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Black table olives are a popular food and highly appreciated for its taste, typically used in pizzas, salads and
other meals. Among the compounds present in this food are the bioactive lipids like monounsaturated fatty
acids (MUFAs) and phytosterols, related to the prevention of the occurrence of some chronic diseases.
Pasteurization may be applied to black table olives aiming to ensure its microbiological quality, but this
processing can cause undesired degradation of thermosensitive organic compounds. This work aimed to
evaluate the changes that occur in chemical properties, fatty acids profile, and phytosterols in Azapa black
table olives after pasteurization. The olives were treated at 80 °C for 5 min, which achieved a lethality factor
Fe2.4oc equal 40 min. Fatty acids and phytosterols determination were carried out using a Gas Chromatography
with Flame lonization Detector (GC-FID). Other components were analyzed by physicochemical
determinations. The results demonstrate that Azapa black table olives are a source of unsaturated fatty acids
(72.339.100g) and total phytosterols (137.4 mg.100-1g), substances associated with beneficial health effects.
Pasteurization did not promote chemical changes (p>0.05) in total protein, lipids, ash content, acidity, pH,
and total chlorides in the samples, except for moisture content that had 4.1% of reduction. The fatty acid
composition also was not affected (p>0,05). However, phytosterol levels were affected (p<0.05) by thermal
processing, with a decrease of about 24.6% of campesterol, 16.8% of B-sitosterol, and 60.9% of stigmasterol.
Data suggest that thermal processing used to treat Azapa black olives must be optimized to minimize this

negative effect.
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Azeitonas pretas de mesa sao populares e muito apreciadas pelo sabor, tipicamente usadas em pizzas, saladas
e outras refei¢fes. Dentre 0s compostos presentes nesse alimento estdo os lipidios bioativos tais como os
acidos graxos monoinsaturados (AGMI) e os fitoesterois, relacionados com a prevencdo da ocorréncia de
determinadas doencas cronicas. A pasteurizacdo pode ser aplicada nas azeitonas de mesa com objetivo de
garantir a qualidade microbiolégica, porém, esse processamento pode causar degradacdes indesejadas em
compostos organicos termossensiveis. Esse trabalho objetivou avaliar as alteragdes que ocorrem nas
propriedades quimicas, perfil de &cidos graxos e niveis de fitoesterdis presentes em azeitonas pretas de mesa
da variedade Azapa apés pasteurizagdo. As azeitonas foram tratadas a 80 °C por 5 min, atingindo um fator
de letalidade Fez4c igual a 40 min. Os &cidos graxos e fitoesterdis foram determinados utilizando um
cromatégrafo gasoso com detector de ionizacdo por chama (GC-FID). Os demais compostos foram
mensurados por analises fisico-quimicas. Os resultados demonstraram que as azeitonas avaliadas sdo fonte
de acidos graxos insaturados (72,33g.100g) e de fitoesterdis (137,4 mg.10029), substancias associadas com
efeitos benéficos a salde. A pasteurizacdo ndo promoveu altera¢fes (p>0.05) nos niveis de proteinas totais,
lipidios, cinzas, acidez, pH e cloretos totais, exceto pelo teor de umidade que teve reducdo de 4,1%. A
composi¢do dos acidos graxos também ndo foi afetada (p>0,05). No entanto, os niveis de fitoesterois foram
alterados (p<0.05) pelo tratamento térmico, com diminui¢éo de 24,6% no campesterol, 16,8% no B-sitosterol
e de 60,9% no estigmasterol. Os resultados sugerem que o tratamento térmico usado para as azeitonas pretas

de mesa da variedade Azapa devem ser otimizados a fim de minimizar tais efeitos negativos.
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1. INTRODUCTION

The consumption of olives in natura is not recommended due to the presence of a glycoside
called oleuropein, responsible for its bitter taste [1]. According to the International Council of Olive
Oil (10C) the olive table is defined as the product prepared from the healthy olive fruit, subjected
to treatment to eliminate the natural bitterness present in the fruit and preserved by natural
fermentation or heat treatment, with or without chemical preservatives, bottled with or without
topping liquid [2].

Different varieties of olive trees have been cultivated in South America. This food is currently
an important export product, especially in countries like Argentina and Chile [3]. In Azapa Valley,
in Chile, are produced the Azapa olives, the most popular Chilean cultivar for black table olives
processing, which is produced from ripe fruits, fermented and preserved by the process of
pasteurization and added of chemical preservatives, such as benzoate and sorbate, or by the
combination of both techniques [4].

According to the “Commercial Standard Applicable to Olive Tables [2], the pasteurization
applied to black table olives must achieve a lethality factor (F) of 15 min in a temperature equal to
62.4 °C. This value refers to propionic bacteria as the reference microorganism, characterized by a
z-value of 5.25 °C [5]. In this process, precise design and monitoring are essential to establish
adequate time and temperature to not promote deterioration of the olives or cause undesired
degradation of thermosensitive organic compounds [5, 6].

Among the bioactive compounds founds in olives are the monounsaturated fatty acids
(MUFAS). The primary fatty acid in this group is the oleic acid (C18:1), constituting about 65% of
the total fatty acids composition of olives, and the linoleic (C18:2) and linolenic acid (C18:3),
corresponding together with approximately 8% of these [7, 8]. Due to the higher levels of MUFAs,
especially C18:1, and lower levels in saturated fatty acids, olive oils are considered very healthy
due to the know beneficial effect of MUFAs on preventing chronic inflammation and liver and
heart diseases [9, 10].

The plant sterols, or phytosterols, such as sitosterol and stigmasterol, are also bioactive
components present in olives. Dietary intake of phytosterols has been demonstrated to be inversely
related to low-density lipoprotein (LDL) cholesterol and serum total cholesterol levels [11].
However, when present in foods that are submitted to thermal processing, phytosterols may be
partially degraded [12].

It is well known that heat treatments used to ensure food quality may also negatively affect food
quality. In this way, this work aimed to evaluate the changes that occur in chemical composition,
fatty acids profile, and phytosterols content of Azapa black table olives after the pasteurization
treatment applied to the fruits.

2. MATERIALS AND METHODS

2.1 Olive samples

Black table olives of the Azapa variety imported from Chile were purchased from a food
industry located in the city of Rio de Janeiro, Brazil. A sample of 10 Kg was collected from a bag
containing 50 Kg of the product. The olives were washed and 300 g (about 40 olives) were added
in sterilized glass jars. Three jars were filled with brine at 45 °C, composed by water, salt, and lactic
acid (97.5: 2: 0.5, viwlv, respectively) and then subjected to the heat treatment. The other three jars
prepared in the same way but not subjected to heat treatment was used as control.

2.2 Thermal processing

The jars containing olives in brine were subjected to exhaust tunnel for 25 s and then tapped and
inverted to provide the contact of the cover with the brine. The jars were placed in a stainless steel
perforated basket and pasteurized at 80° C for 5 min. The temperature and time used in the thermal
treatment were selected based on the conditions used by Brazilian industries that process table
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olives. The control of the process was performed by E-Val Flex Module (Ellab A/S, Hilleroed,
Denmark), using thermocouples of 1 mm, inserted in the jars, recording the temperature along the
process, every 8 s. After 5 min of processing, the jars were cooled in an ice bath.

2.4 Physicochemical analysis

The samples were ground and homogenized in a multiprocessor (Mega Master, Rl 3170, Sao
Paulo, Brazil) to obtain a homogeneous dough. Physicochemical analysis were performed
according to the methodologies recommended by AOAC [13]. Total protein content (g.100g) was
determined by Soxhlet method, ash content (g.1001g) by gravimetric determination (incineration
at 550°C), lipids content (g.100*g) by Bligh and Dyer method, total chloride (g.100g) and total
acidity (% of lactic acid) by titration method, moisture content (%) by oven-drying at 105 °C and
pH. Solvents and reagents were analytical grades purchased from Vetec (Sao Paulo, SP, Brazil).

2.5 Fatty acids determination

Total lipids extracted were kept in a chloroform/methanol (9:1, v/v) with t-Butyl-hydrogquinone
solution to prevent oxidation. ImL of lipid solution were transferred to a glass vial and evaporated
to dryness. Then, _ mL of 7% BF; solution and _ mL of toluene were added. The glass vial was
sealed and heat at 100 °C by _ minutes. Then the tube was cooled to room temperature and 5 mL
of water, ImL of hexane and 1g of sodium sulfate were added with subsequent stirring. After layers
separation, the top layer was transferred to another vial containing 1g of sodium sulfate, stirred and
the liquid was transferred to a vial to GC analysis

Total lipids extracted were dissolved in chloroform/methanol (9:1, v/v) and t-Butyl-
hydroquinone was added to prevent oxidation. The samples (25 mg) were converted into methyl
esters by transesterification, according to Huang, Wang and Crenshaw (2006) [14].

The fatty acids were determined as described in Silva et al. (2019) [15] using a gas
chromatograph (Shimadzu GC 2010, Tokyo, Japan), equipped with a split injector (1:50), a flame
ionization detector, and a workstation. The chromatographic separation was performed in a fused
silica CP-SIL 88 capillary column 100 m x 0.25 mm i.d., with 0.20 um film thickness (Chrompack,
Middelburg, The Netherlands). The chromatographic conditions were: initial temperature equal
100 °C (5 min) followed by 5 °C/min up to 160 °C (zero min), 8°C/min up to 230 °C (12 min);
injector and detector temperatures were 250°C and 280°C, respectively. The equipment used
hydrogen as the carrier gas at a flow rate of 1 mL/min. In order to identify the chromatographic
peaks of the sample, the retention times of FAME standards were used, and the quantification was
performed by internal standardization, with undecanoic methyl ester as the internal standard. The
results were calculated in mg per 100 g of lipids. Factors for the conversion of fatty acids methyl
esters into their corresponding triglycerides were utilized [16].

2.6 Phytosterols

Phytosterols were obtained with saponification of the samples (1 g of sample, 4 mL of a 50 %
ethanol solution of KOH and 6 mL of ethanol) at 20 °C for 22 h in the dark and the unsaponifiable
matter was extract 4 times with hexane, as described in Silva et al. (2019) [15]. The samples and
standards were derivatized to trimethylsilyl (TMS) ethers. The TMS derivates were diluted with 1
mL of hexane, filtered through a 22 um filter (Millipore, Maryland, MD, USA), and injected into
a gas chromatograph (Shimadzu GC 2010, Tokyo, Japan), equipped with a split injector (1:20), a
flame ionization detector, and a workstation. The TMS-ether derivates of sterols were separated in
a capillary column Rtx-5-MS (30m x 0.25mm x 0.25 um, Restek, Bellefonte, USA). The oven
program was: initial temperature, 230 °C (0 min); a heating rate of 2 °C/min to a temperature of
264 °C (5 min); and then a heating rate of 1 °C/min to a final temperature of 275 °C (2 min). The
injector temperature was 290 °C and detector 350 °C. The carrier gas was hydrogen at a flow rate
of 1 mL/min. Identification was done by comparison with the retention times of phytosterols
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standards. Quantification was done by external standardization with concentrations ranging from
0.05to 1.0 mg/mL.

2.7 Data analysis

Statistical analyses were performed using Origin® 6.0. A probability value of 0.05 was used to
determine the statistical significance in ANOVA and Duncan tests. All measurements were
performed in triplicate and results are shown as means + standard deviation.

3. RESULTS AND DISCUSSION

The F value in a thermal process is defined as the equivalent processing time of a hypothetical
thermal process, at a constant temperature, that eliminates a given percentage of microorganisms
as the actual thermal process [16]. The International Olive Council recommend an F62.4°C to the
pasteurization of table olives corresponding to 15 min [2]. In the present study, using the same
conditions of the heat processing mostly used by Brazilian food industries that process table olives
(80 °C/5 min), was achieved a F62.4°C equal 40 min, which is higher than the minimum necessary
to ensure the microbiological quality of the product. Figure 1 shows the data obtained during
pasteurization.
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Figure 1: Data obtained during pasteurization (80 °C during 5 min) of black table olives.

After heat processing, no chemical changes (p>0.05) in total protein, lipids, ash content, acidity,
pH, or total chlorides were observed, except for moisture content that decreased 4.1%. According
to Gomez, Garcia and Navarro (2006) [17], when a temperature of 80 °C is used for pasteurization,
the general quality of the olives remains practically unaltered. Table 1 shows the results of the
chemical analysis.

The moisture content for the different samples ranged from 62.3% to 67.2% and was lower
(p<0.05) in pasteurized olives, which can be explained by the heating process that favors the loss
of water to the brine. The thermal process did not promote significant changes (p>0.05) on fatty
acid composition (g.100g* d.b.), as can be seen in Table 2.
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Table 1: Effects of pasteurization (80 °C during 5 min) on physicochemical characteristics of black table

olives.
Parameters Black table olives

Unpasteurized Pasteurized

Moisture (g.100g) 67.2+0.3* 63.1+0.3"

Ash content (g9.1001g) 7.9+0.4° 8.2+0.3?
Protein content (g.100g) 1.43 +£0.06° 1.47+0.09°

Total lipids (g.100g) 22.8+2.8° 20.0+2.72
Total acidity (% of acid lactic) 0.78 £ 0.01? 0.79+0.02°

pH 3.8+£0.12 3.8+0.1°
Total chlorides (g.100g) 0.12 £ 0.02? 0.13+0.017

Means followed by the same letter in the line are not different (P>0.05) by Duncan test.

The major saturated fatty acid (SFA) (g.100g) was palmitic acid (C16:0), followed by stearic
acid (C18:0) in both control and pasteurized samples. Monounsaturated fatty acids (MUFA)
correspond to the principal fatty acids present in Azapa black table olives, with the predominance
of oleic acid (18:1 »-9cis), followed by palmitoleic acid (16:1 ®-7) and eicosenoic acid (20:1 -
11). Linolenic acid (18:2 o -6 cis) was the polyunsaturated fatty acid found in high levels, followed
by arachidonic acid (20:4 ®-6).

Table 2: Effects of thermal processing in fatty acids composition of black table olives (g.100g *of samples

in dry basis).

. Samples
Fatty acids Not pasteurized Pasteurized
C16:0 19.7+0.3? 19.6+0.12
C18:0 3.0+0.12 3.0+0.12
C 20:0 0.5+0.1° 0.5+0.12
Total saturated 23.2+0.3? 23.4+0.1a
C16:1 o cis 2.4+0.1° 2.6+0.22
Cl17:1o7 cis 0.1+0.01° 0.1+0.01°
C18:1 o tr 0.0+0.0% 0.01+0.12
C18:1w® cis 47.0+1.0° 48.0£0.22
20:10 cis 0.9+0.1° 0.9+0.12
Total monounsaturated 50.4+0.92 51.2+0.12
18:2 w® cis 21.4+0.52 20.5+0.12
C18:3 w3 cis 0.02+0.01° 0.01+0.01°
C20:2 w® cis 0.12+0.1° 0.15+0.12
C20:40°® cis 0.18+0.04° 0.32+0.022
C20:5m3cis 0.05+0.0? 0.06+0.01°
C22:6w7 cis 0.090.0° 0.10+0.01°
Total polyunsaturated 21.87+0.5? 21.09+0.2°
Total unsaturated 72.29+0.42 72.33+£0.3°
TFA 95.5+0.42 95.7+0.12

Means followed by different letters in the line are different (p<0.05) by Dunkan test

According to the data observed, pasteurization did not cause variations in the fatty acid
composition of Azapa black table olives. In contrast, Bester et al. (2008) [18] and Souza et al.
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(2004) [19] described that for olive oils the unsaturated fatty acids are susceptible to thermal
degradation when subjected to high temperatures and, this thermal degradation occurred first in the
PUFAs, followed by monounsaturated and saturated fatty acids, fact that was not observed in the
present research when olives were pasteurized.

Results showed that total phytosterols levels of black table olives are reduced (p<0,05) after
pasteurization, with decreases equivalent of 24,62% for campesterol, 16,84% for B-sitosterol and
60,95% for stigmasterol, and all samples differed from control, as presented in Table 3. Even with
reduced levels, phytosterol content in black table olives can be considered a source of such
compounds.

Table 3: Effects of thermal processing in phytosterols levels of black table olives (mg.100 -9d.b.).

Phytosterols Olives not pasteurized* Pasteurized olives*
(mg.100g?) (mg.100g?)
Campesterol 6.5+1,59° 4.9+0,36°
B-Sitosterol 151.32 +42,72* 125.9+8,23°
Stigmasterol 16.9+2,722 6.6+0,61°
Total 174.7° 137.4°

Means followed by different letters in the line are different (p<0.05) by Fisher test

According to Rudzinska, Przybylski and Erwin (2009) [20], thermal degradation of phytosterols
occurs from 60 °C, increasing with the increase of temperature, with the formation of oxidized
phytosterols, fragmented phytosterol molecules, volatile compounds, and oligomers. Some of these
components formed are responsible for off-flavor in foods. Soupas et al. (2004) [21] demonstrated
in a study using model systems, composed by tripalmitin and purified rapeseed oil, that about 20%
of stigmasterol is oxidized when subjected to oven drying at high temperatures, with consequent
formation of oxidation products.

In simulated heat treatments, using milk enriched with phytosterols and subjected to different
systems (electrical heating, microwave and oven), thermal degradation of stigmasterol and others
phytosterols was also reported. The mainly mechanism for this degradation is known to be the
oxidation process, affecting phytosterols at a similar intensity as cholesterol [22].

4. CONCLUSION

According to the results, the pasteurization process used did not significantly affect the chemical
composition and fatty acid profile of black olives. However, a significant variation in the
composition of phytosterols was observed, compromising the nutritional value of this food. In this
way, the thematic treatment must be optimized so that this negative effect is minimized.
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