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Abstract: During the olive oil production process, certain olive varieties, such as ‘Hojiblanca’ and
‘Picual’, create pastes from which it is difficult to separate the oil, resulting in low extraction yields.
To improve oil extraction, one alternative is the addition of natural microtalcs (NMT). In the present
study, a NMT of great purity (CaCO3 concentration less than 6 wt.%) and small average particle
size (φ ≤ 2.1 µm) was added in the malaxation stage on an industrial scale at two olive mills. In
one of them and using ‘Hojiblanca’ olives, the performance of the high-purity NMT was compared
with that of a traditional NMT, while in the other, the effect of its dosage in the quality of ‘Picual’
oils was assessed. The performance of the high-purity NMT was evaluated in terms of industrial
oil yield, extractability index, quality parameters and oxidative stability of the resulting oils. The
addition of the high-purity NMT not only increased the extraction yields but also improved the
quality of the virgin olive oils, especially in relation to antioxidant compounds (tocopherols and
phenolic compounds). Increases of 10.4% in phenolic compounds and of 21.5% in the tocopherols
were found, thus enhancing the oxidative stability of the oils.

Keywords: extractability index; industrial oil yield; natural microtalc; oxidative stability; phenolic
compounds; tocopherols; virgin olive oils

1. Introduction

Virgin olive oils are defined by the International Olive Council as “the oils obtained
from the fruit of the olive tree (Olea europaea L.) solely by mechanical or other physical
means under conditions, particularly thermal conditions, that do not lead to alterations
in the oil, and which have not undergone any treatment other than washing, decantation,
centrifugation, and filtration” [1].

In certain olive growing areas, there are serious difficulties in the olive oil production
process with certain varieties of olives. In these cases, after the grinding stage, pastes are
produced from which it is difficult to separate the fat matter (called “strong or difficult
pastes”). At the macroscopic level, retention and occlusion of the liquid phases in the
pastes, oil-in-water emulsions, and very fine solids in the form of a slurry are observed,
resulting in lower extraction yields at the industrial scale.

An increase in the temperature used in the malaxation step usually improves the oil
extraction yield because of the reduction of the oily phase viscosity. However, an excess of
temperature during malaxation can jeopardize the nutritional and health values of extra
virgin olive oil (EVOO), leading to undesirable effects, such as accelerating the oxidative
process and the loss of volatile compounds responsible for the aroma of the oil [2].
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In order to improve the management of these difficult pastes in the production of olive
oils without increasing the temperature and to comply with the definition of virgin olive oil,
one of the widely accepted alternatives is the addition of a technological adjuvant to these
pastes during the malaxation step. Among these adjuvants, the most used, proposed by the
International Olive Council and accepted by the European Union, are natural microtalcs
(NMT) [3,4].

The use of natural microtalcs (hydrated magnesium silicate) has been authorized by
European regulation since 1986, solely for food purposes, provided that no changes in the
physical and organoleptic properties of olive oil are produced. The current European Union
Regulation allows a maximum concentration of 6 wt.% of calcium carbonate in NMT.

Initially and for three decades, the aim of adding microtalcs was only to increase the
extraction yields without affecting the natural properties of the pastes or modifying the
physical–chemical and sensory characteristics of the virgin oils obtained [5–7], keeping
intact the nutritional quality of the oils obtained.

The addition of microtalcs promotes the breakdown of oil-in-water emulsions, thus
facilitating the extraction of oil from mesocarp cells, as the oil does not remain in the pomace
and consequently the oil yield increases [2,8,9]. This breakage of oil-in-water emulsions can
be explained by the fact that the use of microtalcs during the malaxation step greatly lessens
the action of pectic substrates and proteins, which are the main factors responsible for
the formation of oil-in-water emulsions during the malaxation step [8]. Notwithstanding,
excessive talc addition leads to a negative effect (taste loss) [8].

The main objective of the present work was to increase the industrial oil yield and
extractability index and to improve the physicochemical composition of olive oils for olive
varieties prone to forming difficult pastes by the addition of a new, commercially available,
high-purity natural microtalc. A comparative study on the use of this high-purity NMT
with a small average particle size (φ ≤ 2.1 µm) in the industrial-scale production of virgin
olive oils was carried out. Two varieties were assayed, namely ‘Hojiblanca’ and ‘Picual’,
in which pastes are difficult to separate the fat matter (the olive oil). With the former, the
performance of the high-purity NMT in the malaxation stage was compared with that of a
traditional NMT. With the later, the efficiency of the process with the addition or without
the addition of the high-purity NMT was assessed. The influence of the addition of the
high-purity NMT was evaluated not only on extraction yields, but also on the improving in
the quality of virgin olive oils produced, especially in relation to antioxidant compounds
(tocopherols and phenolic compounds) and thus on the oxidative stability of the olive oils.

2. Materials and Methods
2.1. Raw Materials

Olives from the variety ‘Hojiblanca’ were supplied by the olive oil mill ‘Oleoalgaidas
S.C.S.’ (Villanueva de Algaidas, Malaga, Spain) during the 2011/2012 harvesting, while
‘Picual’ olives were supplied by the olive oil mill ‘Aceites San Antonio S.L.U.’ (Escañuela,
Jaen, Spain) during the 2016/2017 harvesting.

Two natural microtalcs were used, both authorized for food use. The first NMT was the
FC8KN natural microtalc, supplied by Mondo Minerals BV (Amsterdam, The Netherlands),
which was used for the production of virgin olive oils in both harvestings. This NMT is
characterized by its high purity (97 wt.%, calcium carbonate concentration less than 6 wt.%)
and small particle size (with a D98% top cut of 8.6 µm, and an average particle size for
D50% of 2.1 µm). Its BET specific surface area (ISO 4652) is 7 m2/g, as indicated by the
supplier. This means that it can be added in a lower percentage to olive pastes compared
to traditional microtalcs. For comparison, a traditional NMT (17.5 µm, D90% < 40.0 µm,
calcium carbonate concentration not specified) was also used in the production of virgin
olive oils with ‘Hojiblanca’ olives during the 2011/12 harvesting.



Processes 2022, 10, 950 3 of 12

2.2. Oil Olive Production at Industrial Scale

The sampling was carried out at different times in the olive ripening process during
the 2011/12 and 2016/17 harvest seasons. This research was carried out on an industrial
scale in the production lines of two olive oil mills that use the continuous centrifugation
process with two-outlet decanters. One olive oil mill was ‘Oleoalgaidas S.C.A.’ (Villanueva
de Algaidas, Malaga, Spain) from ‘Grupo DCOOP’ and the other was ‘Aceites San Antonio
S.L.U.’ (Escañuela, Jaen, Spain).

Three- and four-body malaxers were used in the malaxation step process, 90 min being
the malaxation time and 5000 kg h−1 the mass flow rate of the paste for the ‘Oleoalgaidas
S.C.A.’ oil mill (Figure 1) and 60 min the malaxation time and 3000 kg h−1 the mass flow rate
of the paste for the ‘Aceites San Antonio S.L.U.’ oil mill (Figure 2). The natural microtalcs
were continuously added through dosage equipment during the malaxation step, before
the centrifugation process of the olive pastes, at a percentage of 0.3 wt.% in relation to the
mass flow rate of the paste in the production line. The NMT dispenser was placed at the
beginning of the last body of the malaxer, because it was found in preliminary assays that
this position was the one that led to a greater increase in industrial yields (data not shown).
Two samples of each produced oil were collected at the outlet of the horizontal centrifuge
in a time interval of less than 1 h.
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‘Oleoalgaidas S.C.A.’ olive mill.
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Figure 2. Malaxer and NMT dosage equipment at the ‘Aceites San Antonio S.L.U.’ olive mill.

2.3. Industrial Oil Yield and Extractability Index

About 750 g olives from each sample batch were taken to the laboratory and ground
in an MM-100 hammer mill of an Abencor (‘MC2 Ingeniería y Sistemas S.L.’, Seville, Spain)
mini-plant system for olive oil production, as described elsewhere [10], which is widely
accepted to obtain the actual values of oil yield at the industrial scale. The extractability
index is defined as the ratio between the industrial yield and the content of total fat matter
on a wet basis, and is usually expressed as a percentage [11]. The total fat matter on a wet
basis was determined by extraction in Soxhlet equipment with technical hexane.

2.4. Analytical Methods

The olive oils obtained were characterized according to the following quality pa-
rameters: free acidity, peroxide value, and ultraviolet absorption (K270, K232 and ∆K).
These parameters were determined following the analytical methods described in the
CEE/2568/91, CEE/1429/92 regulations and subsequent modifications of the European
Commission [12,13]. A brief description of the procedures can be found elsewhere [14].
The free acidity, expressed as percentage of oleic acid, was determined by placing the olive
oil in an ethanol/ethyl ether solution (1:1 v/v) along with a few drops of phenolphthalein
and then neutralized with 0.1 M KOH.

Regarding the peroxide value, expressed in mEqO2 per kg of oil, it was determined
by letting a mixture of oil and acetic acid chloroform react in the dark with a solution of
potassium iodide; then, free iodine was titrated with a sodium thiosulfate solution.

The ultraviolet absorption parameters, K232, K270, and ∆K (absorption of a 1% solution
of oil in cyclohexane at 232 and 270 nm), were measured in a UV-VIS spectrophotometer
Spectronic Helios γ (Thermo Fisher Scientific, Waltham, MA, USA).

Similarly, the content of total phenolic compounds was determined as well as the
oxidative stability of the oils produced. Regarding the evaluation of oxidative stability,
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the oxidation induction time was measured by Rancimat equipment, Mod. 743 (Metrohm
Hispania, Madrid, Spain). Briefly, 3 g of oil were weighed and, after heating to 98 ◦C, an
airflow was bubbled through it with a volumetric flow rate of 10 dm3·h−1. The results
obtained referring to the oxidative stability were expressed as induction time in hours [15].
On the other hand, the content of total phenolic compounds was determined by extraction
with methanol:water (60:40 v/v) solution and measurement of the absorbance of the com-
plex formed between phenolic compounds and the Folin-Ciocalteu reagent at λ = 725 nm
in a UV-VIS spectrophotometer Spectronic Helios γ (Thermo Fisher Scientific, Waltham,
MA, USA), as described elsewhere [16].

The contents of α-, β-, γ-, δ- and total tocopherols were determined by high-performance
liquid chromatography following a standardized method [17]. For this purpose, a Promi-
nence modular HPLC system (Shimadzu Corporation, Kyoto, Japan), equipped with a
fluorescence detector and a LiChrospher 5 µm Sil 60A analytical column (Phenomenex,
Torrance, CA, USA) were used. Propan-2-ol in n-hexane (0.5:99.5 v/v) was used as mobile
phase with a flow of 0.5 cm−3 min−1 and a temperature of 24 ◦C.

3. Results and Discussion
3.1. Industrial Oil Yield

Higher industrial oil yields were achieved with the ‘Picual’ variety than with ‘Ho-
jiblanca’ variety (data not shown). Initially, this fact is logical, since ‘Picual’ olives have
higher fat matter content. Based on the experimental results, an increase in the industrial
oil yield in oil was observed when the FC8KN natural microtalc was added during the
malaxation step at different times of the elaboration process (Figure 3).
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In general, the addition of the FC8KN natural microtalc improved the industrial oil
yield in all cases compared to the control without the addition of NMT. The average increase
obtained for the samples shown in Figure 3 was 25%, which is similar to the increases
found by other authors on the use of NMT but with higher dosages [18,19] and other olive
varieties [19–21]. Of note is the increase in industrial oil yield obtained for the sample from
26 January 2017. The extraction process without NMT rendered an industrial oil yield of
11.34 wt.%, while it rose to 17.65 wt.% when using the FC8KN natural microtalc, which
represents an increase of 56%. This increase is much higher than the highest increase in
industrial oil yield (32% using 1 wt.% NMT and ‘Hojiblanca’ variety) that can be found in
the literature [18]. Since the NMT dosage used in this work (0.3 wt.%) is even lower than
those recommended in the available literature (0.5–2.0 wt.%) [22,23], the high industrial
oil yields obtained can be attributed to the physicochemical characteristics of the FC8KN
natural microtalc [18,23,24].

Physicochemical characteristics such as particle size (D50) and microtalc purity play
an important role in breaking oil-in-water emulsions and improve the oil extraction process.
The ability of microtalc to increase oil yields could be explained by its physical action, since
it adsorbs the oil droplets retained in the cell walls, forming larger droplets and therefore
facilitating oil extraction [25]. In olive paste, oil and water can be trapped in agglomerating
microgels. Additionally, both paste and microtalc have lipophilic properties, so they tend
to retain oil. The microtalc facilitates the release of the oil in an extractable form, breaking
the reticular structure formed by the links among microgels [4,26,27].

Regarding the degree of depletion of the pomaces produced and with varieties very
prone to forming difficult pastes (‘Hojiblanca’ and ‘Picual’), values very similar to those
reached at the laboratory level were obtained at the industrial level in both oil mills
(2011/12 and 2016/17 harvestings, respectively). These results agree with those found by
other authors using the ‘Hojiblanca’ variety in a process with a two-outlet decanter [22].
Additionally, it should be noted that the difference in consumption between both microtalcs
was significant at each of the sampling times assayed (Figure 4). Thus, a reduction of more
than 40% in used NMT was achieved in the experience of 12 January 2012 when using the
FC8KN natural microtalc.
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Traditional microtalcs, large in size, are usually added at the beginning of the malax-
ation stage together with the paste. However, the FC8KN microtalc was added at the
beginning of the last body of the malaxer (corresponding to the last third of the malaxation
total time), reducing the contact time between NMT and pastes and increasing oil yields
and extractability indexes. Although the microtalc is a natural product, it is advisable to
reduce at minimum the contact time between the olive paste and the technological adjuvant,
since the microtalc is not a component of the olives.

In relation to the extractability index, extractability indexes over 80% were achieved
with FC8KN microtalc for both varieties. To be specific, an extractability index value of
88.9% was obtained from olives of the ‘Picual’ variety with a maturity index of 5.62, an
average fruit weight of 2.47 g, and a pulp/stone ratio of 2.17.

In general, it was demonstrated that when an olive paste has a water percentage
between 48 and 51 wt.%, the addition of a NMT leads to an increase in the extractability
index (data not shown), mainly when the FC8KN microtalc was used.

A visual aspect observed in the olive oils at the exit of the decanter was that they
were cleaner (free of solid particles) and had higher pigmentation (greener). A similar
fact occurred at the oultlet of the horizontal centrifuge. This fact could be attributed to a
higher content of chlorophyll pigments and a lower content of water microdroplets and
solid microparticles.

3.2. Effect of the Additon of FC8KN Natural Microtalc on Olive Oil Quality Parameters

From the results obtained in the characterization of the olive oils of both varieties
(‘Picual’ and ‘Hojiblanca’) according to the olive oil quality parameters, namely acidity,
peroxide index, and UV absorption, it is observed that all of them comply with the standards
of the European Commission for edible oils [1]. In fact, ‘Hojiblanca’ oils produced before
December 30 are within the normal ranges for EVOO, while oils obtained after December
30 are considered virgin olive oils (Table 1). As for ‘Picual’ oils, all are in accordance with
the limits to be labelled as EVOO (Table 2).

Table 1. Quality parameters of olive oils obtained by adding FC8KN natural microtalc to olive pastes
of the ‘Hojiblanca’ variety.

Haversting
Date

Acidity
(%)

Peroxide Value
(mEq O2/kg) K232 K270 ∆K

22 Dec, 2011 0.20 ± 0.00 16.94 ± 2.96 1.53 ± 0.01 0.13 ± 0.01 0.01 ± 0.01
23 Dec, 2011 0.24 ± 0.02 15.08 ± 0.77 1.51 ± 0.12 0.12 ± 0.02 0.00 ± 0.00
30 Dec, 2011 0.23 ± 0.04 16.61 ± 0.01 1.48 ± 0.05 0.11 ± 0.00 0.00 ± 0.00
4 Jan, 2012 0.20 ± 0.03 22.84 ± 1.61 1.58 ± 0.06 0.10 ± 0.02 0.00 ± 0.00
12 Jan, 2012 0.20 ± 0.00 17.53 ± 0.00 1.62 ± 0.00 0.12 ± 0.00 0.00 ± 0.00
20 Jan, 2012 0.21 ± 0.02 20.52 ± 1.75 1.55 ± 0.04 0.12 ± 0.02 0.00 ± 0.00

Limits fixed by
the IOC [1] ≤0.80 ≤20.0 ≤2.50 ≤0.22 ≤0.01

Table 2. Quality parameters of olive oils obtained by adding FC8KN natural microtalc to olive pastes
of the ‘Picual’ variety.

Haversting
Date

Acidity
(%)

Peroxide Value
(mEq O2/kg) K232 K270 ∆K

10 Jan, 2017 0.17 ± 0.00 2.93 ± 0.04 1.56 ± 0.04 0.18 ± 0.02 0.00 ± 0.00
18 Jan, 2017 0.17 ± 0.01 3.65 ± 0.06 1.64 ± 0.01 0.13 ± 0.00 0.00 ± 0.00
23 Jan, 2017 0.19 ± 0.02 4.77 ± 0.29 1.74 ± 0.01 0.15 ± 0.00 0.00 ± 0.00
26 Jan, 2017 0.17 ± 0.00 2.67 ± 0.28 1.73 ± 0.01 0.16 ± 0.00 0.00 ± 0.00
1 Feb, 2017 0.18 ± 0.01 3.83 ± 0.18 1.55 ± 0.03 0.12 ± 0.00 0.00 ± 0.00

23 Feb, 2017 0.28 ± 0.00 4.76 ± 0.23 1.59 ± 0.03 0.11 ± 0.01 0.00 ± 0.00

Limits fixed by
the IOC [1] ≤0.80 ≤20.0 ≤2.50 ≤0.22 ≤0.01
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On the other hand, it should be noted that the addition of the FC8KN natural microtalc
has resulted, with respect to the characterization of the olive oils obtained, in lower values
in these quality parameters when compared with those obtained without the addition of
this natural adjuvant. On the other hand, if these quality parameters are compared with the
addition of a different microtalcs (traditional NMT vs. FC8KN NMT), it was observed that
the values of acidity, peroxide value, and UV absorption were very similar for the 11/12
harvesting with ‘Hojiblanca’ [28]. However, the peroxide value was slightly lower in oils
produced using the FC8KN natural microtalc, results that can be found in that previous
study. These results confirm the findings of other authors using different olive varieties,
who have reported that microtalc addition protects the oil from oxidation [19,21,29,30].

From the results obtained in the determination of phenolic compounds, it is high-
lighted that there is a higher concentration in the olive oils obtained in production processes
with the addition of NMT. This effect is clearly reflected in the 2016/2017 campaign and for
the ‘Picual’ variety (Figure 5). In this research, increases of 10.4% in the fraction of total
phenolic compounds were achieved when the FC8KN natural microtalc was added in the
malaxation stage of the olive oil production process.
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3.3. Effect of the Additon of FC8KN Natural Microtalc on Olive Oil Tocopherol Content

In this research, the total tocopherol content of the olive oils obtained from ‘Picual’
variety (2016/2017 harvesting) was close to or greater than 300 mg/kg oil when using
the FC8KN NMT, reaching 443.4 mg/kg oil in one of the periods (Figure 6). These values
are in agreement with the work of Cayuela and García [31], who reported a range of
55.2–466.4 mg/kg oil for the concentration of total tocopherols.
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The effect of microtalc addition on the tocopherol content of olive oils has not been
extensively studied to date, and most studies found a significant decrease in the tocopherol
content when adding microtalc in the malaxation stage [19,21]. By contrast, increases of
21.5% in the fraction of total tocopherols and of 22.1 and 25.6% in α- and β-tocopherol,
respectively, were obtained when the FC8KN NMT was used in the malaxation stage of the
extraction process of the ‘Picual’ variety (Table 3) when comparing with olive oils from the
same olive batches produced without the addition of NMT. This result could be attributed
to the lower particle size and higher purity of the FC8KN microtalc.

Table 3. Average increase in the concentration of tocopherols in olive oils from the ‘Picual’ variety,
produced at different times of the 2016/2017 harvesting, when adding the FC8KN natural microtalc
during the malaxation step.

Harvesting
Date

%∆

α-Tocopherol
%∆

β-Tocopherol
%∆

γ-Tocopherol
%∆ Total

Tocopherols

10 Jan, 2017 9.5 10.3 −12.9 7.8
13 Jan, 2017 5.3 5.5 9.8 5.5
18 Jan, 2017 4.6 25.6 10.2 6.0
23 Jan, 2017 10.0 7.8 11.2 10.0
26 Jan, 2017 13.1 10.5 15.4 13.1
1 Feb, 2017 22.1 25.3 7.1 21.5
7 Feb, 2017 8.6 6.6 16.9 9.0
9 Feb, 2017 4.1 1.0 1.6 3.7

16 Feb, 2017 17.6 9.0 13.6 17.0
21 Feb, 2017 16.9 6.4 5.8 15.9
23 Feb, 2017 4.7 5.2 15.6 5.1
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Tocopherols have an important activity as natural antioxidant agents and confer
stability to the oils that contain them. Consequently, they are important constituents
in virgin olive oils, since they give it stability and they have a beneficial biological role
as antioxidants. The α-tocopherol (90–95% of the total tocopherol content) is the main
homologue of the forms of vitamin E that exerts an important antioxidant action, since it
reacts with the peroxide radicals of the fatty acids, which are the primary products of fat
auto-oxidation, thus stopping spoilage in the early stages. In general, the contents of the β

and γ forms are below 10% [32]. δ-tocopherol is usually present in such low concentrations
that some authors even state that this form is not present in olive oils [33,34]. In this sense,
in the trials carried out in this work, δ-tocopherol has not been detected in any of the
sampling periods.

3.4. Effect of the Additon of Natural Microtalc on Olive Oil Oxidative Stability

Regarding the evaluation of oxidative stability, the Rancimat method is an accelerated
stability test that provides very useful information about the resistance of the oil to the
oxidation process. In general, a higher stability can be observed in the oils produced with
smaller particle size microtalc (Figure 7). When traditional NMT was used in the process,
the average oxidative stability for the oils produced from the ‘Hojiblanca’ variety was 50.6 h,
with a range between 21.1 and 83.1 h, while using the FC8KN natural microtalc the average
oxidative stability in the oils produced was 67.7 h, with a range between 34 and 107.9 h.
These last results are very close to those obtained by Beltrán et al. with the same variety
(‘Picual’), in a process at the mini-plant level (Abencor system), during three consecutive
years of harvesting, and using a natural microtalc [35].
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(�) and a traditional (�) NMT.

4. Conclusions

The FC8KN natural microtalc assayed in this work is characterized by its small particle
size and extraordinary purity. These characteristics lead to a lower percentage added to the
olive pastes compared to a traditional NMT; the FC8KN natural microtalc dosage (0.3 wt.%
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in relation to the mass flow rate of the paste in the production line) was lower than those
reported in the available literature (between 0.5 and 2.0 wt.%).

In the production of olive oils from both the ‘Picual’ and ‘Hojiblanca’ varieties, the
industrial yield and extractability index increased when a natural microtalc was added
during the malaxation stage. The olive oil yield increased by 25% on average when using
the NMT with a smaller particle size (FC8KN). A maximum of 56% increasing in industrial
oil yield was achieved with FC8KN when compared with the same process without the
addition of NMT. This increase in industrial oil yield is much higher than those reported
by other authors on the use of other microtalcs and at higher dosages.

Taking into account the quality parameters, the olive oils produced adding the FC8KN
natural microtalc showed lower values (therefore higher quality) in these parameters when
compared to those obtained without the addition of NMT. It is worth noting that improved
pigmentation (higher concentration of chlorophylls) was visually observed for both the
‘Picual’ and ‘Hojiblanca’ varieties when adding FC8KN microtalc.

Finally, olive oils produced with the FC8KN natural microtalc showed a higher con-
tent of phenolic compounds and thus higher oxidative stability, both in the ‘Picual’ and
‘Hojiblanca’ varieties. To be specific, increases of up to 10.4% in total phenolic compounds,
21.5% in total tocopherols, and 22.1% in α-tocopherol were achieved when the FC8KN
natural microtalc was added in the malaxation stage of the olive oil production process.

All in all, the FC8KN natural microtalc should be used in the olive oil industry to obtain
extra virgin olive oils with high quality from olive varieties prone to forming difficult pastes.
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