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ABSTRACT

Four different vinegars (Fig enxario, Fig, Sweet potato and Grape) were collected from a vinegar
production factory, Fateixa, located in Algarve, Portugal and were examined for different physico-

chemical and antimicrobial characteristics.

Results of the physico-chemical experiments revealed that in the tested vinegar samples, the pH
ranged from 2.83 to 3.49 and the titratable acidity was between 4.84% and 6.75%. Moreover, the
lowest Brix value was found in Grape vinegar (4.80) while the highest value was in Fig vinegar
(11.20). Total phenolic and total flavonoid contents ranged from 0.35 to 2.03 mg GAE/ml and
93.68-357.31 mg catechin/ml, respectively. Antioxidant activity revealed no significant difference
between samples. Color properties showed that L* values of the tested vinegars varied from 25.47

to 28.36, and values of a* and b* were found in the range of -0.49-0.48 and 2.01-3.23, respectively.

The antibacterial properties of the vinegars were evaluated against eight bacterial isolates, Gram-
positive (Staphylococcus aureus ATCC 25923, Listeria innocua ATCC 33090, Staphylococcus
epidermidis ATCC 12228 and Bacillus cereus ATCC 10876) and Gram-negative (Cronobacter
sakazakii ATCC 29544, Salmonella enterica Typhimurium ATCC 14028, Escherichia coli ATCC
25922 and Pseudomonas aeruginosa ATCC 27853) bacteria. The highest antibacterial activity was
found in Grape vinegar, however in the case of C. sakazakii and S. Typhimurium, Sweet potato
vinegar had the greatest growth-inhibitory effects. It was also observed that P. aeruginosa was the

most sensitive strain, particularly against Grape vinegar.

Furthermore, antifungal activity of the vinegars against seven yeast strains (namely, Candida
albicans ATCC 10231, Candida albicans ATCC 90028, Cryptococcus neoformans YPO 186,
Saccharomyces cerevisiae PYCC 3507, Pichia membranifaciens PYCC 2489,
Zygosaccharomyces bailii PYCC 4806 and Debaryomyces hansenii PYCC 2968) was examined.
None of the vinegars showed fungicidal activity against C. albicans, S. cerevisiae and Z. bailii. On
the contrary, growth of D. hansenii was considerably affected by all samples, while the highest
level of growth-inhibitory effect was observed for Sweet potato vinegar. In conclusion, the bacteria

tested were more sensitive to the vinegars than the yeasts.



Keywords: Vinegar, fruit wastes, antimicrobial activity, acetification, valorization, bioactive

compounds

Resumo

Os residuos produzidos pelas industrias agricolas tém um efeito negativo no meio ambiente e no
crescimento econdmico de qualquer pais e a utilizacdo desses residuos resultara em bens naturais
que poderdo ser utilizados como matérias-primas de baixo custo. A aplicacdo adequada de residuos
de frutas pode ser implementada para melhorar a sustentabilidade ambiental, minimizando os
impactos ambientais desses residuos e para melhorar produtos alimentares com elevado valor
nutricional. A producdo de vinagre a partir de subprodutos do processamento de alimentos ou

residuos de frutas, é uma possibilidade atraente da gestdo de residuos com beneficios econdémicos.

Os vinagres sao comumente produzidos a partir de vinho, uva, cerveja, cidra de maca, entre outros.
O processamento ocorre em duas fases que comeca com a fermentacao alcodlica dos hidratos de
carbono e termina com a acetificacdo. E necessario caracterizar diferentes pardmetros dos vinagres
produzidos para avaliagdo da sua qualidade e classificacdo. As qualidades sensoriais
desempenham um papel importante na determinacéo da qualidade do vinagre, sendo a qualidade
sensorial afetada principalmente pelo seu aroma e sabor. Na verdade, os compostos aromaticos
volateis e os polifendis tém um impacto significativo nas caracteristicas organoléticas do produto
(cor, sabor e adstringéncia) junto com seus aspetos benéficos. Além disso, os vinagres tém varios
beneficios para a saude cientificamente comprovados. Em vez de prevenir doencas, varios
componentes bioativos podem diminuir o risco de doencgas. Os compostos polifendlicos, que além
de sua acdo antioxidante, também sdo responsaveis pela cor e adstringéncia do vinagre, tém
despertado muita atencdo nesse sentido. Apresentam propriedades antioxidantes, antibacterianas,
anticancerigenas, previnem a obesidade, assim como doencas de hipertensdo e contribui para
regular os niveis do colesterol devido a presenca de componentes bioativos, como &cido acético,
acido galico, catequina, epicatequina, acido clorogénico, acido caféico, acido p-cumarico e acido

ferulico.

Os vinagres séo também muito utilizados como conservantes de alimentos devido a sua capacidade

de inibir o crescimento microbiano. O vinagre contém uma variedade de acidos organicos,
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incluindo acido acético, que pode penetrar nas membranas celulares dos microrganismos e causar

a morte celular.

Neste trabalho, foram analisadas quatro amostras diferentes de vinagre numa fabrica de vinagre,
Fateixa, localizada no Algarve, Portugal (vinagre de Figo Enxario, vinagre de Figo, vinagre de
Batata doce e vinagre de Uva). Primeiramente, este estudo visou avaliar as diferentes propriedades
fisico-quimicas das amostras de vinagre mencionadas, incluindo pH, concentracéo de &cido acético
(acidez total), solidos soluveis totais (°Brix), analise de cor, compostos fendlicos totais e
flavondides totais e capacidade antioxidante.

Os resultados obtidos revelaram que o pH dos vinagres testados variou de 2,83 a 3,49. Além disso,
a acidez total das amostras de vinagre foi determinada entre 4,84% e 6,75% de acido acético, sem
diferenca significativa entre as amostras. Os valores Brix das amostras variaram de 4,80 a 11,20 e
o menor valor de sélidos solUveis totais (°Brix) foi encontrado no vinagre de Uva (4,80), enquanto
o maior valor foi observado no vinagre de Figo (11,2). No caso das propriedades bioativas das
amostras de vinagre, os teores fendlicos totais variaram de 0.35 mg equivalente de acido géalico
(GAE)/ml a 2.03 mg GAE/ml, enquanto o maior valor foi encontrado no vinagre de Figo e 0 menor
valor foi encontrado no vinagre de Batata doce. Por outro lado, os teores de flavonoides totais
(TFC) das amostras de vinagre foram obtidos na faixa de 93,68-357,31 mg catequina/ml e entre as
amostras de vinagre, o vinagre de Uva e o vinagre de Enxario de Figo apresentaram 0s maiores e
0s menores teores de TFC. As medicOes da atividade antioxidante ndo revelaram diferenca
significativa entre as amostras, a qual variou de 0,05 mg TE/ml a 0,39 mg TE/ml. As propriedades
de cor mostraram que os valores L* das amostras de vinagre testadas variam de 25,47 a 28,36, e
os valores de a* e b* foram encontrados na faixa de -0,49-0,48 e 2,01-3,23, respetivamente, tendo

0 vinagre de Batata doce obtido o maior valor L*.

O presente estudo também se concentrou na avaliacdo da qualidade microbiana das amostras de
vinagre através do estudo dos seguintes parametros: microrganismos aerébios mesofilicos,
bactérias acido-lacticas, fungos filamentosos, leveduras fermentativas e bactérias acéticas. Os
resultados obtidos permitiram concluir que todos os parametros microbioldgicos se encontravam

abaixo dos limites de detecdo.

Outra parte do presente trabalho visou avaliar a atividade antimicrobiana de vinagres por meio do

método de Kirby-Bauer, também conhecido como difusdo em disco de agar. Para este proposito,
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as propriedades antimicrobianas dos vinagres foram avaliadas contra 15 microrganismos
(Staphylococcus aureus ATCC 25923, Listeria innocua ATCC 33090, Cronobacter sakazakii
ATCC 29544, Salmonella enterica Typhimurium ATCC 14028, Escherichia coli ATCC 25922,
Staphylococcus epidermidis ATCC 12228, Bacillus cereus ATCC 10876, Pseudomonas
aeruginosa ATCC 27853, Candida albicans ATCC 10231, Candida albicans ATCC 90028,
Cryptococcus neoformans YPO 186, Saccharomyces cerevisiae PYCC 3507, Pichia
membranifaciens PYCC 2489, Zygosaccharomyces bailii PYCC 4806 and Debaryomyces
hansenii PYCC 2968). Geralmente, a maior atividade antibacteriana foi encontrada em amostras
de vinagre de Uva e no caso de C. sakazakii ATCC 29544 e S. Typhimurium ATCC 14028, o
vinagre de Batata doce teve os maiores efeitos inibidores de crescimento. Observou-se também
que P. aeruginosa ATCC 27853 foi a espécie mais sensivel, principalmente contra o vinagre de

uva.

Na ultima parte deste trabalho avaliou-se a atividade antifingica das amostras de vinagre contra
algumasleveduras, incluindo C. albicans ATCC 10231, C. albicans ATCC 90028, C. neoformans
YPO 186, S. cerevisiae PYCC 3507, P. membranifaciens PYCC 2489, Z. bailii PYCC 4806 e D.
hansenii PYCC 2968. Nesta parte do trabalho, observou-se que nenhuma amostra de vinagre
apresentou atividade fungicida contra C. albicans ATCC 10231, S. cerevisiae PYCC 3507 e Z.
bailii PYCC 4806. Pelo contrario, o crescimento de D. hansenii PYCC 2968 foi consideravelmente
afetado por todas as amostras de vinagre, enquanto o nivel mais alto de efeito inibidor de
crescimento foi observado para o vinagre de Batata-doce (14,33 mm). De um modo geral,
concluiu-se que as bactérias testadas sdo mais sensiveis aos vinagres em estudo do que as

leveduras.

Palavras-chave: Vinagre, residuos de fruta, atividade antimicrobiana, acetificacdo, valorizacao,

compostos bioativos
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1.1.Agricultural wastes and importance of their management and reutilization

1.1.1. Agricultural wastes

Humankind has been producing wastes in various forms throughout the history. Modernization,
rapid population growth and resource constraints resulted in the more complex forms of wastes in
the environment (Atinkut et al., 2020; Christy et al. 2014). The occurrence of different pollutions
in soils and aquatic resources are the most important drawbacks of technological advancements
and modernization. Among the different environmental pollutants, food wastes affect both the

environment and human societies (Eriksson & Spangberg, 2017).

According to Plazzotta et al. (2017), in underdeveloped countries, due to seasonality that results
in unsaleable gluts and the lack of effective conservation measures for perishable products, wastes
are mostly created in agricultural production, post-harvest, and marketing phases, however,
developed countries are also challenging by waste produced in agricultural industries. These
produced wastes are shown to be a great source of different compounds from the nature and their

utilization will result in natural goods with low-cost starting materials (Manzocco et al., 2016).

1.1.2. Fig (Ficus carica L.)

Figs (Ficus carica) are among the oldest cultivated plants in the mankind history (Hussain et al.,
2021a; Veberic & Mikulic-Petkovsek, 2016). They are members of the Moracea family which has
about 60 genera and about 2000 species (Zolfaghari et al., 2019) and originally belong to east of
Mediterranean region and west of Asia (Hmimsa et al., 2017; Ighbareyeh et al. 2018; Liu et al.
2019). Based on the United Nations' Food and Agriculture Organization, global fig productivity
remains steady, with an average around 1.1 million tons per year during the last decade. Egypt,
Turkey, Iran, Algeria, and Morocco supplied over 70% of the world's fig market in 2013
(FAOSTAT, 2019).

The cultivation of fig fruits and their great economic worth have been linked to their recognized
health-supporting substances as well as their outstanding flavor and nutrient benefits (Veberic &
Mikulic-Petkovsek, 2016; Khadivi et al., 2018). Most of the F. carica species are rich in valuable
compounds like phenolics, organic acids and different volatile compounds as well as other
compounds such as fructose, glucose, sucrose and anthocyanins (Hussain et al., 2021a) and
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according to Jeong and Lachance (2001), they may contain phytosterols. The major bioactive
components in this plant are flavonoids, and several studies revealed that fig extracts have
exhibited biological activities (Bouyahya et al., 2016). Based on various works, different
polysaccharides from this fruit have antioxidant, antispasmodic and antitumor properties
(Solomon et al., 2006; Gilani et al., 2008; Lansky et al., 2008; Yang et al., 2009).

However, fully ripe fig has the highest nutritional value, while, in this stage the fruits are very
delicate and particularly vulnerable to harm (Allegra et al., 2018). Consumers prefer fresh figs at
the tree ripe maturity stage (Hussain et al., 2021a; Crisosto et al., 2010), color of skin and genotype
(Caliskan & Aytekin Polat, 2011). The fresh fig fruits have very short shelf life, about 7-8 days if
refrigerated (Lo Turco et al., 2020). They are highly vulnerable to physio pathological disorders
such as softening and skin cracking during the post-harvest period (Allegra et al., 2018; Kong et
al., 2013).

1.1.3. Sweet potato (Ipomoea batatas)

Sweet potato (Ipomoea batatas (L.) Lam.) is an herbaceous plant and one of the important tuber
crops grown in the tropics that belongs to the family Convolvulaceae (Bhattarai et al. 2021; Lebot,
2020). Sweet potatoes are native to South America (Mohanraj R. 2018). It was brought to Europe
by Columbus, afterwards it spread to other areas of the world (Milind and Monika, 2015). Every
year, more than 105 million metric tons of sweet potatoes are harvested across the world, while
Asian and African countries, particularly China, contributing the majority of them (FAOSTAT,
2020).

Sweet potato (Ipomoea batatas) is a crop with particular qualities, including ease of cultivation for
both large and small farms, high resistance, minimal production costs, and adaptability to a wide
range of climates, making it valuable for developing-country agriculture (Nogueira et al., 2018).
The sweet potato crop has a remarkable benefit in that it can be grown all year in tropical and
subtropical environments where warm weather is abundant, giving it a leg up in the event that

staple crops, like cereals, are restricted by drought (Mohanraj, 2017).
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Sweet potato cultivars have been found in a variety of growing areas. It obviously differs in shape,
size, weight, and color depending on type, cultivar, and climate, which can also create variances
in carotenoids content (Wang et al., 2018; Dak et al., 2016).

Sweet potato skins come in a variety of colors, including white, cream, yellow, orange, pink, red,
and purple (Alam, 2021). Flesh hues vary from white to cream, yellow, orange, and even purple
(Alam et al., 2016; 2020; Wang et al., 2018). According to Zannou et al. (2017), this coloration is
indicative of the presence of red anthocyanins and their respective glucosides, whilst the orange
coloration is due to the presence of carotenoids.

Park et al. (2016) argues light-colored cultivars with greater starch content, such as white and
yellow fleshed, are valuable for starch producers. Orange, yellow, and purple-fleshed ones, on the
other hand, are valued for their high levels of B-carotene (a precursor to vitamin A), anthocyanin,
phenolic acid, and flavonoid content. Furthermore, orange-fleshed sweet potato has been shown
to increase vitamin A levels in diets, making it effective against micronutrient deficiencies (Wang
et al., 2018).

Sweet potatoes contain a wide variety of macro and micronutrient. They are good source of
vitamins (such as vitamin A, vitamin C, vitamin B complex and vitamin E), minerals (particularly
potassium, sodium and manganese) and phytochemical, particularly polyphenols (such as
chlorogenic acid); the bio-constituents in sweet potato have antioxidant and anti-inflammatory

properties (Zengin et al., 2017).

Sweet potatoes include a large number of bioactive compounds that contribute to the health
advantages provided by them (Mohanraj 2017). Wang et al. (2018) and Shekhar et al. (2015)
reported that the bioactive compounds differ among white-fleshed and orange-fleshed sweet

potatoes.

According to Mohanraj (2017), phenolic compounds, such as phenolic acids and anthocyanins, are
quite predominant in purple-fleshed varieties, while in orange-fleshed varieties predominant
compounds are a-carotene, B-carotene, and -5 cryptoxanthin. These bioactive compounds give
sweet potatoes unique flesh colors such as cream, yellow, orange, and purple (Sochinwechi
Nwosisi et al., 2017).
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Even though sweet potato has a significant role in the supply of food, its consumption is assumed
to be dropping as income rises, a tendency typically linked to urbanization, because it is regarded
as a "poor man's meal” in part, but particularly owing to a lack of post-harvest processing and
storage facilities (International Potato Center, 2021).

On an average, losses of around 15-65% of sweet potato have been estimated during all phases of
the supply chain (Abewoy, 2021) which are due to its high moisture content, fragility, and pest-
attractiveness (P et al., 2019).

A study by Bhattarai et al. (2021) revealed that the skin of sweet potato roots is thin, delicate which
is high in moisture (60-70%) and free in sugar (4-15%). They also reported that having a high
respiratory rate immediately upon harvest, leading the texture to soften as a result of the heat
output, making sweet potato a perishable crop (Bhattarai et al., 2021). The shelf life of sweet potato
roots ranges from a few days to a few weeks, depending on the variety, harvest maturity, and
storage circumstances) (P et al., 2019). Sweet potato tubers cannot last long after harvest if not
treated properly. According to Zannou et al. (2017), sweet potatoes are usually stored in a dry,
cool and ventilated chamber and after 3-6 weeks, their quality degrades by becoming fibrous, rot
and germinate. However, their study also revealed that tubers can be stored for up to 6 months in
the certain conditions consisting of a preliminary treatment of a few days in a hot and humid
environment (29 °C and 90% humidity) followed by storage in between 13 and 16 °C and 85-90
% relative humidity (Zannou et al., 2017). Sweet potato storage is not practiced in many parts of
the world, due to its limited shelf life (P et al., 2019). According to Bhattarai et al. (2021), one of
the most prevalent reasons of rotting after harvest is lack of a suitable, technically verified and
tested storage method. Furthermore, biochemical and physiological reactions take place during the
long-term storing of sweet potato tubers, resulting in qualitative and quantitative alterations
(Abidin et al., 2016).

Therefore, it is important to improve the utilization and consumption rate of sweet potatoes through
innovative diversification products that are attractive, nutritious, and have added value with simple
technologies. Producing vinegar using sweet potato in a high-efficiency liquid fermentation

process is a good way to improve vinegar manufacturing to meet the current market demand.
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1.1.4. Grape (Vitis vinifera L.)

Grape (Vitis vinifera L.) is one of the world's most frequently cultivated crops, with over 75 million
tons produced each year; around 41% of grapes are grown in Europe, 29% in Asia, and 21% in the
Americas (Colombo et al., 2019). According to Ghan et al. (2015), there are more than 5000
distinct cultivars of grapes in the globe. Approximately 45 % of grape crop is used as such or as
fresh derivatives, with the remaining 55 % fermented for wine making (FAO & OlV, 2016).

Grape production is found on every arable continent around the world. Hussain et al. (2021b)
revealed grapes can survive in a broad range of climates and are cultivated well in temperate and

tropical climates at elevations ranging from 1200 to 3200 feet above sea level.

With yearly output of 3 million metric tonnes from an area of 1.3 thousand hectares, China is the
biggest grape grower, followed by India. Viticulture has been one of the most important socio-
economic activities in Portugal, with an average of 195 thousand hectares of planted land
earmarked for wine production in 2016 (State of the Vitiviniculture World Market, 2017). Portugal
is the world's 11th largest wine producer, with 6.600 million hectoliters produced in 2017 (Aurand,
2017) and the 9th largest exporter, with 727 million Euros in 2016 (State of the Vitiviniculture
World Market, 2017).

Grape (Vitis vinifera L.) contains a number of nutritional and functional compounds. Grapes are
high in antioxidant phytochemicals such as phenolics, flavonoids, anthocyanins, resveratrol, and
carotenes, as well as other beneficial substances for human health (Bunea et al., 2012; Flamini et
al., 2013; Lebot, 2020). Sagdic et al. (2011) reported that the total extractable phenolics, in fresh
grapes, are mostly dispersed in the skin (28-35%) and seeds (60-70%), as opposed to the pulp
(10%), and the phenolics in the skin are transmitted into the final product (Kocabey et al., 2016).

Grape consumption has been linked to a variety of beneficial health impacts, namely
cardioprotective, anti-inflammatory, anti-carcinogenic, antiviral, and antibacterial properties,
which are due to their high bioactive chemical content (Colombo et al., 2019; Georgiev et al.,
2014; Ras et al., 2013; Rasines-Perea and Teissedre., 2017; Vaisman and Niv, 2015; Xia et al.,
2010).

On the other hand, it is undeniable that grapes are highly perishable commodity, therefore storage

time is limited, and challenges arise during postharvest storage and distribution (Baraiya et al.,
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2016). Weight loss, color alterations, accelerated softening, and rachis browning are examples of
quality losses (Sousa et al., 2013) that contribute to a reduction in shelf-life. According to Baraiya
et al. (2016) table grapes, like many other fruits, go through variety of physicochemical,
biochemical and microbiological changes during storage, which accelerates ripening process and

reduces shelf life.

A study by Soéylemezoglu (2003) revealed that water loss and decay-causing fungus are the two
most critical elements influencing the length and quality of table grape storage. This author also
mentioned to necessity of a high relative humidity to reduce moisture loss and keep the stem in
excellent condition, in addition to the requierment of a low temperature to limit the respiration rate

and, as a result, to minimize water loss (Soylemezoglu 2003).

According to Food and Agriculture Organization of the United Nations (FAO) reports, there is a
significant lack of marketing infrastructure in developing countries, consequently postharvest
losses of fresh items can reach up to 50% of total production (FAO, 2011). Losses of this scale
have a significant economic impact on the food production chain, particularly primary farmers
(Pina-Barrera et al., 2019). Grapes, among other berry fruits, contain a variety of nutrients,
including vitamins, minerals, carbs, edible fibers, and phytochemicals (Pina-Barrera et al., 2019).
Therefore, in addition to apply innovative postharvest technologies, it is important to improve the
utilization rate of grapes through novel products with simple and high-efficiency technology. Fruit
vinegars contain many compounds with antioxidant properties, which may originate from the
source material (i.e., fruit). A study by Antoniewicz et al. (2021) showed that the natural
fermentation is a vinegar-making technology that uses the microbiota found naturally in the plant
material. The grape microbiome is diverse, including considerable range of yeasts, bacteria, and
filamentous fungi representing a wide spectrum of organisms (Antoniewicz et al., 2021), which
play an important role in the fermentation process, metabolizing grape sugars and affecting the
development of a variety of secondary metabolites that determine the fermented product's final
quality (Roullier-Gall et al., 2020). Correspondingly, producing vinegar using non-marketed
grapes by fermentation process could be considered as an affordable mean of agricultural by-

products valorization.
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1.1.5. Fruit waste management

Fruit and vegetable waste (FVW) productivity has grown dramatically in recent years due to the
rapid expansion of intensive agricultural operations. Plazzotta et al. (2017) observed that the fruit
and vegetable industry produce a huge amount of trash. FVW can be created in different stages
throughout the food supply chain, encompassing both pre- and post-consumer phases (Panda et
al., 2016). Waste production of fruit and vegetable is highly more than all types of other foods and
may reach up to 60%, according to estimations made by FAO (2011). In industrialized countries,
due to the overproduction and non-compliance with retailer quality requirements, FVW is mostly
created before reaching customers. Fruit and vegetables that are tiny in size or misshaped are
usually referred to as substandard (Plazzotta et al. 2017). According to a study by Sagar et al.
(2018), seeds, skins, rinds, and pomaces of the fruits that make up the majority of the wastes of
these products, are rich in different bioactive components like as polyphenols, carotenoids,

vitamins, fibers, oils and enzymes.

In view of the fact that FVVW are highly biodegradable, they cause serious environmental impacts
as well as a loss of valuable organic compounds and economical expense to businesses (Esparza
et al., 2020; Plazzotta et al. 2017). As a result, much attention has been paid in recent years to the
creation of policies and techniques for its management (Esparza et al., 2020). According to
Papargyropoulou et al. (2016), FVW management refers to all actions associated to preventing,
minimizing or recycling these wastes along with the manufacturing and consumption cycle. Fruit
waste management not only minimizes the pollutions occurring from these sources, but also

reduces the raw material taken from the Earth (Esparza et al., 2020).

Fruit waste is not appropriate for burning due to its high moisture content, however, because of
the presence of organic components, stacking or landfilling will generate a considerable amount
of leachate, resulting in major environmental contaminations (Esparza et al. 2020; Bhatt et al.,
2017). As aresult, understanding the methods of fruit waste transformation into valuable resources
is crucial (Peng et al. 2019). The fermentation and acetification processes of fruits and other raw
materials not consumed in fresh may be interesting means for the valorization of this vegetable
biomass and may result in beverages and vinegars, for example. In fact, vinegars produced from

by-products of food processing, fruit wastes, substandard fruit and agricultural surpluses
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(Molelekoa et al., 2018) is an attractive possibility of waste management with economical profits
(Roda et al., 2017).

To conclude, while some wastes are inevitable, the proper application of fruit wastes could
contribute to improve environmental sustainability by minimizing the environmental impacts of

these wastes and to improve food products with high nutritional values.

1.2.Vinegar

1.2.1. History and definition of vinegars

Based on a study by Boistean (2021), the word “vinegar” comes from the words “vin” and “aigre,”
which literally means “sour wine” in French, and its production dates to 2000 BC. It's worth noting
that vinegar was once thought to be a foodstuff by-product created when wine spoiled due to
contact with air (Ho et al., 2017a). According to Ho et al. (2017a), it has a history over 10,000
years, and, it always occurred at the same time with wine-making processes, and it is thought that
ancient civilizations including Persians, Egyptians, and Mesopotamians discovered that wines turn

sour when exposed to the air (Mazza and Murooka, 2009).

Vinegar is defined by FAO/WHO as any liquid suited for human consumption which is made
entirely from appropriate items comprising starches or carbohydrates, or starch plus sugars,
through a double fermentation process (alcoholic and acetous) (Sengun, 2019; Tanamool et al.,
2020). In the European Union, the established limits for residual ethanol content are strictly set,
the residual alcohol content must not exceed 3 % by volume and the total acetic acid content must
be at least 60 g/l (OJEU, 2015). In many civilizations across the world, vinegar has been applied
as a flavoring or preservation agent in a variety of culinary products as well as a drink after diluting
with water (Isham et al., 2019). According to Bekatorou (2020), vinegar is also used to pickle, a
process of preserving food by immersing it in vinegar and salt to keep it from deteriorating, a
variety of foods, including fruits, vegetables and meats. They also mention that vinegar's strong
acidity inhibits microbiological development, making it an excellent preservative and, at the same
time, vinegar enhances the flavor of pickled foods (Bekatorou, 2020). Furthermore, because of
their very low pH levels, vinegars have a wide range of non-food uses, including sanitizing and

disinfection agents (Ramos et al., 2014).
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1.2.2. Biochemistry and substrate

Vinegar is produced by a two-stage fermentation procedure that begins with alcoholic fermentation
of carbohydrates and ends with acetification (ethanol oxidation) (Bekatorou, 2020). Ho et al.
(2017b) revealed that in anaerobic conditions, yeasts turn the fermentable carbohydrates in the
substrate into alcohol, then, the alcohol is converted to acetic acid by acetous fermentation, which
occurs in the presence of oxygen. Below is a summarized description of the two main types of

fermentation methods used in vinegar manufacturing.

1.2.2.1. Alcoholic fermentation

All vinegars go through a fermentation process known as alcoholic fermentation (AF). Microbes
consume organic molecules in anaerobic circumstances to create energy (as ATP), carbon dioxide,
and ethanol (Bekatorou, 2016). The activity of yeasts converts the fermentable carbohydrates into
alcohol (Isham et al., 2019). The alcoholic fermentation is mainly carried out by yeasts and
Saccharomyces cerevisiae (Lynch et al., 2019) because it is tolerant to high sugar and ethanol
concentrations, low pH values, low temperatures, high pressures and sulfur dioxide (SO2)
(Bekatorou, 2016; Jackson, 2008), although, other non-Saccharomyces species have been found
during AF in vinegar production (Parapouli et al., 2020). According to Bekatorou (2019), the AF
is a relatively fast process and most accessible sugars are generally depleted within the first three
weeks, which occurs via the Embden—Meyerhof-Parnas (glycolytic) route, that involves the
conversion of hexose sugars like glucose into two molecules of pyruvate and two molecules of
ATP per hexose molecule. Afterwards, the resulting pyruvate is decarboxylated into acetaldehyde
and CO- by pyruvate decarboxylase enzyme (thiamine pyrophosphate coenzyme is required) and
lastly, in a reaction involving oxidation of NADH to NAD", the acetaldehyde gets reduced to

alcohol-by-alcohol dehydrogenase enzyme (Bekatorou 2019; Carrascosa et al., 2011).

Saccharomyces cerevisiae
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The main genera of yeast involved in the alcoholic fermentation of fruits are Saccharomyces, and,
as non-Saccharomyces, Candida, Debaryomyces Hanseniaspora (and its anamorph Kloekera),
Issatchenkia, Kluyveromyces/Lanchancea, Metschnikowia, Pichia, Torulaspora,
Wickerhamomyces (Parapouli et al., 2020).

The genus of Saccharomyces is the most widely utilized genus associated to vinegar processing.
Bekatorou (2016) and Matallana and Aranda (2016) revealed that S. cerevisiae possesses several
distinguishing features that are not present in other genera, such as a greater ability in sugar
fermentation, tolerance for elevated alcohol and sugar concentrations along with low temperatures
and pH values, high pressures and sulfur dioxide. Bekatorou (2016) also mentioned to the fact that
in the absence of oxygen, S. cerevisiae is able to fully convert carbohydrates to ethanol, generating
modest levels of undesired chemicals (such as hydrogen sulfide, acetic acid, and urea) and cell

mass.

Different yeast species overtake natural fermentations, like those used in traditional wine and
vinegar production, relying on the medium structure, process parameters, and production phase
(Bekatorou, 2016; Jackson, 2008).

1.2.2.2. Acetification

Acetic acid bacteria (AAB) are obligate aerobes Gram-negative bacteria with unique capacities to
incompletely oxidize ethanol and carbohydrates into organic acids, perform acidification in
vinegar manufacture and distribution (Kersters et al., 2006; Sengun, 2017 & 2020). According to
Bekatorou (2020), membrane-bound pyrroloquinoline quinone-dependent dehydrogenases (PQQ-
dDs), which are linked to the respiratory chain through the reduction of ubiquinone to ubiquinol,
catalyze the incomplete oxidation. Reoxidation of ubiquinol is accompanied by oxygen reduction
with quinol oxidases, as a result, when alcohols and sugars are oxidized into organic acids in the
periplasm by PQQ-dDs, ATP is produced from oxidative phosphorylation (Bekatorou, 2020).
Organic acids are stoichiometrically generated as dead-end metabolites that are not used as carbon
sources within many cases, conversely, alcohols and sugars, such as ethanol and glucose, can be
sometimes oxidized by the membrane-bound PQQ-dDs in the periplasm and, at the same time, the
soluble dehydrogenases in the cytoplasm for both energy generation and carbon absorption (Arai
etal., 2016).
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Organic substrates, in most oxidative processes (e.g., the Krebs or citric acid cycle), are normally
oxidized to CO2 and H20, conversely, during vinegar production acetic acid bacteria generally
oxidize the ethanol only to acetic acid (Bringer and Bott, 2016; Hutkins, 2019). A study by Gomes
et al. (2018) showed that there are few cases when complete oxidation to CO: is possible.

As depicted in figure 1.2, there are just two major stages in the acetic acid synthesis. Ethanol is
first oxidized to acetaldehyde, then, the acetaldehyde, is converted to acetic acid (figure 1.1) (Chen
et al., 2015; Saichana et al., 2015). According to Hutkins (2019), there may possibly be an
intermediary stage in which acetaldehyde hydrate is produced. In this process, oxygen acts as
electron acceptor. It is worth noting that the transformation of ethanol into acetic acid proceeds on
an equimolar basis, meaning that the ultimate concentration of acetic acid will be the same as the
ethanol in the starting material once the reactions are finished (assuming negligible loss from
evaporation) (Hutkins, 2019). Just a small portion of ethanol's carbon is utilized for biomass or

transformed into other compounds (Hutkins, 2019).

Lastly, as stated above, the acetic acid route is thought to be an incomplete oxidation due to the
fact that ethanol is partly oxidized, and the acetic acid produced is not fully oxidized. While certain
acetic acid bacteria, including Gluconobacter can oxidize acetic acid, most Acetobacter species
can oxidize it only in the suitable conditions (Bekatorou, 2020). The main requirement for acetic
acid oxidation is the lack of ethanol in the media, since ethanol appears to inhibit the production
of citric acid cycle enzymes (Mas et al., 2014). According to Hutkins (2019), in real vinegar
production process, acetic acid over oxidation is unfavorable since it results in the disappearing of
the final product into the air. This is probably one of the reasons why vinegar fermentations have
traditionally been done in a semi-continuous form, some quantity of ethanol available during the

production process.
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Figure 1.1. The formation of acetic acid from ethanol by AAB (Vidra and Németh, 2017).

Acetic acid bacteria (AAB) are Gram-negative aerobics with an ellipsoidal to rod like shape
appearing in single form, in pair or in chain. Their ideal growth pH is about 5.0-6.5 and are able
to grow at pH=3-4, with the optimum growth temperature about 28-30°C (Mamlouk and Gullo,
2013; Qiu et al., 2021). AAB may be found in a variety of sugar-rich plant materials including
fruits, as well as alcohol-containing beverages such as wine, beer among others (Bekatorou, 2020;
Qiu et al., 2021; Tréek and Barja, 2015).

AAB are found in the Alphaproteobacteria class, Rhodospirillales order, and Acetobacteraceae
family (Kersters et al., 2006). There are numerous different varieties of AAB, the first of which,
Acetobacter, was suggested and characterized by Beijerinck in 1898 (Beijerinck 1898). New
genera and species have been discovered on a regular basis since the introduction of polyphasic
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categorization techniques (Cleenwerck and De Vos, 2008), and 19 genera and 92 species of AAB
have been reported to date (Qiu et al., 2021).

The family of Acetobacteraceae is divided into 19 genera and 92 species including Acetobacter
(29 species), Acidomonas (1 species), Ameyamaea (1 species), Asaia (8 species), Bombella (1
species), Commensalibacter (2 species), Endobacter (1 species), Gluconobacter (25 species),
Komagataeibacter (15 species), Kozakia (1 species), Neoasaia (1 species), Neokomagataea (2
species), Nguyenibacter (1 species), Saccharibacter (1 species), Swaminathania (1 species),
Swingsia (1 species) and Tanticharoenia (1 species) (Qiu et al., 2021).

Some of the AAB, particularly Acetobacter and Komagataeibacter, are more efficient at
converting alcohol to acetic acid than glucose. Gluconobacter, on the other hand, prefers to

oxidize carbohydrate and sugar alcohol, than ethanol (Matsushita et al., 2016).

Acetobacter and Komagataeibacter are principally responsible for the oxidation of ethanol to
acetic acid in vinegar production, since both genera exhibit good resilience to high ethanol and
acetic acid levels, which are significant features for industrial vinegar production (Taban &
Saichana, 2017).

A variety of acetic acid bacteria (AAB) species have strains that can be utilized to make vinegar.
Acetobacter genus includes species (e.g., A. aceti, A. malorum, A. pasteurianus) with strains
capable of producing about 6 to 8 percentage of acetic acid; they are primarily necessitated in the
production of vinegars with low-medium acetic acid content, conversely, Komagataeibacter genus
includes species (e.g., K. europaeus) that are responsible for the production of vinegars with high
acetic acid content (15-18 % acetic acid) (La China et al., 2018; Sengun, 2017).

Although the bioconversion of ethanol to acetic acid in the vinegar production is classified as very
efficient (approximately 90-95 percent of the stoichiometric yield) (Jiménez-Hornero et al. 2009),
various evidences point to the necessity for further improvement (La China et al., 2018).

It is worth noting that the kind of microbial culture employed in vinegar manufacturing is the main
criteria that significantly differentiates vinegar production from the most other fermented foods
and drinks (for example, sourdough for bread manufacture, dairy products, sausages, wine, and
beer) (La China et al., 2018). Particularly, based on several studies, most vinegar production is

performed at both small and large scales by mixed microbial cultures of AAB without the use of
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selected starting cultures (SSCs), and propagated by back-sloping procedure (Di Donna et al.,
2020; Gullo et al. 2014; Hidalgo et al. 2010; La China et al., 2018; Mas et al. 2014). Di Donna et
al. (2020) reported vinegar production performed via mixed AAB cultures, not only provides the
execution of procedures with minimal technology needs and investments, but also restricts the full

utilization of chosen strains' metabolic capabilities.

Table 1. 1. Physiological properties and characteristics of acetic acid bacteria (Yamada, 2016).

Property Acetobacter Gluconobacter Gluconoacetobacter
Temperature 25-30 25-30 25-30

optimum

pH optimum 5.4-6.3 5.5-6.0 5.4-6.3

Acetic acid oxidation + - +/-

Lactic acid oxidation + - +/-

Acid from glucose + + +

Ubiquinone type Qo Q1o Q1o

Factors affecting the acetous fermentation

Factors that influence vinegar production can be defined in two different categories. The primary
parameters are those related to the AAB metabolism and enzymatic activity, including pH,
temperature and oxygen supply, while the secondary parameters are those that improve the acetic
acid bacteria's metabolism activity and affect the acetification rates and the costs of the final
products, such as design of fermenter, size of the operation and startup cultures (Tesfaye et al.,
2003). The mentioned parameters influence the entire acetification process and are described in

detail below:
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Oxygen supply

Because of its solubility, oxygen is a limiting element in vinegar production, which is greatly
influenced by the bioreactor structure, oxygenation system, temperature, and the chemistry of the
substrate (Bekatorou, 2020). Acetification is a completely aerobic process in which a liter of
ethanol takes approximately 400 liters of oxygen (Tesfaye et al., 2003). Ubeda et al. (2011)
revealed only a minute delay in oxygenation can interrupt the acetification process, therefore, to
guarantee optimal acetification processes, an appropriate amount of dissolved oxygen must be
achieved and maintained, that will affect the rate and output of the fermentation, and the quality
of the final product.

Temperature

Generally, according to Bekatorou (2020), acetic acid bacteria are mesophilic with an optimal
growth temperature of 25-30 °C, therefore, in the temperatures higher than this, they are
deactivated because their key enzymes are denatured and their membranes are destroyed
which results in the loss of cellular components, increase in the toxicity of the acetic acid and
ethanol and finally, a loss of the volatile chemicals which in return, reduces both yield and quality
of the final product. Because of the variety of the current species and the impact of the
substrate composition, defining a range of temperature for these group of bacteria is challenging.
Based on a study by Ho et al. (2017b), the AAB activity, in systems without temperature control
(traditional processes), is preferred throughout the spring and summer.

The ideal operating temperature for industrial submerged systems is around 30 °C (Bekatorou,
2020). Since acetic acid fermentation is a thermodynamically advantageous aerobic process
(approximately 8.4 MJ/L of ethanol oxidized), the temperature rises during the process, resulting
in irreversible loss of AAB's metabolic activity; consequently, temperature management is
required (Gullo et al., 2014).

pH

The ideal pH value for acetic acid bacteria growth is 5.5 to 6.3 (Raspor and Goranovic, 2008).

Nevertheless, certain species may survive at lower pH values, such as in wine with a pH of 3.02
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to 3.85 or in traditional balsamic vinegar processing, in which bacterial growth has been recorded
at pH levels lower than 3 (Bekatorou, 2020; Ho et al., 2017b). The resistance of AAB to low
pH, significantly ~ dependson  several  factors, including alcohol and oxygen
concentrations, particularly, it diminishes at elevated ethanol and low oxygen levels (Gullo and
Giudici, 2008).

Production method

The employment of different processes, such as the Orléans, submerged, or generator methods,
would impact the quality of vinegars. Dabija and Hatnean (2014) reported that the Orléans
technique guarantees that the substrates are almost depleted to maximizing the ethanol and acetic
acid concentration in the ultimate product, since it takes the longest time for producing vinegar in
comparison to submerged and generator method.

1.2.3. The industrial process of vinegar production

In order to production of vinegar, an ethanolic substrate must first be created, which can be made
from several sources such as wine, cider, malt or rice mashes (Hutkins, 2019). Regardless of the
source, the ethanol substrate is generally produced with the final product (vinegar). As a result,
according to Hutkins (2019), the initial resources do not have to be of the greatest grade, however,
it does not mean that low-quality ingredients should be utilized, though, as much of the final
vinegar's taste and aroma qualities are generated from the starting material. Certainly, the vinegar

will lack these taste and aroma qualities if distilled ethanol is employed as the substrate.

The second step of vinegar production, where the ethanol substrate is converted to acetic acid, can
be accomplished in one of many ways, all of which rely on the rate of acetic acid bacteria
performing oxidative fermentation of ethanol (Lynch et al., 2019).

The open (or slow) method, the trickling generator process, and the submerged fermentation
process are three technological strategies through which the vinegar may be obtained. Hutkins
(2019) revealed that the open vat process and the trickling generator process are more generally
employed, particularly by major vinegar producers, as they can run in a continuous mode and

shorten fermentation time from weeks to days. Traditional open methods, on the other hand, can
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be done in a semi-continuous way and are still used in many areas of the globe (Hutkins, 2019).
Furthermore, the open vat method is the preferred method for superior vinegars, such as balsamic

and other wine vinegars.

1.2.3.1. Open vat process (Orléans Method)

The open vat process is based on acetic acid bacteria growing on the surface of vats, barrels, jars,
or trays (Budak et al., 2014). As it is simple to do and involves naturally occurring or wild cultures,
this was certainly the first method for producing vinegar (Lynch et al., 2019). If wine or other
ethanol-containing materials, without any protection, being exposed to the air, they will most likely
convert into vinegar. Despite the fact that there are numerous variants, barrel fermentations are
representative of the European techniques that are still used today. Lynch et al. (2019) reported
that the "Orléans" or "French" or "continuous” techniques (invented in France), is one of the
earliest techniques for producing high-quality vinegars that are being used today. It's a sluggish
and ongoing fermentation that takes place in huge oak barrels (> 200 liters) with a high
diameter/height ratio (Bekatorou, 2020).

In the open vat process, AAB grows only at the surface and its growth is followed by formation of
a polysaccharide-containing film or pellicle that synthesizes at the liquid-air interface, where the
oxygen concentration is high (result from dissolved oxygen from air entering via holes in the barrel
above the liquid's surface) and facilitate the conversion of ethanol to acetic acid (Hutkins, 2019;
Lynch etal., 2019; Ho et al., 2017b; Sengun, 2015; Rogers et al., 2013). However, this feature can
be lost on occasion, particularly if cells are cultured under non-static environments. According to
a study by Hutkins (2019), the produced film is essentially important for the success of the
fermentation, and its disruption may delay the process, as the AAB must reform it before the
fermentation continue. As a result, open vat process may take weeks to begin the fermentation and

also several months to finalize it.

In 1886, the chemical structure of the pellicle/film was recognized as cellulose, a polysaccharide
made by plants, but seldom by bacteria (Brown, 1886). In fact, various vinegar bacteria, namely
Acetobacter, Gluconacetobacter, and the recently appointed genus, Komagataeibacter, are able to
synthesize an extremely pure type of cellulose (Hutkins, 2019). As stated above, the bacteria

develop the pellicle in the first place, which is as a result of several possibilities (Hutkins, 2019).
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For instance, the film gives aerobic organisms a positioning advantage, as well as being safe from
UV light by growing just below the coating. Furthermore, the pellicle plays as protector against

predators and antibacterial agents with a large molecular weight.

In the open vat process (Orléans method), the ethanolic substrate is placed in an appropriate vessel,
and the fermentation is started either by naturally occurring acetic acid bacteria or “mother of
vinegar”, an unknown starter culture obtained from the previous vinegar fermentation (i.e.,
backslopping) (Hutkins, 2019; Lynch et al., 2019). The acetification is performed by a static
culture of AAB that grow at the interface between the liquid and air (Sengun, 2015). The aeration,
in the open vat process, is given via holes bored onto the sides of the barrel (covering with
cheesecloth). In order to assist the ethanol oxidation and to leave an air chamber, barrels are filled
to around 60-70% of their capacity and inoculated with a fresh vinegar culture, often known as
"mother of vinegar" (Hutkins, 2019; Ho et al., 2017a), while side holes allow circulation (Lynch
et al., 2019). At the bottom end, there is a tap that is used to extract the product. The culture
develops a pellicle as previously said and starts oxidizing the ethanol. Once the acetic acid
fermentation is complete, a part (between one-third and two-thirds) of the fermented vinegar can
be discharged from the tap end (Hutkins, 2019; Mas et al., 2014).

The Orléans method is often batch process, following fermentation completion, the barrel is
emptied and subsequently is replaced with substrate (e.g., fresh wine). This step is performed
without disturbing the film. However, the fermentation can be done in a semi-continuous mode, if
steps are taken to keep the surface layer intact during the addition of substrate and removal of the
product (Hutkins, 2019).

Depending on the initial composition of the substrate and alcoholic solution, the type of the
existing microorganisms, the amount of oxygen provided, and the fermentation temperature, the
procedure might last from 8-14 weeks for each full cycle (Hutkins, 2019; Dabija and Hatnean,
2014). Nowadays, vinegar producers utilize oak barrels and chosen or indigenous bacteria to make
vinegar using the Orléans method, which takes place in total darkness at a fixed temperature (21—
30°C) (Argyro Bekatorou, 2020). Vinegar is aged in wooden barrels under monitored
circumstances for a minimum of 12 months and a maximum of several years (e.g., in cellars)

(Bekatorou, 2020). However, aging process is usually reserved for high quality wine vinegars.
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Despite the fact that alternative techniques take much less time, the quality of vinegar produced
by the Orléans and equivalent barrel systems is considerably superior to that generated by faster

methods.

According to Mas et al. (2014) the substrate raw material content and its preparation, the metabolic
by-products of acetic acid bacteria during and after acetification, the substances extracted from the
wooden barrels during ageing and the chemical and physical transformations that occur during the
ageing process all contribute to the vinegar flavor. As a result, vinegars fermented by using slow
Orléans method are known for their aroma complexity (soft and fruity) and are usually regarded
as of excellent quality (Mas et al., 2014). Furthermore, the process does not require heating, which
could destroy the unique raw material aromas, and industries using this method typically do not
use preservatives or pasteurize their vinegars, both of which are common industrial techniques that
have been shown to degrade the delicate flavors of food and beverages (Bekatorou, 2020) (Figure
1.2).
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Figure 1.2. Slow ("Orléans™) vinegar making in a barrel (adapted from Bekatorou, 2020)

1.2.3.2. The Quick/ Generator Method

During the vinegar fermentation, the rate of ethanol oxidation, in other words, the ability of acetic

acid bacteria to perform the acetic acid fermentation, is dependent on the amount of oxygen present
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and accessible, as well as the amount of surface area provided by the air-liquid interface. To put it
another way, it is largely restricted by oxygen diffusion/transport from the atmosphere to the cell
surface. Hence, it is probable to dramatically speed up the ethanol oxidation by expanding the
surface area exposed to oxygen. The quick/ generator methods, also known as “Quick vinegar
processes”, are based on this discovery, which was first observed about 300 years ago by the famed
Dutch physician-chemist Hermann Boerhaave (Hutkins, 2019). The first example of the Quick
method used on an industrial scale was by German scientists in 1823, notably Johann Sebastian
Schiizenbach, and have been used for over a century (Bekatorou, 2020).

The "Generator" or "German" techniques are enhanced vinegar manufacturing procedures in terms
of speed and acetic acid output. In these systems ethanolic substrates are circulated or trickled
through cylindrical fermentation vessels, which consists of a tall wooden (oak) or steel tank filled
with materials soaked with vinegar such as curled wood shaving, wood staves, corn cobs, or stalks,
which should not contribute off-flavors or are degraded (Lynch et al., 2019) (figure 1.3). The main
role of particulate packing materials is to maximize the total surface area inside the fermenter,
particularly at the air-liquid interface, as inoculated substrate or feedstock moves around and
between them (Hutkins, 2019). Acetic acid bacteria will then grow at the air-liquid interface, on
the surface of the packing materials. Therefore, the ethanol concentration drops, and the acetic

acid concentration rises during the passage of substrate from top to bottom (Hutkins, 2019).
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Figure 1.3. Types of quick vinegar making vats with wood shavings (adapted from Bekatorou,
2020)
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The main difference to Orléans method, in the production technique, is that in the quick
fermentation the forced aeration is provided either via holes in the sidewalls or through the
ventilated bottom of the generator, which also acts as a support for the particles (figure 1.2)
(Bekatorou, 2020). When the liquid outflow reaches the bottom part (the collecting chamber), it
can be recirculated to the top until it is acidic enough to be termed vinegar. A second tank, on the
other hand, can be utilized to boost the oxidation rate and product production. The inoculated mash
ferments initially in Tank 1, then is transferred back and forth between Tanks 1 and 2 with aeration
until all the ethanol has been converted to vinegar. At the optimal temperature range of 27-30°C,
full acetification takes around 3-7 days (Bekatorou, 2020; Hutkins, 2019). Released heat from
oxidation can injure microorganisms, so it's important to keep the generator's temperature under
control. Approximately two third of the generated vinegar is then taken from the bottom of the
generator and replaced with wine in an equal proportion (Bekatorou, 2020).

These techniques generate greater acetic acid concentrations (up to 14 %) at higher rates, and the
end products, which are usually regarded to be of acceptable quality, are obtained by appropriate
water dilutions. The main strength of quick method compared to the traditional Orléans methods
is that it requires less installation area and has less capital and operating costs. Conversely,
evaporation may result in significant yield losses. Another issue is the need to refill the wood

shavings on a yearly basis (Argyro Bekatorou, 2020).

1.2.3.3. The Modern Rapid Submerged Methods

As early as the mid-1950s, the rapid submerged acetification methods have been utilized in
industrial production of vinegar (Argyro Bekatorou, 2020; Tesfay et al., 2002). While submerged
fermentation systems are now widely applied for several non-foods industrial fermentation
processes, they were invented by the vinegar business more than fifty years ago. Hutkins (2019)
revealed that the Acetator (also known as the Frings fermenter), Cavitator, Bubble fermenter, as
well as other similar elements are made of stainless steel, are easy to wash and sterilize, and may
work in batch, semi-continuous, or continuous mode. The most successful and widely used
submerged culture system is the Acetator, which is manufactured and sold by Heinrich Frings
GmbH & Co. (Bonn, Germany) (Lynch et al., 2019). Today, submerged fermentation methods are

used to make the vast majority of vinegar produced around the world (Hutkins, 2019).

36



Fast and effective aeration is the most significant concept of the submerged fermentation systems
(Lynch etal., 2019). These methods involve forceful supply of air into an alcoholic mash contained

in a suitable acetator tank, followed by acetification at about 26-30 °C (Tan, 2005).

According to Hutkins (2019), in addition to the aeration system, process controls for propellor
speed (up to 1750 rpm), nutrient feed, foam-handling, and temperature further provide for
consistent, continuous operation. since ethanol oxidation is an exothermic reaction in which heat
is released, temperature control may be important, notably in large-scale fermentations. They also
revealed that the medium temperature, unless monitored, can rise from an ideal range of 28-30 °C

to as high as 33 °C, which may lead fermentation output to drop dramatically (Hutkins, 2019).

Generally, the initial material consists of both ethanol and acetic acid (from a previous
fermentation). Hutkins (2019) revealed that the ethanol concentration will drop from
approximately 5% to < 0.5%, during a single cycle of 16-24 hours, while the acetic acid level will
rise from around 7% to 12%. Each batch is finished with roughly a third of the fermented liquid
being drained away, and the tank is refilled with fresh ethanol feedstock to initiate the process for
a second acetification batch. During a normal fermentation cycle, cell development is very slow,
with only a single doubling of the starting population (Hutkins, 2019). The acetators are huge
stainless-steel tanks with air pumps at the base that deliver air to the tank (figure 1.4). The acetators
are generally equipped with nutrient input, heating, and tracking tools. After each outflow, the
generated vinegar can be fed through a sequence of clarification, filtration, stabilization, and
packaging machines (Bekatorou, 2020).

The main differences between the current rapid submerged procedures and the traditional method,
are the process's speed (vinegar production in 24-hour cycles) and high acidity (acetic acid levels
of around 23-25 %, as opposed to 6-13 % with typical methods) (Lynch et al., 2019). Higher
acidity reduces water moves, which, as a result, makes transportation more economical. The

greater the ultimate acidity desired, the more precise process control is needed (Frings, 2018).

During the manufacturing of industrial vinegar, the key variable that must be regulated is the
amount of alcohol present (Bekatorou, 2020). As a result, alcohol monitoring systems are critical
components of modern commercial submerged vinegar manufacturing processes, determining

fermentation rates and discharge times. According to Bekatorou (2020), submerged systems are
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more suitable for high-strength processes (>17 percent acidity) which require continuous overview

and ensure process control.

Programmable logic control systems (PLCs) are now the main process control systems, assessing
all data collected by monitoring systems to guarantee cost-effective production, low product
failure, and great quality. As a last point, many acetators situated anywhere in the globe can be

linked to one central control room for communication (Frings, 2018).
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Figure 1.4. A modern submerged fermentation acetator (based on the Frings technology)
(adapted from Bekatorou, 2020).

1.2.4. Vinegar quality

Since vinegars are not necessarily created from wine and can be made from grape, beer and apple

cider, it is necessary to characterize different parameters for quality and classification. First of all,
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since each nation has different rules or legislation regarding vinegar, there are numerous analysis

criteria that may be used to describe a vinegar.

Hutkins (2019) revealed that, unlike other fermented foods, which their originality is rarely
questioned, vinegar may be tampered, either with cheaper vinegar or with other acidic substances.
Adulteration can also be caused by even more dubious methods. As instance, chemically
synthesized acetic acid could be diluted and fraudulently sold as fermentation derived vinegar
(Hutkins, 2019). As a result, the initial quality criterion is focused on confirming that the vinegar
is vinegar (rather than diluted acetic acid) and that the kind of vinegar listed on the package
correctly reflects what is in the product. Accomplishing this criterion, on the other hand, is a

difficult task that necessitates extensive testing.

Acidity, residual alcohol and the acetic acid/ethanol ratios are the most frequent and conventional
analytic criteria used to characterize vinegars (Solieri and Giudici, 2009). Nevertheless, the overall
acidity level of vinegar differs from one vinegar to other, and from one region to the other. As a
result, the Food and Drug Administration (FDA) mandates that any product labeled vinegar, should
contain at least 4% of acid. Because the acid content of the products varies depending on several
factors, the defined limitations for acidity and residual ethanol concentration in the European
Union are closely enforced. As a result, wine vinegar's acidity (acetification produced purely from
wine) must be at least 6% (w/v), with a maximum residual ethanol of 1.5% (v/v) (Mas et al., 2014;
Ji-Yong et al., 2013). The amount of acetic acid and ethanol produced varies, as stated above,
depending on the raw materials utilized, the microorganisms used in the fermentation, and the
technique employed (Argyro Bekatorou, 2020). However, they differ widely depending on the

vinegar type, so the acidity level isn't truly a quality indicator.

Generally, the nutritional value, safety, and sensory characteristics of food are the factors that
determine its quality. However, since vinegar is mostly used as a condiment, sensory qualities play
an important role in determining its quality, and the sensory quality of vinegar is chiefly affected

by its aroma and flavor (Argyro Bekatorou, 2020).

The acetic acid fermentation process is primarily responsible for vinegar's distinct flavor and
aroma (Ho et al., 2017a). The raw ethanolic substance from which vinegar is produced has a
significant impact on its flavor; it contains a variety of quality-related components, such as volatile

aromatic compounds and polyphenols (Argyro Bekatorou, 2020; Ozturk et al., 2015). Hutkins
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(2019) conducted those other alcohols and aldehydes are oxidized by alcohol dehydrogenase and
aldehyde dehydrogenase enzymes, which oxidize ethanol and acetaldehyde, respectively. If these
substrates are present in the must, mash, or other starting material, a wide range of acidic and
nonacidic final products can be generated. Formic, propionic, and butyric acids, as well as glycerol,
are among these compounds. Diacetyl, acetoin, and ethyl acetate are some of the other volatile
chemicals present in vinegar (Hutkins, 2019). Ozturk et al. (2015) claimed that organic acids,
volatile compounds and other fermentation products are notably effective on the product's
organoleptic characteristics (color, flavor, and astringency) along with its beneficial aspects.

Undoubtedly, the variety of bacteria engaged in acetification has been shown to have an impact on
the vinegar's ultimate composition (Tesfaye et al., 2002b). Additionally, the acetification method
applied for vinegar manufacturing has a significant impact on the final aroma quality (Argyro
Bekatorou, 2020).

Ageing in wood contributes to the increase in the aroma complexity of vinegars, and it also affects
the vinegar color, which are both important aspects for costumers to evaluate the quality of a food
product (Argyro Bekatorou, 2020). The time and type of ageing (in various types of woods) are
other causes of variations and significantly influence vinegar quality (Callejon et al., 2010; Rios-
Reina et al., 2017).

Eventually, despite vinegar type, the existence of extracts, sugars, colors, artificial colors, or
preservatives in a vinegar should also be taken into account with respect to the quality, since their
existence can commonly be evident of a lower-quality vinegar (Bekatorou, 2020).

Also, several research focus on the categorization and authentication of vinegars, which is
particularly important for the brand protection of high-quality PDO (Protected Designation of
Origin) vinegars and the anti-adulteration and anti-competitive practices (Rios-Reina et al., 2017
& 2018). For this aim, spectroscopic and chemometric technologies, as well as their combinations,

are provided.

1.2.5. Bioactivities and Health Benefits of Vinegar

Vinegar has traditionally been used for its health advantages, which are scientifically verified. The

antioxidative, antibacterial, anticancer, anti-obesity, antihypertensive, and cholesterol-regulating
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properties of vinegar are due to the presence of bioactive components such as acetic acid, gallic
acid, catechin, epicatechin, chlorogenic acid, caffeic acid, p-coumaric acid, and ferulic acid (Budak
etal., 2014).

Mas et al. (2014) reported that rather of preventing disease, several bioactive components have

been found to be able to affect the risk of disease.

The phrase "food bioactive component™ refers to non-essential biomolecules that are found in
foods and have the capacity to influence one or more metabolic processes, resulting in the
promotion of improved health, according to an entry in the Encyclopedia of Food and Culture
(Katz and Weaver, 2003).

Bioactive compounds, similarly to the preceding definition, are:

e According to Nahler (2013), extra-nutritional or non-nutritional compounds of food that
can have beneficial health effects; Generally, this excludes the vital nutrients.

e Additional nutritional components that are found in low quantities in foods. They are
intensively researched in order to determine their health impacts (Kris-Etherton et al.,
2002).

e Non-essential natural substances found in, or produced from, plants, animals, or marine
sources that are capable to alter biochemical, physiological, and metabolic processes in the
human body while providing benefits beyond fundamental nutritional capabilities
(Biesalski et al., 2009; Liu, 2003).

e Gryetal. (2007) revealed that, non-nutritive components of food plants that promote health

benefits and/or have damaging effects when consumed.

Yahia (2017), suggested that bioactive compounds are non-essential (non-nutritional), since one
substance (or molecule) cannot have two physiological roles in the same organism; one nutritional
(energetic metabolism and development) and the other bioactive. This suggestion attempts to
differentiate between two processes: one that necessitates the degradation of the compound or
molecule in order to release the energy required for the organism's functioning and development,
and the other that demands the interaction of the compound (or molecule) in its environment with

one or more living substances (Guaadaoui et al., 2014). Thus, bioactive compounds are classified
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as substances that are able to interact with one or more components of live tissue, possibly causing

a wide range of consequences (Guaadaoui, 2014).

Polyphenols are the most common bioactive compounds found in in plant-based foods like fruits,
vegetables, cereals, chocolate, herbs, dry legumes, and beverages such as fruit juices, tea, coffee,
and vinegar, making them a great supplier of bioactive compounds in the diet (Denny and Bulttriss,
2007; Yahia, 2017).

Polyphenols, chemically, are a large heterogeneous group of bioactive compounds marked by
hydroxylated phenyl moieties. Based on the number of phenol rings present in their structure, as
well as the binding elements between phenolic rings, these bioactive compounds can be classified
into different groups, including flavonoids (e.g., catechin, quercetin, epicatechin), phenolic acids
(e.g., ogallic, ferulic, ellagic), stilbenes (e.g., resveratrol), and lignans (e.g., pinoresinol,
podophyllotoxin, steganacin) (Scalbert et al., 2005).

Due to polyphenols health benefits in humans after absorption, such as the avoidance of
cardiovascular illnesses and cancer (Scalbert et al., 2005), they have sparked a lot of attention.
Antioxidant, anti-inflammatory, and anticarcinogenic qualities are credited with these health
benefits (Daglia, 2012; Yahia, 2010).

Polyphenolic compounds, in addition to their health benefits, are also responsible for the color and

astringency of vinegar, have sparked a lot of attention in this regard (Mas et al., 2014).

Furthermore, vinegar comprises polyphenols, which have been proved to protect against lipid
peroxidation, hypertension, hyperlipidemia, inflammation, DNA damage, and cancer (Chou et al.,
2015; Osada et al., 2006; Pandey and Rizvi, 2009; Prior and Cao, 2000). Although acetic acid is
the major ingredient, vinegars also include a variety of bioactive components that, depending on
the raw materials and production processes employed, can have a variety of impacts on human
health (Bekatorou, 2020).

Vinegar is commonly used as an acidic condiment, to pickle fruits and vegetables, and to make
mayonnaise, salad dressings, and other food flavors. Furthermore, vinegars have long been
employed as a food preservative due to their capacity to inhibit microbial growth (Saha and
Banerjee, 2013; Tan, 2005).
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According to Fushimi et al. (2006), taking 0.3% of dietary acetic acid may help lower cholesterol
and triglyceride levels in the blood. It was shown that acetic acid bacteria generate alkali-stable
lipids (ASL), which have a substantial effect on boosting cognitive capacity because they include
extremely pure free dihydroceramide, a precursor to several sphingolipids, including the

neurotransmitter gangliosides (Fukami et al. 2010).

1.3.0ODbjectives

The overall objective of this work was to study the characteristics of four different fruit vinegars
(Fig enxario, Fig, Sweet potato and Grape) from Algarve. This work also aimed to valorize non-
marketed fruits. The specific objectives of the study were identified as:

1. To evaluate the physico-chemical properties (pH, Total acidity, °Brix) of the vinegars

2. To determine the bioactive properties of the vinegars (namely, Fig enxario vinegar, Fig vinegar,

Sweet potato vinegar and Grape vinegar)
3. To measure the color parameters (L*, a* and b*) of the vinegars

4. To evaluate the microbial quality of the vinegars through the enumeration of total microbial

counts, lactic-acid bacteria, acetic-acid bacteria and filamentous fungi and fermentative yeasts

5. To assess the antimicrobial activity of the vinegars on different microorganisms (Gram-positive
(Staphylococcus aureus ATCC 25923, Listeria innocua ATCC 33090, Staphylococcus
epidermidis ATCC 12228 and Bacillus cereus ATCC 10876) and Gram-negative (Cronobacter
sakazakii ATCC 29544, Salmonella enterica Typhimurium ATCC 14028, Escherichia coli ATCC
25922 and Pseudomonas aeruginosa ATCC 27853) bacteria and yeasts (Candida albicans ATCC
10231, Candida albicans ATCC 90028, Cryptococcus neoformans YPO 186, Saccharomyces
cerevisiae PYCC 3507, Pichia membranifaciens PYCC 2489, Zygosaccharomyces bailii PYCC
4806 and Debaryomyces hansenii PYCC 2968)).
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2. Materials and methods
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2.1.Sample collection

Four different vinegar samples were collected (in sextuple) from a vinegar production factory,
Fateixa, located in Algarve, Portugal. The vinegars are commercialized in bottles of 250 ml. These
vinegar samples consisted of Fig enxario vinegar, Fig vinegar, Sweet potato vinegar and Grape
vinegar with acetic acid concentrations of 4.8%, 5.8%, 6.4% and 6.5%, respectively (figure 2.1).

Figure 2.1. Commercialized vinegar samples used in this study

2.2. Physico-chemical characterization

2.2.1. pH measurement
The pH measurement was taken using a pH-Meter (Crison, Model Basic 20, Barcelona, Spain)
with a glass electrode (with an automatic paired temperature reading) calibrated with buffer

solutions to pH 4.0 and 7.0 (figure 2.2). Measurements were taken in duplicate and mean values
were reported (Akbas & Cabaroglu, 2010; Ozturk et al., 2015; Bakir et al., 2017).
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Figure 2.2. pH-Meter (Crison, Model Basic 20, Barcelona, Spain)

2.2.2. Acetic acid measurement

Titratable acidity (TA) was determined as ml of 0.1 M sodium hydroxide (NaOH) (Rhéne-Poulenc,
Paris, France) used to obtain a pink color endpoint in the presence of Phenolphthalein 2% (Merck,
Germany) (figure 2.3). Acetic acid is the major organic acid in vinegar. The titration acidity as

percent was calculated using the following equations (eg. 1 and eq. 2): (Bakir et al., 2017)

Vo X M X60

Acidity index (g/L) = (equation 1)

1

% acidity = #’};xlo (equation 2)

where V1 is the volume of the vinegar sample, V- is the volume of the NaOH spent on sample
titration and M is the molarity of the titrant solution. Experiments were conducted in triplicate and

mean values were reported.
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Figure 2.3. Endpoint color in acetic acid measurement using titration method

2.2.3. Determination of total soluble solids (°Brix)

Brix values of the vinegars were measured using Abbe refractometer (Atago, 1T, Japan) (figure
2.4) calibrated with distilled water. The values were expressed as °Brix (Akbas & Cabaroglu, 2010;

Ozturk et al., 2015). Measurements were taken in duplicate and mean values were reported.

2.2.4. Color measurement

Color values of the vinegars were measured using a handheld colorimeter and color was
represented by the L* a* b* color notation. This is a 3-D color presentation method in which L*
is the lightness of color and equal to O for black and 100 for white, a* is the amount of red (0 to
60) or green (0 to -60) whereas b* is the amount of yellow (0 to 60) or blue (0 to -60)
(Mallikarjunan and Mittal, 1994). The equipment was first calibrated with a white pad and black
background. Samples were presented on sample holder. Means of five measurements were taken
at different portions of the sample were recorded.
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Figure 2.4. Abbe refractometer (Atago, 1T, Japan)

2.2.5. Determination of total phenolic content (TPC)

The total content of the phenolic compounds was analyzed by applying the Folin—Ciocalteu
method (Zou et al. 2014) with some modifications and using gallic acid 98% (Acros Organics,
Geel, Belgium) as the standards (0.00, 0.05, 0.10, 0.15, 0.20, 0.25, 0.30 mg/ml of gallic acid). A

standard calibration curve was obtained (equation 3).

In brief, the appropriate dilution of vinegar (0.2 ml) was combined with the 1 ml of 0.2 N Folin—
Ciocalteu reagent (Merck, Germany). Then, 0.8 milliliter of 7.5% (m/v) sodium carbonate were
added to the mixture and after the proper shaking, the solution was allowed to stand at room
temperature in the dark for 30 minutes. The absorbance of the solution at 765 nm was measured
with a spectrophotometer (Spectronic GENESYS 10) (figure 2.5) and the result were expressed in
mg of gallic acid equivalent (GAE) per milliliter (mg GAE/mI).

The total content of the phenolic compounds was calculated using the following equation 3 based

on the calibration curve:
A=76752C+0.0189 R?=0.9937 (Equation 3)

where A is the absorbance and C is the total phenolic content in mg/ml. Experiments were

conducted in duplicate and mean values were reported.
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2.2.6. Determination of total flavonoid content (TFC)

Total flavonoid content was determined according to Dewanto et al. (2002). Briefly, 1 ml of the
vinegar sample was added to 4 ml of distilled water in a test tube followed by addition of 0.3 ml
of a 5% NaNO2 solution and vigorously mixed with vortex. The mixture was kept in the dark at
room temperature. After 5 min, 0.3 ml of a 2% Aluminum chloride (AICI3) (Riedel-de Haén,

Germany) was added, shaken using vortex, and allowed to stand for 6 minutes in the dark.

After, 2 ml of 1 M NaOH (Riedel-de Haén, Germany) was added followed by the addition of 2.4
ml of distilled water and mixed well. The absorbance was measured immediately against the blank
at 510 nm wavelength using a spectrophotometer (Spectronic GENESYS 10) (figure 2.5) in
comparison with the standards prepared similarly with (+)-catechin (Sigma-Aldrich, United
States) concentrations of 0, 10, 50, 100, 200, 300, 400 and 500 mg/ml. The flavonoid content was
calculated using the following linear equation based on the calibration curve (equation 4):

A =0.0022 C + 0.0079 R? = 0.9905 (Equation 4)

where A is the absorbance and C is the flavonoid content in mg/ml. Total flavonoid contents of
vinegar samples were expressed as milligrams of catechin equivalents per milliliter of vinegar (mg
catechin/ml). Experiments were conducted in duplicate, and values were reported as mean and *
SD.

2.2.7. Determination of antioxidant capacity (TAC)

The antioxidant activity of the vinegars, based on the scavenging activity of the stable 1,1-
diphenyl-2- picrylhydrazyl (DPPH) free radical, was determined by the method described by Braca
et al. (2001). The vinegar samples (0.1 ml) were mixed with 5 ml of a 0.1 mM DPPH (Sigma-
Aldrich, United States) solution in test tubes vigorously mixed with vortex. Methanol (0.1 ml) in
place of the vinegar sample was used as control. Following the incubation for 13 minutes, in the
bath at 27°C in the absence of light, absorbance values were measured at 515nm wavelength,

against methanol (MeOH), using a spectrophotometer (Spectronic GENESYS 10) (figure 2.5).
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Figure 2.5. Spectrophotometer (Spectronic GENESYS 10)

Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) (Ci4sH1804) (Sigma-Aldrich,
United States) with the concertation of 0.08, 0.10, 0.15, 0.20, 0.25, 0.30, 0.35 and 0.40 mg/ml, was
used for generating a standard curve. The total antioxidant capacity of the vinegar samples was

calculated using the equation 5 based on the calibration curve:
A= —0.4504 C 4+ 0.5635 R? = 0.9948 (Equation 5)

where A is the absorbance and C is the total antioxidant capacity in mg/ml. The antioxidant activity
of the vinegar samples was expressed as mg of Trolox equivalents per milliliter (mg TE/ml).

Experiments were conducted in triplicates and mean values were reported as mean and + SD.

2.3. Microbiological characterization

2.3.1. Microbial quality evaluation

The microbial quality assessment of the vinegars was performed through the study of the following
parameters: mesophilic aerobic microorganisms, lactic acid bacteria, filamentous fungi,
fermentative yeasts and acetic acid bacteria.
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2.3.1.1. Dilution preparation

In this regard, three samples (bottles) of each vinegar were mixed properly to obtain a
homogenized solution and consequently, different dilutions of the vinegar were prepared.
Afterwards, 10 ml of each vinegar was pipetted into 90 ml (1:10 dilution) of sterile Ringer solution
(Oxoid, U.K.) in a sterilized flask. The mixtures were homogenized with a vortex mixer (VWR,

U.S.A.). Subsequently, two more dilution steps were performed (102 and 107).

2.3.1.2. Enumeration of mesophilic aerobic microorganisms

To enumerate the total mesophilic aerobic microorganisms the medium “Plate Count Agar” (PCA,
Scharlau, Spain) was prepared according to the manufacturer’s instructions in two separate flasks.
The pH values of the media were adjusted to 5.5 and then they were autoclaved at 121 °C for 15
minutes. In the next step, 15-20 ml of the media was poured into each plate and then were allowed
to solidify. Next, 0.2 ml of each vinegar and its serial dilutions were inoculated on the plates with
PCA and were spread evenly across the entire surface of the solid media. Each vinegar/dilution
were analyzed in duplicate. Thereafter, the plates were incubated at 30 °C for 72-96 hours. Colony
counting was performed after the incubation period. The results obtained were expressed in
CFU/ml. The counting of mesophilic aerobic microorganisms was performed according to the ISO
4833-1 (2013), with some modifications.

2.3.1.3. Enumeration of total viable acetic acid bacteria (AAB)

In order to enumerate the total viable acetic acid bacteria (AAB) present in the vinegars, “AAB-

selective agar” (ABS) was used (Kim et al., 2019).

ABS was prepared as described by Kim et al. (2019). The ingredients D-(+) Glucose 50 g
(Scharlau, Spain), yeast extract 10 g (BIOKAR Diagnostics, Adana, Turkey), bromophenol blue
20 mg (BDH, Dubai, United Arab Emirates), and bacteriological agar 20 g were dissolved in 950
ml of distilled water and autoclaved at 121 °C for 15 min. After cooling in a water bath at 50 °C
(figure 2.6.), 1 ml of glacial acetic acid, 50 ml of ethanol 96% v/v (Panreac, Spain) were added to
the media. The pH of the media was adjusted to 4.8 at 25 °C. After thorough mixing, 15-20 ml of

the media was poured into each plate.
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After the solidification of the medium, 0.2 ml of each vinegar and its serial dilutions were
inoculated on the surface of the plates with ABS and were spread evenly over the entire surface of
the media. Each vinegar/dilution were analyzed in duplicate. The prepared plates were incubated
at 30 °C for 72-96 hours. AAB colonies can be easily observed and differentiated on ABS as they
form green colonies with yellow halos surrounding them (Kim et al., 2019). Bromophenol blue, a
pH indicator, is crucial for the development of the green-to-yellow colony color induced by acid-
producing microorganisms (Flores, 1978). Followingly, colony counts were performed 72-96
hours after the inoculation. The results obtained were expressed in CFU/ml.

2.3.1.4. Enumeration of Lactic acid bacteria (LAB)

Experiments were conducted to enumerate the Lactic acid bacteria (LAB) (microaerophilic
microorganisms) using “Man Rogosa and Sharpe Agar” (MRS, Scharlau, Spain). In this regard,
the MRS media was prepared, according to the manufacturer’s instructions, and after the
autoclaving at 121 °C for 15 minutes, the media was allowed to cool in a water bath at 50 °C.
Afterwards, 1 ml of each vinegar and its decimal dilutions (in duplicates) were pipetted and
transferred into the empty plates and then, the previously prepared MRS was added to the plates.
Plates were allowed to get solid and thereafter, a second layer of the MRS was added on the
previous layer. After the solidification of the second layer, the plates were incubated at 30 °C for
3-4 days. Colony counts were performed 72-96 hours after the incubation. The results obtained
were expressed in CFU/ml. The counting of lactic acid bacteria was performed according to the
ISO 15214, British Standard (1998).

2.3.1.5. Enumeration of fungi

With the aim of filamentous fungi enumeration, “Dichloran Rose Bengal Chloramphenicol” media
(DRBC, Scharlau, Spain) was prepared, according to the manufacturer’s instructions, and
autoclaved at 121 °C for 15 minutes. Then, the medium was dispensed into the plates. After the
solidification, 0.2 ml of each vinegar and its serial dilutions were inoculated on the plates and were

spread evenly on the surface of the media. Each vinegar/dilution were analyzed in duplicate. The
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plates were incubated at 25 °C for 5 days. The counting of filamentous fungi was performed
according to the ISO 21527-1 (2008).

Figure 2.6. Cooling down the autoclaved media in water bath with temperature adjustment at 50
°C.

2.3.1.6. Enumeration of yeasts

The enumeration of fermentative yeasts was performed in “Malt Extract Agar” (MEA, Scharlau,
Spain) (Santo et al., 2012) which was prepared, according to the manufacturer’s instructions, and
after the autoclaving at 121 °C for 15 minutes. The pH of the medium was adjusted to 5.5 at 25 °
C. The plates were inoculated by surface plate technique as described previously. Each
sample/dilution were analyzed in duplicate. Finally, the plates were incubated at 25 °C for 5 days.
Colony counts were performed on the 3" and 5" days after the incubation. The results obtained

were expressed in CFU/ml.
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2.3.2. Antimicrobial activity

The antimicrobial activity of vinegars was evaluated using the Kirby-Bauer method, also known
as agar disc diffusion, according to the antimicrobial susceptibility testing EUCAST disk diffusion
method, described by the European Committee on Antimicrobial Susceptibility Testing
(EUCAST) with slight modifications (EUCAST, 2020).

2.3.2.1. Microbial sample collection

The antimicrobial properties of the vinegars (Fig enxario vinegar, Fig vinegar, Sweet potato
vinegar and Grape vinegar with acetic acid concentrations of 4.8%, 5.8%, 6.4% and 6.5%,
respectively) were evaluated against 15 microorganisms (Gram-positive bacteria including
Staphylococcus aureus ATCC 25923, Listeria innocua ATCC 33090, Staphylococcus epidermidis
ATCC 12228 and Bacillus cereus ATCC 10876 and Gram-negative bacteria including
Cronobacter sakazakii ATCC 29544, Salmonella enterica Typhimurium ATCC 14028,
Escherichia coli ATCC 25922 and Pseudomonas aeruginosa ATCC 27853, and fungi strains
including Candida albicans ATCC 10231, Candida albicans ATCC 90028, Cryptococcus
neoformans YPO 186, Saccharomyces cerevisiae PYCC 3507, Pichia membranifaciens PYCC
2489, Zygosaccharomyces bailii PYCC 4806 and Debaryomyces hansenii PYCC 2968).

2.3.2.2. Antimicrobial activity assessment experiments

Bacterial samples were cultivated on plates with Mueller Hinton agar (MHA, Himedia) and yeasts
were cultivated on YM (YM Agar, Himedia) or MHA supplemented with 2% glucose (w/v) in the
case of the yeasts of the species Candida albicans. Plates were incubated at 30 °C for 24 h (for
bacteria) and 48 h (for yeasts). Thereafter, microorganism suspensions were prepared individually
by emulsifying an appropriate number of the colonies into the 5 ml of sterile saline solution (NaCl
0.85%) and adjusting their turbidity to the McFarland scale 0.5 [~108 colony forming units (CFU)
per ml] turbidity standard.

The effect of the antimicrobial activity of the vinegars was evaluated on Mueller Hinton agar
(MHA, Himedia) for bacterial tests and on YM medium (YM Agar, Himedia) for yeasts

experiments. In the experiments conducted with Candida albicans ATCC 10231 and Candida
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albicans ATCC 90028, the strains were cultured in Mueller Hinton agar (MHA, Himedia)
supplemented with 2% glucose (w/v). The pH of the all the media used in these experiments was
adjusted to 5.5. Using sterile swabs, the bacteria and yeast suspensions were inoculated on the
surface of the media in order to obtain a confluent and even microbial growth across the entire
plate surfaces. Then, the inoculated plates were allowed to dry for 5 minutes. Subsequently, sterile
filter paper blank discs (6 mm in diameter, Liofilchem, Italy), were placed onto the surface of the

agar plates previously inoculated with the microorganisms’ standard suspensions to be tested.

Each disc was impregnated with 20 pL of the vinegars. As negative control 20 pL of 0.85% saline

solution was used in a disc.

Positive controls in this study for bacterial assessments were Ampicillin (10 pg, Oxoid, United
Kingdom), Penicillin G (10 IU/disc, Liofilchem, Italy), Chloramphenicol (30 pg/disc, Liofilchem,
Italy) and Erythromycin (15 pg/disc, Liofilchem, Italy). In the case of yeasts, positive controls
were Fluconazole (25 pg/disc, Liofilchem, Italy), Amphotericin B (10 pg/disc, Liofilchem, Italy)
and Nystatin (100 1U/disc, Liofilchem, Italy). The discs impregnated with the antibacterial and

antifungal agents were placed on the plates inoculated with the suspension of each bacteria/yeast.

Finally, all the plates were incubated at 30 °C for 24 h for bacterial tests and 48 h for tests with
yeasts. Afterwards, the plates were examined for the presence of zones of inhibition of microbial
growth and the diameters of the clear zones (halos) were measured in mm and recorded as the

mean + standard deviation (SD). Each assay in this experiment was replicated three times.

2.4. Statistical analysis

Data were examined by univariate analysis and the differences among the means were compared
by Tukey's multiple comparison test, at significance level of p < 0.05, using the SPSS software for
Windows Version 28. All data obtained in the study were as mean value + standard deviation
(S.D.).
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3. Results and discussions
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3.1.Physico-chemical analysis

3.1.1. Physico-chemical properties

Different physico-chemical properties of the four different fruit vinegar samples (Fig enxario, Fig,
Sweet potato and Grape) were analyzed throughout this work and are shown in table 3.1. As
depicted in table 3.1, pH levels of the studied vinegars ranged from 2.83 to 3.49, while the Fig
vinegar had the highest level. Also, as can be seen, no significant difference was observed between
Fig enxario vinegar and Fig vinegar in term of pH level. According to Bakir et al. (2017), the pH
of various fruit vinegars ranges from 2.8 to 3.9. Ozturk et al. (2015) also investigated the pH of

several fruit vinegars and observed pH values ranging from 2.63 to 3.9.

Total acidity levels of the vinegar samples used in this study were measured and are presented in
table 3.1. As a result of this study, titratable acidity of the vinegar samples was determined between
4.84% and 6.75% acetic acid and significant differences were found among the vinegar samples
in terms of total acidity level (p < 0.05). In the European Union (OJEU, 2015), vinegars should
have at least 4% acetic acid (w/v). The current study's findings verified that the acidity of vinegar

samples is within acceptable limits (table 3.1).

Moreover, brix values of the vinegar samples were analyzed (table 3.1). In this study, brix values
of the samples varied from 4.80 to 11.20. The lowest value of total soluble solids (°Brix) was found
in Grape vinegar (4.80) while the highest value was in Fig vinegar (11.20) (p <0.05). Budak (2015)
and Ozturk et al. (2015) reported that this characteristic of the fruit vinegars studied varied from
1.02 to 20.80.

3.1.2. Bioactive properties

Bioactive properties, namely total phenolic content (TPC), total flavonoid contents (TFC) and
DPPH radical scavenging activities of four different vinegar samples (Fig enxario, Fig, Sweet
potato and Grape) were determined by spectrophotometric methods (table 3.2). Total phenolic
contents of the vinegars ranged from 0.35 gallic acid equivalent (GAE)/ml to 2.03 mg GAE/ml,
while the highest value was found in the Fig vinegar and the lowest value was found in the Sweet
potato vinegar.

57


https://link.springer.com/article/10.1007/s12161-019-01697-z#ref-CR19

Table 3. 1 Physicochemical properties of vinegar samples from Algarve region.

Vinegar pH Total acidity °Brix
samples (Yoacetic

acid(w/v))
Fig enxario 3.46 +0.00° 4.84 +0.07¢ 8.40 + 0.57°
Fig 3.49 +0.04? 5.74 £ 0.21° 11.20 + 0.282
Sweet potato 2.91+0.00° 6.39 + 0.08° 5.25 + 0.35°
Grape 2.83+0.01¢ 6.75 + 0.16° 4.80 +0.28°

The values are given as mean * standard deviation of triplicate determinations. Different superscripts

within the same column are significantly different (p < 0.05).

The bioactive properties of vinegars may vary in a wide range depending on the type of raw
material. According to table 3.2, there was significant difference in the levels of TPC among the
four different vinegars of this study (p < 0.05). Kelebek et al. (2017) reported that the substrate
selection in the vinegar production process is an important parameter to consider the final phenolic

content of fruit vinegars.

Total flavonoid contents (TFC) of the vinegar samples were obtained in the range of 93.68-357.31
mg catechin/ml (table 3.2). As presented in table 2, there is no significant difference in the TFC of
two groups of vinegars, namely, vinegars of Fig enxario and Sweet potato, and vinegars of Fig and
Grape. Among the vinegar samples, the Grape vinegar and Fig enxario vinegar exhibited the

highest and the lowest TFC levels, respectively.

The antioxidant activity of the vinegars was determined based on the scavenging activity of the
stable 1,1-diphenyl-2- picrylhydrazyl (DPPH) free radical. As it is shown in table 3.2, antioxidant
activities of the vinegar samples varied from 0.05 mg TE/ml to 0.39 mg TE/ml, while the Grape
vinegar had the highest value. Table 3.2 shows that there is no significant difference among

vinegars (p < 0.05), apart from Fig vinegar and Sweet potato vinegar.
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Table 3. 2. Bioactive properties of vinegar samples from Algarve region.

Vinegar Total phenolic Total flavonoid Antioxidant

samples contents (mg contents (mg activity
GAE/ml) catechin/ml) (DPPH, mg

TE/ml)

Fig 0.63 +0.01? 93.68 +5.78 0.28 +0.01°

enxario

Fig 2.03+0.17° 315.27 £ 6.742 0.05 + 0.05°

Sweet 0.35+0.01° 102.31 +5.78 0.12 +0.03°

potato

Grape 1.12 +0.23¢ 357.31 + 38.562 0.39 +0.02?

The values are given as mean * standard deviation of triplicate determinations. Different superscripts

within the same column are significantly different (p < 0.05).

3.1.3.Color parameters

The color of a food product is the first quality parameter evaluated by the consumer, so it is
important to study the effect that food processing has on this characteristic (Lopez et al., 2005). In
this study color properties of four different vinegars (Fig enxario, Fig, Sweet potato and Grape)
(figure 2.1) were evaluated through the parameters of lightness (L*) ranged from 0 to 100, where
0 was considered as completely opaque and 100 as completely transparent. Furthermore, positive
values of a* were given for reddish colors and negative values were given to greenish colors.
Positive values of b* are associated given to yellowish color and negative values were given to

bluish color.

Color properties of the vinegar samples are given in table 3.3. Based on the current study, L*
values of the tested vinegar samples ranged from 25.47 to 28.36, and values of a* and b* were
found in the range of -0.49-0.48 and 2.01-3.23, respectively (p < 0.05). Sweet potato vinegar had
the highest L* value. Results obtained from our experiment demonstrated that there is significant
difference (p < 0.05) among the vinegars, except for Fig enxario and Grape vinegar.

The lowest whiteness/darkness was found in Fig vinegar, which has the highest total phenolic

content. Many studies have found a vast range of color characteristics for different types of
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vinegars. According to Cruz et al. (2018), vinegars with higher phenolic content exhibit lower

whiteness/darkness values.

Table 3. 3. Color parameters of vinegar samples from Algarve region.

Vinegar L* a* b*

samples

Fig enxario 26.85 + 0.20° 0.48 +0.10? 3.17+0.112
Fig 25.47 +0.93° 0.29 + 0.10° 2.01 £ 0.05°
Sweet potato 28.36 + 0.29° -0.49 + 0.05° 2.89 +0.08"
Grape 26.89 + 0.13° 0.44 +0.04 3.23+0.112

The values are given as mean = standard deviation of pentaplicate determinations. Different superscripts
in the same column mean significantly different (p < 0.05). Statistical analysis was applied separately for

L*, a*, b* values.

3.2.Microbial analysis

3.2.1. Microbial quality evaluation

Results from the enumeration of mesophilic aerobic microorganisms showed that the population
of these microorganisms was under the detection limit (1 CFU/ml). Besides, the enumeration
results revealed that the number of LAB and AAB, yeasts and filamentous fungi are also under
detection limits (1 CFU/mlI) in Fig enxario, Fig, Sweet potato and Grape vinegars (table 3.4) (figure
3.1).

In a similar study, Sengun (2013) reported that the counts of total mesophilic aerobic bacteria
(TMAB), yeasts, LAB and AAB of eight commercial fruit vinegars including Fig vinegar, Grape
vinegar, Apple vinegar, Plum vinegar and Blackberry vinegar ranged from 2.26 to 7.29 log
CFU/ml, <1.00 to 6.49 log CFU/mlI, 0.81 to 8.20 log CFU/ml and 2.68 to 8.23 log CFU/mlI,

respectively, while the samples were negative for mold, S. aureus, Listeria monocytogenes,
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Table 3. 4. Enumeration of microorganisms in the vinegars (Fig enxario, Fig, Sweet potato and
Grape vinegar) (CFU/ml)

Microorganisms Fig enxario Fig Sweet potato Grape

N° Samples 3 3 3 3
Total Mesophilic Aerobic Microorganisms <1.0 <1.0 <1.0 <1.0
Acetic Acid Bacteria (AAB) <10 <10 <10 <10
Lactic Acid Bacteria (LAB) <10 <10 <10 <10
Filamentous Fungi <1.0 <1.0 <1.0 <10
Yeasts <1.0 <1.0 <1.0 <1.0

Salmonella spp., E. coli and B. cereus. AAB belonging to the genus of Acetobacter are the basic
bacteria that cause vinegar to be developed as ethanol is oxidized to acetic acid (llabaca et al.,
2008). As a result, numerous investigations have been carried out in order to assess the diversity
of AAB in vinegar processing (Gullo et al., 2006; llabaca et al., 2008; Nanda et al., 2001).

According to a recent study by Sengun et al. (2019) on microbial quality assessment, the total
amount of LAB was enumerated in the range of between 1.60 and 5.39 log CFU/ml for Apple, Fig,
Plum, Grape and Blackberry vinegars. The numbers of AAB and yeast-mold were found in the
range of 3.34-6.32 and 2.53-3.97 log CFU/ml, respectively for Apple, Fig, Plum and Grape
vinegar. On the other hand, LAB, AAB and yeast-mold counts of Apricot, Mandarin, Persimmon,
Pomegranate and Rosehip vinegars were found under detection limits (Sengun et al., 2019). In
another work, the counts of AAB, LAB and yeast-mold of 20 traditional fruit vinegars (including
Grape, Apple, Artichoke, Pomegranate, Apple-lemon and Hawthorn vinegars) were found in the
range of <10-7.2x10°, <10-1.1x10° and <10-3.9x10° CFU/ml, respectively (Ozturk et al., 2015).
It has been stated that the microbiological status of vinegar could change depending on both
internal (media composition) and external (temperature and humidity) factors (Sengun et al.,
2019). Ethanol and acid, produced mostly by yeast (Saccharomyces cerevisiae) and LAB in the
early stages of natural fermentation, respectively, prevent the growth of unwanted microbes and
lengthen the shelf-life of vinegar (Sengun et al., 2019). Following that, in the second stage of

vinegar fermentation, AAB produces acetic acid, which inhibits acid-intolerant microorganisms
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(Sengun et al., 2019). However, due to the difficulty of control, vinegar produced by natural

fermentation poses a significant danger of spoiling (Solieri and Giudici, 2009).

Figure 3.1. Plate Agar samples incubation: a) AAB, filamentous fungi and yeasts samples at 25
°C and b) Mesophilic Aerobic Microorganisms and LAB samples at 30 °C

Results obtained from microbial quality evaluation studies revealed very favorable microbial
quality in the tested vinegar samples compared to different other studies (table 3.4). It is known
that the vinegars’ physico-chemical and microbial characteristics varies during different stages of
fermentation processes. Detection of very low number of various microbial populations tested in
this study can be due to performing the experiment on the final vinegar products, since the
physicochemical parameters produced in fermentation processes affect the final quality of vinegars
(Li et al., 2015). Among different physico-chemical factors, acidity and pH are among the
important factors that inhibit the growth of microorganisms (Gosh et al., 2012). The antibacterial
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activity of acetic acid is known to be stronger at lower pH values and therefore, vinegars with
higher acidities present more antibacterial properties (Li et al., 2015) and by contrast, vinegars
with higher pH values, have less antibacterial activity and are more capable to retain most sensory
odors and volatile compounds (Jo et al. 2013). Moreover, the different types of molds involved in
the initial stage of vinegar production, play an important role on the quality of final vinegar since

they are able to produce a wide range of metabolites with antibiotic properties (Li et al., 2015).

3.2.2. Antibacterial activity of the vinegar samples

Many factors, such as pH, total acidity, bacterial strains, and environment, are capable to affect
the antimicrobial activity of organic acids and acidified products and limit microbial growth,
depending on the types of microorganisms existing in the product and the kind and amount of acid,
particularly its buffering capacity (Bjornsdottir et al., 2006).

In this study, the antimicrobial activity of four different vinegar samples (Fig enxario, Fig, Sweet
potato and Grape) was investigated against eight bacteria (Gram-positive and Gram-negative

bacteria) and seven yeast strains, by using disk diffusion assay.

Table 3.5. shows antibacterial activity of vinegar samples against bacteria namely S. aureus ATCC
25923, L. innocua ATCC 33090, C. sakazakii ATCC 29544, S. Typhimurium ATCC 14028, E.
coli ATCC 25922, S. epidermidis ATCC 12228, B. cereus ATCC 10876 and P. aeruginosa ATCC
27853. As given in table 3.5, in general, when in contact with the vinegars studied, the Gram-
positive bacteria showed growth inhibition halos higher than those measured in the Gram-negative
bacteria, with the exception of P. aeruginosa ATCC 27853. The growth of S. aureus bacteria was
most strongly inhibited by Grape (32.50 mm + 0.58) and Fig vinegars (30.33 mm = 0.88) (figure
3.2), and the values of the halos were not significantly different (P > 0.05). The vinegar that mostly
inhibited L. innocua was the Grape vinegar (30.33 mm + 0.33) (P < 0.05), followed by Sweet
potato (28.17 mm = 0.40) and Fig vinegars (28.67 mm x 0.33) with similar inhibitions (P > 0.05)
and finally the Fig enxario vinegar (25.83 mm £ 0.17). Regarding S. epidermidis, the highest levels
of inhibition were observed in Grape and Sweet potato vinegars which resulted in halos having
similar diameters (P > 0.05) of 25.83 mm + 0.83 and 23.67 mm % 1.00, respectively (figure 3.3).

Grape and Fig vinegars caused the highest level of inhibition on the Gram-positive bacteria

63



Figure 3.2. Antibacterial activity of A) Grape vinegar and B) Fig vinegar against S. Aureus
ATCC 25923

A

Figure 3.3. Antibacterial activity of A) Grape vinegar and B) Sweet potato vinegar against S.
epidermidis ATCC 12228

B. cereus, giving origin to halos of 25.22 mm + 1.19 and 22.83 mm + 1.09, respectively, with no

significant differences between these values (P > 0.05). The antibiotics used as positive controls,
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Ampicillin, Penicillin and Chloramphenicol, induced higher inhibitions on the Gram-positive
bacteria than the vinegars tested (table 3.6). However, some of the vinegars caused higher

inhibitions than the antibiotic Erythromycin (figure 3.4), such as the Grape vinegar, over all the
Gram-positive bacteria tested.

Figure 3.4. Comparison between the growth inhibition of the vinegar samples studied in this
work: A) Fig enxario vinegar, B) Fig vinegar, C) Sweet potato vinegar, D) Grape vinegar, and E)

Erythromycin against L. innocua ATCC 33090
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Of all the Gram-negative bacteria tested, S. Typhimurium was the most tolerant to the vinegars
tested, measuring the smallest growth inhibition zones, followed by C. sakazakii and E. coli. Sweet
potato vinegar was the most efficient vinegar against S. Typhimurium (16.67 mm + 0.44) (P <
0.05) followed by Grape, Fig and Fig enxario at similar levels (P > 0.05) which caused growth
inhibition halos of 10.83 mm + 0.17, 9.67 mm + 0.33 and 10.50 mm + 0.41, respectively. Sweet
potato vinegar was also the most efficient vinegar in inhibiting the growth of C. sakazakii and E.
coli. In the case of C. sakazakii, Sweet potato vinegar induced a halo of 24.67 mm =+ 1.45 that was
significantly higher (P < 0.05) than the inhibition caused by Grape (11.00 mm + 0.58), Fig (11.33
mm + 0.33) and Fig enxario (12.33 mm % 0.42) vinegars (figure 3.5).
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Figure 3.5. Antibacterial activity of vinegar samples studied in this work: A) Fig enxario
vinegar, B) Fig vinegar, C) Sweet potato vinegar and D) Grape vinegar against C. sakazakii
ATCC 29544
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In regard to E. coli, a similar pattern was found, with Sweet potato vinegar being the most
inhibitory (26.33 mm * 0.33) and Fig enxario the least efficient (10.67 mm + 0.17). P. aeruginosa
was the most sensitive bacteria tested of all the Gram-negative and Gram-positive, showing the
larger growth inhibition halos, not significantly different (P < 0.05) in relation to the 4 vinegars
tested (30.38 mm + 0.55 - 35.50 mm £ 0.29). The antibiotics used as positive controls, Ampicillin
and Chloramphenicol, induced higher inhibitions on the Gram-negative C. sakazakii, S.
Typhimurium and E. coli, than the vinegars tested. However Sweet potato and Grape vinegars
induced highest inhibitions on the growth of C. sakazakii, S. Typhimurium and E. coli than the
antibiotic Erythromycin to which they are resistant. In addition, the inhibitions caused by Penicillin
on those Gram-negative bacteria were lower than those of some of the vinegars. Regarding P.
aeruginosa, which is resistant to Ampicillin and Penicillin, all the tested vinegars caused greater
inhibitions than the antibiotics (Chloramphenicol and Erythromycin) used as positive controls
(figure 3.6).
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E: Erythromycin P: Penicillin
C: Chloramphenicol AMP: Ampicillin

B

Figure 3.6. Comparison between the growth inhibition by A) vinegar samples and B) antibiotics
against P. aeruginosa ATCC 27853
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The antimicrobial activity of vinegars has also been reported by several investigators using the
agar diffusion method. For example, Kadiroglu (2018) used this method by applying different
commercial vinegar samples including Balsamic, Rice, Apple, Red and White wine, Red and
White grapes and Pomegranate vinegars against S. aureus, E. coli and P. aeruginosa and observed
the lowest antibacterial activity by Apple vinegar against all the mentioned bacteria. Moreover,
their study revealed the Balsamic vinegar with highest antibacterial activity against S. aureus and
White wine and Grape vinegars with the highest antibacterial activity against E. coli and P.
aeruginosa, respectively. In another study, Chan et al. (2012) showed that Wood vinegar has high
antibacterial activity against the strains of Gram-positive B. cereus, Micrococcus luteus and S.
aureus, and Gram-negative E. coli, S. Typhimurium ATCC 14028, and P. aeruginosa. Tumane et
al. (2018) also reported that Apple cider vinegar has high antibacterial activity against different

strains of Gram-positive and Gram-negative bacteria.

There are studies suggesting that the antimicrobial activity of the vinegars can be increased by
lowering the pH of the media due to susceptibility of most of the microorganisms to the
antimicrobial effects of the vinegars in the presence of organic acids (Osuala et al., 2021). Among
organic acids, acetic acid presents strong antimicrobial activities (Hassan et al. 2015). Hassan et
al. (2015) reported that organic acids resulted in a decrease in pH, which can influence the growth
by acidifying the cells, which will consume a great amount of energy to maintain the intracellular
pH homeostasis. Acetic acid in vinegar is a particularly effective antimicrobial, because at a
relatively high pH (pH=4.7) it exists primarily in its undissociated form and can enter the cells
(Hirshfield et al., 2003). Budak et al. (2014) mentioned that the antimicrobial activity of organic
acid can be influenced by the target bacterial strains, temperature, pH, acid concentration and ionic

strength.
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Table 3. 5. Antibacterial activity of the vinegar samples from Algarve region against some bacterial pathogens (inhibition zone mm).

Vinegar S. aureus L. innocua  C.sakazakii ~ S. Typhimurium E.coli ATCC S. epidermidis B. cereus P.aeruginosa
samples ATCC 25923 ATCC 33090 ATCC 29544 ATCC 14028 25922 ATCC 12228 ATCC 10876  ATCC 27853
Fig enxario 25.08 + 0.68° 25.83+0.17°¢ 12.33 +£0.42° 10.50 + 0.41° 10.67 +0.17¢ 19.50 + 0.34° 16.67 + 1.36° 30.38 + 0.55?
Fig 30.33 £ 0.88? 28.67 +0.33° 11.33 +£0.33° 9.67 +0.33" 12.00 £ 0.00°¢ 22.83+0.73® 22.83 +1.09? 32.17 +0.832
Sweet potato 26.67 +0.33° 28.17 + 0.40° 24.67 £ 1.45° 16.67 £ 0.448 26.33 £ 0.33? 23.67 = 1.00? 21.50 + 1.26® 32.67 + 1.30?
Grape 32.50 =+ 0.58? 30.33 £ 0.33? 11.00 +0.58° 10.83+0.17° 15.83 + 0.44° 25.83 +0.832 2522 +1.192 35.50 + 0.29?

Standard deviation of means is shown as + SD. Values in the same column with different superscripts are significantly different (p < 0.05)
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Table 3. 6. Antibacterial activity of different antibiotics against some bacterial pathogens (inhibition zone. mm)

S. aureus L. innocua C. sakazakii S. E. coli ATCC S. B. cereus P. aeruginosa

Antibiotics ATCC 25923 ATCC 33090 ATCC 29544 Typhimurium 25922 epidermidis ATCC 10876 ATCC 27853
ATCC 14028 ATCC 12228

Ampicillin 36.15+0.77° 3570+ 1.36% 28.10+0.57° 30.10+0.52° 24.15+0.52° 28.80+0.96 28.83+3.15* 0.00+0.00°
Penicillin 4220+ 0.57* 36.55+1.63* 8.38+0.53° 19.10+0.73¢ 7.88 +0.31° 23.22+0.60 22.41+2.38> 0.000.00°
Chlorampheni 31.10+0.67¢ 35.25+0.63* 30.15+0.228 3295+0.63* 3245+0.61* 36.39+0.93 31.82+1.07% 12.36+0.52°
col
Erythromycin  19.70+0.40¢  25.00 £ 0.75°  0.00 + 0.00¢ 0.00 + 0.004 0.00 + 0.004 23.83+0.86 2327+0.43" 19.50+1.73%

Standard deviation of means is shown as + SD. Values in the same column with different superscripts are significantly different (p < 0.05)
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3.2.3. Antifungal activity of the vinegar samples

Vinegar samples (Fig enxario, Fig, Sweet potato and Grape) were also examined against some
yeasts including Candida albicans ATCC 10231, Candida albicans ATCC 90028, C. neoformans
YPO 186, S. cerevisiae PYCC 3507, P. membranifaciens PYCC 2489, Z. bailii PYCC 4806 and
D. hansenii PYCC 2968. The obtained results for antifungal properties are summarized in table
3.6.

The data on table 3.7 showed that the vinegars caused levels of inhibition of yeast growth much
lower than those caused in the bacteria studied (table 3.5). The yeasts tested were more tolerant to
vinegars than bacteria. For example, the species C. albicans ATCC 10231, S. cerevisiae, Z. bailli
were not inhibited by any of the vinegars, being highly tolerant to this kind of product. The species
P. membranaifaciens was not inhibited by Fig enxario and Sweet potato vinegars. The highest
inhibition halo (7.17 mm % 0.17) was measured in this yeast in the presence of Grape vinegar.
With regard to C. neoformans, Sweet potato vinegar was the most inhibitory (P < 0.05) (12.33 mm
+0.33). The yeast D. hansenii was the most sensitive to the studied vinegars, with the Sweet potato
and Grape vinegars inducing the greatest inhibitory actions (14.33 mm + 0.33 and 13.39 mm +

0.47, respectively) (figure 3.7).

In the present study, fungicidal activity against C. albicans ATCC 10231, S. cerevisiae and Z.
bailii was not found in any vinegar sample. On the contrary, growth of D. hansenii was
considerably affected by all vinegar samples, while the highest level of growth-inhibitory effect
was observed for Sweet potato vinegar (14.33 mm * 0.33) (table 3.6).

Furthermore, antifungal properties of three antimycotics including Fluconazole 25, Amphotericin
B10 and Nystatin 100 were measured and are given in table 3.8. As depicted in table 3.8, C.
albicans ATCC 10231, P. membranifaciens and Z. bailii were resistant to Fluconazole 25.
However, the mentioned antimycotic had the highest inhibitory effect towards D. hansenii, with
inhibition zone of 31.92 mm % 2.19. Nystatin 100 was the only antimycotic that affected the growth
of all tested yeasts (table 3.8).
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Figure 3.7. Antifungal activity of vinegar samples A) Fig enxario vinegar, B) Fig vinegar, C)

Sweet potato vinegar and D) Grape vinegar against D. hansenii PYCC 2968

Antimicrobial activity of vinegars from different origin is reported by various researchers. In a
study conducted by Kelebek et al. (2017), a Grape vinegar had a considerable growth-inhibitory
effect against S. aureus ATCC 29213, E. coli ATCC 25922 and P. aeruginosa ATCC 27853.
Moreover, phenolic compounds in fruits and vegetables provide significant antimicrobial
properties (Cowan, 1999; Fernandez-Agull6 et al., 2013). Gallic acid is mentioned to have high

antimicrobial activity as well as its antioxidant activity (Sun et al., 2014). Furthermore, naturally
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occurring phenolic compounds in grapes, in addition to their high antioxidant capacities, are
responsible for the high antibacterial potential of Grape vinegars (Ramos et al., 2014; Kelebek et
al., 2017).
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Table 3. 7. Antifungal properties of the vinegar samples from Algarve region against some yeasts (inhibition zone mm).

Vinegar samples C. albicans C. albicans C. neoformans S.cerevisiae P. membranifaciens Z.bailiiPYCC D. hansenii
ATCC 10231 ATCC 90028 YPO 186 PYCC 3507 PYCC 2489 4806 PYCC 2968
Fig enxario 0.00+0.00*  8.87 £0.13° 9.83+0.17° 0.00 + 0.00? 0.00 £ 0.00? 0.00 + 0.00? 11.67 £0.33°
Fig 0.00+0.00*  8.50 +0.26° 8.50 £ 0.29° 0.00 + 0.00? 6.50 £ 0.29° 0.00 + 0.00? 12.00 + 0.26°
Sweet potato 0.00+0.00*0  9.92+0.08 12.33+0.33? 0.00 + 0.00? 0.00 £ 0.00? 0.00 + 0.00? 14.33 +0.33?
Grape 0.00+0.00*°  9.04+0.19®®  9.67+0.17° 0.00 £ 0.00? 7.17+0.17° 0.00 + 0.00? 13.92 + 0.47°

Standard deviation of means is shown as + SD. Values in the same column with different superscripts are significantly different (p < 0.05)
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Table 3. 8. Antifungal properties of antimycotics against some yeasts (inhibition zone mm)

Antimycotics C. albicans C. albicans C. neoformans S. cerevisiae P. membranifaciens Z. bailii D. hansenii
ATCC 10231 ATCC90028 YPO 186 PYCC 3507 PYCC 2489 PYCC 4806 PYCC 2968
Fuconazole 25 0.00+0.00° 30.45+1.74® 1553+ 1.09° 12.80 +1.24>  0.00 + 0.00° 0.00 £ 0.00¢ 31.92+2.192
Amphotericin B 10 23.00 £0.42" 16.70+0.21®  13.63+0.32° 10.40+0.81° 8.13+0.30° 10.44 £0.37°  0.00 + 0.00°
Nystatin 100 29.65+0.61*° 17.70+0.47°  26.19+0.38% 23.56+0.80* 24.06 + 1.41° 2156 +0.86° 8.67 +0.51°

Standard deviation of means is shown as = SD. Values in the same column with different superscripts are significantly different (p < 0.05)
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4. Conclusion
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Conclusions

Results of the present study have indicated that variety in initial raw material in vinegar production
results in different characteristics, in terms of total acidity, pH, °Brix, color parameters (L*, a* and
b*), total phenolic content, total flavonoid content, antioxidant and antimicrobial activities among

the vinegars.

Fig enxario vinegar and Grape vinegar exhibited the highest content of acetic acid and antioxidant
activity, respectively. The lowest transparency was observed for Fig vinegar, which also exhibited

the highest value for phenolic content and °brix.

The study showed that fruit vinegars have quite high level of bioactive compounds, which made
them capable to exhibit a significant antimicrobial activity, namely against bacteria. In general,
Gram-positive bacteria exhibited more sensitivity than Gram-negative ones. Among the four tested
vinegars, the Grape vinegar exhibited the most growth-inhibitory effects against P. aeruginosa
ATCC 27853. Also, the yeasts tested revealed more tolerance to the vinegars than the bacteria.
Generally, the vinegars studied exhibited an excellent microbiology quality regarding all the
microbiological parameters studied. This work proved that vinegars have important components

which are beneficial worth to investigate.
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5. Future perspectives
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Future perspectives

This work has raised several points that merit further studies. Given the fact that limited research
is available on the characterization of the different fruit vinegars, several perspectives of studies

can be carried out. Some examples of future research include:

e This study focused on the characteristics of the final product (the commercialized vinegar);
it would be interesting to continue this work with the aim to characterize the fermentation
processes of the vinegars.

e Characterization of the composition of the vinegars in terms of organic acids, organic
compounds, alcohol contents, volatile compounds, minerals and sugars.

e Evaluation of the antimicrobial activity of the vinegar samples that were examined in this
study on other bacterial and fungal strains in order to gain a more extensive understanding
of the antimicrobial properties of the commercialized vinegars.

e A comprehensive study on Fig enxario vinegar and the compounds present in it, could be

an attractive approach, as Fig enxario is a non-studied fruit
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