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Aims: In this study, it was aimed to investigate the effect of industrial-scale
continuous extraction process stages (crushing, malaxation and
decantation) on physicochemical (oil contents, L*, a*, b*, free acidity,
peroxide values) and bioactive properties (total phenolic content,
antioxidant activity and phenolic compounds) of olive oil.

Methods and Results: The samples of olive, olive paste after crushing and
malaxation, and olive oil after decantation, which were obtained from
olive oil factory, were used for analyses. The highest oil (56.80%) and the
lowest total phenolic (160.70 mg L) contents were determined after
malaxation process at 35°C for 20 min. The free fatty acid value of olive oil
increased from 1.68% to 2.46%, but the peroxide value of oil decreased
from 12.5 meq 02 kg* to 1.5 meq 02 kg™ after decanter. The L*, a* and
b* values of olive oils were determined between 73.82 and 82.04, -12.60
and -3.71, 14.22 and 45.78, respectively. Moreover, phenolic compounds
were not significantly affected from industrial oil extraction process (p>
0.05). The minimum oleic acid (68.58%), and the maximum linoleic acid
(11.57%) and palmitic acid (14.66%) concentrations were observed in olive
oil obtained from malaxed olive paste.

Conclusions: The results of oil yield, fatty acid composition and total
phenolic content of samples showed significant differences after the
malaxation process.

Significance and Impact of the Study: It has been determined that the
malaxation process is the extraction stage which significantly affects the
quality of olive oil.
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INTRODUCTION techniques provide the better nutritional value and
organoleptic properties to virgin olive oil (Boselli et al.,
20009; Taticchi et al., 2013). Firstly, the crushing enables

to extraction of oil from the intracellular oil vacuoles

Olive (Olea europaea L.) oil is a significant part of the
Mediterranean diet (Dag et al., 2011). Virgin olive oil

draws the attention because of its fatty acid composition
characterized by the high amount of monounsaturated
fatty acids, and its phenolic compounds that exhibit
great antioxidant activity (Velasco and Dobarganes,
2002). The physical processes, such as crushing,
malaxation and separation in comparison to chemical

using the several crushing techniques, such as the stone
mill, blade crusher, or hammer mill (Polari et al., 2018).
The malaxation is a significant process by mixing the
olive paste which breaks of the emulsion, enlarges the
diameter of oil droplets, makes the separation process
easier (Yorulmaz et al., 2017). According to the previous
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studies, an important difference is not observed in the
chemical properties of olive oils such as free fatty acid
and peroxide values by using method of crushing. In
contrast to this, total phenolic contents of oils show the
change among the used crushing devices such as metallic
crushers or stone mill (Di Giovacchino et al., 2002).
Endogenous enzymes of fruit, such as B-glucosidases and
esterases, are activated with the malaxation process,
causing hydrolysis of some phenolic compounds,
especially oleuropein and ligstroside, thereby forming
secoiridoid derivatives (Clodoveo, 2012). When the
separation methods were compared, the lowest
bioactive components were detected in virgin olive oils
extracted by 3-phase centrifuges. The addition of water
caused by the decrease in the amount of bioactive
components. Because some of the phenolic compounds
dissolve in water added in 3-phase centrifuges and
bioactive compound amounts reduce (Di Giovacchino et
al., 1994; Welsh and Williams, 1989). During the
extraction processes, the volatile and phenolic
compounds are affected due to the enzymatic reactions
which lead to oxidation of phenolic compounds and
consequently cause the reduction in phenolic compound
contents in virgin olive oil (Clodoveo et al., 2014). The
amounts of bioactive compounds are depend on not
only extraction processes but also variety, harvest year,
location, fruit ripeness, and storage conditions
(Se¢meler and Gii¢lii Ustiindag, 2017). The oxidative
stability of virgin olive oil is mainly due to presence of
phenolic compounds, especially containing catechol
moieties, such as oleuropein aglycone (3,4-DHPEA-EA)
and oleacein (3,4-DHPEA-EDA) (Baldioli et al., 1996;
Romani et al.,, 2007). However, it was informed that
simple phenols such as hydroxytyrosol provide lower
oxidative resistance (Paiva-Martins et al., 2006).
Consequently, the oil extraction process from olive
causes several chemical and enzymatic differences,
accordingly, the extraction steps play a vital role for
quality and shelf life of olive oil. In the literature,
different results were informed according to the
malaxation conditions (especially temperature and time)
or crushing devices. However, there is a lack of
publications about the olive oil obtained from industrial
olive oil mill. The principal purpose of this study was to
investigate the bioactive compounds and
physicochemical properties of olive oils extracted from
olive, olive paste after crushing, malaxation and
decantation which were taken oil factory during process.

MATERIALS and METHODS

Material
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Samples, which are olive, olive paste after crusher and
malaxator, and olive oil after decanter, were separately
obtained from a facility in Mersin (Mut) province of
Turkey. The samples belonged to olive fruits of two
different varieties (Ayvalik and Gemlik). The using
crusher was hammer mill. The malaxation time and
temperature were 20 min and 35°C, respectively. The
virgin olive oil was extracted by 2-phase centrifuge. The
samples were brought to the laboratory in glass jar.

Methods

Oil content

Oil contents of samples (olive, olive paste after crusher
and malaxator) were determined according to AOAC
(1990) method. Total oil content of samples was
extracted with petroleum benzine in Soxhlet Apparatus
for 5 h, and the solvent was removed with a rotary
vacuum evaporator at 502C.

Color analysis

Color values of oil samples were measured with Minolta
Chroma meter CR 400 (Konica Minolta, Inc. Osaka,
Japan) according to the International Commission on
llumination L*, a*, b* scale (Rizzo et al., 2014).

Analyses of free fatty acid and peroxide values

Free fatty acids, expressed as free oleic acid percentage,
and peroxide values, expressed as milliequivalents of
active oxygen per kilogram oil, (meq O, kg*) were found
according to AOCS (1989) Official Method Ca 5a-40 and
Cd 8-53, respectively.

Sample extraction

Olive oils were extracted according to Konuskan and
Mungan (2016). The oils (2 mL) were added to 1 mL of
hexan and 4 mL of methanol:water mixture (60/40, v/v).
The mixture was vortexed for 2 min, followed by
centrifugation at 6000 rpm for 5 min. These steps were
repeated twice and the supernatants were collected.
The extract was filtered with 0.45 um PTFE filter before
analysis.

Total phenolic content

The total phenolic contents of extracts were determined
using the Folin-Ciocalteu (FC) reagent according to Yoo
et al. (2004). FC (1 mL) was added to the samples and
mixed for 5 min. Following the addition of 10 mL of
Na,COs (7.5%), the solution in the tubes was mixed
again, and the final volume was adjusted to 25 mL with
deionized water. At the end of 1h, the total phenol
content was determined at a wavelength of 750 nmin a
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spectrophotometer (Shimadzu, Japan) with a calibration
curve made using gallic acid (0-200 mg mL?) as the
standard. The results are given as mg gallic acid
equivalent (GAE) L of fresh weight.

Antioxidant activity

The free radical scavenging activities of extracts were
determined using DPPH (1,1-diphenyl-2-picrylhydrazyl)
according to study of Lee et al. (1998). The extract was
mixed with 2 mL methanolic solution of DPPH. After
shaking vigorously, it was stored at room temperature
for 30 min. The absorbance was recorded at 517 nm by
using a spectrophotometer (Shimadzu, Japan).

Determination of phenolic compounds

Phenolic compounds of extracts were determined using
a Shimadzu-HPLC equipped with a PDA detector and an
Inertsil ODS-3 (5 pum; 4.6 x 250 mm) column. Gradient
elution was performed for separation, and a mixture of
0.05% acetic acid in water (A) and acetonitrile (B) as the
mobile phases were used. The gradient program was as
follows: 0-0.10 min 8% B; 0.10-2 min 10% B; 2-27 min
30% B; 27-37 min 56% B; 37-45 min 8% B. The flow rate
of the mobile phase was 1 mL min? at 30°C, and the
injection volume was 20 uL. The peaks were recorded at
280 nm using a PDA detector. The total running time per
sample was 60 min.

Fatty acid composition

Olive oils were esterificated according to 1SO-5509
(1978) method with some modifications. Fatty acid
methyl esters of oil samples were analyzed gas
chromatography (Shimadzu GC-2010) equipped with
flame-ionization detector (FID) and capillary column
(Tecnocroma TR-CN100, 60 m x 0.25 mm, film thickness:
0.20 um). The temperature of injection block and
dedector was 2609C. Mobile phase was nitrogen with
1.51 mL min flow rate. Total flow and split rates were
80 mL mint and 1/40, respectively. Column temperature
was programmed 1209C for 5 minutes and increased
240°C at 42C min? and held 25 minutes at 2409C. A
standard fatty acid methyl ester mixture (Sigma
Chemical Co.) was used to determine sample peaks.
Commercial mixtures of fatty acid methyl esters were
used as reference data for the relative retention times.

Statistical analysis

Statistical analysis of the results was performed using
Minitab-16 statistical program. The means of significant
variation sources were compared to Tukey Test. The
significance level is given as p <0.05 unless otherwise
stated. The analyzes were repeated 3 times (n=3).

251

RESULTS and DISCUSSION

The physicochemical properties of samples are
presented in Table 1. The highest oil content (56.80%,
dw) was determined in olive paste after malaxation
process. The malaxation is an effective process to
increase the oil yield of olives due to break of the
emulsion and help oil droplets come together. The L*, a*
and b* values of olive oils varied between 73.82 and
82.04, -3.71 and -12.60, 14.22 and 45.78, respectively.
The highest L* and a*, and the lowest b* values were
determined in olive oil obtained after decantation.
Extracting the oils from olives and olive pastes after
crusher and malaxation using the soxhlet method
significantly changed the L*, a* and b* values of the oils.
Soxhlet extraction method in comparison to continue
extraction system caused less brightness, greenish and
yellowish oil. The use of solvent in the extraction was
probably increase the transition of color components,
especially chlorophyll and carotenoids, to oil. According
to the study of Criado et al. (2007), the L*, a* and b*
values of olive oils belonged to Arbequina and Farga
varieties were determined as 68.5-93.3 and 78.1-95.3; -
3.4- (-) 9.9 and -2.9- (-) 5.4; 40.2-114.6 and 26.5-116.7,
respectively. The L*, a* and b* values of the Lechin olive
oils varied between 94.2 and 97.5, -7.0 and (-) 9.8, 21.9
and 34.3, respectively (Minguez-Mosquera et al., 1991).
Romero et al. (2003) reported that color values of olive
oils were measured between 76.4 and 89.3 for L* values;
-0.61 and -3.53 for a* values; 90.0 and 108.8 for b*
values.

The free fatty acid contents and peroxide values of olive
oils ranged from 1.68% to 2.46%; from 1.5 meq O, kg to
15.5 meq 0, kg, respectively. The extraction steps
caused the increase in free acidity of oils and the
maximum acidity was observed after malaxation process
because of increasing lipase activity. This was in
agreement with data reported from other studies
(Yorulmaz et al., 2017; Jimenez et al., 1995; Kalua et al.,
2006). The lowest peroxide value was determined after
decanter, with the range of 1.5 meq O, kg. It can be
seen that the peroxide value reduced with extraction
steps progressed because peroxides are not a stable
product. In a study of Yorulmaz et al. (2017), free fatty
acid and peroxide values of olive oil were founds as
0.63% and 6.22 mg 0O, kg* oil after 20 min of malaxation
process, respectively. Polari et al. (2018) informed that
malaxation time affected both free fatty acid and
peroxide values. When the malaxation time was
increased from 30 to 75 min, the free fatty acid and
peroxide values shown an increase from 0.19% to 0.26%;
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from 6.0 meq O, kg* to 7.4 meq O, kg?, respectively.
According to the study of Stefanoudaki et al. (2011),

acidity and peroxide values of olive oil belonged to
Coratina variety, applied 20 min of malaxation, and used

2-phases decanter were found as 0.29% and 6.24 meq O3
kg? oil, respectively.

Table 1. The physicochemical properties of olive oils belonging to olive and olive paste obtained after crushing,

malaxation and decanter

Process steps Oil content (%, dw) L* a* b*
Olive 41.80 + 0.37° 77.12 + 2.032 1.68 + 0.079 12.5 + 0.71b
After crusher 36.15 + 1.35P 74.57 = 3.512 2.24 + 0.02° 155 £ 0.60?
After malaxation 56.80 + 1.60° 73.82 + 2.56° 246 + 0.31° 8.5 + 0.52¢
After decanter - 82.04 + 1.99° 2.06 + 0.06¢ 1.5 + 0.544
Free acidity (%) Peroxide value Total phenolic content Antioxidant activity
(meq O, kg-1) (mg L-1) (%)
Olive 1.68 + 0.07d 12.5 + 0.71b 450.60 = 0.892 50.14 + 0.822
After crusher 2.24 + 0.02b 155 = 0.602 193.80 + 0.36bc 31.26 + 0.16°
After malaxation 246 = 0.312 85 = 0.52¢ 160.70 + 0.21° 31.55 + 0.50°
After decanter 2.06 + 0.06° 1.5 + 0.544 267.20 + 0.66° 4154 + 0.67°

Different superscript letters in the same column indicate significant difference between mean values at p< 0.05.

For Koroneiki variety, in the same conditions, the acidity
and peroxide values of olive oil were determined as
0.48% and 7.96 meq O, kg™ oil, respectively. In another
study, crushing methods such as metallic
crusher+stones, metallic crusher and stone mill did not
significantly affect the free fatty acid (0.14-0.17% for
Ogliarola di Bitonto+Leccino varieties; 0.16-0.17% for
Peranzana+Leccino varieties), and peroxide (5.9-6.2 meq
0, kg for Ogliarola di Bitonto+Leccino varieties; 4.9-5.7
meq O, kg™ for Peranzana+Leccino varieties) values of
olive oils (Preziuso et al.,, 2010). Kula et al. (2018)
observed that free fatty acid and peroxide values of olive
oil extracted from crushed paste were established as
0.71% and 5.30 meq O; kg oil while these values were
determined as 0.70% and 6.42 meq O, kg* oil for olive
oil obtained from crushed+malaxed paste, respectively.
As indicated by Caponio et al. (2014), free fatty acid and
peroxide values of olive oils were determined as 0.28%
and 2.65 meq 0, kg%, respectively.

Total phenolic contents of olive oils ranged from 160.70
mg GAE L (olive oil extracted after malaxation) to 450
mg GAE L! (oilve oil extracted from olives). The
malaxation process at 35°C decreased the total phenolic
content of oil, followed by crushing process. Similarly,
the antioxidant activity was negatively affected from
malaxation and crushing steps. The antioxidant activity
decreased from 50.14% to 31.26% after crushing and to
31.55% after malaxation. This reduction originated from
the activation of polyphenoloxidase and peroxidase
enzymes which oxidised phenolic components
(Yorulmaz et al., 2012). Contrary to present study, Kula

252

et al. (2018) reported that total phenolic contents of
olive oils increased from 150.70 mg kg™ to 250.60 mg kg
! with malaxation process at 30°C. Total phenolic content
of olive oil belonged to Ayvalik variety was 191.23 mg kg
! when olive paste was malaxation for 20 min (Yorulmaz
et al., 2017). Stefanoudaki et al. (2011) observed that
total phenolic contents of olive oils were determined as
187.85 ppm for Coratina variety and 153.57 ppm for
Koroneiki variety when kneaded for 20 min and
extracted by 2-phase decanter. Total phenolic content of
olive oil extracted from Ogliarola di Bitonto+Leccino
varieties and used metallic crusher was found as 86 mg
L'? while it was determined as 212 mg L for olive oil of
Peranzana+Leccino varieties (Preziuso et al., 2010).
Caponio et al. (2014) informed that total phenolic
contents of olive oils extracted by 2-phase decanter
ranged from 674 mg kg to 743 mg kg, while total
phenolic amounts of oils obtained from 3-phase
decanter varied from 553 mg kg™ to 602 mg kg. The
antioxidant activities were found between 52.18% and
60.52% in olive oils extracted by 2-phases system;
between 50.24% and 52.60% in oils obtained by 3-
phases system.

The phenolic compounds of olive oils are illustrated in
Fig. 1. The major phenolic compound of olive oils was
found as verbascoside (19.09-20.89 mg L), followed by
rutin (13.60-15.24 mg L) and luteolin-7-glucoside
(12.80-13.95 mg L) in descending order. In addition, the
hydroxytyrosol, tyrosol and oleuropein contents of olive
oils were equal to 7.75-9.29 mg L, 6.77-9.06 mg L7,
9.63-10.87 mg LY, respectively.
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Figure 1. Phenolic compounds of olive oils belonging to olive and olive paste obtained after crushing, malaxation and
decanter (mg L?)

The phenolic compounds, except luteolin, were not
significantly affected from extraction processes. The
olive oil obtained from olive paste after malaxation
contained the highest amount of luteolin (12.36 mg L2).
Preziuso et al. (2010) reported that hydroxytyrosol and
tyrosol amounts of olive oils extracted from olive pastes
prepared using metallic crusher were found as 1.8 mg kg-
1 and 12.7 mg kg* for Ogliarola di Bitonto+Leccino; 3.4
mg kg! and 6.7 mg kg! for Peranzanatleccino,
respectively. The hydroxytyrosol and tyrosol contents of
the oils extracted from Cornicabra olives were found as
2.14and 2.80 mg kg?; 1.62 and 2.25 mg kgl respectively
(Gomez-Rico et al., 2006). The tyrosol contents of olive
oils belonged to different varieties were found between
3.5 mg kg (Carpinetana variety) and 6.3 mg kg™ (Intosso
variety), while the amount of hydroxytyrosol was
determined between 2.2 mg kg (Rustica variety) and
7.1 mg kg! (Intosso variety) (Ambra et al., 2017).
Caponio et al. (2001) informed that the hydroxytyrosol,
tyrosol, oleuropein and cinnamic acid content of the oils
extracted from green-yellow olives were found as 1.20,

253

2.95,0.64 and 0.26 mg kg* (Carotina variety); 2.11, 6.47,
5.16 and 0.16 mg kg (Ogliarola salentina variety) while
these phenolics of the oils extracted from purple-black
olives were determined as 1.92, 3.65, 0.23 and 0.25 mg
kg (Carotina variety); 2.77, 6.97, 1.74 and 0.10 mg kg™
(Ogliarola salentina variety), respectively. In another
study, hydroxytyrosol, tyrosol, and luteolin contents of
olive oils varied between 0.09-0.80 mg kg, 0.68-1.13 mg
kg, 0.27-2.28 mg kg™ for Ayvalik variety; 0.16-0.63 mg
kg, 0.53-1.57 mg kg, 0.28-1.74 mg kg for Gemlik
variety, respectively (Dagdelen et al., 2013).

Fatty acid compositions of olive oils are demonstrated in
Table 2. The lowest oleic acid (68.58%); the highest
linoleic (11.57%) and palmitic (14.66%) acid contents
were observed in olive oil extracted after malaxation.
Applying processes such as crushing with metallic
crusher and malaxation for 20 min decreased oleic acid,
and increase the linoleic acid amounts. Accordingly, the
extraction steps had the significant effect on fatty acid
composition, especially major fatty acids (p< 0.05).
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Table 2. Fatty acid compositions of olive oils belonging to olive and olive paste obtained after crushing, malaxation and

decanter (%)

Fatty acids (%) Olive After crusher After malaxation After decanter

Palmitic 13.25 + 0.29° 13.19 + 0.10 14.66 + 0.56 13.96 + 0.07
Stearic 2.17 + 0.09° 2.32 + 0.01%® 2.31 + 0.04%® 2.50 + 0.00°
Oleic 7131 + 0.16° 70.84 + 0.08° 68.58 + 0.38° 71.06 + 0.22°
Linoleic 9.85 + 0.02° 10.80 + 0.01° 11.57 + 0.11° 8.77 + 0.04¢
Arachidic 0.39 + 0.03 0.39 + 0.00 0.36 + 0.02 0.34 + 0.00
Linolenic 0.40 + 0.00% 0.38 + 0.00¢ 0.41 + 0.00° 0.39 + 0.00"
Behenic 0.12 + 0.07 0.12 + 0.00 0.10 £ 0.01 0.09 + 0.00
Arachidonic 0.30 + 0.02° 0.24 + 0.01° 0.26 + 0.02° 0.75 = 0.00?

*Mean values are statistically insignificant (p> 0.05). Different superscript letters in the same line indicate significant difference

between mean values at p< 0.05.

Kelebek et al. (2015) informed that the oleic acid content
(75.85%) of Gemlik olive oil was higher than the oil of
Ayvalik variety (68.95%), while the highest and lowest
palmitic acid contents were found as 14.51% in Ayvalik
olive oil and 11.42% in Gemlik olive oil, respectively. Kula
et al. (2018) observed an increase in the linoleic acid
content (from 9.9% to 16.4%) and a decrease in the
palmitic and oleic acid amounts (from 12.6% to 11.2%
and from 72.7% to 67.9%, respectively) of olive oil when
the malaxation process applied at 30°C. After malaxation
process for 20 min, the oleic, linoleic and palmitic acid
contents of olive oil were determined as 70.35%, 11.98%
and 13.64%, respectively (Yorulmaz et al., 2017). In some
studies, fatty acid composition did not show differences
with malaxation (Inarejos-Garcia et al., 2009; Jimenez et
al., 2014). On the other hand, Youssef et al. (2013)
reported that malaxation process about 15-30 min
caused the highest oleic acid and the lowest palmitic acid
contents.

OzET

Amag: Bu calismada, endustriyel olgekli strekli
ekstraksiyon islemi asamalarinin (kirma, malaksasyon ve
dekantasyon) zeytinyaginin fizikokimyasal (yag icerikleri,
L*, a*, b*, serbest asitlik, peroksit degerleri) ve biyoaktif
ozellikleri (toplam fenol icerigi, antioksidan aktivitesi ve
fenolik bilesenleri) (zerine etkisinin arastiriimasi
amaclanmistir.

Yontemler ve Bulgular: Zeytinyag isletmesinden temin
edilen zeytin, kirma ve malaksasyon islemleri sonrasi
zeytin hamuru ve dekantor sonrasi zeytinyagi ornekleri
analiz icin kullanilmistir. En yiksek yag (%56.80) ve en
disiik toplam fenol (160.70 mg L) icerikleri 35°C'de 20
dakika slreyle malaksasyon isleminden sonra
belirlenmistir. Dekantérden sonra zeytinyaginin serbest
yag asidi degeri %1.68'den %2.46'ya yikselirken, yagin
peroksit degeri 12.5 meq O, kg*'dan 1.5 meq O, kg''a
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dislis gostermistir. Zeytinyaglarinin L*, a* ve b*
degerleri sirasiyla 73.82 ve 82.04, -12.60 ve -3.71, 14.22
ve 45.78 arasinda belirlenmistir. Ayrica, fenolik
bilesiklerin endustriyel yag ekstraksiyon isleminden
onemli Olgide etkilenmedigi tespit edilmistir (p> 0.05).
En diisiik oleik asit (%68.58) ve en yiksek linoleik asit
(%11.57) ve palmitik asit (%14.66) konsantrasyonlari
malakse edilmis zeytin hamurundan elde edilen
zeytinyaginda gozlenmistir.

Genel Yorum: Orneklerin yag verimi, yag asidi
kompozisyonu ve toplam fenol icerigi sonugclari,
malaksasyon islemi  sonrasi  O6nemli  farkliliklar
sergilemistir.

Calismanin Onemi ve Etkisi: Malaksasyon isleminin,
zeytinyagl  kalitesini  6nemli  oOlgide  etkileyen

ekstraksiyon asamasi oldugu tespit edilmistir.

Anahtar kelimeler: Fenolik bilesen, fizikokimyasal
ozellikler, malaksasyon, yag asitleri, zeytinyagi.
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