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Abstract: Background: Several studies have investigated the possibility of using nutrients supplied 

as fertilizers to improve yield, firmness or final olive fruit size, however, scarce are the studies about 

the effect of pre-harvest foliar calcium application rate on mineral, quality and phytochemical 

composition of olive oils, which is the main goal of this investigation. Methods: For this study, an 

organic calcium compound (at two rates: 20 g/tree and 40 g/tree) and control (water) were applied 

to olive trees of three different cultivars (Cobrançosa, Galega, and Picual) at three different moments 

in a certified olive orchard in Portugal. At the commercial maturity, the olive fruits were harvested 

and processed to obtain the monovarietal olive oils. Results: The calcium application did not reveal 

significant changes on the quality parameters of the monovarietal olive oils, remaining extra virgin 

olive oils, however, the analysis of Ca mineral content revealed a significant increase of this content 

for some olive oil cultivars. Furthermore, some phenolic compounds concentration of olive oils were 

improved with the Ca foliar application, in opposite of antioxidant activity that was negatively 

affected. Conclusions: This investigation comes to demonstrate the cultivar effect on the final 

phytochemical composition, as well as the effect that Ca mineral content effect on the biosynthesis 

of bioactive compounds. 
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1. Introduction 

Calcium (Ca) is one of the major essential nutrients of the plants, playing important roles on the 

fruit growth and development, as well as in the quality and firmness maintenance of several fruits 

and crops as a constituent of cell walls and membranes, providing protection and resistance against 

pests and diseases [1,2]. The lack of this nutrient in crop plants can cause the decline of their quality 

and yield, as well as of the shelf life of the corresponding fruits [1]. In humans, the deficiencies in Ca 

can origin important health disorders, such as hypertension, osteoporosis, and colorectal cancer, 

which can also cause economic costs [3]. 

Several studies have shown the effect of the application of Ca on the quality, yield and growth 

of some fruits, such as strawberry, tomato, and blueberry [4–6]. However, the literature on the high 

importance of calcium olive nutrition is very scarce, whereby, in this work we intend to study the 

effect of the pre-harvest foliar application of Ca on the mineral, quality and phytochemical 

parameters of different monovarietal olive oils during two consecutive harvest years. 
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2. Material and Methods 

Plant Material and Treatments 

The present work was carried on olive trees, from three different cultivars (‘Galega Vulgar’, 

‘Cobrançosa’, and ‘Picual’), on a certified olive grove, at the National Institute for Agricultural and 

Veterinary Research (INIAV) located in Elvas, Portugal (38°54′53.35” N and 7°19′11.06” O) during the 

crop seasons 2018 and 2019. 

The experimental design included three treatments, Ca fertilization (at two rates: 20 g/tree and 

40 g/tree) and control (with water application), and three replicates with three different trees of 

comparable age and vigour, evenly spaced between them, within the same growing area, totalizing 

9 trees per treatment and 27 marked trees in the total experiment. Calcium rich elemental fertilizer 

was applied for the first time during both growing seasons at three moments (in August, September, 

and October), which composition consists in CaO (34% p/p), B (0.8% p/p), and Zn (1.72%, p/p), at a 

rate of 20 g Ca/tree and 40 g Ca/tree. Regarding the control samples, corresponding trees (n = 9) were 

used without Ca treatment. At the commercial maturity, the olive fruits were harvested, being 

immediately transported to the laboratory mill where they were processed within 24 h to obtain the 

monovarietal olive oils. For the production of each olive oil, three kilos of fresh olive fruits were used 

using an Abencor system (Comercial Abengoa S.A., Sevilla, Spain) (INIAV I.P., Elvas, Portugal), 

simulating the commercial oil extraction. In this system, olives were crushed with an Abencor 

hammer mill and the past was mixed (at 25 °C for 30 min) and centrifuged using the Abencor system’s 

malaxer and centrifuge, respectively, without addition of warm water. Afterwards, the oil was 

filtered and transferred into dark glass bottles without headspace, stored in the dark, at 4 °C, until 

analysis. 

The mineral, phytochemical composition and antioxidant capacity of olive oils have been 

performed. 

3. Results and Discussion 

3.1. Ca Quantification 

The Ca concentration present in the monovarietal olive oils produced after the calcium field 

application was determined by Flame Atomic Absorption Spectrometry (Table 1). Taking into 

account the results obtained, it was observed that samples from cultivar Cobrançosa of both years 

showed an increase in the calcium content, between the control sample and the fortified samples, 

however, with no significant differences. 

The opposite was found regarding Galega cultivar, with a significant increase from the control 

sample to the sample fortified with 20 g Ca/tree (from 1.20 ± 0.14 and 1.18 ± 0.09 g Kg−1 to 1.83 ± 0.12 

and 1.77 ± 0.09 g Kg−1, in 2018 and 2019, respectively), remaining without significant differences when 

exposed to 40 g Ca/tree. Regarding the cultivar Picual, there was a significant decrease in the calcium 

content from the control sample (1.49 ± 0.00 and 1.25 ± 0.01 g Kg−1, in 2018 and 2019, respectively) to 

the sample fortified with 20 g Ca/tree (0.92 ± 0.15 and 1.01 ± 0.01 g Kg−1, in 2018 and 2019, respectively), 

followed by a significant increase for the sample with 40 g Ca/tree application in 2019. 

Therefore, through the analysis of the results obtained, it was concluded that the field 

application of calcium translates into a more significant increase in the calcium content in the oils 

produced when applied in a concentration of 20 g Ca/tree, with the exception of Picual cultivar, 

probably due to cultivar factor, since different cultivars may react differently to this application. As 

previously mentioned, the calcium application effect depends on several factors, such as, the species 

of the plant under study, environmental conditions, soil types and fruit development [7]. For 

instance, in a previous study performed by Gouvinhas et al. (2016), the calcium concentration of olive 

oils was also analyzed at different stages of maturation of the cultivars Cobrançosa, Galega and Picual 

in the same field trial. The concentration obtained for all the cultivars was 0.02 g Kg−1, being much 

lower than those obtained in the present study, which may indicate the influence of the agro-

environmental conditions of each year in the mineral content of olive oils. 



Proceedings 2020, 2020 3 of 7 

 

As previously referred, no studies refer the determination of the mineral content after their 

respective application in field. This could be of great value, once the final products can be enriched 

by the nutrient fertilizer applied, giving value-added products to consumers, with great nutritional 

potential. 

Table 1. Calcium concentration of olive oils from three cultivars produced after a foliar calcium 

application at two rates (20 g Ca/tree and 40 g Ca/tree), including the control samples (water 

application). 

Samples 
Calcium (g Kg−1) 

2018 2019 

Cobrançosa Control X 1.25 ± 0.02 ab 1.12 ± 0.02 b 

20 g Ca/tree 1.48 ± 0.13 bc 1.51 ± 0.10 bc 

40 g Ca/tree 1.36 ± 0.02 abc 1.45 ± 0.08 bc 

Galega Control 1.20 ± 0.14 ab 1.18 ± 0.09 bc 

20 g Ca/tree 1.83 ± 0.12 c 1.77 ± 0.09 d 

40 g Ca/tree 1.58 ± 0.25 bc 1.71 ± 0.12 d 

Picual Control 1.49 ± 0.00 bc 1.25 ± 0.01 bc 

20 g Ca/tree 0.92 ± 0.15 a 1.01 ± 0.01 a 

40 g Ca/tree 1.13 ± 0.01 ab 1.22 ± 0.01 bc 

P-value  Y ** ** 
X The values are presented as mean ± standard deviation (n = 3). Different letters indicate significantly 

different results (Tukey’s test, p < 0.05). Y Significance: non-significant, N.S. (p > 0.05); * significant at 

p < 0.05; ** significant at p < 0.01; *** significant at p < 0.001. 

3.2. Qualitative and Quantitative Polyphenolic Determination 

The chromatographic determination of phenolic compounds present in these monovarietal olive 

oil samples produced after the pre-harvest foliar application of calcium is shown. Table 2 presents 

the phenolic compounds identified. As it can be observed, for the Cobrançosa samples, a significant 

increase of the concentration of hydroxytyrosol, tyrosol, oleuropein and luteolin was reached for both 

years of study between the control samples (6.87 ± 0.58, 3.03 ± 0.80, 1.91 ± 0.22, and 0.28 ± 0.08 mg g−1 

in 2018 respectively, and 9.83 ± 0.65, 2.04 ± 0.50, 2.35 ± 0.21, and 0.79 ± 0.12 in 2019, respectively) and 

those obtained after a Ca application of 20g/tree (8.89 ± 1.99, 6.49 ± 1.32, 3.43 ± 0.74, and 1.73 ± 0.30 

mg g−1 in 2018, respectively, and 12.38 ± 1.04, 7.71 ± 0.31, 3.99 ± 0.30, and 1.46 ± 0.09 mg g−1 in 2019, 

respectively), followed by a significant decrease of their concentrations after a Ca application of 40 

g/tree, reaching similar values of the control samples. This behaviour didn’t occur with Picual olive 

oil samples which demonstrated a decrease of the individual phenolic compounds with foliar Ca 

application, being significant for oleuropein at the both rate concentrations and harvest seasons, for 

tyrosol in 2019 at the both rate concentrations, and for luteolin after an application of 40 g Ca/tree for 

both years. Regarding Galega cultivar olive oil samples, and as it happened with some other 

parameters studied, no significant differences was found between the control and the samples 

subjected to a Ca application at the olive grove, despite some variations demonstrated, with the 

exception of the luteolin compound which concentration significantly increase in 2018 after an 

application of 20 g Ca/tree. 

These differences found in the phenolic profile between cultivars showed the high impact factor 

that cultivars present on the phytochemical biosynthesis, meaning that this factor has to be always 

considered in the several investigations. Some authors investigated the foliar application of calcium 

in several fruits, such as apple, tomato, strawberry in their shelf life, disease combat, fruit size and 

firmness, free sugars, yield, soluble solids, and other physiological disorders, with positive results in 

most of these parameters [4,7,9–11]. 

However, no studies were found about the study of the effect of the foliar calcium application 

on the mineral, quality parameters and phytochemical content of olive oils from different cultivars, 

revealing the high importance of this investigation.
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Table 2. Phenolic profile of olive oils from three cultivars produced after a foliar calcium application at two rates (20 g Ca/tree and 40 g Ca/tree), including the control. 

Identification 
Hydroxytyrosol 

(mg g−1) 

Tyrosol 

(mg g−1) 

Oleuropein 

(mg g−1) 

Luteolin 

(mg g−1) 

RT (min) 9,99 17,12 28,38 32,45 

 2018 2019 2018 2019 2018 2019 2018 2019 

Cobrançosa 

Control X 6,87 ± 0,58 cd 9.83 ± 0.65 b 3,03 ± 0,80 c 2.04 ± 0.50 bc 1,91 ± 0,22 ab 2.35 ± 0.21 b 0,28 ± 0,08 ab 0.79 ± 0.12 bc 

20 g 

Ca/tree 
8,89 ± 1,99 d 12.38 ± 1.04 c 6,49 ± 1,32 d 7.71 ± 0.31 e 3,43 ± 0,74 c 3.99 ± 0.30 d 1,73 ± 0,30 c 1.46 ± 0.09 de 

40 g 

Ca/tree 
5,87 ± 0,91 abc 9.03± 0.35 b 2,84 ± 0,15 bc 2.37 ± 0.31 cd 1,89 ± 0,30 ab 3.06 ± 0.06 c 0,19 ± 0,03 ab 0.55 ± 0.29 abc 

Galega 

Control 3,41 ± 0,13 a 4.22 ± 0.38 a 1,74 ± 0,14 abc 1.28 ± 0.11 ab 0,79 ± 0,07 a 1.05 ± 0.06 a 0,13 ± 0,01 a 0.10 ± 0.01 a 

20 g 

Ca/tree 
3,60 ± 0,77 ab 4.80 ± 0.95 a 0,77 ± 0,19 a 1.01 ± 0.02 a 0,64 ± 0,00 a 0.75 ± 0.07 a 0,74 ± 0,11 b 0.61 ± 0.09 abc 

40 g 

Ca/tree 
3,67 ± 0,15 ab 5.37 ± 1.15 a  1,74 ± 0,01 abc 1.29 ± 0.19 ab 1,41 ± 0,42 ab 1.17 ± 0.05 a 0,33 ± 0,00 ab 0.35 ± 0.09 ab 

Picual 

Control 6,70 ± 0,73 cd 10.93 ± 0.25 bc 2,95 ± 0,12 bc 3.08 ± 0.04 d 2,40 ± 0,36 bc 2.43 ± 0.13 c 2,38 ± 0,17 d 2.26 ± 0.25 f 

20 g 

Ca/tree 
4,38 ± 0,47 abc 9.17 ± 0.60 b 1,08 ± 0,04 ab 1.65 ± 0.21 abc 1,05 ± 0,49 a 0.93 ± 0.13 a 1,97 ± 0,25 cd 1.86 ± 0.15 ef 

40 g 

Ca/tree 
6,12 ± 0,68 bc 9.47 ± 0.49 b 1,37 ± 0,13 abc 1.85 ± 0.07 abc 0,80 ± 0,44 a 1.00 ± 0.11 a 0,29 ± 0,18 ab 0.92 ± 0.06 cd 

 P-value Y *** *** *** *** ** *** ** *** 
X The values are presented as mean ± standard deviation (n = 3). Different letters indicate significantly different results (Tukey’s test, p < 0.05). Y Significance: 

non-significant, N.S. (p > 0.05); * significant at p < 0.05; ** significant at p < 0.01; *** significant at p < 0.001. RT—Retention Time. samples (water application). 
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3.3. Antioxidant Activity 

The antioxidant activity of each olive oil under study was analyzed using the ABTS and DPPH 

methods, being the results presented in Figure 1. Contrary to expectations, since the antioxidant 

activity is correlated with the phenolic composition, the former method did not reveal any significant 

differences neither between cultivars nor between the different rates of Ca fertilization of each 

cultivar, with the exception of Galega samples which presented a significant increase with 20 g 

Ca/tree in 2019. Regarding the DPPH method, a significant decrease of the antiradicalar activity was 

found for all the cultivars with the increase of the Ca concentration applied to the olive trees, being 

significant for Cobrançosa and Galega cultivars with an application of 40 g Ca/tree in 2018 and 2019. 

Picual olive oils also presented a decrease of the antioxidant capacity after an application of 40 g 

Ca/tree 

 

Figure 1. Antioxidant activity (A) ABTS method; (B) DPPH method) of olive oils from three cultivars 

produced after a foliar calcium application at two rates (20 g Ca/tree and 40 g Ca/tree), including the 

control (Ctr) samples (water application). Statistically significant differences (p < 0.05) between the 

control and sample concentrations at respective cultivar for 2018 are denoted by * and for 2019 by #. 

In the experience described by Tekaya et al. (2013), the effect of the application of some fertilizers 

composed by different nutrients on the antioxidant activity and oil stability of olive oil as described. 

The analyzed results presented are in agreement with the results obtained in this work, since the 

oxidative stability significantly decreased with the application of a fertilizer composed by calcium 

[12]. 

In fact, the stability of the oil decreased significantly under the application of a fertilizer rich in 

Ca and P, but increased with the application of more fertilizers combined with this one, as it 

happened with the phenolic contents. This corroborates the fact that the type of mineral and the 

different combination that can be done has influence in the phytochemical composition and 

antioxidant activity of olive oils, whereby it is possible to optimize olive oil composition and to obtain 

oils with higher beneficial phytochemicals and mineral content. However, it cannot be overlooked 

the cultivar factor which, as demonstrated in this work, can influence the content of these parameters. 

Furthermore, the capacity to chelate some metals make phenolic compounds, from natural sources, 

of great interest once they can scavenge free radicals, inhibit lipid peroxidation, and improve 

simultaneously the nutritional value of food products, reducing the use of synthetic compounds and 

possible problems caused by their consumption. 
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4. Conclusions 

In this work, it was possible to understand the effect of calcium foliar application in olive trees 

on the phytochemical, mineral and quality parameters of the respective olive oils produced at two 

harvest seasons. This mineral application revealed to influence all these parameters, as well as the 

cultivar that demonstrated to affect the different results obtained. 

Calcium is considered an important nutrient for plant height and development, but scarce are 

the studies regarding its influence on the secondary metabolism of plants. A rate application of 20g 

Ca/tree resulted in an increase of Ca and phenolic compounds of some olive oils cultivars, while 40g 

Ca/tree caused an increase of these parameters for other cultivars, highlighting the importance of 

controlling the nutrient concentration to be applied in the field. 

Furthermore, some phenolic compounds and the antioxidant activity of some olive oils were 

negatively affected with the Ca foliar application, demonstrating not only the high influence of 

cultivar factor, but also the mineral effect on the oxidative enzymes activities. 

Thereby, the supplementation of calcium or other nutrients in plants could be considered a good 

way to improve the quality and some phytochemical characteristics of the final products. 
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