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Abstract: Over the years, the use of biostimulants has become increasingly widespread due to
their proven efficiency in improving plant productivity and quality of fruits and mitigating the
effects related to environmental stress. The aim of the present study was to evaluate the effect of
three biostimulants on oil yield, production of drupes per plant, and nutraceutical components of
olive drupes and oil (total polyphenols, anthocyanins, and fatty acids %) for “Racioppella” cultivar
trees growing in South Italy (May—October 2021). The biostimulants used were: a tropical plants
extract (A) containing amino acids, vitamins, enzymes, phytochelatins, macro- and microelements,
a glycine betaine-based product (B), and a Trichoderma spp.-based biostimulant (T). The three bios-
timulants were compared with a control thesis (C) treated only with water. T treatment increased
the polyphenols content of olive drupes by 41.04% compared to C. A and B treatments increased
polyphenols content by 21.87% on average compared to C. All three biostimulants showed positive
effect by increasing the amount of polyphenols in olive oil compared to C:T showed an increase of
32.19%, B 7.76%, and A 19.78%. Biostimulant application proved useful in boosting fundamental
parameters that determine better drupe and oil in terms of antioxidant capacity and nutraceutical
potential, other than an increased production.
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1. Introduction

Global warming is predicted to have a generally negative effect on plant growth
due to the damaging effect of high temperatures on their development. The increasing
threat of extreme climatic events, including high temperatures might lead to lower crop
productivity and quality loss [1]. Abiotic stresses cause morphological, physiological,
biochemical, and molecular changes that negatively impact plant growth and yield. The
rising threat of climate change is already having a substantial impact on agricultural
production worldwide, as heat waves can cause significant yield losses threatening future
global food security [2]. Moreover, the environmental conditions of the Mediterranean
basin are expected to change soon [3]. In particular, the mean air temperature is projected
to rise drastically in the range of 2-5 °C in the next 30 years [3-5].

Olive trees are considered one of the most suitable and best-adapted species to the
Mediterranean-type climate [6], characterized with long, warm, and dry summers, with
mild and wet winters [7]. In addition, olive orchards in the Mediterranean basin are
normally subjected to high levels of solar radiation, especially in spring and summer
seasons. Nowadays, olive trees face new challenges and threats, namely related to climate
change. In fact, increased temperatures and drought and a frequent occurrence of extreme
weather events such as heatwaves, are among the problems that growers will have to deal
with in the upcoming decades [8], as high temperatures influence some parameters such as
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olive oil and fatty acid content [9]. To mitigate the damages caused by high temperatures,
it is important to adopt agronomic practices that allow a better adaptability for drought
and high temperature, and therefore the capacity to integrate both tolerance and recovery
of olive orchards capacity [10].

The plants defense strategies can be enhanced using various approaches such as the
use of biostimulants [11,12]. The effect of biostimulant stems from a variety of factors, start-
ing from the source materials and the production methods [13]. Several studies highlighted
the vital role of biostimulants in improving the efficiency of plant’s metabolism, increas-
ing plant tolerance and recovery from abiotic stresses, facilitating nutrient assimilation,
translocation and use, and enhancing quality attributes of the produce; by including sugar
content, color, phenols, antioxidant activity and particularly by fostering the development
of complementary soil micro-organisms [14]. In the literature, various studies about the
effect of biostimulants on plant growth and production are present [15-18], but very few
studies have evaluated the use of biostimulants on olive trees [17,19-21].

The bioactive compounds/secondary metabolites in plants are a wide range of molecules
that are generated in suboptimal growing conditions. The biosynthesis of these molecules is
intended to enhance crop tolerance to abiotic and biotic stresses and other stressful conditions
or avoid attacks from pathogens or animals [22]. Olives and oil are an important valuable
source of natural phenolic antioxidants [23] and fatty acids content that have a benefic role on
human health [24]. In fact, an increasing number of epidemiologic and experimental studies
report that olive oil may have a role in the prevention of different pathology [25,26].

Several studies demonstrated the effect of various biostimulants based on protein
hydrolysates, tropical plants extract, and Trichoderma strains in increasing the content of
secondary metabolites, improving fruit yield components and fruit qualitative traits in
different crops [27], fruit trees [28], and on olive drupes [29]. In this respect, the aim of our
study was to evaluate the effect of these different categories of biostimulants on agronomic
parameters and on bioactive compounds and fatty acids of Olea europaea L. drupes and oil,
in a scenario of Mediterranean temperatures. Therefore, based on the above mentioned,
this study was designed to better understand and broaden our knowledge on the effect of
different categories of biostimulants in modulating the yield of olive trees and the bioactive
compounds of olive drupes and oil in Mediterranean conditions.

2. Materials and Methods
2.1. Plant Material, Biostimulants Treatments, and Experimental Design

The trial was conducted in an olive orchard in Castelvenere, in the province of Ben-
evento, Southern Italy (41.23488° N. 14.547609° E) at an altitude of 140 m msl, during the
growing season from May to October 2021. The experiment was carried out on sixteen
years old olive trees in production belonging to the cultivar “Racioppella”. The plants
were trained to open vase system and planted with an inter-row spacing of 6 m, and
an intra-row spacing of 3 m. The olive field received standard horticultural cares, and
the treatments against the main parasites were applied according to the regulation of
integrated production.

The experiment set up was organized as a completely randomized block design with
ten trees/replicates per treatment. Ten untreated trees were adopted between the different
treatments to avoid any interference from the foliar treatments. The trees were selected
according to the uniformity of vegetative and productive status. For foliar treatments,
an atomizer was used, and for the radical treatment a ground injector was used. The
experimental design was based on three commercial biostimulants treatments compared
with a control:

(1) Auxym (A) product derived from tropical plants extracts by Hello Nature® (Rivoli
Veronese, VR, Italy). The product was used as foliar application at the dose of 1.5 L ha~!.

(2) Biohelp (B) glycine betaine-based product by Biolchim SPA (Bologna, Italy), a bio-
promoter of resistance to environmental stress. The product was used as foliar appli-
cation at the dose of 10 kg ha~!.
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(3) Trianum-P (T) a product based on Trichoderma by Koppert Biological Systems (Bus-
solengo, Italy), with active ingredient Trichoderma harzianum Rifai strain T-22 (also
known as KRL-AG2*). The product was used both as foliar application and radical
application at the dose of 2.5 kg ha~1.

(4) Control (C) plants were only treated with water.

All biostimulants were applied five times during the growing season at 30 days
intervals, at the phenological stage 53, 55, 71, 79, and 81 according to the BBCH scale [30].
The biostimulants were applied adopting a concentration recommended by the producers.

The minimum, maximum, and average temperature data recorded during the growing
season were downloaded from the meteorological station of Castelvenere (BN) Italy, where
the study was conducted.

2.2. Harvest Time, Production Plants—1, Maturation Index and Oil Extraction

The evaluation of the ripening of drupes was done according to the pigmentation of
the olives (Jaen index 0-7). The olive trees cv. “Racioppella” were harvested on 26 October
2021 by a vibrating comb, when 50% of the drupes reached a red-mahogany or darker
skin color, with a Jaen index of about 3. Fruits were weighed to determine the yield per
plant by a digital dynamometer (Kern & Sohn, Balingen, Germany). Immediately after
harvesting, the olives were transported to a crusher where they were processed with a
3-phase continuous malaxing machine (Pieralisi Flli S.p.A., Ancona, Italy).

2.3. Carotenoids Determination of the Drupes

The carotenoids determination of drupes was done based on a spectrophotometric
method described by Aiello et al. [31], with slight modifications. The sample (100 mg)
was dissolved in 5 mL of ethyl ether, then placed in an ultrasonic bath for 1 min and
vortexed for 30 s. The absorbance measurement was carried out using a Shimadzu UV-1601
spectrophotometer (Shimadzu, Kyoto, Japan) at a wavelength of 470 nm. The results were
expressed as mg kg~ 1.

2.4. Anthocyanins Determination of the Drupes

The anthocyanins determination of drupes was done based on the method of Raj
and Ahmad [32], with slight modifications. Briefly, 2 g of fruit epicarp was macerated in
20 mL of 5% acidified methanol using a mortar and pestle. The extraction was repeated
three times. The extracts were collected and centrifuged at 6500 rpm for 10 min. The
supernatant was kept at dark overnight. Finally, the absorbance was measured at 520 nm
using a Shimadzu UV-1601 spectrophotometer (Shimadzu, Kyoto, Japan). The anthocyanins
content was expressed as cyanidin-3-glucoside equivalent since that is the most abundant
anthocyanin in nature [33]. The total anthocyanin was reported as mg cyanidin-3-glucoside
equivalent kg 1.

2.5. Fat Extraction by Drupes

The fat content of drupes was assessed based on the method of Gongalves et al. [34],
with slight modifications. Briefly, 4 g of olive was added to 100 mL solution of chloro-
form/methanol (2:1; v/v) (Carlo Erba reagents, Milan, Italy) and 100 mg L~ of butylated
hydroxytoluene (BHT) (Sigma-Aldrich, St. Louis, MO, USA), then a mechanical homog-
enization was performed using an ultra-turrax (Janke and Kunkel, Germany, type TP
18/10) for 6 min on ice. The extract was filtered and added to a separating funnel and
the procedure was repeated twice. The obtained volume was adjusted to 150 mL with
chloroform/methanol (2:1; v/v), and then 37.5 mL of sodium chloride (0.73%) was added.
After mixing, it was left to rest for 20 min. Then the lipidic extract was recovered and
filtered with sodium sulphate anhydrous (Na;SOy) (Sigma-Aldrich, St. Louis, MO, USA).
The lower phase was collected to previously weighted glass flasks and the solvent was
evaporated using a rotary evaporator.
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2.6. Chemicals, Reagents, and Material

Phenolic standards were purchased from Sigma Aldrich (St. Louis, MO, USA), whereas
hydroxytyrosol was obtained from Indofine (Hillsborough, NJ, USA), secologanoside from
ChemPFaces Biochemical Co., Ltd. (Wuhan, China) and oleuropein form Extrasynthese
(Lyon, France). The standard stock solutions at 1 mg mL~! in methanol were stored at
—20 °C for a period of 1 month. Mix stock solution was prepared using the individual stock
solutions, then working mix solutions were prepared by diluting the stocks in methanol in
order to build calibration curves in the range of 0.02-5 mg mL~!. Methanol, hexane, and
formic acid (LC-MS grade) were obtained from Carlo Erba reagents (Milan, Italy), while
acetic acid (98-100%) was acquired from Fluka (Milan, Italy).

2.7. Ultrasound-Assisted Extraction of Polyphenolic Compounds of the Drupes

Based on the method of Talhaoui et al. [35], the extraction of the lyophilized samples
was done with few modifications. About 0.2 g of lyophilized sample was extracted and
centrifuged at 4000 rpm. The supernatants were collected and filtered (0.45 mm nylon
syringe membranes). Finally, the extract was dried under nitrogen flow and then solubilized
in 1 mL of methanol before high-resolution mass spectrometry analysis and antioxidant
activity tests.

2.8. UHPLC-HRMS Analysis of Polyphenolic Compounds of the Drupes

Polyphenolic compounds were quantified and separated using an UHPLC system
(Thermo Fisher Scientific, Waltham, MA, USA). Mass spectrometry analysis was performed
by a Q Exactive Orbitrap LC-MS/MS (Thermo Fisher Scientific, Waltham, MA, USA).
According to Dini et al. [36], where the analytical method is fully detailed, the polyphenolic
compounds were acquired.

2.9. Antioxidant Activity Evaluation of the Drupes

The free radical scavenging activity was carried out with a 2,2-diphenyl-1-picrylhydrazyl
(DPPH)-based assay using the procedure reported by Brand-Williams et al. [37]. The ferric
reducing antioxidant activity was measured using the FRAP assay [38], with few adaptations.
The ABTS-scavenging activity was evaluated according to the previously published proce-
dures with minor modifications [39]. All the determinations were performed in triplicates,
and the values were expressed as mmol Trolox equi. kg~! dw.

2.10. Quality Indices of Olive Oil

Acidity (% oleic acid 100 g~ ! oil), peroxide value (meq O, kg~ oil), and spectropho-
tometric indices (K232, K270, and AK) were determined according to the official method
(EC Reg. 2568/1991 and International Olive Council (IOC) methods). The sensory analysis
was carried out by eight well-trained assessors for the evaluation of extra-virgin olive oil
(EVOO) according to the official methods of the IOC (1996) and EC Reg. 1604/2019. The
panel test was performed using the evaluation form regulated by EC Reg. 640/2008.

2.11. Fatty Acid Profile of Olive Oil

The determination of fatty acid profile was determined by analyzing the fatty acid
methyl esters (FAMEs) obtained after trans-esterification as mentioned in detail by
Di Vaio et al. [15]. The results were expressed as % w/w.

2.12. Total Polyphenols Content of the Oil

The total phenolic compounds (TPC) quantification was carried out according to the
Folin—Ciocalteau colorimetric method. The phenolic compounds extraction was performed
according to Genovese et al. [40], with modifications. The oil (300 mg) was added to 300 puL
of hexane, and the mixture was vortexed for 30 s. Subsequently, 1.5 mL of methanol:water
(60/40 v/v) was added to the sample and the obtained mixture was vortexed for 1 min,
then the sample was centrifuged at 4000 rpm for 10 min. This procedure was repeated
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twice. The extract (100 nL) was added to 400 uL of water, 800 uL of 7.5% sodium carbonate
(NapCOg), and 100 pL of Folin—Ciocalteau (2 N). The samples were left for 30 min in the
dark at room temperature. For each extraction, the analyses were executed in triplicates.

2.13. Polyphenols Determination by HPLC of Olive Oil

To determine the individual polyphenols concentration, 150 mg of sample was dis-
solved with 3 mL of methanol. The mixture was shaken for 30 s and it was sonicated
for 20 min and filtered with a 0.22-um PES filter before injection into the HPLC system.
HPLC analysis was performed following the method of Romano et al. [41]. The results
were expressed as mg kg~ ! of oil.

2.14. Statistical Analysis

Analysis of variance (two-way ANOVA) was applied to analyze the group means.
Duncan’s multiple range test (DMRT) was performed for means separation of each of
the significant (p < 0.05) measured variables. Principal component analyses (PCA) was
executed with a custom python script using scikit-learn 1.1.3, matplotlib, and pandas
dataframe libraries.

3. Results and Discussion
3.1. Effects of Biostimulants on Production/Plant and Drupe Characteristics

Data of minimum, maximum, and mean air temperature (°C) were recorded through-
out the experimental period at the agro-meteorological station located at the “Castelvenere”
(BN) city (Figure 1). The maximum temperature was recorded in August (41.7 °C), while
the minimum temperature was recorded in October (6.5 °C). On the other hand, higher
average temperatures were recorded in August with values of around 30 °C.
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Figure 1. Temperature trend: maximum, minimum, and mean temperature (°C) recorded during the
growing season in the open field. The vertical red lines indicate the start and end of the trial period.

The “Racioppella” olives were harvested when the Jaen index conditions were between
2.87 and 2.99. As shown in Table 1, there are no major differences between the various
treatments in determining the fruit epicarp color. The maturation stage of collected olive
fruits samples is a very important parameter, as it sets olive oil quality, stability, and compo-
sition [42]; even if further parameters are needed to determine the exact ripening period of
the olives [43]. Several studies were reported on the efficiency of biostimulants in increasing
production especially in horticultural plants [44]. Instead, a smaller number of studies have
been conducted on fruit plants demonstrating the efficiency of biostimulants in increasing
production, for example as reported in our previous study on “Annurca” apple [45], and
on other species as reported by Colla et al. [46]. Table 1 shows the production values of
olive trees, and an increase is highlighted following the application of biostimulants. In
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particular, T treatment recorded an increase in the production by 71%, compared to the
control, while the other two biostimulants A and B reported a significant increase of 37.76%
and 28% respectively. It is well-known that Trichoderma strains can improve plant fitness es-
pecially in suboptimal growth conditions in the field, where the fungus has a direct positive
influence on plant growth other than alleviating the effects of biotic or abiotic stresses that
may naturally occur [47,48]. Our findings are comparable to those of Harman et al. [47],
which reported an enhancement of corn yield in several trials. The plant growth promotion
induced by Trichoderma can be explained by an upregulation of photosynthesis-related
proteins and a higher photosynthetic efficiency, as well as a direct effect of an increased root
and foliar systems [48]. In the literature, it was reported that glycine betaine enhances the
endogenous levels of both GB and proline in many plant species, suggesting the positive
role of this chemical compound in enhancing drought stress tolerance by upregulating the
mechanisms involved in growth and yield production under stress conditions [49]. The
positive effect of Auxym (A) was also demonstrated by Carillo et al. [50] in a study on jute
plants, where weekly foliar application of the commercial tropical plants extract, improved
fresh yield under sub-optimal nutrient regimens, compared to control treatment. In Table 1,
the oil (%), anthocyanins, and carotenoids contents of drupes are shown. The oil content of
fruit ranged between 14.11% in B treatment and 14.64% in T treatment, showing a positive
effect on oil content, such as reported by Ahmad et al. [51] in seeds of Indian mustard. The
anthocyanins content ranged from 407.96 mg kg~! in T treatment to 451.16 mg kg~ ! in
A treatment. These values were higher than those showed by Di Vaio et al. [15], which
reported a concentration of 116.10 mg kg ! in drupes of “Oliva Bianca” cultivar, while they
were similar to those of Fourati et al. [52], which reported values ranging from 331 mg kg ~!
to 660 mg kg !, depending on sampling time and treatment. Furthermore, the use of Tricho-
derma reduced the anthocyanins content of drupes, similar to do Régo Meneses et al. [53],
who showed a reduction of these compounds in maize treated with Trichoderma asperelloides.

Table 1. Production/plant, Jaen index, oil content, anthocyanins, and carotenoids at the time of
drupe harvest of olive “Racioppella” cv. treated with three biostimulants: A (tropical plants extract),
B (glycine betaine) and T (Trichoderma), all compared with C (control).

A B C T Significance
Jaen index 2.99 2.89 2.87 29
Production 3444 £251b  3200+£196b  2500+£095c 4273 +243a
plant™ (kg)
Oil content 143 £0.10b 14.1£0.07b 143 +0.14b 147 £0.10a *
drupe (%)
Anthocyanins o1 161 135, 44565 +247a 42803 £457b  407.96 + 272 ¢ e
(mgCGE/kg)
Carotenoids 5.97 4 0.09 c 542 +0.14d 6.78 + 0.08 b 757 £ 0.16a ot
(mg/kg)

Values are mean =+ standard error. Different letters indicate significant differences according to Duncan’s multiple-
range test (p = 0.05). Asterisks indicate significant effect of biostimulants treatments according to ANOVA
(ns = not significant; * = p < 0.05; *** = p < 0.001).

The carotenoids concentration ranged between 5.42 mg kg~! in B and 7.57 in T. All
values were higher than that reported by Di Vaio et al. [15], that showed a concentration of
2.10 mg kg~ ! in drupes of “Oliva Bianca” cultivar, while Motilva and Romero [54] showed
a concentration that ranged between 1.8 mg kg~ ! dw and 70 mg kg ! dw, depending on
the maturity time. Yorulmaz et al. [55] showed a carotenoids concentration in the range of
1.19 mg kg ! to 12.87 mg kg ! in olive oil, depending on the cultivar and maturation time.
As well, a positive effect of Trichoderma on carotenoids was shown by Ahmad et al. [51] in
Indian mustard.

3.2. Polyphenolic Compounds Analysis by UHPLC-Q-Orbitrap HRMS of Olive Drupes

The influence of three different commercially available biostimulants, including
Auxym, Biohelp, and Trichoderma on the qualitative and quantitative profile of polyphenolic
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compounds of olive drupes is included in Table 2. Olive drupes were collected from the
control and treated plants and a polyphenolic profiling was performed by UHPLC-HRMS
Orbitrap. A total of 16 metabolites were detected and identified by high resolution mass
spectrometry comprising phenolic acids, flavonoids, phenolic alcohols, and secoiridoids.
Some authors reported the use of the foliar product and its effect on olive oil quality [56,57].
Some authors have reported that foliar sprays of biostimulants on olive tree improved oil
quality characteristics [21], mineral content [58], and fruit yield [21].

Table 2. Phenolic profiles and total phenolic composition in drupes treated with three biostimulants:
A (tropical plants extract), B (glycine betaine), and T (Trichoderma) all compared with C (control).

Concentrations were expressed as ug g~ ! dw.

A B C T Significance
Hydroxytyrosol 1710 +2.29 a 1242 +131b 4.85+ 047 5.92 + 0.96 ¢ ook
glucoside
Héi{%‘gggf)ol 119.88 £ 52.19a 116.97 £ 35.11a 7318 £7.10b 148.30 £ 22.15a wox
Tyrosol (4-HPEA) 13.63 & 0.88 be 17.76 £1.39b 826+ 1.12¢ 49.16 +3.95a
Vanillic acid 17.68 £ 0.61 a 1821 +2.08a 752 +1.03b 11.82+£275b *
Rutin 81.62 +3227a 91.88 +33.00a 77.36 +15.82a 88.65 +23.75a ns
Elenolic acid 2569 +1.92a 1933+ 140a 2025 +2.17a 2217 +3.68a ns
Verbascoside 827450 £ 708.05ab  8486.11 + 468.73ab  7078.61 £ 618.05b  9420.64 = 477.80 a ns
3,4-DHPEA-EDA 518.22 + 1485 a 308.79 + 124.3 a 391.49 + 181.3 a 61532 + 386 a ns
Ligstroside 133141239 ¢ 20.54 + 16.86 be 47.00 + 23.97 ab 66.00 +31.76 a o
Oleuropein 47392 +80.91 a 610.51 & 119.94 b 582.78 + 64.24b  532.67 4 122.40 ab *
p HPEA-EDA 10.10 £ 0.95b 14.09 £ 0.73a 1051 +135b 1504 £ 4.83a ns
Hydroxy-
Oleuropein- 8.57 +2.45ab 973+ 177a 552+ 1.66b 8.50 + 4.52 ab ns
aglycon
Luteolin 20.49 + 1.61 be 31.31+1039b 1492 £223 ¢ 67.20 £22.79a
3,4-DHPEA-AC 56.59 + 44.83 a 4292 +33.15 ab 12.27 4+ 1.84b 65.38 +33.09 *
DHPEA-EA 41282 +147.25bc 22598 £9442ab  193.58 & 109.45a 478.94 + 89.65 ¢ o
p-HPEA-EA 1704 £3.16a 1784 +595a 8.37 +0.95b 1714+ 157 a *
Total polyphenols ~ 10,081.16 + 812.41ab  10,044.36 + 544.34ab  8535.46 + 698.45b  11,612.85 + 534.10 a *

Values are mean = standard error. Different letters indicate significant differences according to Duncan’s multiple-
range test (p = 0.05). Asterisks indicate significant effect of biostimulants treatments according to ANOVA
(ns = not significant; * = p < 0.05; ** = p < 0.01; ** = p < 0.001).

The content of polyphenolic compounds is an important parameter in olive oil quality
due to their high antioxidant effects. In our research, the studied biostimulant treatments,
showed significant differences in phenolic compounds content, with Trichoderma treatment
having the highest total phenolic content and reaching a value of 11,612.85 ug g~! dw.
The treatment with Trichoderma influenced the metabolic response in drupes, in terms of
polyphenol biosynthesis, compared to the control, showing a significant increase in the
concentration of these compounds of about 41.04%. On the other hand, the treatment with
Auxym and Biohelp also had a positive effect on the content of polyphenols in the olive
drupes reaching in both cases an increase of about 21%, but not significantly different from
the Control and T treatment.

Our results are consistent with those reported previously by Dini et al. [29], who
mentioned that the treatment of olive plants with Trichoderma strains promoted the acti-
vation of plant defense mechanisms, including the production of secondary metabolites
such as phenolic compounds. In addition, in our previous work [20] it was reported the
effect of some agronomic practices such as the application of antitranspirants on biometric,
eco-physiological, and nutraceutical parameters in young olive trees. Rouphael et al. [59]
highlighted the importance of biostimulants in increasing biosynthesis of primary and sec-
ondary metabolites, including carotenoids, polyphenols, and ascorbic acid, thus improving
the nutritional and nutraceutical quality of the edible products. As for olives, in line with
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our results, Lobianco and Massenti [60] reported that the foliar application of SUNRED®
Biostimulant containing phenylalanine, methionine, monosaccharides, and oxylipins, lead
to an increase in oleocanthal and 3,4-DHPEA-EDA in olives.

3.3. Antioxidant Activity of Extracts of Olive Drupes

The antioxidant activity of the drupes is illustrated in Figure 2. FRAP and ABTS
showed a similar trend, where A treatment engendered a lower antioxidant activity com-
pared to C. B treatment engendered significantly lower antioxidant activity based on the
ABTS assay, whereas T treatment caused the opposite trend. Instead, the DPPH method
highlighted the efficiency of all biostmulants in significantly increasing the antioxidant
activity of olive drupes. Once again, better results were obtained with T application, which
caused an increase of 42.23% compared to the control, while A and B showed an increase
of 18.95% and 17.17% respectively. In literature, Dini et al. [36] reported a similar trend
for antioxidant activity measured with DPPH assay, highlighting that the Biostimulant
treatment on olive trees had a positive effect on the antioxidant activity of the olive leaf
samples and of the EVOO samples obtained from the olive trees treated with Trichoderma
harzianum (strain M10). On the other hand, Del Buono et al. [61] reported that the applica-
tion of Megafol, a commercial plant biostimulant, on olive plants subjected to severe saline
stress caused an increase of the activity of some key antioxidant enzymes, thus avoiding
the accumulation of hydrogen peroxide and lipid peroxidation.

250

mmol trolox/kg

50

FRAP ABTS DPPH
IA BB BC @T

Figure 2. Antioxidant activity (FRAP, ABTS, and DPPH) of olive drupe treated with three bios-
timulants: A (tropical plants extract), B (glycine betaine), and T (Trichoderma) all compared with C
(control). Values are mean =+ standard error and different letters indicate significant differences based
on Duncan’s test (p = 0.05).

3.4. Quality Indices of Olive Oil

In Table 3, the quality indices of olive oil are presented. Free acidity ranged from 0.28%
in C to 0.31% oleic acid 100 g~ ! both in A and in B, while peroxide value ranged from
5.34 meq O, /kg oil in C to 9.08 meq O, /kg in A. K3, ranged from 1.30in Bto 1.76 in T,
while AK was less than 0.01 in all analyzed sample and Kj7g ranged from 0.17 both in A and
B to 0.25in T. So, all the analyzed samples of olive oil quality indices (free acidity, peroxide
value and Kj3p, Ky79 and AK index), were within the range for characterizing the oil as
“extra virgin” (EEC regulation no. 2019/1604). Furthermore, among the used biostimulants,
the treatment with Trichoderma resulted more similar to control and so the value of acidity
and peroxide both resulted lower than the treatment used with the other biostimulants.
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Table 3. Quality indices of analyzed oils treated with three biostimulants: A (tropical plants extract),
B (glycine betaine), and T (Trichoderma) all compared with C (control).

Oil Quality A B C T

Index

Acidity (% oleie 37 4 014 031+001a 028 +0.01b 029 +0.01b

acid 100 g™ oil)

Peroxide value g 13 | 0044 7.4 40.04b 534 40.03d 7.01 £ 0.03 ¢

(meqO; kg™)
Ko70 0.17 £ 0.00 ¢ 0.17 £ 0.00 ¢ 0.20 +0.00 b 0.25 4 0.00 a
Ko 1.61+0.01b 1.30 +0.01d 1.46 4 0.00 ¢ 1.76 +0.00 a

Delta K —0.01+0.00 b 0.00 £ 0.00 a 0.00 + 0.00 a —0.014+0.00b

Values are mean =+ standard error. Different letters indicate significant differences according to Duncan’s multiple-
range test (p = 0.05).

3.5. Oil Sensorial Analysis

In Table 4, the results about the panel test are presented. The sensory analysis carried
out by the panel did not report defects in all analyzed oil. The oil obtained with Trichoderma
treatment resulted the most pungent and the less fruity with value pungency of 6.2, while
the most bitter oil was the oil obtained by drupes treated with biostimulant of tropical
plants extract (sample A) with a value of 6.4. The taste of bitterness and pungency was
reported to be related to the phenols content [62] and in this way, both T and A had shown
a higher TPC compared to C (529.81 mg GAE 100 g~ ! in A and 584.69 mg GAE 100 g~!
in T). Furthermore, Servili et al. [63] reported that both bitterness and pungency of Italian
oils were correlated with TPC, and in particular low perception was found with 50-200 mg
GAE kg ™!, medium with 200-500 mg GAE kg, and high with 500-1000 mg GAE kg~ .

Table 4. Panel test of oils treated with three biostimulants: A (tropical plants extract), B (glycine
betaine), and T (Trichoderma) all compared with C (control).

Panel Test A B C T

Fruity 6.6 5.4 7.2 3.6

Bitterness 6 5.4 3.6 5.8

Pungency 6.4 4 4.6 6.2
Heating/Sludge 0 0 0 0
Winey / Acid/acidic/sour 0 0 0 0
Rancid 0 0 0 0
Mold/moisture/ground 0 0 0 0
Frozen olive 0 0 0 0

3.6. Fatty Acids Composition of Oil

In Table 5, the fatty acids composition of different oils is presented. The most present
fatty acids in olive oil were palmitic, oleic acid, linoleic, and stearic acid, similar to what
is reported by Noorali et al. [64] and Di Vaio et al. [15]. The fatty acids composition was
influenced by plant treatments, except for behenic acid. In particular, the concentration
of palmitic acid was the lowest in T (12.66%) and the highest in A (14.00%). The palmitic
acid content, in all analyzed samples, was in line with Noorali et al. [64] findings, that
reported a range from 7.5% to 20% depending on the analyzed cultivar. Interestingly, the
use of biostimulants increased the oleic acid content with the highest concentration under
T treatment (71.53%) suggesting an 8% increase compared to C. Moreover, the linoleic acid
concentration decreased in samples treated with biostimulants compared to C, with the
highest decrease in T (—4%). A similar result was obtained by Marra et al. [65] on soybean
seeds that under Trichoderma (T22) treatment produced soybean seeds richer in oleic acid
(C18:1) and a reduced content of linoleic acid (C18:2) compared to the control. Furthermore,
Chouliaras et al. [21] found an increase in oleic acid and a reduction in linoleic acid in olive
oil sample treated with seaweed extract applied foliarly, in addition to soil application of
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nitrogen and boron fertilizers. On the other hand, Herndndez-Hernandez et al. [66] did not
find any significant difference in fatty acids composition of olive oil obtained from plants
treated with biostimulants, maybe due to the high density growing of olive plants. So, the
environmental conditions such as soil type and climate as well as the use of biostimulants
may have influenced the results. Anyway, to the best of our knowledge, this is the first
study reporting the ability of Trichoderma strains to influence lipid content of drupes and
modify the fatty acid profile of olive oil.

Table 5. Fatty acid composition of analyzed oils treated with three biostimulants: A (tropical plants
extract), B (glycine betaine), and T (Trichoderma) all compared with C (control).

% Fatty Acids A B C T Significance
Palimitic (C16) 14.00 £ 0.04 a 13.67 £ 0.03 b 13.90 £ 0.06 a 12.66 + 0.02 c ok
Palmitoleic (C16:1) 143 +0.01a 1.28 £0.02b 110+ 0.01c 0.82 £0.00d e
Heptadecanoic (C17) 0.06 £0.00 ¢ 0.19+0.01a 0.20 £0.00 a 0.11+£0.00b o
Stearic (C18) 214 £0.01c 277 +£0.02b 290£0.02a 272+£0.01b o
Oleic (C18.1n9¢) 68.81 +0.04b 67.15 £ 0.01c 66.23 £0.00 d 71.53 £0.03 a e
Linoleic (C18:2 29, 12) 1215+ 0.04 ¢ 13.34 £ 0.05b 14.06 £ 0.04 a 10.63 £0.01d ok
Arachidic (C20) 0.33 +£0.01d 0.36 £0.01 ¢ 0.39 £0.00b 0.41£0.00a b
Linolenic (C18:3n3) 0.96 £0.02b 112+ 0.02a 1.08 +0.00 a 098 £0.01b e
Behenic (C22) 0.11 £0.00 a 0.14 £ 0.00 a 0.14 £0.00 a 014 £0.01a ns
MUFA 70.24 £ 0.03b 68.43 = 0.03 ¢ 6734 +0.01d 72.35£0.03a ok
PUFA 13.12+0.02 ¢ 14.46 £ 0.03 b 1514 £ 0.04 a 11.61 £0.01d o
SFA 16.65 + 0.05 ¢ 17.11 £0.00 b 1753 £ 0.04 a 16.04 £0.03d ok
MUFA /PUFA 535+0.01b 464 +0.01c 438 +£0.01d 6.16 £0.00 a ok
MUFA /SFA 422 +001b 3.92£0.00c 378+ 0.01d 446 +0.01a o
Oleic/linoleic 5.66 £0.01b 5.03 £0.02c¢ 4714+0.01d 6.73£0.00a e

Values are mean =+ standard error. Different letters indicate significant differences according to Duncan’s multiple-
range test (p = 0.05). Asterisks indicate significant effect of biostimulant treatments according to ANOVA (ns = not
significant; *** = p < 0.001).

The oleic/linoleic ratio ranged from 4.71 in C to 6.73 in T, and this value increased
with biostimulant treatment, as well as total MUFA; whereas total PUFA was reduced.
The oleic/linoleic acid ratio was similar to that obtained in “Oblica” cultivar that ranged
from 4.17 to 4.96 depending on the production year. While it was lower than the olive oil
obtained by “Leccino” cultivar that ranged from 9.66 to 11.59 depending on the production
year [67].

The MUFA /PUFA ratio ranged from 4.38 in C to 6.16 in T. This ratio increased equally
under all the other biostimulants, indicating a possible reduction of oxidative susceptibility
of oil [68]. The value was similar to that stated by El Qarnifa et al. [69], which showed
a range from 4.36 to 10.82. Similarly, the ratio MUFA /SFA increased with biostimulants
treatments, and this ratio ranged from 3.78 in C to 4.46 in T treatment. These values
are similar to those obtained in “Oblica” and “Leccino” cultivars in different production
years (range 4.17-4.96 and 4.14—4.41, respectively) [67]. Finally, the MUFA /SFA ratio and
the MUFA /PUFA ratio were relatively low; but the high phenol content could indicate
that oil quality was preserved without lipid deterioration, in harmony with the report of
Pinelli et al. [70].

3.7. Polyphenols Content of Olive Oil

In Table 6, the individual polyphenol content and total polyphenol content are pre-
sented. Regarding the phenolic compounds, tyrosol, p-coumaric, ferulic, and vanillic acid
were found in all the analyzed samples. The tyrosol content ranged from 8.17 mg kg ! in
C t0 9.43 in B mg kg~ !. The tyrosol content was in harmony with Toric et al.’s [71] study
which showed a range from 4.57 mg kg~! to 9.26 mg kg~! depending on the analyzed
cultivar, and with Palla et al.’s [72] study, which showed a concentration that ranged from
4.1 mg kg~ ! to 86.7 mg kg ! depending on the storage time. The use of biostimulants
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increased the phenols content in olive oil. In particular, tyrosol and vanillic acid concentra-
tions were the highest in T, while p-coumaric and ferulic acid were highest in B. The tyrosol
concentration was higher than that stated by Tovar et al. [73], who showed a concentration
ranging between 0.23 mg kg ! and 0.37 mg kg ! depending on the irrigation method.
Similarly, Gomez-Alonso et al. [74] showed a concentration ranging from 0.2 mg kg~! to
6.1 mg kg~ 1. The results are partially in accordance with Dini et al.’s [75], which showed a
positive effect of the biostimulants on vanillic, ferulic, and p-coumaric contents, while the
tyrosol concentration was reduced in their case. While Dini et al. [75] showed an increase
of tyrosol concentration in olive oil of “Leccino” and “Carolea” cultivar after the treatment
with Trichoderma.

Table 6. Polyphenols content of analyzed oils treated with three biostimulants: A (tropical plants
extract), B (glycine betaine), and T (Trichoderma) all compared with C (control).

Co(ﬁg;)lfgl;ds A B C T Significance

Tyrosol 852+0.06b 943+013a 817+01lc 925+0.09a
p'CZ‘zEa“C 45340.00b 470+001a 431+001d 4434 001c Hex
Ferulicacid 076 +001c 0874+00la 0.81+001b 0.70+0.00d
Vanillicacid 040 +0.00bc 038 +0.00c 042+001b 058+ 0.00a
Oleuropein <LOD <LOD <LOD <LOD

Total 529.81 + 7.52 476.64 + 44231 + 584.69 + 3.93

polyphenols b 1193 ¢ 10.77d a

Values are mean =+ standard error. Different letters indicate significant differences according to Duncan’s multiple-
range test (p = 0.05). Asterisks indicate significant effect of biostimulants treatments according to ANOVA (ns = not
significant; *** = p < 0.001). LOD: limit of detection.

The second most present compound was p-coumaric acid with a concentration rang-
ing between 4.31 mg kg~! with C treatment and 4.70 mg kg~! with B treatment. The
concentration was in line with El Riachy et al.’s [75] study, that showed a range between
1.87 mg kg~ ! and 6.04 mg kg~ !, depending on progenies from crosses of olive. Ferulic and
vanillic acid were present at concentrations <1.0 mg kg ~!. The polyphenols content of oil is
influenced also by region growth, olive tree age, olive maturation, and processing of olive
fruit and oil [76].

The TPC ranged from 442.31 mg kg ! in C to 584.69 mg kg~! in T. These values
were higher than that of Baiano et al.’s [73] study, that showed a range from 26.53 mg
GAE kg ! to 322.18 mg GAE kg ! depending on both the cultivation zone and storage
time, and higher than those showed by Mafrica et al.’s [77] that reported a maximum
concentration of 457.90 mg GAE kg~ !. The use of biostimulants increased the TPC in all
sample compared to the control and the increase was in the range of 7.76% in B to 32.19% in
T samples. Moreover, Dini et al. [78] and Leogrande et al. [79] showed an increase in TPC
in oil obtained by olive treated with biostimulants. The increase of TPC with biostimulants
treatment and the reduction of linoleic acid could increase the oxidative stability of oil.

3.8. Principal Component Analysis (PCA)

To obtain a broad overview of the drupes and oil parameters characterizing “Raciop-
pella” cultivar following the biostimulants treatments, two principal component analyses
were conducted.

The Figure 3 shows a principal component analysis of all the analyzed parameters of
the drupes. The first two principal components (PCs) disclosed 88.56% of the cumulative
variance, with PC1 detailing for 59.82% and PC2 for 28.74%. The figure clearly shows the
correlation between the three biostimulants and the individual parameters analyzed. PC1
was positively correlated with hydroxytyrosol glucoside, hydroxytyrosol (3,4-DHPEA),
tyrosol (4-HPEA), vanillic acid, rutin, elenolic acid, verbascoside, DHPEA-EDA, ligstro-
side, oleuropeina, p HPEA-EDA, hydroxy-oleuropein-aglycon, luteolin, 3,4-DHPEA-AC,
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PC2 (28.74 %)

DHPEA-EA, p-HPEA-EA, and total polyphenols, while it was negatively correlated with
ligstroside, it instead shows a positive correlation with PC2. The control is placed in the
upper left quadrant, and it is correlated only with ligstroside, T is placed in the upper right
quadrant and it is correlated with verbascoside,] uteolin, tyrosol, 3,4-DHPEA-EDA, Hydrox-
ytyrosol (3.4-DHPEA),DHPEA-EA, p HPEA-EDA, 3.4 DHPEA-AC; while A and B are in
the same lower right quadrant and they are correlated with elenolic acid, rutin, oleuropeina,
p-HPEA-EA, vanillic acid, hydroxytyrosol glucoside, hydroxy-oleuropein-aglycon.

Biostimulant
4 Y A
B
] m C
T
6 4 =y 0 2 4 6

PC1 (59.82 %)

Figure 3. Principal component analysis (PCA) of drupe parameters: hydroxytyrosol glucoside (HG),
hydroxytyrosol (3,4-DHPEA) (H), tyrosol (4-HPEA) (T), vanillic acid (VA), rutin (R), elenolic acid
(EA), verbascoside (V), DHPEA-EDA (DE), ligstroside (L), oleuropeina (O), p HPEA-EDA (pH-E),
hydroxy-oleuropein-aglycon (H-O-A), luteolin (LU), 3,4-DHPEA-AC (3,4-D-A), DHPEA-EA (D-E),
p-HPEA-EA (p-H-E), and total polyphenols (TP). C = control, T = trichoderma, B = glycine betaine,
A = tropical plants extract.

Figure 4 shows the principal component analysis of all the analyzed parameters of
the oil. PCA was performed on all the analytical data to examine differences between
oils. These two principal components account for 88.4% of the variance among the four oil
samples, with PC1 and PC2 accounting for 64.61% and 23.79%, respectively. The differences
between oil samples suggested that the type of biostimulant treatment has significant
influence on oil composition. Indeed, the T sample, showed the highest content of oleic
acid, arachidic acid (Table 5), tyrosol, vanillic acid, and total polyphenols (Table 6). C
and B samples were present in the same quadrant and C was positively correlated with
heptadecanoic, stearic and behenic, linolenic, linoleic acids, PUFA, and SFA (Table 5), while
sample B was positively correlated also with ferulic acid (Table 6). In addition, samples
belonging to A treatment, forms a distinct cluster in the lower right quadrant.
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Figure 4. Principal component analysis (PCA) of oil parameters: linolenic (Lic), PUFA (P), SFA,
linoleic (Li), ferulic acid (Fa), behenic (B), stearic (S), heptadecanoic (H), p-coumaric acid (p-c a),
palmitic (Pa), palmitoleic (Po), arachidic (A), vanillic acid (Va), tyrosol, oleic acid, oleic/linoleic
(O/Li), MUFA (M), MUFA /SFA (M/S), MUFA /PUFA (M/P), total polyphenols (TP). C = control,
T = trichoderma, B = glycine betaine, A = tropical plants extract.

4. Conclusions

The Mediterranean area is increasingly affected by a climate change scenario where
high temperatures compromise the yield and quality of agricultural products, including
olives and olive oil. In our study we evaluated the impact of different biostimulants to
reduce climate damage and improve the performance of plants and the quality of the
derived product. In this study, the biostimulants increased the production per plant,
in particular the Trichoderma by about 70%, which positively influenced the carotenoids
content and polyphenols biosynthesis in the drupes as well. All the oils analyzed showed
quality parameters that fell within the parameters of an extra virgin olive oil. Biostimulants
based on tropical plant extracts and trichoderma reported changes to the flavor (bitter and
spicy), due to an increase in the total polyphenol content in the oil by 32.1% and 19.8%
respectively. All biostimulants influenced the oil fatty acid content. In conclusion, our
study demonstrated that it is possible to state that biostimulants affect some qualitative-
quantitative aspects of both the oil and the drupes, improving, in some cases, fundamental
parameters that determine the consumer satisfaction of a good product, as well as their
antioxidant capacity and nutraceutical potential. A second year of testing is currently
underway in order to confirm the results obtained in the first year.
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