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Oil / water separation plants to improve the final quality of extra virgin
olive oils: technical evaluation and experimental results

Attilio Matera*, Giuseppe Altieri, Francesco Genovese, Giuseppe Genovese, Luciano Scarano,
Giovanni Carlo Di Renzo

Scuola di Scienze Agrarie, Forestali, Alimentari ed Ambientali (SAFE), Universita degli Studi della
Basilicata

Introduction

The growing attention by consumer towards the role that food plays in safeguarding health
has made it possible to include extra virgin olive oil among the foods with a high functional and
health significance. The uses of olive oil since ancient times have been the most varied, in fact even
if the most important role it plays in the diet for cooking food and as a condiment, olive oil has also
been a component of the oldest medicines. Several studies have shown, in fact, that some
compounds, mainly phenolic substances, are related to a long series of positive effects on human
health (1,2). The polyphenols present in olive oil are natural antioxidants that have beneficial effects
for our health, but also for the stability of the oil itself since it increases its shelf life by defending it
from oxidative damage (3,4). The production of polyphenols, which occurs in oil cells, is due to
reactions catalysed by the cellular enzyme kit, which is determined on a genetic basis and induced
by a set of environmental factors such as climate and territory. It follows that the qualitative-
guantitative profile of an oil is closely linked to the production land characterized by certain types
of cultivars, climatic conditions and an adequate production process. They intervene as direct
antioxidants, lower cholesterol levels and inhibit LDL peroxidation, slow tumor growth, inhibit some
chemical carcinogens, slow platelet aggregation and, finally, perform hypoallergenic and anti-
inflammatory activity.

The sensory aspect of extra virgin olive oil is also fundamental, represented by the set of
properties that make it "acceptable" or "desirable" by the consumer. Sensory quality therefore
includes the evaluation of the color, aroma and taste of the food. Color is the first sensory evaluation
performed by the consumer. The compounds responsible for the color of virgin olive oils are part of
the minor constituents. These are fat-soluble pigments such as chlorophylls, responsible for the
green color, and carotenoids that give the yellow color. The olfactory note derives from a series of
partially volatile compounds at room temperature, which makes them perceptible at the olfactory
membrane level. Some of these compounds, such as terpene alcohols and some esters are called
"original" aromas as they pre-exist in the fruit. Others, however, such as aldehydes and alcohols are
called "derivation" aromas as they are compounds that are formed during the pressing of olives as
a result of endogenous enzymatic mechanisms catalyzed by lipoxygenase. These compounds are
responsible for the "fruity" sensation that for an olive oil represents a high degree of sensory quality.
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The taste of virgin olive oils is due to the sensation of "pungent" and "bitter" probably linked
to some phenolic compounds. The "taste-smell" phase of the sensory examination is certainly the
most complex as it simultaneously involves volatile and non-volatile compounds with sensory
impact and can highlight any synergistic effects related to their combination.

The sensory attributes of virgin olive oil are due to the strong stimulation of human sensory
receptors caused by both non-volatile and volatile substances (5,6,7,8).

These particular characteristics of extra virgin olive oils are easier to appreciate as the
consumer can express on the basis of his sensory perceptions a quality judgment on the oil used.
These are precisely the characteristics that in recent years have led to a growing demand for high
quality extra virgin olive oil, therefore the choice of technologies and the appropriate design of the
extraction processes represent an important tool to protect and enhance the organoleptic and
nutritional characteristics of the oil during the transformation process. All the operations involved
in the extraction process have, in fact, the purpose of extracting the oil from the fruit while
preserving as much as possible the original organoleptic and nutritional characteristics. In this
perspective, mechanical extraction allows to extract triglycerides in the most intact form possible,
allowing to preserve as many minor compounds as possible that characterize olive oil from an
organoleptic point of view and favors the formation of new aromatic chemical compounds that were
not present in the drupe, but which originate from the action of enzymes released by the breakdown
of plant tissues.

To obtain a quality oil, a fair degree of ripeness of the drupes is also necessary, suitable
methods of collection and extraction, not neglecting appropriate hygienic-sanitary measures that
can be pursued through adequate phytosanitary defense and rational harvesting, post-harvest and
transformation operations that aim to minimize the manipulation of the product. Ultimately, the
quality of olive oil can only be obtained through respect and preservation of the intrinsic properties
of the original product enhanced through a rational extraction process.

These needs require greater organization between scientific research, the oil machine
manufacturing industry and producers, in order to propose innovative technologies that enhance
the quality of the oil, without penalizing extraction yields.

Extra virgin olive oil extraction process

Virgin olive oil is an oil obtained solely by mechanical or other physical processes, under
conditions that do not cause alteration of the oil, and which has not undergone any treatment other
than washing, decantation, centrifugation and filtration. The goal of extraction methods is to extract
as much oil as possible from the fruit without altering its original quality. For this reason, it is
essential to use only mechanical or physical methods, avoiding chemical or enzymatic reactions that
can alter its natural composition.

The quality of the oil, in fact, is mainly determined:

e from the state of ripeness of the olives at the time of processing;
e by extraction technology;
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e from the delicate phase of conditioning-conservation of the oil.

The different technological operations can lead to a profound change in the composition of
the oil following the transformation of some natural components of the olive (following enzymatic
and oxidative interventions) and the distribution of aromatic and antioxidant components between
the oily phase, the solid-colloidal matrix of olive paste and vegetation water.

The extraction process of virgin olive oil consists of a series of operations that lead to the
release of the largest possible amount of oil contained in the cellular vacuoles of the drupe (Fig. 1).
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Fig. 1. Olive oil production process flow chart.

The extraction becomes all the more difficult the more the quantity of oil is dispersed in very
small droplets in the colloidal system of the olive paste or in emulsion with the vegetation water.
The oil droplets, which are released following the rupture of the cells, come together in larger drops
during the kneading phase through the physical phenomenon of coalescence, until they reach such
dimensions that they can be separated into a continuous liquid phase: the oily must.

The oily must leaving the extraction plants has physical and chemical characteristics that
depend on the technologies used upstream of the process, in particular the oil-pomace separation
plants can affect both the sensory properties and oxidative stability, playing a fundamental role on
the quantity and activity of phenolic compounds. The separation of the oily must from the olive
pomace by pressure, although it returns a product with more polyphenols, has now been almost
completely replaced by extraction by horizontal centrifugal separation (decanter) in two or three
phases, which has allowed to give continuity to the process and reduce extraction times (Fig. 2).
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Fig. 2. Continuous method - extraction with three-phase decanter.

Plants for the clarification of oily must

Whatever the extraction system that the oil mill adopts, the oily must that separates from
the plant is always accompanied by more or less high quantities of vegetation water and small plant
fragments. The water content of vegetation and solids varies in the oily wort varies from 2-5% in the
three-phase decanter up to 5-15% in the two-phase decanter.

Water and solids are separated for different densities of liquids, using two different
techniques:

e decantation;
e centrifuging.

Decantation is a traditional method, based on the non-miscibility of the oil with vegetation
water. During the resting phase, the oil, being lighter than water, tends to surface and separate.

After this first phase it is necessary to separate the residual water present in the oil; This
operation requires longer oil stationing times in tanks of special masonry. This method has been
completely abandoned, because it does not allow to obtain high quality oils. Today, the liquid phase
from the various extraction layers is separated by means of vertical disc separators (Fig. 3).

Disc stack centrifuges have the vertical axis of rotation and are also known as cap centrifuges.
Rotating at high speed (about 5000-6000 rpm), they allow, on the one hand, to obtain a clean virgin
olive ail, even if still slightly turbid and, on the other, to recover that small part of oil dispersed in
emulsion in the aqueous phase.
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This type of centrifuges are formed by a series of truncated conical plates, placed at a
distance of about 1 mm from each other and mounted on the hollow shaft of the drum.

(a) (b)
Fig. 3. Vertical disc stack centrifuge (a); centrifuge cross-section, (2)

In this centrifuge the power supply takes place from above along a central and fixed tube
that flows into a larger diameter, rotating, which brings to its lower end a conical disc, finned in the
lower part (called distributor) to guide the flow outwards helping it to increase its speed up to the
value expected by centrifugation. Above this disk are superimposed others (about a hundred). They
are characterized by radial protrusions on the back and have a thickness not exceeding 2 mm. In this
way, gaps are formed between the discs of the same thickness, within which the turbid liquid rises
towards the center of the centrifuge. The fractions of heavy liquid due to the centrifugal force come
out of the lower and outer part of the discs, lapping the lower face of the immediately upper disk.
Heavy particles collect in the peripherally located sludge chamber. This chamber, of bitonic shape,
is the result of two drums or boluses, one upper and one lower, both conical that constitute the
closing surface of the rotating complex. The fractions of light liquid, subject to less centrifugal force,
not being able to discharge towards the outside of the discs, because prevented by the presence of
the heavy liquid, due to the centrifugal pressure rise towards the center of the discs flowing on
them. The two liquids therefore flow in opposite directions and it is thus possible to separate them.

The discs act as a sedimentation surface and thanks to their inclination they clean themselves
allowing the scum to slide into the sludge chamber.

During the operation of the centrifuge, the sludge accumulates more and more and it must
be eliminated from the chamber. This operation is performed through holes that are closed during
the work phase and open during the discharge of solids. The opening and closing system of the holes
essentially costs a double movable bottom that is in a high position during closing and moves to a
low position during opening. The movement of the double bottom is due to a hydraulic system that
exerts upward pressure during closing and downward pressure when opening. A game of manually
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or automatically controlled valves introduces the service liquid into the appropriate spaces and
discharges it from these to implement the system.

The discharge of solids can be partial or total. In the first case, the double movable bottom
closes when the solids have not yet been completely discharged. When it is total, however, the
double bottom remains open long enough to let out all the solids and even a part of the liquids.
With the partial discharge of solids there is no loss of liquids, but the closure risks causing wear of
the hole closing system. In the total discharge of solids, on the other hand, there is the loss of liquids.
The best solution is to interlayer a series of partial openings with a total opening.

The opening and closing command of the holes can be implemented by:

e atimed system: which regulates the intervals between one opening and another;

e a turbidity-friendly system: a photocell on the clarified liquid pipe detects the presence of
torpidity when the sludge chamber is full and controls the opening of the holes;

e a hydraulic system sensitive to pressure variations: in practice, a small fraction of clarified
liquid is sent back to the sludge chamber through a small pipeline. A precision pressure gauge
measures the pressure required for this flow. When the sludge chamber is full, the small pipe
becomes occluded and the fluid supply pressure increases. This increase in pressure controls
the opening of the holes and the discharge of the solids.

There are decanter centrifuges with continuous sediment discharge, in which the holes are
always open. They are used to concentrate suspensions of precious materials (starch, yeasts)
eliminating most of the liquid.

As for the discharge of the clarified liquid, in almost all centrifuges, it takes place by means
of a device that transmits considerable energy to the fluid and makes the centrifuge work like a real
pump. This allows the clarified liquid to be sent to a storage tank or other process machine. It is a
simple disc integral with the power channel of the suspension and internally cable with particular
spiral finning. In this disk the kinetic energy possessed by the fluid due to the rotational motion is
transformed into potential energy.

A drawback of disc centrifuges is due to the fact that when used on food liquids they
determine, due to the violent mechanical action developed by the organs on the liquid,
deterioration of the mechanical characteristics of the fluid, heating and intimate mixing of ambient
air, resulting in high diffusion of oxygen in the food liquid. This is in contrast with the current
increasing attention of consumers to the product quality of food products, with a concept of
genuineness that links the product consumed to the original product, which has led to a push and
re-examine the production processes and machines used in the food industry with a perspective
that takes into account productivity, but which mainly aims at maintaining all the chemical-physical
characteristics of the food product original, without causing any change in the composition of the
processed food.

In addition to the disc centrifuges discussed above, so-called "super centrifuges" are also
known. These are centrifuges with baskets of 10 cm in diameter, 1-2 m long and equipped with small
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longitudinal diaphragms so that the liquid can reach the same speed as the basket more quickly.
This rotates at about 60000 rpm, but when you have to overcome colloidal solutions or break
emulsions the speed can reach 100000 rpm. In the latter case, the engine organ is mostly similar to
a small air turbine. In order for the component of greater specific gravity to have time to move to
the walls, the mixture is brought from below and the two separate components are brought out
from above after a rather long journey. From the site farthest from the tree there is the exit of the
thickest liquid. Super centrifuges are used in the mineral and vegetable oil, wine and liqueur
industries; They have the advantage of significantly reducing the separation time, compared to a
normal centrifuge.

Like disc centrifuges, super centrifuges also have the aforementioned drawback related to
the discharge of solids and the inconvenience of causing a deterioration of the mechanical
characteristics of the fluid, heating and intimate mixing of ambient air, resulting in high diffusion of
oxygen in the food liquid.

The research developed in the last thirty years, through the study of fluid dynamics of
horizontal centrifuges (decanters) has had as its fundamental objective the improvement of yields
through the construction of increasingly efficient and reliable machines. All this is not enough, as it
is necessary to revisit the whole process, in its individual operational phases and as a whole, in order
to maximize the nutritional and sensory quality, and at the same time increase the content in minor
components. For several years the question has been raised about the influence of the forced
passage of the oily must in the vertical centrifuge and about the effect that the high rotation speed
can determine on the quality of the oil and on the quantity of oxygen that melts in it, as a result of
the high pressure generated by the centrifugal force (9).

In a work carried out by Masella et al. (10) the influence of vertical centrifuges on the quality
of extra-virgin olive oil was evaluated. Oil samples were analyzed before and after centrifuge
treatment; The results obtained show that the treatment determines important variations in some
gualitative aspects of olive oil. Immediately after centrifuge treatment, an increase in dissolved
oxygen concentration was detected, and there was also a significant increase in peroxide content
and spectrophotometric index K232, respectively of 40 and 14%. Significant differences occurred
only for simple phenols, while for secoiridoids, the most important class of polyphenols, there were
no significant differences between before and after treatment. Significant differences were also
found for the content of volatile components that are significantly higher for the samples analyzed
before treatment with the vertical centrifuge. These oils have, in fact, more marked fruity notes.
This work suggests the need for adequate design of liquid-liquid separators so as to reduce dissolved
oxygen content in order to contain degradation of functional components for oil stability and
consumer health.

Olive Oil Quality Parameters

Based on the quality level, identified by chemical parameters (acidity; number of peroxides;
spectrophotometric constants and ethyl esters of fatty acids) and organoleptic (organoleptic
evaluation) as defined in Annex | of EU Reg. 2016/2095, olive oils are classified into:
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e Extra virgin olive oil
e Virgin olive oil

e “Lampante” olive oil

Tab. 1. Classification of olive oils according to chemical parameters

Esteri Valutazione
Acidita | N°di | etilicidi Spectrofotometria organolettica
Categoria %) Perossidi| acidi mediana | mediana
Ok rassi
(mg Oz/kg) gﬂ = K232 | K270 AK Fruttato Difetto

Olio Extra
Vergine di <0.8 = 20 = 35 |= 25 |= 022 = 0.1 =0 =0
Oliva
3"“ diOiva | .59 <20 - <26 | <025| <001 >0 <35

ergine
Olio di Oliva - - - - - - .
Lampante >2.0 >3.5

Free acidity of the oil

Acidity measures, as a result of lipolysis, the formation of free fatty acids. Lipolysis is a
hydrolysis reaction that affects the structure of triglycerides and consists in the breaking of a bond
between glycerol and one or more fatty acids esterified to it. It occurs by an enzyme present in the
pulp of olives, lipase in the presence of water. The measure of acidity is certainly the first index of
the quality of the product as it is directly determined by the quality of the olives in terms of integrity
of the fruit at the time of processing. Factors affecting the free acidity of the oil:

e degree of ripeness of the olives;
e phytosanitary status of olives;
e storage times of olives

Even prolonged contact between oil and vegetation water and/or sludge can lead to an
increase in the free acidity of the oil.

Peroxides Number

This parameter measures the primary oxidation of the oil, therefore the formation of
hydroperoxides due to the reaction between unsaturated fatty acids and oxygen in the presence of
catalysts (heat, metals; light). The value takes on different meanings depending on the moments of
an oil’s life:

e Inafresh oil it measures the level of oxidation due to the harvesting and storage operations
of the olives, providing an indication of the quality of the raw material used;

e In stored oil it measures the accumulation of peroxides as a result of oxidation phenomena
favored by the presence of air and catalyzed by: heat, light and metals.

However, the peroxides number tends to increase during the storage phase of the oil due to
the slow but progressive action of the factors that favor radical oxidation.
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Spectrophotometric constants

The peroxides number is not sufficient to define the oxidation state of the oil as during
storage this parameter may undergo a decrease as a result of the decomposition of the
hydroperoxides themselves (secondary oxidation) with the formation of aldehydes and ketones and
volatile acids responsible for the rancid defect. Absorptions at wavelengths 232 nm and 270 nm
indicate the oxidative state of the oil, since conjugated dienic and triene systems can be formed
following oxidation of the oil. Primary oxidation, which results in the formation of hydroperoxides,
increases absorption to 232 nm. Secondary oxidation, with the formation of secondary carbonyl
compounds, results in an increase to 270 nm.

Experimental activities

The experimental activities were conducted along four olive oil seasons (2019-2022) and had
as their objective the improvement of oil quality through plant engineering approaches. The
research had as macro objectives: (i) the construction and patent of an oil/water/sludge centrifugal
separator operating at low rpm (Rotased) to improve the final quality of the oil and (ii) the
development of a new separation system in a controlled atmosphere, in order to safeguard EVOO
from oxidation and to create the optimal conditions to maximize the oxidative stability of the
nutraceutical components and maximize the overall final quality of the oil, with respect to product
parameters (11, 12). The activities were carried out in synergy with the business partners of the
project with approaches depending on the type of activity, as described below. For the development
of the Rotased, the tests were conducted at the Ruscigno oil mill (Tricarico, MT), where the machine
was installed downstream of the extraction line and operated under different conditions, with the
aim of defining the maximum conditions to optimize the quality of the final product. The subsequent
activities involved the extraction of the oily must in the oil mill (Ruscigno; Picciariello (Bitonto, BA)),
transport to the laboratories of the University and inoculation with an additional culture (bacteria
and / or yeasts) selected by the Industrial Microbiology group of the University of Basilicata. The
inoculated oily must (and the non-inoculated control), following incubation for 16h, was then
treated with a centrifugal disc separator, operating in a controlled atmosphere, to eliminate water
and residual solids.

Design, construction and patent of an oil/water/sludge separator to improve the final quality of
EVO0O.

The centrifugal separator "/ROTASED" developed by the group of Machines and Plants for the
Food Industries is in fact a rotary sedimenter. The purpose of the machine is to provide a rotary
sedimentation for the solid/liquid and liquid/liquid separation of food liquids that is able to
overcome or reduce at least in part the drawbacks discussed above. The invention will be better
understood by the following detailed description of its forms of execution.
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Fig. 4. Detailed section of ROTASED (left) and complete separation plant (right).

Initially referring to Fig. 4, this figure shows a diagram of the plant for the solid/liquid and
liquid/liquid separation of food liquids according to a first form of realization currently preferred.
The separation plant includes a rotary sedimentation plant according to a first preferred form of
realization. The separator is in particular a rotary sedimentation plant with vertical axis for
solid/liquid and liquid/liquid separation of food liquids. In other words, the rotary sedimentator is
suitable for clarifying both a turbid (i.e. a liquid to be clarified) consisting of or comprising, for
example, two insoluble liquids of different densities, and a turbid one consisting of or including, for
example, a liquid and solids. As is known, the term "turbid" means a material in a liquid state that
includes or is composed either of at least two liquids insoluble between them or of at least one
liquid and solids that are insoluble with each other. The separation system includes a tank (510) for
turbidity, a pump (511) for feeding the turbid, a sampling pipe (512) of the turbid operationally
interposed between pump 511 and tank 510. The separation system 500 includes a supply pipe
(513) of the turbid operationally interposed between pump 511 and a tank (520), or storage tank,
which has the function of feed accumulation tank for the rotary sedimentation tank. The 520 storage
tank includes a 521 basket grid and a separation septum (522) placed inside the storage tank (520).
A pipe (523-31), for the intake of the turbidity, is operationally interposed between the storage tank
520 and the rotary sedimenter. The turbid fed into the sedimentation plant includes or consists of
a first fraction of turbid at lower density (which corresponds to a clarified liquid intended to be
discharged from the sedimentator) and a second fraction of turbid at greater density than the
density of the first fraction of turbid.

A discharge pipe 541-32 to discharge a clarified liquid from the sedimentator is operationally
interposed between the rotary sedimenter and a discharge tank (540) provided to receive the
clarified liquid. It should be noted that this clarified liquid corresponds to the aforementioned first
fraction of turbid at lower density than the turbid introduced into the sedimentation plant.
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A sampling pipe 525-33 to withdraw the aforementioned second fraction of turbid from the
rotary sedimenter is operationally interposed between the rotary sedimenter and a sampling pump
(526). In particular, the second fraction of turbid corresponds in practice to the fraction of turbid at
greater density that is separated in the sedimentator 1.

The pumps 511 and 526 and the rotary settling plant are each equipped with their own drive
unit (511A, 526A, 20). The drive units 511A, 526A of pumps 511 and 526 comprise respective electric
motors 511A and 526A. Drive unit 20 of rotary sedimentator 1 comprises an electric motor (21).
According to a preferred form of realization, the electric motors are operationally connected to an
electrical panel and are individually controlled by an inverter for the regulation of the rotation speed
of these motors.

To avoid the mistreatment caused by the high rotation speed of the disc centrifuge and, to
offer operators the possibility to control the desired level of clarification, the Rotased acts by
operating a gravity sedimentation, which is improved by applying an appropriate centrifugal
acceleration field to the mixture to be separated.

The physical principle on which it is based is sedimentation in laminar regime.

Operating at a significantly lower number or factor "g" (6 x g) than the centrifuges normally
used (5000 x g), the innovation arises as an intermediate solution between natural sedimentation,
generally considered too slow and not very effective, and sedimentation performed with disc
centrifuges extremely effective but less "respectful" of nutritional and organoleptic characteristics.
This separation allows to produce a percentage of quality oil, ranging from 50% to 90% of the treated
oily must, without causing oxygenation, heating and homogenization of the product.

A regulation valve allows the adjustment of the input and therefore of the residence time of
the product inside the machine.

The innovation, compared to pure sedimentation by gravity, consists in improving or helping
sedimentation obtained by imposing an appropriate rotation speed which, always in a laminar fluid
dynamic field, adding to the acceleration of gravity (this has been designed to occur at about 100
RPM), generates acceleration vectors that are parallel to the lateral surface of the truncated cone
only in its upper part (Fig. 5), in order to create an internal motion that drags the predominant light
phase towards the upper exhaust, and at the same time, the heavier phases towards the lower
exhaust, with further separation of the light phase that is pushed towards the axis of rotation and
then forced to go up towards the upper discharge of the light phase.

Also innovative is the feeding system for the autonomous management of the retention time
of the product in the machine, in fact the feeding and unloading flow rates of the light phase is
implemented through a repechage pump of the sedimented heavy phase.

The appropriate adjustment of the latter allows to adjust the flow rate of separated light
liquid that takes place by touching from the upper part of the truncated cone, while the introduction
of the product takes place by gravity from a tank placed above the machine itself.
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Fig. 5. Photo of the ROTASED and detail of the acceleration vectors generated during operation and 3D
reconstruction of the internal chamber of the sedimentator.

Previously, a fluid-dynamic simulation of the prototype operation was conducted using
OpenFoam, an open-source software (Fig. 6).

A fluid-dynamic simulation of the operation of the prototype itself was conducted using
OpenFoam, an open-source software for fluid dynamics and multiphysics simulation. We simulated
a two-phase incompressible 2D flow, with rotation and gravity. A k-epsilon SST turbulence model
was used, which lends itself well to describing fluctuating regimes from laminar to turbulent, even
if the test cases of interest are laminar. In particular, laminar operation is preferred to avoid mixing
between the phases, and to have an optimal separation of the same. The two-phase flow is resolved
through a VOF (Volume Of Fluid) model. It characterizes the two-phase flow through the Navier-
Stokes equations written for the mixture, and solving a new equation for the volume fraction (alpha)
that describes the degree of presence of the two phases in a given volume.

The simulation shows:

e the correct separation of the two phases oil (blue) + water (red);

e that the light phase (oil) is accumulated and discharged from the top of the machine, while
the heavy phase (water) is transferred to the bottom;

e that the separation is facilitated by a speed of approximately 100 rpm, which induces a
limited centrifugal force on the product, accelerating its separation;

e that the motion remains laminar and there are no mixing with the oxygen contained in the
air, in this way the quality of the initial product is preserved intact.
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The fluid-dynamic simulation has shown and clarified how an increase in flow generates
different flow regimes within the centrifuge, but does not succeed by itself in making the two outlets
selective for the two different phases.
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Fig. 6. Fluid dynamics simulation conducted with OpenFoam

Experimental tests conducted with ROTASED

During the first year of activity (2019), experimental tests were carried out to compare
Rotased treatments with CV. Coratina at the oil mill Ruscigno in Tricarico (MT) (Fig. 7).

The use of the experimental prototype (Rotased) for liquid-liquid separation was evaluated
with the aim of defining the design criteria for the construction of a prototype plant for the
separation of olive oil from the oily must leaving the decanter, in order to eliminate most of the
residual water without resorting to the centrifugal separator. During the tests, 3 operating
conditions were tested, namely rotational speed (75, 125, 150 rpm). The experimental oils obtained
were analyzed with respect to the main commercial parameters (acidity, peroxide number,
spectrophotometric indices K232 and K270) using official methods (11) and with respect to quality
criteria (polyphenols, carotenoids, chlorophyll, turbidity).

The degree of ripeness of the Coratina olives used during the test was about 60% green and
40% black (Fig. 7), considered an optimal level of ripeness for in relation to the quality of the oil and
the extraction rate. In Fig. 8 the results obtained from the analysis of the CV samples are graphically
represented. Coratina.
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Fig. 7. Above, photos of the employees in the experimentation. Below photo of the separation system
installed in the oil mill.
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Fig. 8. CV Coratina analysis results.

From the results obtained the first most important data is that all oils had the minimum
chemical requirements to be categorized as extra virgin, however characteristic trends were
observed for each parameter investigated. The acidity value in the experimental samples and in the
control (CV) was very low (about 0.2%), and not statistically different between samples. The number
of peroxides was lower in the samples extracted using Rotased 125 rpm (7.71 mEq 02/kg), while
the value of carotenoids and chlorophylls was lower in the experimental samples. From the data as
such, it is not clear what the best treatment may be. It is necessary to consider the relative
percentage variations with respect to a reference, the chosen reference is the action carried out by
the vertical centrifuge CV. In addition, to decide on the best treatment, you need to choose a goal,
the chosen goal is the overall oxidation state of the product. This objective is measured by the 4
parameters ACID, PEROX, K270 and K232. Therefore, the mean of the 4 parameters (sign change)
was used to evaluate the oxidation state. A positive score indicates a low oxidation state while a
negative score indicates a high oxidation state (Table 2).

Table 2. Relative percentage changes in chemical parameters with respect to the vertical centrifuge.

| Coratina | RO75 | R125 | R150 | CV |
0.0% [-10.0%) 0.0% 0.0%
PEROX < 20 [INiWI7 15.5% 0.0%
338% -14.9% -242% 0.0%
DT 25.4% -12.3%  -205% 0.0%
T 739 A8 9 eas16% Y 0.0%
| k232<25 [EXGA 0.7% 0.0%
RCEILETR PR 3000% 0 | 0.0% | 10.0% 0.0%
| PHEN | A 15.2% 0.0%

PUNTEGGIO W 69 |4 62 | -65 |

With these premises it is clear that R125 (Rotased at 125 rpm) has a score of +6.2 and
represents the best treatment. In this case, a 10% decrease in acidity, an 8% decrease in peroxides,
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a 7% decrease in K232 and an 11% increase in total polyphenols are observed. The experimental oils
had a richer phenolic profile than the experimental samples, with a relative % increase compared
to CV between 11.1% (125 rpm) and 17.8% (75 rpm).

Fig. 9. CV Coratina — Comparison between the two oil extractions. Oil obtained with vertical centrifuge;
(b) Oil obtained from Rotased.

The experimental data obtained with the innovative Rotated separator, used for the final
cleaning of the oily must before its subsequent bottling, highlight the effectiveness of the same in
cleaning the oil and the possibility of replacing the traditional vertical axis centrifugal separators
that are normally used in the final oil cleaning phase. However, unlike the latter, Rotased avoids
excessive oxygenation and generates less oil heating, originating from the machines during
separation. In addition, Rotased preserves the most important sensory and nutritional properties of
an extra-virgin olive oil. Overall, the evidence collected represents a starting point for the
preparation of the plant to be used industrially for the production of a "turbid" extra virgin olive oil.

Also following the results obtained in these tests, Rotased received the patent certificate for
industrial invention from the Ministry of Economic Development — Italian Patent Office on
28/01/2019 with the number 102016000078140.

Rotased can replace traditional separators in oil cleaning allowing considerable savings in
terms of electricity (1.1 kW), avoids excessive oxygenation and generates less oil heating, preserves
the most important sensory and nutritional properties of an extra-virgin olive oil.

Separation with prototype in modified atmosphere at low rpm (SAM)

Activities 2020

Activities in this phase investigated the effect of the variation of the rotational speed (1000
rom) and the atmosphere in the headspace of the vertical disc centrifuge. The experimental low-
speed disc centrifuge that has been used is an integrated part of a mini-discontinuous extraction
plant supplied at the laboratories of the School of Agricultural, Food and Environmental Sciences
(SAFE) of the University of Basilicata.
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Fig. 10. Photo and diagram of the centrifuge in operation.

Therefore, in general, the experimental approach included the following series of common
phases (Fig. 11): (i) supply of oily must from partner oil mills; (ii) transport to SAFE laboratories; (iii)
overnight inoculation (12h) of the oily must using the microorganisms selected by the Industrial
Microbiology group; (iv) oil separation with vertical centrifuge with discs at low rpm (1000 rpm) in
modified atmosphere. The centrifuge has been suitably modified to allow, during extraction, the
conditioning with 100% nitrogen (N2) or in the absence of incoming air (i.e. partial pressure of
oxygen <20k Pa).
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Fig. 11. Schematization of the experimental activity.

In this activity the tests were conducted on CVs. Coratina and Leccino, along several seasons.
The oil extracted in air (Ctrl) was used as a reference to evaluate the effectiveness of the extraction
in a modified atmosphere, while the oil extracted with the use of the conventional disc centrifuge
in the oil mill (RIF) was used as a control to verify the effect of the speed of rotation in air. The
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quality of the oil obtained was evaluated in the first instance by determining the marketability
parameters with respect to an extra virgin olive oil, such as acidity (%), peroxide number (mEq 02 /
kg of oil) and spectrophotometric indices (K232 and K270), after 24 h and 180 and 360 days from
extraction, using official analytical methods (11). Secondly, to compare treatments, a quality score
was assigned to each sample obtained from each treatment. The analytical values have been
transformed into percentage values compared to the maximum legal value for an extra virgin olive
oil (Acidity<0.8%, Peroxides<20 mEq 02/kg; K232<2.5; K270<0.22). The quality level of the ails,
therefore, was calculated as an average of the percentage values of these parameters.

Therefore, following this methodological approach, in the second year of activity (2020) it
was possible to assign a score to the samples of oil extracted from the oily must of Coratina and
Leccino cultivars, supplied at the Ruscingno mill (Fig. 12). The data suggest that at time 0, for both
cultivars, chemically obtained oils can be categorized as extra virgin (0.17%<Acidity<0.24%; 5.69
mEqg 02/kg<Peroxides<9.05 mEq 02/kg; 0.86<K232<1.10; 0.06<K270<0.12). In particular, as
expected, there is a macro-separation of the samples that takes place according to characteristics
depending on the shelf life, so that the newly extracted samples (24h) had a higher score, followed
by those extracted at 180 and 360 days. The analysis of the data denotes (Table 3), moreover, as
contextually to the extraction time, the products with the inoculum had the highest score, both in
Coratina (from 62 to 64%) and in Leccino (from 61 to 68%).

Tab. 3. Scores assigned to the oils of the cv. Leccino and Coratina on the basis of the quality level

determined in the tests. 1: samples with inoculum; 2 samples without inoculation; A: extraction under
nitrogen stream; B: extraction with the sealed centrifuge; Ctrl: extraction conducted in the air.

TESI |TRATTAMENTO| TEMPO | LQ(%) TESI | TRATTAMENTO | TEMPO | LQ (%)
1 A 0 68,87 1 B 0 | 64,20
1 Ctrl 0 65,44 1 Ctrl 0 62,97
1 B 0 61,61 1 A 0 62,45
2 Ctrl 0 61,32 2 A 0 61,19
2 B 0 60,88 2 Ctrl 0 60,37
2 A 0 59,63 2 RIF 0 60,23
1 B 180 59,43 2 B 0 58,69
1 A 180 58,63 1 A 180 58,52
2 Ctrl 180 56,62 2 Ctrl 180 57,04
2 B 180 55,93 2 A 180 | 52,98
2 A 180 53,31 1 Ctrl 180 | 52,98
1 Ctrl 180 48,60 2 B 180 | 52,58
2 RIF 0 46,59 1 B 180 50,81
1 B 360 44,94 1 Ctrl 360 39,24
2 A 360 43,29 1 A 360 38,37
1 A 360 42,04 2 B 360 36,37
2 Ctrl 360 41,91 2 RIF 180 32,24
2 B 360 39,40 1 B 360 31,97
2 RIF 180 36,23 2 Ctrl 360 28,64
1 Ctrl 360 36,02 2 A 360 18,99
2 RIF 360 16,37 2 RIF 360 17,00

LECCINO CORATINA

The score of the reference oils extracted in the oil mill (RIF) is relevant for both CVs. is below
the experimental oils, in particular the Leccino (RIF) 24h after extraction has a lower score (46.59%)
compared to experimental oils stored for 180 days; otherwise, Coratina (RIF) had a much better



109

quality level (60%) and similar to experimental oils not inoculated. The two CVs. They expressed a
qualitative level also dependent on the extraction system used, suggesting that there is an effect of
the interaction of inoculum variables and extraction conditions.

Activities 2021

With the aim of confirming the results achieved in 2020, in the third year of activity (2021)
the investigative approach used (i; ii, iii, iv) was replicated by proceeding with the separation of an
oily must of CV. Coratina, supplied at the Picciariello oil mill near Bitonto (BA). In addition, the
residual water content in the extracted oils was also measured by drying in an oven at 105 °C and
measuring the weight until stability was achieved, to verify its correspondence with the reference
quality standards (<0.2%). The residual water in the oily must was very low (0.9%), suggesting that
the separation operation operated by the three-phase decanter in the oil mill was very effective,
returning a poorly hydrated must. Despite this, the separation carried out both in the oil mill and in
the experimental tests removed the water residues, returning a product with a maximum residue
of 0.2%, using the experimental centrifuge, up to 0.1% when the separation was carried out with
the centrifuge at 5000 rpm. At the same time as the oils extracted with the experimental centrifuge,
among all, the products extracted under N2 flow (A1; A2) had a significantly higher water residue
(Fig. 12).
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Fig. 12. Waste water content (%). 1: samples with inoculum; 2 samples without inoculation; A: extraction
under nitrogen stream; B: extraction with the sealed centrifuge; Ctrl: duct extraction in the air; MO: Oily
must; RIF: separation with conventional centrifuge in the oil mill.

Chemical analyses revealed that the oils fell into the extra virgin category, proving the good
quality of the raw material and the extraction procedure. Compared to the acidity values, which
were very low (0.2%) and similar to the previous year, the statistical analysis (ANOVA, Tukey HSD)
suggested that there was no effect of inoculation or treatments on this parameter, which increased
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over time (180 days) in all experimental samples up to about 0.25%. The number of peroxides
showed a very precise trend, where at time 0 the effect of the inoculum was not evident, but a
variability was observed due to the use of the modified atmosphere, so that the products extracted
with N2 flow had significantly lower values (4.2 mEq 02 / kg) than those extracted in air (5.5 mEq
02 / kg). After 180 days of storage, the number of peroxides increased in all samples, especially
those extracted from non-inoculated must or extracted from air.
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Fig. 13. Results of the analysis of basic commercial parameters for experimental oils.

To understand how the investigated parameters and samples were correlated, a multivariate
analysis was conducted through principal component analysis (PCA). From the multivariate
statistical processing obtained from the correlation matrix of the parameters measured in the
products at each sampling, it can be seen that the first two main components explain about 78% of
the variance between the samples, separating them according to the treatments and the storage
time. Acidity, peroxide number and spectrophotometric indices were inversely correlated with
chlorophyll content, carotenoids and total phenolic content. In addition, the analysis allowed
graphically to observe a macro separation, both at 24h and 180 days, of the inoculated samples
from the control ones. The sample of oil extracted in the oil mill with the conventional centrifuge
(5000 rpm) was separated from the experimental samples extracted in the air, recording a greater
number of peroxides (6.3 mEqg 02 / kg) and a lower total phenolic content than experimental oils,
suggesting that the higher rotation speed can affect the quality characteristics, in particular
destabilize the phenolic component.
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Table 4. Scores assigned to the oils of the cv. Coratina on the basis of the quality level determined in the
tests. 1: samples with inoculum; 2 samples without inoculation; A: extraction under nitrogen stream; B:
extraction with the sealed centrifuge; Ctrl: extraction conducted in the air.

TESI |TRATTAMENTO| TEMPO

1 B 0

1 A 0 64,23
1 CTRL 0 63,35
2 B 0 59,22
2 A 0 58,88
2 RIF 0 58,11
2 CTRL 0 53,81
1 A 180 47,34
2 A 180 46,34
2 B 180 45,06
1 B 180 44,99
2 RIF 180 44,62
1 CTRL 180 44,37
2 CTRL 180

CORATINA

The integrated data analysis (Table 4) shows that, together with the extraction time, the
products with the inoculum had the highest score (from 63 to 65%) of those not inoculated. An
interesting fact that emerged is related to the quality% level of the non-inoculated product
extracted in air at low speeds (2 Ctrl, time 0), which was about 5% lower than the control in the oil
mill (not inoculated), suggesting that there is an effect of the interaction of the inoculum with the
extraction methodology. The % difference after 180 days of storage between experimental samples
is about 10%, where samples extracted in nitrogen, both inoculated and not, had a higher score.
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The extraction in the air at low revolutions, returned a product after 180 days of extraction of lower

quality.

Activities 2022

Considering the results achieved, in particular the significant effect of inoculation and the
use of N2 during separation at low rpm, the activities in the 4th year (oil campaign November 2022)
were set up in order to evaluate the robustness and replicability of the results obtained in previous
activities on CV. Coratina. For this purpose, Coratina oily must was supplied at the Cooperativa Sole
Di Puglia oil mill (Cerignola, FG). An experimental design was developed that provided for an
increase in process replicas for N2 flow and air extraction treatments (control), with and without
inoculation. Parameters indicating the effectiveness of the separation treatment, such as residual
water and dissolved oxygen levels, were also measured in the oil samples. The sample of oily must
(MO) had a water content of about 0.9%, and after separation, both in air and under N2 flow, in the
samples it was around 0.19%, a value slightly below the maximum threshold indicated by the
reference quality standards and similar to that of previous tests.
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Fig. 15. Contenuto d’acqua residua nei campioni di olio.

The analysis of dissolved oxygen detected an oxygen content in the oily must of about 1.7
mg/l and after separation decreased in the samples extracted under N2 stream up to 0.4 mg/l in the
non-inoculated product (OAC) and 1.5 mg/l in the inoculated product (OAl) (Fig. 16).

The samples extracted with the reference conditions (in air), both with (OCl) and without
inoculum (OCC), had an increased residual oxygen value compared to the oily must and between 2
and 2.5 mg/I. This analysis suggests that some of the oxygen dissolved in the oily wort was contained
in the aqueous phase, which was separated from the oil by centrifugation. However, centrifugation
when carried out in air maximized the dissolution of oxygen in the oil phase, resulting in higher
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values in oils than in an extraction under flow of N2. Chemical analyses conducted after 24 hours in
the laboratory also revealed a significant reduction in the number of peroxides in oils extracted
under N2 stream (8-8.5 mEq 02/kg), with and without inoculation, compared to control samples
extracted in air (9-9.5 mEq 02/kg). The acidity values recorded in the oil samples after extraction
(24h) were significantly higher (values between 0.4 and 0.45%) than the values on the same hp.
obtained in previous years (about 0.2%), probably due to the more extreme pedoclimatic conditions
that led to an early maturation and greater susceptibility of the drupes to pest attacks, however a
significant effect of the interaction of the inoculum variable with the modified atmosphere was
evident, so the samples with the inoculum had lower acidity values, especially if extracted with N2.
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Fig. 16. Dissolved oxygen (mg/l) in test samples. MO: Oily must; A: nitrogen extraction; C: Extraction in
air; I: inoculated product; C: product not inoculated.

Concluding remarks on the prototype low-speed modified atmosphere separator (SAM)

The clarification with SAM, both under nitrogen flow and in the absence of incoming oxygen,
preserves the most important chemical properties of the oil, improving its quality and also stability
from 4% up to 20% compared to the centrifuge in the oil mill, with a variability determined by the
cultivar and oil mill.

The use of the experimental inoculum improves the level of oxidative quality of the oil,
opening a new scenario on the possibility and method of use in the process (when should it be
inoculated?).

The results suggest that the oil clarification process has room for improvement so it is
appropriate to further investigate the effect of gaseous mixtures and their interaction with the
rotation speed of the centrifuge and the water content on the characteristics of the product.

In the light of the results obtained, it is necessary to evaluate the intensity to be applied to
the clarification process according to the water content of the product, also aiming at energy
sustainability.
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Il Progetto ITANUEVOO

Ogni produttore di olio extravergine di oliva (EVOO) & consapevole che la qualita dell’olio prodotto
ha un ruolo chiave nella strategia per incoraggiare nuove occasioni di consumo e affrontare le sfide di
un mercato globale. Tuttavia, allo stato attuale, in tutti i Paesi produttori € sensibilmente piu alta la
quantita di olio vergine di oliva (VOO) di scarsa qualita piuttosto che di EVOO. La dimensione aziendale
degli oleifici rende molto difficile I'investimento nella ricerca per sviluppare tecnologie, protocolli di
estrazione o nuovi prodotti. Dall’altra parte, il consumatore richiede un prodotto di alta qualita con
elevate caratteristiche salutistiche e possibilmente nutraceutiche. Per questo motivo diversi studi e
progetti sono stati realizzati per sviluppare e verificare come la singola operazione e/o tecnologia di
processo influenzano I’estrazione e la qualita dell’olio di oliva. Tuttavia, tutti i risultati sono influenzati
da un’elevata variabilita, come molti Autori riportano, a causa di molteplici fattori esterni. Pertanto, il
legame intercorrente fra le singole operazioni tecnologiche con la qualita e le proprieta salutari
risultano, fino ad ora, non ben definiti a causa di fattori incontrollati. Il progetto IT4ANUEVOO ha avuto
come obiettivo I'ottimizzazione del processo di estrazione al fine di migliorare la resa di estrazione e
delle sostanze antiossidanti presenti nelle olive. La ricerca industriale e lo sviluppo sperimentale del
progetto sono stati finalizzati allo sviluppo di un nuovo prodotto alimentare denominato NUEVOO ed
alla messa a punto di un protocollo di produzione che integri il ciclo produttivo con nuove macchine
per migliorare I'estrazione dei composti polifenolici.

Every producer of extra virgin olive oil (EVOO) is aware that the quality of the oil produced plays
a key role in the strategy aiming to encourage new consumption opportunities and to face the
challenges of a global market. However, at present, in all producing countries the amount of poor-
quality virgin olive oil (VOO) is significantly higher than EVOO. The company size of the oil mills makes
it very difficult to invest in research to develop technologies, extraction protocols or new products. On
the other hand, the consumer requires a high-quality product with high health and possibly
nutraceutical characteristics. For this reason, several studies and projects have been carried out to
develop and verify how the single operation and/or process technology affects the extraction and
quality of olive oil. However, all results are influenced by a high variability, as many authors report,
due to several external factors. Therefore, the link between the individual technological operations
with the quality and health properties is, until now, not well defined due to uncontrolled factors. The
ITANUEVOO project aimed to optimise the extraction process in order to improve the extraction yield
and the antioxidant substances present in the oil. The industrial and experimental research of the
project were aimed to the development of a new food product called NUEVOO and of a new
production protocol integrating the production cycle with new machines in order to improve the
polyphenolic compounds extraction.
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