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Abstract

Rapid population growth leads to higher consumption, which, in turn, increases
output and waste generation. One of the largest industries producing by-products is
the olive oil industry, mainly in the Mediterranean region. The human food sector is
interested in the high-added nutritional value foods. Olive pomace (OP), one by-
product of olive oil industry, is exceptionally rich in dietary fiber, and phenolic
compounds as antioxidants. It needs to be valued with a more mindful and sustainable
approach. The purpose of this study was to investigate the possibility of fermenting OP
(from Tras-os-Montes) with its own microbiota at different temperatures and analyse
its potential as prebiotic.

The OP was subjected to fermentation at room temperature for 32 days. During
the process, timepoints were collected at 48 hours, 96 hours, 8 days, 16 days, and 32
days to analyse the microbiological profile over time. The prebiotic activity was
analysed using different fermentation timepoints: without fermentation, 48hrs, 96hrs,
32 days of fermentation, with different concentrations of each (2.5%, 5% and 10%).
Monoculture suspension of Lactobacillus fermentum, Lactobacilus paracasei and
Lactobacillus plantarum - confirmed probiotics - were prepared and inoculated in Man,
Rogosa and Sharpe (MRS) broth with the OP sample. Inulin, glucose, and MRS broth
without glucose were used as reference prebiotic, positive control, and negative
control, respectively. The sample were then subjected to simulated in vitro
gastrointestinal digestion, according to INFOGEST protocol, followed by the same
prebiotic evaluation assay to confirm the previous results.

In this study, it was possible to verify OP’s prebiotic activity in the assay with
L. fermentum, and an inhibition effect regarding L. paracasei. Finally, regarding L.
plantarum, it was possible to verify an increase in colony-forming units (CFU) per
milliliter within OP fermentation time. Through this research, it was possible to verify
results that showed a prebiotic potential effect of OP on L. fermentum and L.
plantarum. Further steps of in vitro and in vivo analysis will be needed to confirm the
prebiotic capacity.
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1. Introduction

Waste and by-product generation have an impact on the environmental,
economic, and social sectors. Several biomaterials are not utilized and are deposited
in landfills where, due to microbial decomposition, there is an increase in greenhouse
gas (GHG) emission and leachate production [1]. The negative economic effects are
brought on by the expenses associated with processing solid waste in landfills, since it
may be difficult to manage large amounts of various degradable materials [2].
According to estimates from the Food and Agriculture Organization (FAO), nearly a
third of all food meant for human consumption is lost or wasted globally.

Nonetheless, one in nine people still lacks adequate nutrition, which equates
to almost a billion tons of food and $940 billion in economic losses each year. 40% of
food in the US is lost or wasted every year, costing the economy an estimated $218
billion. Food makes up 24% of the solid waste dumped in American landfills, which are
the country's third-largest source of methane emissions connected to people. Reducing
this food waste offers chances to improve resource and energy conservation, boost
productivity and economic efficiency, and combat climate change [3]. Each year, the
European Union (EU) produces close to 59 million tons of food waste (131 kg/person),
with a market value estimated at 132 billion euros [4]. Around 10% of the food made
available to EU customers (at retail, food services, and residences) may be wasted,
according to Eurostat's estimations. Meanwhile, 36.2 million individuals nationwide
cannot afford a decent dinner every other day [5]. The social impact is due to an ethical
and moral dimension within the definition of global food security, since between 702
and 828 million people suffer from hunger [6].

Simultaneously, the population of the planet is increasing. It reached 8 billion
on November 15, 2022, and by 2050, it is predicted to reach over 10 billion [7,8].
Therefore, the Earth’s resources are decreasing. Estimates predict that global food
demand will increase from 35% to 56% between 2010 and 2050, and the population risk
of hunger is expected to change from -91% to +8% in the same period [9]. The upcycling,
valorization, and usage of these by-products is a priority, aiming at responsible
consumption and production given that the global production of plant-based products
is constantly growing and generates enormous waste [10]. The circular economy and
residue valorization concepts have come to the forefront to reduce waste, conserve
resources, improve production sector efficiency, and value by-products to create
value-added products that will help the economy become more sustainable and solve
environmental issues. One of the greatest challenges is to valorize residues from the
agri-food industry when they still have advantageous nutritional properties.
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1.1 Olive oil industry

One of the biggest residue-making industries is the olive oil sector. It leads to
the production of by-products (e.g., olive pomace paste and olive leaves) and wastes
(e.g., wood and wastewater), representing an important environmental issue in the
Mediterranean areas, where they are generated in huge quantities in short periods of
time [11]. According to the International Olive Council, about 3,000,000 tons of olive
oil are produced every year, but olive oil represents only 20% of the fruit.
Consequently, 80% of the olive remains as olive pomace (OP) [12,13]. And more than
12,000,000 tons of this by-product are available each year as an alternative ingredient
(after stone removal) that can be valorized [14].

Due to major environmental problems and the associated cost of disposing of
olive oil by-products, specifically the OP, there is a stimulus to valorize it [15]. The
environmental concern is due to negative physical, chemical, and biological effects on
soil; potential phytotoxicity to crops; and potential risk to groundwater [16]. Inhibition
of soil microbial activity may in turn reduce soil fertility by inhibiting key processes in
nutrient cycling responsible for the formation of labile forms of macro and micro
elements; thus, the release of olive mill waste (OMW) into the environment is not
recommended [16-18]. Therefore, the possibility of OMW composting has been
highlighted in order to transform its chemical profile and turn the phytochemical
properties into fertilizer through fermentation [11].

1.2 Olive Pomace

1.2.1 Origin and composition

Olive oil production begins with defoliation and washing, followed by milling,
where the oil is extracted from the olive; malaxation, a step that allows the olive oil
drops to assemble and facilitate the separation from the aqueous phase; horizontal
centrifugation, a step where the by-product olive pomace (OP) and the oil are
separated; and vertical centrifugation to remove all the remaining impurities (Figure
1) [19].
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Three-phase decanter Two-phase decanter

Olives (1000 kg) Olives (1000 kg)
— —
Washing Washing
(with cold water) (with cold water)
_— . Milling and
Milling and beating beating
Hot water (0.6-13m%) | Centrifugation (three- Centrifugation
Phasegdecanier) ———)> Olive cake “Orujo” (two-phase ———) Olive pomace paste
(550 kg) decanter) “Alperujo” (800 m®)
Washing water Oil washing/recovery Washing water
of the oil in the liquid | C——=) OMW (1-1.6 m% ——)| Oil washing C———) Wastewater (0.2m’)
fraction
Olive oil (210 kg) Olive oil (200 kg)

Figure 1: Representation of olive oil extraction, adapted from Alburquerque et al. [20].

The raw OP contains crushed hull, skin, pulp, water, and residual oil [21]. It is
composed of small amounts of crude protein and a high percentage of dietary fiber,
mainly lignin (27%), followed by cellulose (15%) and hemicellulose (10%) [11]. Nunes et
al. (2021) verified that an OP extract can be considered an all-in-one advantageous
ingredient since it presents a mixture of lipidic and hydrophilic bioactive compounds
usually not present in other plant extracts (Table 1 and Table 2). In addition, the
authors also observed OP antibacterial activity against gram-positive and gram-
negative bacteria [22].

Table 1: Chemical composition of olive pomace [22].

Compounds Levels
Total fat (g/100g) 4.6-10.5
Fatty acids (relative %)

C16:0 (Palmitic) 11.6-14.3
C16:1 (Palmitoleic) 0.6-1.3
C17:0 (Heptadecanoic) 0.12-0.19

C18:0 (Stearic) 2.3-3.6
C18:1n9cis (Oleic) 71.1-72.9
C18:2n6cis (Linoleic) 8.4-10.5
C20:0 (Arachidic) 0.43-0.47
C18:3n3 (a -Linoleic) 0.72-0.9
C20:1n9 (cis-11-Eicosenoic) 0.22-0.3
C22:0 (Behenic) 0.15-0.21
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C24:0 (Lignoceic) 0.06-0.08
Total vitamin E (mg/100g) 0.87-2.25
a- Tocopherol 0.77-1.96
a -Tocotrienol 0.04-0.21
B -Tocopherol 0.02-0.05
y -Tocopherol 0.04-0.07
Total protein (g/100g) 0.9-4.4
Ash (g/100g) 9.9-16.7
pH 5.2-5.6
Table 2: Phenolic compounds present in olive.
Phenolic compounds References
Phenolic acids
4-hydroxyphenyl acetic acid [23]
Caffeic acid [24-27]
Cinnamic acid [25,27]
Ferulic acid [25-27]
Gallic acid [27]
Homovanillic acid [26]
p-coumaric acid [23,26,27]
Sinapic acid [23,26,27]
Syringic acid [23,26,27]
Vanillic acid (26, 27)
Secoiridoids and derivatives
D3,4-Dihydroxyphenylethanol-elenolic acid [23,24]
dialdehyde
Demethyloleuropein [24]
Hydroxytyrosol [28]
Ligstroside [26]
Oleuropein [24,28,29]
Tyrosol [26,28]
Verbascoside [24,26,29]
Flavonoids
Apigenin [28]
Apigenin 7-0-glucoside (29)
Apigenin 7-O-rutinoside [28]
Cyanidin 3-O-glucoside [25,29]
Cyanidin 3-O-rutinoside [25,29]
Hesperidin [25,27]
Luteolin [28]
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Luteolin 4’-0O-glucoside [28,30]
Luteolin 7-0O-glucoside [28,29]
Luteolin 7-O-rutinoside [28]
Quercetin [27,30]
Quercetin 3-0-glucoside [28]
Quercetin 3-O-rhamnoside [26]
Quercetin 3-0O-rutinoside [29]
Rutin [28-30]

1.2.2 Microbiological profile

The OP microbiota is subsequently influenced by the OP chemical composition,
which is in turn influenced by the weather, olive cultivar region, extraction method,
and growing conditions. Previous studies have revealed that the microbiome of OP is
similar to that of other olive oil by-products like olive mill wastewater (OMWW) and is
composed primarily of bacteria and yeast. Proteobacteria were found to be the most
prevalent microorganism, followed by Actinobacteria (Streptomyces), Firmicutes
(Staphylococcus), and Acidobacteria, according to Vivas et al. [31]. Furthermore,
members of Pseudoxanthomonas, Hydrocarboniphaga and Stenotrophomonas
(Gammaproteobacteria) were detected, with Comamonas (Betaproteobacteria) as the
main microbial group. The cultivar seems to have a significant influence on the fungus
population. The dominant yeasts were Pichia caribbica (syn. Meyerozyma caribbica),
Pichia holstii (syn. Nakazawaea holstii), and Zygosaccharomyces fermented (syn.
Lachancea fermenta), which were followed, to a lesser extent, by Zygosaccharomyces
florentinus (syn. Zygotorulaspora florentina), Lachancea thermotolerans (syn.
Kluyveromyces thermotolerans), Saccharomyces cerevisiae, and Saccharomyces rosinii
(syn. Kazachstania rosinii) [31-33].

1.2.3 Sustainable alternatives

Currently, OP is mainly used to recover the residual oil by solvent extraction
[34]. It is possible to recover the stone fragments that can be used as fuel for heating
the kilns or to produce activated carbon [35,36]. Nevertheless, the OP derived from the
two-phase decanter and the pitted one are difficult to manage for the oil extraction
because more time and energy are necessary for pomace dehydration [37]. Thus,
researchers have been focusing their findings on sustainable uses of olive pomace
involving the extraction of molecules of interest, such as hydroxytyrosol, tyrosol,
oleuropein, caffeic acid, and squalene, intended for cosmetic purposes, regarding
their UV filter profile [38]. The olive leaf and its extracts are known for their beneficial
properties for human health due to their richness in phenolic compounds [39]. These
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compounds have relevant antioxidant, anticancer, antimicrobial, antifungal, and anti-
inflammatory activities [40-45].

The direct use of OP has been mainly proposed for non-edible purposes, such
as clay bricks, since wet OP forms pores, allowing the production of construction
materials with insulation properties [46]. Due to its adsorption characteristics, OP has
also been used as pollutant remover from soil, being effective against pollutants such
as heavy metals and triazinic herbicides. Due to its chemical properties, composted
OP has also been used as a conditioner and fertilizer [47]. Composting of solid wastes
requires adjustments of conditions such as temperature, pH, moisture, oxygen level,
and nutrients to permit microbial development [31,48]. A carbon-nitrogen ratio
between 20 and 40 in the composting material, a moisture content of 50% to 65%, and
an oxygen supply are optimal conditions for the composting process: however, they
are not enough if the mass transfer during the process is limited. The main issue with
this procedure using olive oil by-products is odor emission, as well as the produced
wastewater, which needs to be treated. Biofilters are used to treat the emitted gas
from the composting process in an effort to minimize this issue, raising the technology's
overall cost [48]. This method could be a low-cost alternative to combustion for
recycling solid wastes with complete decontamination of raw materials [11].
Additionally, OP is a natural source of phenolic compounds (Table 2) and several
studies are focused on the development of new extraction methods to improve the
extraction yield [49-51].

1.3 Fermentation

Fermentation is one of the most commonly used processes in the food industry;
it keeps the essential qualities of the product, minimizes loss of nutrients with
bioactive characteristics, and lengthens the food's shelf life [52,53]. Antimicrobial,
antioxidant, and anti-inflammatory bioactivities are produced during the fermentation
of plant by-products, which are important for human health [54]. The anaerobic
digestion of OP biomass leads to biogas production, recovering energy, and increasing
environmental sustainability [55,56]. Additionally, olive pomace has been identified as
a potential substrate to produce bioethanol. Fermented olive pomace (FOP) is used as
a main source of nutrients for enzyme production using solid-state fermentation by
Aspergillus species [57,58]. Due to its nutritional value, FOP is also used as a feed
supplement for animal production [59].

But knowing that this residue comes from the food industry, it would be ideal
to use it for this purpose. Nowadays, studies verify that OP can be a food fortifier in
bread, pasta, and granola [60,61]. The results showed that the enrichment of bread
and pasta with OP improved phenolic contents and antioxidant activity before and
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after the cooking process [60-62]. Research showed that the addition of polyphenol-
rich extracts to dairy products increased their stability and prevented rancidity [62].
Studies also confirm the potential as a functional ingredient with prebiotic activity of
OP-added formulations subjected to simulated gastrointestinal digestion followed by
in vitro fecal fermentation [21,22,63]. Nunes et al. [22] verified that olive pomace
extract can be considered an all-in-one and advantageous ingredient since it presents
a mixture of lipidic and hydrophilic bioactive compounds usually not present in other
plant extracts. They also verified antibacterial activity in OP against Gram-positive
and Gram-negative pathogenic bacteria.

1.4 Dietary fiber and prebiotic activity relevance

Plant-based diets, such as Mediterranean or Nordic, due to their high content
of dietary fiber (DF) rich foods, bear unique bioactive component blend, including
antioxidants, minerals, vitamins, phytochemicals, and resistant starch.
Epidemiological and clinical studies indicate that a high daily intake of vegetables and
fruits is related to illness risk reduction, such as heart failure, cardiovascular and
cerebrovascular events, rheumatoid arthritis, diabetes, and cancer, illnesses
associated with inflammatory and oxidative body responses [64-67]. The DF and
phenolic compounds present in plants provide chemopreventive activity. DF acts by
reducing the exposure time of carcinogens on the gastrointestinal (Gl) tract by
improving the bowl movement since the majority of the DF is not assimilated by human
organisms, feeding the gut microbiota. Additionally, DF delays the movement of food
from the stomach to the intestines, causing a slow rise in blood glucose levels [68]. The
suppression of postprandial glycemia rise avoids excessive insulin secretion and
prevents fat accumulation [69]. Hence, high DF intake is related to insulin resistance
and fat accumulation reduction [70,71]. The increased DF intake is also associated with
anti-inflammatory and anti-cancer effects due to its prebiotic effect [72].

According to Roberfroid et al. [73], the prebiotic effect is defined as “the
selective stimulation of growth and/or activity(ies) of one or a limited number of
microbial genus (era)/species in the gut microbiota that confers health benefits to the
host”. To consider that a substance has a prebiotic effect, it needs to fulfill three main
requisites: not to be digested by endogenous enzymes in the human gut; to be
selectively fermented by specific genera/species of gut microbiota; and to increase
specific bacteria that confer benefits regarding human health [73]. The presence of
prebiotic fermentation in the small intestine by probiotics strongly inhibits non
intestinal prokaryotic and eukaryotic pathogens, due the production of bacteriocins,
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nisins, and metabolites such as ethanol and lactic acids, hampering pathogen growth
by decreasing pH [74].

Insoluble DF is composed mainly of cellulose, lignin, and other phenolic
compounds and contributes to fecal bulk increase and bowel movement [75]. Colonic
microbiota metabolizes soluble DF (resistant starch, pectin, and some hemicelluloses),
fermenting them into short-chain fatty acids (SCFAs) (acetate, propionate, and
butyrate). Recent studies demonstrate that SCFAs improve gut health by ranging from
the maintenance of intestinal barrier integrity to the production of mucus and
protection against inflammation, reducing the risk of colorectal cancer [76-78]. SCFAs
regulate systemic functions through the inhibition of histone deacetylase activity; this
intracellular signaling mechanism has a role in both gut and immune tissue responses,
as well as the peripheral nervous system and the central nervous system [79,80].
Therefore, only a fraction of SCFAs from the colon reach the circulation and other
tissues, and their effect on systems has been widely highlighted.
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Figure 2: Activity and immunomodulatory mechanism in fish through supplementation with
probiotics. (a) Binding with pathogen-active sites to reduce pathogenicity. (b) Preventing
pathogen adhesion to the intestinal wall. (c) Direct interactions with dendritic cells to activate
and stimulate immune cells. [81]
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The most documented effect is regarding T regulatory cell differentiation and
inflammatory control [82-85]. Additionally, SCFAs influence brown adipose tissue
activation, regulation of liver mitochondrial function, whole-body energy homeostasis,
and control of appetite and sleep [86-89]. According to Silva et al. [90] the SCFAs
produced by the gut microbiota increase neurogenesis, improve cognitive
development, improve memory, have an anti-aging effect on brain cells, improve
microglia development and function, induce homeostatic profile of the microglia and
reduce inflammatory signaling of microglia as well as astrocytes, thereby, improving
the integrity of the blood-brain barrier and reducing its permeability - Figure 2.

1.4.1 OP prebiotic potential

Few studies aimed to verify the prebiotic effect of olive by-products; they
evidenced a prebiotic effect on OP derivates (OP powder and bread enriched with
polyphenol rich fiber (PRF) from defatted olive pomace by-product), according to
Ribeiro et al. [63] OP powder promoted the production of SCFAs to a higher degree
than fructooligosaccharides, and Nissen et al. [91] highlighted the health-positive
effects on the host gut model: increased abundance of beneficial bacteria groups (such
as Bifidobacteriaceae and Lactobacillales, increase of SCFAs production, medium-
chain fatty acids (MCFAs), and reduction of excess harmful branched-chain fatty acids
(BCFAs), indole, and skatole.

1.5 Objectives

The objective of this study was to evaluate the fermented olive pomace (FOP)
in monocultures of L. fermentum, L. paracasei, and L. plantarum, to analyze if it has
prebiotic effect at different fermentation timepoints, to compare them with negative
and positive controls, as well as to compare short fermentation with long
fermentation, and the effect of gastrointestinal digestion in-vitro in FOP properties.
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2. Materials and Methods

2.1 Sampling

The olive pomaces were collected in two-phase olive mills in Portugal during
the season 2017/2018. One olive pomace from Alfandega da Fé was selected. Olive
pomaces were constituted by a mixture of olive cultivars.

2.2 Fermentation Process

The total fermentation of the OP is thirty-two days long under batch conditions,
and it was evaluated by sample collection at forty-eight hours of fermentation, ninety-
six hours, eight days, sixteen days, and thirty-two days. The sample were prepared
using a sterile glass of 2 liters of volume, adding the OP, and closing firmly the lid. The
fermentation process was done wildly — using their own microbiota — at room
temperature. It is important to highlight that in this research, the OP was not diluted
in water or a saline solution.

2.3 Sample preparation
2.3.1 Fermentation process

The total fermentation of the OP is 32 days long under batch conditions, and it
was evaluated by sample collection at 48 hours of fermentation, ninety-six hours, eight
days, sixteen days, and thirty-two days. The sample were prepared using a sterile glass
of 2 liters of volume, adding the OP, and closing firmly the lid in order to, within time,
generate an anaerobic environment. The fermentation process was done wildly — using
their own microbiota — at room temperature. It is important to highlight that in this
research, the OP was not diluted in water or a saline solution.

The selected fermentation timepoints were chosen according to the growth
curve obtained earlier in the project. There were four timepoints selected: the initial
one without fermentation (T0); the two-days fermentation (T2); the four-days
fermentation (T4) due to the curve growth peak; and finally, the thirty-two-days
fermentation (T32).



2.3.2 Controls

Three controls were done: the first control was made using only 9 mL of MRS
broth without glucose (Liofilchem, Italy) and 1 mL of 0.3 McFarland monoculture
suspension (negative control), and two positive controls using glucose in the second
and inulin - reference prebiotic - in the third control, both at 2% concentration w/v.
The controls were made by adding 0.2 g of glucose to 9 mL of MRS broth, followed by
the sterilization of the solution by a cellulose filter (0.22 um of pore size). The same
steps were followed regarding inulin. The initial pH was measured using a pHmeter
(Mettler Toledo) in a sterile environment to avoid contamination.

2.3.3 Simulated gastrointestinal digestion in-vitro (SGDI)

In order to be able to evaluate the actual prebiotic effect of OP, a simulated
gastrointestinal digestion invitro (SGDI) was performed [92]. This part of the step was
performed by a laboratory that is a partner in this study, as they developed and are
used to techniques and the needed equipment.

Oral phase

To simulate the mastication of solid food, a manual mincer is used. A paste-like
consistency is produced by adding an electrolyte stock solution with simulated salivary
fluid (SSF) to the minced food. The final ratio of food to SSF needs to be 50:50 (w/v).
Human salivary a-amylase is added, and the final concentration is 75 U/mL, followed
by CaCl,, which needs to be at 0.75 U/mL in the final mixture, and the necessary
quantity of water in order to dilute the SSF solution. The contact time with the enzyme
is 2 minutes at 37°C and pH 7, therefore the pre-warming of the reagents until this
temperature is necessary.

Gastric phase

Five parts of the oral bolus is mixed with four parts of simulated gastric fluid
(SGF) of 50:50 (v/v) after the addition of other recipients and water. Porcine pepsin
is added to achieve 2000 U/mL as well as gastric lipase at 60 U/mL in the final
digestion mixture, followed by CaCl, to achieve 0.075 mM in the final digestion
mixture. To reduce the pH to 3, HCl 1M is added. Finally, the necessary amount of
water is added to the mixture to dilute the stock solution of SGF. The digestion time
is 2 hours at 37°C, with mixing. The pH may need to be readjusted with 1M HCl during
digestion.
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Intestinal phase

After the addition of additional receivers and water, the ultimate ratio of
gastric chyme to simulated intestinal fluid (SIF) is 50:50 (v/v) by combining 5 parts of
chyme with 4 parts of electrolyte stock solution from the SIF. In order to neutralize
the gastric mixture to pH 7.0, the addition of 1M NaOH is needed. Bile salts (10mM)
are added, followed by trypsin in pancreatin (100 U/mL). The solution incubation
occurs for 2 hours at 37°C and pH 7, while mixing.

2.3.4 Sterilization

Each timepoint of the fermentation before and after SGDI was submitted to
moist heat sterilization, using autoclave.

2.3.5 Preparation of timepoints concentration

For each timepoint selected, concentrations of 2.5%, 5%, 10% and 40% w/v were
prepared. In a sterile environment, by flame, the FOP was weighted using an analytical
balance (0.25 g (2.5%), 0.50 g (5%), 1.00 g (10%) and 4.00 g (40%)) and added to 9 mL
of MRS broth.

2.4 Prebiotic activity assay

2.4.1 Probiotic

The prebiotic assay was performed using MRS broth and a monoculture of
standard probiotics: Lactobacillus fermentum ATCC ® 9338, Lactobacillus paracasei
subsp. paracasei ATCC ® BAA-52, and Lactobacillus plantarum subsp. plantarum NCTC
® 13644.

2.4.2 Cell suspension

The cell suspension was made using a McFarland cytometer (DEN-1) to measure
the optical density (OD). Fresh CFU of the selected microorganism monoculture were
carefully added to a saline solution until 0.3 McFarland. The cell suspension was added
(1 mL) to each control, and to each weighted sample with MRS broth. The controls and
each timepoint sample were submitted to an incubation of 48 hours at 37°C. The initial
pH was measured, using a pHmeter (Mettler Toledo).
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2.4.3 Assay evaluation

In order to evaluate the growth of each microorganism in the controls and
samples and be able to compare the results, a serial dilution (10° - 107) using saline
solution was performed, followed by the pour plate method of 100 uL in MRS agar
(Scharlau, Spain) done in triplicate. The seeded Petri dishes were incubated for 48
hours at 37°C, and then dishes with a CFU quantity between 30 and 300 were selected
to be counted. The CFU per milliliter was calculated using Equation 1, where 10* is
the effectuated dilution and 0.1 is the volume added to the media. The final pH was
measured, using a pHmeter (Mettler Toledo) in order to determine if there was any
acid fermentation by decreasing pH.

CFU _ quantity of CFU
mL 10¥ x 0.1

Equation 1

2.5 Statistical Analysis

One-way analysis of variance (ANOVA) was the statistical method employed to
compare the results. The same assay, carried out with the same monoculture, yielded
triplicate findings for the negative control and the selected sample. These results were
submitted to data analysis using Excel, and statistical data was gathered.
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3. Results and Discussion

3.1 Prebiotic activity assay
3.1.1 Before SGDI submission

The prebiotic activity assay with samples before SGDI submission results were
different for each probiotic used. The assay performed with Lactobacillus fermentum
showed a better development of the microorganism with an increase in OP
concentration, regardless of fermentation time (Figure 3). There was a greater CFU
per volume in the OP’s inoculum, verifying the nutritional richness of this substance
regarding L. fermentum. The relationship between microorganism growth and OP
fermentation time is inverse; there is a decrease in CFU/mL of L. fermentum in
inoculum with longer fermentation time. This result may be due to the utilization of
the substrates that this bacterium uses to ferment since the fermentation process
needs carbohydrates in order to happen. Therefore, the longer the fermentation, the
higher the depletion in substrate availability over time.
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Figure 3: Prebiotic assay results using L. fermentum. OP: Olive Pomace; TO0: without
fermentation; T2: two-days fermentatiton; T4: four-days fermentation; T32: thirty-two-days
fermentation; 2.5%, 5% and 10% are values relative to the concentration of each OP timepoint.

The assay performed with Lactobacillus paracasei showed a better
development of the microorganism with a decrease in OP concentration depending on
fermentation time - Figure 4. Although Lactobacillus paracasei developed better in
the OP inoculum when compared to the negative control, it was verified that there
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was a greater CFU per volume in the inoculums with 5% OP concentration to TO than
10% and in the inoculum with 2.5% OP concentration to T2 and T4 than the ones with
5% and 10% OP. One hypothesis to justify this result is that it may be due to the
presence of a substance or substances that inhibit this microorganism from developing,
so the higher the concentration of the OP, the greater the concentration of this
substance. Therefore, the evaluation of chemical composition over time is important.

Olives are rich in phenolic compounds; oleuropein, elenolic acid, verbascoside,
and demethyloleuropein are the most prevalent ones. Previous studies verified the
inhibition effect that oleuropein has on pathogenic bacteria when the concentration is
higher than 200 ug/mL and verified that reducing the substrate (yeast extract) quantity
in their test medium resulted in an inhibition of L. plantarum, Pediococcus cerevisiae,
Lactobacillus brevis, and Leuconostoc mesenteries growth by oleuropein [93,94]. The
abundance of substrates, such as fibers, carbohydrates, and fatty acids, in the OP TO
5% sample may overcome the concentration of inhibitor, which does not occur in the
OP TO 10% sample. Elenolic acid and the aglycone of oleuropein were inhibitory to
lactic acid bacteria [93,94]. The relationship between microorganism growth and OP
fermentation time is inverse; there is a decrease in CFU/mL of L. paracasei in inoculum
with longer fermentation time. This result may be due to the utilization of the
substrates that this bacterium uses to ferment since the fermentation process needs
carbohydrates in order to happen. Therefore, the longer the fermentation, the higher
the depletion in substrate availability over time.

Phenolic compounds are known for their antioxidant activity, prebiotic effect,
anticancer activity, prevention of cardiovascular and neurodegenerative diseases, and
many other benefits. Therefore, it may seem incoherent to discuss the negative
influence that these compounds may have on beneficial bacteria. However, the
positive or negative effects depend not only on the molecule but also on its
concentration. Fermentation is already an approach that proposes to change the
chemical profile of the OP, mainly in order to make it more palatable to human since,
due to its phenolic content, the OP has a bitter taste, while simultaneously improving
the microorganism profile to make it a probiotic food.
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Figure 4: Prebiotic assay results using L. paracasei. OP: Olive Pomace; TO: without
fermentation; T2: two-days fermentation; T4: four-days fermentation; T32: thirty-two-days
fermentation; 2.5%, 5% and 10% are values relative to the concentration of each OP timepoint.

The results of L. plantarum prebiotic activity assay shows a similar relationship
between microorganism development and OP concentration - Figure 5. With the
concentration increase, a depletion of CFU per unit of volume can be assessed. There
is no significant growth regarding OP T32, i.e., the CFU per unit of volume. Due the
process of wild fermentation, there is a decrease in substrate content and the creation
of metabolites, such as acids, alcohols, and gases that change the environment,
providing different conditions over time that may decrease the content of phenolic

compounds.
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Figure 5: Prebiotic assay results using L. plantarum. OP: Olive Pomace; TO: without
fermentation; T2: two-days fermentation; T4: four-days fermentation; T32: thirty-two-days
fermentation; 2.5%, 5% and 10% are values relative to the concentration of each OP timepoint.
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3.1.2 After SGDI submission

In order to confirm the prebiotic activity, the test component must reach the
intestine after being exposed to the conditions that the gastrointestinal tract provides,
such as the stomach acidic, digestive enzymes, and bile acid. The prebiotic activity
assay was performed after submitting each OP timepoint sample to SGDI. The
Lactobacillus fermentum results showed a greater CFU per milliliter of the
microorganism in the sample with 5% OP than in the 2.5% and 10% samples, as
illustrated in Figure 6.
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Figure 6: Prebiotic activity assay results using L. fermentum. OP: Olive Pomace; DIG:
submitted to simulated gastrointestinal digestion in-vitro; TO: without fermentation; T4: four-
days fermentation; T32: thirty-two-days fermentation; 2.5%, 5% and 10% are values relative to
the concentration of each OP timepoint. % : p-value<0.001; A: p-value<0.05

The remaining substances, after the SGDI, are the ones that the human body
cannot break down and absorb, components such as DF and phenolic compounds, hence
their prebiotic effect [70,91,95-98]. The decrease in microbial growth could be due a
higher concentration of phenolic compounds, overcoming the abundance of DF in the
sample. Higher CFU per milliliter in the OP DIG T4 inoculum can be verified. The
statistical analysis using one-way (ANOVA) to compare the negative control result
(average = 8.30E4 CFU/mL) with the OP DIG TO 10% (average = 4.33E5 CFU/mL) - which
was the sample with less CFU per milliliter - (p<0.05), therefore, a significant growth,
verifying a prebiotic effect. The SGDI of OP in effect bacterial development can be
assessed in Figure 7.
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Figure 7: Comparison of prebiotic assay results before and after SGDI - L. fermentum. OP:
Olive Pomace; DIG: submitted to simulated gastrointestinal digestion in-vitro; TO: without
fermentation; T4: four-days fermentation; T32: thirty-two-days fermentation; 2.5%, 5% and 10%
are values relative to the concentration of each OP timepoint.

The assay performed with Lactobacillus paracasei to evaluate the OP samples
submitted to GDSI confirms the inhibition profile assessed in the prebiotic assay
performed before the submission (Figure 8). The inoculums from OP DIG TO, OP DIG
T4 and the sample OP DIG T32 10% had less growth than the negative control; the
antibacterial properties of phenolic compounds may have caused an inhibition that
outweighed the availability of substrate. The OP DIG T32 2.5% sample had higher

growth, followed by the 5% concentration.
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Figure 8: Prebiotic activity assay results using L. paracasei. OP: Olive Pomace; DIG:
submitted to simulated gastrointestinal digestion in-vitro; TO: without fermentation; T4: four-
days fermentation; T32: thirty-two-days fermentation; 2.5%, 5% and 10% are values relative to
the concentration of each OP timepoint. % : p-value<0.001; A: p-value<0.05
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The number of CFU per milliliter in OP DIG T32 5% had statistical irrelevancy
compared to the negative control (p > 0.05), therefore, there was no prebiotic activity
confirmed regarding the assay with L. paracasei. However, OP DIG T32 2.5% was
statistically different from the negative control (p < 0.05). Therefore, regarding L.
paracasei, the only sample that had a prebiotic effect was the OP at 2.5%
concentration that was fermented for 32 days. The SGDI of OP in effect bacterial
development can be assessed in Figure 9.
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Figure 9: Comparison of prebiotic assay results before and after SGDI - L. paracasei. OP:
Olive Pomace; DIG: submitted to simulated gastrointestinal digestion in-vitro; TO: without
fermentation; T4: four-days fermentation; T32: thirty-two-days fermentation; 2.5%, 5% and 10%
are values relative to the concentration of each OP timepoint.

The performed assay with Lactobacillus plantarum showed that prebiotic
activity of OP samples submitted to GDSI had a different profile compared to the ones

after the submission (Figure 10).
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Figure 10: Prebiotic activity assay results using L. plantarum. OP: Olive Pomace; DIG:
submitted to simulated gastrointestinal digestion in-vitro; TO: without fermentation; T4: four-
days fermentation; T32: thirty-two-days fermentation; 2.5%, 5% and 10% are values relative to
the concentration of each OP timepoint. % : p-value<0.001; A: p-value<0.05

The CFU per milliliter of L. plantarum in OP DIG TO inoculums increased along
with the concentration. The OP DIG T4 had higher growth in the 5% sample, followed
by 10% and then 2.5%. The only sample that had a CFU per milliliter higher than the
negative control (average = 4.97x108 CFU/mL) was the OP DIG T0 10% (average = 1.33
x10° CFU/mL): the difference was statistically relevant (p < 0.05). Hence, for L.
plantarum, there is a prebiotic effect of non-fermented OP at 10% concentration. The

SGDI of OP in effect L. plantarum’s development can be assessed in Figure 11.
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Figure 11: Comparison of prebiotic assay results before and after SGDI - L. plantarum. OP:
Olive Pomace; DIG: submitted to simulated gastrointestinal digestion in-vitro; TO: without
fermentation; T4: four-days fermentation; T32: thirty-two-days fermentation; 2.5%, 5% and 10%
are values relative to the concentration of each OP timepoint.
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After the GDSI, each sample was liquid and had a different aspect from the pre-
GDSI sample, which was a paste; therefore, the distribution of DF and phenolic
compounds may differ. An exploratory assay using OP DIG at 40% concentration was
performed to evaluate the microorganism response. The results obtained can be
assessed in Figure 12. The L. fermentum inoculums evaluated had a significant growth
of almost 3 logs of difference from the negative control. A one-way ANOVA was used
to compare the OP DIG 40% inoculums with the negative control. The sample without
fermentation had a statistical difference (p < 0.05), as did the inoculums with
fermentation, 4 days and 32 days. The number of CFU per milliliter was higher in OP
DIG T4 40% (1.22x10® CFU/mL), followed by OP DIG T32 40% (1.14x108 CFU/mL), than
in OP DIG T0 40% (1.08x108 CFU/mL). Hence, it was verified that for L. fermentum the
fermentation process enhances the OP prebiotic activity.

The inoculums in which Lactobacillus paracasei was used as monoculture, the
quantity of CFU per milliliter was lower than the one used in the negative control.
Therefore, no prebiotic activity was verified in the assay using 40% of each sample (TO,
T4 and T32) submitted to GDSI using monoculture of L. paracasei. The inoculums OP
DIG T4 40% (average = 9.60x10® CFU/mL) and OP DIG T32 40% (average =1.34x10°
CFU/mL) regarding Lactobacillus plantarum’s assay had a quantity of CFU per milliliter
significantly higher than the negative control, and the quantity of OP DIG TO 40%
(average = 6.17x10® CFU/mL) was also higher but not statistically different.
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Figure 12: Prebiotic activity evaluation with 40% of OP - L. fermentum, L. paracaseiand L.
plantarum. OP: Olive Pomace; DIG: submitted to simulated gastrointestinal digestion in-vitro;
TO: without fermentation; T2: two-days fermentation; T4: four-days fermentation; T32: thirty-
two-days fermentation; 40% are values relative to the concentration of each OP timepoint. % :
p-value<0.001; A : p-value<0.05
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Therefore, the OP fermentation time increased the prebiotic effect in L.
plantarum’s assay. Through these exploratory assays, the inhibitory action of the OP
on L. paracasei could be assessed. Additionally, the OP prebiotic effect in L.
fermentum was verified, as well as in L. plantarum, depending on the fermentation
timing and concentration conditions. The quantity of CFU/mL in the inulin and glucose
controls by the pour plate method showed similar counting; however, there was a
greater pellet in the glucose control when compared to the inulin and comparing to
the remaining inoculums in every assay. A higher pH depletion in the glucose control
was detected as well -Table 3.

Table 3: Measurement of the initial and final pH after the incubation with each monoculture
and the difference.

L. fermentum L. paracasei L. plantarum
initial final difference initial final difference initial final difference

pH pH pH pH pH pH pH pH pH

]‘éfi‘;i’ovf 632 623 -0.09 620 579 0.41 620 558 0.62
Glucose 2% | 614  3.80 234 614  3.10 3.04 614 3.4 3.00
Iulin2% | 630 626 -0.04 621  3.06 3.15 6.1 5.59 0.62
op 2_05102 01 625 616 -0.09 6.25 5.62 0.63 6.25 5.88 037
OPDIGTV | 620 615 0.07 622 555 0.67 622 523 0.99
op ﬁ){g 01 623 628 0.05 623 545 0.78 6.23 4.93 1.30
op 2_05102 ™| 624 627 0.03 624 5.6 0.58 6.24 5.48 0.76
or ?({AG Ml6n 619 -0.03 622 5.6l 0.61 622 528 0.94
opP ﬁ){,/f ™1 623 625 0.02 623 557 0.66 6.23 4.99 1.24
T‘;f; %ﬂ; 623 625 0.02 6.23 5.73 0.50 6.23 5.54 0.69
%’ 219510/60"' 622 621 -0.01 622 566 0.56 6.22 5.33 0.89
?f;%&, 624 632 0.08 624 567 0.57 6.24 5.11 113

The similar quantity of CFU per volume may be due to cellular death by
acidification of the environment; therefore, performing the same protocol using a
buffer is required. According to the literature, the standard protocol used to evaluate
a substance’s prebiotic effect is the evaluation of the prebiotic activity score, which
can be assessed by the measurement of the optical density difference - Equation 2.
Due to the OP’s physical properties, the initial solution (medium with the OP) is already
turbid, so the usage of OD could not be assessed due to results inaccuracy. The protocol
used in this study had an exploratory approach and was based on Slizewska et al article
[99].
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Prebiotic activity score
probioticlog O.D. on the prebiotic at 24hrs — probioticlog O. D. on the prebiotic Oh
probioticlog O. D. on glucose 24h — probioticlog O. D. on glucose 24h Equation 2
entericlog O.D. on the prebiotic at 24hrs — entericlog O. D. on the prebiotic Oh
entericlog O.D. on glucose 24h — entericlog O.D. on glucose 24h

Therefore, it would be advisable to utilize citrate-phosphate buffer in future
assays in order to obtain a precise count of CFU per milliliter, without interference
from pH oscillation [100]. Additionally, since inulin is not hydrosoluble, medium
sterilization by cellulose filters is a challenge, and it is probable that part of the inulin
is retained on the membrane. The utilization of fructooligosaccharides (FOS) in the
positive prebiotic control to replace inulin would be a better approach [100]. FOS are
hydrosoluble, as is glucose, making them easier to filter and, consequently, less likely
to be retained during the filtration process.
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4. Conclusion

In this study, it was possible to verify the potential for prebiotic effects
from fermented and non-fermented OP. The aim of the project is the valorization of
this by-product, highlighting its nutritional and microbiological potential to nourish
human beings. Through exploratory assays, the prebiotic effect of the OP before its
submission to GDSI in L. fermentum could be verified, and later, after the submission
of the sample, the profile remained coherent with the one that was previously
assessed. Regardless of the concentration and fermentation time, this microorganism’s
growth was enhanced in the presence of this by-product. The decrease of the prebiotic
effect within fermentation time was verified, as was the increase with OP
concentration. The decline in CFU per milliliter during fermentation time could be
attributed to the consumption of substrates by L. fermentum throughout the process.
Consequently, as the duration of the process increases, the availability of the substrate
diminishes. Nonetheless, the inhibitory effect of the OP regarding L. paracasei could
also be assessed, it was possible to observe in the assay with the sample before and
after being submitted to GDSI. The growth of this strain was inhibited according to the
increase in OP concentration, but less affected within fermentation time. Due to
fermentation, inhibitory components may be degraded. Additionally, the OP prebiotic
effect in L. plantarum, depending on the fermentation time and concentration
conditions, could be verified. The prebiotic effect of OP on L. plantarum was enhanced
by fermentation time, contrary to the L. fermentum results. This may occur due to
many factors: degradation of inhibitory chemicals, availability of substrates that L.
plantarum could not break down in its complete form but has enzymes that catabolizes
oligomers or smaller particles, fermentation metabolites are produced, and L.
plantarum may use them as energy sources, etc. In conclusion, this work allowed the
verification of OP as a potential prebiotic source.
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5. Future work

Nevertheless, there is still much work to be done. The improvement of the used
protocol was to add buffer in each assay, as well as replace inulin for FOS, and to
perform the assays with more types of probiotic bacteria, such as Pediococcus
cerevisiae, Leuconostoc mesenteries, and Bifidobacterium longum, as well as probiotic
yeast, such as Saccharomyces boulardii, and enteric bacteria (Escherichia coli), in
order to calculate the prebiotic activity score of each OP sample. The analysis of
inoculums with lower OP concentrations in L. paracasei monoculture would be
interesting in order to try to verify if there is a concentration at which this by-product
exerts a relevant positive effect on these bacteria. Additionally, further studies should
aim to analyze the influence of OP in the human gut microbiota by performig a protocol
using fresh human stool and different concentrations of OP after being submitted to
simulated gastrointestinal digestion in vitro.

40



6. References

o N

10.

11.

12.

13.

14.

15.

16.

17.

Girotto, F.; Alibardi, L.; Cossu, R. Food waste generation and industrial uses: A
review. Waste management (New York, N.Y.) 2015, 45, 32,
doi:10.1016/j.wasman.2015.06.008.

Torres-Ledn, C.; Ramirez-Guzman, N.; Londono-Hernandez, L.; Martinez-
Medina, G.A.; Diaz-Herrera, R.; Navarro-Macias, V.; Alvarez-Pérez, O.; Picazo,
B.; Villarreal- Vazquez, M.; et al. Food Waste and Byproducts: An Opportunity
to Minimize Malnutrition and Hunger in Developing Countries. Frontiers in
Sustainable Food Systems 2018, 2, doi:doi:10.3389/fsufs.2018.00052.

EPA, U. International Efforts on Wasted Food Recovery. Available online:
https://www.epa.gov/international-cooperation/international-efforts-
wasted-food-recovery (accessed on april 27th).

Statistics Explained. Available online:
https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Food_waste_and_food_waste_prevention_-
_estimates (accessed on april 27th).

Food Waste. Available online: https://food.ec.europa.eu/safety/food-
waste/eu-actions-against-food-waste/food-waste-reduction-targets_en
(accessed on april 27th).

Hunger. Available online: http://www.fao.org/hunger/en/ (accessed on april
27th).

Victor, D. World Population Reaches 8 Billion, U.N. Says. 2022.

Roser, M.; Rodés-Guirap, L. Future Population Growth. Available online:
https://ourworldindata.org/future-population-growth#citation (accessed on
Dijk, M.; Morley, T.; Rau, M.L.; Saghai, Y. A meta-analysis of projected global
food demand and population at risk of hunger for the period 2010-2050. Nature
Food 2021, 494-501, doi:https://doi.org/10.1038/s43016-021-00322-9.

THE 17 GOALS | Sustainable  Development. Available online:
https://sdgs.un.org/goals (accessed on november 24th).

Roig, A.; Cayuela, M.L.; Sanchez-Monedero, M.A. An overview on olive mill
wastes and their valorisation methods. Waste management (New York, N.Y.)
2006, 26, 960-969, doi:10.1016/j.wasman.2005.07.024.

THE WORLD OF OLIVE OIL - International Olive Council. Available online:
https://www.internationaloliveoil.org/the-world-of-olive-oil/ (accessed on
jan 23rd).

OLIVE POMACE OIL. Available online: https://oriva.es/en/olive-pomace-oil/
(accessed on november 24th).

Berbel, J.; Posadillo, A. Review and Analysis of Alternatives for the Valorisation
of Agro-Industrial Olive Oil By-Products. Sustainability 2018, 10, 237,
doi:10.3390/s5u10010237.

Conterno, L.; Martinelli, F.; Tamburini, M.; Fava, F.; Mancini, A.; Sordo, M.;
Pindo, M.; Martens, S.; Masuero, D.; Vrhovsek, U.; et al. Measuring the impact
of olive pomace enriched biscuits on the gut microbiota and its metabolic
activity in mildly hypercholesterolaemic subjects. European Journal of
Nutrition 2019, 58, 63, doi:10.1007/s00394-017-1572-2.

Saadi, l.; Laor, Y.; Raviv, M.; Medina, S. Land spreading of olive mill
wastewater: effects on soil microbial activity and potential phytotoxicity.
Chemosphere 2007, 66, 75-83, doi:10.1016/j.chemosphere.2006.05.019.
Rodrigues, F.; Pimentel, F.B.; Oliveira, M.B.P.P. Olive by-products: Challenge
application in cosmetic industry. Ind. Crops Prod. 2015, 70, 116,
doi:https://doi.org/10.1016/j.indcrop.2015.03.027.

41



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Akratos, C.S.; Tekerlekopoulou, A.G.; Vasiliadou, I.A.; Vayenas, D.V.
Cocomposting of olive mill waste for the production of soil amendments -
FORTH / ICE-HT. Olive Mill Waste: Recent Advances for Sustainable-
Management 2017, 8, 161, doi:https://doi.org/10.1016/B978-0-12-805314-
0.00008-X.

Durante, M.; Bleve, G.; Selvaggini, R.; Veneziani, G.; Servili, M.; Mita, G.
Bioactive Compounds and Stability of a Typical Italian Bakery Products “Taralli”
Enriched with Fermented Olive Paste. Molecules 2019, 24, 3258,
doi:10.3390/molecules24183258.

Alburquerque, J.A.; Gonzalvez, J.; Garcia, D.; Cegarra, J. Agrochemical
characterisation of "alperujo’, a solid by-product of the two-phase
centrifugation method for olive oil extraction. Bioresource technology 2004,
91, 195, doi:10.1016/s0960-8524(03)00177-9.

Mennane, Z.; Tada, S.; Aki, I.; Faid, M. Physicochemical and microbiological
characterization of the olive residue of 26 traditional oil mills in Beni Mellal
(Morroco). Les Technologies de Laboratoire 2010, 5.

Nunes, M.A.; Palmeira, J.D.; Melo, D.; Machado, S.; Lobo, J.C.; Costa, A.S.G.;
Alves, R.C.; Ferreira, H.; Oliveira, M.B.P.P. Chemical Composition and
Antimicrobial Activity of a New Olive Pomace Functional Ingredient.
Pharmaceuticals 2021, 14, 913, doi:10.3390/ph14090913.

DellaGreca, M.; Previtera, L.; Temussi, F.; Zarrelli, A. Low-molecular-weight
components of olive oil mill waste-waters. Phytochemical analysis : PCA 2004,
15, 184, doi:10.1002/pca.766.

Servili, M.; Baldioli, M.; Selvaggini, R.; Miniati, E.; Macchioni, A.; Montedoro,
G. High-performance liquid chromatography evaluation of phenols in olive fruit,
virgin olive oil, vegetation waters, and pomace and 1D- and 2D-nuclear
magnetic resonance characterization. Journal of the American Oil Chemists’
Society 1999, 76, 873, doi:doi:10.1007/s11746-999-0079-2.

Lafka, T.; Lazou, A.; Sinanoglou, V.; Lazos, E. Phenolic and antioxidant
potential of olive oil mill wastes. Food Chemistry 2011, 125, 92,
doi:https://doi.org/10.1016/j.foodchem.2010.08.041.

Ryan, D.; Robards, K.; Lavee, S. Changes in phenolic content of olive during
maturation - Ryan - 1999 - International Journal of Food Science & Technology
- Wiley Online Library. Institute Food Science Tecnology 2001, 34, 265,
doi:10.1046/j.1365-2621.1999.00261.x.

Aludatt, M.; Alli, I.; Ereifej, K.; Alhamad, M.; Al-Tawaha, A.; Rababah, T.
Optimisation, characterisation and quantification of phenolic compounds in
olive cake. Food Chemistry 2010, 123, 117,
doi:https://doi.org/10.1016/j.foodchem.2010.04.011.

I, F.; M, B.; Z, S.; S, S. Hypocholesterolemic effects of phenolic-rich extracts
of Chemlali olive cultivar in rats fed a cholesterol-rich diet. Bioorganic &
medicinal chemistry 2005, 13, 5362, doi:10.1016/j.bmc.2005.05.036.
Gomez-Rico, A.; Fregapane, G.; Salvador, M. Effect of cultivar and ripening on
minor components in Spanish olive fruits and their corresponding oils | Request
PDF. Food Research International 2008, 41, 433,
doi:http://dx.doi.org/10.1016/j.foodres.2008.02.003.

Obied, H.K.; Bedgood, D.R.; Prenzler, P.D.; Robards, K. Bioscreening of
Australian olive mill waste extracts: biophenol content, antioxidant,
antimicrobial and molluscicidal activities. Food and chemical toxicology : an
international journal published for the British Industrial Biological Research
Association 2007, 45, 1238-1248, doi:10.1016/j.fct.2007.01.004.

Vivas, A.; Moreno, B.; Garcia-Rodriguez, S.; Benitez, E. Assessing the impact of
composting and vermicomposting on bacterial community size and structure,

42



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

and microbial functional diversity of an olive-mill waste. Bioresource
technology 2009, 100, 1319-1326, doi:10.1016/j.biortech.2008.08.014.
Lucena-Padros, H.; Jiménez, E.; Maldonado-Barragan, A.; Rodriguez, J.; Ruiz-
Barba, J. PCR-DGGE assessment of the bacterial diversity in Spanish-style green
table-olive fermentations. International Journal of Food Microbiology 2015,
205, 47, doi:https://doi.org/10.1016/j.ijfoodmicro.2015.03.033.

Duran Quintana, M.C.; Romero Barranco, C.; Garcia Garcia, P.; Brenes
Balbuena, M.; Garrido Fernandez, A. Bacterias del acido lactico en la
fermentacion de aceitunas de mesa. Grasas y Aceites 1997, 48, 297,
doi:10.3989/gya.1997.v48.i5.806.

Difonzo, G.; Troilo, M.; Squeo, G. Functional Compounds From Olive Pomace to
Obtain High-Added Value Foods - A Review | Request PDF. Journal of the
Science of Food and Agriculture 2020, 101, 15,
doi:http://dx.doi.org/10.1002/jsfa.10478.

Moubarik, A.; Barba, F.J.; Grimi, N. Understanding the physicochemical
properties of olive kernel to be used as a potential tool in the development of
phenol-formaldehyde wood adhesive. International Journal of Adhesion and
Adhesives 2015, 122, doi:10.1016/j.ijadhadh.2015.06.003.

El-Sheikh, A.; Newman, A.P.; Al-Daffaee, H.; Phull, S.; Cresswell, N.
Characterization of activated carbon prepared from a single cultivar of
Jordanian Olive stones by chemical and physicochemical techniques. Journal of
Analytical and Applied Pyrolysis 2004, 71, 151, doi:10.1016/50165-
2370(03)00061-5.

Kiritsakis, K.; Evangelou, E.; Sakellaropoulos, N. Olive Qil Processing,
Categories, Nutritional Benefits, and Byproducts. In Handbook of Vegetables
and Vegetable Processing, 2nd ed.; MA, S.M.a.U., Ed.; 2018; pp. 745.
Eliche-Quesada, D.; Leite-Costa, J. Use of bottom ash from olive pomace
combustion in the production of eco-friendly fired clay bricks. Waste
management (New York, N.Y.) 2016, 48, 323,
doi:10.1016/j.wasman.2015.11.042.

Suarez, M.; Romero, M.P.; Motilva, M.J. Development of a phenol-enriched
olive oil with phenolic compounds from olive cake. Journal of agricultural and
food chemistry 2010, 58, 10396, doi:10.1021/jf102203x.

Del Rio, D.; Rodriguez-Mateos, A.; Spencer, J.P.; Tognolini, M.; Borges, G.;
Crozier, A. Dietary (poly)phenolics in human health: structures, bioavailability,
and evidence of protective effects against chronic diseases. Antioxidants &
redox signaling 2013, 18, 1818, doi:10.1089/ars.2012.4581.

Pandey, K.B.; Rizvi, S.l. Plant polyphenols as dietary antioxidants in human
health and disease. Oxidative medicine and cellular longevity 2009, 2, 270,
doi:10.4161/0xim.2.5.9498.

Cicerale, S.; Lucas, L.; Keas, R. Biological activities of phenolic compounds
present in virgin olive oil. International journal of molecular sciences 2010,
11, 458, doi:10.3390/ijms11020458.

Cicerale, S.; Conlan, X.A.; Sinclair, A.J.; Keast, R.S. Chemistry and health of
olive oil phenolics. Critical reviews in food science and nutrition 2009, 49, 218,
doi:10.1080/10408390701856223.

Boss, A.; Bishop, K.S.; Marlow, G.; Barnett, M.P.; Ferguson, L.R. Evidence to
Support the Anti-Cancer Effect of Olive Leaf Extract and Future Directions.
Nutrients 2016, 8, 513, doi:10.3390/nu8080513.

Ellis, L.Z.; Liu, W.; Luo, Y.; Okamoto, M.; Qu, D.; Dunn, J.H.; Fujita, M. Green
tea polyphenol epigallocatechin-3-gallate suppresses melanoma growth by
inhibiting inflammasome and IL-1B secretion. Biochemical and biophysical
research communications 2011, 414, 551, doi:10.1016/j.bbrc.2011.09.115.

43



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Anastopoulos, I.; Massas, |.; Ehaliotis, C. Use of residues and by-products of the
olive-oil production chain for the removal of pollutants from environmental
media: A review of batch biosorption approaches. Journal of environmental
science and health. Part A, Toxic/hazardous substances & environmental
engineering 2015, 50, 677-718, doi:10.1080/10934529.2015.1011964.
Delgado-Moreno, L.; Sanchez-Moreno, L.; Pefia, A. Assessment of olive cake as
soil amendment for the controlled release of triazine herbicides. The Science
of the total environment 2007, 378, 119, doi:10.1016/j.scitotenv.2007.01.023.
Morillo, J.A.; Antizar-Ladislao, B.; Monteoliva-Sanchez, M.; Ramos-
Cormenzana, A.; Russell, N.J. Bioremediation and biovalorisation of olive-mill
wastes. Applied microbiology and biotechnology 2009, 82, 25,
doi:10.1007/s00253-008-1801-y.

Visioli, F.; Romani, A.; Mulinacci, N.; Zarini, S.; Conte, D.; Vincieri, F.F.; Galli,
C. Antioxidant and other biological activities of olive mill waste waters. Journal
of agricultural and food chemistry 1999, 47, 3397, doi:10.1021/jf9900534.
Japon-Lujan, R.; Luque de Castro, M.D. Liquid-liquid extraction for the
enrichment of edible oils with phenols from olive leaf extracts. Journal of
agricultural and food chemistry 2008, 56, 2505, doi:10.1021/jf0728810.
Fernandez-Bolanos, J.; Rodriguez, G.; Rodriguez, R.; Heredia, A.; Guillén, R.;
Jiménez, A. Production in large quantities of highly purified hydroxytyrosol
from liquid-solid waste of two-phase olive oil processing or "Alperujo”. Journal
of agricultural and food chemistry 2002, 50, 6804, doi:10.1021/jf011712r.
Hebbar, K.B.; Pandiselvam, R.; Manikantan, M.R.; Arivalagan, M.; Beegum, S.;
Chowdappa, P. Palm Sap—Quality Profiles, Fermentation Chemistry, and
Preservation Methods. Sugar Tech 2018, 20, 621, doi:doi:10.1007/s12355-018-
0597-z.

Rejano Navarro, L.; Montano, A.; Casado, F.J.; Sanchez, A.H.; Castro Gomez-
Millan, A.d. Table olives: varieties and variations. 2010, 1, 5,
doi:10.1016/B978-0-12-374420-3.00001-2.

Dimidi, E.; Cox, S.R.; Rossi, M.; Whelan, K. Fermented Foods: Definitions and
Characteristics, Impact on the Gut Microbiota and Effects on Gastrointestinal
Health and Disease. Nutrients 2019, 11, 1806, doi:10.3390/nu11081806.
Tekin, A.R. Biogas production from olive pomace. Resources, Conservation and
Recycling 2000, 30, 301, doi:10.1016/50921-3449(00)00067-7.

Uddin, M.A.; Siddiki, S.Y.A.; Ahmed, S.F.; Rony, Z.l.; Chowdhury, M.A.K.;
Mofijur, M. Estimation of Sustainable Bioenergy Production from Olive Mill Solid
Waste. Energies 2021, 14, 7654, doi:10.3390/en14227654.

Papadaki, E.; Kontogiannopoulos, K.N.; Assimopoulou, A.N.; Mantzouridou, F.T.
Feasibility of multi-hydrolytic enzymes production from optimized grape
pomace residues and wheat bran mixture using Aspergillus niger in an
integrated citric acid-enzymes production process. Bioresource technology
2020, 309, doi:10.1016/j.biortech.2020.123317.

Oliveira, F.; Moreira, C.; Salgado, J.M.; Abrunhosa, L.; Venancio, A.; Belo, I.
Olive pomace valorization by Aspergillus species: lipase production using solid-
state fermentation. Journal of the science of food and agriculture 2016, 96,
3583, doi:10.1002/jsfa.7544.

Munekata, P.E.S.; Dominguez, R.; Pateiro, M.; Nawaz, A.; Hano, C.; Walayat,
N.; Lorenzo, J.M. Strategies to Increase the Value of Pomaces with
Fermentation. Fermentation 2021, 7, 299, doi:10.3390/fermentation7040299.
Cedola, A.; Cardinali, A.; D'Antuono, I.; Conte, A.; Del Nobile, M. Cereal foods
fortified with by-products from the olive oil industry. Food Bioscience 2020,
33, 100490, doi: 10.1016/j.fbi0.2019.100490.

Simonato, B.; Trevisan, S.; Tolve, R.; Favati, F. Pasta fortification with olive
pomace: Effects on the technological characteristics and nutritional properties

44



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

| Request PDF. Lebensmittel-Wissenschaft und-Technologie 2019, 114,
108368, doi: 10.1016/j.lwt.2019.108368.

Cecchi, L.; Schuster, N.; Flynn, D.; Bechtel, R.; Bellumori, M.; Innocenti, M.;
Mulinacci, N.; Guinard, J.X. Sensory Profiling and Consumer Acceptance of
Pasta, Bread, and Granola Bar Fortified with Dried Olive Pomace (Paté): A
Byproduct from Virgin Olive Oil Production. Journal of food science 2019, 84,
2995, doi:10.1111/1750-3841.14800.

Ribeiro, T.B.; Costa, C.M.; Bonifacio-Lopes, T.; Silva, S.; Veiga, M.; Monforte,
A.R.; Nunes, J.; Vincente, A.A.; Pintado, M. Prebiotic effects of olive pomace
powders in the gut: In vitro evaluation of the inhibition of adhesion of
pathogens, prebiotic and antioxidant effects. Food Hydrocolloids 2021, 112, 1,
doi: 10.1016/j.foodhyd.2020.106312.

Zhang, H.; Lin, Z.; Chen, J.; Gan, D.; Zhou, H.; Ma, Z.; Zeng, X.; Xue, Y.; Wang,
X.; Zhan, Q.; et al. Association Between Dietary Fiber Intake and Heart Failure
Among Adults: National Health and Nutrition Examination Survey 2009-2018.
Frontiers in cardiovascular medicine 2022, 9, doi:10.3389/fcvm.2022.893436.
Liu, L.; Xie, S. Dietary fiber intake associated with risk of rheumatoid arthritis
among U.S. adults: NHANES 2010-2020. Medicine 2023, 102,
doi:10.1097/MD.0000000000033357.

Cai, H.; Sobue, T.; Kitamura, T.; Ishihara, J.; Murai, U.; Sawada, N.; Iwasaki,
M.; Yamaji, T.; Inoue, M.; Tsugane, S. Dietary fibre intake is associated with
reduced risk of lung cancer: a Japan public health centre-based prospective
study (JPHC). International journal of epidemiology 2022, 51, 1142,
doi:10.1093/ije/dyac054.

Dong, W.; Yang, Z. Association of Dietary Fiber Intake With Myocardial
Infarction and Stroke Events in US Adults: A Cross-Sectional Study of NHANES
2011-2018. Frontiers in Nutrittion 2022, 9, 936926,
doi:10.3389/fnut.2022.936926.

Imai, S.; Fukui, M.; Kajiyama, S. Effect of eating vegetables before
carbohydrates on glucose excursions in patients with type 2 diabetes. Journal
of clinical biochemistry and nutrition 2014, 54, 7, doi:10.3164/jcbn.13-67.
Brand-Miller, J.; Holt, S.; Pawlak, D.; McMillan, J. Glycemic index and obesity.
The American Journal of Clinical Nutrition 2002, 76, 281S, doi:
10.1093/ajcn/76.1.281S.

Frampton, J.; Murphy, K.G.; Frost, G.; Chambers, E.S. Higher dietary fibre
intake is associated with increased skeletal muscle mass and strength in adults
aged 40 years and older. Journal of cachexia, sarcopenia and muscle 2021, 12,
2134, doi:10.1002/jcsm.12820.

Parikh, S.; Pollock, N.K.; Bhagatwala, J.; Guo, D.H.; Gutin, B.; Zhu, H.; Dong,
Y. Adolescent fiber consumption is associated with visceral fat and
inflammatory markers. The Journal of clinical endocrinology and metabolism
2012, 97, E1451, doi:10.1210/jc.2012-1784.

Zeng, H.; Umar, S.; Rust, B.; Lazarova, D.; Bordonaro, M. Secondary Bile Acids
and Short Chain Fatty Acids in the Colon: A Focus on Colonic Microbiome, Cell
Proliferation, Inflammation, and Cancer. International Journal of Molecular
Science 2019, 20, doi:10.3390/ijms20051214.

Roberfroid, M.; Gibson, G.R.; Hoyles, L.; McCartney, A.L.; Rastall, R.; Rowland,
I.; Wolvers, D.; Watzl, B.; Szajewska, H.; Stahl, B.; et al. Prebiotic effects:
metabolic and health benefits. The British journal of nutrition 2010, 104 Suppl
2, S1, doi:10.1017/50007114510003363.

Karimi, S.; Azizi, F.; Nayeb-Aghaee, M.; Mahmoodnia, L. The antimicrobial
activity of probiotic bacteria Escherichia coli isolated from different natural
sources against hemorrhagic E. coli O157:H7. Electronic physician 2018, 10,
6548, doi:10.19082/6548.

45



75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Marmol, I.; Quero, J.; Rodriguez-Yoldi, M. Modifiable and non-modifiable risk
factors of colorectal cancer. In Advances in Health and Disease; 2018; Volume
7

Lewis, K.; Lutgendorff, F.; Phan, V.; Soderholm, J.D.; Sherman, P.M.; McKay,
D.M. Enhanced translocation of bacteria across metabolically stressed epithelia
is reduced by butyrate. Inflammatory bowel diseases 2010, 16, 1138,
doi:10.1002/ibd.21177.

Peng, L.; Li, Z.R.; Green, R.S.; Holzman, I.R.; Lin, J. Butyrate enhances the
intestinal barrier by facilitating tight junction assembly via activation of AMP-
activated protein kinase in Caco-2 cell monolayers. The Journal of nutrition
2009, 139, 1619, do0i:10.3945/jn.109.104638.

Gaudier, E.; Rival, M.; Buisine, M.P.; Robineau, I.; Hoebler, C. Butyrate enemas
upregulate Muc genes expression but decrease adherent mucus thickness in
mice colon. Physiological research 2009, 58, 111,
doi:10.33549/physiolres.931271.

Stilling, R.M.; van de Wouw, M.; Clarke, G.; Stanton, C.; Dinan, T.G.; Cryan,
J.F. The neuropharmacology of butyrate: The bread and butter of the
microbiota-gut-brain axis? Neurochemistry international 2016, 99, 110,
doi:10.1016/j.neuint.2016.06.011.

Kien, C.L.; Peltier, C.P.; Mandal, S.; Davie, J.R.; Blauwiekel, R. Effects of the
in vivo supply of butyrate on histone acetylation of cecum in piglets. JPEN.
Journal of parenteral and enteral nutrition 2008, 32, 51,
doi:10.1177/014860710803200151.

Hasan, M.T.; Jang, W.J.; Lee, J.M.; Lee, B.; Hur, S.; Lim, S.; Kim, K.W.; Han,
H.; Kong, |. Effects of Immunostimulants, Prebiotics, Probiotics, Synbiotics, and
Potentially Immunoreactive Feed Additives on Olive Flounder (Paralichthys
olivaceus): A Review. Reviews in Fisheries Science & Aquaculture 2019, 27,
417437, doi: 10.1080/23308249.2019.1622510.

Fung, T.C.; Olson, C.A.; Hsiao, E.Y. Interactions between the microbiota,
immune and nervous systems in health and disease. Nature neuroscience 2017,
20, 145, doi:10.1038/nn.4476.

Arpaia, N.; Campbell, C.; Fan, X.; Dikiy, S.; van der Veeken, J.; deRoos, P.;
Liu, H.; Cross, J.R.; Pfeffer, K.; Coffer, P.J.; et al. Metabolites produced by
commensal bacteria promote peripheral regulatory T-cell generation. Nature
2013, 504, 451, doi:10.1038/nature12726.

Smith, P.M.; Howitt, M.R.; Panikov, N.; Michaud, M.; Gallini, C.A.; Bohlooly-Y,
M.; Glickman, J.N.; Garrett, W.S. The microbial metabolites, short-chain fatty
acids, regulate colonic Treg cell homeostasis. Science (New York, N.Y.) 2013,
341, 569, doi:10.1126/science.1241165.

Haghikia, A.; Jorg, S.; Duscha, A.; Berg, J.; Manzel, A.; Waschbisch, A.;
Hammer, A.; Lee, D.H.; May, C.; Wilck, N.; et al. Dietary Fatty Acids Directly
Impact Central Nervous System Autoimmunity via the Small Intestine. Immunity
2015, 43, 817, doi:10.1016/j.immuni.2015.09.007.

Szentirmai, E.; Millican, N.S.; Massie, A.R.; Kapas, L. Butyrate, a metabolite of
intestinal bacteria, enhances sleep. Scientific reports 2019, 9,
doi:10.1038/s41598-019-43502-1.

Li, Z.; Yi, C.X.; Katiraei, S.; Kooijman, S.; Zhou, E.; Chung, C.K.; Gao, Y.; van
den Heuvel, J.K.; Meijer, O.C.; Berbée, J.F.P.; et al. Butyrate reduces appetite
and activates brown adipose tissue via the gut-brain neural circuit. Gut 2018,
67, 1269, doi:10.1136/gutjnl-2017-314050.

Mollica, M.P.; Mattace Raso, G.; Cavaliere, G.; Trinchese, G.; De Filippo, C.;
Aceto, S.; Prisco, M.; Pirozzi, C.; Di Guida, F.; Lama, A.; et al. Butyrate

46



89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Regulates Liver Mitochondrial Function, Efficiency, and Dynamics in Insulin-
Resistant Obese Mice. Diabetes 2017, 66, 1405, doi:10.2337/db16-0924.

De Vadder, F.; Kovatcheva-Datchary, P.; Goncalves, D.; Vinera, J.; Zitoun, C.;
Duchampt, A.; Backhed, F.; Mithieux, G. Microbiota-generated metabolites
promote metabolic benefits via gut-brain neural circuits. Cell 2014, 156, 84,
doi:10.1016/j.cell.2013.12.016.

Silva, Y.P.; Bernardi, A.; Frozza, R. The Role of Short-Chain Fatty Acids From
Gut Microbiota in Gut-Brain Communication. Frontiers in Endocrinology 2020,
11, doi:10.3389/fendo.2020.00025.

Nissen, L.; Casciano, F.; Chiarello, E.; Di Nunzio, M.; Bordoni, A.; Gianotti, A.
Colonic In Vitro Model Assessment of the Prebiotic Potential of Bread Fortified
with  Polyphenols Rich Olive Fiber. Nutrients 2021, 13, 787,
doi:10.3390/nu13030787.

Brodkorb, A.; Egger, L.; Alminger, M.; Alvito, P.; Assuncao, R.; Ballance, S.;
Bohn, T.; Bourlieu-Lacanal, C.; Boutrou, R.; Carriere, F.; et al. INFOGEST static
in vitro simulation of gastrointestinal food digestion. Nature protocols 2019,
14, 991, doi:10.1038/s41596-018-0119-1.

Fleming, H.P.; Walter, W.M.; Etchells, J.L. Antimicrobial properties of
oleuropein and products of its hydrolysis from green olives. Applied
microbiology 1973, 26, 777, doi:10.1128/am.26.5.777-782.1973.

Juven, B.; Henis, Y. Studies on the antimicrobial activity of olive phenolic
compounds. The Journal of applied bacteriology 1970, 33, 721,
doi:10.1111/j.1365-2672.1970.tb02255.x.

Mosele, J.; Macia i Puig, M.A.; Romero Fabregat, M.P.; Motilva Casado, M.J.;
Rubioé Piqué, L. Application of in vitro gastrointestinal digestion and colonic
fermentation models to pomegranate products (juice, pulp and peel extract)
to study the stability and catabolism of phenolic compounds. Journal of
Functional Foods 2015, 14, 529, doi: 10.1016/j.jff.2015.02.026.

Mosele, J.; Macia, A.; Motilva, M.j. Metabolic and Microbial Modulation of the
Large Intestine Ecosystem by Non-Absorbed Diet Phenolic Compounds: A
Review. Molecules 2015, 20, 17429, doi:10.3390/molecules200917429.
Tomas-Barberan, F.A.; Garcia-Villalba, R.; Gonzalez-Sarrias, A.; Selma, M.V.;
Espin, J.C. Ellagic acid metabolism by human gut microbiota: consistent
observation of three urolithin phenotypes in intervention trials, independent of
food source, age, and health status. Journal of agricultural and food chemistry
2014, 62, 6535, doi:10.1021/jf5024615.

Gonzalez-Barrio, R.; Borges, G.; Mullen, W.; Crozier, A. Bioavailability of
anthocyanins and ellagitannins following consumption of raspberries by healthy
humans and subjects with an ileostomy. Journal of agricultural and food
chemistry 2010, 58, 3933, doi:10.1021/jf100315d.

Slizewska, K.; Chlebicz-Wéjcik, A. The In Vitro Analysis of Prebiotics to Be Used
as a Component of a Synbiotic Preparation. Nutrients 2020, 12, 1272,
doi:10.3390/nu12051272.

Huebner, J.; Wehling, R.L.; Parkhurst, A.; Hutkins, R.W. Effect of processing
conditions on the prebiotic activity of commercial prebiotics. International
Dairy Journal 2008, 18, 287, doi: 10.1016/j.idairyj.2007.08.013.

47



