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Abstract: Two-phase olive pomace is a byproduct of the olive-oil extraction process that is sometimes processed
further to recover more oil. During pomace oil production, especially in the early stages of olive processing,
odours can be produced. These odours are a serious nuisance especially in and around the processing facilities,
as well as for nearby communities. These odours can be strong and unpleasant, and they may result in various
issues, including environmental concerns. Thus, in this paper, the effect of storage and drying on the
composition of two-phase olive pomace was investigated. Several physicochemical and instrumental analyses
were performed and it was concluded that the structural elements of pomace are not the ones who are affected
during storage and drying. Storage and drying mainly impact the oil content of pomace, leading to an acidity
increase and to the production of odorous oxidation compounds. Volatile acids, methyl and ethyl esters are
released into the atmosphere causing serious environmental nuisance.

Keywords: acidity; crystallinity; FTIR; odour nuisance; volatile organic compounds

1. Introduction

Olive oil is not only a source of income for Mediterranean countries, but also a cultural value
centuries-old that is connected to history, culture, the environment and the local economy. The global
production of olive oil in 2021-2022 reached 3.27 million tons, but production is expected to decrease
in 2022-2023 to 2.82 million tons [1]. The European Union is responsible for 70% of the global
production in 2021-2022 corresponding to 2.27 million tons, while it is expected to fall down to 1.39
million tons in 2022-2023 [2]. This production is mainly concentrated in Spain (58.4%), Italy (19.0%)
and Greece (14.3%). Based on data from the International Olive Council (IOC) for years 2010-2020,
Greece produces on average 270,000 tons per year, Italy 350,000 tons and Spain 1,300,000 tons.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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In Spain intensive crops dominate, with over 200 trees per hectare whereas in Greece it is
estimated that 70-80% of the crops are of low density with less than 200 trees per hectare.
Additionally, in Greece, most olive mills are small businesses and their average production is low,
about 150 tons per year while in Spain the average production is about 700 tons per year. In Italy the
fragmentation of olive mills is greater than in Greece and more olive mills operate, with an average
production of about 100-150 tons. However, Italy follows a different model compared to Greece and
Spain, where it is common growers to have small olive oil production and standardization units.

The main production processes are three-phase and two-phase olive mills. The latter are gaining
ground due to the recent legislation. Two-phase olive mills have as their product olive oil and as by-
products the two-phase pomace as well as a small amount of wastewater which derives from the
water used in the last stage of the clarification process [3]. The two-phase pomace is a semi-solid
waste that consists of large amounts of moisture (50-75%), olive kernel, pieces of olive peel and pulp
as well as residues from leaves and pruning [4]. The waste of the two-phase pomace represents more
than 80% of the raw material processed. Strong phytotoxic effects result from uncontrolled waste
discharge into the soil. This waste also makes the soil more hydrophobic, decreases water retention
and filtration rate, and alters microbial activity, leaching, lipid concentration, salinity, acidity,
nitrogen uptake, and the synthesis of organic acids and phenols. Uncontrolled discharge of waste
into the soil increases hydrophobicity, causes phytotoxic effects, decreases water filtration and
retention rates, affects salinity, acidity, microbial activity, nitrogen uptake, leaching lipid
concentration, and production of phenols and organic acids [5].

A common valorisation pathway of the two-phase pomace is the extraction of pomace oil in
pomace oil plants. A typical plant includes a drying step in a rotary drum dryer in order to reduce
the moisture of pomace to 8% as well as an oil extraction step with hexane. More specifically, the
production process of pomace oil is illustrated in Figure 1, including the following stages: reception
and storage, drying, oil extraction, recovery of solvent, degassing and management of the final
products (pomace oil and olive stone wooden residue). The main environmental issue that these
plants face is the emissions to the atmosphere that become a serious nuisance to the local
communities. These gaseous emissions are mainly suspended particulate matter (PM), volatile
organic compounds (VOCs), and flue gases that are dependent on the fuel type and quality as well
as on the combustion equipment. It has been estimated that the produced gaseous emissions from
pomace oil plants are 1.4-2.45 kg VOC/tn pomace and 1.2 kg PM/tn pomace.
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Figure 1. Pomace oil production process.

More specifically, odorous volatile compounds are released during the drying of the fresh olive
pomace. These compounds are produced either during the process of drying, or have been produced
earlier (during storage) and are released during drying. The production of odours during drying can
be due to the thermal decomposition of fatty components contained in the pomace oil if the drying
temperature exceeds some limits. Odorous volatile compounds are also released from the flue gases
from the combustion furnace of the dryer and the steam generation section. From the combustion of
olive stone wooden residues, mainly exhaust gases are produced. The CO content depends mainly
on the combustion conditions rather than the fuel composition while the SO: content depends on the
sulfur content of the fuel. The remaining compounds released constitute the conventional combustion
products of any fuel.

Particulates from the dryer and steam generation furnaces are also produced. The particulate
emissions are due to unburned particles of olive stone wooden residues (mainly in the exhaust gases
of dryers) or in ash particles (mainly in the exhaust gases of steam boilers). The particle size
composition of the emitted particles from dryers varies mainly between 100-500 um, which classifies
them as coarse particles, while the particles from the steam boiler are characterized by a
granulometric composition 0-100 um, so they are classified as fine particles.
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Additionally, water vapors are produced from the drying stage of the fresh olive pomace and
from the steam generation section. They are due to the induced moisture of the pomace and the
moisture content of the olive stone wooden residues. Water vapor is a harmless emission but causes
optical nuisance. For this reason, it is not necessary to apply any special measure in order to deal with
it.

In this context, the current paper focuses on the effect of storage and drying of two-phase
pomace on its physicochemical characteristics in view of mitigating environmental nuisance.

2. Materials and Methods - Methodological approach

Initially, samples of olive pomace were collected from various olive mills in Greece at different
times of the oil production period (typically form late October to early February) and were subjected
to analytical physicochemical characterization so as to study the impact of the origin of the sample
on the two-phase olive pomace composition.

Specifically, analyzes were performed according to standard methods for the characterization of
the two-phase olive pomace: pH, conductivity, moisture, total, volatile and water-soluble solids, total
nitrogen, acid-insoluble residue, soluble lignin, cellulose, hemicellulose and oil. Moisture, ash, acid-
soluble and insoluble lignin, cellulose and hemicellulose were estimated by the NREL Laboratory
Analytical Protocols [6-10]. The Soxhlet standard method (5520E) was utilized for the quantification
of fats and lipids [11,12].

Subsequently, to study the effect of storage and drying on the composition of two-phase olive
pomace under field conditions, various samples were collected from a two-phase olive mill and a
pomace oil plant in Messinia, Greece, and delivered to the Unit of Environmental Science and
Technology (UEST), School of Chemical Engineering, National Technical University of Athens.
Figure 2 illustrates the sampling points in the value chain of pomace oil, from the production of
pomace in the olive mill until the production of dried pomace.

Olive Pomace Olive Pomace
1 Storage Tank Before drying 4

Figure 2. Simplified flow diagram of the sampling points in the value chain of pomace oil

In addition to determining the physicochemical characteristics of these samples, particle size
analysis was performed by a sieve shaker analysis (Retsch Vibratory Sieve Shaker AS200 Basic).
Furthermore, X -ray diffraction (XRD) analysis was performed by a Bruker D8 Advance X -ray
instrument. The instrument was operated in step scan mode in steps of 0.02° 20 over the range 10° -
50°. A thermogravimetric analysis of the dried samples in a nitrogen environment was also carried
out by a Mettler Toledo TGA/DSC HT1 instrument, with the aim of exploring the effect of thermal
degradation on the components of the olive pomace. A thermogravimetric analysis of fresh samples
in an air environment was also performed by the same instrument, with the aim of simulating the
process of drying - moisture removal. Samples were heated from 30 to 600°C at a rate of 10°C min-,
while the simultaneous flow of oxygen or nitrogen was regulated at 10 mL min-'. The weight of each
sample's final residue at 600°C was measured.

Additionally, Fourier transform infrared spectroscopy (FTIR) was used as described by Moreno
et al. [13] to quantify the aldehydes and ketones in the samples as well as in the oil content. An FTIR
spectrometer with a TGS detector (FTIR 4200 Jasco, Tokyo, Japan) was used for the pomace pomace.
The scanning was performed from 4000 to 700 cm™ by applying a resolution of 4 cm™. The Jasco
Spectra Manager (version 2.0) software was used to evaluate the acquired infrared spectra. Utilizing
an air background adjustment, spectra were obtained.

Pomace oil was also investigated for some qualitative characteristics (free acidity, specific
extinction K232 and K270 values), with the aim of identifying changes in the organoleptic
characteristics of the oil content due to storage and fermentation progress. Free acidity (FA) and
specific extinction coefficients at 232 and 270 nm (K232, K270) were estimated based on EU standards
[14].
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Finally, the VOC analysis was performed using a thermal desorption (Markes International Ltd.,
UK) gas chromatography (GC-7890B, Agilent, USA) mass spectrometer (5977B MSD, Agilent
Technologies, USA) system (TD-GC-MS). Chlorobenzene-d5 (Supelco, concentration of 200 ppb) was
previously spiked to each sample to serve as an internal standard (L.S.), as well as for the semi-
quantitative approach. The PDMS HiSorb probe (Markes International Ltd., UK) was used for the
headspace extraction of VOCs. Then, it was inserted into an empty tube and desorbed on the TD-GC-
MS system. The details of the TD-GC-MS analysis are presented in detail in Fella et al. [15].

3. Results

3.1. Two-phase olive pomace composition

The results of the analysis of the different samples of two-phase olive pomace are presented in
Table 1. In addition, in this Table, the mean values of the measurements of the above parameters of
all samples are presented along with the corresponding literature values.

Table 1. Two-phase olive pomace characterization

Sample Mean Literature
Parameter Sample1l Sample 2 3 Sample4  Sample5 values  [16-27]
pH 4715002 4.77+0.06 4‘55;0'0 4674005  4.81+0.06 4'70;0'0 5.78+1.05
Conductivit
y 1405:5 241749 351475 1000 26865101 T2 350010020
042020 1
(1S /em)

Moisture 71.92+0. 65.3320. .
Cowby 3684152 62361232 TV 60361000 6834s0.11 Vg na
Total solids 28.08+0. 34.67+0. 36.75+13.6

" 36334152 37.64+2.32 64+010  31.66£0.11
IS (wpy 633152 3764232 TN 39641010 316650 o ;i
Volatile
98.66:0. 97 2531 99.00+0.
solids, VS (% 99.02+1.26 99.32+0.13 * =L 99 25:1.01 = 83.25:4.15
01 15 07
TS)
Composition of the solid phase (% d.b.)
Water
soluble  20.69+0.16 24.18+1.58 20.42127;3. 15.89+1.18  14.66+1.79 19’16811‘ na'
solids
14.0620. 24.65+12.
Cellulose  5.46+1.18  6.0120.83 gg+0 893058 896023 8.68+0.7 655+ >
Hemicellul 17.9620. 26.43+0. 27.40+15.2
emicellulo - 23,009 2696029 720 27504013 29750113 20430 015
se 29 96 0
Acid
insoluble  43.0742.92 4464115 OOl 4540019 a7easle o022 3610
: 74 11 +16.30
residue
Soluble ) 43,017 0942006 "0 gos00s  09s005 IO p
lignin 2 1
Total 96:0.1
som 094007 0844016 1.1:021 089:0.06 089034 %01 156,040
Nitrogen 5
oil 9.77+0.54  15.05£0.62 15'6;0'7 1371045 14.49+0.61 13'Zi0‘ 11.95+7.85

“na: not available

From this Table (Table 1), it is concluded that the average value of pH is consistent with the
values reported in the literature. The same applies for the average values of conductivity and total
solids content. A relatively greater discrepancy is observed in the value of volatile solids (99.00 +
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0.07% vs. 83.25 + 4.15%). In addition, the mean value for hemicellulose, acid insoluble residue, total
nitrogen and oil range within the respective literature values. However, it is worth noting that the
cellulose content of the samples of this study is much lower.

3.2. Effect of storage and drying on two-phase olive pomace composition under field conditions

The sample taken from point 1 is considered a "fresh" sample in contrast to the sample taken
from point 2 which has undergone a long-term storage. The sample taken from point 3 results from
the mixing of fresh stored olive pomace with dried olive pomace, aiming to achieve a final moisture
content of 50%. The sample taken from point 4 is the final dry pomace.

Evolution of physicochemical characteristics

The following Table (Table 2) presents the evolution of the composition of the sample entering
the olive pomace plant until its exit from the rotary drum dryer.

Table 2. Composition of samples at different points in the production line of pomace oil.

Two phase Olive pomace  Olive pomace  Olive pomace

Parameter olive pomace  storage tank before drying after drying
(Point 1) (Point 2) (Point 3) (Point 4)
pH 4.67+0.05 4.81+0.06 4.71+0.03 4.87 +0.06
Conductivity 300049020 2686101 2425151 2477 £ 91
(S fem)
Moisture 60.3620.10 68.340.11 45.07+0.37 524 +0.12
(% w.b.)
Total solids,
TS (% wh) 39.64+0.10 31.66+0.11 54.93+0.37 94.76 + 0.12
Volatile solids,
9725411 25+1.01 43+0.17 47 +0.02
VS (% TS) 97.25+1.15 99.25+1.0 99.43+0 99.47 + 0.0
Composition of the solid phase (% d.b.)
Water soluble - o5 1 15 14.66+1.79 12.61+1.47 20.23 +0.20
solids
Cellulose 8.93+0.58 8.96+0.23 9.14+0.23 6.67 +0.02
Hemicellulose  27.50+2.13 29.75+1.13 27.09+3.63 20.78 +1.03
Add insoluble ) )5 19 47.64+1.6 47.15+1.56 46.73 +5.95
residue
Soluble lignin  0.94+0.08 0.9+0.05 0.99+0.18 1.56 + 0.09
Total Nitrogen 0.89+0.06 0.89+0.34 0.91+0.14 1.05+0.16
il 13.71+0.45 14.49+0.61 12.17+0.65 14.00 + 0.52

A significant decrease in conductivity was observed during the storage of the fresh olive
pomace. As for changes in moisture and total solids, these are to be expected given the processes
taking place. Regarding the structural elements of the solid phase, it was observed that no significant
changes occurred, which is in agreement with preliminary laboratory scale experiments. However, it
is worth emphasizing that there is a decrease in cellulose and hemicellulose content which can be
attributed to thermal degradation that takes place during the heat treatment of the olive pomace.

Particle size distribution

Particle size distribution analysis is used to measure the size of the particles present in a sample
according to their characteristics such as their weight or their shape, for a better understanding of
their nature. Figure 3 illustrates the results from the particle size distribution analysis for the
following samples:
¢ Olive pomace before drying (Point 3)
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e Olive pomace after drying (Point 4)
e Solid sample from the cyclones
¢ Olive stone wooden residue.

100
90
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;: &0 —e—Solid sample from the cyclones
o\;" - —e—Olive stone wooden residue
40 Olive pomace after drying
30 Olive pomace before drying
20
10 /
0
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Figure 3. Particle size distribution of different olive pomace samples.

From this figure (Figure 3), it is observed that 90% of the granules of olive pomace before drying
have a diameter of less than 3.5 mm, while the corresponding percentage for the olive pomace after
drying has a diameter of 3.25 mm. This reduction is probably due to the removal of moisture.
Furthermore, it is evident that small diameter particles escape and are subsequently collected in the
cyclones. From the particle size distribution analysis of the olive stone wooden residue and olive
pomace samples after drying, it appears that the removal of the pomace oil leads to a decrease in the
diameter of the particles, as expected.

X-ray diffraction analysis

A non-destructive method for obtaining precise data about a sample's crystallographic structure,
chemical makeup, and physical characteristics is X-ray diffraction (XRD). From the results of Figure
4, the heat treatment in the dryer leads to the change in the crystallinity of the cellulose as well as to
the removal/degradation of characteristic triglycerides of the olive oil.
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Figure 4. Schematic illustration of the results of X-ray diffraction of the samples.

Thermogravimetric analysis

Thermogravimetric analysis (TGA) relies on monitoring the change in mass of a substance as a
function of temperature change. More specifically, it is a dynamic combination of gravimetric
analysis with oven drying. This analysis technique is applied to the analysis of solid samples, which
during heating show changes in weight, due to physical or chemical phenomena. Therefore, a
thermogravimetric analysis of the dry samples was carried out in a nitrogen environment (Figure 5),
with the aim of studying the effect of thermal degradation on the components of the olive pomace.

-
% 100 150 %0 s %0 %0 0 450 %0 550 c
S
P
}
0.005
1/°C
T - e T = :
Two phase Olive pomace Olive pomace Olive pomace
olive pomace storage tank before drying after drying

Figure 51. Thermogravimetric analysis of the dry olive pomace samples in a nitrogen environment.
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Likewise, the specific technique was also applied to fresh-‘as received’ samples in an air
environment (Figure 6), with the aim of simulating the process of drying - moisture removal.

8,005
we

T T ey T T —T T T —F
50 100 150 200 250 300 380 400 450 S00 850 o

Two phase Olive pomace Olive pomace Olive pomace
olive pomace storage tank before drying after drying

Figure 6. Thermogravimetric analysis of the fresh olive pomace samples in an air environment.

The results from the thermogravimetric analysis tests are summarized in the following Table
(Table 3).

Table 3. Thermogravimetric analysis results of olive pomace samples.

Weight loss (%)
Dried under nitrogen flow ‘As received’ under air flow
Moisture  30-150 150-600 30-600 30-180 180-600  30-600
(%) oC oC oC oC oC oC
Two phase olive ., .o 2.67 72.24 7491 5733 2814 8547
pomace

Olive pomace . 0.86 73.07 7393 4251 2447  67.98
storage tank

Olive pomace 0.98 71.43 7241 2172 3601 57.73

before drying

Olive pomace ./ 2.72 68.06 7078 599 66 71.99

after drying

From all the above, it may be concluded that:
e The thermal degradation in the operating temperature range of the dryer is very low (0.86-2.67%).
e The weight loss of fresh - ‘as received’ samples under air flow is proportional to the moisture
content.
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Therefore, the nuisance (odour) of the exhaust gases of the drying process is probably due to
organic compounds removed in very low concentrations (which cannot be illustrated in the particle
size distribution analysis) and present a low odour threshold, which was investigated next.

Analysis of fresh-‘as received’ olive pomace samples by Fourier Transform Infrared Spectroscopy

Fourier Transform Infrared Spectroscopy (FTIR) analysis was also carried out on the olive
pomace samples (Figure 7). FTIR is a method for obtaining solid, liquid, and gaseous materials'
infrared absorption, emission, and photoconductivity spectra.
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Figure 7. Absorption spectra of the olive pomace samples.

From the results of this analysis and according to Figure 7, it was observed that the greatest
difference between the samples is found in the peak between the wavenumbers 1633-1648 cm'. The
1664cm ! peak is due to the cis C=C bond. Additionally, the sample in which the particular peak does
not appear is the sample after the drying process. It can thus be concluded that the oil content was
auto-oxidized since oleic acid which has a cis double bond is the main component in olive oil.

Subsequently, the recovered oils from these samples were also subjected to FTIR analysis (Figure

8).
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Figure 82. Absorption spectra of the oil content of the olive pomace samples.

In the spectra shown in Figure 8Figure 82, the characteristic absorption peaks can be observed:

e at 1365.35 cm! corresponding to the CH2-CHz groups and
e at1174.44 cm™ corresponding to the C-O bond of the ester groups,
as well as at 1459.85 cm-! corresponding to the group CHz-CHs.

At first sight, it seems that all samples present similar peaks. However, qualitatively, the 1465cm-
Tand 1163cm! peaks appear to decrease in the oil extracted from the dried sample. Furthermore, in
addition to fatty acids, it appears that triglycerides are also oxidized, as a decrease in transmittance
at 1163cm is observed. The decrease in the transmittance ratio of the wavenumbers 1163 and 1377
cm also indicates a change in the chemical composition of the oil.

As seen in Figure 9, the triglyceride esters exhibit a prominent absorption band at 1743 cm™ in

the infrared spectrum because of the carbonyl group's vibration. Additionally, between 1700 and 1726
cm”, ketones and aldehydes exhibit distinctive absorption. On the other hand, the average value of
aldehydes is approximately 1725 cm, and that of ketones is approximately 1715 cm-!. Consequently,
the broadening (area) of the region between 1700-1726 cm! (A1) in relation to the area between 1840-
1743 cm! (A1/2), which is proportionate only to esters, can be used to quantify the total aldehydes

and ketones generated.
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Figure 9. Spectrum of the oil samples in FTIR.

The ratio A1/(A1/2) according to Moreno (1999) can lead to a quantitative analysis of the
aldehydes and ketones in the sample (Table 4).

Table 4. The ratio A1/(A1/2) corresponding to the aldehydes and ketones contents of the olive pomace

samples.

Two phase Olive pomace Olive pomace Olive pomace
olive pomace storage tank before drying after drying

A/A 0.12 0.16 0.13 0.23

1 1/2

All the samples in the pomace oil plant showed a higher ratio than the sample entering the plant
coming from the olive mill. This indicates a possible indication of production of aldehydes and

ketones as oxidation products.

Pomace oil acidity

Therefore, from all the above, it emerged that storage causes changes mainly in the oil content
of the olive pomace, and the research was directed in this direction. One of the factors that contribute
to the rapid deterioration of the olive pomace is moisture, which favors the hydrolysis of
triglycerides.

In addition, the acidity of pomace oil can increase from 5 to 60% in a short period of time. This
is due to the action of lipase, an enzyme which is present in the olive pomace (it comes from the olive
fruit), but also, which is released by the microorganisms Gliomastrix Chartarum, Aspergillus niger,
Cephalosporum Sp., Aspergillus glaucus etc. These microorganisms grow on the substrate of the olive
pomace and are favored by the humidity and temperature of the olive pomace and the storage time.
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In addition to the acidity during the storage of the olive pomace, oxidation products (aldehydes,
ketones) are also produced, which degrade the quality of the oil, as observed in the previous section.

The percentage of oleic acid in the oil indicates its acidity. Extra virgin olive oil equates to an
acidity of less than 1%. In general, an olive oil's quality deterioration and amount of free fatty acids
increase with its acidity value. Acidity increase is correlated with rancidity and oxidation, since this
is related to problems faced by the olive fruit (olive fly, frozen, rotten, beaten olives, etc.), by the
method of collection and storage, the olive mill facilities, the possibility of mixing with previously
harvested olive oil, or with poor quality oils (pomace oil, etc.).

The K232 indicator which corresponds to the radiation measured at a wavelength of 232 nm, is
the known indicator of the initial stages of K232 oxidation, due to compounds (hydroperoxides)
produced in a primary oxidation step but also to compounds (conjugated dienes), produced in an
intermediate oxidation step. The absorption coefficient of the same radiation at a wavelength of 270
nm was also calculated (Table 5), which is the indicator of an advanced stage of oxidation, known as
K270. This is probably caused by secondary oxidation products that have carbonyl groups, such as
aldehydes and ketones.

Table 5. Free acidity, coefficients K232 and K270 of oil samples from fresh two-phase olive pomace,
olive pomace from the storage tank, olive pomace before and after drying and from virgin and extra
virgin olive oil.

Free acidity K232 K270
% a.u. a.u.
Two-phase 5 . 021 0.835 1.275
olive pomace
Olive pomace [y 19 1,126 1.591
storage tank
Olive pomace o0 14 1,093 1.644
before drying
Olive pomace o o0, 15 1.103 1.538
after drying
% Limit a.u. Limit a.u. Limit
Virgin 1.41 <2 0.343 25 0.510 <0.25
Extra Virgin 0.42 <0.8 0.352 <2.6 0.447 <0.22

Taking into account the results of the table above (Table 5), it is observed that the oil sample
from the olive mill has the lowest acidity compared to the rest of the samples. Between the samples
from the storage tank and the sample before drying no great variation is shown, however after drying
a higher acidity value is observed. The increased acidity values are due to the higher content of the
olive oil in free acids, a fact that can be largely attributed to the fact that the olive fruit has been stored
for a prolonged period of time. In such an occasion, the growth of a microorganisms is promoted,
resulting in an increased glycerides hydrolysis and ultimately in the free fatty acids production. In
addition, the triglycerides hydrolysis can be influenced by several factors such as the degree of
ripening, moisture, temperature, enzymes and microorganisms. Hydrolysis is the result of contact of
triglycerides with water. Hence, high humidity has the dual impact of directly accelerating the
hydrolysis process and indirectly facilitating the activity of lipolytic enzymes and microbes.

Similarly, the absorption coefficients at 232 and 270 nm show a deviation with respect to the
values of virgin and extra virgin olive oil. In general, when olive fruit is kept in storage for several
days before being pressed and when olive oil is kept in improper circumstances, the value of the
absorption coefficient K232 rises. The freshness of the olive oil affects the K270 absorption coefficient's
value. K270 levels are higher in ancient olive oils or combinations including old olive oils.
Furthermore, K270's value decreases dramatically right after bottling and rises with the age of the
olive oil. Olive oil ages more quickly when exposed to sunshine or high temperatures.
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Analysis by TD-GC-MS

In order to identify and quantify the numerous odorous emissions (VOCs) present in the
collected samples (and potentially escaping or having escaped during storage or drying), headspace
HiSorb TD-GC-MS analysis was performed. The total ion chromatograms obtained are shown in
Figure 10. The presented results are consistent with the previous research. Hernandez et al.
conducted a six-month study using sorbent tubes and TD-GC-MS to monitor the process in open
reservoirs, observing an increase in aldehyde, ketone, and carboxylic acid emissions over time, as
well as a decrease in fatty acid methyl esters and alkenes [26]. Another study by Hernandez et al.
used absorbent tubes to measure odorant components in a pilot-scale rotary dryer, identifying several
frequent VOCs such as aldehydes (nonanal, furfural and benzaldehyde), alcohols (2-furan methanol,
phenol), carboxylic acids (acetic acid), and hydrocarbons (hexane, toluene, nonane and octane) [28].
Finally, Cecchi et al. utilized headspace solid phase microextraction-GC-MS (SPME-GC-MS) to detect
specific gaseous VOCs linked to off-flavors, including 2-ethyl butanoate, p-cresol, 4-ethyl phenol,
acetic acid, ethanol, and ethyl acetate [17]. The growth of bacteria that produce lactic acid, especially
Lactobacillus pentosus, is related to the abundance presence of 4-ethyl phenol [29].
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Figure 10. Chromatograms of oil samples from fresh two-phase olive pomace, olive pomace from the
storage tank, olive pomace before and after drying.
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Table 6 below presents the major VOCs identified and semi-quantified using headspace HiSorb
TD-GC-MS analysis based on the respective 1.S. Although various oxygenated compounds were
identified (e.g., alcohols, ketones, esters, and acids), only the most abundant VOCs are included in
Table 6.
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From this Table, the variations in the concentrations of VOCs during storage and drying of the
two-phase olive pomace are evident. Thus, these compounds, although emitted in low concentrations
(ppt to ppb by volume), escape in the atmosphere during drying, causing unpleasant consequences
for the area since their odour threshold is very low.

4. Conclusions

Conclusively, from this study it was made clear that the structural elements of two-phase olive
pomace such as total and volatile solids, cellulose, hemicellulose and acid-insoluble residue do not
change significantly during storage. In addition, the high concentration of phenolic compounds may
constitute an inhibiting factor for the development of biodegradation reactions of these components.
From all the instrumental analyses during the study of the effect of storage on field samples, it was
evident that during drying alterations in the crystalline structure of the cellulose are observed as well
as removal/degradation of the triglycerides of the oil. The main alterations of the two-phase olive
pomace are observed in its oil content, leading to an increase in its acidity and to the production of
oxidation products (aldehydes, ketones). Finally, the storage of the olive pomace results in the
progress of reactions and the production of a large number of volatile compounds, such as volatile
acids, methyl esters and ethyl esters, which escape into the atmosphere during the drying process.
As a final conclusion, it becomes clear that the appropriate parameters for monitoring the
fermentation process during the storage of the two-phase olive pomace are directly related to the
physicochemical characteristics of the oil content of the two-phase olive pomace.
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