducing the effort in performing adjustments
activities and by reducing the variety of the dimensions it is expected to short the “Adjustments” activities.



Curado, A. G. (2019).
Application of lean methodologies in the reduction of setup times in the pharmaceutical industry. Millenium, 2(8), 37-52.
DOI: https://doi.org/10.29352/mill0208.04.00220

Table 3 - Improvements presented to each difficulty

Organization-led Improvement Design-led Improvement
H *  Acquisition of a redundant set of components
On-line a ?
Activity
) * Creation of Troubleshooting and tutorials +  standardization of the dimensions of leaflets and
Adjustments carton boxes
. *  Standard work procedure for the setup activities *  Standardization of the dimensions of leaflets and
Va rlety carton boxes
* Creation of Troubleshooting and tutorials *  Rearrange support material
Effo rt * Creation of checklists for the machine components
preparation

4.3 Create
4.3.1 Standard work procedure for the setup activities

a1

This new practice relies on the execution of the cleaning activities in parallel and in the cooperation between the personnel to
perform the activities in a quicker way. The Figure 7 represents a setup before the new approach where each staff cleans their

own machine and then they clean the components.
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Assemble Components -
Adjustments
Closing Production I
Disassemble Components
Primary Cleaning
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Blister Machine

Cartoner

Adjustments
Cleaning Components
Room Cleaning

Figure 7 - Gantt Chart of a setup before the procedure standardization

In Figure 8, a setup is presented to observe the new procedure where the cleaning of the machine, the room and the
components are performed in parallel, and the personnel execute the cleaning of the machine together to reduce the effort. The
difference between these two setups is 54 minutes.
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Figure 8 - Gantt Chart of a setup with the procedure standardization

4.3.2 Acquisition of a redundant set of components

The acquisition of a redundant set of components brings an investment of 9922,17€, reducing between 27 to 68 minutes in
setups 2.2, 2.3 and 3. This reduction may represent a decrease of 130 hours and 56 minutes of setup time within 12 months. The
return of the investment is forecasted to be within 8 months.

4.3.3 Standardization of the dimensions of leaflets and carton boxes

This standardization aims to reduce the number of adjustments required in a setup (Figure 9). During the time studied, this
solution would reduce 78 adjustments, wich decreases the setup time in 13 hours and 58 minutes to an average of 10,75
minutes of leaflet adjustment. Regarding that the dimensions chosen are the ones that create the least number of stoppages,
this solution also creates an increase of productivity.

N2 OF CHANGES BETWEEN LEAFLET DIMENSIONS (2016 & 2017)
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Figure 9 - N2 of changes between leaflet dimensions with the new approach

4.3.4 Creation of Troubleshooting and tutorials
This implementation has the purpose of fighting one of the problems identified during the observation of the setups, the lack of
know-how performing adjustments or some simple maintenance task every time it is needed. Training all personnel with the
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best practices will reduce the effort executing the setup activities’ time. It will also eliminate the dependency on the technicians
reducing the waits for maintenance. In the figure is a graph about the hours spent on delays in waiting for maintenance during
2017. In figure 10 it is possible to notice the difference between the "Production Line E” where all the staff has knowledge about
simple maintenance tasks and the remaining production lines where there is completely different reality regarding this theme.

Time spent waiting for Maintenance
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Line A Line B Line C Line D Line E Line F

Hours

Figure 10 - Time spent on waiting for maintenance during 2017

4.3.5 Rearrange support material

This application of poke-yoke consists in create a side support on the trolleys to carry long components (Figure 11). This solution
has the purpose of reducing the effort preparing the production components and to prevent the objects from falling and getting
damaged.

Figure 11 - Side Support on the trolleys

4.3.6 Application of Error Proofing methodology

By creating check-lists for the components needed in the productions it is possible to prevent one of the problems observed
during the setups wich is to gather components missing in the preparation. This check list has the purpose of preventing errors
during an external task that may create trouble in the performance of the internal activities.

4.4 Verify
Even though are presented six solutions, only the ones who did not required financial investments were applied. This stage only
contemplates the implemented solutions which are:

- Standard work procedure for the setup activities
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- Creation of Troubleshooting and tutorials
- Creation of checklists for the machine components preparation

By creating a sequence of operations, it was possible to standardize the operational method among all operators facilitating the
execution of their tasks. This implementation of the operative mode allowed an average time reduction of setups type 3 and 2.3
by 60 minutes.

The standardization of processes decreased the dispersion of the values indicating the real time of the setup times (Figure 12).
The training of the operators in this operative model also provided a reduction in the number of waits in 24.5%: from 4,41
occurrences per month to 3,33 occurrences per month.

Setup Type 3
50,00%
40,00%

30,00%
m 2017

20,00%
= 2018
. 1 0 i
000% . - = | | —

O-1hrs 1hrs-2 2hrs-3 3hrs-4 4hrs-5 5hrs-6 6hrs-7 7hrs-8 8hrs-9 Shrs-10
hrs hrs hrs hrs hrs hrs hrs hrs hrs

Figure 12 - Dispersion of the setup times in 2017 and 2018

This study provides an example of the application of different Lean tools in an organization which, without financial investment
allowed the reduction of changeover time by 20%. This reduction occurred in the space of 3 months. If keeping these data
constant, in the period of 12 months. it will reduce 266 hours and 15 minutes; the potential of reduction corresponds to a
financial gain of approximately 33603€.

The behavior of the availability of this production is shown in Figure 3 where can be observed a slight increase.

Availability

100
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60

40
30
20
10

—— Availability [%]

Figure 13 - Availability of the production line during the implementation

CONCLUSIONS

In this study, lean methodologies were applied in a packaging line of the pharmaceutical sector with the purpose of reducing
setup times. The application of this study was conducted according to a proposed four-stage cycle. This cycle indicates the lean
methodologies for each step demonstrating the efficiently application of Lean tools in the reduction of setup times.

This study resulted in a presentation of 6 proposed solutions. Only the solutions which did not require any investment were
applied. Without investments in new equipment or in personnel, within 3 months, this application brought a decrease of the
standard deviation and a reduction of 60 minutes of the mean setup time 2.3 and 3. This reduction can be translated in a
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decrease of 266 hours and 15 minutes in 12 months, which corresponds to an annually financial gain of 33603€. The application
of the remaining solution proposals foresees a reduction, within a period of 12 months, between 136 and 163 hours
corresponding to a financial gain between 17164,56€ and 20573,23€ for an investment around 36492¢€.

The availability of the packaging line suffered a growth with the application of this analysis, which is the main object of the
study. It will permit the pharmaceutical plant to manage a higher volume and greater variety of products, and it will reduce the
batch size.

This paper has the purpose of providing a methodology that applies a selection of lean tools to reduce the setup time and
increment the availability in a field where the production process is strictly influenced by norms like GMP, and in a market that
has a great need of flexibility.

The time reduction of the changeover activities may support a company growth and ensure a measurable and long-term
competitive advantage.
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RESUMO

Introdugdo: O conhecimento tem vindo a evidenciar uma crescente importancia na economia, como fator de diferenciagao e
recurso gerador de competitividade, sendo considerado um grande pilar de desenvolvimento das sociedades actuais. As redes,
dentro e entre organizagdes, como estratégia potenciadora para a partilha do conhecimento, podem ser uma das vias mais
importantes que uma organizagdo pode adotar.

Objetivos: Avaliar como ocorre a dinamica da criagdo de conhecimento numa rede intra-organizacional.

Métodos: O estudo desenvolve-se segundo uma tipologia descritiva e exploratdria e utiliza a metodologia de estudo de caso
desenvolvido numa rede de servigos de dptica em Portugal.

Resultados: Os resultados apresentam evidéncias que o contexto de uma rede intra-organizacional pode proporcionar um
ambiente de aprendizagem coletivo, representado sobretudo pela interagdo que ocorre entre os colaboradores das unidades e
por meio de varios “espagos de intera¢do” e criagdo de conhecimento.

Conclusdes: As potencialidades atribuidas ao conhecimento e as redes na promog¢do de melhores praticas organizacionais
justificam o interesse da analise e o contributo do estudo para o meio empresarial.

Palavras-chaves: Criagdao de conhecimento, redes intra-organizacionais, gestdao do conhecimento

ABSTRACT

Introduction: Knowledge has shown growing importance in economy, as a differentiation factor and a competitiveness
enhancer, being considered as an important pillar of modern society development. Networks within and between organizations,
as a strategy to potentiate knowledge sharing might be considered one of the most important approaches an organization may
adopt.

Objectives: To evaluate how the dynamics of knowledge creation occur in an intra-organizational network.

Methods: This study is developed according to a descriptive and exploratory typology and uses the methodology of a case study
developed over an optical services network in Portugal.

Results: The results present evidence that the context of an intra-organizational network may favor a collective learning
environment, mainly represented by the interaction that occurs between the collaborators of the various units and with the
help of several “interaction” and knowledge creation spaces.

Conclusions: The potential attributed to knowledge and networks in promoting the best organizational practices justify the
interest of this analysis and the contribution of this study to the business environment.

Keywords: Knowledge Creation; intra-organizational networks; Knowledge management.

RESUMEN

Introduccion: El conocimiento ha venido a evidenciar una creciente importancia en la economia, como factor de diferenciaciéon y
recurso generador de competitividad, siendo considerado un gran pilar de desarrollo de las sociedades actuales. Las redes,
dentro y entre organizaciones, como estrategia potenciadora para el compartir el conocimiento, pueden ser una de las vias mas
importantes que una organizacién puede adoptar.

Objetivos: Evaluar cdmo ocurre la dindmica de la creacién de conocimiento en una red intraorganizacional.

Métodos: El estudio se desarrolla un tipo descriptivo y exploratorio y utiliza la metodologia de estudio de caso desarrollado en
una empresa de servicios de redes dpticas en Portugal.

Resultados: Los resultados presentan evidencias que el contexto de una red intraorganizacional puede proporcionar un
ambiente de aprendizaje colectivo, representado sobre todo por la interaccion que ocurre entre los colaboradores de las
unidades y por medio de varios "espacios de interaccion" y creacidon de conocimiento.

Conclusiones: Las potencialidades atribuidas al conocimiento ya las redes en la promociéon de mejores practicas organizacionales
justifican el interés del analisis y la contribucién del estudio al medio empresarial.

Palabras Clave: Creacién de conocimiento; redes intraorganizacionales; Conocimiento administrativo.

INTRODUCTION

From the current economic environment, of constant uncertainty and complexity, emerges the inevitability of restructuring the
organizations in order to define actuation strategies, regarding resource sharing, in a perspective of inter and intra-
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organizational cooperation, with the goal of creating synergies, competitive advantage and sustainability. Drucker (2003)
foresaw that the “next society will be a knowledge based society”, in that sense, knowledge is a key resource for
competitiveness and for the individual and organizational capacity to create, process and transform information and knowledge.
The network paradigm has been extended to several disciplines (Vidal, 2017).

Some authors, like Grant (2006), Nonaka, Toyama and Konno (2002) and Sundaresan and Zhang (2017) consider that the ability
to create and utilize knowledge is an important source of sustainability and competitive advantage to the company. On this
context, inter and intra-organizational networks may be seen as a mechanism which allows organizations to reach their goals.
Uzzi and Spiro, (2005); and Ahuja et al., (2016), affirm that networks help spreading the rules, knowledge and other resources.
On this line of thought, Tatarynowicz et al., (2016) affirm that networks can become an adequate strategy, since they can
improve the competitiveness of organizations, shape behaviors and results and allow organizations obtain competitive
advantages.

Even with acknowledged collective capacity and efficiency through networking, however, this phenomenon has been scantly
studied (Perrow, 1992) and existing literature about the theme is still scarce.

Nonaka et al., (2002) emphasize that the conditions favorable to the creation of knowledge in an organization involve the
method of knowledge conversion (Socialization — Externalization — Combining — Internalization), but for it to actually occur it is
fundamental the emersion of a “ba”, Japanese concept meaning a physical, virtual or mental space within which knowledge is
created, shared, and utilized.

Considering these facts, this study’s goal is to evaluate and to understand how the knowledge creation dynamics occur in an
intra-organizational network in the optics sector, in Portugal.

Therefore, the study is structured into three parts; after the introduction a theoretical reflection about the studied concepts is
made, methodology is resumed, results are presented followed by the discussion, conclusions, contribution, limitations and
suggestions for future research.

1. THEORETICAL FRAMEWORK

1.1 Knowledge creation in organizations

Nonaka and Takeuchi (1997) support the thesis that knowledge is a high valued asset for the organization and has the following
dimensions: it is tacit, because it is strongly related to action, procedures, routines, ideas, values and emotions; it is dynamic,
because it is created within social interactions between individuals, groups and organizations; it is humanist, for it is essentially
related to human action. According to these authors, knowledge creation assumes an individual learning process resulting from
reflection, creativity and questioning, therefore of a constructivist nature. The constructivist theory regards learning and
knowledge creation as an active process, where the subject, interacting with others, creates new knowledge. According to
Nonaka and Nishiguchi (2001) organizational learning occurs through shared perceptions, knowledge, and mental models, it is
built upon past knowledge and experience, that is to say, upon memory and the organizational memory depends on institutional
mechanisms such as policies, strategies and explicit models, used in order to retain knowledge.

Individual learning, by itself, does not assure organizational learning, but, without it, however, organizational knowledge does
not happen (Nonaka and Takeuchi, 1995). Organizational learning occurs at three levels — individual, group and organizational —
which makes knowledge to flow from individual to the group, and then to the organization (Nonaka, 2001). Nonaka and
Takeuchi (1995) named “knowledge conversion” the process by which organizations create knowledge, based on the critical
assumption that human knowledge is created and expanded through social interaction between tacit and explicit knowledge.
This process develops itself in four knowledge conversion modes as presented in Picture 1.
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EXPLICIT KNOWLEDGE

We understand tacit knowledge as personal knowledge, meaning it is difficult to formalize and transmit to others (Nonaka and
Takeuchi, 1995; Li and Gao, 2003). Explicit knowledge is the one which is produced from collected data and storage information
(Nonaka and Konno, 2001).

The socializing field occurs from the experience and from shared mental models, on which face-to-face communication creates
shared knowledge (Nonaka and Takeuchi, 1997). In the externalization field, conceptual knowledge is created, expressed in
metaphors, analogies, concepts, hypothesis or models Nonaka and Konno (2001). The conversion of explicit knowledge into a
more complex set of explicit knowledge is called combination. The keys for that process are knowledge communication,
diffusion e systematization (Nonaka and Konno, 2001).

Combination occurs in three phases: First is the gathering and integration of knowledge; second is dissemination; and third,
editing e processing knowledge (Nonaka and Takeuchi, 1997; Nonaka and Konno, 2001). Internalization process is no more than
learning by doing in organizational apprenticeship, with no empirical testing (Gourlay, 2006). Interaction in order to create
knowledge starts in a field which facilitates sharing between individuals, generating dialogs and collective reflections, to create
new knowledge which will become crystallized through products, management processes or systems (Nonaka et al., 2002) as
shown in Picture 2.
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Picture 2 — Types of interaction spaces
Source: Adapted from Nonaka et al., (2002)

Knowledge cannot be created in a vacuum, it needs a place, an appropriate and specific context in terms of time, space and
relationship between individuals with the necessity of a dynamic interaction, which allows to create, utilize, share and spread
knowledge (Nonaka et al., 2002; Kostiainen, 2002).
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Nonaka and Nishiguchi (2001) name the aforementioned context as “ba”, which serves as the knowledge creation platform. The
ba concept aims to unify the physical space, within which knowledge is created, shared and used. In this study the expression
“interaction space” is used to name the concept of ba, which represents all the space which promotes interaction between
individuals in a knowledge creation dynamic.

Nonaka et al., (2002) present four groups of “interaction spaces”. The first one is knowledge socialization spaces (originating
ba), on which tacit knowledge, shared through common experiences, is responsible for the emergence of knowledge assets as
skills, know-how, confidence. Then comes knowledge externalization spaces (dialoguing ba), where tacit knowledge is
articulated in the form of symbols, images and language, promotes the creation of knowledge assets like design and product
concept (Nonaka, and Toyama, 2003). The third group refers to specific knowledge systematization spaces (systematizing ba),
which are responsible by the emergence of knowledge assets like database, documents, specifications, manuals, patents and
licenses (Nonaka, 2005). At last, knowledge applied to activities, actions and practices or knowledge internalization spaces
(exercising ba) is responsible for creating knowledge assets like know-how, organizational routines and new behavior patterns
(Nonaka, 2005) as depicted on picture 3.
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These “interaction spaces” allow knowledge to be socialized through means of face-to-face interaction where individuals share
knowledge, feelings, emotions, experiences and mental models.

Provan et al., (2009) and McNamara et al., (2015) developed studies on how the organizational knowledge creation process
occurs, effectively, and how the organizational structure influences on the existence of different “interaction spaces”. They have
reached the conclusion that knowledge works as a contingency variable, which determines the fitness of the organizational
structure. Thus, it can be stated that, “interaction spaces” might emerge in work groups, informal circles, occasional meetings,
virtual spaces and other moments where relationships occur in shared time and space. So, the question is how to potentiate the
creation and utilization of knowledge. Some research point in the direction that the network configured enterprise might be
more effective in knowledge creation than the one integrated in creation, transferring and recombining knowledge (Nonaka and
Nishiguchi, 2001; Chua, 2002; Tsai, 2002; Spencer, 2003; Jacometti et al., 2015). Results point in the direction of understanding
on how a network configuration might support the knowledge creation process.

1.2 Inter and intra-organizational networks

The “inter and intra-organizational networks” have been gaining ground on organizational theory (Ahuja et al., 2012). The inter-
organizational relationships exists in several forms, like; joint ventures, licensing, cobranding, franchising, networks, associations
and consortiums (Klein and Pereira, 2016).

In the social sciences study field, the term “network” designates a set of directly or indirectly interconnected people or
organizations (Kim et al., 2006). In the technical-operational field, the term “network” underscores the idea of flow. In the
organizational field, it implies a set of relations between companies, seen as a strategic resource for the organizations to face an
uncertainty environment, characterized by competition. Actually, strategic networking within organizations are fundamental
communication, interaction, share and knowledge diffusion vectors (Eiriz, 2004; Coviello, 2006).

Gulati (2007), Lefroy and Tsarenko (2013) define organizational networks as a more modern and dynamic way of structural
configuration, establishing lasting agreements between two or more companies. Franco et al., (2011) defines networks as a
group of organizations which involve exchanging and resource and capabilities sharing, with the goal of achieving a common
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strategy. Schiele et al., (2015) affirm that “the company where resources are found lacking will have to obtain them through
relationships with others”.

Other relevant characteristics are pointed out: gathering of several companies; operate in a specific market segment; establish
horizontal and cooperative relationships between its elements; and it is structured according to basic coordination rules.
Actually, networks are organizational systems capable of uniting individuals and institutions, in a democratic and participatory
way, around a common goal (Franco e Barbeira, 2009).

Beyond that, inter-organizational relationships may increase the opportunities to develop new capabilities and launch new
products without the need for large investments (Klein e Pereira, 2016). According to McNamara et al., (2015), they serve to
define common goals and to create sustainable relationships. The real contribution of networks, to the participating
organizations, is the development of specific organizational capabilities and competences, including aspects which address the
improvement of processes (administrative, production, human resources, innovation, marketing and services) and to produce,
process and transform information and knowledge into economic assets which grant differentiation, competitiveness and
sustainability.

1.3 Creation of knowledge in intra-organizational networks

The intra-organizational network has the potential to create and develop new knowledge (Spencer, 2003; Cudney et al., 2014),
to achieve that, there must be a knowledge management system which encourages that type of relation, which must be turned
to information flow creation and organization within and between the various organizational levels, aiming to create, increase,
develop and share knowledge within the organization. In this sense, knowledge management, might be seen as a set of
processes which manages knowledge creation, dissemination and use in order to achieve the organization’s goals (Lefroy and
Tsarenko, 2013).

Nonaka and Takeuchi (1997) provided evidence of the creation of new knowledge from interaction between individuals, groups
and organizations. According to these authors, knowledge comes at an individual level, being expanded through knowledge
interaction and socialization dynamics, to an organizational and, onwards, to an inter-organizational level. Thus, knowledge is
created solely by individuals; an organization, by itself, cannot create knowledge, but may provide a positive and constructive
relationship space between the several elements, in such a way that allows information, knowledge, experiences and
competences exchange to create a context to knowledge creation within organizations.

In order for the intra-organizational knowledge creation process to be effective, it is necessary a synergetic and stimulating
environment, where emotions, experiences, feelings and mental images are shared beyond the organization borders (Spencer,
2003; Szell et al., 2010).

Tsai (2002), mentions that this environment cannot be produced by the traditional company model.

Therefore, one might say that an intra-organizational network may provide the existence of an effective interaction between
people, groups and organizations, intra-organizationally expanding the knowledge created by individuals. This dynamic
promotes competences complementarity through which knowledge, practices, values, processes, culture and individual
differences are collectively shared with a common goal in sight (Gest et al., 2011).

The creation of knowledge in an organization involves articulated and intentional interconnection between its members, in a
way that allows for sharing reasoning and ideas aiming to stimulate the cooperation and collaboration with the goal of
promoting organizational performance.

Nonaka and Toyama (2003) refer to “devices” through which individual knowledge is connected and distributed, spreading in a
spiral inside the organization. These devices have the function of promoting a continuous and dynamic interaction, which
promotes sharing and creation of knowledge. Some studies suggest that networks are amongst the main necessary conditions to
endure the pressure and to sustain enough levels of knowledge diversity, in order to prosper in current environments (Uzzi and
Spiro, 2005; Franco and Mariano 2007; Gulati et al., 2012; Valente et al., 2015).

Considering this, it can be said that the network configuration might facilitate the appearance of “interaction spaces” which are
favorable to the knowledge creation process. To better understand how that dynamic occurs and its potential contribution to
the company, evidences from a case study in the optical business area in Portugal were sought, and presented next.

2. METHODS

This study develops through a qualitative topology, it is framed by a descriptive and exploratory line and adopts the
methodology of a unique case study, concerning a network in the optical services area in Portugal. According to Yin (2001), in a
case study, the goal is to expand and generalize theories (analytical generalization), in order to accomplish an holistic view of the
studied phenomenon. Godoy (2006), says that the case study is evaluative.

Since the object of the study is to understand and analyze how does the knowledge creation dynamics works, within an intra-
organizational network, the method used was the one proposed by Nonaka et al., (2002) (picture 2), considering as “interaction
spaces” the place where the sharing and creation of knowledge occurs.
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The analyzed unit in the case study was one store, which is part of an international Optics services network. The group, at a
National level, is formed by several stores, 78 of which are franchised, and 77 others which are directly managed by the group
(own stores). For this study, only the management and policies practices of own stores are considered. This is an horizontal
network, formed by small stores, with an average of 7 workers per store. The choice of the analyzed unit was due to the fact
that this group adopts an intra-organizational management network, allowing access to data collection and is adequate to the
goal of this study.

Since it is impossible to do a longitudinal study, the retrospective method was adopted, revealing occurred changes and the
motives that originated them. The retrospective method allows the interviewed to describe the events and changes, in their
own terminology, besides allowing them to propose their own explanations to the facts. Data and information collection,
according to Yin (1994), must contemplate various sources, observation, documents analysis, interviews and inquiries,
contributing to create evidence chains, which connect gathered data to the purpose of the study. This work was performed
through semi-structured interviews, information gathering through web site and direct observation. To conduct the interviews a
guide was prepared, according to the idea defended by Lee (1999) and Hartley (1994). The analysis of the interviews was made
through the content analysis, according to the set of rules guaranteeing its rigor (Miles and Huberman, 1994), which consists in
the interpretation of the data from the lexical analysis, or content analysis.

The analyzed unit (store) has seven workers: The unit responsible, optometrist, salesperson, sales helper and counter
employees. A pre-interview was conducted with one of the store’s elements (optometrist) which allowed the readjustment of
the questions, in order to evaluate and conclude the second goal of the study. Being a retrospective study, one of the
inconveniences is that the terminology of the interviewed might be imprecise or inconsistent amongst them. To minimize this
problem, the interviewed must encompass the “widest possible of hierarchical positions so that the information can be
analyzed” (Glick, Huber et al., 1993). Thus, the empirical evidences were collected from interviews with the seven workers, with
an approximate duration of 30 minutes each, during the month of May 2017, by the interviewer. The content of the interviews
was noted and, afterwards, a transcript was produced. Additionally, other evidences were collected allowing to create evidence
chains, which connect the collected data to the analysis variables. The operationalization of the study occurred from the
systematization between conceptual elements, authors, purpose and the corresponding variables according to Table 1.

Table 1 — Operationalization of the research variables
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Conceptual Elements Authors Variables analysis
Perrow, 1992; - geographic localization of the stores;
Gulati, 2007; - number of stores participating in the network;
Suire and Vicente, 2008 - business sector (commerce or service);
Franco et al., 2011; - type of service or product;
Companies networks Lefroy and Tsarenko, 2013 - coordination instruments;
Schiele et al., 2015; - formalization level of relations between stores in the network (formal versus informal);
Klein and Pereira, 2016 - hierarchy levels of the relations between networks (hierarchy versus cooperation);
Vidal, 2017 - cooperation level versus competition between network stores;

- objectives inherent to the formation of the network.

Nonaka, 1994; - types and quantities of “interaction spaces” dedicated to knowledge socialization

Nonaka and Takeuchi, 1997; Nonaka (fraternizing, touring the stores, other meetings);

and Nishiguchi, 2001; - types and quantities of “interaction spaces” dedicated to knowledge externalization

Chua, 2002; (formal meetings, collective decision making processes, planning meetings and goals);

Nonaka et al., 2002; - types and quantities of “interaction spaces” dedicated to knowledge systematizing
Knowledge creation Spencer, 2003 and (electronic communication, formal documents, data banks, shared management systems);

Tsai, 2002 - types and quantities of “interaction spaces” dedicated to knowledge internalization (new

Kostiainen, 2002 concepts and practices of services and management);

Sher and Lee, 2004 - trust in information and knowledge sharing;

Provan et al., 2007; Gest et al., 2011 - main knowledge assets created within the network

Valente et al., 2015

Source: own making

3. RESULTS

Among the several answers, one of those which got more similar responses refers that the greater gain of stores and
collaborators, as a result of the implementation of the knowledge network, was information and experiences sharing. The
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shared information which brought more benefits to the network was that concerning services, suppliers, technologies and
markets. That information was shared on a social inter-relationship which occurs on an informal basis between collaborators
and the commercial director.

Several moments where information and knowledge sharing occurs were identified. According to the orientations of Nonaka et
al., (2002), each one of those spaces work as a different set of situations, allowing to promote an effective “platform” to ease
the process of knowledge creation between networked stores. “Interaction spaces” were identified from the collected data and
are presented in Table 2.

Table 2 — Interaction spaces identified within the optics company network

Interaction spaces Empirical evidences

National level meetings “National level meetings occur in smaller numbers, usually to communicate changes in the group, strategies, management

directives, services, in order to keep everyone integrated with the set goals.”

Monthly meetings “Every month meetings with the Commercial Director are set, in order to check the achievement of the established goals, the
detected difficulties and the definition of new goals”. "These meetings also serve to communicate the difficulties and
problems related to relationships, tasks performed or problems with clients”

Individual meetings “Most frequent individual meetings occur with the store responsible or commercial director”. “These occur when new
information or alerts are communicated. Or when a clarification is necessary”. “At these meetings we also give our opinion
about the service, or even about the management directives”

Fraternizing “An interesting moment of information exchange is confraternization (lunches or dinners) at national and district level,
attended by all employees and family involved in the network or specific sub segments of it.”

“Given the current national crisis, these meetings frequency have been decreasing overtime”. They are always moments of a
great deal of experiences and knowledge sharing”

Training / Colloquiums “With the upcoming of new products or services” These training allows to acquire new knowledge about products or the
market, but we also meet new people, colleagues, suppliers and even costumers” “They are always interesting experiences”

Courses and speeches “Training is mandatory for all store workers” Whenever new products arrive or new service methodologies are implemented,
training is provided, given by the group or even by suppliers”

Electronic space “Throughout the years professional and even friendship ties are created. Informal talks occur through email. The necessity of
clarifying about any situation or even asking for information is, usually, made by phone or fax. Information exchange also
occur, simply motivated by curiosity or the novelty of the matter. We talk a lot by phone, email and fax”.

Source: own elaboration

As such, evidences were found that several physical and virtual spaces do exist, easing the knowledge creation process in the
studied network. One of these spaces, usually used for communication of tacit knowledge, consists on the visits that the
commercial director pays to the stores belonging to the network. Through these visits, improvement possibilities are identified
in services delivery, going around technological problems and improving the relationship to clients on a continuous
improvement perspective.

This dynamic leads to substantial gains to the store and to the group. Another observed fact is that, with the evolution of the
network, the social relations become stronger, as the trust and cooperation levels became more intense.

Meetings with the commercial director occur at least once a month and constitute a relevant knowledge sharing space in the
network. It works as a formal forum for the collective decision making process and group and individual goals planning. Goals
are established according to a debate, and an individual and group reflection process, in order to produce satisfactory and
feasible goals, according to market conditions. At the meetings, after concluding the planned works, a space for sharing
experiences is created, favoring an atmosphere of trust and well-being between the director and collaborators. According to
these, sometimes “they learn more in those informal talks than in an entire month’s work”. They find solutions to problems and
even to perform their tasks better. This fact corroborates the affirmation from Tsai (2002), who believes that “informal lateral
relations, in social interaction form, have a significant effect over shared knowledge”. The store, which is the case study, is
located at a mall. This context and environment also promotes and facilitates intense social relations, often allowing friendship



Passos, C. (2019). Dynamics of knowledge creation in intra-organizational networks.
Millenium, 2(8), 55-66.
DOI: https://doi.org/10.29352/mill0208.05.00192

and business to happen simultaneously. As an example, fraternizing lunches or dinners occur between collaborators, between
collaborators and customers, between collaborators and suppliers and even with elements from other stores.

Fraternizing at regional or national level, like dinners, meetings and others are important moments to solidify trust relationships
and, beyond that, enable informal talks about opportunities, challenges and the future of the group. We can see that trust is
fundamental to existing cooperation between collaborators and the leadership. This is established, primarily, by informal ways,
face to face. Events like visiting products exhibits at fairs allows collaborators to have the opportunity to meet other colleagues,
suppliers and customers, share experiences and also reflexing on the tendencies and challenges of the business sector.

The utilization of several electronic resources in the knowledge creation dynamics of the network was observed, such as the
examples of email, telephone and fax. These methods are used more frequently and, on the other hand, the internet is less
used. This evidence represents a point that must be strengthened in the studied network, in its knowledge creation dynamics, as
the following analysis will show. On picture 4 it is proposed a classification of the diverse “interaction spaces” identified in the
knowledge creation dynamics of the studied store.

|—; Tacit Tacit l
. Socializing Spaces Externalization Spaces m
g Fraternizing and meetings Formal meetings -5
= _ 1'-_Ir|5|1-—"‘-l- to falrs Collective decision processes 5
Visits to suppliers Objectives planning -

MNew methods of services Electronic Eur_rlmunicatiun space m

e Mew methods of processes Formation / Courses =
s management / clients E

[ Internalization Spaces Sistematization spaces
Explicit Explicit <—‘

Picture 4 — “Interaction spaces” in the studied optics network
Source: Adapted from Nonaka et al., (2002)

Analyzing pictures 4, the knowledge socialization spaces occur in the several visits to fairs, when collaborators directly observe
not only the solutions, but also the new and better adopted practices. Besides that, those visits allow fraternizing and other
informal encounters, sharing knowledge, emotions and feelings through informal interaction. Knowledge externalization spaces
occur in formal meetings, objective planning meetings and collective decision making processes. These meetings allow the
collaborators, through dialogue and collective reflection, to share ideas and experiences (tacit knowledge), converting them into
common concepts, in the form of models, hypothesis and scenarios (explicit knowledge).

Knowledge systematizing spaces occur at training and courses, as well as in using the technologies that ease that process.
However, the knowledge systematizing resources are defective, mainly on the lack of usage of IT systems by most of the
collaborators.

Knowledge internalization spaces, which sustain the last phase of the knowledge conversion process, in which the knowledge is
internalized and applied in terms of new organizational practices, has given good results, both for the store and for the group.
By evaluating different “interaction spaces” of the studied store, a strong context of trust and interaction between the
collaborators and leadership (commercial director) is generally observed. That interaction, which occurs mainly informally and
face to face, offers a valuable basis for knowledge creation. According to Nonaka e Nishiguchi (2001), the biggest part, if not the
whole of the knowledge, is created through an interactive process of experimenting and dialogue involving several individuals.
In Soo, Devinney e Midgley’s (2002) perspective, to many organizations, the informal communication channels have been a rich
source of knowledge, which cannot be found in databases or organization’s manuals. The importance of informal interaction is a
crucial element for the creation of knowledge, mostly when knowledge is systemic, complex and tacit (Bhagat et al., 2002).

CONCLUSIONS

Before what was exposed one might say that this study is a theoretical rehearse for the formation and understanding of the
knowledge creation phenomenon in intra-organizational networks, according to a systemic approach, arising important
implications to the present and future managers and proprietors of companies which are inserted into a network.

One might conclude that the effective knowledge creation process, represented by the diverse “interaction spaces”, allows the
development of essential knowledge assets to the creation of value and competitive differential to the store and to the group.
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According to this research results, the fact that the group is working as a network allows new concepts and know-how, a better
understanding of the network functioning scenario, knowledge about suppliers and representatives, knowledge about new
processes, new technologies and products. One might say that the intangible assets, resulting from learning, are already
contributing to the improvement of service delivery processes.

The results allowed us to observe that the social interaction acquired by the network configuration had a positive influence in
the store and group’s knowledge creation dynamics.

In the network context, several “interaction spaces” emerged where the created knowledge would hardly be attained in
isolation.

The existence of formal and informal situations so that the collaborators might share expertise, experience, emotions and know-
how, through face to face communication, promoted, amongst themselves at the store and in the group, an intense tacit
knowledge sharing environment, and an essential resource to the sustainability, as already mentioned in the literature.

Teece et al., (1994) stress that the learning process is an intrinsically social and collective phenomenon. The conclusions relative
to the network effect in promoting and amplifying knowledge creation reinforce some evidences pointed out in the literature.
To be noted is that theorizations outlined in this study, although limited by the used methodology, are intended to contribute to
a more widening approach to intra-organizational knowledge creation, going from an endogenous process in the store to an
exogenous process, inter-organizational. The study does not refrain from supplying evidences and ideas to the professionals to
implement strategies in order to promote the success of their networks. These considerations, although not having a definitive
character, stimulate the study about the theme on other methodologies views and typologies, establishing the basis to future
researches, in order to deepen the theme and fill the theoretical gaps. Thus, to better understand the phenomenon mixed,
qualitative and quantitative, studies are suggested in order to further validate on theorizations and allow for generalization of
the same. As Nonaka e Takeuchi, (1997) affirm, “creating new knowledge means to recreate the company and all within in a
continuous process of personal and organizational self-renewal”.
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RESUMO

Introdugdo: A preferéncia dos consumidores por produtos com baixo teor de gordura continua a aumentar e hd uma pressao
significativa na industria para reduzir processos de fritura.

Objetivos: Avaliar o efeito dos hidrocoldides no revestimento do Rissol, evitando os processos de pré-fritura ou fritura.
Pretende-se também comparar as caracteristicas fisico-quimicas do Rissol obtido, usando o processo de regeneragdo em forno e
o tradicionalmente frito, e a aceitabilidade do consumidor do Rissol regenerado em forno.

Métodos: Hidrocoldides como carboximetilcelulose, hidroxipropilmetilcelulose, metilcelulose, gomas xantana, karaya e
alfarroba, foram utilizadas sozinhas no sistema de revestimento, a uma concentragdo de 0.5% e 1.5%(p/p), assim como a
sinergia estabelecida entre pares de gomas com concentracdo final de 1% (p/p). O Rissol foi regenerado em forno (200°C; 18
minutos). Analisou-se o efeito na cor, textura instrumental, humidade e propriedades organoléticas (andlise descritiva
quantitativa). O teor em proteinas, hidratos de carbono, gordura total, fibra, cloreto de sédio, humidade e a aceitabilidade do
consumidor no Rissol com 0.5%(p/p) de carboximetilcelulose foi determinado, para comparar os processos de cozimento em
forno e fritura.

Resultados: O uso de 0,5%(p/p) de hidrocoldides adicionado ao sistema de revestimento oferece melhores perspetivas para a
producdo de um produto sem pré-fritura. As formulacdes com 1,5%(p/p) apresentaram uma aparéncia visual pior com fissuras e
grumos.

Conclusao: O uso de carboximetilcelulose no sistema de revestimento do Rissol pode ser uma alternativa para obter um produto
com um teor de gordura reduzido e com resultados positivos de aceitagdo pelo consumidor (com regeneragdo em forno).

Palavras-chaves: Hidrocoldides; Carboximetilcelulose; solugdo de revestimento; contetido em gordura;

ABSTRACT

Introduction: Consumers' preference for lower fat products continues to increase and there is a significant pressure on industry
to reduce the use of frying processes.

Objetives: Evaluate the effect of hydrocolloids on the Rissol coating, avoiding the pre-frying or frying processes. It’s also
intended to compare physicochemical characteristics of the Rissol obtained, using oven regeneration process and traditional
deep-frying, and consumer's acceptability of oven regenerated Rissol.

Methods: Hydrocolloids such as carboxymethylcellulose, hydroxypropylmethylcellulose, methylcellulose, xanthan, karaya and
locust bean gums, were used alone in the coating system at concentrations of 0.5% and 1.5%(w/w), as well as the synergies
established between pairs of gums to a final concentration of 1%(w/w). Rissol was regenerated in the oven (200°C, 18 minutes)
and instrumental texture, colour, moisture and organoleptic properties (quantitative descriptive analysis) were measured.

The contents in protein, carbohydrates, total fat, fibre, sodium chloride and moisture and consumer’s acceptability in Rissol with
0.5%(w/w) of carboxymethylcellulose were determined, to compare deep-frying and oven cooking processes.

Results: The addition of 0.5%(w/w) of any of hydrocolloids studied to the coating system offers better prospects to produce an
oven product without pre-frying. The formulations with 1.5%(w/w) of hydrocolloid showed a poorer appearance with cracks and
lumps.

Conclusion: The use of carboxymethylcellulose in coating batter could be an alternative to obtain a product with reduced total
fat and with positive consumer acceptability results (with oven regeneration).

Keywords: Hydrocolloids; Carboxymethylcellulose; Batters; fat content

RESUMEN

Introduccion: La preferencia de los consumidores por productos con bajo contenido de grasa sigue aumentando y hay una
presién significativa en la industria para reducir el uso de procesos de fritura.

Objetivos: Evaluar el efecto de los hidrocoloides en el revestimiento del Rissol, evitando los procesos de pre-fritura o fritura.
También se pretende comparar las caracteristicas fisicoquimicas del Rissol obtenido, utilizando el proceso de regeneracion en
horno y el tradicionalmente freido y la aceptabilidad del consumidor del Rissol regenerado en horno.

Métodos: Hidrocoloides tales como carboximetilcelulosa, hidroxipropilmetilcelulosa, metilcelulosa, gomas xantana, karaya y
algarroba, se usaron solos en el sistema de revestimiento a concentraciones de 0.5% y 1.5% (p/p), asi como las sinergias
establecidas entre pares de gomas a una concentracion final de 1%(p/p). El Rissol fue regenerado en horno (200°C, 18 minutos).
Se analizé el efecto en el color, textura instrumental, humedad y propiedades organoléticas (andlisis descriptivo cuantitativo).

El contenido en proteinas, hidratos de carbono, grasa total, fibra, cloruro de sodio, humedad y la aceptabilidad del consumidor
en el Rissol con 0.5% (p/p) de carboximetilcelulosa fue determinado, para comparar los procesos de coccién en horno y fritura.
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Resultados: El uso del 0,5% (p/p) de hidrocoloide agregado al sistema de recubrimiento ofrece mejores perspectivas para la
produccion de un producto sin pre-fritura. Las formulaciones con 1,5% (p/p) presentaron una apariencia visual peor (fisuras y
grumos).

Conclusidns: El uso de carboximetilcelulosa en el sistema de revestimiento del Rissol puede ser una alternativa para obtener un
producto con un contenido de grasa total reducido y con resultados positivos de aceptacion por el consumidor (con
regeneracion del horno).

Palabras Clave: hidrocoloides; carboximetilcelulosa; solucién revestimiento; contenido en grasa;

INTRODUCTION

The high consumption of lipids has been related to obesity and other health problems, such as cardiac diseases (Gadiraju et al.,
2015). World Health Organization (WHO) encouraged the nutritional reformulation of food products through an articulated
action with Food Industry, especially in products with high quantities of sugar, salt and fat (World Health Organization, 2015). In
fried foods, the application of batter and breading provides many opportunities to develop flavours and textures (Xue & Ngadi,
2007; Brannan et al., 2014). Batter is a liquid dough containing essentially flour and water, but may contain other ingredients,
for example, egg, starch, salt, and others (Fiszman & Salvador, 2003; Yilmaz et al., 2017). The main purpose of batter is to create
a layer to which the breading adheres completely. In addition to this function, batter acts as a barrier to prevent moisture loss,
thus ensuring an end product with a smooth and juicy inside, and crispy outside (Albert, et al., 2009). Manipulating the coating
(batter and breading system) of some foods can be a good method to reduce fat absorption during the frying process, while
promoting the retention of water inside (Singthong & Thongkaew, 2009). Polysaccharides, have been shown to be effective in
reducing the amount of absorbed oil (Fiszman & Salvador, 2003; Brannan et al., 2014). Hydrocolloids have functions as
thickeners, gelling agents, emulsifiers, stabilizers, fat replacers, clarifying agents, flocculating agents, clouding and whipping
agents. In addition, they have applications in the areas of edible films and crystallization inhibition (Li & Nie, 2016). The use of
hydrocolloids in batters, with the formation of a thin and invisible film, besides reducing oil absorption, it also contributes to the
improvement of the viscosity, adhesiveness, mechanical resistance of the crust and pickup control. It also helps in the control
and stability of the freezing/defrosting processes and maintains crispness of the fried breaded foods (Fiszman & Salvador, 2003;
Varela & Fiszman, 2011). Many hydrocolloids are highly hydrophilic, requiring the adjustment of the solids/water ratio of the
formulation, so that the hydrocolloid efficiency is not affected due to competition for the available water (Meyers & Grazela,
2011). Among the hydrocolloids, hydrophilic polymers (e.g., alginates, carrageenans, carboxymethylcelluloses, pectins, xanthan
gum) are widely used as film formers because they preserve the texture, flavour, and shelf life of foods. Among the wide variety
of gums wused as fat barriers, the most studied have been cellulose esters, methylcellulose (MC) and
hydroxypropylmethylcellulose (HPMC) (Varela & Fiszman, 2011), which exhibit unique properties of reversible thermal gelation
(Xue & Ngadi, 2007; Varela & Fiszman, 2011). When MC or HPMC is added to the coating solution, it gels immediately when the
product comes into contact with the hot oil. This property, coupled with its high water retention capacity, allows these gums to
protect food from water loss from the substrate and therefore prevent oil absorption during the frying process (Meyers &
Grazela, 2011). One factor that has been associated with barrier efficacy is the MC concentration in the coating solution. Sanz et
al. (2004a) found that the increase in MC concentration from 1 to 2% (w/w) leads to a lower oil absorption and a greater
reduction of moisture on the crust of the coated squid rings, both in pre-frying and in final frying following freezing. The same
authors found that another factor that has been related to barrier efficiency is the temperature of the solution at the time of
coating application. The application of MC is its use in industrial process of frozen food, which uses its thermogelling properties
to eliminate the pre-frying phase (Sanz et al., 2004b). Carboxymethylcellulose (CMC) is another hydrocolloid, derived from
cellulose, which has been extensively studied (Varela & Fiszman, 2011). However, it has been reported to be less efficient than
MC and HPMC (Varela & Fiszman, 2011). Ajo (2017) investigated the effects of using carrageenan and xanthan thin coating films
to reduce oil absorption in fried potato chip-based pellets and concluded that these hydrocolloids significantly reduced oil
absorption across all concentrations, and the most effective level of fat reduction was found using 4% (w/w) carrageenan and
0.3% (w/w) xanthan coatings.

Regeneration in the oven at higher temperatures results in better evaluations regarding characteristics such as 'roast’, 'roasted’
and 'bitter', which can be related to the fact that high temperatures favour the Maillard reactions without, however, implying a
decrease in the development of the characteristic flavour (Byrne, Bredie, Mottram, & Martens, 2002).

Rissol is a traditionally consumed food product in Portugal, whose wrapping dough is pre-cooked, stuffed with meat, fish or
vegetables and coated with egg (batter) and breadcrumb (breading) before being fried.

The aim of this study was to evaluate the effect of the hydrocolloids on the Rissol coating, avoiding the processes of pre-frying or
frying. The effect of different hydrocolloids (Carboxymethylcellulose, methylcellulose, hydroxypropylmethylcellulose, xanthan
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gum, karaya gum and locust bean gum) incorporated in the coating solutions on colour, instrumental texture, moisture and
organoleptic properties were analysed. Comparisons of physicochemical characteristics and energetic values of the Rissol with
CMC in the batter solution, was also studied, using the oven regeneration method and the traditional deep-frying, as well as
consumer's acceptability of oven regenerated Rissol were also carried out.

1. METHODS

1.1 Sample

1.1.1 Effect of different hydrocolloids in batter solution

Batter solution: xanthan gum (XA), locust bean gum (AL), karaya gum (KA), carboxymethylcellulose (CMC) (Formulab, Ltd),
hydroxypropylmethylcellulose (HPMC) (Methocel K4AM - Dow Chemical Company) and methylcellulose (MC) (Capri, Ltd.), at
concentrations of 0.5% and 1.5% (w/w), were used for each hydrocolloid. The effect of the combination of different hydrocolloid
doubles was also analysed at a concentration of 0.5:0.5 - 1% (w/w) - MC + KA, MC + AL, MC + XA, CMC + KA, CMC + AL, CMC +
XA. The solutions were prepared by diluting the hydrocolloid in distilled water, and letting it stand for 24 hours before use.
Preparation of the samples: A meat Rissol, supplied by a local company, was used as sample. Rissol formulation was: 65% dough
(60% of wheat flour; 39% of water and 1% of salt) and 35% meat mixture (40% of water, 35% of pork meat and 25% of wheat
flour). In the coating system, the sample was dipped (+ 20 °C) into the batter liquid solution (hydrocolloid solution). The batter
was drained from the sample during 10 seconds. After this, the breading step with breadcrumb was followed. The samples were
frozen (-18 oC) for 1 hour in a quick freezer equipment (Mercatus, Italy) and stored at the same temperature.

Samples were regenerated in a conventional electric oven (FE 2/3, Italy) at 200 °C + 5 °C for 18 to 20 minutes.

1.1.2 Comparison between two cooking methods

Samples followed the same preparation method described above. A batter solution containing 0.5% of CMC was used in the
coating system. After being immersed in the solution, the Rissol was breadcrumbs. Subsequently, Rissol was regenerated in the
oven, at 200 °C for 18 to 20 minutes or deep-fried with sunflower oil at 180 °C for 12 minutes.

1.2 Procedures

1.2.1 Effect of different hydrocolloids in batter solution

A texture profile analysis test (TPA) using a texture analyser (TA.XT2i) equipped with a cylindrical probe (P/4) was used with a
force and speed of 0.049 N and 5 mm/s, respectively. A colour analyser (Minolta CR-300), using CIE L* a* b* colour space,
recording the values of brightness L*, chromaticity a* (red-green) and b* (yellow-blue). Moisture was determined according to
I1SO 1442:1997, by gravimetric method, by means of the evaluation of mass loss up to constant weight in an oven (Heraeus,
Germany) regulated at 103 + 2 °C. Five replicates were performed for each sample (T = 20 °C) for texture and six for colour and
moisture. A quantitative descriptive analysis (QDA) was performed by a sensory trained panel with 14 elements, involving
previous sessions for main descriptors definition, their scale limits as well as verbal anchors, using the very same type of
commercial Rissol (ISO 8587,2006). The samples were evaluated for general appearance, smell, texture appreciated with cutlery
and texture in mouth, with a 9 — point scale anchored at the ends with 1 — little / absent and 9 — very / intense (Stone & Sidel,
2004)

1.2.2 Comparison between two cooking methods

The protein content was determined by the Kjeldahl method, described by ISO 937:1978. A digestion unit (Buchi, Switzerland)
and a Vapodest distillation unit (Gerhardt, Germany) were used. The conversion of the total nitrogen content to crude protein
content was obtained by the standard conversion factor (6.25). The fat content was determined by the Soxhlet method,
described by ISO 1443:1973. The carbohydrates were determined by the 3,5-dinitrosalicylic acid colorimetric method (DNS)
(James, 1995). The absorbance were measured on the spectrophotometer (Varian Cary 50, California) at 540 nm. The dietary
fibre was determined by the Ceramic Fibre Filter Method, described by AOAC 962.09:1995. The sodium chloride content was
determined by Volhard method, described by ISO 1841-1:1996. The moisture was determined following the method described
above 1SO 1442:1997. All analysis were performed in triplicate. The energy value was calculated according to conversion factors,
according to Regulation (EU) 1169:2011.

1.2.3 Consumer acceptance test

The consumers’ acceptance was evaluated in a global way, using Rissoles with 0.5% CMC (w/w) in the coating system and
regenerated in the oven. Consumers (N=73) were originally from the North region of Portugal and select with ages older than
18 years old. A survey was used and consumers would have to identify age and sex. A 5-point hedonic scale ranking from 1=
dislike very much to 5= like very much was used to evaluate acceptance (Meilgaard, Civille, & Carr, 1999)
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1.3 Statistical analysis

The effect of different hydrocolloids in batter solution (except sensory analysis) were analysed using analysis of variance (one-
way ANOVA), followed by Tukey's HSD test. Sensory analysis was evaluated by principal component analysis (PCA) with
predictive biplots (Alves, 2012). The comparison between two cooking methods was analysed using Student’s t-test. Statistical
significance was set at p values less than 0.05. All analyses were performed with the R Project for Statistical Computing program
(www.r-project.org).

2. RESULTS AND DISCUSSION

2.1 Effect of different hydrocolloids in batter solution

Regarding texture results, it was observed that samples with a concentration of 0.5% (w/w) present higher hardness values than
those with 1.5% (w/w) (p<0.05) regardless of the type of hydrocolloid used (Figure 1- left). This behaviour may be due to a
greater dehydration of the Rissol during its regeneration in the oven by the lower concentration of hydrocolloid, 0.5%, making
its hardness higher than 1.5% (w/w) of hydrocolloid. Samples with a concentration of 0.5% (w/w) of CMC and HPMC showed the
highest hardness values. On the contrary, samples with 1.5% (w/w) of LA revealed the lowest hardness values. Samples with
1.5% (w/w) of hydrocolloids showed not differences in hardness results (p<0.05). It was also observed that the XA gum shows
similar values for the hardness for two concentrations (p<0.05). On the contrary, Lazaridou, Duta, Papageorgiou, Belc, &
Biliadereis (2007) found in a rheology study on gluten-free bread that XA gum, in concentrations of 1 and 2%, enhances the
effect of bread hardness and elasticity . Guarda, Rosell, Benedito, & Galotto (2004), found that a concentration of 0.1% (w/w) of
this hydrocolloid increased the hardness in the bread crumb, maintaining that effect constant at higher concentrations.
However, it must be pointed out that the food matrix analysed was different from Rissol. The results obtained for the elasticity
(Figure 2-left) indicated that, in general, the elasticity is higher for samples with 0.5% (w/w) of hydrocolloid, the highest values
were with concentrations of 0.5% (w/w) (CMC and AL). The synergies between the hydrocolloid pairs (Figure 1, right), both in
the hardness values and in the elasticity values (Figure 2, right) did not revealed any tendency, although there were significant
differences between the samples (p<0.05).
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Figure 1 — Effect of the hydrocolloids on the hardness (N) of the Rissol, in concentrations (0.5% and 1.5%) (on the left), and in different pairs of
hydrocolloids (with the exception of 0.5% MC) (right). Mean values + standard deviation of five replicates for each sample; values with the
same letter are not significantly different (p<0.05)

3


http://www.r-project.org/

[

Sousa, A. P., Velho, M. V., Alves, M. & Pinheiro, R. (2019). Hydrocolloids effect on coating batter and on organoleptic
properties of rissole regenerated in oven and comparison with deep-frying process. Millenium, 2(8), 69-78.
DOI: https://doi.org/10.29352/mill0208.06.00198

0.8+ 1.51

o
o
1
[y
=}
L
®

ab

Elasticity
o
T
Elasticity

©
(2]
1

o
N}
1

0.0 0.0

0,5% MC =

0,5%MC + 0,5%KA -
0,5%MC + 0,5%AL -
0,59%6MC + 0,5%XA =

0,5%CMC + 0,5%KA -
0,5%CMC + 0,5%AL
0,5%CMC + 0,5%XA -

Figure 2 - Effect of the hydrocolloids on the elasticity of the Rissol, in concentrations (0.5% and 1.5%) (on the left), and in different pairs of
hydrocolloids (with the exception of 0.5% MC) (right). Mean values + standard deviation of 5 replicates for each sample; values with the same
letter are not significantly different (p<0.05).

Colour results showed that there were significant differences between the samples with different hydrocolloids (p<0.05) (Table
1) (L*, a*, b*). L* values obtained were between 54.29 (+ 3.29) and 62.85 (+ 1.15). Samples with 0.5% (w/w) of CMC and 0.5%
(w/w) of AL presented the highest values (62.85 and 61.15, respectively) and 0.5% (w/w) of HPMC and 1.5% (w/w) of KA
presented the lowest values of all experiments (54.92 and 54.29, respectively). The higher L* values, the lighter are the samples,
on the contrary, the lower L* values, the darker are the samples. Regarding other colour parameters, greenness (a*) and
yellowness (b*), significant differences between the samples were also found (p<0.05). a* values obtained ranged from 9.23 (+
0.55) to 12.84 (+ 0.18). Samples with 0.5% (w/w) of HPMC and 0.5% (w/w) of KA presented the highest values (12.84 and 12.67,
respectively) and 0.5% (w/w) of AL and 0.5% (w/w) of CMC presented the lowest values of all experiments (9.23 and 10.09,
respectively). b* values obtained ranged from 26.51 (+ 0.84) to 31.03 (+ 1.09). Samples with 0.5% (w/w) of KA and 0.5% (w/w) of
HPMC presented the highest values (31.03 and 29.50, respectively) and 1.5% (w/w) of KA and 0.5% (w/w) of AL presented the
lowest values of all experiments (26.51 and 26.59, respectively). The synergies of the hydrocolloid pairs (Table 2) did not show
any tendency, although there were significant differences between the samples (p<0.05). According to Varela & Fiszman (2011),
the final appearance of the breaded product depends entirely on its external characteristics, and, in this case, it is verified that
the hydrocolloid does not influence the colour of the product, since the colour is very influenced by the breadcrumb.

Moisture results showed that the values varied between 38.57 (+ 2.56) % and 47.22 (+ 1.83) % (Table 1), for hydrocolloids 1.5%
(w/w) of KA and 1.5% (w/w) of CMC, respectively, although there were no significant differences between the samples (p<0.05).
The synergies of the hydrocolloid pairs did not show any tendency (Table 2), there were no significant differences between the
samples (p<0.05). Gongalves (2015), found that the L* values decreased significantly with the increase of the regeneration time
of commercial chicken nuggets.
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Table 1 - Effect of the hydrocolloids on the batter in the parameters L*, a*, b* of the colour, and moisture (%), in concentrations

(0.5% and 1.5%). Mean values * standard deviation of 6 replicates for colour and 3 replicates for moisture; Values followed by the same letter

in the same column are not significantly different (p<0.05)

Formulations

Colour

L*

a*

b*

Moisture (%)

0.5% AL

61.15 (£ 3.01)a,b,f

9.23 (£ 0.55)a

26.59 (£ 0.96)a,b

42.35(+3.76)a

0.5% CMC

62.85 (+ 1.15)a,g

10.09 ( 0.21)a,c

27.67 (£ 0.46)b,f

43.85 (+2.08)a

0.5% HPMC

54.92 (£ 0.85)cd

12.84 (+ 0.18)b

29.50 (+ 0.50)c,d

42.84 (+5.46)a

0.5% KA

57.62 (£ 1.60)b,d,f

12.67 (+0.58)b,d

31.03 (+ 1.09)a,d

41.98 (+ 2.40)a

0.5% XA

58.41 (+ 3.54)a,b,c,d,f

10.62 (+ 1.93)a,c

28.13 (+ 1.31)a,b,c

45.99 (+ 3.05)a

1.5% AL

58.33 (£ 2.30)b,c,d,f

11.27 (+ 1.00)b,c

28.39 (+ 1.10)a,c,e

45.30 (+ 1.80)a

1.5% CMC

58.58 (£ 2.06)a,b,c,d,f

11.69 (+ 0.81)b,c

28.81 (+ 1.46)a,c,e

47.22 (+1.83)a

1.5% HPMC

55.65 (+ 0.95)d,e

10.95 (+ 0.88)c

27.60 (£ 1.67)e,f

45.21 (£ 0.96)a

1.5% KA

54.29 (+3.29)d

11.08 (+ 0.50)c,d

26.51 (+ 0.84)c,e

38.57 (£ 2.56)a

1.5% XA

59.66 (+ 2.74)e,f,g

10.98 (+ 0.52)c

28.11 (£ 1.36)a,b,d,f

44.45 (+2.82)a

Table 2 - Effect of the hydrocolloids on the batter in the parameters L*, a*, b* of the colour, and moisture (%) in different pairs of
hydrocolloids (with the exception of 0.5% MC). Mean values * standard deviation of 6 replicates for colour and 3 replicates for moisture;

Values followed by the same letter in the same column are not significantly different (p<0.05)

Formulations

Colour

L*

a*

b*

Moisture (%)

0.5% MC

60.86 (£ 1.46)a

10.96 (+ 0.65)a

28.96 (£ 0.76)a

48.68 (+ 1.60)a

0.5% MC + 0.5% KA

59.97 (+ 0.73)a,c

11.28 (x 0.70)a

28.99 (¥ 0.92)a

44.01 (£ 2.39)a

0.5% MC +0.5% AL

55.77 (+ 1.64)b

9.75 (¥ 0.29)b

24.96 (£ 0.99)b

46.11 (£ 1.00)a

0.5% MC + 0.5% XA

57.66 (£ 2.76)b,c

11.30 (+ 1.04)a

28.70 (+ 1.64)b

44.72 (+2.73)a

0.5% CMC + 0.5% KA

61.18 (+ 1.85)a

11.14 (x 0.42)a

29.20 (+ 1.01)a

43.26 (£ 2.90)a

0.5% CMC + 0.5% AL

59.26 (+ 0.73)a,c

11.53 (x 0.20)a

29.15 (+ 0.48)a

46.53 (£ 2.02)a

0.5% CMC + 0.5% XA

59.48 (+ 1.14)a,c

10.98 (+ 0.52)a

28.35(+0.51)a

44.72 (+2.73)a

15

Regarding the sensory analysis, as shown in Figure 3, the principal components 1 and 2 explain 54% of the total information,
reflecting main observed variations among the different samples, in the attributes T1d (texture/hardness on the first bite), mc
(chewing - crispness), at (aspect -characteristic texture), cc (characteristic colour) and af (visual aspect - cracks). It can then be
said that the panellists have privileged the aspect (characteristic aspect, cracks, and characteristic texture) and chewiness
(crispness and hardness on the 1st bite). The characteristic texture aspect correlates positively with the characteristic smell and
negatively with visible cracks. It can be seen that CMC gives a more characteristic general appearance, with values between 6 -
6.5, whereas, for example, XA and KA gums give a less characteristic colour (for the 2 concentrations). Rissol with MC, CMC + AL,
CMC + XA and CMC presented lower hardness on the first bite and less crispness; the use of HPMC demonstrated the same but
less extreme behaviour. Rissol with MC + XA and AL1 presented a less characteristic appearance, a greater hardness, and greater
crispness, whereas with AL2 they are identical with those with AL1, but with a more characteristic appearance.
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Figure 3 — Predictive PCA biplot of attributes evaluated in sensory analysis. AL1, CMC1, HPMC1, XAl correspond to 0.5% concentrations. AL2,
CMC2, HPMC2, correspond to 1.5% concentrations. The remainder correspond to the different pairs of hydrocolloids. Principal components:
T1d (texture/hardness on the first bite), mc (chewing - crispness), at (visual aspect-characteristic texture), cc (characteristic color) and af (visual
aspect - cracks).

Coating products are, mainly, evaluated by consumers on the basis of quality attributes including appearance, taste and smell,
moisture and fat content, texture and crispness, which is perhaps one of the most important properties which determine
consumer acceptance, looking for a product with a crunchy outer layer that contrasts with the soft interior (Piqueras-Fiszman,
Varela, & Fiszman, 2013).

2.2 Comparison between two cooking methods: regenerate in the oven and deep-fried

The Rissol produced with a coating system with 0.5% (w/w) of CMC was regenerated in oven and in deep-frying. The results of
protein content, carbohydrates, dietary fibre, and sodium chloride showed no significant differences between the two
regenerated cooking methods (p<0.05) (Table 3). On the contrary, total fat content and moisture presented significant
differences between the two cooking methods (p<0.05). The fat content of Rissol regenerated by the frying method has 7-fold
higher, than the oven regenerated Rissol, 15.10 (+ 0.00) % and 2.02 (+ 0.00) %, respectively. The deep-fried Rissol presented
lower moisture content, 46.10 (+0.01) %, than the oven regenerated Rissol, 51.84 (£0.01) %, meaning that the frying leads to
higher water loss than oven process. Same results were found by Gongalves (2015) who compared the oven regeneration with
the frying process of commercial chicken nuggets. According to Varela, Salvador & Fiszman (2008), the regeneration by frying of
coating products, fried and frozen leads to products with high moisture in the interior, lower moisture in the outer layer and
good crispness. Results showed that oven regenerated Rissol contains 167 kcal per 100 g and deep-fried Rissol contains 273 kcal
per 100 g. These results reflect a 70% decrease in Calories content that the oven regenerated Rissol provides, compared to the
deep-fried Rissol.

Table 3 - Physicochemical characteristics and energetic value of oven regenerated Rissol without pre-frying and traditional deep-fried Rissol. Mean
values * standard deviation of 3 replicates; Values followed by the same letter in the same column are not significantly different (p<0.05)

Physicochemical characteristics

(%) Energetic value
Sodium (kcal)
Total fat Protein Carbohydrates Dietary fiber Moisture
chloride
30.90
Oven method 2.02 (+0.00)a 5.99 (+0.00)a 0.91 (£0.02)a 0.68 (+0.00)a 51.84 (+0.01)a 167
(£0.03)a
Deep frying 28.30
15.10 (+0.00)b 5.76 (+0.00)a 1.03 (£0.09)a 0.77 (+0.00)a 46.10 (£0.01)b 273
method (+0.03)a
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2.2.1 Consumer acceptance test

The consumers’ acceptance was evaluated in a global way, using the Rissol produced with a coating system with 0.5% (w/w) of
CMC and regenerated in the oven. It was found that the majority of consumers scored Rissol as "like very much” (50.68%) and
"like moderately" (46.58%) (N=73). Only two respondents revealed that "neither like or dislike" (1.37%) and "dislike moderately"
(1.37%), and none revealed that "dislike very much". In the study, consumers aged between 18 and 76 participated in the study,
with more than half of respondents aged 18-25 years: 18-25 years (61.64%); 26-34 years (17.81%); 35-44 years (13.70%) and 45-
76 years (6.85%). Respondents were mostly women (62%).

CONCLUSIONS

Many studies have been done aiming to reduce the fat content in fried products. Developing a coating system capable of
suppressing the need for frying or pre-frying a traditional Rissol, by replacing it with the oven regeneration, may be an
alternative, in order to obtain an acceptable consumer product and nutritionally more suitable. In general, the use of a 0.5%
(w/w) of hydrocolloid formulation added to the coating system offers a better alternative for the production of an oven baked
product. It was concluded that the formulations with 1.5% (w/w) of hydrocolloid showed a poorer appearance (with cracks and
lumps) than the formulations with 0.5% (w/w). The results of the present study showed that carboxymethylcellulose in coating
batter of Rissol regenerated in oven could be an alternative for reduction of total fat when compared to the traditional deep-
fried process.
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RESUMO

Introdugdo: A casca de pinheiro é um residuo agroindustrial proveniente da indUstria madeireira e representa uma fonte de
compostos fendlicos. Estes compostos tém varias propriedades benéficas sendo elas antioxidantes, antimicrobianas,
anti-inflamatdrias, cardiovasculares, entre outras.

Objetivos: O objetivo deste trabalho foi estudar a composi¢do quimica da casca de Pinus pinaster Aiton subsp. atlantica e o
perfil fendlico dos seus extratos aquosos, etandlicos e hidroetandlicos.

Métodos: Analisou-se o teor de humidade, cinzas, proteinas, gordura total e hidratos de carbono. A casca foi extraida com agua,
etanol ou uma mistura de ambos num aparelho de Soxhlet e determinou-se o rendimento das extra¢des, o teor de compostos
fendlicos totais (CFT), atividade antioxidante e o perfil fendlico por RP HPLC UV nos extratos com o CFT mais elevado.
Resultados: Os resultados obtidos para a composicao quimica foram: 63,43 de hidratos de carbono, 2,81 de gordura total, 1,60
de proteinas e 1,75 de cinzas, calculados em % m/m de casca seca. O rendimento das extragdes foi superior para os solventes
etanol e mistura hidroetandlica (17,08 e 17,55% m/m de casca seca, respetivamente). O CFT e a atividade antioxidante foram
superiores no extrato hidroetandlico (73,48 mg EAG/g e 108,74 mg EAA/g de casca seca, respetivamente). Na analise do perfil
fendlico do extrato hidroetandlico identificou-se o acido galico, taxifolin, 4cido ferrulico e quercetina a 280 nm e a catequina no
extrato etandlico a 320 nm.

Conclusdes: A casca de P. pinaster Aiton subsp. atlantica é maioritariamente constituida por hidratos de carbono e é rica em
extrativos hidroetandlicos e etandlicos, tendo estes elevada atividade antioxidante. O extrato etandlico apresenta concentragao
de catequina mais elevada comparativamente ao extrato hidroetandlico.

Palavras-chave: casca de pinheiro; propriedades antioxidantes; compostos fendlicos; RP-HPLC-UV.

ABSTRACT

Introduction: Pine bark is an agroindustrial residue from the timber industry and represents a source of phenolic compounds.
These compounds have several beneficial properties being antioxidants, antimicrobial, anti-inflammatory, cardiovascular,
among others.

Objetives: The aim of this work was to study the chemical composition of the bark from Pinus pinaster Aiton subsp. atlantica
and the phenolic profile of its aqueous, ethanolic and hydroethanolic extracts.

Methods: The moisture content, ash, protein, crude fat and carbohydrates were analysed. The bark was extracted with water,
ethanol or a mixture of both in a Soxhlet apparatus and the extraction yield, total phenolic content (TPC), antioxidant activity
and phenolic profile by RP-HPLC-UV, in the extracts with higher TPC, were determined.

Results: The results obtained for chemical composition were: 63.43 of carbohydrates, 2.81 of crude fat, 1.60 of proteins and
1.75 of ash, calculated in % w/w of dry bark. The extraction yield was greater for the ethanolic and the hydroethanolic extracts
(17.08 and 17.55% w/w dry bark, respectively). The TPC and antioxidant activity were higher in the hydroethanolic extract (73.48
mg GAE/g and 108.74 mg AAE/g dry bark, respectively). Regarding the phenolic profile of the hydroethanolic extract, gallic acid,
taxifolin, ferulic acid and quercetin were identified at 280 nm, and catechin was identified in the ethanolic extract at 320 nm.
Conclusion: P. pinaster Aiton subsp. atlantica bark is mainly constituted by carbohydrates and it is rich in hydroethanolic and
ethanolic extractives, being that these have high antioxidant activity. The ethanolic extract presents higher catechin amount
when compared to the hydroethanolic extract.

Keywords: pine bark; antioxidant properties; phenolic compounds; RP-HPLC-UV.

RESUMEN

Introduccion: La corteza de pino es un residuo agroindustrial proveniente de la industria maderera y representa una fuente de
compuestos fendlicos. Estos compuestos tienen varias propiedades benéficas siendo ellas antioxidantes, antimicrobianas,
antiinflamatorias, cardiovasculares, entre otras.

Objetivos: El objetivo de este trabajo fue estudiar la composicién quimica de la corteza de Pinus pinaster Aiton subsp. atlantica
y el perfil fendlico de sus extractos acuosos, etandlicos e hidroetandlicos.

Métodos: Se analizd el contenido de humedad, cenizas, proteinas, grasa total y carbohidratos. La corteza se extrajo con agua,
etanol o una mezcla de ambos en un aparato de Soxhlet y se determinaron el rendimiento de la extraccidn, el contenido de
compuestos fendlicos totales (CFT), la actividad antioxidante y el perfil fendlico mediante RP-HPLC-UV, en los extractos con CFT
mas alto.

Resultados: Los resultados obtenidos para la composicion quimica fueron: 63,43 de carbohidratos, 2,81 de grasa total, 1,60 de
proteinas y 1,75 de ceniza, calculados en % m/m de corteza seca. El rendimiento de extraccion fue mayor para los extractos
etandlicos e hidroetandlicos (17,08 y 17,55% m/m de corteza seca, respectivamente). El CFT y la actividad antioxidante fueron
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mayores en el extracto hidroetandlico (73,48 mg de EAG/g y 108,74 mg de EAA/g de corteza seca, respectivamente). Con
respecto al perfil fendlico del extracto hidroetandlico, se identificaron acido galico, taxifolin, acido ferulico y quercetina a 280
nm, y se identifico la catequina en el extracto etandlico a 320 nm.

Conclusidns: La corteza de P. pinaster Aiton subsp. atlantica estd constituida principalmente por carbohidratos y es rica en
extractos hidroetandlicos y etandlicos, ya que estos tienen una alta actividad antioxidante. El extracto etandlico presenta una
mayor cantidad de catequina en comparacion con el extracto hidroetandlico.

Palabras Clave: corteza de pino; propiedades antioxidantes; compuestos fendlicos; RP-HPLC-UV.

INTRODUCTION

As a consequence of the growing world population, natural resources availability is of current concern. In this sense, the use of
materials, such as biomass residues from forests and agriculture, formerly considered waste, appears as a new world tendency.
The Portuguese pine sector represents an important component of the total forest economic value (around 17%), being the
third most important species after eucalyptus and cork oak (Seabra, Dias, Braga, & de Sousa, 2012). Pine bark is an abundant
residue of the wood industry, since it represents 10-20% of the pine tree trunk (Braga et al., 2008). Currently, more than half of
the bark is incinerated or landfilled and the remainder is mainly used as a cheap source of energy in saw/pulp mills being that
both destinations can lead to environmental problems (Jablonsky et al., 2017). It was observed that bark contains a large
fraction of extractives, with some important phytochemical constituents, and lignin, which can be utilized as a renewable source
following the worldwide tendency of recovering, recycling and upgrading wastes (Braga et al., 2008). Also, it has low price and
long-term stability that together make the usage of this residue highly attractive (Seabra et al., 2012). P. pinaster bark extracts
have been reported to have several bioactivities including antioxidants, cardiovascular benefits, and anti-diabetic effects (Aspé
& Fernandez, 2011; Chupin et al., 2015). The most prominent feature of P. pinaster is that it can grow on poor soil that provides
minimal nourishment (Timen, Akkol, Tastan, Stintar, & Kurtca, 2018). Due to large availability of pine bark on a global scale,
there is an increasing interest in its use (Ronda, Della Zassa, Biasin, Martin-Lara, & Canu, 2017).

A lot of attention has been recently focused on the addition of polyphenols to foods and biological systems, due to their
well-known abilities to scavenge free radicals, i.e. antioxidant power (Pinelo, Rubilar, Sineiro, & Nufiez, 2004). They have
received considerable attention in the fields of nutrition, health, and medicine owing to their physiological and biological
activities, namely antibacterial, antiviral, anticarcinogenic, anti-inflammatory and cardiovascular system diseases’ prevention
(Seabra et al., 2012). The objective of extracting phenolic compounds from their plant sources is to release these compounds
from the vacuolar structures where they are found, either by rupturing plant tissue or by a diffusion process. Usually, a high
extraction vyield is required for an efficient process, although it will not necessarily ensure a high concentration of bioactive
components. Since some of these are very sensitive to oxygen and heat, more care should be taken to prevent their oxidation
and thermal degradation. Therefore, the extraction yield and the bioactive components’ characteristics should also be
considered when an extraction method is selected (Aspé & Fernandez, 2011). Also, when the main goal is to apply these
bioactive components in foods or nutraceutical products, the extraction solvent must be suitable for human consumption.
Therefore, the aim of the present study was to assess the chemical composition of bark from Pinus pinaster Aiton subsp.
atlantica and evaluate the antioxidant activity of the aqueous, hydroethanolic and ethanolic extracts. Furthermore, its
chromatographic profile by reverse phase high-performance liquid chromatography (RP-HPLC) was studied.

1. METHODS

1.1 Sample preparation

Pine bark (P. pinaster Aiton subsp. atlantica) was collected in Minho region, Northwest of Portugal, from trees aged 15 years.
The inner bark was separated from the outer bark and the latter cut into pieces was oven dried to reach equilibrium humidity at
40 °C for 72 hours. The dried outer bark was ground by using a mixer (Termomix TM31, Vorwerk, Germany) for 20 s and sieved
at an amplitude of 0.2 for 1 min to select the particles with a diameter between 200 and 850 um. All analyses and extractions,
except for moisture, were performed on outer dried pine bark. The inner bark was not analysed until the date of this article.

1.2 Reagents

Ethanol 96% was purchased from Aga (Prior Velho, Portugal). 2,2-Diphenyl-1-picrylhydrazyl (DPPH) and gallic acid monohydrate
were purchased from Sigma-Aldrich (Steinheim, Germany). Folin-Ciocalteu reagent, ascorbic, boric and phosphoric acid were
purchased from Merck (Darmstact, Germany). Sodium carbonate anhydrous, potassium sulfate, Kjeldahl catalyst, hydrogen
peroxide and sodium hydroxide were purchased from Panreac (Barcelona, Spain). Methanol was purchased from Jt Baker
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(Deventer, Holland). Petroleum ether and sulfuric acid were purchased from Fisher Scientific (Loughborough, UK). The reagents
were of analytical grade, except the ones used for HPLC analysis that were HPLC grade.

1.3 Chemical composition

Pine bark was analysed for moisture, ash, proteins, fat and carbohydrates contents using the AOAC procedures (AOAC, 1995).
The moisture was determined by drying in an oven at 103 °C until constant weight (AOAC 930.04); the ash content was
determined by incineration at 550 °C (AOAC 930.05); the crude protein content (N x 6.25) of the samples was estimated by
Kjeldahl method (AOAC 978.04); the crude fat was determined by extracting a known weight of ground sample with petroleum
ether, using a Soxhlet apparatus (AOAC 920.39) and the total carbohydrates were determined by the 3,5-dinitrosalicylic acid
reaction with reducing sugars present in the sample after hydrolysis with hydrochloric acid and neutralization (Miller, 1959).

1.4 Extraction of pine bark and evaluation of its antioxidant properties

Different solvent types were tested with Soxhlet extraction. A total of 12.5 g of ground pine bark was put into a cartridge inside
a Soxhlet apparatus. Then, 220 mL of solvent (water, hydroethanolic mixture (1+1) or ethanol) was added to the flask and
refluxed over four hours as the minimal indicating time for the official AOAC method for crude fat. The extract was collected and
completed to 250 mL with the respective solvent and named as PW, PWE and PE, corresponding to the aqueous, hydroethanolic
and ethanolic extracts, respectively.

1.4.1 Extraction yield

Extraction yield (% w/w) is a measure of the solvent efficiency to extract specific components from the original material, defined
as the amount of solid extract recovered in dry mass compared with the initial amount of dry bark. The extraction yield was
calculated measuring an exact sample volume (V,=25 mL) from the total extract (V,=250 mL) and the volume was reduced at 35
°C until it was obtained a dry solid residue. Finally, it was dried at 103 °C until constant weight.

. , Wy — Wy
Extraction yield (% w/w) = — X 100
w x (2
sample (VZ)

Where w; is the empty recipient weight, w, is the recipient weight plus the dried extract weight and wgmpie is the sample
amount weighed to perform the extraction.

1.4.2 Total phenolic content

Total phenolic content was estimated by Folin-Ciocalteu colorimetric assay according to the procedure previously described by
Lafka, Sinanoglou, and Lazos (2007) based on Gutfinger (1981) and the results were expressed as mg of gallic acid equivalents
(GAE) per g of dry sample.

1.4.3 Antioxidant activity

The antioxidant activity in the extracts was determined by the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging method
used by Deng, Penner, and Zhao (2011) based on Brand-Williams, Cuvelier, and Berset (1995). A volume of 2 mL of diluted
extract stock solution (in methanol) was mixed with 6 mL of DPPH in methanol and allowed to stand at room temperature, in the
dark, for 30 minutes prior to measuring the solution absorbance at 517 nm. The control was a DPPH solution containing absolute
methanol instead of the sample. The antioxidant activity was based on the measurement of the reducing ability of pine extracts
towards the radical DPPH. The results were obtained as mg of ascorbic acid equivalent (AAE) per g of dry bark. The standard
curve was prepared with ascorbic acid at 0, 1, 2.5, 5, 7.5, 10, 20, 30, 35 and 40 mg/L.

1.5 Polyphenols identification (RP-HPLC-UV analysis)

Sample preparation

A tenfold dilution (1/10) in methanol of the extract was performed. The solution was homogenized and filtered with disposable
0.2 um syringe filters (Whatman, UK) prior to injection.

LC conditions

Qualitative identification of polyphenols in pine bark extracts was carried out using an HPLC method developed in-house. The
system used a reverse phase column, Betasil C18 (4.6 x 250 mm, 5 um particle size, Thermo Scientific, USA). The mobile phase
comprised 1% phosphoric acid in water, methanol and water. Gradient elution was as follows: 0-2 min, 80/0/20; 2-5 min,
65/15/20; 5-10 min, 50/30/20; 10-15 min, 45/35/20; 15-25 min, 30/50/20; 25-30 min, 20/60/20; 30-35 min, 0/80/20; 35-45 min,
0/90/10; 45-65 min, 0/100/0; 65-70 min 30/50/20. The flow rate was 1.0 mL/min. The wavelength for UV detection was set at
280 and 320 nm.
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The experiments were performed on a Hewlett Packard Series 1100 HPLC system (Agilent Technologies, Waldbronn, Germany),
equipped with a G1322A degasser, G1311A quaternary pump, G1314A UV-Vis detector and a G1328A manual injector. The
software used was HP ChemSation for LC Rev. A.06.03 [509].

1.6 Statistical analysis

All the assays were carried out in triplicate. The results were expressed as mean values and standard deviation (SD). A
correlation between the total phenolic content and antioxidant activity values was calculated and it was obtained a correlation
coefficient (Rz). The results were analysed using one-way analysis of variance (ANOVA) followed by Tukey’s HSD test (p<0.05).
This treatment was carried out using IBM SPSS Statistics for Windows, version 25.0 (IBM Corp, New York, USA).

2. RESULTS AND DISCUSSION

2.1 Chemical composition

There are little recent papers about the chemical composition of pine bark, namely the maritime pine grown in Portugal. Also,
the composition of bark depends on the age of the tree, the location and the growing conditions, among other factors, as
observed by Vazquez, Antorrena, and Parajé (1987). In this work the two parts of pine bark (outer and inner) were divided to be
studied in separate. However, this work only presents the results for the outer pine bark fraction (Table 1). The moisture content
of the pine bark studied was 12.82% w/w. The dry bark composition was: carbohydrates 63.43% w/w, fat 2.81% w/w, proteins
1.60% w/w and ash 1.75 % w/w. Véazquez et al. (1987) extracted dry P. pinaster bark with organic apolar solvents obtaining
yields of 0.9% w/w with ether and 2.5% w/w with hexane and benzene extraction, which is similar to the fat content determined
in this work (2.81% w/w). Other authors (Fradinho et al., 2002; Vazquez et al., 1987) studied dry maritime pine bark and
obtained lower values for ash, namely 0.5 and 0.8% w/w, respectively. In this work the remaining value calculated by difference
(30.41% w/w; Table 1) includes other components such as cellulose, lignin and suberin, among others.

Table 1 — Chemical composition values of dry pine bark from P. pinaster Aiton subsp. atlantica.

Parameter Amount (% w/w)
Ash 1.75+0.03
Proteins 1.60 +£0.04

Fat 2.81+£0.002
Carbohydrates 63.43 +£3.95
Other components 30.41

Pine bark moisture = 12.82 + 0.01 % w/w.

2.2 Extraction of pine bark and evaluation of its antioxidant properties

In papers published to date different solvent systems and extraction techniques have been used for the extraction of
polyphenols from pine bark. The yield, total phenolic content and antioxidant activity of the extracts is highly dependent on
these factors. Water, ethanol, methanol, aqueous alkaline solutions, acetone, dichloromethane, are some of the solvents
commonly used to extract phenolic compounds from pine bark (Aspé & Fernandez, 2011; Curkovié-Perica, Hrenovié, Kugler,
Goic¢-Barisi¢, & Tkalec, 2015; Fradinho et al., 2002).

In Table 2 are presented results of extraction yield, total phenolic content and antioxidant properties of P. pinaster Aiton subsp.
atlantica bark extracts. PWE and PE extracts did not show significant differences regarding extraction yield, with 17.55 and
17.08% w/w dry bark being obtained, respectively (p<0.05). Fradinho et al. (2002) have reported a similar value, namely 13.5%
w/w dry bark for the successive Soxhlet extractions with ethanol and water in P. pinaster bark grown in Portugal. However, the
PWE extract showed a higher total phenolic content (73.48+1.84 mg GAE/g dry bark) and therefore, higher antioxidant activity
(108.74+2.02 mg AAE/g dry bark, Table 2, R2=O.983, p<0.05). Water extracts presented the lowest values for all the parameters
analysed. Pinelo et al. (2004) observed the same behaviour when extracting P. pinaster sawdust with water, denoting that water
was not a good solvent for extracting phenolics. However, mixing water and ethanol can improve the rate of extraction by
causing the raw material to bloat, enabling the solvent to easily enter the solid particles (Gertenbach, 2002).

Pine bark extracts showed an expressive antioxidant capacity when compared with red fruits. In a recent study (Seraglio et al.,
2018), it was found that in Myrtaceae fruits, the highest level DPPH value is 50.66 mg AAE/g dry fruit, while in this study the
hydroethanolic extract is 108.74 mg AAE/g dry pine bark.
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Table 2 — Extraction yield, total phenolic content and antioxidant activity of P. pinaster Aiton subsp. atlantica bark extracts.

Extraction yield Total phenolic content Antioxidant activity
sample (% w/w dry bark) (mg GAE/g dry bark) (mg AAE/g dry bark)
PW 7.84° £0.56 50.09° + 4.70 82.24° + 4.65
PWE 17.55"+0.16 73.48° +1.84 108.74" £ 2.02
PE 17.08°+0.23 63.38°+1.26 95.58°+0.55

Note: Means (n=3) with different uppercase letters in the same column are significantly different (p<0.05). GAE — Gallic acid equivalent, AAE —ascorbic acid equivalent.

2.3 Polyphenols identification (RP-HPLC-UV analysis)

Polyphenols are among the most widespread class of metabolites in nature, and their distribution is almost ubiquitous (Pereira,
Valentdo, Pereira, & Andrade, 2009). Biogenetically, phenolic compounds proceed of two metabolic pathways: the shikimic acid
pathway where, mainly, phenylpropanoids are formed and the acetic acid pathway in which the main products are the simple
phenols (Bels¢ak-Cvitanovi¢, Durgo, Hudek, Bacun-DruZina, & Komes, 2018). Flavonoids and stilbenes are the majority of
natural-occurring phenolics (Pereira et al., 2009).

Chromatography is needed to obtain more detailed information on polyphenol profiles than is provided by spectrophotometric
methods (Sayago-Ayerdi, Mercado-Mercado, Ramos-Romero, Torres, & Pérez-Jiménez, 2016).

Considering the results obtained in the 3.2 section, as the hydroethanolic and ethanolic extracts showed better antioxidant
properties, they were studied by RP-HPLC-UV. Figure 1 shows the base-peak chromatogram of phytochemical compounds in
pine bark hydroethanolic extract obtained by reverse phase with the corresponding retention times. Tentative assignment of
these phytochemical compounds was obtained by comparing with the retention time of pure standards (Table 3). For each of
the five phytochemicals presented in Table 3, a second chromatogram was obtained after addition of a known amount to the
original pine bark extract. In the chromatogram with added standard it could be observed which peak increased its intensity.
This methodology helps to clarify the assignment as for example, with compounds assigned with similar RT, taxifolin (22.9 min)
and ferulic acid (23.6 min).

The HPLC-UV phytochemical profile recorded at 280 nm includes, by elution order: gallic acid, taxifolin, ferulic acid and
quercetin. Catechin was detected at 320 nm and exhibits an intense signal in the ethanolic extract (Figure 2), but not in the
hydroethanolic one. Braga et al. (2008) also observed an higher content of catechin in the ethanolic extract, however at 280 nm.
Although the pine bark water or ethanolic extracts have not been completely elucidated, the main constituents described in the
literature for a commercialized standardized extract, Pycnogenol, indicates that it contains catechin, epicatechin and taxifolin
(Packer, Rimbach, & Virgili, 1999).

VWD1 A, Wavelength=280 nm (SIG10375.D)
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Figure 1 — Chromatogram of the pine bark hydroethanolic extract recorded at 280 nm, tenfold dilution in methanol.
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Figure 2 — Chromatogram of the pine bark ethanolic extract recorded at 320 nm, tenfold dilution in methanol.

Table 3 — Tentative assignment of phytochemical compounds detected by HPLC-UV in pine bark hydroethanolic extracts.

Retention time  Wavelength
Tentative assignment
(min) (nm)

Gallic acid 7.5 280
Taxifolin 229 280
Ferulic acid 23.6 280
Quercetin 34.6 280
Catechin 313 320

CONCLUSIONS

g

The bark of P. pinaster Aiton subsp. atlantica is composed of carbohydrates (63.43% w/w), fat (2.81% w/w), proteins (1.60%
w/w), ash (1.75% w/w) and other components (30.41% w/w). Pine bark is rich in hydroethanol and ethanol extractable
phytochemicals, namely 73.48 and 63.38 mg GAE/g dry bark, respectively. The pine bark extracts have high levels of antioxidant
properties (82-109 mg AAE/g dry pine bark), higher than some red fruits known to be rich in antioxidant properties. The
ethanolic extract presents higher concentration of catechin compared to the hydroethanolic extract. Further studies should be
developed to fully confirm the chemical composition of P. pinaster Aiton subsp. atlantica bark extracts.
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RESUMO

Introdugdo: Amores-perfeitos (Violaxwittrockiana) sdo uma fonte rica de antioxidantes naturais com efeitos benéficos para a
saude humana.

Objetivos: O objetivo do presente estudo foi investigar a influéncia dos solventes (agua, metanol e agua:acetona (6:4, v/v)) na
extraccdo de compostos bioactivos e actividade antioxidante de extractos de amores-perfeitos.

Métodos: Os compostos bioactivos analisados foram os seguintes: flavondides, taninos hidrolisdveis e antocianinas
monomeéricas, bem como, os fendis totais através da avaliagdo da capacidade redutora total. A actividade antioxidante foi
avaliada pelos métodos de sequestro do radical livre 2,2-difenil-1-picrilhidrazilo (DPPH) e poder redutor. Uma analise de
componentes principais (PCA) foi realizada para diferenciar os extractos dos amores-perfeitos.

Resultados: Os solventes que produziram extractos com os maiores teores de taninos hidrolisdveis e capacidade redutora total
foram os de metanol e 4gua: acetona (6:4, v/v). Para extrair os maiores teores de antocianinas monoméricas deve-se usar
metanol (5.93 mg Cy 3-glu/ g de massa seca), enquanto que para extrair flavondides, a dgua:acetona (6:4, v/v) é preferivel (115
mg QE/g de massa seca). A agua mostrou ser o solvente menos eficaz, obtendo-se extractos com a menor actividade
antioxidante. Para além disso, os extractos de metanol e dgua:acetona foram claramente separados dos aquosos através da
analise por PCA.

Conclusodes: Os resultados mostraram que a extrac¢do de compostos bioactivos e a actividade antioxidante de flores de amores-
perfeitos sdo influenciadas pelo solvente usado.

Palavras-chave: Amores-perfeitos; Solventes; Actividade antioxidante; Compostos bioactivos.

ABSTRACT

Introduction: Pansies (Violaxwittrockiana) are a rich source of natural antioxidants with beneficial effects on human health.
Objetives: The aim of our study was to investigate solvents’ influence (water, methanol, water:acetone (6:4, v/v)) on the
extraction of bioactive compounds and antioxidant activity of pansies extracts.

Methods: The bioactive compounds analyzed were the following: flavonoids, hydrolysable tannins and monomeric
anthocyanins, as well as total phenols by the total reducing capacity assay (TRC). The antioxidant activity was evaluated by 2,2-
diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity and reducing power assays. A Principal Component Analysis (PCA)
was performed to differentiate pansies extracts.

Results: The solvents that yielded extracts with the highest contents of hydrolysable tannins and TRC were methanol and
water:acetone (6:4, v/v). To extract the highest contents of monomeric anthocyanins, methanol should be used (5.93 mg Cy 3-
glu/g flower, d.w), while for flavonoids, water:acetone (6:4, v/v) was the preferred yielding an extract with 115 mg QE/g flower
d.w. Water turned out to be the least effective solvent, giving extracts with the lowest antioxidant activity. In addition, methanol
or water:acetone extracts were clearly distinguished from aqueous ones through a PCA analysis.

Conclusions: Our results show that the bioactive compounds and antioxidant activity of pansies’ extracts are affected by the
solvent used.

Keywords: Pansies; Solvents; Antioxidant activity; Bioactive compounds.

RESUMEN

Introduccidn: Los pensamientos (Viola x wittrockiana) son una rica fuente de antioxidantes naturales con efectos beneficiosos
sobre la salud humana.

Objetivos: El objetivo del presente estudio fue evaluar la influencia de los solventes (agua, metanol y agua:acetona (6:4, v/v) en
la extraccién de compuestos bioactivos y actividad antioxidante de extractos de pensamientos.

Métodos: Los compuestos bioactivos analizados fueron flavonoides, taninos hidrolizados y antocianinas monoméricas. También
se analizaron los fenoles totales por el ensayo de capacidad reductora total. La actividad antioxidante fue evaluada por los
métodos: secuestro del radical libre 2,2-difenil-1-picrilhidrazilo (DPPH) y poder reductor. El analisis de componentes principales
(PCA) fue realizado para diferenciar los extractos de los pensamientos.

Resultados: Los solventes que produjeron extractos con los mayores contenidos de taninos hidrolizados y capacidad reductora
total fueron el metanol y agua:acetona (6:4, v/v). Los extractos con mayores contenidos de antocianinas monoméricas se
obtuvieron utilizando metanol (5.93 mg Cy 3-glu/g peso seco). Para los flavonoides el agua: acetona (6:4, v / v) fue el solvente
que hay dado los mejores valores de extraccién (115 mg QE / g peso seco). El agua fue el solvente menos eficaz, obteniéndo se
extractos con menor actividad antioxidante. Ademds, los extractos de metanol y agua:acetona se separaron claramente de los
acuosos mediante el anadlisis por PCA.
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Conclusidns: Los resultados mostraron que la extraccion de compuestos bioactivos y la actividad antioxidante de los
pensamientos son influenciadas por el solvente utilizado.

Palabras Clave: Pensamientos; Solventes; Actividad antioxidante; Compuestos bioactivos

INTRODUCTION

Garden pansies (Viola x wittrockiana Gams.) are plants of complex hybrid origin, involving at least three species, namely Viola
tricolor, Viola altaica, and Viola lutea (Vukics et al., 2008). They are popular ornamental plants, differing in size and color,
depending on the variety (Weryszko-Chmielewska and Sulborska, 2012). These flowers are mentioned as edible, so they can be
found on the market in special packages (Kelley et al. 2003), which are used for garnish, salads, soups, desserts and drinks.

Some studies have been performed in pansies, concerning their antioxidant activity and polyphenolic composition (Hase et al.,
2005; Vukics et al., 2008; Gamsjaeger et al., 2011; Skowyra et al., 2014; Gonzalez-Barrio et al., 2018). Nowadays, plant
polyphenols (ex. flavonoids, tannins and anthocyanins) are increasing attention due to their antioxidant properties and
documented effects in the prevention of various oxidative stress associated diseases, such as cancer, obesity and diabetes (Dai
and Mumper, 2010). So, these active compounds from flowers can be used as drugs, as well as ingredients (to enhance flavor,
color, etc.) in food and cosmetics (Jun, 2013).

The most common method to obtain these compounds from plants is solvent extraction. Polar solvents, such as methanol and
ethanol, are frequently employed for the recovery of polyphenols from a plant matrix (Kuzma et al., 2014). In detail, reported
solvents and extraction conditions used in pansies include: methanol (70%, v/v) in an ultrasonic bath at room temperature for
20 min (Vukics et al., 2008); methanol (100%, v/v) at 25 °C for 24 h (Rop et al., 2012); water (100%, v/v), ethanol (50%, v/v) and
acidic ethanol (50%, v/v) at 4 °C for 24 h, under stirring (Skowyra et al., 2014); methanol containing 0.1% HCI at 4 °C for 24 h
with gentle shaking (Li et al. 2014a); and methanol (80%, v/v) containing 1% HCI, at 4 °C for 12 h (Benvenuti et al., 2016). So, the
aim of this work was to further analyze the effect of using solvents with a wide range of polarities on different bioactive
compounds extraction and antioxidant activity of Viola x wittrockiana. The solvents studied were water, methanol, and
water:acetone (6:4, v/v). The extracts obtained were compared with respect to their flavonoids, hydrolysable tannins and
monomeric anthocyanins contents, as well as their total reducing capacity (TRC) and antioxidant activity evaluated by the
reducing power and scavenging effect on 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical assays.

1. METHODS

1.1Flower

Fresh pansies (Viola x wittrockiana) of different colors were collected from the greenhouse of School of Agriculture, Polytechnic
Institute of Braganca, during the year 2015 (Figure 1). After harvest, flowers were transported immediately to the laboratory
under refrigeration. On their arrival, flowers were immediately frozen and lyophilized (Scanvac, Coolsafe, Lynge, Denmark) for 2
days. Afterwards they were ground to a homogeneous powder, which was stored protected from light and moisture until
further analyses.

Figure 1 — Pansies of different colors studied in the present work.
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1.2 Chemicals and reagents

Methanol and acetone were obtained from Fisher Scientific (Leicestershire, UK). Gallic acid and DPPH (2,2-diphenyl-1-
picrylhydrazyl) were from Sigma—Aldrich (St. Louis, MO, USA), while Folin—Ciocalteu reagent and sodium carbonate were
obtained from Panreac Quimica SA (Barcelona, Spain). All reagents were of analytical grade. Milli-Q system (Millipore Corp.,
Molsheim, France) ultra-pure water was used throughout this research.

1.3 Extraction conditions

The extraction with different solvents was based on the method described by Li et al. (2014b), with slight modifications. A 1:20
mass/volume ratio was used on all extractions. Dried powder (1 g) of a pansies’ mixture was extracted with 20 mL of different
solvents (methanol, water and water:acetone (6:4, v/v)) at 37 °C for 30 min under agitation (900 rpm) (IKA, RCT Model B,
Staufen, Germany). The methanol and water:acetone extracts were filtered and concentrated in a rotary evaporator, in order to
remove methanol and acetone, respectively. Then, all solutions were frozen and placed in the freeze-drier for 2 days to obtain
the extracts. The extracts were weighted and dissolved in the same solvent used in the extractions to a concentration of 50 mg
extract/mL and covered with aluminium foil under freezing until further analysis. All extractions were performed in triplicate.

1.4 Total flavonoids

Total flavonoids content was determined by the method described by Viuda-Martos et al. (2011), with slight modifications. To
pansies extracts (1 mL) was added 0.3 mL NaNO, (5%, m/v) and, after 5 min, 0.3 mL AICl; (10%, m/v) was mixed. After 6 minutes,
2 mL NaOH (1M) was added. The absorbance was read at 510 nm and flavonoids were quantified using a standard curve of
quercetin (10-160 pg/mL). The results were expressed in mg of quercetin/g flower, dry weight (mg QE/g flower, dry weight
(d.w.)). All measurements were performed in triplicate.

1.5 Hydrolysable tannins

The content of hydrolysable tannins was determined by the method described by Elfalleh et al. (2012). Flower extracts (1 mL), 5
mL 2.5% KIO; was added and stirred for 10 seconds. The absorbance was measured at 550 nm. The blank corresponded to the
solvent used in each sample. Different concentrations of tannic acid (0.025 to 1.6 g/L) were used for calibration. Results were
expressed in mg of tannic acid equivalent/g flower, dry weight (mg TAE/g flower, d.w.). All measurements were performed in
triplicate.

1.6 Total monomeric anthocyanins

The total monomeric anthocyanins contents in the pansy extracts were estimated by the pH differential method, following the
methodologies used by Bchir et al. (2012) and Rajasekar et al. (2012). The method consisted in using two buffer systems:
potassium chloride buffer, pH 1.0 (0.025 M) and sodium acetate, pH 4.5 (0.4 M). The flower extracts (250 pL) were diluted with
pH 1.0 and pH 4.5 buffers in 25 mL flasks and allowed to stand for 30 minutes at room temperature. Subsequently, the
absorbance readings were made on a UV-Visible spectrophotometer (Thermo, Genesys 10 UV) at the wavelengths of 510 and
700 nm (Asyo and Ayqp), being A determined by the equation: A = (Asig nm= A700 nm)pH 1.0 = (As10 nm = A700 nm)pH 2.5. The monomeric
anthocyanin pigment concentration was calculated as cyanidin-3-glucoside, being the concentration determined by the
equation: Monomeric anthocyanin pigment (mg Cy 3-glu/L) = A x MW x DF x 1000/(e x 1), where A = absorbances difference,
MW= molecular weight (449.2), DF = dilution factor, and € = molar absorptivity (26,900). The results were then converted into
flowers dry weight. All measurements were performed in triplicate.

1.7 Total Reducing Capacity

The Total Reducing Capacity (TRC) of each sample was determined by the Folin-Ciocalteu method, described by Falcdo et al.
(2007). To 8 mL of the different pansy extracts solutions was added 500 uL of Folin-Ciocalteu reagent. The blank and standards
were prepared similarly, replacing the sample by the solvent used in the extraction and standards, respectively. After 3 to 8
minutes, 1.5 mL saturated sodium carbonate solution was added. After two hours, the absorbance values were read at 765 nm.
A calibration curve was obtained with gallic acid (0.25 to 5 mg/L) and the results expressed on mg gallic acid equivalent (GAE)/g
flower, d.w. All measurements were performed in triplicate.

1.8 Determination of Antioxidant Activity

1.8.1 DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity

DPPH radical scavenging activity was determined by the procedure described by Delgado et al. (2010), with some modifications.
A 0.0024 g mass of DPPH was dissolved in 100 mL of methanol to obtain a solution 6.09 %107 mol/L. The pansy extract solutions
were diluted with the solvent used during extraction and 300 pL of these solutions was added to 2.7 mL of DPPH methanolic
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solution. After 1 hour in the dark at room temperature, the absorbance was read at 517 nm. Antioxidant activity was expressed
by the percentage of scavenging effect according to the formula in Eq. 1:

ADPPH - ASample

DPPH radical scavenging ef fect (%) =

x 100 (1)
Appph

Apppyy Was the absorbance of the DPPH solution and A, the absorbance in the presence of the sample. The blanks were made
with the different solutions used in the extractions. The extract concentration providing 50% DPPH radical scavenging effect
(EC5p) was calculated from the graph of DPPH radical scavenging effect (%) versus extract concentration. All measurements were
performed in triplicate.

1.8.2 Reducing power

The reducing power of the extracts was determined by the procedure described by Delgado et al. (2010). To 1.0 mL of pansies
extracts solutions at different concentrations was added 2.5 mL of phosphate buffer 0.2 M (pH 6.6) and 2.5 mL of K;[Fe(CN)¢] 1%
(m/v). After shaking, the mixture was incubated at 50 °C for 20 minutes. After, 2.5 mL of 10% trichloroacetic acid (m/v) was
added with further stirring. A volume of 2.5 mL of the mixture was transferred to another test tube, to which 2.5 mL distilled
water and 0.5 mL FeCl; 0.1 % (m/v) were added. The absorbance values were read at 700 nm. From the graph Abs (700 nm)
versus extract concentration, the ECsy values were determined corresponding to the extract concentration that gave an
absorbance of 0.5. Each solution was analyzed in triplicate.

1.9 Statistical analysis

SPSS Statistic software, version 18.0 (SPSS Inc., Chicago, USA), was used for the statistical treatment of the data. Analyses of
variance (ANOVA) or ANOVA Welch were carried out to evaluate if there were significant differences (p < 0.05) between
samples. Additionally, significant post hoc analyses were performed (Tukey HSD test if variances in the different groups were
identical or Games-Howell test if they were not). The homogeneity of variance was tested by Levene’s test. The correlations
between variables were determined by Pearson correlation coefficient. A Principal Component Analysis (PCA) was performed to
differentiate pansies extracts. The variables considered were the Total Reducing Capacity, hydrolysable tannins, flavonoids and
anthocyanin contents, as well as, the ECsy values of the DPPH and Reducing Power assays.

2. RESULTS AND DISCUSSION

2.1 Extraction yield
The extraction yields for pansies after applying different solvents are presented in Table 1. The extraction yield for methanol was
higher (42.0%) than for the other two solutions, namely water (36.9%) and water:acetone (39.9%).

2.2 Flavonoids

Acording to Skowyra et al. (2014), flavonoids represent the main group of phenolic compounds in pansies. In the present work
the flavonoid contents extracted from pansies ranged between 46.9 and 114.7 mg QE/g flower (d.w.) (Table 1), depending on
the solvent. The highest content was obtained with water:acetone, approximately 2.4 times more than with water. These results
were similar to Guinot et al. (2008), who reported that the organic solvent-water extracts (ethanol:water, 3:7, v/v) of marigold
flowers had higher levels of total flavonoids than the solution obtained through the traditional decoction method (distilled water
for 10 min). Moreover, Liu et al. (2009) also found that acetone extracts of lychee flowers had higher flavonoids contents than
their water extracts.
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Table 1 - Flavonoids, hydrolysable tannins, monomeric anthocyanins, TRC, ECsq DPPH and ECsy Reducing Power values for pansies®.

Solvent
Parameters
Water Water:acetone (6:4, v/v) Methanol
Extraction yield (%) 36.9+0.1° 39.9:0.5° 42.0£0.3°
Flavonoids a c b
+ + +
(mg QF/g flower, d.w.) 46.940.7 114.7+1.0 99.642.2
Hydrolysable tannins N b b
+ + +
(mg TAE/g flower, dw.) 6.7740.65 12.8+1.9 17.4+2.7
Monomeric anthocyanins 3.19+0.31° 2.59+0.09° 5.93+0.18°
(mg Cy 3-glu/g flower, d.w.)
TRC . b b
+ + +
(mg GAE/g flower, dw) 27.242.5 42.8+1.8 39.342.7
ECso DPPH 0.22+0.01° 0.15+0.01° 0.17+0.01°
(mg extract/mL)
ECso Reducing power 0.60+0.01° 0.33+0.01° 0.36+0.08°

(mg extract/mL)

*Values are expressed as: MeanzStandard deviation. Values with the same letter in the same line are not statistically different (p>0.05).

2.3 Hydrolysable tannins

Significant differences on hydrolysable tannins contents were detected between pansies extracts (Table 1), ranging from 6.77 to
17.4 mg TAE/g flower, d.w.. Methanol and water:acetone (6:4, v/v) were the best solvents to extract hydrolysable tannins in
pansies. According to Mueller-Harvey (2001), methanol tends to be the best solvent for tannins of low molecular weight or if the
tissues contain large amounts of enzymes; however, acetone is often the preferred solvent, as it is less likely to react with
hydrolysable tannins than water or methanol.

Several solvent systems have been used, namely methanol, ethanol, acetone, water and their combination for tannins’
extraction. For example, Hagerman (1988) studied the extraction of tannins from fresh and preserved leaves of three species of
trees and reported that more tannins were extracted with aqueous acetone than with aqueous or acidic methanol. On the other
hand, Elfalleh et al. (2012) investigated pomegranate flowers and concluded that methanol extracted more hydrolysable tannins
than water (148.24 versus 57.04 mg TAE/g, d.w.). Both authors obtained similar results to ours. So, methanol and acetone:water
combinations are good solvent systems to extract hydrolysable tannins.

2.4 Monomeric anthocyanins

The total monomeric anthocyanins contents of pansies extracts analyzed in the present study varied significantly among the
solvents used in the extraction, ranging from 2.59 (water:acetone) to 5.93 (methanol) mg Cy 3-glu/g flower, d.w.

Skowyra et al. (2014) obtained values for total monomeric anthocyanins subjected to water extraction between 4.11 to 21.50
mg of malvidin glucoside equivalents (ME)/g of freeze-dried weight. Furthermore, the extracts obtained with the three solvents
had different colors (Figure 2). This fact may be the result of different physical properties (solubility) and different types of co-
extracted pigments, as suggested by Boonsong et al. (2011). Furthermore, it might be due to the extraction of different
anthocyanins by the solvents with different polarities (water =1.00; methanol=0.76 and water:acetone (6:4, v/v)=0.74).
Concerning pH, the three solvents presented similar values (water = 6.47; water:acetone (6:4, v/v) = 6.96 ; methanol= 6.41).
Abarca-Vargas et al. (2016) also obtained extracts of Bougainvillea x buttiana Holttum and Standl, (var. Rose) with different
colors when using solvents with different polarities, as well as Bertan et al. (2014) when studying the effect of the ethanol
concentration in the solvent on the antioxidant properties of extracts of boldo (Peumus boldus).

Methanol Water: acetone Water

Figure 2 — Pansies extracts with different solvents: methanol, water:acetone (6:4, v/v) and water.
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2.5 Total Reducing Capacity

The total reducing capacity (TRC) of the pansies extracts obtained in the present work are presented in Table 1, varying from
27.2 to 42.8 mg GAE/g flower, d.w.. Naczk and Shahidi (2006) mentioned that the extraction of phenolic compounds in plant
materials is influenced by their chemical nature and interactions with other plant components such as carbohydrates and
proteins. These interactions may lead to the formation of complexes that may be quite insoluble. In the present work,
water:acetone and methanol yielded no statistically different amounts, but the highest value of TRC was obtained with
water:acetone. According to Uma et al. (2010) and Kuzma et al. (2014), aqueous acetone solutions (48 and 70%, respectively)
are the most effective solvent for extraction of polyphenols from henna leaves (Lawsonia inermis) and parsley leaves
(Petroselinum crispum), which is in accordance with our results. On contrary, Shabir et al. (2011), evaluated different extraction
solvents in Gold Mohar flowers and detected that 80% methanol gave the highest value of total phenolics contents, as well as
Ahmad et al. (2011), who studied flowers of akk and reported that higher values were obtained with 80% ethanol. These
different results can be explained because different flowers may synthesize and accumulate different compounds or different
amounts of a particular compound, which in turn affects the TRC of the flowers extracts produced. Our results of water
extraction was lower (27.2 mg GAE/g flower d.w.) than reported by Skowyra et al. (2014), who obtained a range of values
between 120.56 (yellow pansies) to 419.28 (red) mg GAE/g of freeze-dried weight, after applying different extraction conditions.

2.6 Antioxidant activity

2.6.1 DPPH radical scavenging activity

The antioxidant activity determined by the DPPH method for the pansies extracts studied in present work showed significant
differences between them (Figure 3A and Table 1). The DPPH free radical scavenging activity increased with extract
concentration and the water:acetone (6:4, v/v) solvent was the one with the highest values (Figure 3A). The antioxidant activity
was also expressed on ECsq values, which indicate the concentration of the extract required to decrease the DPPH radical
concentration by 50% (Table 1). Thus, a low ECs, value is indicative of a high antioxidant activity. Water:acetone extracts
exhibited the lowest ECsy value (0.15 mg extract/mL), while water extracts resulted in the highest (0.22 mg extract/mL). These
results agree with Kuzma et al. (2014), who reported that higher antioxidant activity were obtained with aqueous organic
solvents than with the respective absolute organic solvents. Furthermore, these results can be explained by the polarity because
by increasing the proportion of water to the solvent, the polarity of the mixture also increases.
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Figure 3 - DPPH radical scavenging activity (%) (A) and reducing power (Abs 700 nm) (B) versus pansies extracts concentration.

2.6.2 Reducing Power

The measurement of the reducing power can also be used to express the antioxidant activity of the plant extracts. In this assay,
ferric ions are reduced to ferrous ions with change in color from yellow to bluish green (Ahmand et al., 2011). The intensity of
the color depends on the reducing potential of the antioxidant compounds present in the extract. The reducing power data of
the different extracts followed the similar trends as were observed for hydrolysable tannins and TRC assay, compounds
responsible for the antioxidant activity in the extracts. So, methanol and water:acetone (6:4, v/v) extracts showed the lowest
values of ECsy reducing power, while water extracts had the highest (Table 1). Furthermore, in the present work the reducing
power was tested at different extract concentrations and reducing power increased with the extract concentration (Figure 3B).
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2.7 Correlations between Total Reducing Capacity, monomeric anthocyanins, flavonoids, hydrolysable tannins and
antioxidant activity
The Pearson correlation coefficients determined between TRC, monomeric anthocyanins, flavonoids, hydrolysable tannins and
antioxidant activity (ECsq values of DPPH and Reducing Power assays) are presented in Table 2. Significant positive correlations
were found between TRC and flavonoids (0.968), as well as hydrolysable tannins (0.789), showing the important role of these
compounds in TRC. As expected, negative correlations were detected between TRC and the ECsy values of DPPH (-0.971) and
Reducing Power (-0.907), as these properties are inversely correlated. Concerning antioxidant activity, a significant negative
correlations were found between flavonoids and ECsq DPPH values (-0.992) and ECsy reducing power (-0.953), related with the
antioxidant potential of these compounds.

Table 2 - Pearson correlation coefficients for Total Reducing Capacity, monomeric anthocyanins, flavonoids, hydrolysable tannins and ECs,
values of DPPH radical scavenging activity and Reducing Power assays.

am(:'nr::::;irii:s Flavonoids Hydrolysable tannins ECso DPPH Ecsopt(::::rcing
Total Reducing Capacity 0.003 0.968** 0.789* -0.971%* -0.907**
Monomeric anthocyanins o 0.018 0.676 0.71 -0.014
Flavonoids o o 0.751* -0.992** -0.953**
Hydrolysable tannins o o - -0.699* -0.708**
ECso DPPH 0.946**

Correlation is significant at **p < 0.01, *p < 0.05

2.8 Principal Component Analysis

A Principal Component Analysis (PCA) was applied to find possible clusters within the extracts prepared with the solvents
studied in the present work, which may differ in bioactive compounds and antioxidant activity. The scores of the first two
principal components are presented in Figure 4. The first two principal components took into account 99.6% (PC1 = 97.5% and
PC2 = 2.1%, respectively) of the total variation. PC1 was mainly correlated positively to ECs, DPPH and ECsq Reducing Power, and
negatively to TRC, hydrolysable tannins and flavonoids. PC2 was mainly correlated positively to monomeric anthocyanins. In
PC1, aqueous extracts had positive scores due to their high values of ECso DPPH and Reducing Power, as well as, low values of
TRC, hydrolysable tannins and flavonoids, as stated in Table 1. So, when extracting pansies with water, the extracts obtained had
the lowest antioxidant activity and the lowest contents of bioactive compounds. On contrary, the methanolic extracts had
positive scores on PC2 due to their high values of monomeric anthocyanins. As stated in previous sections, the methanolic
extracts were those with the highest values of hydrolysable tannins and monomeric anthocyanins. Concerning the
water:acetone (6:4, v/v) solution, these extracts showed the highest antioxidant activity and flavonoids contents.
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Figure 4 - Principal component analysis plot to flavonoids, monomeric anthocyanins, hydrolysable tannins, TRC and ECs, values of DPPH radical
scavenging activity and Reducing Power assays.

CONCLUSIONS

The influence of the solvent (water, methanol, water:acetone (6:4, v/v)) on bioactive compounds extraction and antioxidant
properties of pansies was demonstrated. The highest flavonoids content was obtained with water:acetone (6:4, v/v), while
methanol extract had the highest value of monomeric anthocyanins. Concerning hydrolysable tannins and TRC, both methanol
and water:acetone (6:4, v/v) extracts had similar contents. Aqueous extracts presented the lowest antioxidant activity. These
results demonstrated the possibility of Viola x wittrockiana flowers to be a promising source of natural antioxidants for the food
and pharmaceutical industries.
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RESUMO

Introdugdo: Com o envelhecimento verifica-se um declinio das fungdes fisicas e cognitivas da pessoa idosa, o que leva ao
comprometimento da sua independéncia funcional (F.l.).

Objetivo: Comparar a independéncia funcional de dois grupos de idosos com caracteristicas inicialmente semelhantes, residentes
numa Estrutura Residencial para Idosos, sedentdrios, sendo um dos grupos submetido a um programa de exercicio fisico (P.E.P.).
Métodos: Estudo quantitativo, de natureza quase-experimental. Recorreu-se a uma amostra de 20 idosos divididos em dois grupos
semelhantes, experimental e controlo, de dez elementos cada. Um dos grupos praticou um P.E.P., que incluiu treino de forga
muscular e treino aerdbio, durante 12 semanas, 5 dias por semana, a uma intensidade moderada. Utilizou-se a Medida de
Independéncia Funcional (FIM) para avaliar a independéncia funcional dos idosos num primeiro momento e, posteriormente num
segundo momento, isto &, apds a implementagdo do P.E.P. ao grupo experimental. A analise dos dados foi efetuada com recurso a
estatistica descritiva e inferencial, nomeadamente com o teste exato de Fisher, Mann-Whitney e Wilcoxon, considerando p<0,05.
Resultados: No final do estudo o grupo experimental melhorou a sua independéncia funcional nos subniveis “banho”, “banheira e
duche” e “escadas”, mantendo todos os outros, enquanto o grupo controlo manteve a independéncia funcional em todos os
subniveis avaliados.

Conclusdes: A prética de exercicio fisico permite manter e/ou melhorar a independéncia funcional dos idosos.

Palavras-chave: idoso; exercicio fisico; independéncia.

ABSTRACT

Introduction: With aging there is a decline in the physical and cognitive function of the elderly, which leads to impairment of the
Functional Independence (F.l.) of the elderly person.

Objective: To compare functional independence of two elderly groups with initially similar characteristics, living in a residential
structure for the elderly, one of the groups being submitted to a Physical Exercise Program (P.E.P.)

Method: Quantitative, quasi-experimental study. A sample of 20 elderly people divided into two similar groups, experimental and
control, of ten elements each. One of the groups practiced P.E.P., which included muscle strength training and aerobic training for
12 weeks, 5 days a week, at moderate intensity. The Functional Independence Measure (FIM) was used to evaluate the functional
independence of the elderly at first, and then in second moment, that is, after the implementation of P.E.P. to the experimental
group. Data analysis was performed using descriptive and inferential statistics, namely with Fisher's exact test, Mann-Whitney and
Wilcoxon, considering p <0.05.

Results: At the end of the study the experimental group improved its functional independence in the "bath", "bath and shower"
and "stairs" sub-levels, while maintaining all others, while the control group maintained functional independence in all evaluated
sub-levels.

Conclusion: The practice of physical exercise allows to maintain and/or improve functional independence of the elderly.

Keywords: elderly; physical exercise; independence.

RESUMEN

Introduccidn: Con el envejecimiento se verifica un declive de las funciones fisicas y cognitivas de la persona mayor, lo que lleva al
compromiso de la independencia funcional (F.l.) de la misma.

Objetivos: Comparar la independencia funcional de dos grupos de ancianos con caracteristicas inicialmente similares, residentes en
una estrutura residencial para ancianos, sedentarios, siendo uno de los grupos sometido a un programa de ejercicio fisico (P.E.P.).
Meétodos: Estudio cuantitativo, de naturaleza cuasi-experimental. Se recurrié a una muestra de 20 ancianos divididos en dos grupos
similares, experimental y control, de diez elementos cada uno. Uno de los grupos practicé un P.E.P., que incluyé entrenamiento de
fuerza muscular y entrenamiento aerdbico, durante 12 semanas, 5 dias a la semana, a una intensidad moderada. Se utilizé la
Medida de Independencia Funcional (FMI) para evaluar la independencia funcional de los ancianos en un primer momento vy,
posteriormente en un segundo momento, es decir, después de la implementacién del P.E.P. al grupo experimental. El analisis de los
datos fue efectuado con recurso a la estadistica descriptiva e inferencial, en particular con la prueba exacta de Fisher, Mann-
Whitney y Wilcoxon, considerando p <0,05.

Resultados: Al final del estudio el grupo experimental mejord su independencia funcional en los subniveles "bafio", "bafiera y
ducha" y "escaleras", manteniendo a todos los demas, mientras que el grupo control mantuvo la independencia funcional en todos
los subniveles evaluados.

Conclusidns: La practica de ejercicio fisico permite mantener y/o mejorar la independencia funcional de los ancianos.

Palabras Clave: anciano; ejercicio fisico; independencia.
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INTRODUCTION

Aging is a progressive, universal and multifactorial process that occurs in a heterogeneous way, that is, each person ages in a unique
and particular way. It is mainly in the Third Age, the stage where significant changes in physical, psychic and social conditions that
condition the elderly person's adaptation to the environment and, consequently, their functional independence and quality of life
(Park et al., 2014). The advances achieved with the industrial revolution have altered people's lifestyles, improving their quality of
life, health and, consequently, longevity. In recent decades there has been an increase in the elderly population in industrialized
countries and, in Portugal, about 20% of the population is over 65 years old (Portada, 2014). The woman, who until now was the
traditional caregiver of the elderly in the family, began to enter the labor market (Barros et al., 2016), which led to a social, cultural,
economic and family structure adjustment.

The advances achieved with the industrial revolution have altered people's lifestyles, improving their quality of life, health and,
consequently, longevity. In recent decades there has been an increase in the elderly population in industrialized countries and, in
Portugal, about 20% of the population is over 65 years old (Portada, 2014). The woman, who until now was the traditional caregiver
of the elderly in the family, began to enter the labor market (Barros et al., 2016), which led to a social, cultural, economic and family
structure adjustment.

Thus, as we see an increase in the average life expectancy, we are also witnessing an increase in the number of residential
structures for the elderly, which assume the responsibility of caring for the elderly, dependent or independent, who can not remain
with the family or in their own homes, providing them with housing, food, health care and social interaction (Carneiro et al., 2012).
In general, in the residential structures for the elderly, the activities developed by the elderly who live there are usually few, which
is associated with the aging process and will condition their functional capacity. In this sense, the sedentarism common to all the
elderly leads them to the loss of the autonomy and, to an increasing difficulty in performing the tasks of the day to day (Barros et
al., 2016). The fragility of the elderly is a situation characterized by the decline of the various systems of the body and therefore
their physical and mental capacities decrease, increasing their vulnerability to health problems (Fairhall et al., 2013). Functional
decline is thus a factor to combat in this age group as a means of promoting health, increasing the sense of well-being, as well as
reducing health costs.

In this context, was practized a P.E.P. to a group of elderly people living in a home of the Third Age in central Portugal as a means to
promote their functional independence. Thus, this study aims to analyze the F.Il. of the elderly, sedentary, before and after
participation in a P.E.P. and then compare it with another group with initially similar characteristics but, who did not practice P.E.P..

1. PHYSICAL ACTIVITY AND FUNCTIONAL INDEPENDENCE IN THE ELDERLY

In the last century the increase of the elderly population worldwide has worried society in general and health professionals in
particular, which has led to the development of health promotion and wellness programs for this age group (Crocker et al. Chow et
al., 2014).

In this dynamic, by the analyzed studies, it was verified that the participation of the elderly in a P.E.P. may be a way to combat the
sedentary lifestyle and thus maintain the independence of the elderly as long as possible. The training of components of physical
fitness as a way of maintaining autonomy is a factor that plays a relevant role throughout life, that is, leads to a reduction of non-
transmissible diseases, fewer falls, fewer health costs, as well as improvement of self-concept and self-esteem (Park et al., 2014).
The practice of physical exercise is seen as a way that leads the elderly to maintain or even improve their autonomy, as well as a
way to prevent physical and mental illnesses, facilitating the adaptation of the elderly to the environment (Crocker et al. 2013).

Park et al. (2014) analyzed several studies on the effects of P.E.P. on the depressive symptoms, the quality of life and, the self-
esteem, concluding that the practice of physical exercise improved all the variables studied, in this way the authors recommend the
practice of physical exercise by the elderly.

Also Crocker et al. (2013) carried out an analysis of several studies whose objective was to analyze the effects of P.E.F. on the
activities of daily living in elderly people living in nursing homes. The authors came to the conclusion that the independence of the
elderly was improved through P.E.P., although they do not know which interventions are most appropriate to apply to this age
group.

Also Gongalves et al. (2010) analyzed the relationship between physical fitness and functional capacity of elderly people living in a
residential structure for the elderly, verifying that F.l. and physical fitness are related, because the better the physical fitness
(coordination, muscular strength, aerobic capacity, agility and coordination), the better the performance of daily activities.

Physical exercise consists of the planning, structuring and systematization of the corporal movements executed with the objective
of maintaining or improving the physical capacity of the elderly (Borges, 2015; Breet et al., 2015).

One of the important factors for the elderly is the maintenance of their autonomy (Chow et al., 2014), that is, the ability to mobilize
in the environment and to independently perform their basic activities of daily living (Rocha et al., 2017). In this sense the search for
their health, social interaction and for pleasure leads the elderly to participate in P.E.P. (Castro et al., 2016).
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P.E.P. can be performed by training one or more components of physical fitness, although training involving more than one
component of physical fitness in the same session is a still recent method when used to induce effects on health-related variables
and maintenance of independence in the elderly population (Rocha et al., 2017).

2. METHODS

This study is characterized as a quantitative research, with a quasi-experimental design, with two groups: one experimental and the
other control, each group consisting of 10 elements, where the experimental group was submitted to a program of physical
exercise.

2.1 Participants

To select participants in the study FIM was applied to all the elderly living in a residential structure for the elderly, inserted in rural
areas in central Portugal, which were to have, complete independence, modified independence or supervision in each sub-level of
the six representative levels - self-care; sphincter control; mobility; locomotion; Communication; social cognition. In addition, they
should be sedentary (this is not exercising for at least two years), which do not present with diseases such as: stroke, Parkinson's,
disturbances of the body balance, visual deficit that makes it impossible to see and, uncontrolled clinical conditions such as
hypertension or diabetes mellitus. Like this, 20 elderly were selected, which were later divided into two groups of 10 elements
each, experimental and control, in a random way, in order to compare two groups initially similar, but that after the participation of
the experimental group in a P.E.P., at the end of the study may present different characteristics.

Relatively to age in the experimental group, 40% were between 75 and 80 years old, 30% were less than 75 years old, and 30%
were over 80 years old. The average age was 77.40 years. In the control group, 50% were between 75 and 80 years, 20% less than
75% and 30% more than 80 years. The average age of this group was 78 years. Most of the elements are female, 70% in the
experimental group and 60% in the control group. As for schooling, 60% in the experimental group and 50% in the control group did
not attend school, while the remaining elements had the first cycle of Basic Education. Comparing the groups, there were no
statistically significant differences in the evaluated characteristics - age (p = 0,543), sex (p = 1,000) and schooling (p = 1,000).

2.2 Instruments

Participants were assessed by the FIM scale at two different times. At first, when all the elderly residents in the institution were
evaluated and, in a second moment, this one that was after the experimental group to have practiced P.E.P.. It is necessary to take
into account that the experimental group before starting the exercise program had to evaluate the muscular strength to adapt the
load to be used in it, to teach to execute the movements with the correct technique and to use the scale of subjective perception of
Borg effort (used to assess effort tolerance).

The FIM is a scale that has been translated adapted to the Portuguese population by Lains (1991). This instrument aims to assess
what the person actually can do, as well as determine the help a person needs to perform motor and cognitive tasks. The FIM
allows the evaluation of six levels: self-care, control of sphincters, mobility, locomotion, communication and social cognition, which
are subdivided into 18 sub levels. Each sub-level receives the score from 1 to 7, which ranges from total dependence to complete
independence. Each level is analyzed by the sum of the sub-levels that constitute it. The total value of the FIM corresponds to the
sum of the value of the sub-levels in each level and ranges from 18 to 126 points.

The Cronbach alpha coefficient was determined to evaluate the homogeneity of the items that make up each of the dimensions of
the FIM and, of all items in the set, obtaining the values presented in table 1. In the opinion of Maroco and Garcia-Marques (2006)
values equal to or greater than 0,60 are acceptable, especially when the number of items is reduced. Thus, internal consistency can
be said to be acceptable.

Table 1 — Cronbach alpha coefficients obtained for FIM

Levels Nr. Of Items 1st evaluation 2nd evaluation
Self-care 6 0,445 0,528
Sphincter control 2 0,176 0,089
Mobility 3 0,000 0,000
Locomotion 2 0,375 0,480
Comunication 2 0,000 0,000
Social cognition 3 0,850 0,828

Total FIM 18 0,732 0,782
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2.3 Dependent variable and independent variable

The dependent variable is the F.l. of the elderly, operationalized and measured by FIM, in the following items: Self-care (A-
feeding, B-personal hygiene, C- D-wear upper half, E-wear half lower, F-use toilet); Control of sphincters (G-bladder, H-
intestine); Mobility (I-bed, chair, wheelchair, J-toilet, K-bathroom / shower); Locomotion (L-marching / wheelchair; M-stairs);
Communication (N-understanding, O-expression); Social cognition (P- social interaction, Q-resolution of problems, R- memory);
Total FIM.

The independent variable is P.E.P. for the elderly. P.E.P. had a duration of 12 weeks, having been practiced 5 days a week (from
Monday to Friday), always starting with a warming-up, passing through the fundamental part, and ending with the return to
calm.

The warming-up period lasted 10 minutes, with no intensity, two sets of 10 repetitions of each exercise. This exercise consisted
in the training movements for the upper limbs (oscillatory movements in the anteroposterior direction and crossing and at the
level of the chest, in the orthostatic position and, to wander), lower limbs (gait, alternating type of gait - fast and slow, the latter
being accompanied by movements of the upper limbs) and stretching exercises lumbar and hamstrings.

The fundamental part practiced on Mondays, Wednesdays and Fridays consisted of training of muscular strength and aerobic
during 40 minutes. Muscle strength training was performed on the basis of the maximum weight test (Kim et al., 2002) of a
maximal repetition (1RM), that is, 100% of 1 RM corresponds to the maximum weight that the person can handle certain
motion. Based on this first evaluation it was adequate the weight used for the elderly to perform the planned exercises - initially
60% of 1RM and, later, from the ninth week 70% of 1RM.

Thus, the elderly performed muscular strength exercises that were: "lift and sit in a chair without arms, without hands", "flexion
of the thigh", "lateral elevation of the upper limbs" and "extension of the thigh" with a intensity of 60% to 70% of 1 RM, two sets
of each exercise, starting with 8 repetitions, to 10 repetitions from the ninth week, with a rest interval of 1 minute between sets,
at a moderate speed, the which in Borg's subjective perceived exertion scale corresponds to 12 to 13, and then walked,
gradually adding movements to the upper limbs and, up and down stairs, with an intensity of 12 to 15, according to the
subjective perception of effort scale Borg.

On Tuesdays and Thursdays, the old people walked, initially on regular and later irregular terrain (sidewalk and sloping terrain),
at different speeds and, up and down stairs with a maximum duration of 30 minutes.

Finally, the "return to calm", with a duration of 10 minutes, was practiced from Monday to Friday, without intensity, which
began with a brief walk lasting for 1 minute at a slow pace and later stretching of the upper limbs, stretching of the sural triceps
and stretching of the quadriceps, two sets of 10 repetitions, lasting 10 to 30 seconds, with an interval of 20 seconds between
each exercise.

2.4 Ethical procedure

The study was approved by the institution where it was implemented on 5t Septembe, 2011 and, took into account five
principles / rights that allow to protect the rights and freedoms of the people who participated in it, namely: right to self-
determination, right to privacy, right to anonymity and confidentiality, right protection against discomfort and injury, and the
right to fair and equitable treatment. In addition, the participants signed the informed consent form, which proves their
knowledge and authorization to participate in the study.

As for the data collection, these were collected at first in March 2012 and then a second time in June 2012, after the
experimental group had performed the P.E.P..

2.5 Techniques of data analysis and degree of confidence

We used the Statistical Package for the Social Sciences (SPSS) in version 20.0 to organize and systematize the information
contained in the data and obtain descriptive and inferential results. Throughout the study statistical and statistical techniques
(Fisher, Mann-Whitney and Wilcoxon) were used. In all tests, the value of 0.050 was set as the limit of significance.

3. RESULTS AND DISCUSSION

Maintaining functional independence, even in old age, is an essential condition for the elderly. In this sense, in table 2 we can
analyze the values presented by the elements of the experimental group and the control group in the two moments of
evaluation.
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Table 2 — Values obtained in the experimental group and in the control group in the two moments of evaluation.

First evaluation Second evaluation Test of

Mean Median Average Median Wilcoxon

Experimental Self-care 6,63 6,67 6,73 6,83 P=0,014
Group Sphincters 6,55 7,00 6,55 7,00 P=1,000
Mobility 6,63 6,67 6,87 7,00 P=0,008

Locomotion 6,25 6,00 6,65 6,50 P=0,011

Comunication 6,65 6,75 6,80 7,00 P=0,083

Social cognition 6,40 6,33 6,53 6,50 P=0,102

Total FIM 6,54 6,53 6,70 6,69 P=0,007

Control Self-care 6,58 6,50 6,58 6,50 P=1,000
Group Sphincters 6,75 7,00 6,60 6,75 P=0,083
Mobility 6,43 6,33 6,40 6,33 P=0,317

Locomotion 6,35 6,50 6,35 6,50 P=1,000

Comunication 6,80 7,00 6,75 7,00 P=0,317

Social cognition 6,37 6,33 6,37 6,33 P=1,000

Total FIM 6,54 6,53 6,51 6,50 P=0,059

The comparative analysis of the values obtained shows that, after participation in a P.E.P., the elderly tended to reveal a greater
capacity for self-care. The comparison between the two moments of evaluation revealed statistically significant differences
between these two moments (p = 0.014) in the experimental group. In the study of each of the levels that constitute this level, it
was verified that the statistically significant difference occurred only in the level of "bath" (p = 0.025), and the elderly improved
their level of independence. However, the elderly also improved another sub-level, but this was not found to be statistically
significant, which was self-care "dressing the lower half of the body."

As for self-care "bathing" the elderly mostly had a need for supervision, where they needed to prepare the bathroom utensils, as
well as being stimulated to wash the entire body from neck to feet with the exclusion of back, in the shower, to a situation
where the majority no longer needed to be encouraged to perform this self-care, but it took longer to do so, and they did it in a
chair with arms. The elderly have thus moved from a need for "supervision or preparation" to a need for "modified
independence".

The analysis concerning the mobility level, the statistically significant difference lies in the sub-level use of "bath, shower" (p =
0.001). In this capacity the elderly mostly passed on a need for "modified independence" in which to enter and exit the shower
took longer than normal and did not do so in total security, to a situation of "complete independence", where they entered and
get out of the shower safely. Only one elderly woman went from a "supervision or preparation" situation where she needed to
be encouraged to enter and exit the shower and required the presence of another person for a "modified independence"
situation where she no longer needed of another person who encourages her to get in and out of the shower to a situation
where she did but took some time.

As for locomotion, the statistically significant difference was found in "stairs". Here the elderly improved their ability to go up
and down stairs (p = 0.014). In this sub-level "stairs", the elderly passed from a "supervision or preparation" condition in which
they only climbed a flight of stairs in the presence of another person, because only then did they feel safe, for a condition of
"modified independence", that is , they already ascend the flight of stairs without the presence of another person and, mostly
use the handrail or, from a situation of "modified independence" to a condition of "complete independence", that is, they climb
the flight of stairs without be necessary use the handrail.

Analyzing the obtained results, it was verified that in the control group there were no statistically significant differences
between the moments of evaluation, that is, this group of elderly remained functional independence during the period of the
study, while the experimental group improved in some sub levels to their F.I. and kept the others. This study allowed us to verify
that participation in a P.E.P. allows maintaining and / or improving components essential to the F.I. of the institutionalized
elderly person.

Similar to our study, Rocha et al. (2017) demonstrated in their study that the elderly in the experimental group showed
significant improvements in functional capacity compared to the elderly in the control group. These authors performed an
experimental study with elderly women, divided into two groups - experimental group and control group. The elderly of the
experimental group underwent a training program of muscle strength and cardiovascular endurance for 20 weeks. Muscle
strength training was performed three times a week, three sets of 8 to 10 repetitions, with a range of 1 to 2 minutes between
sets and exercises, lasting 30 minutes, using a load of 70% to 85% of 1 RM. For cardiovascular training they used the step, with a
frequency of 3 times a week, for thirty minutes, at an intensity between 70% and 89% of the reserve heart rate. Comparing the
groups, it was verified that the elderly women in the experimental group showed a significant improvement in the instrumental
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activities of daily living according to the lawton scale (p = 0.07), while the elderly women in the control group had a significant
reduction in functional capacity according to the Katz scale (p <0.01).

Nogueira (2018) also carried out a study with 23 elderly people aged between 65 and 94 years, where they participated in a
P.E.P. for 12 weeks, performed 3 times a week, each session lasting 60 minutes. The elderly practiced muscular strength training
- 3 sets of 8 repetitions, with intensity of 50% of 1 RM in the first 6 weeks and 70% of 1 RM in the following weeks, with 1 minute
interval between sets and exercises. At the end of the program, there were no statistically significant differences in their ability
to perform self-care - walking, transferring, turning, elevating, toilet use, feeding, dressing and undressing however the values
obtained showed a slight tendency for improvement.

Also Tiggemann et al. (2016) applied a muscle strength training program to women aged 60-75 years, which included 6 exercises
for 12 weeks at an intensity of 13 to 18 according to Borg's subjective perception of effort scale. In the end, the authors found
that participants had improved their functional performance only in the "step up" test.

Regarding sphincter control, communication and social cognition, there were no statistically significant differences between the
two moments of evaluation.

Regarding sphincter control, the study is in agreement with the literature. According to Candido et al. (2017) to improve urinary
continence through exercise should be performed specific exercises for the pelvic floor muscles, as well as to improve bowel
continence according to Ferreira et al (2012) through physical exercise it is also necessary to train the muscles of the pavement
pelvic However, our study did not include the training of these muscles.

As for the communication, our study did not bring benefits to the participants, only allowed to maintain them. Training in group
exercise, according to Bentancourt (2008), will promote social contacts and, consequently, may improve the ability to
communicate, namely that the person is able to understand and express himself better. However, in our study, although the
elderly performed the exercises in groups, each element performed them alone, there being no mutual interaction between the
elements, which may be the reason for not obtaining gains at this level.

Also in the social cognition component there were no improvements, the program only allowed to maintain them (p = 0.012).
With aging, changes in brain function occur. Short-term memory (the process used to acquire and retain new information)
decreases with advancing age; however, long-term memory (knowledge acquired over the years) is little changed. According to
Santos et al (2006), the elderly who participate in P.E.F., or other groups that require interaction between them, cognitive
decline tends to be smaller.

Fernandez-Mayoralas et al (2015) carried out a study in long-term care institutions for the elderly, in which the elderly residents
in these institutions were subdivided into three groups: active, moderately active and inactive. The authors concluded that
moderately active elderly people with a certain degree of deterioration of physical and / or mental health are the ones who
most benefit from physical activity programs that promote physical and mental health, thus delaying the decline cognitive
impairment. In our study, the elderly did not present cognitive deficits, which may be the reason for no improvement at this
level.

CONCLUSIONS

The present study shows that the P.E.P practiced by elderly residents in a residential structure for the elderly was an added
value for them, since there were positive changes for some levels evaluated. Comparing this group to another group with similar
characteristics, it was verified that the latter did not suffer alterations in the evaluated components.

Aging with family members is becoming a less common reality, with Third Age households playing an increasingly important role
in this phase of people's lives. However, to combat the sedentary lifestyle of the elderly population, a feature widely observed in
these institutions. In this dynamic, the practice of physical exercise was not only a way to combat sedentarism, but a means to
improve functional independence.

Maintaining the physical and cognitive functionality is essential for the elderly, so that they can self-care, move in the
environment and relate to other people, because all these attitudes are essential for achieving good quality of life.

However, the reduced size of the sample does not allow for generalization of results for populations with similar characteristics,
and may overestimate the results. Future studies should include a larger sample.

Another limitation was the fact that the program did not bring benefits to the dimensions of communication and social
cognition. In this dynamic, future studies should include the interaction between the group's elements in order to promote
leisure and socialization.

Finally, there were few studies with institutionalized elderly people who participated in a physical exercise program training
more than one component of physical fitness, just as none used a program that was instituted by us, which made it difficult to
compare the results.
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RESUMO

Introdugcdo: Com o envelhecimento verifica-se um declinio das fungdes fisicas e cognitivas da pessoa idosa, o que leva ao
comprometimento da sua independéncia funcional (F.l.).

Objetivo: Comparar a independéncia funcional de dois grupos de idosos com caracteristicas inicialmente semelhantes, residentes
numa Estrutura Residencial para Idosos, sedentérios, sendo um dos grupos submetido a um programa de exercicio fisico (P.E.P.).
Métodos: Estudo quantitativo, de natureza quase-experimental. Recorreu-se a uma amostra de 20 idosos divididos em dois grupos
semelhantes, experimental e controlo, de dez elementos cada. Um dos grupos praticou um P.E.P., que incluiu treino de for¢a
muscular e treino aerdbio, durante 12 semanas, 5 dias por semana, a uma intensidade moderada. Utilizou-se a Medida de
Independéncia Funcional (FIM) para avaliar a independéncia funcional dos idosos num primeiro momento e, posteriormente num
segundo momento, isto é, apds a implementagdo do P.E.P. ao grupo experimental. A andlise dos dados foi efetuada com recurso a
estatistica descritiva e inferencial, nomeadamente com o teste exato de Fisher, Mann-Whitney e Wilcoxon, considerando p<0,05.
Resultados: No final do estudo o grupo experimental melhorou a sua independéncia funcional nos subniveis “banho”, “banheira e
duche” e “escadas”, mantendo todos os outros, enquanto o grupo controlo manteve a independéncia funcional em todos os
subniveis avaliados.

Conclusdes: A prética de exercicio fisico permite manter e/ou melhorar a independéncia funcional dos idosos.

Palavras-chave: idoso; exercicio fisico; independéncia.

ABSTRACT

Introduction: With aging there is a decline in the physical and cognitive function of the elderly, which leads to impairment of the
Functional Independence (F.l.) of the elderly person.

Objective: To compare functional independence of two elderly groups with initially similar characteristics, living in a residential
structure for the elderly, one of the groups being submitted to a Physical Exercise Program (P.E.P.)

Method: Quantitative, quasi-experimental study. A sample of 20 elderly people divided into two similar groups, experimental and
control, of ten elements each. One of the groups practiced P.E.P., which included muscle strength training and aerobic training for
12 weeks, 5 days a week, at moderate intensity. The Functional Independence Measure (FIM) was used to evaluate the functional
independence of the elderly at first, and then in second moment, that is, after the implementation of P.E.P. to the experimental
group. Data analysis was performed using descriptive and inferential statistics, namely with Fisher's exact test, Mann-Whitney and
Wilcoxon, considering p <0.05.

Results: At the end of the study the experimental group improved its functional independence in the "bath", "bath and shower"
and "stairs" sub-levels, while maintaining all others, while the control group maintained functional independence in all evaluated
sub-levels.

Conclusion: The practice of physical exercise allows to maintain and/or improve functional independence of the elderly.

Keywords: elderly; physical exercise; independence.

RESUMEN

Introduccidn: Con el envejecimiento se verifica un declive de las funciones fisicas y cognitivas de la persona mayor, lo que lleva al
compromiso de la independencia funcional (F.l.) de la misma.

Objetivos: Comparar la independencia funcional de dos grupos de ancianos con caracteristicas inicialmente similares, residentes en
una estrutura residencial para ancianos, sedentarios, siendo uno de los grupos sometido a un programa de ejercicio fisico (P.E.P.).
Meétodos: Estudio cuantitativo, de naturaleza cuasi-experimental. Se recurrié a una muestra de 20 ancianos divididos en dos grupos
similares, experimental y control, de diez elementos cada uno. Uno de los grupos practicé un P.E.P., que incluydé entrenamiento de
fuerza muscular y entrenamiento aerdbico, durante 12 semanas, 5 dias a la semana, a una intensidad moderada. Se utilizé la
Medida de Independencia Funcional (FMI) para evaluar la independencia funcional de los ancianos en un primer momento vy,
posteriormente en un segundo momento, es decir, después de la implementacion del P.E.P. al grupo experimental. El andlisis de los
datos fue efectuado con recurso a la estadistica descriptiva e inferencial, en particular con la prueba exacta de Fisher, Mann-
Whitney y Wilcoxon, considerando p <0,05.

Resultados: Al final del estudio el grupo experimental mejord su independencia funcional en los subniveles "bafio", "bafiera y
ducha" y "escaleras", manteniendo a todos los demas, mientras que el grupo control mantuvo la independencia funcional en todos
los subniveles evaluados.

Conclusidns: La practica de ejercicio fisico permite mantener y/o mejorar la independencia funcional de los ancianos.

Palabras Clave: anciano; ejercicio fisico; independencia.
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INTRODUCAO

O envelhecimento é um processo progressivo, universal e multifatorial, que ocorre de forma heterogénea, isto é, cada pessoa
envelhece de uma forma Unica e particular. E essencialmente na Terceira Idade, a fase onde surgem alteracdes significativas a nivel
fisico, psiquico e social que condicionam a adaptacdo da pessoa idosa ao meio ambiente e, por conseguinte, a sua independéncia
funcional e qualidade de vida (Park et al., 2014).

Os avancos alcancados com a revolugdo industrial alteraram o estilo de vida das pessoas, melhorando a sua qualidade de vida,
saude e, consequentemente a longevidade. Nas Ultimas décadas verificou-se um aumento da populagdo idosa nos paises
industrializados e, em Portugal, cerca de 20% da populacdo tem mais de 65 anos (Portada, 2014). A mulher, que até aqui era a
tradicional cuidadora dos idosos na familia comegou a inserir-se no mercado de trabalho (Barros et al., 2016), o que levou uma
readaptacdo social, cultural, econdmica e, na estrutura familiar.

Assim, a medida que assistimos ao aumento da esperanca média de vida, também assistimos ao aumento do nimero de Estruturas
Residenciais para Idosos, estas que assumem a responsabilidade de cuidar de pessoas idosas, dependentes ou independentes, que
ndo tém condicGes de permanecer com a familia ou em suas préprias casas, proporcionando-lhes uma habitacdo, alimentagéo,
cuidados de saude e convivio social (Carneiro et al., 2012).

De uma forma geral, nas Estruturas Residenciais para Idosos, as atividades desenvolvidas pelos idosos que |d habitam sdo
geralmente poucas, o que associado ao processo de envelhecimento vai condicionar a sua capacidade funcional. Neste sentido, o
sedentarismo comum a todos os idosos leva-os a perda da autonomia e, a uma dificuldade cada vez maior em realizar as tarefas do
dia-a-dia (Barros et al., 2016). A fragilidade do idoso é uma situa¢do que se caracteriza pelo declinio dos vérios sistemas do corpo e,
por conseguinte, as suas capacidades fisicas e mentais diminuem, aumentando a vulnerabilidade destas pessoas a problemas de
saude (Fairhall et al., 2013). O declinio funcional é assim um fator a combater nesta faixa etaria como meio de promogao da salde,
aumento da sensagdo de bem-estar, assim como reducdo dos custos em saude.

Neste contexto, foi aplicado um programa de exercicio fisico a um grupo de idosos residentes numa Estrutura Residencial para
Idosos na regido centro de Portugal como meio de promover a sua independéncia funcional. Assim, este estudo visa analisar a
independéncia funcional dos idosos, sedentdrios, antes e apds ocorrer a implementacdo e a participagdo num programa de
exercicio fisico e, posteriormente compara-lo com um outro grupo com caracteristicas semelhantes mas, que ndo intregou o
programa.

1. ACTIVIDADE FiSICA E INDEPENDENCIA FUNCIONAL NA TERCEIRA IDADE

No ultimo século o aumento da populagdo idosa a nivel mundial tem preocupado a sociedade em geral e, os profissionais de salude
em particular, o que tem levado ao desenvolvimento de programas de promogdo da saude e bem-estar para este grupo etdrio
(Crocker et al., 2013; Chow et al., 2014).

Nesta dinamica, pelos estudos analisados, verificou-se que a participacdo dos idosos num P.E.F. podera ser um meio que permite
combater o sedentarismo e, deste modo manter a independéncia do idoso o mais tempo possivel. O treino de componentes da
aptiddo fisica, como meio de manutenc¢do da autonomia é um fator que exerce um papel positivo relevante ao longo da vida, isto &,
conduz a uma redugdo de doengas ndo transmissiveis, menor numero de quedas, menos custos em saude, assim como melhoria do
autoconceito e da autoestima (Park et al., 2014). A pratica de exercicio fisico é vista como um meio que conduz os idosos a
manutengdo, ou mesmo melhoria da sua autonomia, assim como uma forma de prevenir doengas fisicas e mentais, facilitando a
sua adaptacdo ao meio ambiente (Crocker et al., 2013).

Park et al. (2014) apds analisarem varios estudos sobre os efeitos de um P.E.F. sobre os sintomas depressivos, a qualidade de vida e,
a autoestima, concluiram que a pratica de exercicio fisico melhorou todas as varidveis estudadas, deste modo os autores
recomendam a pratica de exercicio fisico por idosos.

Também Crocker et al. (2013) realizaram um estudo cujo objetivo foi analisar os efeitos de P.E.F. sobre as atividades de vida diaria
em idosos residentes em Estruturas Residenciais para Idosos. Os autores chegaram a conclusdo que a independéncia dos idosos foi
melhorada através dos P.E.F., embora ndo saibam quais as interveng¢Ges mais adequadas a aplicar a este grupo etario.

O estudo de Gongalves et al. (2010) sobre a relacdo entre a aptidao fisica e a capacidade funcional de idosos residentes em
Estruturas Residenciais para Idosos, verificando que a I.F. e a aptiddo fisica se encontram relacionadas, pois quanto melhor for a
aptiddo fisica (coordenacdo, forca muscular, capacidade aerdbia, agilidade e coordenagdo) melhor serd o desempenho das
atividades de vida diaria.

O exerecicio fisico consiste no planeamento, estruturagdo e sistematizagdo dos movimentos corporais executados com o objetivo de
manter ou melhorar a capacidade fisica do idoso (Borges, 2015; Breet et al., 2015).

Um dos fatores importantes para os idosos é a manuten¢do da sua autonomia (Chow et al., 2014), isto é, a capacidade de se
mobilizarem no meio ambiente e de executarem de forma independente as suas atividades bdsicas de vida didria (Rocha et al.,
2017). Neste sentido a procura pela sua saude, interagdo social e pelo prazer leva os idosos a participarem em P.E.F. (Castro et al.,
2016).

Os programas de exercicio fisico podem ser executados treinando uma ou mais componentes da aptidao fisica, embora o treino
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gue envolva mais do que uma componente da aptiddo fisica na mesma sessdo seja um método ainda recente quando utilizado para
induzir efeitos nas variaveis relacionadas com a salide e manutencao da independéncia na populagdo idosa (Rocha et al., 2017).

2. METODOS

Este estudo caracteriza-se como uma pesquisa de natureza quantitativa, de desenho quase-experimental, na medida em que temos
dois grupos: um experimental e outro de controlo, constituido cada grupo por 10 elementos, onde o grupo experimental foi
submetido a um programa de exercicio fisico.

2.1 Participantes

Para selecionar os participantes no estudo foi aplicada a MIF a todos os idosos residentes numa Estrutura Residencial para Idosos,
inserida no meio rural na regido centro de Portugal, os quais deveriam apresentar uma independéncia completa, independéncia
modificada ou supervisdo em cada subnivel dos seis niveis representativos — autocuidados; controlo de esfincteres; mobilidade;
locomogdo; comunicagdo; cognigdo social. Para além disso, deviam ser sedentarios (isto €, que ndo pratiquem exercicio fisico 4 pelo
menos dois anos) e, que ndo apresentem doengas, tais como: acidente vascular cerebral, parkinson, disturbios do equilibrio
corporal, déficit visual que lhe impossibilite de ver, ou condigdes clinicas ndo controladas como hipertensdo arterial ou diabetes
mellitus. Face ao exposto foram selecionados 20 idosos, estes que posteriormente foram repartidos em dois grupos de 10
elementos cada, experimental e controlo, de forma aleatdria, por forma a comparar dois grupos inicialmente semelhantes, mas que
apos a participagdo de um num P.E.F., no final do estudo podem apresentar caracteristicas diferentes.

Relativamente a idade, no grupo experimental 40% tinham entre 75 e 80 anos, 30% tinham menos de 75 anos e, 30% mais de 80
anos. A média de idades situou-se nos 77,40 anos. No grupo controlo, 50% tinham entre 75 e 80 anos, 20% menos de 75% e, 30%
mais de 80 anos. A média de idades deste grupo situou-se nos 78 anos. A maioria dos elementos sdo do sexo feminino, 70% no
grupo experimental e 60% no grupo controlo. Quanto a escolaridade, 60% no grupo experimental e 50% no grupo controlo ndo
frequentaram a escola, enquanto os restantes elementos possuiam o 12 ciclo do Ensino Basico. Comparando os grupos, ndo se
verificaram diferencgas estatisticamente significativas nas caracteristicas avaliadas - idade (p=0,543), sexo (p=1,000) e escolaridade
(p=1,000).

2.2 Instrumentos de recolha de dados

Os participantes foram avaliados pela escala MIF em dois momentos distintos. Num primeiro momento, quando todos os idosos
residentes na instituicdo foram avaliados e, num segundo momento, este que foi apds o grupo experimental ter praticado o P.E.F..
E necessdrio atender que o grupo experimental antes de se dar inicio ao programa de exercicio houve a necessidade de se avaliar a
forca muscular para adequar a carga a utilizar no mesmo, ensinar a executar os movimentos com a técnica correta e, a usar a escala
de percecdo subjetiva de esforgo de Borg (usada para avaliar a tolerancia ao esforgo).

A MIF é uma escala que foi traduzida a adaptada para a populagdo portuguesa por Lains (1991). Este instrumento tem por
finalidade avaliar o que a pessoa na realidade consegue fazer, assim como determina a ajuda que uma pessoa precisa para a
realizagdo de tarefas motoras e cognitivas. A MIF permite a avaliagdo de seis niveis: autocuidado, controlo de esfincteres,
mobilidade, locomogdo, comunicagdo e, cognicdo social, estes que se encontram subdivididos em 18 subniveis. Cada subnivel
recebe a pontuagdo de 1 a 7, que vai da dependéncia total a independéncia completa. Cada nivel é analisado pela soma dos
subniveis que o constituem. O valor total da MIF corresponde 4 soma do valor dos subniveis e, vai de 18 a 126 pontos.

Procedeu-se a determinagdo do coeficiente alpha de Cronbach para avaliar a homogeneidade dos itens que constituem cada uma
das dimensdes da MIF e, de todos os itens no seu conjunto, obtendo-se os valores apresentados na tabela 1. Segundo Maroco e
Garcia-Marques (2006) sdo aceitaveis valores iguais ou superiores a 0,60, principalmente quando o nimero de itens é reduzido.
Assim sendo, pode dizer-se que a consisténcia interna é aceitavel.

Tabela 1 - Coeficientes alpha de Cronbach obtidos para a MIF

Niveis N2 de itens 12 avaliacdo 22 avaliagdo
Autocuidados 6 0,445 0,528
Controlo de esfincteres 2 0,176 0,089
Mobilidade 3 0,000 0,000
Locomogdo 2 0,375 0,480
Comunicagdo 2 0,000 0,000
Cognicgdo social 3 0,850 0,828

MIF total 18 0,732 0,782
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2.3 Variavel dependente e variavel independente

A variavel dependente é a independéncia funcional dos idosos, operacionalizada e mensurada pela MIF, nos seguintes itens:
Autocuidados (A- alimentacdo, B-higiene pessoal, C-banho — lavar o corpo, D-vestir metade superior, E-vestir metade inferior,
F-utilizacdo da sanita); Controlo de esfincteres (G-bexiga, H- intestino); Mobilidade (I-leito, cadeira, cadeira de rodas, J-sanita,
K-banheiro/ duche); Locomogdo (L- marcha/ cadeira de rodas; M- escadas); Comunicacdo (N- compreensdo, O- expressdo);
Cognicgdo social (P- interagdo social, Q-resolu¢do dos prolemas, R- memdria); MIF total.

A variavel independente é o P.E.F. instituido aos idosos. O P.E.F. teve a dura¢do de 12 semanas, tendo sido praticado 5 dias por
semana (de segunda-feira a sexta-feira), comegando sempre com um aquecimento, passando pela parte fundamental e,
terminando com o retorno 4 calma.

O periodo de aquecimento teve a duracdo de 10 minutos, sem intensidade, sendo executadas duas séries de 10 repeticGes de
cada exercicio. Este exercicio consistiu no treino de movimentos para os membros superiores (circundag¢do; movimentos
oscilatérios no sentido antero-posterior e, cruzar e afastar estes ao nivel do peito, na posicdo ortostatica e, a deambular),
membros inferiores (marcha, alternar tipo de marcha — rdpida e lenta, esta ultima que por periodos foi acompanhada por
movimentos dos membros superiores) e, exercicios de alongamento — alongamento da regido lombar e dos isquiotibiais.

A parte fundamental praticada a 22f, 42f e 62f consistiu em treino de for¢a muscular e aerébio durante 40 minutos. O treino da
forgca muscular foi efetuado com base na avaliagdo do teste de peso maximo (Kim et al., 2002) de uma repeticdo maxima (1RM),
ou seja, 100% de 1 RM corresponde ao peso maximo que a pessoa consegue manusear ao executar determinado movimento.
Com base nesta primeira avaliacdo foi adequado o peso usado para os idosos executarem os exercicios planeados — inicialmente
60% de 1RM e, posteriormente, a partir da nona semana 70% de 1RM.

Assim, os idosos executaram exercicios de forgca muscular que foram: “levantar e sentar numa cadeira sem bracos, sem
utilizacdo das maos”, “flexdo da coxa”, “elevacdo lateral dos membros superiores” e, “extensdo da coxa”, com uma intensidade
de 60% a 70% de 1 RM, duas séries de cada exercicio, comegando com 8 repeticdes, passando a 10 repeti¢Ges a partir da nona
semana, com um intervalo de repouso de 1 minuto entre as séries, a uma velocidade moderada, o que na escala de percecdo
subjetiva de esforco de Borg corresponde de 12 a 13 e, posteriormente andaram, adicionando gradualmente movimentos aos
membros superiores e, subiram e desceram escadas, com uma intensidade de 12 a 15, segundo a escala de percecdo subjetiva
de esforgo de Borg.

As tercas e quintas os idosos andaram, inicialmente em terrenos regulares e, posteriormente irregulares (calcada e terreno
inclinado), a diferentes velocidades e, subiram e desceram escadas com a dura¢do maxima de 30 minutos.

Por MIF, realizou-se o “retorno & calma”, com uma duracdo de 10 minutos, praticado de segunda-feira a sexta-feira, sem
intensidade, esta que comeg¢ou com uma breve caminhada com a dura¢do de 1 minuto a um ritmo lento e, posteriormente
foram efetuados alongamento dos membros superiores, alongamento do triceps sural e, alongamento do quadricipede, duas
séries de 10 repeticGes, com a duragdo de 10 a 30 segundos, com um intervalo de 20 segundos entre cada exercicio.

2.4 Procedimento ético

O estudo foi aprovado pela instituicdo onde foi implementado a 5 de Setembro de 2011 e, teve em conta cinco
principios/direitos que permitem proteger os direitos e liberdades das pessoas que nele participaram, que sdo: direito a
autodeterminacdo, direito a intimidade, direito ao anonimato e a confidencialidade, direito a prote¢do contra o desconforto e o
prejuizo e, direito a um tratamento justo e equitativo. Para além disso, os participantes assinaram o termo de consentimento
livre e esclarecido, que comprova o seu conhecimento e autorizagdo para participar no estudo.

Quanto a obtencdo dos dados, estes foram colhidos num primeiro momento em Marco de 2012 e, posteriormente num segundo
momento em Junho de 2012, apds o grupo experimental ter praticado o P.E.F..

2.5 Tecnicas de analise de dados e grau de confianga

Recorreu-se ao Statistical Package for the Social Sciences (SPSS) na versdo 20,0 para organizar e sistematizar a informacdo
contida nos dados e obter resultados descritivos e inferenciais. Ao longo do estudo foram usadas técnicas de estatistica
descritiva e estatistica inferencial, especificamente medidas de tendéncia central (média aritmética e mediana) e, testes
estatisticos (exato de Fisher, Mann-Whitney e Wilcoxon). Em todos os testes fixou-se o valor 0,050 como limite de significancia.

3. RESULTADOS E DISCUSSAO

Manter a independéncia funcional, mesmo em idade avangada, é uma condigdo essencial para o idoso. Neste sentido, na tabela
2 pode-se analisar os valores apresentados pelos elementos do grupo experimental e do grupo controlo nos dois momentos de
avaliagdo.
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Tabela 2 — Valores obtidos no grupo experimental e o no grupo controlo nos dois momentos de avaliagdo.

Primeira avaliagdo Segunda avaliagdo Teste de

Média Mediana Média Mediana Wilcoxon

Grupo experimental Autocuidados 6,63 6,67 6,73 6,83 P=0,014
Esfincteres 6,55 7,00 6,55 7,00 P=1,000

Mobilidade 6,63 6,67 6,87 7,00 P=0,008

Locomogdo 6,25 6,00 6,65 6,50 P=0,011

Comunicagdo 6,65 6,75 6,80 7,00 P=0,083

Cognigdo social 6,40 6,33 6,53 6,50 P=0,102

MIF total 6,54 6,53 6,70 6,69 P=0,007

Grupo controlo Autocuidados 6,58 6,50 6,58 6,50 P=1,000
Esfincteres 6,75 7,00 6,60 6,75 P=0,083

Mobilidade 6,43 6,33 6,40 6,33 P=0,317

Locomogdo 6,35 6,50 6,35 6,50 P=1,000

Comunicagao 6,80 7,00 6,75 7,00 P=0,317

Cognigdo social 6,37 6,33 6,37 6,33 P=1,000

MIF total 6,54 6,53 6,51 6,50 P=0,059

A analise comparativa dos valores obtidos evidencia que, apds a participagdo num P.E.F., os idosos tenderam a revelar maior
capacidade para o autocuidado. A comparacdo entre os dois momentos de avaliagcdo revelou a existéncia de diferencas
estatisticamente significativas entre estes dois momentos (p= 0,014) no grupo experimental. Fazendo o estudo ao nivel de cada
um dos subniveis que constituem a escala, verificou-se que a diferenca estatisticamente significativa ocorreu, unicamente, no
nivel de “banho” (p= 0,025), tendo os idosos melhorado o seu nivel de independéncia. No entanto, os idosos também
melhoraram outro subnivel, mas este ndo se revelou estatisticamente significativo, que foi o autocuidado “vestir a metade
inferior do corpo”.

Quanto ao autocuidado “banho” os idosos passaram na sua maioria de uma necessidade de supervisdo, onde precisavam que
Ihe preparassem os utensilios de banho, assim como de serem estimulados para lavarem na integra o corpo, do pescogo até aos
pés com exclusdo das costas, no chuveiro, para uma

situacdo em que a maioria ja ndo precisava de ser estimulada a executar este autocuidado, mas demorava mais tempo a fazé-lo
e, faziam-no numa cadeira com bragos. Os idosos passaram assim de uma necessidade de “supervisdo ou preparagdo” para uma
necessidade de “independéncia modificada”.

A analise referente ao nivel mobilidade, a diferenca estatisticamente significativa situa-se no subnivel utilizacdo da “banheira,
duche” (p=0,001). Nesta capacidade os idosos passaram na sua maioria de uma necessidade de “independéncia modificada” em
que para entrarem e sairem do duche demoravam mais tempo que o normal e ndo o faziam em total segurancga, para uma
situacdo de “independéncia completa”, em que entravam e saiam do duche em seguranca. Apenas uma idosa passou de uma
situacdo de “supervisdo ou prepara¢do” em que precisava de ser estimulada a entrar e sair do duche e, requeria a presenca de
outra pessoa para tal, para uma situacdo de “independéncia modificada”, em que ja ndo precisava de outra pessoa que a
incentiva-se a entrar e sair do duche para uma situagdo em que o fazia mas demorava algum tempo.

Quanto a locomocgdo verificou-se que a diferenca estatisticamente significativa, se situou em “escadas”. Aqui os idosos
melhoraram a capacidade de subir e descer escadas (p=0,014). Neste subnivel “escadas”, os idosos passaram de uma condicdo
de “supervisdo ou preparacdo” em que apenas subiam um lance de escadas na presenca de outra pessoa, pois sO assim se
sentiam seguras, para uma condicdo de “independéncia modificada”, ou seja, ja sobem o lance de escadas sem a presenca de
outra pessoa e, usam na sua maioria o corrimdo ou, passaram de uma situa¢do de “independéncia modificada” para uma
condicdo de “independéncia completa”, isto é, sobem o lance de escadas sem ser necessario usar o corrimao.

Analisando os resultados obtidos, verificou-se que no grupo controlo ndo se verificaram diferengas estatisticamente
significativas entre os momentos de avaliacdo, ou seja, este grupo de idosos manteve a independéncia funcional durante o
periodo em que ocorreu o estudo, enquanto o grupo experimental melhorou em alguns subniveis a sua independéncia funcional
e manteve os outros. Este estudo permitiu verificar que a participagdo num programa de exercicio fisico permite manter e/ou
melhorar componentes essenciais @ independéncia funcional da pessoa idosa institucionalizada.

A semelhanga do nosso estudo, também Rocha et al. (2017) demonstraram no seu estudo que as idosas do grupo experimental
apresentam melhorias significativas na capacidade funcional, comparativamente 4s idosas do grupo controlo. Estes autores
realizaram um estudo de natureza experimental com mulheres idosas, divididas em dois grupos — grupo experimental e grupo
controle. As idosas do grupo experimental foram submetidas a um programa de treino de forca muscular e resisténcia
cardiovascular durante 20 semanas. O treino de forca muscular foi efetuado 3 vezes por semana, 3 séries de 8 a 10 repeticGes,
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com intervalo de 1 a 2 minutos entre as séries e os exercicios, com duragao de 30 minutos, usando uma carga de 70% a 85% de 1
RM. Para o treino cardiovascular usaram o step, com uma frequéncia de 3 vezes por semana, durante 30 minutos, a uma
intensidade entre 70% a 89% da frequéncia cardiaca de reserva. Comparando os grupos verificou-se que as idosas do grupo
experimental apresentam uma melhoria significativa nas atividades instrumentais de vida diaria, segundo a escala de lawton
(p=0,07), enquanto as idosas do grupo controlo apresentam uma reducao significativa na capacidade funcional segundo a escala
de Katz (p<0,01).

Também Nogueira (2018) realizou um estudo com 23 idosos com idades compreendidas entre os 65 e os 94 anos, onde estes
participaram num programa de exercicio fisico durante 12 semanas, efetuado 3 vezes por semana, tendo cada sessdo a duracgdo
de 60 minutos. Os idosos praticaram treino de for¢a muscular

— 3 séries de 8 repeti¢des, com intensidade de 50% de 1 RM nas primeiras 6 semanas e de 70% de 1 RM nas semanas seguintes,
com 1 minuto de intervalo entre as séries e os exercicios. No final do programa ndo se verificaram diferencas estatisticamente
significativas na capacidade dos mesmos para a realizacdo dos autocuidados — andar, transferir-se, virar-se, elevar-se, uso do
sanitdrio, alimentar-se, arranjar-se, vestir-se e despir-se, no entanto os valores obtidos mostraram uma ligeira tendéncia de
melhoria.

Também Tiggemann et al. (2016) aplicaram um programa de treino de forga muscular a mulheres com idades entre os 60 e os 75
anos, que incluiu 6 exercicios, durante 12 semanas, a uma intensidade de 13 a 18, segundo a escala de percegdo subjetiva de
esforco de Borg. No final, os autores verificaram que as participantes tinham melhorado o seu desempenho funcional apenas no
teste “subir degrau”.

Relativamente ao controlo de esfincteres, a comunicacdo e, a cognicdo social, ndo se verificaram diferencas estatisticamente
significativas entre os dois momentos de avaliagdo.

Quanto ao controlo de esfincteres, o estudo vai de encontro & literatura consultada. Segundo Candido et al. (2017) para
melhorar a continéncia urinaria através do exercicio devem ser efetuados exercicios especificos para os musculos do pavimento
pélvico, assim como, para melhorar a continéncia intestinal segundo Ferreira et al (2012) através do exercicio fisico também é
necessario treinar os musculos do pavimento pélvico. No entanto o nosso estudo ndo incluiu o treino destes musculos.

Quanto 4 comunicacdo, o nosso estudo nao trouxe beneficios aos participantes, apenas permitiu manté- las. Treinar exercicio
em grupo, segundo Bentancourt (2008), vai promover os contactos sociais e, consequentemente podera melhorar a capacidade
de comunicar, nomeadamente da pessoa ser capaz de compreender e de se expressar melhor. No entanto, no nosso estudo,
apesar dos idosos realizarem os exercicios em grupo cada elemento executou-os por si s6, ndo havendo interagdo mutua entre
os elementos, podendo esta ser a razdo da ndo obtencdo de ganhos neste nivel.

Na componente cognicdo social também ndo se verificaram melhorias, o programa instituido apenas permitiu manté-las
(p=0,012). Com o envelhecimento ocorrem alteracdes da funcdo cerebral. A memdria a curto prazo (processo utilizado para
adquirir e reter novas informacgGes) diminui com o avancar da idade, no entanto, a memdria a longo prazo (conhecimento
adquirido & anos) pouco se altera. Segundo Santos et al (2006) os idosos que participam em P.E.F., ou outros grupos que
requeiram interacdo entre os mesmos, o declinio cognitivo tende a ser menor.

Fernandez-Mayoralas et al (2015) realizaram um estudo em instituicGes de longa permanéncia para idosos no qual subdividiram
os idosos residentes nestas instituicdes em 3 grupos: ativos, moderadamente ativos e inativos. Os autores chegaram a conclusdo
que os idosos moderadamente ativos, onde se encontram idosos com um certo grau de deterioracdo da saude fisica e/ou
mental sdo os que mais beneficiam com programas de atividade fisica que promovam a salde fisica e mental, atrasando assim o
declinio fisico, mas também o comprometimento cognitivo. No nosso estudo os idosos ndo apresentavam déficit cognitivo,
podendo esta ser a razdo de ndo se verificarem melhorias neste nivel.

CONCLUSOES

O presente estudo mostra que o programa de exercicio fisico praticado por idosos residentes numa Estrutura Residencial para
Idosos foi uma mais-valia para os mesmos, uma vez que se verificaram alteragGes positivas para alguns niveis avaliados.
Comparando este grupo a um outro grupo com caracteristicas semelhantes, verificou-se que este Ultimo nao sofreu altera¢des
nas componentes avaliadas.

Envelhecer junto dos familiares é cada vez uma realidade menos comum, passando as Estruturas Residenciais para Idosos a
desempenhar um papel cada vez mais relevante nesta fase da vida das pessoas. No entanto, a que combater o sedentarismo da
populagdo idosa, caracteristica muito observada nestas instituicdes. Nesta dindmica, a pratica de exercicio fisico constituiu nao
apenas uma maneira de combater o sedentarismo, mas, um meio que permitiu melhorar a independéncia funcional.

Manter a funcionalidade fisica e cognitiva é essencial ao idoso, de forma que o mesmo consiga autocuidar- se, movimentar-se
no meio ambiente e, relacionar-se com as outras pessoas, pois todas estas atitudes sdo essenciais para a obtencdo de uma boa
qualidade de vida.

No entanto, o tamanho reduzido da amostra ndo permite generalizar os resultados para populagSes com caracteristicas
idénticas e, além disso, poderd sobrevalorizar os resultados. Estudos futuros deverao incluir uma amostra maior.
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Outra limitagdo foi o facto de o programa nao trazer beneficios as dimensdes comunica¢do e cognicdo social. Nesta dindmica,
estudos futuros deverdo incluir a interagdo entre os elementos do grupo de forma a promover o lazer e a socializagdo.

Por MIF, poucos foram os estudos realizados com idosos institucionalizados que participaram num programa de exercicio fisico
treinando mais do que uma componente da aptiddo fisica, assim como nenhum usou um programa semelhante ao por nds
instituido, o que dificultou a andlise comparativa dos resultados.
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