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Abstract

A short presentation of filtration theory explains the role of the main factors
determining filter performance: surface area, pressure difference across the filter
and viscosity. The most suitable filter media and filtering equipment and two
filtration systems are presented: a traditional one with a positive rotating pump
providing pressure difference, and an alternative method exploiting hydraulic and
nitrogen pressure. Best practices in extra-virgin olive oil filtration are summarized
in ten points.

14.1 Introduction

Filtration is a solid–liquid separation technique. When a turbid suspension is forced
by a suitable pressure difference to pass through a filter medium of suitable porosity,
solid particles are retained / captured by the filter medium and the outgoing liquid
is clearer than the incoming suspension. The liquid that passes through the filter
medium is called the filtrate. Filter media with a coarse porosity eliminate coarse
particles and filter media with a fine porosity also eliminate fine particles. Two
widespread prejudices are to be clarified and overcome: the first is that filtration
is detrimental to the quality of extra-virgin olive oil; the second claims that centrifu-
gation can guarantee a perfect cleaning of the oil.

Filtration is necessary

Some producers maintain that extra-virgin olive oils do not need filtration but also
that filtration is detrimental to oil quality. This point of view should be considered
as erroneous and probably the result of improper implementation of this operation.
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In fact, fine particles that are suspended in a virgin olive oil, even after the most
effective centrifugal finishing, contain water and enzymes that may impair oil
stability and ruin its sensory profile. Filtered oil has a better appearance and colour
and does not form deposits in the bottles, which are not appreciated by the consumer.
Filtration makes an extra-virgin olive oil more stable and also more attractive.

If the suspended particles are not removed they slowly agglomerate and flocculate,
forming a deposit on the bottom of the storage containers. Such a deposit contin-
ues to be at risk of enzymatic spoilage and, in the worst case, of development of
anaerobic micro-organisms with further spoilage and hygienic risk.

Carrying out a filtration process after a period of rest in the storage tanks obviously
makes filtration easier because most of the coarse particles have decanted but this
fails to prevent enzymatic spoilage. It is therefore recommended that filtration be
carried out as soon as possible after centrifugal separation and finishing.

The difference between filtration and centrifugation

Some producers and even some milling-plant makers consider filtration as an
alternative to centrifugation and stubbornly maintain that centrifugation can
perfectly clarify extra-virgin olive oil. In reality, filtration and centrifugation are
complementary, not alternative operations.

Separation by filtration is due to a sieving mechanism based on the difference in
size between the suspended particles and the pore diameter of the filter medium.
Centrifugal separation, instead, is based on the difference in density between the
liquid and the suspended particles. In turbid oil the suspended particles consist of
cell fragments containing hydrophilic components associated with water. They are
therefore denser than the oil phase and can be separated by centrifugation. How-
ever, centrifugal separation is also influenced by the size of the particles, and the
decanting velocity in centrifugation is proportional to the square of the diameter of
the particles. As a consequence, separation by centrifugation of large particles from
a cloudy oil is easy but becomes increasingly difficult as the diameter of the particle
decreases. Particles with a diameter of 0.1 mm or more are effectively separated by
centrifugation. For particles with a diameter in the range of 0.1 to 0.01 mm or lower,
centrifugation cannot assure complete separation and filtration with fine filtration
media is necessary.

14.2 Filtration principles

14.2.1 The filtration mechanisms

Two main mechanisms allow suspended solids to be retained or captured by a fil-
ter medium. When solids are retained on the surface of a filter medium due to the
fact that their size is larger than the size of the filter pores, the filtration is called
surface or cake filtration. When solids are trapped within the pores or body of the
medium (different phenomena are responsible for retaining solids, including surface
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absorption and electrostatic attraction), it is called deep-bed filtration. Both mecha-
nisms are active in the filtration of cloudy extra-virgin olive oil.

14.2.2 The filtration rate and the Hagen–Poiseuille equation

The filtration rate is measured as the volume of filtrate (V) which is obtained per
unit time (!). The fundamental relationship of the filtration rate is given by the
Hagen–Poiseuille equation (Peri 1983):
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in which dV/d! is the filtration rate (volume of filtrate per unit time), A is the filter
area, "P is the pressure difference across the filter medium (the driving force of
filtration), # is the viscosity of the filtrate, $ is the resistance to the flow of filtrate
due to the solids that are retained by the medium, w is the weight of solids per unit
volume of filtrate, r is the resistance to flow due to the (clean) filter medium.

Comments on the Hagen–Poiseuille equation may help understand some critical
aspects of filtration.

The driving force

The driving force of filtration is the difference in pressure across the filter medium,
"P. Such a pressure differential may be induced by a hydrostatic (gravity) pres-
sure or by pressure applied upstream from the filter medium or by vacuum applied
downstream from the filter medium.

According to the Hagen–Poiseuille equation, the filtration rate is proportional to
"P: an increase in pressure should result in a proportional increase in the filtration
rate. This is not true in our case because the solids that are retained at the surface
or trapped inside the filter medium are highly compressible and deformable under
pressure. Therefore, an increase in "P causes compaction of the solids with a more
than proportional increase in $ and, in the end, this is not an advantage but a disad-
vantage in terms of filtration rate. Due to the compressibility of the solids, the best
"P in filtration of extra-virgin olive oil is 0.2–0.5 atm.

Temperature

The filtration rate is inversely proportional to #, the oil viscosity. Therefore, an
increase in temperature causes a decrease in viscosity and a proportional increase in
the filtration rate.

In Table A4 of the Appendix, the viscosity of extra-virgin olive oil is given as a
function of temperature. Temperatures higher than 25 ∘C should be avoided (risk
for oil quality) and temperatures lower than 17 ∘C should also be avoided (low
filtration rate).
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The temperature of the oil at the outlet of the final centrifugal finishing is generally
in the range of 22–24 ∘C, which is a good condition for filtration. This indicates
that the best time to filter is immediately after centrifugation, followed by cooling
to about 16 ∘C and transfer to the storage tanks.

14.2.3 Filtration cycles

In the Hagen–Poiseuille equation there are two variables that increase with time,
they are: V, the volume of filtrate and thus the V/A ratio, the filter area A being
constant, and $, the resistance due to the progressive retention of solids and the
consequent reduction of the porosity of the medium.

As the V/A and $ values increase, the filtrate rate decreases. When the filtrate
rate drops below a level that is not compatible with the processing needs, filtration
is stopped, the filter is disassembled and cleaned, the exhausted filter media is dis-
carded and, finally, the filter is reassembled with new filtration media to start a new
filtration cycle.

Two practices are possible:

• filtration is carried out until filtration rates become very low

• shorter filtration cycles are alternated with more frequent disassembling /
changing of filter media / reassembling.

In the first case the average filtration rate is low, but the retention capacity of the
filter is fully used: the amount of filter media used is therefore reduced. In the second
case there is a higher amount (and cost) of filter media used, but the average filtration
rate is higher. The choice about the two alternatives is a matter of cost and also of
time of exposure of the oil to conditions that may be detrimental to its quality.

14.2.4 Filter surface area

As is evident from the Hagen–Poiseuille equation, an increase in the filter area,
A, determines a proportional increase in the filtration rate dV/d!. With plate filters
a variable number of filter sheets can be assembled, thus allowing the operator to
adapt the filtration area to the filtering needs of each filtration cycle.

Increase in the filtration rate is more than proportional to increase in the filter area
because of the simultaneous increase in A and decrease in the V/A ratio. In fact, an
increase in A determines an increase of the filtering surface area and also a slower
clogging effect due to the distribution of retained solids in a larger mass and surface
of the filtration medium.

14.2.5 Exhausted filter sheets

At the end of each filtration cycle, the exhausted filter sheets are impregnated with
the oil that fills up the pores of the medium. Pressing treatments can be used to
recover a part of this oil to then be mixed with lower quality lots. When possible,
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however, exhausted filter sheets are mixed with pomace and sent to refineries for
pomace oil extraction.

14.2.6 Oil turbidity

The turbidity of an oil can be visually evaluated or more precisely measured with
a nephelometer. This is a portable, cheap and easy to use instrument for measuring
the turbidity of liquids containing suspended particulates. It employs a light beam
and a light detector set to one side (usually 90 ∘) of the source beam. Turbidity is a
function of the light reflected into the detector from the particles.

A nephelometer can be used for controlling the effectiveness of filtration and for
choosing the right filtration media. Using the nephelometer for evaluating the effec-
tiveness of centrifuges and their cleaning performance may also be very useful.

14.3 The filter media

Filter media used for filtering extra-virgin olive oil are generally filter sheets of
pure cellulose fibre, with or without diatomaceous earth. More rarely, synthetic inert
materials are used. The average diameter of the pores is between 10 and 30 μm and
the sheet thickness varies from 2 to 5 mm.

Filter sheets have an anisotropic structure with porosity being progressively finer
in the direction of the liquid flow. This arrangement favours a differential solid reten-
tion as a function of the thickness of the sheet, with the coarser particles being
retained first and the finer particles being retained in the last layers of the sheet before
the filtrate exits. This condition slows down clogging and allows for a more com-
plete utilization of the retention capacity of the filter. In mounting the filter sheets in
the plate filter, operators should take care to put the filter sheet in the correct position
with the coarser part at the inlet side of the turbid oil and the finer part at the outlet
side of the limpid filtrate. Doing the opposite would result in very fast clogging of
the filter surface and in the incomplete use of its retention capacity. The two sides
of the filter sheet are easy to distinguish because the coarse inlet side has a rougher
surface than the finer outlet side.

Other filtering materials have been proposed, especially rigid porous media made
of sintered stainless steel or porcelain. These can be used for a second clarifying
filtration step after the coarser particles have been eliminated by filter sheet filtration.

14.4 Filtration equipment

The most common filtering equipment used in the filtration of extra-virgin olive oil
is the ‘plate filter’ (Figure 14.1).

Filter sheets alternate with filter plates, the latter being of two types: ‘feeding
plates’ in which the turbid oil is fed under pressure, and ‘collecting plates’ through
which the limpid filtrate is collected and discharged.
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Figure 14.1 The functional scheme of a plate filter.

When the filter is assembled, the terminal mobile plate is pushed by some suit-
able mechanical system towards the terminal fixed plate so that the filter plates and
filter sheets are tightly packed and the channels on the upper and lower sides of the
plates join together and form the feeding and collecting ducts of the filter. The duct
for feeding the turbid oil has openings to the feeding plates, while the duct for the
discharge of the limpid filtrate has openings to the collecting plates.

In mounting the filter sheets, great attention should be paid to mount the rough
side of each filter sheet to face the feeding plate. At each filtering cycle, a different
number of filter sheets and filter plates can be mounted according to the needs (the
total quantity of oil to be filtered and the average filtration rate to be assured).

14.5 Filtration systems

The traditional assembly of a filtration system

Figure 14.2 shows the functional scheme of a traditional filtering system.
The turbid oil arriving from the final centrifugal finish of the milling process is

stored in a buffer tank, which is at room temperature. This tank is maintained at a
pressure slightly higher than atmospheric pressure. The buffer tank has a conical
bottom where the coarser suspended particles are decanted and can be discharged
after each filtration cycle. At the beginning of the cycle, the tank valve is opened,
the pump is switched on and the turbid oil is fed into the filter. A suitable pressure
should be maintained at the filter outlet so that the limpid oil can be fed into the
storage tank, which may already be under an inert gas. Two optional features are
shown schematically in Figure 14.2:

• A recycling loop from the filter outlet to the pump inlet. This is a safety loop
that may be activated in case of plant failure or breaking of filter sheets or
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Figure 14.2 The traditional assembly of a filtration system.

improper assembly of the filter pack. Filtrate clearness during the operation
can be evaluated through a glass window at the filter outlet.

• A simple tubular heat exchanger in the oil line can be used to cool the oil from
the filtration temperature (22–24 ∘C) to the storage temperature. Common tap
water (15–16 ∘C) can be used for this.

A range of pressure values in the system arrangement of Figure 14.2 can be as
follows:

• at pressure gauge 1 (PG1), 0.1 atm relative pressure (RP)

• at PG2, 0.4 atm RP

• at PG3, 0.1 atm RP

• at PG4, 0.05 atm RP.

The assembly of a filtration system based on hydraulic pressure
(no pump)

The arrangement of this system is presented in Figure 14.3 in which the milling and
storage rooms are on different floors.

In this case, the hydrostatic pressure and the nitrogen pressure provide the filtra-
tion driving force and the pump can be eliminated, thus reducing the mechanical
shearing action upon the oil.
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Figure 14.3 The assembly of a filtration system based on hydrostatic and nitrogen pressure (no
pump).

The range of pressure values in the system arrangement of Figure 14.3 can be as
follows:

• at pressure gauge 1 (PG1), 0.1 atm relative pressure (RP)

• at PG2, 0.5–0.2 atm RP

• at PG3, 0.1 atm RP

• at PG4, 0.01 atm RP

Hydrostatic pressure at the bottom of a tank in which a liquid of density % is at
height h, is:

P = h % g

in which g is the acceleration due to gravity = 9.81 m/s2. If we assume, for
instance, that h is 3 m and the oil density % is 951 kg/m3, the hydrostatic
pressure is:
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P = 3 × 951 × 9.81 = 27 988 Pascal = 0.28 atm

(1 atmosphere is 101325 Pascal).

If we assume that the buffer tank is under a nitrogen pressure of 0.2 atm, the
total pressure at the filter inlet varies from 0.28 + 0.2 = 0.48 atm when the buffer
tank is full, to 0.2 atm when the buffer tank is empty. The reduction of pressure
during a filtration cycle may not be a disadvantage, because the accumulation
of retained solids makes the filter-solids a highly compressible medium with
enhanced clogging effects if the pressure is too high.

The alla barese filter

The alla barese filter is an old gravity filter that may be used for very small-scale,
artisanal production of olive oil. Cotton mats are used as filtration media. The surface
of the filtering area is small and filtration times are consequently long. Exposure to
the air increases the risk of oxidation. However, with this filter there is no pump and
the shear stress on the oil is negligible. If temperatures are kept low (20–22 ∘C) and
filtration times are in the range of very few hours, it may still be used in small-scale
production with considerable improvement in the appearance and stability of the oil.

A typical arrangement of the alla barese filter is shown in Figure 14.4.

Feed and filtration
tank

Perforated bottom and
cotton pad

Limpid oil tank

Figure 14.4 The alla barese filter.
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14.6 Conclusion

The following list reports ten rules for the best practice for extra-virgin olive oil
filtration:

1. Reduce as much as possible the suspended material in the oil by using effec-
tive finishing centrifuges.

2. Carry out the filtration as soon as possible after the finishing centrifugation.

3. Optimal temperature for extra-virgin olive oil filtration is 22–24 ∘C
(72–75 ∘F).

4. Use appropriate filter sheets for deep-bed filtration made of pure cellulose or
cellulose-diatomaceous earth, asymmetric profile, 10–30 μm porosity.

5. Preferably filter the oil under inert-gas blanketing in both the feeding and the
receiving tanks.

6. Use only positive displacement pumps at low rotating speed and low flow rate
so that the pressure at the filter inlet never exceeds 0.5 atm relative pressure;
adjust the pump speed variator to meet this condition.

7. If possible, due to the available hydrostatic pressure head and nitrogen pres-
sure, eliminate the pump.

8. Based on product characteristics and operator experience, decide on the best
combination of assembled filtration area and the volume of the batch to be
filtered so that the filter retention capacity is fully exploited and filtration
time does not exceed 4 h. Never reuse a filter assembly that has been previ-
ously used and has remained inactive for hours (for example overnight). The
oil and deposit in the filter medium can spoil rapidly and the spoiled oil can
contaminate the following filtration batch.

9. Store the filtering sheets and material in a clean, dry, safe place. Filtering
media are a favourite refuge for insects and other pests. At the end of the
filtering period each day, thoroughly disassemble, wash and clean the filter.
Keep it in a dry, clean environment.

10. Take great care in assembling the filter pack: coarser surface-inlet side/finer
surface-outlet side.
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