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Abstract

Rowanberries also called as Sorbus aucuparia L. fruits (Tramazeira fruits in Portugal), an
ornamental tree, have been traditionally used in various processed foods due to their high
relevance to human health. Scientific research demonstrates the nutritional effects of Sorbus L.
fruits are determined by their unique composition of chemically and biologically active
compounds. The extraction of phenolic compounds from Tramazeira fruits is of interest
because they can be used as natural food additives but, extractive processes must be optimized
to ensure that the relevant levels of all phenolic compounds groups are extracted from fruit pulp

(Lyophilized).

A central composite design with two factors (percentage of Ethanol and pH values) was applied,
with ethanol % in the range of 24.6 to 95.4% and pH between 0.9 and 5.1. From the response
surface methodology (RSM) data treatment, the selected hydroethanolic extract solution had
pH value of 3 and ethanol % of 85%, which allowed to have high amounts of the three main

groups of phenolic compounds: flavonoids, hydroxybenzoic acids and hydroxycinnamic acids.

Extracts of Tramazeira (Sorbus L.) fruit were applied as an additive in orange fresh juice and
showed antimicrobial activity against gram positive and gram-negative bacteria, being more
effective against gram-positive bacteria. The time effect on orange juice with the different
concentrations of the Tramazeira fruit extract showed influence on the microbiological quality
of the orange juice. However, the results suggest that the juices obtained with the highest

concentration are more stable from a microbiological point of view.

Keywords: Food additive; Phenolic compounds; Central composite design; Response surface

methodology.



Resumo

A fruta Tramazeira também chamada de Sorbus aucuparia L., uma arvore ornamental, tem sido
tradicionalmente usada em varios alimentos processados devido a sua grande relevancia para a
saide humana. Trabalhos cientificas demonstram que os efeitos nutricionais das frutas Sorbus
L. sdo determinados por sua composi¢do unica de compostos quimica e biologicamente ativos.
A extracdo de compostos fenolicos dos frutos da Tramazeira ¢ interessante porque podem ser
usados como aditivos alimentares naturais, mas os processos extrativos devem ser otimizados
para garantir que os niveis relevantes de todos os grupos de compostos fendlicos sejam

extraidos da polpa do fruto (liofilizada).

Foi aplicado um desenho compdsito central com dois fatores (percentagem de etanol e valores
de pH), com % de etanol na faixa de 24,6 a 95,4% e pH entre 0,9 e 5,1. A partir do tratamento
dos dados com a metodologia de superficie de resposta, a solu¢do extractora hidroetanolica
selecionada apresentava valor de pH de 3 e % de etanol de 85%, o que permitiu ter quantidades
elevadas dos trés grupos principais de compostos fenodlicos: flavonodides, 4acidos

hidroxibenzodico e acidos hidroxicindmicos .

Extratos da fruta Tramazeira (Sorbus L.) foram aplicados como aditivo em sumo fresco de
laranja e apresentaram atividade antimicrobiana contra bactérias gram-positivas e gram-
negativas, sendo mais eficazes contra bactérias gram-positivas. O efeito do tempo nos sumos
de laranja com as concentragdes do extrato da fruta Tramazeira mostrou influéncia na qualidade
microbioldgica do sumo de laranja. No entanto, os resultados sugerem que os sumos obtidos

com as maiores concentracdes sao mais estaveis do ponto de vista microbiologico.

Palavras-chave: Aditivo alimentar; Compostos fenolicos; Desenho composito central;

Metodologia de superficie de resposta.
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General Introduction

In our days, many societies suffer from having many unhealthy dietary habits. The insufficient
consumption of healthy foods causes a major dietary imbalance, which triggers chronic diseases
such as obesity, hypertension, diabetes, cardiovascular disease, and several types of cancer.
However, over the past few decades, the diet of consumers has undergone a remarkable
evolution in the consumption of fruits and vegetables, which has caused a decrease in these

diseases.

Rowanberries also called the rowans (mountain-ashes) belong to the genus Sorbus L. and are
traditionally used in the nutrition of Northern Europeans in different processes as accompanied,
jelly and drinks that have high nutritional and health potential advertising (Poyrazoglu, 2004;
Kylli et al., 2010). Scientific studies have shown anti-inflammatory (Yu et al., 2011),
antioxidant (Olszewska et al., 2009), ant diabetic effects (Grussu et al., 2011), attributed to their
unique composition of biologically active compounds, such as, carotenoids, ascorbic acid, as
well as organic acids, sugars (Berna et al., 2011) and phenolic compounds, as flavonoids, and
particularly phenolic acids (hydroxybenzoic and hydroxycinnamic acids). They contribute
significantly to antioxidant activity (Tunde et al., 2014; Mikulic-Petkovsek et al., 2017).
Therefore, the study of phenolic compounds in Tramazeira fruits has been of increasing interest

in recent years.

Natural antioxidants also occupy importance in different fields such as cosmetics,
pharmaceuticals and, particularly, in food industries, as they can also be used to maintain the
flavor and color of food which prevents the destruction of vitamins (Moure et al., 2001). The
growing interest in the antioxidant properties of the phenolic compounds from different plant
sources also derives from their strong activity and low toxicity compared with those of synthetic
phenolic antioxidants, such as butylated hydroxytoluene (BHT) or butylated hydroxyanisole
(BHA), which are commonly used as antioxidants in processed foods (Nakatani, 1996).
Polyphenols are compounds naturally synthesized by the secondary metabolism of plants,
which have potential therapeutic effects on health. These bioactive compounds delay or inhibit
the autoxidation of lipids by acting as radical scavengers, consequently, they protect against the

propagation of the oxidative chain (Navarro et al., 2006).

The main objective of the present work was to study the best hydroethanolic composition

(mixture of ethanol and hydrochloric acid) that allows to extract higher levels of phenolic



compounds (hydroxybenzoic acids hydroxycinnamic acids, and flavonoids) in fruit pulp. Also,
to apply the pulp fruit extract as a natural food additive for contributing to positively influence

the shelf life and safety of a food product, which in this work was orange juice.

1. Tramazeira tree botanical description

Tramazeira which is the Portuguese name also known as rowanberrie and mountain-ash Sorbus
aucuparia L..This tree belongs to the Rosaceae family which can reach up to 15-20 meter long,
normaly less than 15m, with a shape of an oval crown tree (Phipps et al., 1990). The ripening
of the fruits takes place during the autumn period (September to October), this tree is
characterized by its great resistance since it is indifferent to the pH but, better in siliceous soil,
requires a moderate humidity, supports low temperatures, tolerates urban pollution and is very
strong to sea winds. The tree with many flowers (usually around 250 flowers during the
flowering period, in the spring), and woolly pubescent when flowering, a fruit with two- to five-
celled, berry-like pome, each cell containing one or two small brown seeds (Raspe et al., 2000).
Flowers have storm receptacle and white petals, until 8 to 10 mm in diameter. The leaves length
have 2.5 to 6 cm, with 9-15 leaflets of sawn margin, green in the superior part (upper part) and

white tomentosa in the lower or inferior part.

Figure 1.Tramazeira tree and their fruits.



1.1. Geographical distribution

The genus Sorbus L. includes a wide variety of species widely distributed in the temperate zones
of Northern hemisphere. However, the distribution of some species extends to northern
latitudes, as in Greenland and Siberia, and even to the tropics of Asia (Malaysie). The main
centers of diversity are in Europe, Sorbus species are mainly concentrated in Czechoslovakia,
Hungary, Great Britain, and Germany. There are 91 species in Europe, and there are at least

111 species in China, Vietnam, Burma and the Himalaya (Phipps et al., 1990).

It is thought that the genus Sorbus could have originated in East Asia, and migrated to Europe
and North America (Jankun 1993). Probably, a high level of hybridization is the cause of the
high number of species present in European (70 out of 91 species), according to Phipps et al.

(1990).

In Europe and North Africa, Tramazeira is represented by five different sexually reproducing
species: S. aria L. Crantz, S. aucuparia L., S. chamaemespilus L. Crantz, S. torminalis L. Crantz

and S. domestica L. (Aas et al., 1994).

And more precisely in Portugal, Tramazeira or Sorbus aucuparia L. is present in the mountain

ranges of the central and northern regions.
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Figure 2. Zones most suitable for planting Tramazeira in Portugal.



1.2. Ethno pharmacological and ethno botanical importance

Several Sorbus L. species are known for their biological activity and therapeutic properties.
Fruits, inflorescences, leaves and bark have been traditionally used for a wide variety of ethno
medical properties, such as bronchitis, gastritis, asthma, diabetes, inflammation, antidiarrheal,
vasoprotective and vasorelaxant activities, as well as vitamin and antioxidant agents (Yu et al.,

2011; Hukkanen et al., 2006, Kahkonen et al., 2001; Termentzi et al., 2006).

Four species typical of Europe have found their way into traditional medical material, being the
S. aucuparia a very popular natural remedy against various diseases recognized in Europe and
Asia. In Lithuania (the Baltic region of Europe), mountain ash preparations were used for
constipation and cough, while a bark decoction was used to wash wounds (Pranskuniene et al.,
2019). On the other hand, in Estonia (in Northern Europe) a tea prepared from the bark of S.
aucuparia has been used to treat cancerous diseases (Sak et al., 2014). They have also been
used in gastrointestinal problems or prostatitis (Neves et al., 2009). Finally, the inflorescences

have been used as diuretic and anti-inflammatory agents (Olszewska, 2011).

In Asia the Sorbus L. is used in folk medicine to treat asthma, dyspnea, ventricular myocytes
and gastritis (Sarv et al., 2020). The peel of the fruit is applied in bronchitis, asthma or cough
(Sohn et al., 2005), used as expectorant agent, and as an anti-atherosclerotic (Yin et al., 2005).
The fruits are used for throat infections or as a laxative (Lee et al., 2017) and as remedy for
scurvy (Khan et al., 2015). In addition, in South Korea, the leaves, stem and fruits of Tramazeira

are traditionally used as a decoction or herbal tea in liver disorders (Kim et al., 2013).

Sorbus L. is also a species native in North America and it is used to relieve symptoms related
to diabetes by the First Nations of Quebec, Canada (Guerrero-Analco et al., 2010). In addition,
it is also administered as a traditional remedy in the boreal regions of Canada, where it is

recommended in the treatment of diabetes and its complications (McCune et al., 2007).

1.3. Nutritional and chemical characterization

The berries obtained from different species of Sorbus, besides their medicinal use, are known

for their nutritional value. In fact, Sorbus (S. aucuparia) are very popular edible products,



especially in Europe, often consumed raw or processed into confectionery, syrups, liquors, etc

(Tardio et al., 2006; Luczaj et al., 2013; Pranskuniene et al., 2019).

Indeed, Rowanberries are rich in organic acids, carotenoids, microelements, ascorbic acid, and
phenolic compounds (Raudonis et al., 2014). In addition, the chemical composition of the genus

Sorbus has been studied since the 1960s to the present data.

However, various studies (Olszewka, 2008; Mrkonjic et al., 2017; Isaikina et al., 2018) of
Sorbus species have yielded twenty structurally new compounds, such as triterpenes, phenols,
coumarins, fatty acids and other compounds. Some species have been analyzed for the presence
of fatty acids. And more precisely, at the level of the seeds of S. aucuparia which contains 27
carboxylic acids, of which 17 were fatty acids and 2 were aromatic. The dominant acids (mg/kg)
were linoleic (18mg/kg.), oleic (841.0 mg/kg), palmitic (11 mg/kg), malic (210.0 mg/kg) and
citric (5149.7 mg/kg). The presence of fatty acids has also been confirmed in leaves of the
rowan berries, being the dominant acids (mg/kg) the palmitic (3793.5 mg/kg), citric (1929.5
mg/kg), malic (1825.5 mg/kg), and oxalic acids (1288.0 mg/kg) (Krivoruchko et al., 2013).

Rowanberries are exceptionally rich sources of sugars, the most abundant were sorbitol, glucose
and fructose, and they contribute to their texture, flavor and nutrition. In fruits of S. aucuparia,
sorbitol and glucose levels reached 134.1 g/kg fresh weigth (fw) and 52.9 g/kg fw, respectively
(Mikilic-Petkovsek et al., 2012).

1.4. Biological characterization

Several Sorbus species are known for their biological activity and therapeutic properties. The
majority of biological activity studies have focused on determining their antioxidant potential
due to the high number of phenolic compounds that have been detected in various species of

Sorbus.

1.4.1. Antioxidant activity

The antioxidant activity of rowanberries has been compared to the activity of many valuable
berries or even superior to them, eg. blueberries (4ronia mitschurinii), blueberries (Vaccinium

myrtillus) and camarines (Empetrum nigrum) (Kahkonen et al., 2001). Indeed, the antioxidant



activity of several species of Sorbus such as S. aucuparia was tested using a human plasma
model. Using the water-methanol flower extract of S. aucuparia and its fractions, they protected
human plasma exposed to oxidative/nitrative stress (Olszewska et al., 2019). A few studies have
looked at methanol extracts from Sorbus fruits with different stages of ripeness and found that

unripe yellow fruits and fruit pulp were the most effective (Termentzi et al., 2006).

1.4.2. Antimicrobial activity

Problems related to the risk of the presence of multidrug-resistant strains of bacteria in the food
chain, may cause the growth of foodborne illnesses. Therefore, there has been a growing
demand for natural preservatives of plant origin and antimicrobial compounds (Tamkute et al.,
2019). According to Lacombe et al. (2017), berries and their constituents such as phenolic
compounds and organic acids can inhibit growth of bacterial pathogens. Fruit extracts of S.
aucuparia, obtained using 50% of ethanol, inhibited the growth of Bacillus cereus MSCL 330,
Staphylococcus aureus MSCL 334 and Pseudomonas aeruginosa MSCL 331 (Liepina et al.,
2013).

1.4.3. Cytotoxic activity

Several studies have been performed to evaluate the cytotoxicity of Sorbus to confirm the cell
safety or the potential anticancer activity of the analyses studied. A screening test was carried
out for the evaluation of the cytotoxicity of various agents towards HepG2, Caco-2, A549,
HMEC-1 and 3T3 cells (Boncler et al., 2017). Indeed, cell membrane integrity, mitochondrial
membrane potential and nuclear size were measured. The fruit extract of S. aucuparia exerted
a relatively high toxicity, in particular with regard to the nuclear zone. In addition, the use of
the methylene chloride fraction from the ethanol extract of S. aucuparia showed a decrease in
the viability of HeLa cells (Bozkurt-Guzel et al., 2018). Further studies examined the in vivo
antitumor activity of extracts acidified with 95% ethanol of S. aucuparia fruits. This extract
was administered to female mice with B-16 melanoma cells, noticing a decrease in tumour

growth (Razina et al., 2016).



1.4.4. Other activities

As an example of neuroprotective activity, it was shown that some species of Sorbus have the
ability to inhibit AChE and or BuChE (butyrylcholinesterase). In this connection, methanol
extracts (75%) of leaves of several species of Sorbus and in particular S. aucuparia, were

examined for possible inhibitory activities of the latter (Ekin et al., 2016).

Another example showed that the triterpenoid fraction obtained from the fruits of Sorbus was
tested for a potential hepatoprotective effect. Levels of some selective cytokines (TNF-a, IL-
1B, IL-6), MDA (lipid peroxidation malondialdehyde), SOD (superoxide dismutase), GSH
(glutathione), CAT (catalase), aminotransferases (AST, ALT), were normalized after treatment,
and, on the other hand, necrosis of hepatic tissues, haemorrhage and infiltration of inflammatory

cells were inhibited (Yongxia et al., 2019).

Also, flavonoid fraction of Sorbus has shown a protective effect against cardiotoxicity in male
mice. Indeed, apoptosis and oxidative stress were eliminated. On the other hand, changes in
cardiac tissue have been observed such as myofibrillar loss, cytoplasmic vacuolation and
cardiomyocyte necrosis. Hence, pre-treatment with Sorbus flavonoids (20 mg/kg,

intraperitoneal injection) alleviated these abnormalities (Xiaojin et al., 2017).

1.5. Phenolic compounds in Tramazeira fruit

It’s well known that (Fraser et al., 2007, Klensporf-Pawlik et al., 2015) plant phenolic are a
very important class of antioxidants. Within endogenous antioxidant systems, they play a
significant role in optimal protection from oxidative stress caused by an increase in the levels
of damaging reactive oxygen species in the human body. The growing interest in the antioxidant
properties of phenolic compounds from different plant sources also stems from their high
activity and low toxicity compared to those of synthetic phenolic antioxidants, such as butylated
hydroxytoluene (BHT) or butylated hydroxyanisole (BHA), which are commonly used as
antioxidants in processed foods (Nakatani, 1996).The antioxidant activity of some Sorbus fruits
has been recently related to the presence of their polyphenolic compounds (Hukkanen, 2006;
Termentzi et al., 2006). According to some studies, the total phenolic content of wild

blackberries was 18.7 mg/g of dry weight (Kahkonen et al., 1999).



1.5.1. Chemical structures

The phenolic compounds are heterogeneous groups of secondary metabolites that biosynthesize
the pentose phosphate, shikimate, and phenylpropanoid pathways. They also have an effect on
the often-accepted quality properties of fruit, such as bitterness, colour and taste. According to
the number of phenolic rings and the structural elements that bind the rings together, such
compounds are divided and classified into two main groups: flavonoids and non-flavonoids

(Vujanovi¢ et al., 2019).

1.5.1.1. Flavonoids

Flavonoids are phenolic compounds that are found in fruits in different forms and can be
divided into six groups or families showed in Figure 3. They represent a large class of at least
6000 phenolic compounds found in fruits, vegetables, and other food products, with great

bioactive properties (Manach et al., 2004).

Flavones are present in some fruits, especially melon and watermelon, and vegetables
(Vujanovi¢ et al., 2019). Flavonols are some of the best antioxidant flavonoids due to their
hydroxylation pattern and they are also the most common flavonoids in fruits and vegetables.
Flavan-3-ols are present in foods, especially high in tea, but also in chocolate, red wine, nuts,
and some fruits like grape, strawberry, blackberry, peach, nectarine, apple, and fruit juices.
Anthocyanidins are abundant in fruits such as peaches, nectarines, plums, and apples, and
vegetables such as beans. Also, proanthocyanidins are common in the peel and seeds of grape,

being apple, almond and blueberry other sources.

1.5.1.2. Non-flavonoids

The group of non-flavonoids contains phenolic compounds with very different chemical
structures, most of them smaller and simpler than flavonoids, but there are also compounds with
complex structures and high molecular weights. The non-flavonoids group can be classified

into various subgroups, the main group of non-flavonoids in fruits are phenolic acids, which



contain a single phenyl group substituted by a carboxyl group and one or more OH groups.

Phenolic acids can be subdivided into hydroxybenzoic acids and hydroxycinnamic acids.
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Figure 3. Flavonoids group structures (Nishiumi et al., 2011)

The most common hydroxybenzoic acids can be found in many fruits, vegetables, and other
edible products (for instance, nuts, tea, chicory and some spices). They are rarely found in their
free form, they often appear glycosylated, bound to small organic acids (quinine, malein or
tartar) or bound to structural particles of plant cells (cellulose, protein or lignin).
Hydroxycinnamic acids are usually bound to small or large molecules. The most abundant is
an ester of caffeic and quinic acids, named chlorogenic acid, and its isomers are also found in
many fruits such as plum, berries, nectarine, peach, apple, and pear. Lignans are non-flavonoids

that form two phenylpropanoid units, they are widespread, but they are few in fruits.

Hydrolysable tannins, which can be divided into ellagic acid, and punicalagin is an ellagitannin
that is abundant in pomegranate peels and is also contained in its juice. They are also found in

berries, mangoes, and nuts.



1.5.2. Properties in human health

Due to their powerful antioxidant properties, phenolic compounds have been shown to be
scientifically proven to prevent various diseases related to oxidative stress and chronic, such as
cancer, cardiovascular and neurodegenerative diseases (Loef et al., 2012; Smith-Warner et al.,
2001). Figure 4 presents a schematic of the biological properties attributed to phenolic
compounds, which shows the general focus of the research line in the study of fruits, in
exploiting the potential of natural antioxidants and determining their relationship to human
health (Dai et al., 2010). Flavonoids and phenolic acids make up the two main classes of dietary
phenolic compounds (Tapiero et al., 2002). Both categories have been extensively studied, but
phenolic acids have recently received much attention due to studies linking their presence in
food products, such as fruits, especially berries, and whole grains, with good human health

benefits (Costa et al., 2014).

Anti-
inflammatory

Antioxidant

Antimicrobial

Polyphenolic compounds

Biological properties

Cardiovascular
protection

Antidiabetic

Neuroprotection

Figure 4. Main biological proprieties of phenolic compounds (Loef et al., 2012; Smith-
Warmer et al., 2001)

1.5.3. Solvents most used as extractors

Various solvents have been mentioned in the literature to extract phenolic antioxidant

compounds from fruits, such as hexane, ethyl acetate, methanol, ethanol, acetone and water
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(Ross et al., 2009). The extraction should be done with the most suitable solvent and under
analytical conditions of ideally predetermined temperature and pH. Furthermore, it is necessary
to consider the polyphenol structure, as these compounds may have several hydroxyl groups
which can be conjugated to sugars, alkyl groups or acids. Thus, the polarities of phenolic
compounds vary considerably and it is difficult to develop a solvent for optimal extraction of
all phenolic compounds. Solvents such as methanol, ethanol, propanol, acetone, ethyl acetate,
and their compounds have also been used for the extraction of phenols, often with different
proportions of water. For example, phenolic compounds can be efficiently extracted from
vegetables through an ethanol/water system (70:30, v/v) (Prati et al., 2007). Table 1 shows
examples of works where the solvents used in the extraction of phenolic compounds in various

food samples and the number of identified polyphenol compounds are highlighted.

Anthocyanins are usually extracted from plant material with an acidic organic solvent, often
methanol. This solvent system destroys cell membranes, simultaneously dissolves anthocyanins
and stabilizes them. However, the acid can cause changes in the original form of anthocyanins

by breaking down their complexes with metals and co-pigments (Naczk et al., 2006).

Table 1. Various solvents used for fruits extraction (Liquid-Liquid Extraction)

Sample Solvent N° polyphenols identified Reference
Bayberry Ethyl acetate 10 Zhongxiang et al., 2007;
Garcia-Salas et al., 2010
Quince Methanol 18 Magalhaeset al., 2009;
(100%) Urbanaviciut, 2020
Naranjilla Acetone 2 Mertz et al., 2009;
70% Garcia-Salas et al., 2010
Tree Acetone 8 Mertz et al., 2009;
tomato 70% Chavez-Gonzalez et al., 2020
Papaya Methanol 12 Simirgiotis et al., 2009;
(100%) Addai et al., 2013

Also, as described by Ross et al. (2009), aglycon forms of glycosidic flavonoids are obtained
by acid hydrolysis of bean extracts using a methanol/water system (85:15, v/v). These works
show that in the extraction of phenolic compounds different solvents are used, but, in most
cases, without any optimization study. It is in this context that the present work will be

developed, in the optimization of the extraction of phenolic compounds with the solvent binary
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system, percentage of ethanol and aqueous HCI solution (establishing different pHs), through

the method of surface optimization according to an experimental design.

1.6. Response Surface Methodology

Response surface methodology (RSM) is a set of mathematical and statistical techniques useful
for the modelling and analysis of problems. The objective is to optimize a response (output
variable), which is influenced by several variables (input variables) (Montgomery, 2005). For
example, the extraction of a substance from a plant is affected by a certain amount of ethanol
(which acts as the solvent; factor x1) and an acidic aqueous solution (hydrochloric acid solution
to adjust the pH; factor x2). Extraction of phenolic compounds from a plant can be carried out
with any levels of both factors (x1 and x2) and, therefore, the phenol extract composition can
vary continuously. When treatments are from a continuous range of values, then a RSM is
useful for developing, improving, and optimizing the response variable. In this case, the
concentration of total phenolic extract can be the response variable, since it is a function of pH

and ethanol percentage.

The RSM model corresponds to a mathematical fit between the response variable (dependent)
and the experimental variables (independent) and if the response can be defined by a linear
function, then the approximating function is a first-order model. But if there is a curvature in
the response surface, then a higher degree polynomial should be used, which is the case in this
work. The approximating function with 2 variables is called a second-order model and it can be

expressed as:

Y = Bo + B].X] + BQ.XQ + Bll-lel + B22.X222+ B]Q.X].XQ +eg,

where B is the coefficient of factor 1 (x1), B2 is the coefficient of factor 2, x;.x; is the interaction

term and ¢ is the error of the mathematical adjustment.

In order to get the most efficient result of the RSM technique, an appropriate experimental
design must be used to collect data. The most popular design for fitting a second-order model

is Central Composite Design (CCD) due to the following three properties:
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A CCD can be run sequentially (incomplete blocks). A block is a set of relatively
homogeneous experimental conditions so that an experimenter divides the observations
into groups that are run in each block.

CCDs are very efficient, providing much information on experiment variable effects and
overall experimental error in a minimum number of required runs.

CCDs are very flexible. The availability of several varieties of CCDs enables their use

under different experimental regions of interest and operability.
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2. Materials and methods

2.1. Sampling

The plant material used in this study was the Tramazeira fruit, which is yellow to orange
depending on the ripeness, more specifically the fruit pulp. The Tramazeira (Sorbus aucuparia
L.) fruits were harvested from five different trees in November, coming from Polis Braganca,
Portugal. The geographical origin of the samples is in Figure 5, which shows the precise

location in the Braganga city, Tras-os-Montes, Portugal (Google maps).
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Figure 5. Tramazeira trees localization in Braganca’s city, by Google maps.

2.1.1. Pre-treatment analyses

Branches, leaves, and damaged fruits were removed (considered as waste) and only the fruits
in good conditions were selected. As 2™ step, the fruits were washed several times with distilled

water, filtered, dried and pressed using a 1 mm sieve to get the pomace. This step was done

manually in order not to damage the seeds that were also removed.
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Figure 6. Pomace of Tramazeira fruits.

And, finally the obtained samples were freeze-dried (Beijer Electronics, TelStar LyoQuest HT
40) at -57, 4°C, 0.419 mBar, for 5 days, to obtained a dried Tramazeira pulp fruit, which has
been stored cold (at -25 °C) until used.

2.2. HPLC analysis

2.2.1. Equipment and experimental conditions

An HPLC Varian ProStar equipped with a Varian 220 pump, a 77251 Rheodyne manual injector,
provided with a loop 20 pl, a 7981 Jones Chromatography column oven, an ultraviolet (UV)
detector (Varian, model 9050) coupled to a refractive index (RI) detector (Varian. model RI-4)
was used to simultaneously separate and quantify sugars. A flow rate of 0.6 mL/min was applied
in an Aminex HPX-87H column (30 cm % 7.8 mm id), thermostated at 30 °C. An isocratic
elution with a mobile phase consisted of a 0.005 mol/L of sulphuric acid aqueous solution was
used. Star Chromatography Workstation software (version 6.4., Varian Inc.) was used for data
acquisition and peak integration. Organic acids were detected with the UV detector at 210 nm,

while sugars were detected with RI detector.
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Chromatographic peaks of sugars and organic acids were identified by comparing retention
times of pure compounds with those recorded for standard mixtures containing all the analysed
compounds or sample solutions. Peaks were quantified with external standard calibration based
on areas. The HPLC performance was evaluated considering linearity parameters, instrument
and method precision (including repeatability and intermediate precision assays) and accuracy.
For HPLC calibration and performance evaluation, a serial dilution of the sugars and organic
acids used was made by dissolving the required amount of standard in deionized water. Before

HPLC analysis, all standards were filtered through a 0.2 pum nylon filter (Whatman).

Column oven

RI detector
UV detector
O SHOT ON REDMI 9 Pump

Figure 7. HPLC system used.

2.2.2. Standards solutions of calibration

Different standard concentrations were used with a range from 0.02 to 0.5 g/L for glucose,
fructose, malic acids and sorbitol and were analysed in a single run. The sample solutions were
prepared by 0.1 g of each sample into a 100 mL volumetric flask, whose volume was adjusted
with deionized water. All samples were filtered through a 0.2 um nylon filter (Whatman) and
stored at -5°C until analysis. Analysis were carried out with repetitions until two or more
concordant values were obtained. The eluent was degassed during 5 min in an ultrasonic bath

(Elma Transsonic 460/H) before filtration.
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2.3. Phenolic compounds extraction optimization

The study of the extraction procedure optimization involved two works. The first consisted in
establishing calibrations through UV spectrum of mixtures of phenolic compounds for the
measurements of the total concentrations of the groups of compounds of hydroxybenzoic acids,
hydroxycinnamic acids and flavonoids, as well as the concentration of total phenolic
compounds. The second, the application of the calibrations obtained using the spectra obtained
in the tests defined by CCD to determine the responses (concentrations of the 4 parameters
analysed) and establish the respective dependence with the two factors studied in the
optimization of the extraction process of phenolic compounds (pH and ethanol %) from the

pulp fruit of Tramazeira.

2.3.1. UV spectra of mixed standard solutions of phenolic compounds

A fractional factorial design was used for mixing the compounds gallic acid (hydroxybenzoic
acid), ferulic acid (hydroxycinnamic acid) and quercetin (flavonoid), in order to guarantee the
orthogonality between five concentration levels. The mixed calibration standard solutions were
prepared as shown in Table 3. The UV spectra will allow to establish the calibrations for
measuring the total hydroxybenzoic acids (THBA), total hydroxycinnamic acids (THCA), total
flavonoid (TF) and total phenolic (TP) contents, as described in the work of Paula et al. (2017).
To measure the UV spectrum, each mixed calibration standard solution was prepared using the
Obied et al. (2005) methodology modified by Singleton and Rossi (1965). A volume of 1 mL
of each mixed calibration standard was mixed with 1 mL of ethanol at 95%, containing 0.1%
hydrochloric acid, and adding aqueous 2% hydrochloric acid solution until the final volume is
adjusted to 10 mL (spectrum solution). The UV spectra was obtained using the

spectrophotometer (VWR UV-3100PC), in the wavelength range between 200 and 450 nm.

2.3.2. CCD assays for extraction optimization with RSM

In order to optimize the phenolic compounds extraction from the Sorbus aucuparia L., a RSM
was used to evaluate the effect of the two factors (Ethanol % and pH, controlled by adding a
HCI aqueous solution). A CCD was used with two blocks (cube and star) in order to estimate a

second-degree polynomial model for the response variable considering those two factorial
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variables (Lenth, 2009). The following table shows the tests performed by the experimental
design (Lenth, 2009).

Table 2. Multilevel fractional factorial design for five-level mixed calibration standard
solutions (Wu et al., 2011).

Assay Gallic acid Ferulic acid Quercetin
number mg/L mg/L mg/L

1 40 40 35
2 40 10 20
3 10 20 10
4 20 10 60
5 10 80 60
6 80 80 35
7 80 40 20
8 40 20 60
9 20 80 20
10 80 20 50
11 20 60 50
12 60 60 35
13 60 40 60
14 40 80 50
15 80 60 60
16 60 80 10
17 80 10 10
18 10 10 35
19 10 40 50
20 40 60 10
21 60 10 50
22 10 60 20
23 60 20 20
24 20 20 35
25 20 40 10

In this study, a mass of 0.1 g of a lyophilized Tramazeira fruit pulp was dissolved with 25 ml
of hydroethanolic solution, a mixture of ethanol and HCl aqueous solution (concentrations
related to each pH value) as defined by the experimental design. Each solution was stirred in
vortex and homogenate for 24 hours (this process was repeated 3 times). Finally, a
centrifugation was carried out for 10 minutes to be able to sediment the solid component. The
solutions obtained were treated in order to obtain the respective UV spectrum using the Obied

et al. (2005) methodology, as described in the previous section.
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Table 3. CCD to optimize the extraction of phenolic compounds in Tramazeira fruits.

Real values Coded values
Assay Number  Block pH Ethanol % pH Ethanol %

1 1 3,00 60 0 0
2 1 3,00 60 0 0
3 1 4,50 85 +1 +1
4 1 3,00 60 0 0
5 1 1,50 35 -1 -1
6 1 4,50 35 +1 -1
7 1 1,50 85 -1 +1
8 2 3,00 60 0 0
9 2 3,00 24,6 0 -1.4
10 2 3,00 95,4 0 +1.4
11 2 0,88 60 -1.4 0
12 2 5,12 60 +1.4 0
13 2 3,00 60 0 0
14 2 3,00 60 0 0

The UV spectrum will allow to determine the concentrations of THBA, THCA, TF and TP
contents (four responses) in these solutions, by applying the calibrations that will be defined
from the solutions prepared in the previous section. The optimal extractor solution will be

obtained using the RSM statistical analysis.

2.4. Studies of Tramazeira fruits extracts

2.4.1. Phenolic compounds analysis in extracts by UV spectrum

Each dry crushed sample (5 g) was weighed in a beaker and 100 ml of ethanol at 85% with pH
3 was added (the optimal solution). The solutions were shaken overnight and filtered. The
solution was put in rotary evaporator (IKA RV 8; Figure 8) for 1h at 50°C. The UV spectrum
of these extracts were obtained using the Obied et al. (2005) methodology, as described in the
previous section (Figure 9), for analysis of THBA, THCA, TF and TP contents. All experiments

were carried out in triplicate.
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Figure 9. Obied assays using the optimal solvent for the 5 extracts.

These solutions were also analysed in their total phenols and flavonoids contents by the Folin-
Ciocalteu and AICl; methods, respectively. Other chemical tests were used to evaluate the
antioxidant activity of theses extracts as, the DPPH (2,2-diphenyl-1-picrylhydrazyl) assay,
which evaluate antioxidant power from the inhibition of free radicals, and the ferric reducing
antioxidant power (FRAP) assay, in which the antioxidant property is evaluated from a redox
reaction occurring between the substrate and Fe’" ions, producing Fe?* ions. These tests were
applied, in triplicate, on the five samples, which were extracted using the optimal solvent

solution (85% of ethanol and 3 pH).
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2.4.2. Total phenolic compounds by Folin-Ciocalteu method

The quantitative determination of total phenols was determined by the Folin-Ciocalteu method
(Singleton et al., 1999). The volume of 0.5 ml of the sample was diluted with 2.5 ml of Folin-
Ciocalteu (10% v/v) reagent, and after, 2 ml of sodium carbonate (Na,COs, 75 g/L) was added
(Figure 10). The absorbance was measured at a wavelength of 760 nm, after incubation for 2
hours in the dark, using a spectrophotometer (VWR UV-3100PC). The calibration curve was
prepared using standard solutions of galic acid (AG) with concentrations between 15 and 105

mg/L.

Figure 10. Total phenolic compounds assays.

2.4.3. Total flavonoids content by AIClz method

The flavonoids contained in the phenolic extracts were estimated by the method of AICl;
(Woisky et al., 1998). Samples were prepared by mixing 2.5 ml of the aqueous extract with 2.5
ml of ethanol solution of AICl3; (2%). After 1 hour of incubation, in the dark at room
temperature, the absorbance of the mixture (Figure 11) was read at a wavelength of 420 nm. To
express the flavonoid content, quercetin was used as standard. The calibration curve was

prepared using standard solutions of quercetin with concentrations between 0.48 and 20 mg/L.
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Figure 11. Total flavonoids assays.

2.4.4. Radical scavenging activity

The free radical-scavenging activities were measured using DPPH as described by Hatano et
al. (1988). To 0.3 mL of each sample, 2.7 mL of DPPH solution (2.0x10"* M, 85% of ethanol)
was added. After 60 min incubation period, at room temperature, the absorbance of the solutions
was read against a blank at 517 nm in a spectrophotometer (VWR UV-3100PC). Inhibition of

the free radical, DPPH, in percent (I %) was calculated according to the formula:
I (%) = (A0 - As)/A0x100,

Where A0 is the absorbance of the control (containing all reagents except the sample) and As

is the absorbance of the tested sample.

The actual decrease in absorbance induced by the tested sample was visualized by the change
of colour from deep-violet to light yellow), as shown in Figure 12. Reference standard used was

Trolox with concentrations varying between 12.8 to 128 mg/L.
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Figure 12. DPPH assays.

2.4.5. Ferric reducing antioxidant power

The FRAP assay was conducted in accordance with Berker et al., (2007). The FRAP reagent
was prepared by mixing 0.3 M CH3COOH/CH3COONa buffer solution at pH 3.6, 1.0x1072 M
of TPTZ (2, 4, 6-tri (2-pyridyl)-s-triazine) and 2.0x1072 M of FeCls'6H,0 in the ratio 10:1:1.
For a volume of 0.1 ml of the extract, 3 ml of the FRAP reagent was added and the mixture was
left at rest in the dark for 6 min at ambient temperature. The absorbance was measured in
comparison to a blank at a wavelength of 595 nm. The calibration curve was prepared using
standard solutions of the compound ammonium iron (II) sulphate hexahydrate

((NH4)2Fe(SO4)2-6H,0) with concentrations between 25 and 350 mg/L.

2.4.6. Antimicrobial activity

Antibacterial capacity was assessed according to the microplate method described by Molla et
al. (2016). One strain of Gram-negative bacteria (Escherichia coli) and a strain of Gram-

positive bacteria (Staphylococcus aureus) were used.

Initially, the bacterial strains were inoculated on a sterile nutrient agar plate and incubated at
37 °C, for 24 h. Subsequently, prior to the assay, bacterial strains were sub cultured into

“overnight” nutrient broth.

Tramazeira extract (2.58 g/mL in 25% of ETOH) was diluted using the serial microdilution
method in nutrient broth (100 puL). To determine the minimum inhibitory concentration (MIC),

30 puL of 0.01% of rezasurin was used. Then, 20 uL of bacterium, MacFarland scale (1x10%
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cfu/ml) was inoculated. The experiments were carried out in triplicate. Ethanol was used as a

negative control. The plate was incubated at 37 °C, for 24 h (Figure 13).

To evaluate the minimum bactericidal concentration (MBC), 20 uL of bacterial growth negative
wells were seeded by plating on nutrient agar containing plates incubated at 37 °C, for 24 h.
The result with growth below 10 colonies was considered bactericidal and, more than 10

colonies were considered bacteriostatic.

Figure 13. MicroPlate assays for the Tramazeira extract.

2.5. Addition of Tramazeira extracts to the orange juice

Several food industries are looking for natural preservatives and antioxidants and antimicrobial
agents due to the increasing increase in drug-resistant multi-organisms.

For evaluated the capacity of the extract of Tramazeira as a preservative, two concentrations of
extract were used and the shelf life of juices with and without addition of extract was evaluated.
The extract obtained for sample number 2, for being the one with the highest content of
bioactive properties, was used as a natural additive, being introduced in fresh orange juice at
concentrations of 0.04 g/mL and 0.08 g/mL in order to test its preservative power through

microbial growth (Figure 14).
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Figure 14. Orange juice assays without (J1) and with additive (J2 and J3).

2.5.1. Sample preparation and microbiological analysis

Three different orange juice were prepared, one without Tramazeira extract, one with 0.04 g/mL
of extract and other, with 0.08 g/mL. Aliquots of 10 mL of each orange juice were transferred
into sterile bags, containing 90 mL of buffer peptone water (Himedia), and the mixture was

homogenized. All analyses were performed in duplicate.

Yeast and fungi: The enumeration of yeasts and fungi was carried out on the Rose Bengal agar
with chloramphenicol (Biolife) (ISO 21527-1:2008). Aliquots of 100 pl of the decimal dilutions
were inoculated by surface spreading and incubated at 25°C, 48 h for yeasts until 5 days for
filamentous fungi. The results can be seen in Figure 15 and they were expressed in colony-

forming units per milliliter (CFU/mL).

Total Mesophilic bacteria: The enumeration of total mesophilic bacteria was carried out on
Plate Count Agar (AppliChem Panreac) (NP 4405:2002), which were inoculated by
incorporation, with 1 ml of each decimal dilution. The plates were incubated at 30°C for 48 to
72 h. Figure 16 shows the expected results, which are expressed in colony-forming units per

milliliter of sample (CFU/mL).

Staphylococcus aureus: Baird-Parker Agar Base (VWR chemicals) was supplemented with

egg yolk tellurite (Himedia) and 100 pl of serial decimal dilution was spread on the surface of
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the medium and incubated at 37 °C, for 24 to 48 h. Subsequently, confirmation of 5
characteristic (clear halo around the colony) and non-characteristic colonies was done in test
tubes Sml of Brain Heart Infusion (Applichem) incubate at 24 hours in 37°C. The coagulase
tube test with rabbit plasma and examination of tubes after incubation for 6 hours is the standard
test for routine identification of S. aureus. S aureus coagulase positive was considered when a
clot formed at the bottom of the tube (NP 4400-1: 2002). The visual aspect can be seen in Figure

17. The results were expressed as colony-forming units per milliliter of sample (CFU/mL).

Figure 15. Yeast and fungi detection using the Rose Bengal as medium.
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Figure 17. Staphylococcus aureus detection using the Baird Parker (BP) as medium.

Total Enterobacteriaceae: Total Enterobacteriaceae populations were enumerated using the
simpPlate kit (Biocontrol®, AOAC, 2012) method, which is used for the detection and
quantification of aerobics and facultative anaerobes microorganism. Into the rehydrated

medium with 9 mL of sterile distilled water, 1 mL of the suspension was inoculated, following
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the manufacturer instructions. The content was poured into the center of simPlate and gently
swirled to distribute the sample into all the wells. Finally, the simPlate was incubated for 24
hours, at 37 °C. The results (Figure 18) were related according to the table provided by the
manufacturer (AOAC, 2012).

Figure 18. SimPlate assays for the detection of Enterobacteriaceae.

Determination of sulphite reducing clostridium spores: For sulphite-reducing clostridia
counting (ISO 15213:2003), 1 mL of the decimal dilutions were added to an empty tube,
thermally treated at 80 °C for 10 min and covered with Iron Sulphite Agar (Liofilchem), being
incubated at 37 °C, for 5 days (Figure 19). At the end, it was counted the black colonies. Results

were expressed in colony forming units per milliliter of sample (CFU/mL).
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Figure 19. Clostridium sulphite reducing spores detection using Iron sulphite agar as
medium.

2.6. Statistical analysis

In the study of the optimization conditions for the extraction of phenolic compounds from
Tramazeira fruits, a response surface methodology (RSM) was applied. The R package rsm
(allowed to generate a standard design with two factors: pH and ethanol %) was used to fit a

second-degree polynomial model and also to test the meaning of their interaction.
Models validation (Maroco, 2007) was performed by checking:
- randomness and normality of the residuals;

- Cook’s distance (values greater than 1 are indicative that these are excessively

influential in the model);

- leverage values (values below 0.2 are acceptable, values between 0.2 and 0.5 are risky

and values higher than 0.5 indicate the presence of an influential value or outlier);

- model’s p-value (to evaluate the significance of the model obtained using the

significance level of 0.05);

- determination coefficient value (R, to verify the amount of variance explained by the

model);

- relative standard error (RSE, to confirm the magnitude of the model errors).
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To evaluate the predictive capacity of a model, a simple linear regression model was established
between the concentrations predicted by the model and the experimental values. The results are
considered satisfactory if the linear regression parameters are close to the theoretical values
(Roig et al., 2003): “zero” (0) for root square error (RSE) and intercept; “one” (1) for slope and

the determination coefficient (R?).
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3. Results and discussions

3.1. HPLC results

3.1.1. Chromatograms

Figure 20 shows examples of HPLC chromatograms obtained for the Tramazeira fruit sample
(number 4) and for two mixed standard calibration solutions visualized in the UV and RI
detectors, with different concentrations of glucose, fructose, malic acid and sorbitol (the one

with the lowest concentration corresponds to the 10-fold dilution of the most concentrated).

02, A B
Sorbitol 0.0285
0.18
H Malic
0.16 0.0235 acid
0.14 Frucirtose
0.12 Malic acid 0.0185
— 0.1
go \ E 0.0135
2 0.08 . 5 ’
ucose N
0.06 0.0085
0.04
0.0035
0.02 - _— A\ —
b e ] N
0 -0.0015
6.1 7.1 8.1 9.1 10.1 0 5 10
Retention time, min Retention time, min
ST1 ST 3 Sample 4 Sample4 ——ST1 ——ST3

Figure 20. Chromatograph of the sample 4 with the two standard (ST1 and ST3) showing in
the UV (A) and RI (B) detectors. ST1 had 0.50 g of glucose, 0.26 g of fructose, 0.50 g of
malic acid and 0.42 g of sorbitol. ST3 had 0.050 g of glucose, 0.026 g of fructose, 0.050 g of
malic acid and 0.042 g of sorbitol.

The sample’s chromatogram presents 3 different peaks in the UV detector, being the second
peak an overlap of two compounds (fructose and malic acid). In the RI detector, the first peak

was attributed to the solvent and the second, to malic acid.
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3.1.2. Linearity

Linearity was demonstrated by the linear relation between peaks areas and the respective
concentrations (Figure 21) for the compounds of glucose and sorbitol, measured by the RI
detector, and malic acid, measured by UV detector. The concentrations used in calibration were
in the range of: 0.025 g/L to 0.401 g/L for malic acid; 0.025 g/L to 0.60 g/L for glucose; 0.025
g/L to 1.50 g/L for sorbitol; 0.035 g/L to 0.35 g/L for fructose.
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Figure 21. HPLC calibration of (A) malic acid, (B) glucose and (C) sorbitol.

The calibration results are presented in the Table 4, as well the limits of detection and
quantification, which were calculated with the linear regression parameters. All models were

significant (p-value < 0.001) and presented correlation coefficients higher than 0.998.
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Table 4. HPLC calibration results of malic acid, glucose and sorbitol analysis. *

Compounds Detector Slope Intercept R LD, mg/L LQ, mg/L
Malic acid RI 639751 (£9192) -2654 (£1970)  0.9996 0.010 0.031
Glucose uv 1593679 (£32992) -23212 (+12734) 0.9989 0.026 0.080
Sorbitol uv 1825639 (£24947)  -9683 (£15106)  0.9993 0.027 0.083

*) R — correlation coefficient; LD — limit of detection; LQ — limit of quantification; UV —
ultra-violet; RI — refractive index.

For the analysis of fructose, it is necessary to consider the peak area of fructose with the additive

influence of malic acid, which is analysed by the UV detector, using the following equation:

Peak areca = 1218655 (+41882)*[malic acid] + 1532143 (£33852)*[fructose]

Rearranging the equation, the fructose concentration was calculated by the equation:

[Fructose] = (Peak area - 1218655*[malic acid])/1532143,

where the malic acid concentration was determined using its calibration in the RI detector. This
model allowed to explain 99,92% of the data variability (R=0.9996), being a significant model
(p-value < 0.001). These results are in accordance to the ones obtained in the work of Paula et

al. (2017).

3.1.3. Sample analysis

Table 5 shows the measured concentrations results of the 4 compounds, analysed by HPLC, in
the five collected samples, as well the ANOVA results that was used verify which sample mean
values where statistically different (same letters in each column represent means that were not
different statistically at significant levels of 0.05). Overall, malic acid determinations showed
percentage relative standard deviations (RSD %) between 0.5 to 6.9%; glucose, between 0.9 to

6.5%:; sorbitol, ranged between 0.4 and 11.8%; and, fructose between 4.4 and 14.9%. These last
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two high RSD % values can be attributed to the overlap between the fructose + malic acid and
sorbitol peaks, introducing greater analytical errors. Figure 22 presents the results from HPLC

analysis for the five samples, which are ordered by the increasing concentration of glucose.

Overall, sample 5 is the least matured due to its low levels of sugars (by tasting, matured fruit
showed to be sweeter; Carmichael, 2011), followed by sample 1. The three other samples (2, 3
and 4) are the most matured since they present similar (at significant level 0.05) high content
of sugars (glucose and fructose), which is also repeated with malic acid and sorbitol
concentrations. Sample 1 showed similar concentration of malic acid as the sample 5 and
different concentration of glucose and sorbitol in all the samples, but similar concentration of
fructose as the samples 2, 3, and 4. The Figure 22 shows that the values for sugars and malic
acids had the same behaviour. However, the sorbitol results showed a not expected behaviour
between the sample 5 and 1 (respectively, 112 and 61 g/100g of sample) since there was not

increase or decrease tendency.

Table 5. The concentration of the four compounds in the five samples.

Sample Malic Acid Glucose Sorbitol Fructose
(g/100g) (g/100g) (g/100g) (g/100g)
1 8,73 (+0.05)b 17,7 (¥0.8) b 61,5(£0.2) ¢ 11,0 (£0.7) a
2 17,1 (+0.8) a  22,5(0.4) a 81,6 (9.6) b 13,6 (+2.0) a
3 152 (£0.8) a  22,2(£0.2) a 87,8 (£3.8) b 11,7 (£0.8) a
4 151 (£1.0) a 222 (+l4) a 858 (£7.5) b 15,2 (£1.3) a
5 897 (x04) b 32(x0.1) ¢ 111,7(£3.3) a 33 (£0.1) b
120
&
S 100
2 80
o
T 60
g 40
E 20 o —
g 0 '
= S5 S1 S2 S3 S4
samples
e G|ucose Fructose Sorbitol Malic acids

Figure 22. Plot of the concentration compounds in the five samples.
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3.2. UV spectra results
3.2.1. Calibration with mixed standard solutions

Figure 23 shows all the UV spectra for the mixed standard calibration solutions obtained in the
wavelength range of 200 to 450 nm. These 25 spectra allowed to define the following
calibration equations of THBA, THCA, TF and TP contents (Paula et al., 2017):

[THCAJ= 130 X ABS3250m — 81 X ABS3500m
[THBA] = 180 x ABS275um — 141 X ABS3450m
[TF] = 178 x ABS375nm
[TP] = 66 x ABS2200m— 168 X ABS3450m

18

16

Absorbance

Wavelength, nm
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Figure 23. Spectra of the mixed standard calibration solutions of gallic acid, ferulic acid and
quercetin.

In Table 6 is presented the determination coefficients, p-values and relative standard error of
each obtained model. All these models presented correlation coefficients higher than 0.998 and
p-values lower than 0.001, being all significant. The dynamic interval for these calibrations that
used five levels of concentration of each standard was: 10 to 80 mg/L of gallic acid; 10 to 80
mg/L of ferulic acid; and, 10 to 60 mg/L of quercetin. All models were tested for the importance

of the intercept in the equation, being all not significant.
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Table 6. Results of the fitted models.

Compounds R? P-value RSE% *
Gallic acid 0.996 <0.001 2.89
ferulic acid 0.998 <0.001 2.89
Quercetin 0.995 <0.001 3.05
TP 0.998 <0.001 6

*) RSE % - percentage relative standard error.

The RES % for the models were low (RSE % <6.0%) but it should be noticed that and the

RSE% for TP content was two times higher than the others.

3.2.2. Phenolic compounds extraction optimization

The optimization of the best analytical conditions for the extraction of 3 groups of compounds

(THBA, THCA and TF contents), contributing also for the high levels of TP content, was

studied based on the RSM, using two samples (sample 3 and sample 5, having different stages

of maturation considering the fruit colour). A CCD was applied with two factors: ethanol

percentage between 24.6 to 95.4% and pH of the aqueous HCI solution between 0.9 and 5.1.

Figure 24 presents the CCD used with code values for each factor, with 3 center points.

Ethanol%

Figure 24. CCD with factors ethanol % and pH in the study of samples extraction.
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Th pH values present the level -1 = 1.5 and level +1 = 4.5 and the factor ethanol %, the level -
1=35% and level +1= 85%. The star design presented extremes pH values of 0.88 and 5.12 and

for the ethanol %, 24.6% and 95.4%.

As an example, Figure 25 shows all spectra obtained from the CCD assays using the sample 3.
The spectrum was obtained from the spectrum solution prepared as described by Obied et al.
(2005) methodology. The concentration levels obtained from the CCD assays are presented in

Table 7.

0.8

Absorbance

Wavelenght, nm

Figure 25. Spectra of all CCD assays for sample 3 of Sorbus aucuparia L. fruits.

The UV spectra of CCD extract assays did not have absorbance higher than 0.70.

Table 7. Concentration levels of THBA, THCA, TF and TP compounds in fruit extracts from
Sorbus aucuparia L.

Parameters * Concentration range
Hydroxybenzoic acids group, mg eq GA/L [3.9;9.7]
Hydroxycinnamic acids group, mg eq FA/L [14.4; 18.1]

Flavonoids group, mg QC/L [0.4; 7.9]
Total phenolic, mg TP/L [29.8; 50.5]

*) GA — gallic acid; FA — ferulic acid; QC — quercetin; TP — total phenolic; eq — equivalent.
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The results presented in Table 7 were used as responses in the RSM data treatment, as described

in the following sections.

3.2.3. Flavonoids

The Table 8 shows the RSM results by fitting the response FT content with the two factors used
in CCD (pH and ethanol %) for the sample number 3 and 5. For both samples the models were
significant (p-values < 0.001) and presented R? values higher than 90%. Both models showed
dependency only in the ethanol % factor but, with significant ethanol % squared term for the

sample 3. However, the interaction term between the two factors was not significant in the

model.
Table 8. Final model of TF content for the samples 3 and 5.
Response Coefficient (xerror) p-value R? model p-value model
Sample 3
Intercept 2.74 (£0.14) <0.001*** 96.51% <0.001***
pH 0.16 (£0.12) 0.226
Ethanol % 1.87 (£0.12) <0.001 ***
pH? 0.02 (£0.13) 0.865
Ethanol %? 0.55 (0.13) <0.001 ***
Sample 5
Intercept 3.00 (£0.22) <0.001*** 90.65% <0.001***
pH 0.09 (£0.19) 0.648
Ethanol % 1.71 (£0.19) <0.001 ***
pH? 0.09 (£0.19) 0.642
Ethanol %? 0.31 (£0.19) 0.139

*) 0 —«“*#* —0.001 — “**”—0.01 —“*”—-0.05

The Figure 26 exhibits four plots for two samples that allows to validate the models. The plots
revealed that the model’s residues were random, following a normal distribution, which
confirms the model fitting suitability to the data. The Cook’s distance was lower than 0.5 for
the sample number 3, indicative that there were no values excessively influential in the model.
But this was not the case for the sample number 5 since, it has one value greater than 1,

indicative of an influential data in the estimation of coefficients regression.
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Figure 26. Plots of TF response model's validation for the samples 3 and 5.
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In the case of the leverage values assessment, it was found results above 0.5 for the sample 5
which indicate the presence of influential value or an outlier. For this sample, more testing

should be done to reduce model errors.

The Figure 27 presented the 3D response surfaces and 2D contour plots of TF content obtained
from the RSM analysis, for the samples 3 and 5. These plots are representations of the
regression equation between the response and the extract conditions and are the most useful

approach in revealing their dependency.

Sample 3

iy
LA
i I
7

Wity /i

Figure 27. 3D surface and 2D contour plots of TF response for the samples 3 and 5.

The RSM results showed that flavonoids extraction from Tramazeira pulp in both samples was
favoured at high levels of ethanol % (level higher than 1 means ethanol % higher than 85 %)
and pH was not significant for the two samples. Figure 27 shows that the rate of flavonoids

extract increases with increasing of ethanol % in both samples. So, it is clear that the optimal
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point for flavonoids extraction would have ethanol% higher than 80%, for any pH value within

the range of pH used.

In order to verify model’s quality, Figure 28 shows the comparison establish between the
model’s predicted response and the experimental results for the flavonoid compounds. Both
plots showed a straight line with slopes of 1.12 (+0.03) and 1.17 (£0.04), respectively, for the
sample 3 and 5. These values are nearby 1 (theoretical expected value) and intercept was not
significant, being considered as zero. In this linear relation, samples 3 and 5 presented
correlation coefficients higher than 0.99 (0.995 and 0.991, respectively). Overall, these results

showed that the obtained models allowed to predict correctly the total flavonoids content.

Sample 3

Predicted response

Sample 5

i
—_—

Predicted response

Figure 28. Predicted response for the TF content of the samples 3 and 5.

41



3.2.4. Hydroxybenzoic acids

The Table 9 shows the RSM results obtained using the concentrations of THBA as response for
the two samples. The models were all significant (p-values < 0.001) and explained 91.95% of
data variability present in the results for sample 3 and 96.56% for the sample 5. For both
samples the extraction is dependent on the pH and ethanol % values but, in sample 3 the squared

pH term was not significant, as it happened for sample 5.

Figure 29 allows to validate the obtained models since the plots confirm that the residuals show
a random behavior and are distributed normally. However, there is some results with high
Cook’s distances and leverage values but did not affected significantly the results. This means

that more assays should be done in order to reduce the experimental errors.

Table 9. Final model of THBA content for the samples 3 and 5.

Response Coefficient (xerror) p-value R?> model p-value model
Sample 3
Intercept 10.46 (+0.19) <0.001*** 91.95% <0.001
pH -0.39 (£0.17) 0.043 *
Ethanol % -0.59 (£0.17) 0.007 **
pH? 0.19 (£0.17) 0.304
Ethanol %? -1.56 (0.17) <0.001%**
Sample 5
Intercept 7.49 (£0.11) <0.001*** 96.56% <0.001
pH -0.30 (x0.1) 0.009 **
Ethanol % -0.17 (£0.1) 0.096 *
pH? 0.29 (+0.1) 0.014 *
Ethanol %? -1.41 (20.1) <0.001%**

%) 0 — “FEF7 (.00 — “F*” — 0.01 — “*” — 0.05

The response together with the two factors under study are represented in the Figure 30, as 3D
surface and 2D contour plots. As can be seen, the optimal zone of extraction of hydroxybenzoic
acids was similar for both samples, being the factor ethanol % the most influential. The middle
zone of the surface and contour plots presents corresponds to the zone favored for the extraction

of these compounds and, although with little influence of pH, it is favored at lower pH.
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Figure 29. Plots of THBA response model's validation for the samples 3 and 5.

The Figure 31 bellow shows the satisfactory predicted response for both samples, where a
straight line with slope 1.06 (+0.01) for sample 3 and 1.05 (+0.009) for sample 5, close to unity,

were obtained. Also, both linear models had correlation coefficients higher than 0.99 and not
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significant intercepts (therefore, considered zero value), meaning that the models allowed to

predict correctly the THBA content.
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Figure 30. 3D surface and 2D contour plots of THBA response for the samples 3 and 5.

Sample 3 Sample 5

Predictec response

Predicted
i

9
Response Response.

Figure 31. Predicted response for the THBA content for the samples 3 and 5.

3.2.5. Hydroxycinnamic acid

44



The Table 10 shows the RSM final results obtained using the concentrations of THCA as
response for the two samples. The interaction term was not shown since it has no significance.
The assays with sample 3 showed dependence on the term pH, but not in the sample 5. However,
the squared ethanol % term was significant in both samples, but not its main effect term. The
models were all significant (p-values <0.001) and had satisfactory determination coefficients,
indicating that the models can explain more than 89% of the variability in the experimental

data.

Table 10. Final model of THCA content for the samples 3 and 5.

Response Coefficient (+error) P-value R? model P-value model
Sample 3
Intercept 13.32 (£0.05) <0.0071*** 89.82% <0.001
pH -0.11 (£0.05) 0.040
Ethanol % -0.07 (£0.05) 0.169
pH2 -0.01 (+0.05) 0.820
Ethanol %? -0.39 (£0.05) <0.001*%**
Sample 5
Intercept 17.32 (£0.09) <0.001%*%*  92.05% <0.001
pH -0.09 (+0.08) 0.279
Ethanol % -0.05 (+0.07) 0.501
pH’ -0.01 (+0.08) 0.877
Ethanol %? -0.82 (+0.08) <0.00]*%**

%) 0 — “FEF7 (.00 — “F*” — 0.01 — “*” — 0.05

For THCA response model’s validation, Figure 32 shows that the model for sample 3 had
random residuals that followed a normal distribution, which confirms the model fitting
suitability to the data. Only one result had Cook’s distance greater than 1 and several with
leverage values above 0.5, indicating the presence of an extreme results. However, considering
the plot of predicted performance (Figure 33), where the errors of each test are shown, they

were explained by having assays with high experimental errors.
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Figure 32. Plots of THCA response model's validation for the samples 3 and 5.

In sample 5, the residues were random but they showed problems in the normality plot, being
satisfactory the values of Cook’s distance. Again, the assays with high leverage values can also
be explained by the plot prediction performance (Figure 33), where the measurement errors are

shown to be high.
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Figure 33. Predicted response for the THCA content of samples 3 and 5.

The 3D surface and 2D contour plots of THCA response for the two samples were present in

Figure 34.
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Figure 34. 3D surface and 2D contour plots of THCA response for samples 3 and 5.
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The 3D surface and 2D contour plots of THCA response showed similar behavior to that
obtained for the THBA response, where the middle zone in these plots was the optimal zone
for extraction the hydroxycinnamic acids and, although with little influence of pH, it is favored

at lower pH.

The overall results showed that the hydroxycinnamic acids content had higher experimental
errors, but it should be noted that the levels obtained are close and therefore have less
variability, which is reflected in the errors of the RSM model. However, Figure 33 showed that
the values predicted by the models show a linear relationship with the experimental ones, whose
slopes are close to unity: 1.01 (£0.002) for sample 3 (intercept = 13.32 (£0.05), not significant)
and 1.02 (£0.003) for sample 5, with intercept=17.32 (+0.09). The correlation coefficients were
higher than 0.999, meaning that these models can predict correctly the THCA content.

3.2.6. Total phenolic compounds

Th RSM results from total phenolic compounds response are presented in Table 11, where the

interaction term also has no significance.

Table 11. Final model of TP content for the samples 3 and 5.

Response Coefficient (+error) P-value R? model P-value
model
Sample 3
Intercept 26.56 (+0.23) <0.00]*%** 90.26% <0.001
pH 0.03 (£0.19) 0.872
Ethanol % -0.78 (+0.19) 0.003
pH’ -0.32 (20.21) 0.153
Ethanol %? -1.66 (£0.20) <0.00]*%**
Sample 5
Intercept 3.00 (£0.22) <0.00]*%** 91.69% <0.001
pH -2.25 (+0.49) 0.001
Ethanol % -0.79 (+0.49) 0.144
pH’ 1.92 (£0.52) 0.005
Ethanol %? -3.87 (£0.51) <0.001***

%) 0 — “FEF7 (.00 — “F*” — 0.01 — “*” — 0.05
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Table 11 shows different results for the two analysed samples, but representing significant
models. The extraction of TP content in sample 3 is dependent on the main effect ethanol %
term and the squared ethanol % term, allowing this model to explain 90 % of the variability of
the data. However, in sample 5, the model includes the main effect pH term and the quadratic
terms of pH and ethanol %, allowing to explain more than 91 % of the variability present in the

data.

Representing the model’s validation, the plots in Figure 35 indicate that the residuals had
satisfactory randomness and normality and, although some leverage values were greater than
0.5, Cook's distance values were acceptable. The overall results confirmed the adequacy of the
model in the adjustment of experimental data. The Figure 36 presents the plots of RSM model
showing that for sample 3, TP content had higher levels in the middle zone of the factor ethanol
percentage, over the entire range of tested pH values. However, for the sample 5, the TP content
had higher concentration values at low pH values and center ethanol % values. So, the
experimental assays indicated that the optimal extraction conditions would have pH in the range

of 0.9 to 1.5 and ethanol % in the range of 40 to 80%

To evaluate the model’s predictive performance, Figure 37 represents the linear relationship
between the predictive values and the experimental values. The linear regression presented a
straight line with slope 1.03 (+0.005) and value zero for intercept (not significant) for sample
3, as well a straight line for the sample 5, with slope of 1.05(0.009) and intercept of 39.72
(£0.57). The two linear regressions presented correlation coefficients nearby 1 (0.9996 and
0.9989, respectively). In this case, the obtained results showed that the two models can predict

correctly the TP compounds.

Considering all the presented results, the selected optimal hydroethanolic solution for the

samples extraction had pH of 3 and ethanol % of 85 %.

49



Sample 3

Residuals vs Fitted Normal Q-Q
~ -
° 80 90
v
E o w %
T - o
3 0.
I, ~2 3 o
S S ° < <
2 & 2 0o
4
& 3 E o
3 s _
: A
<
o 4° o o4
o | ° o - 08
T T T T T T T T
22 23 24 25 26 -1 0 1
Fitted values Theoretical Quantiles
Scale-Location Residuals vs Leverage
j - o8 o T
09 h L
o 40
z - ° w o Tl
o | T < 7 °
% - é o ©
2 o | -9 8 ° ° —
@ I
E © o ° E e o T [
5 > s °
s o B °
- o s 7
2 o 12} -
g e I €ook's distance
a Qo :
o 8 .
° N T T T T T T T T T T T
22 23 24 25 26 0.0 0.1 02 03 04 05 0.6
Fitted values Leverage
Sample 5
Residuals vs Fitted Normal Q-Q
~ 4 o8 o9 &0
© »
_ - S
= -~ 7 )
2 = 8 -
S - o o ©
T o \ 3 o © g
& % T oA
\ S
- s o
' ° & >
o - o o7 4
N ;
a ° o2
14 o014 6
T T T T T T
35 40 45 -1 0 1
Fitted values Theoretical Quantiles
Scale-Location Residuals vs Leverage
I £ A
~ o8-
N 140 -
- s -
“ i ~
2 o ° % .
z - o . ERR 100
2 o | 2
s o S 8 o °
2 e 2 oo — _—
HCE : s
2 E o
et c
s 34 s
g » o _ o N o
o I B Cook’s distance S -
N N
o
S -
T T T T T T T T T T
35 40 45 0.0 01 0.2 03 04 05 0.6

Figure 35. Plot for model's validation of total phenolic compounds for sample 3 and 5.

Fitted values

Leverage

50



Sample 3

AR
RRTIIN
\\\\\\\\\\\\\\\\\\\\\\\\\\

.-
aEgne

s 8

Figure 36. 3D surface and 2D contour plots of TP response for samples 3 and 5.

Sample 3 Sample 5

dicted

Figure 37. Predicted response for the TP compounds of sample 3 and 5.

3.2.7. UV Spectra analysis of extracts from five samples

The previous equations (section 5.2.1) were applied in the analysis of the five Sorbus aucuparia
L. samples, using the selected optimal hydroethanolic extract solution. These extracts were

prepared as described by Obied et al. (2005) methodology for the UV spectrum. Table 12
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presents the results for the THBA, THCA, TF and TP contents in the extract obtained using the

optimal hydroethanolic solution for sample 4.

Table 12. Concentration of the 4 compound groups in the sample 4 extract.

Compounds Mean s* RSE%
Hydroxybenzoic acids, mg eq GA/L 14.4 0.6 4.2
Hydroxycinnamic acids, mg eq FA/L 22.7 0.4 1.9
Flavonoids, mg QC/L 6.1 0.3 4.7
Total phenolic content, mg TPC/L 40.6 0.6 1.5

*) s — standard deviation; RSE % - percentage relative standard deviation.

In the analysed sample, the class of THCA had the highest concentration (22.7 mg eq FA/L)
followed by the hydroxybenzoic acids (14.4 mg eq GA/L), and, at lower levels, the class of
flavonoids (6.1 mg QC/L). However, the RSE % values were lower than 5%, indicating that the

established prediction models gave acceptable results.

3.3. The antioxidant activity results

For the analysis of TP content using Folin-Cicalteu method, TF content with AICl3; method, as
well the DPPH test and FRAP test, calibrations curves were developed. The linear equations

obtained were:

[TF], mg/L =0.028 x +0.015; R>= 0.999.
[TP], mg/L = 0.0131 x +0.081; R>= 0.999.
[DPPH], mg/L = 1.307 x - 2.83; R?=0.997.

[FRAP] , mg/L = 0.026 x -0.056; R?= 0.999.
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Table 13 shows the results from DPPH and FRAP tests, as well the TP and TF contents in all
the five samples, measured in the respective extract, obtained with the selected hydroethanolic
extract solution, which are presented by increased order of the sugar content (HPLC results).
ANOVA results were also introduced to verify which sample mean values where statistically
different (same letters in each column represent means that were not different statistically at

significant levels of 0.05).

As we can see in the Table 13, the results of DPPH obtained by the UV spectra shows that the
samples 2 and 3 were similar, which is the same case for the samples 4 and 2. It should be
noticed that there is no great variability within the four compound groups results. The FRAP
results showed that the samples 1 and 2 had similar values, as well the samples 4 and 5, a
behaviour that happens in the results of TP content. Overall, sample2 showed the highest TP
compounds and FRAP concentrations, followed by the samplel. For TF content, the results
were not similar within samples 1 and 2 (having the highest content) followed by samples 4 and
5. This means that hydroxybenzoic acids and hydroxycinnamic acids have higher

concentrations than the flavonoid compounds in the Tramazeira extract samples.

Table 13. Results of the five samples: DPPH and FRAP tests; TF and TP concentrations *.

Samples DPPH (mg/100g) FRAP (g/100g) TP compounds TF compounds
(g/100g) (mg/100g)
5 5.436 (+0.000) d 1.50 (0.14) b 0.64 (£0.05) b 3.94 (+0.26) ab
1 5.460 (£0.003) a 1.83 (£0.08) a 0.797 (£0.006) a 4.60 (£0.14) a
2 5.446 (£0.000) bc 2.06 (£0.25) a 0.81 (£0.04) a 2.95 (£0.44) ab
3 5.450 (£0.001) b 0.95 (£0.12) ¢ 0.39 (£0.02) ¢ 4.75 (£0.35) a
4 5.445 (£0.001) c 1.36 (0.05) b 0.60 (+0.02) b 1.92 (£0.96) ¢

*) DPPH - 2, 2-diphenyl-1-picrylhydrazyl; FRAP - ferric reducing antioxidant power; TP —
total phenolic; TF — total flavonoid.

The work of Mraihi et al. (2013) showed results of TP and TF compounds for two varieties of
Crataegus pulp fruit (Tunisia), C. monogyna and C. azarolus, The pulp extract had lower levels
of TP compounds (< 125 mg eq gallic acid/100 g dried weight) and high levels of TF
compounds (> 150 mg eq rutin/100 g dried weight) in comparison with the results obtained

from Tramazeira pulp fruit. The same comparison was obtained for the Alothman et al. (2009)
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work, which analysed the tropical fruits from Malaysia (pineapple, banana pisang mas and
guava), and Sochor et al. (2010) work, which presented results for the content of phenolic
compounds and antioxidant capacity of several fruits of apricot genotypes. However, the results
obtained for DPPH a and FRAP are lower than those obtained in these referenced works (Mraihi
et al., 2013; Alothman et al., 2009; Sochor et al., 2010), which may be related to the low levels

of flavonoid compounds extracted from the Tramazeira pulp fruit.

3.4. Microbiological results
3.4.1. Minimum inhibitory concentration

Two different microbial species were used to screen the possible antimicrobial activity of
Tramazeira extract. Of the species used, Staphylococcus aureus is one of the most common
gram-positive bacteria causing food poisoning, (Musher et al. 1977). As gram-negative
bacteria, we have Escherichia coli that we can find in foods that have been contaminated by

humans, as it belongs to the normal flora of humans (Wang.et al. 2009; Bettelheim et al. 1994).

The Tramazeira fruit extract (additive) was effective against all of the microorganisms
evaluated, including a gram-positive strain (S. aureus) minimum inhibitory concentration
(CMI) was 0.081 g/mL and a gram-negative strain (Eshericia coli) was 0.040 g/mL. For the
concentration minimum bactericidal (CMB), both bacteria had the same result, 0.65 g/mL.
However, unlike reported by other investigators gram-negative bacteria are more sensitive than
gram-positive bacteria. Accordingly, the bacterial cell wall, particularly in gram-negative
bacteria, was an effective barrier against candidate drug molecules. This barrier is strongly polar
and contains efflux pumps that act as a resistance mechanism, ejecting the compounds that pass
through the outer membrane (Brown et al. 2014). Al-Fatimi et al. (2007) and Sahreen et al.
(2013) reported that plant extracts effective against gram-negative bacteria contained polar
compounds that could interact with the chemical composition of the bacterial cell wall structure,

thus promoting its effects.

3.4.2. Microbiological analysis results
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The microbiological analyses performed were: quantification of yeasts and fungi, total
mesophilic bacteria, coagulase positive Staphylococcus aureus, total Enterobacteriaceae and
sulphite-reducing clostridium spores. These analyses were made on three different orange juices
(J1, without Tramazeira extract; J2, with 0.04 g/mL and J3 with 0.08 g / mL of Tamazeira
extract) under refrigeration (4 °C + 2 °C) at different times TO (day zero of adding the additive)
and T2 (after two days of adding the additive). The results of microbiological analyses are

shown in Table 26.

Total mesophilic microorganisms showed the same results as yeast and fungi for the TO (<10
log CFU/mL) while for the T2 showed low counts for all samples 2.63, 3.51 and 3.15 log
CFU/mL for the samples J1, J2 and J3 respectively.
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Table 14. Microbiological results for the three different experiments with orange juices.

Parameters Yeast and fungi Total mesophilic Staphylococcus aureus Enterobacteriaceae Clostridium sulphite
(log CFU/mL) microorganisms (log CFU/mL) (log CFU/mL) reducing spores (log
(log CFU/mL) CFU/mL)
TO0-J1 <10 <10 Absent <1 Absent
TO0-J2 <10 <10 Absent <1 Absent
TO0-J3 <10 <10 Absent <1 Absent
T2-J1 <10 2.63 Absent <1 Absent
T2-J2 3.38 3.51 Absent <1 Absent
T2-J3 3.11 3.15 Absent <1 Absent

*) TO= day zero of adding the additive; T2= after two days of adding the additive; J1= without Tramazeira extract; J2= with 0.04 g/mL; J3= with

0.08 g/mL of Tramazeira extract.

During the two days storage time in the fridge, all samples showed the absence of coagulase positive for Staphylococcus aureus, sulphite-reducing

Clostridium spores and for total Enterobacteriaceae (<1 log CFU/mL).

Yeast and fungi were not detected in the three samples for the TO (<10 log CFU/mL) and for the T2 the samples J2 and J3 showed a low
microorganism count (3.38 and 3.11 log CFU/mL respectively).
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4. Conclusion

Mountain-ash (Sorbus aucuparia L.) have been shown to be a rich source of phenolic
compounds and antioxidants. Using a new methodology based on a single run UV spectrum,
the total concentration of three classes of phenolic compounds (total flavonoids,
hydroxybenzoic acids, and hydroxycinnamic acids) and total phenolic content in Tramazeira
extract were determined. All results indicate that the analytical method applied in this work
exhibits an overall acceptable quality in the analysis of standard solutions and samples. This
study also showed that the hydroethanolic solution with 85% of ethanol and with pH of 3,
established with aqueous HCI solution, can extract high phenolic content representative of

Sorbus L. fruit.

Tramazeira fruit extract was used as an additive in orange fresh juice, showing antimicrobial
activity against gram-positive and gram-negative bacteria. Tramazeira extract was more
effective against gram-positive bacteria for the CMI and for the CMB, both results were similar
for two bacterias in study (S. aureus and E. Coli). For the trial time and for the concentrations
of the Tramazeira fruit extract tested, the extract did not influence the microbiological quality
of the orange juice. However, the results suggest that the juices obtained with the highest

concentration are more stable from a microbiological point of view than the low concentration.

In future works, it is pretended to use higher concentrations of Tramazeira fruit extracts, test on
other food products and check if the extracts improve the bioactive properties of the products

where they will eventually be used.
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