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Evaluation of changes in the
quality of extracted oil from
olive fruits stored under different
temperatures and time intervals

Samira Saffar Taluri, Seid Mahdi Jafari(®'* & Akbar Bahrami?

Chilling and freezing injuries of olives harvested in geographically high elevated locations may affect the
quality of olive, and subsequently lead to oil with a poor quality. This study was aiming to investigate
the influence of whether changes and freezing condition on the quality of extracted olive oil. The olive
Koroneiki cultivar obtained from two origins was stored at three different temperatures (20, 5 and
—18°C) before oil extraction and common analyses (oil yield, acidity, peroxide value, thiobarbitorik
acid value, total phenolics level, and color) were carried out in different time intervals (0, 20, 40, and

60 days) in order to assess the olive oil quality. Our data revealed that longer storage times significantly
(P < 0.05) decreased the quality of olive oil. The fruits remained at 20 °C provided the lowest oil quality
in all parameters. For example, the acidity of olive oil at 20 °C was 177% higher than samples kept at
5°C after 20 days of olive storage. The general trend for comparing the quality parameters of extracted
oils from olives kept at different temperatures was —18 > 5 > 20 °C. No significant negative effect

(P < 0.05) was found for the samples kept at —18 °C, compared to 5 °C. Also, the geographical source of
olive had a statistically significant influence (P < 0.05) on the quality of olive oil.

Virgin olive oil is extracted from high quality and fresh olive fruits (Olea europeae L.) through mechanical pro-
cesses and without use of preliminary refining, heating and solvents; it is considered as a valuable and nutritional
vegetable oil"?. That is among rare vegetable oils which can be used in its raw state directly as well. Virgin olive
oil contains significant levels of nutritional compounds such as phenolic compounds, fatty acids, vitamins, and
sterols®. Even extra virgin olive oil is claimed to have the highest quality among olive oils for its pleasing and espe-
cial flavor which is superior than other edible vegetable oils. Olive oil sensory uniqueness as well as its important
nutritional properties have been the favorite of Mediterranean countries consumers and now throughout the
world*>.

Diverse varieties of olive fruits due to the variations in composition and overall properties have shown different
behaviors in terms of quality loss when subjected to different temperatures. For example, Ruiz-Dominguez et al.®
reported that a remarkable diversity existed among olive varieties for most of traits examined in their study such
as oil yield, acidity, peroxide index, and total phenolic parameters. Their results indicated that, a high diversity in
the composition and quality parameters of different olive cultivars, even in a single region may be found. After
the Arbequina and Arbosana cultivars, Koroneiki is considered among the most widely recognized olive cultivars
around the world. For example, Koroneiki cultivar alone covers 50-60% of all olive fruits are used for production
of olive oil in Greece”. Koroneiki is also cultivated in Iran and it has an important oil yield’.

Weather changes undoubtedly is the foremost impending environmental issue which the globe is facing with,
nowadays. The variations in climate temperature can have remarkable influence on wildlife, diverse ecosystems,
and food chains!. In specific for olive fruits, environmental changes can make significant impacts on crop yields,
pest and weed ranges, and the growing season length!!. Olive trees can blossom with a widespread range of
territories and under different atmosphere conditions and frequently with absent of any watering. Several stud-
ies reported that the environmental changes have impacted the olive tree and olive 0il'*"*. Climatic condition
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Figure 1. The olive oil yield from two sources and kept at different temperatures for 60 days; a,b,c means within
a group which are not followed by a common superscript letters are significantly different (P < 0.05).

variations (such as significant temperature changes) may affect the physiological property and behavior of the
olive tree. Then, this behavioral alteration can affect the fruit ripening process, subsequently affects both the
amount and the quality properties of oil existing in olives. For example, Panelli et al.'* showed that the weather
conditions have an important role on the quality of olive oil mainly through modifying some constituents of
aliphatic alcohols and phenols. In another study, changes of several fatty acids, sterols, alcohols, and hydrocar-
bons was observed by variations in the length of olive trees which was mainly due to the exposure of olive fruits
to different weather conditions'®. Also, Angerosa et al.'® reported a clear relationship between the level of some
oil compounds (such as squalene, sterols, oleic acid and long-chain esters and phytol, and triacylglicerols) and
weather conditions (e.g., autumn temperatures and rainfall over year).

Thus, due to the great importance of weather changes on the olive fruit properties and consequently on the
extracted olive oil, in this study, three different temperatures were applied to simulate weather changes. The main
goal of our work was to evaluate changes in the oil quality extracted from olives obtained from two different ori-
gins subjected to different temperatures and time periods.

Materials and Methods

Ethanol and n-heptane were purchased from Merck (Germany). Hexane, diethyl ether, and cyclohexane were
obtained from Sigma Aldrich (USA). Sodium hydroxide and potassium hydroxide were provided by Tirachem
(Iran). Chloroform and acetic acid were supplied by Merck (Germany). All other chemicals were of analytical
grade.

Sample preparation. Two stocks of olive fruit (Koroneiki cultivar) were harvested at an optimum ripeness
in the regions of Gorgan and Kordkuy (located in northeast of Iran). To evaluate the effects of weather tempera-
ture changes, freezing condition, and duration of keeping olives before oil extraction on the quantity and quality
of extracted oil, the olives were subjected to three different temperatures (—18, 5, and 20 °C), for various time
intervals (0, 20, 40, and 60 days), in a factorial design procedure. Upon experiment day, the oil extraction was
performed using a pilot extraction plant, Abencor (Spain) equipped with a hammer crusher. The obtained oils
were decanted, poured into dark glass bottles and kept in the refrigerator until experiments.

Determination of olive oil quality indices. The moisture content of olive oil samples was measured
according to AOAC methods 934.01'73, Acidity was analyzed according to the procedure proposed by ISO660".
Peroxide measurement was carried out according to the method proposed by ISO3960 (2001). Total phenolic
content was measured according to the procedure recommended by Zribi et al.?’. To study olive oil oxidative sta-
bility, TBA value was analyzed according to the method suggested by Gomes et al.?!. The color quality of olive oil
obtained from different treatments was investigated using a Lovibond colorimeter with the CIELAB?%.

Statistical analysis. Data were subjected to one-way analysis of variance (ANOVA). The significant differ-
ence was assessed at 0.05 probability level and differences between treatments were tested using the Tukey’s test.
The data were reported as mean values + standard deviation (SD). Minitab (ver 16) was applied for all statistical
analyses.

Results and Discussion

Influence of olive origin and temperature on oil yield. The harvesting time, weather and time period
of olive storage are among important factors affecting the oil yield. Generally, olives remained in drier weather
with higher temperatures would experience higher water loss until extraction process, resulting in an increase
of oil yield (% of dry mass). One kg of olive fruits subjected to different treatments was randomly selected and
processed to extract its oil. Upon oil production, the volume of obtained oil was measured by using a graduated
tube and considering 0.915kg/L (at ambient temperature) as the density of olive oil, the oil yield was calculated
and expressed as the percentage of initial fruit weight. Our results showed a non- significant (P < 0.05) increase
in the olive oil yield with the increase in time interval (Fig. 1). At 20" day of storage, the fruits subjected to 20°C
presented significantly (P < 0.05) higher oil yields (47.5 and 47.6% of dry mass) compared to other samples. For
other time periods also the oil yield was higher for samples remained at higher temperature (5°C) than freezing
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Figure 2. Moisture content of olive oil extracted from two sources and kept at different temperatures for

60 days; a,b,c means within a group not followed by a common superscript letters are significantly different
(P<0.05).

HG20 mG5 mG-18 mK20 mK5 mK-18

Acidity (%)

Storage Day

Figure 3. Acidity of olive oil extracted from two sources and kept at different temperatures for 60 days; a,b,c
means within a group which are not followed by a common superscript letters are significantly different

(P <0.05). Gorgan olive at 20 °C (G20); Gorgan olive at 5°C (G5); Gorgan olive at —18°C (G-18); Kordkuy olive
at 20°C (K20); Kordkuy olive at 5°C (K5); Kordkuy olive at —18°C (K-18).

(—18°C) temperature, but their difference (P < 0.05) was not significant. In general, the weather with a higher
temperature would lead to the raise in moisture release through evaporation and increase of the ratio of oil within
the fruit. As well it can be mentioned that higher temperatures can result in structure degradation in some extent
which facilitates the release of the oil during the extraction process*. In this experiment, no significant difference
(P <0.05) was found between the origins of olive from Gorgan and Kordkuy in terms of their oil yield.

Influence of olive origin and temperature on oil moisture content. The moisture content is a sig-
nificant quality parameter of olive oil regarding purity and shelf life aspects. Previous studies have shown that the
presence of water plays a remarkable role in hydrolysis of fatty acids as well as oil oxidation, leading to the ran-
cidity and off-flavor. Therefore, decreasing the moisture level of produced oil is of great importance in industry.
Keeping olives at the freezing temperature (—18 °C) had no significant effect (P> 0.05) on the moisture content
of extracted oil (compared to the oils obtained from fresh fruits), for all time intervals, while for other temper-
atures (5 and 20 °C), mainly a significant decrease was observed, as displayed in Fig. 2. The moisture content of
olives subjected to the extraction generally has a direct influence on the moisture level of produced oil. The higher
moisture content results in the more transfer of moisture to the oil during the extraction process. Accordingly, the
obtained results can be explained by the fact that freezing temperature kept the moisture level in more constant
status and prevented evaporation occurred at temperatures of 5°C and more at 20 °C.

Influence of olive origin and temperature on oil acidity. The increase of acidity level of oils which
is mainly due to the activity of hydrolytic enzymes is commonly monitored to study the quality deterioration of
oils?. In this work, a slight increase in acidity of olive oils kept at cold (5 °C) and freezing (—18 °C) temperatures
at 20'h day and a significant raise (P < 0.05) for these samples at 40" and 60" days, compared to the fresh samples
was observed (Fig. 3). The increase of acidity for oils extracted from samples kept at 20 °C was very sharper than
other temperatures which well showed the remarkable influence of high temperatures on the acidity of extracted
oils. For every time interval, the trend of acidity of oil samples was 20°C > 5°C > 18 °C. This result is in consistent
with the findings of several studies conducted to study the impact of olive fruits storage conditions on extracted oil
quality. Keeping of Picual olives at 5°C preserved the level of acidity, peroxide, and ultraviolet absorbance of the
extracted oil within the quality limits suggested for a 45-day-fruit storage?. In addition, when Yousfi et al.?’ stud-
ied the effect of cold conditions (3 °C) on the composition and quality of virgin olive oil obtained from Arbequina
olives. Storing fruits at 3 °C led to the highest quality by delaying the deterioration in the fruits before extraction,
compared to ambient temperature. Similarly, it was shown that keeping olives at 5°C for 30 days, maintained the
initial quality of oils, while olives remained at room temperature for 15 days showed the oil quality deterioration®.
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Figure 4. Peroxide value of olive oil extracted from two sources and kept at different temperatures for 60 days;
a,b,c means within a group not followed by a common superscript letters are significantly different (P < 0.05).

The raise of oil acidity during storage of olive fruit or oil itself is mostly associated with the increase in storage
temperature and consequently the increase in the activity of fungal lipase?®?. Similarly, the findings of other
studies demonstrated that the increase in oil acidity before extraction is positively related to the raise in storage
temperature for diverse olive varieties?>?. The hydrolytic activity of microorganisms and secretion of lipolytic
enzymes which can be accelerated at higher temperatures, results in the release of free fatty acids from triacylg-
lycerol compounds; and is a major cause of increasing in acidity of oils at higher temperatures®. The oil samples
obtained from Kordkuy cultivar showed a higher acidity level than olive oils from Gorgan cultivar, which this
difference probably is due to the weather differences between these two areas. In this regard, the higher moisture
content of oils extracted from Kordkuy may contribute to its higher acidity.

Influence of olive origin and temperature on peroxide value of olive oil. Peroxide value of oils
extracted from stored olives raised during storage time, compared to olive oil obtained from fresh olives (Fig. 4).
Like the results of acidity evaluation, the peroxide value trend was probably a result of the higher activity of
lipoxygenase enzymes at higher temperatures. At 20" day of storing olives at 20 °C, the peroxide value for olive
oil was the highest (8.5 meq O,/kg of oil) compared to other treatments at this day which well showed the effect of
higher temperatures on peroxide value. For results obtained at 40" and 60" days, the higher values of peroxides
for extracted olive oils were found at 5°C rather than —18°C. Thus, regarding peroxide value, a cold weather
(below —10°C) may not be detrimental for olive fruits in terms of the quality of extracted oil. Our results were
in consistent with the study of Garcia et al.?® which showed a trend of increasing in the peroxide values for the
oils extracted from olives kept at different temperature (ambient temperature >8°C > 5°C) for the majority of
experiment’s period (60 days). Similarly, the oils extracted from olives remained at various temperatures (0, 5,
7.5°C) showed an increase in the peroxide value during 60 days of storage at higher temperatures®. However, the
raise in peroxide level was significant (P < 0.05) only for olives subjected to 7.5 °C, compared to the oil extracted
from fresh olives.

The oil samples obtained from Gorgan cultivar showed a slightly lower peroxide value compared to Kordkuy
cultivar samples subjected to different temperatures which was consistent with the results for acidity. This could
be due to the higher moisture content of Kordkuy olive oils, leading to a higher hydrolyzed triglycerides content,
resulted in a higher sensitivity to autoxidation and subsequently the raise in peroxide value. In the current study,
the peroxide value did not exceed the limits set by the regulation with a maximum of 30.6 meq O,/kg of oil for all
treatments studied®’.

Influence of olive origin and temperature on phenolics content. Phenolic compounds in olive oil
composition are vital for protecting it against oxidation®>*. They perform this protective activity through expos-
ing themselves to the oxidation agents through diverse mechanisms relied on transfer of hydrogen atom, radical
scavenging, and metal-chelating®. Hydroxytyrosol and its derivatives are the key phenolic compounds with such
performance and their content in olive oil should be at least 5 mg/20 g 0il**. The total phenolic content decreased
significantly (P < 0.05) as the olive fruit storage time progressed (Fig. 5). In addition, the influence of temperature
on phenolics content was 20°C > 5°C > —18°C. Variations in the phenolics level, during storage of olive fruit is
the consequence of oxidative and hydrolytic activities. Accordingly, it was explained that decrease of temperature
and oxygen availability are major parameters which should be considered to reduce the phenolic compounds
loss*. Therefore, it can be hypothesized that cooler weather with a lower wind velocity can better protect the
phenolic compounds of subjected olives. In a study, the phenolic compounds in the olive oils decreased as the
olive storage period increased. The highest negative effect of keeping olives at 20°C (90.31%, 95.78% and 91.73%)
compared to the samples subjected to 4°C (22.5%, 25.93% and 26.17%) well showed the significant effect of tem-
perature on reduction of phenolic compounds®.

Several endogenous enzymes (such as 3-glucosidases, peroxidases, lipases, pectinases, and lipoxygenases)
which are mainly liberated from disrupted fruit tissues because of mechanical damages during harvest or pro-
vided by pathogenic micro-organism during storage are very important. These enzymes are the main cause of
metabolisms related to the decrease in phenolic compounds®. Among which two classes of endogenous enzymes
including B-glucosidase hydrolysing phenolic glycosides and oxidoreductase enzymes are the most important
enzymes in degradation of phenolic compounds. It should be noted that phenolic compounds are very important
for improving the stability and inhibition of autoxidation which even contribute into the sensory properties of
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Figure 5. Total phenolics of olive oil extracted from two sources and kept at different temperatures for 60 days;
a,b,c means within a group not followed by a common superscript letters are significantly different (P < 0.05).
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Figure 6. Thiobarbitoric acid (TBA) values of olive oil extracted from two sources and kept at different
temperatures for 60 days; a,b,c means within a group which are not followed by a common superscript letters
are significantly different (P < 0.05). Gorgan olive at 20 °C (G20); Gorgan olive at 5°C (G5); Gorgan olive at
—18°C (G-18); Kordkuy olive at 20 °C (K20); Kordkuy olive at 5°C (K5); Kordkuy olive at —18°C (K-18).

oils*. The warmer weather can remarkably increase the activity of phenolic deteriorating enzymes and affect the
produced oil quality. Increasing the time of olive storage until oil extraction would also give more opportunity to
these deteriorating enzymes to degrade phenolic compounds. The measurement of total phenolic content showed
no significant difference (P < 0.05) between olives with different origin (Gorgan and Kordkuy) for every time
interval and temperature. Similarly, for both cultivars, in every storage period, the level of phenolic compounds
for extracted oil samples was as: —18°C >5°C > 20°C.

Influence of olive origin and temperature on thiobarbitoric acid (TBA) values of extracted
oils. TBA value is used to assess the extent of secondary oxidation substances in oil and oily foods?"*. The
degradation of hydroperoxides which produces secondary oxidation compounds as well as transformation of
primary lipid oxidation products to secondary lipid oxidation substances during the storage of oily products leads
to an increase in the level of secondary oxidation products*~*!. The TBA value rose for all olive oil samples as the
time of storage elapsed (Fig. 6). However, the TBA levels were well below the rancidity onset which usually occurs
at TBA levels of 1.00 and higher, indicating the stability of olive oil during time periods studied. According to
Table 1, after every period of storage, the higher temperatures led to the higher TBA values for extracted oils and
the TBA value for any storage period was 20 °C > 5°C > —18°C. Furthermore, TBA assay showed a significant
difference (P < 0.05) between TBA values of oils extracted from Gorgan and Kordkuy cultivars. Like the results of
acidity and peroxide value, the olives from Gorgan cultivar showed a more potential to keep their quality against
weather temperature fluctuations, than Kordkuy cultivar in terms of TBA value.

Influence of olive cultivar and temperature on oil color.  Chlorophylls are known as the main cause
of the greenish color of specific olive oils and carotenes are the principal cause of its yellow coloration. These
pigments also have a substantial effects on the oxidative activity of oils constituents because of being antioxidant
in the dark and prooxidant in the light®!. In addition, these pigments greatly contribute in other sensory proper-
ties of olive oil. The results (Table 2) showed that with the increase of olive storage time, the values of “L” index
slightly increased indicating the rise in oil brightness which could be due to the autoxidation and subsequently
the degradation of chlorophylls. Since the most of enzymatic and chemical activities are stopped at —18°C, the
lowest changes in “L” value were found for this temperature, compared to 20 °C and 5 °C. The oils obtained from
Gorgan and Kordkuy cultivar showed similar behaviors for the “L” value changes and no significant difference
(P < 0.05) was found.
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< Al Days

Codes 1 20 40 60

G20 0.0102* 0.1414° ND ND

G5 0.0103* 0.1221¢ 0.1740° 0.2305°
G-18 0.0103* 0.0808¢ 0.1105¢ 0.1208¢
K20 0.0105* 0.1771° ND ND

K5 0.0107° 0.1221¢ 0.1708* 0.2844
K-18 0.0102* 0.0918¢ 0.1355° 0.1545¢

Table 1. Development of rancidity (TBA value as malonaldehyde mg/kg sample) of oil extracted from olives of
two sources and kept at different temperatures for 60 days. ND: Not Defined. a,b Means within a column which
are not followed by a common superscript letters are significantly different (P < 0.05).

< o Days
Index |Codes |1 20 40 60
G20 20.00° 20.40° | ND ND
G5 20.00° 20.35*  |20.88* | 21.78*
L G-18 20.05° 20.18° 20.38" 20.65°
K20 20.05° 20.45* | ND ND
K5 20.05° 20.38 | 21.10* | 21.80°
K-18 20.00° 2018 [20.38" | 20.70
G20 8.03* 8.07 ND ND
G5 8.02° 8.05* 8.07° 8.12°
. G-18 8.02% 8.04* 8.05% 8.06°
K20 8.05° 8.09* ND ND
K5 8.05% 8.07* 8.07% 8.17%
K-18 8.06° 8.06* 8.07° 8.14°
G20 1.13* 1.02? ND ND
G5 1.13* 1.03 0.92° 0.82°
. G-18 1.12° 1.05° 1.02? 0.96*
K20 1122 1.01° ND ND
K5 1.12° 0.99* 0.91° 0.75°
K-18 1.09* 1.03 0.98 0.92*

Table 2. Color parameters of olive oil from two sources and kept at three different temperatures for 60 days.
ND: Not Defined. a,b Means within a column which are not followed by a common superscript letters are
significantly different (P < 0.05). Gorgan olive at 20 °C (G20); Gorgan olive at 5°C (G5); Gorgan olive at —18°C
(G-18); Kordkuy olive at 20 °C (K20); Kordkuy olive at 5°C (K5); Kordkuy olive at —18°C (K-18).

The “a” value of olive oils for all temperatures increased at higher storage times indicating the raise in the
redness and decrease in greenness of oil samples. This could be due to degradation of chlorophylls during storage
of olives. The source of olives could make a difference in “a” induce after 60 days of storage and Kordkuy cultivar
olive remained at 5°C presented the lowest “a” value (8.06). A decrease in “b” value was found as storage of olives
proceeded indicating the decrease in yellowness of oil samples (Table 2). The higher temperatures could intensify
the decrease of “b” value due to higher autoxidation of carotenoids compared to lower temperatures. Kordkuy
cultivar olive presented a slightly lower “b” value for all storage conditions compared to Gorgan cultivar samples.
According to the results of color experiment, increase of storage time decreased the color quality of oil samples,

particularly at higher temperatures.

Conclusion

Weather conditions and temperature fluctuations have substantial effects on the quality of harvested olives and
their corresponding oils. This study showed that while no negative effect of storage of olive fruits at —18°C
temperature was observed on the extracted oil, the storage of olive samples at higher temperatures (5°C, 20°C)
significantly (P < 0.05) increased the acidity, peroxide value, and TBA value of the extracted olive oil. The trend of
oils with higher quality considering all parameters studied was —18 °C > 5°C > 20°C. Also, as the storage time of
olive fruits before extraction increased, the quality of obtained oil was decreased. Therefore, shortening the stor-
age time of fruits olive as low as possible, would prevent the negative effects of temperature fluctuations, especially
for areas with warmer weather on the quality of oils. Different olive cultivars can significantly affect the behavior
of olive fruit and its oil in storage conditions mainly due to the differences in the composition of oils.

Received: 14 May 2019; Accepted: 10 November 2019;
Published online: 23 December 2019

SCIENTIFIC REPORTS |

(2019) 9:19688 | https://doi.org/10.1038/s41598-019-54088-z


https://doi.org/10.1038/s41598-019-54088-z

www.nature.com/scientificreports/

References

1.

oo

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

Ammar, S. et al. Effect of processing systems on the quality and stability of Chemlali olive oils. Journal of oleo science 63(4), 311-323
(2014).

. Garcia, . M. & Yousfi, K. The postharvest of mill olives. Grasas y Aceites 57(1), 16-24 (2006).
. Rahmanian, N, Jafari, S. M. & Galanakis, C. M. Recovery and removal of phenolic compounds from olive mill wastewater. JAOCS,

Journal of the American Oil Chemists’ Society 91(1), 1-18 (2014).

. Inarejos-Garcia, A. et al. PDO virgin olive oil quality—Minor components and organoleptic evaluation. Food Research International

43(8), 2138-2146 (2010).

. Oueslati, I. et al. Monitoring the volatile and hydrophilic bioactive compounds status of fresh and oxidized Chemlali virgin olive oils

over olive storage times. Food Research International (2018).

. Ruiz-Dominguez, M. L., Raigén, M. D. & Prohens, J. Diversity for olive oil composition in a collection of varieties from the region

of Valencia (Spain). Food Research International 54(2), 1941-1949 (2013).

. Homapour, M. et al. Chemical properties of virgin olive oil from Iranian cultivars grown in the Fadak and Gilvan regions. Grasas y

Aceites 65(4), 043 (2014).

. Barranco, D. et al. World catalogue of olive varieties. International Olive Oil Council, Madrid, 360 (2000).
. Rafiee, Z. et al. Antioxidant effect of microwave-assisted extracts of olive leaves on sunflower oil. Journal of Agricultural Science and

Technology 14(SUPPL.), 14971509 (2012).

Hijmans, R. J. & Graham, C. H. The ability of climate envelope models to predict the effect of climate change on species distributions.
Global change biology 12(12), 2272-2281 (2006).

McGinnis, M. V. & McGinnis, C. E. Adapting to climate impacts in California: the importance of civic science in local coastal
planning. Coastal Management 39(3), 225-241 (2011).

Ponti, L. et al. Fine-scale ecological and economic assessment of climate change on olive in the Mediterranean Basin reveals winners
and losers. Proceedings of the National Academy of Sciences, p. 201314437 (2014).

Ozdemir, Y. Effects of climate change on olive cultivation and table olive and olive oil quality. Scientific Papers-Series B-Horticulture
60, 65-69 (2016).

Pannelli, G. et al. Effect of agronomic and seasonal factors on olive (olea europaea l.) production and on the qualitative characteristics
of the oil. In II International Symposium on Olive Growing 356 (1993).

Aparicio, R, Ferreiro, L. & Alonso, V. Effect of climate on the chemical composition of virgin olive oil. Analytica Chimica Acta
292(3), 235-241 (1994).

Angerosa, F. et al. Influenza della variabile ambiente sulla composizione degli oli vergini di oliva. Rivista Italiana delle Sostanze
Grasse 73(10), 461-467 (1996).

AOACG, Official methods of analyses of the association of analytical chemists (18th ed.) AOAC. Washington, DC (2005).

Tafti, A. G. et al. Physico-chemical and functional properties of spray-dried sourdough in breadmaking. Food science and technology
international 19(3), 271-278 (2013).

ISO660, International norm, Animal and Vegetable fats and oils in Determination of acid value and acidity, (2nd ed.) (1996).

Zribi, A. et al. Enrichment of pan-frying refined oils with olive leaf phenolic-rich extract to extend the usage life. European Journal
of Lipid Science and Technology 115(12), 1443-1453 (2013).

Gomes, C. et al. Quality of olive oil reformulated MRE entrée packaged in oxygen-absorbing film. LWT - Food Science and
Technology 45(2), 191-197 (2012).

Jafari, S. M., Masoudi, S. & Bahrami, A. A Taguchi approach production of spray-dried whey powder enriched with
nanoencapsulated vitamin D3. Drying Technology, p. 1-13 (2019).

Tafti, A. G. et al. Effects of spray-dried sourdough on flour characteristics and rheological properties of dough. Czech Journal of Food
Sciences 31(4), 361-367 (2013).

Jamalabadi, M. et al. The influence of bath and probe sonication on the physicochemical and microstructural properties of wheat
starch. Food Science & Nutrition 7(7), 2427-2435 (2019).

Jalili, F. et al. Optimization of Ultrasound-Assisted Extraction of Oil from Canola Seeds with the Use of Response Surface
Methodology. Food Analytical Methods 11(2), 598-612 (2018).

Garcia, J. M. et al. Influence of storage temperature on fruit ripening and olive oil quality. Journal of Agricultural and Food Chemistry
44(1), 264-267 (1996).

Yousfi, K., Weiland, C. M. & Garcia, . M. Effect of harvesting system and fruit cold storage on virgin olive oil chemical composition
and quality of superintensive cultivated ‘Arbequinabolives. Journal of agricultural and food chemistry 60(18), 4743-4750 (2012).
Clodoveo, M. L. et al. Effect of different temperatures and storage atmospheres on Coratina olive oil quality. Food chemistry 102(3),
571-576 (2007).

Jabeur, H. et al. Effect of olive storage conditions on Chemlali olive oil quality and the effective role of fatty acids alkyl esters in
checking olive oils authenticity. Food chemistry 169, 289-296 (2015).

Kiritsakis, A. et al. Effect of fruit storage conditions on olive oil quality. Journal of the American Oil Chemists’ Society 75(6), 721-724
(1998).

Oueslati, I. et al. Storage of olives (Olea europaea): effect on the quality parameters and the radical scavenging activity of the total
fraction, lipidic and methanolic fractions of the VOO. In International symposium on Medicinal and Aromatic Plants-SIPAM 2012
997 (2012).

Rafiee, Z. et al. Microwave-assisted extraction of phenolic compounds from olive leaves; a comparison with maceration. Journal of
Animal and Plant Sciences 21(4), 738-745 (2011).

Rahmanian, N., Jafari, S. M. & Wani, T. A. Bioactive profile, dehydration, extraction and application of the bioactive components of
olive leaves. Trends in Food Science and Technology 42(2), 150-172 (2015).

Tasioula-Margari, M. & Tsabolatidou, E. Extraction, separation, and identification of phenolic compounds in virgin olive oil by
HPLC-DAD and HPLC-MS. Antioxidants 4(3), 548-562 (2015).

Kotsiou, K. & Tasioula-Margari, M. Monitoring the phenolic compounds of Greek extra-virgin olive oils during storage. Food
chemistry 200, 255-262 (2016).

Hbaieb, R. H. et al. Monitoring endogenous enzymes during olive fruit ripening and storage: Correlation with virgin olive oil
phenolic profiles. Food chemistry 174, 240-247 (2015).

Angerosa, F. Influence of volatile compounds on virgin olive oil quality evaluated by analytical approaches and sensor panels.
European Journal of Lipid Science and Technology 104(9-10), 639-660 (2002).

Taghvaei, M. et al. Optimization of microwave-assisted extraction of cottonseed oil and evaluation of its oxidative stability and
physicochemical properties. Food chemistry 160, 90-97 (2014).

Magsood, S. & Benjakul, S. Comparative studies of four different phenolic compounds on in vitro antioxidative activity and the
preventive effect on lipid oxidation of fish oil emulsion and fish mince. Food Chemistry 119(1), 123-132 (2010).

Taghvaei, M. & Jafari, S. M. Application and stability of natural antioxidants in edible oils in order to substitute synthetic additives.
Journal of Food Science and Technology 52(3), 1272-1282 (2015).

Taghvaei, M. et al. The effect of natural antioxidants extracted from plant and animal resources on the oxidative stability of soybean
oil. LWT - Food Science and Technology 56(1), 124-130 (2014).

SCIENTIFIC REPORTS |

(2019) 9:19688 | https://doi.org/10.1038/s41598-019-54088-z


https://doi.org/10.1038/s41598-019-54088-z

www.nature.com/scientificreports/

Author contributions

Samira Saffar Taluri made the experiments and practical lab works. Seid Mahdi Jafari supervised the project,
designed the experiments, and revised the manuscript. Akbar Bahrami analysed the data and wrote the first draft
of the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to S.M.].

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2019

SCIENTIFIC REPORTS |

(2019) 9:19688 | https://doi.org/10.1038/s41598-019-54088-z


https://doi.org/10.1038/s41598-019-54088-z
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Evaluation of changes in the quality of extracted oil from olive fruits stored under different temperatures and time interv ...
	Materials and Methods

	Sample preparation. 
	Determination of olive oil quality indices. 
	Statistical analysis. 

	Results and Discussion

	Influence of olive origin and temperature on oil yield. 
	Influence of olive origin and temperature on oil moisture content. 
	Influence of olive origin and temperature on oil acidity. 
	Influence of olive origin and temperature on peroxide value of olive oil. 
	Influence of olive origin and temperature on phenolics content. 
	Influence of olive origin and temperature on thiobarbitoric acid (TBA) values of extracted oils. 
	Influence of olive cultivar and temperature on oil color. 

	Conclusion

	Figure 1 The olive oil yield from two sources and kept at different temperatures for 60 days a,b,c means within a group which are not followed by a common superscript letters are significantly different (P < 0.
	Figure 2 Moisture content of olive oil extracted from two sources and kept at different temperatures for 60 days a,b,c means within a group not followed by a common superscript letters are significantly different (P < 0.
	Figure 3 Acidity of olive oil extracted from two sources and kept at different temperatures for 60 days a,b,c means within a group which are not followed by a common superscript letters are significantly different (P < 0.
	Figure 4 Peroxide value of olive oil extracted from two sources and kept at different temperatures for 60 days a,b,c means within a group not followed by a common superscript letters are significantly different (P < 0.
	Figure 5 Total phenolics of olive oil extracted from two sources and kept at different temperatures for 60 days a,b,c means within a group not followed by a common superscript letters are significantly different (P < 0.
	Figure 6 Thiobarbitoric acid (TBA) values of olive oil extracted from two sources and kept at different temperatures for 60 days a,b,c means within a group which are not followed by a common superscript letters are significantly different (P < 0.
	Table 1 Development of rancidity (TBA value as malonaldehyde mg/kg sample) of oil extracted from olives of two sources and kept at different temperatures for 60 days.
	Table 2 Color parameters of olive oil from two sources and kept at three different temperatures for 60 days.




