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Abstract: Olives ripen in the late autumn and represent a good source of nutrients that Halyomorpha halys
uses to prepare for diapause. This is the first study to investigate the impact of H. halys infestation
on the phenolic response and olive fruit quality in the pierced tissue of damaged fruits and in the
non-pierced part of damaged fruits of ‘Istrska belica’ and ‘Pendolino’ cultivars. Both total phenolic
content and antioxidant capacity contents significantly increased in the infested fruits of the cultivar
‘Istrska belica’. Total phenolic content in the pierced tissue of damaged fruits increased by 10.7%,
while the content of AC in the non-pierced tissue of damaged fruits increased by 7.11% and in the
pierced tissue of damaged fruits by 6.1% compared to control. A total of 44 individual phenolic
compounds were identified, 21 of them increased in at least one cultivar after infestation. Huge
increases in phenolic content were observed in both cultivars, particularly for flavones, secoiridoids,
anthocyanins, and flavonols in the pierced tissue of damaged fruits. The most responsive individual
phenolic compound in both cultivars was oleuropein. Its content in the pierced tissue of damaged
fruits increased by 44.7% in the cultivar ‘Pendolino’ and for 82.6% in the cultivar ‘Istrska belica’.

Keywords: pests; phenolics; metabolic response; fruit quality; olive orchard

1. Introduction

The olive (Olea europaea L.) is the most abundant and economically important fruit
species in Mediterranean countries. Most of the total production is used for oil extraction,
while a smaller portion is consumed as table olives. The world consumption of olive oil
increased by 92.9% between 1990 and 2021 [1]. This is likely due to the recognition of its
beneficial effects on human health, as it may reduce the incidence of cardiovascular disease,
prevent colorectal cancer, and have anti-inflammatory effects [2]. These beneficial effects
have proven to be related to the higher content of phenolic and antioxidant compounds in
olive fruits and consequently in olive products [3]. The main groups of phenolic compounds
in olive fruits are phenolic acids, flavonoids, other simple phenols, and secoiridoids [4].

One of the major problems for olive growers, which affects the quality of the products,
namely that olive fruits are often severely damaged by diseases and insect infestations,
such as the brown marmorated stink bug (Halyomorpha halys Stål.), a polyphagous insect
that can feed on various ornamental fruit and vegetable plants [5]. H. halys originated in
China, Japan, Korea, and Taiwan, but is now present in at least 120 countries and is on the
invasive species list [6]. Several factors have contributed to the spread and invasive nature
of this pest, including climate change, lack of natural predators, and global trade [7]. Adults
of H. halys have a 12–17 mm long, shield-shaped body with a mottled brown-gray color [8].
They are recognized by white and black banding on the antennae, white underside with
gray or black markings, and brown legs with faint white banding [9]. These pests release
a stinging alarm signal that repels predators [10]. The major components of the predator-
repellent secretions are trans-2-octenal and trans-2-decenal, which can contaminate the
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fruit with an unpleasant odor [11]. Infested fruits by H. halys can result in morphological
deformations of fruits known as cat’s facing, localized wilting and necrosis, abscission of
fruit forms, altered vegetative growth, and tissue malformations. Other potential impacts
of the brown marmorated stink bug on fruit production include crop contamination with
other pathogens causing secondary infection by plant pathogens, and fruit contamination
by nymphs and adults at harvest [12]. In most cases, infestation results in lower fruit
quality, yield loss, and economic damage [13]. In apple orchards in the mid-Atlantic region
alone, damage from stink bug infestation is estimated at $37 million [14].

Higher plants have several mechanisms to defend themselves against pest infesta-
tions [15]. A key component of induced plant defense is the recognition of the invading
pest by the presence of its specific compounds—elicitors [16]. Resistance strategies in-
clude physical or chemical barriers that repel other insects [17]. Most plants produce a
broad range of secondary metabolites (terpenoids, alkaloids, anthocyanins, phenols, and
quinones) that have toxic, repellent, and/or anti-nutrient effects on pests [18]. Plant defense
chemicals can be divided into two groups: preformed phenolics, which are present in plants
during normal plant tissue development, and induced phenolics, which are synthesized in
response to damage by an insect [15]. The synthesis of these compounds may occur in the
damaged tissue or may be transferred to other plant organs [17].

Understanding the plant response to H. haly infestation plays an important role in
further pest management strategies to control infestations and help producers achieve
high-quality yields. However, the metabolic response of olive fruit to disease and pest
attack is poorly studied. In this study, for the first time, the chemical response of secondary
metabolites in olive fruit of cultivars ‘Istrska belica’ and ‘Pendolino’ damaged by the brown
marmorated stink bug infestation was investigated. The aim is to determine the difference
in the change in weight, firmness, color, total phenolic content (TPC), individual phenolic
compounds, and antioxidant capacity (AC) in the damaged and controlled fruits. We
aimed to test the difference between the H. Halys infested tissue of olive fruit and the
non-pierced part of the damaged fruit compared to the control. It is expected that the
metabolic response in damaged fruit within the pierced tissue will have a higher response
to selected parameters compared to the non-pierced tissue in both cultivars. The results
of this study may better explain how H. halys infestation affects the metabolic response in
damaged and undamaged parts of the olive fruit.

2. Materials and Methods
2.1. Plant Materials and Treatments

The study was carried out in Izola (45◦32′12.98′′ N 13◦39′42.98′′ E), Slovenia, during
the 2021 growing season in an organic orchard. The study included 20-year-old olive trees
of cultivars ‘Istrska belica’ and ‘Pendolino’. The olives were harvested at maturity. The
study was conducted on six olive trees, three for each cultivar. In mid-September, on each
tree, eight net bags were placed on the branches that already had fruits (Figure 1A). The
bags were made of a 0.8 mm × 0.8 mm dense insect net and were closed with a rubber cord
to prevent the H. halys from escaping. Three adult marmorated stink bugs were enclosed in
four net bags per tree (Figure 1A). Four bags per tree without bugs in them represented
the control.

Fruits were collected during the harvest period in late October. Immediately after
harvest, weight, firmness (measured using a penetrometer with a 3 mm diameter cylindrical
probe), and color were measured on 30 fruits from damaged and control bags. From the
damaged fruits pierced tissue (P) and non-pierced (NP) tissue were cut out with a cork borer
(5 mm). The tissue from control fruits (C) was cut out in the same way (Figure 1B). After
cutting, the pieces were immediately frozen with liquid nitrogen and stored in centrifuge
tubes at −20 ◦C until further analysis. Six replicates were performed for each treatment.



Agronomy 2022, 12, 2200 3 of 14

Agronomy 2022, 12, x FOR PEER REVIEW 3 of 14 
 

 

borer (5 mm). The tissue from control fruits (C) was cut out in the same way (Figure 1B). 
After cutting, the pieces were immediately frozen with liquid nitrogen and stored in cen-
trifuge tubes at −20 °C until further analysis. Six replicates were performed for each treat-
ment. 

 
Figure 1. Visual concept of the study. On each tree, four net bags with three adult H. halys individ-
uals and four net bags without insects were placed (A). Method of fruit tissues cutting from control 
(right) and damaged fruits (left) (B). 

2.2. Color of the Fruits 
The color of the fruit was measured using the colorimeter CR 300 Chroma (Minolta 

Co., Osaka, Japan). The results were recorded using the CIE (Commission Internationale 
d’Eclairage) parameters, where the L content corresponds to the dark-bright scale (0 black, 
100 white), the a content represents color on the red-green axis, and the b content repre-
sents color on the yellow-blue axis. Hue angle (h°) and chroma (C) were calculated from 
the a and b content. Hue angle shows the color change from green to yellow and chroma 
color saturation or intensity. 

2.3. Extraction of TPC, AC, and Individual Phenolic Compounds 
The frozen material was ground to fine powder using liquid nitrogen and an analyt-

ical mill (IKA A11 basic, Staufen, Germany). A total of 0.5 g of the sample was extracted 
with 7.5 mL of 70% (v/v) MeOH solution containing 3% formic acid and sonicated in ice 
water (Sonis 4 ultrasonic bath; Iskra pio, Sentjernej, Slovenia). After 30 min of sonication, 
samples were centrifuged (Eppendorf Centrifuge 5810 R, Hamburg, Germany) at 8000× g 
rpm for 5 min at 4 °C. The supernatant was filtered through a 0.2 µm polyamide filter 
(Chromafil AO 20/25; Macherey-Nagel, Düren, Germany) into a vial and stored at −20 °C 
until further analysis. The extract was used for the identification of individual phenolic 
compounds, TPC and AC. 

2.4. Analysis of Individual Phenolic Compounds 
Individual phenolic compounds were determined using the HPLC system (Dionex 

UltiMate 3000; Thermo Scientific, Waltham, MA, USA). Measurements were made at 280 
nm for flavones, flavonols, hydroxycinnamic acid, and secoiridoids and at 530 nm for an-
thocyanins. Conditions were as previously described by Diarte et al. [12]. Phenolic com-
pounds were identified using a mass spectrometer (Thermo Scientific LCQ Deca XP MAX, 

Figure 1. Visual concept of the study. On each tree, four net bags with three adult H. halys individuals
and four net bags without insects were placed (A). Method of fruit tissues cutting from control (right)
and damaged fruits (left) (B).

2.2. Color of the Fruits

The color of the fruit was measured using the colorimeter CR 300 Chroma (Minolta
Co., Osaka, Japan). The results were recorded using the CIE (Commission Internationale
d’Eclairage) parameters, where the L content corresponds to the dark-bright scale (0 black,
100 white), the a content represents color on the red-green axis, and the b content represents
color on the yellow-blue axis. Hue angle (h◦) and chroma (C) were calculated from the a
and b content. Hue angle shows the color change from green to yellow and chroma color
saturation or intensity.

2.3. Extraction of TPC, AC, and Individual Phenolic Compounds

The frozen material was ground to fine powder using liquid nitrogen and an analytical
mill (IKA A11 basic, Staufen, Germany). A total of 0.5 g of the sample was extracted with
7.5 mL of 70% (v/v) MeOH solution containing 3% formic acid and sonicated in ice water
(Sonis 4 ultrasonic bath; Iskra pio, Sentjernej, Slovenia). After 30 min of sonication, samples
were centrifuged (Eppendorf Centrifuge 5810 R, Hamburg, Germany) at 8000× g rpm for
5 min at 4 ◦C. The supernatant was filtered through a 0.2 µm polyamide filter (Chromafil
AO 20/25; Macherey-Nagel, Düren, Germany) into a vial and stored at −20 ◦C until further
analysis. The extract was used for the identification of individual phenolic compounds,
TPC and AC.

2.4. Analysis of Individual Phenolic Compounds

Individual phenolic compounds were determined using the HPLC system (Dionex
UltiMate 3000; Thermo Scientific, Waltham, MA, USA). Measurements were made at
280 nm for flavones, flavonols, hydroxycinnamic acid, and secoiridoids and at 530 nm
for anthocyanins. Conditions were as previously described by Diarte et al. [12]. Phenolic
compounds were identified using a mass spectrometer (Thermo Scientific LCQ Deca XP
MAX, San Jose, CA, USA) with heated electrospray ionization (HESI) in the negative and
positive ion ranges. Individual phenolic compounds were identified using literature data
and MS fragmentation and quantified using a similar standard (Table S1).

Compounds for which standards were not available were expressed as follows: Hy-
droxytyrosol glucoside and 6′deoxyhexopyranosyl oleoside as 3-hydroxytyrosol, acyclodi-
hydroelenolic acid hexoside isomers, elenolic acid glucoside isomers, elenolic acid, dehydro
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derivate of tometic acid and caffeoil-6′-secologanoside as caffeic acid, oleoside, oleoside iso-
mers, oleuropein aglycone derivate, demethyloleuropein, oleuropein glucoside isomer, hy-
droxyoleuropein, oleuropein aglycone isomers, oleuropein aglycone derivative, oleuropein
isomer, oleacein and methoxyoleuropein isomer as oleuropein, p-coumaric acid glucoside
as p-coumaric acid, β-hydroxy-verbascoside as verbascoside, luteoline 7 O-rutinoside
as luteoline 7-O-glucoside, kaempferol-7-O-(6′′rhamnosyl) hexoside as kaempferol 3-O-
glucoside, tyrosol glucoside as tyrosol and chryptochlorogenic acid as chlorogenic acid.
Retention times, molecular weights, and negative and positive ion fragmentation are listed
in Table S1. Individual phenolic contents are given in mg kg−1 FW.

2.5. Analysis of the Total Phenolic Content (TPC)

The total phenol content was determined using the Folin-Ciocalteu phenol reagent
according to the method described by Singleton et al. [19] with some modifications. A total
of 6 mL of double-distilled water and 500 µL of Folin-Ciocalteu reagent were added to
100 µL of the sample extract. After resting at room temperature for 5 min, 1.5 mL of sodium
carbonate (20% w/v) was added. The mixture was vortexed and left in the oven at 40 ◦C for
30 min before absorbance was measured at 765 nm using a spectrophotometer (Thermo Sci-
entific Genesys 10S UV-VIS Spectrophotometer, San Jose, CA, USA). The same mixture with
100 µL methanol was used as a blank. A calibration curve with Y = 0.0009x (R2 = 0.9952)
was constructed using a gallic acid solution in the range of 5000 mg L−1. TPC was expressed
as gallic acid equivalents (GAE) in mg 100 g−1 FW.

2.6. Analysis of Antioxidant Capacity (AC)

The free radical scavenging activity of the extract was measured using DPPH (1,1-
diphenil-2-picrylhydrazyl). A total of 50 µL of the fruit extract was placed in a quivette
and 1950 µL of a 0.1 mmol L−1 solution of DPPH in 80% MeOH (v/v) was added and
allowed to react in the dark at room temperature for 30 min. The absorbance of DPPH
was measured at 520 nm using a spectrophotometer (Thermo Scientific Genesys 10S UV-
VIS Spectrophotometer, San Jose, CA, USA). As a blank solution, 80% MeOH (v/v) was
used, and a DPPH solution without test samples served as a control. A calibration curve
(y = 0.0005x R2 = 0.9922) was constructed using Trolox in the 2000 µM range. AC was
expressed as mmol Trolox kg−1 FW.

2.7. Chemicals and Standards

The standards used in our study were: trolox, gallic acid, 3-hydroxytyrosol, oleuropein,
luteoline 7-O-glucoside, chlorogenic acid, cyanidin 3-O-glucoside, cyanidin 3-O-rutinoside
and 1,1-diphenil-2-picrylhydrazyl (Sigma-Aldrich Chemi GmbH, Steinheim, Germany);
caffeic acid, p-coumaric acid, kaempferol 3-O-glucoside, rutin, quercetin 3-O-ramnoside
and apigenin-7-O-glucoside (Fluka Chemie GmbH, Buchs, Switzerland); verbascoside
(HWI group, Rülzheim, Germany) and tyrosol (PhytoLab, Vestenbergsgreuth, Germany).
Double-distilled water was obtained from a Milli-Q water purificantion system (Millipore,
Bedford, MA, USA). For extractions, 99.9% HPLC MeOH and formic acid (Fluka Chemie
GmbH, Buchs, Switzerland) were used.

2.8. Statistical Analysis

Results were analyzed using Microsoft Excel 2020 and processed using R comman-
der (version 4.0.5, 31 March 2021). Normality and homoscedasticity were tested with
Shapiro-Willk and Bartlett tests, respectively. Statistical differences between treatments
were determined using Student’s t-test for independent samples, with significance level
set at p ≤ 0.05 and multiple comparison test (Tukey) at 95% confidence level. Means
and standard deviations are presented as mean ± SD and statistical differences between
ripening stages are indicated by different letters.
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3. Results
3.1. Visual Appearance, Color, Weight, and Firmness of Olive Fruits

At harvest, an unpleasant odor was detected on the infested fruits. Visual changes were
noted between the control fruit and fruit that had been exposed to H. halys in both cultivars.
Pierced and corky tissue was observed on the damaged fruits. However, morphological
deformities were mainly observed in the ‘Istrska belica’ cultivar, with local necrosis in the
cultivar ‘Pendolino’.

At harvest time, the olives of the ‘Istrska belica’ cultivar were still green, while the
fruits of the ‘Pendolino’ cultivar turned completely black (Table 1). For ‘Istrska belica’
and ‘Pendolino’ cultivars no significant differences in a, b, C and h◦ parameters were
found between the control and damaged fruits. In the cultivar ‘Istrska belica’, the only
significant differences between treatments were found for the parameter L, indicating that
the damaged fruits were darker than the control ones. Its value decreased by 2.8%.

Table 1. Color, weight, and firmness of damaged and control olive fruit cv. ‘Istrska belica’
and ‘Pendolino’.

Color Weight (g) Firmness (N)
L a b C h◦

‘Istrska belica’
Control 51.86 ± 2.80 −4.86 ± 0.79 38.32 ± 2.41 38.42 ± 2.52 97.30 ± 1.36 2.58 ± 0.36 6.02 ± 2.06

Damaged 50.41 ± 2.35 −5.09 ± 0.76 37.14 ± 3.33 38.42 ± 2.52 97.76 ± 1.09 2.01 ± 0.31 6.54 ± 3.19

Significance * ns ns ns ns *** ns

‘Pendolino’
Control 23.26 ± 2.17 4.68 ± 2.92 2.37 ± 2.50 5.34 ± 3.74 23.66 ± 10.64 1.63 ± 0.21 3.70 ± 1.53

Damaged 22.56 ± 2.38 3.90 ± 2.20 2.96 ± 4.20 4.52 ± 2.83 28.55 ± 12.15 1.47 ± 0.24 4.69 ± 1.14

Significance ns ns ns ns ns ** **

Data are means ± SD of 30 replicates. Significance between control and damaged fruit within each cultivar
(Student’s t-test; α ≤ 0.05); * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001; ns, not significant.

A significant difference in fruit weight between damaged and control fruits was found
in both cultivars (Table 1). In the ‘Istrska belica’ cultivar, the weight decreased from
2.56 g to 2.01 g, while in ‘Pendolino’ it decreased from 1.63 g to 1.47 g. There was also
a significant difference in fruit firmness between the control and damaged fruits of the
cultivar ‘Pendolino’ (Table 1). In the damaged fruits, the firmness was 26.6%higher. The
same trend is observed in the cultivar ‘Istrska belica’, where the firmness of the control
fruits was 6.02 N and that of the damaged fruits was 6.54 N.

3.2. Total Phenolic Content and Antioxidant Capacity

The total phenolic content of the pierced tissue of the damaged fruit, the non-pierced
tissue of the damaged fruit, and the control tissue of the cultivars ‘Istrska belica’ and
‘Pendolino’ is shown in Table 2. The highest phenolic response was observed in the pierced
tissue of damaged fruits infested by H. halys of the cultivar ‘Istrska belica’. The content
was 10.8% higher than in the other treatments. In the ‘Pendolino’ cultivar, no changes were
observed between treatments. No significant difference was found between the control and
the non-pierced tissue of the damaged fruits.
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Table 2. Total phenolic content (mg GAE kg−1 FW) and antioxidant capacity (umol Trolox kg−1 FW)
of control fruits, pierced and non-pierced tissue of damaged olive fruits of cultivars ‘Istrska belica’
and ‘Pendolino’.

TPC AC
(mg GAE kg−1 FW) (umol Trolox kg−1 FW)

‘Istrska belica’
C 2212.28 ± 175.87 a 27.83 ± 0.54 a

NP 2210.66 ± 49.76 a 29.81 ± 1.34 b

P 2449.98 ± 71.60 b 29.53 ± 0.12 b

‘Pendolino’
C 1734.98 ± 128.93 a 26.36 ± 0.92 a

NP 1928.85 ± 44.98 a 27.59 ± 1.81 a

P 1873.70 ± 102.32 a 27.42 ± 0.71 a

Data are means ± SD of 6 replicates. Different letters indicate statistically significant differences between pierced
tissue of damaged fruits (P), non-pierced tissue of damaged fruits (NP) and control (C) fruits (p ≤ 0.05).

In the antioxidant capacity (AC), a significant result was found between the control
fruits and the other treatments of the cultivar ‘Istrska belica’ (Table 2). In the control fruits
the content was 27.83 umol Trolox kg−1 FW. In the pierced tissue the content increased
by 6.1% and by 7.1% in the non-pierced tissue, both compared to the control fruits. No
significant difference was observed between damaged and control fruits in the cultivar
‘Pendolino’ at AC.

3.3. Individual Phenolic Compounds
3.3.1. ‘Istrska belica’

The contents of individual phenolic compounds of the pierced and non-pierced tissue
of the damaged fruits and the control fruits for ‘Istrska belica’ cultivar are shown in Table 3.
Thirty-five individual phenolic compounds from four phenolic groups were identified in
the olive fruits of the ‘Istrska belica’ cultivar. The total content of flavones, flavonols and
secoiridoids was significantly higher in the pierced tissue of the damaged fruits compared
to the control fruits by 21.2%, 8.8%, and 43.4%, respectively. However, no significant
differences in the content of these phenolic groups were noticed between the non-pierced
tissue of the damaged fruits and the control fruits. Hydroxycinnamic acid content was not
significantly different between treatments.

Flavones. Luteoline 7-O-rutinoside was the most abundant phenolic compound among
total flavones, quercetin 3-O-rutinoside among flavonols, verbascoside and β-hydroxy-
verbascoside among hydroxycinnamic acids, and oleuropein among secoiridoids in olive
fruit of the cultivar ‘Istrska belica’. Among flavones, the content of luteoline 7-O-glucoside
was 57.5% higher in the pierced tissue of damaged fruit than in the control and 23.0%
higher than in the non-pierced tissue of damaged fruit.

Flavonols. The content of kaempferol 7-O-(6′′rhamnosyl) hexoside increased by 81.3%
in the pierced tissue of the damaged fruits compared to the control, and by 36.0% compared
to the non-pierced tissue of the damaged fruits. An increasing trend in the pierced tissue
was also observed for quercetin 3-O-rutinoside, whose content changed by 16.3% compared
to the control and by 24.0% compared to the non-pierced tissue of the damaged fruits.
Among flavonols, only quercetin 3-O-rhamnoside showed a decrease in the non-pierced
tissue of the damaged fruits, by 34.2%, compared to the control and in the pierced tissue of
the damaged fruits by 25.2% compared to the control.
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Table 3. Individual phenolic compounds (mg kg−1 FW) of control fruits, pierced tissue of damaged
fruits, and non-pierced tissue of damaged fruits in cultivar ‘Istrska belica’.

Phenolic Compound C NP P

Total flavones 16.57 ± 2.64 a 17.26 ± 1.32 a 20.08 ± 1.69 b

Luteoline 7-O-glucoside 3.91 ± 0.81 a 4.47 ± 0.97 a 6.16 ± 0.55 b

Luteoline 7-O-rutinoside 12.66 ± 3.00 a 12.79 ± 3.48 a 13.92 ± 1.50 a

Total flavonols 14.64 ± 1.48 a 12.95 ± 2.56 a 15.93 ± 1.04 b

Kaempferol 7-O-(6′′rhamnosyl) hexoside 1.23 ± 0.25 a 1.64 ± 0.26 a 2.23 ± 0.31 b

Quercetin 3-O-rhamnoside 4.56 ± 0.32 b 3.00 ± 0.90 a 3.41 ± 0.31 a

Quercetin 3-O-rutinoside 8.85 ± 1.35 a 8.30 ± 1.56 a 10.29 ± 0.77 b

Total hidroxycinnamic acids 19.57 ± 2.53 a 17.36 ± 0.93 a 18.17 ± 1.88 a

Caffeoil-6′-secologanoside 6.37 ± 1.04 a 6.04 ± 0.61 a 5.47 ± 0.80 a

p-Coumaric acid glucoside 0.31 ± 0.058 a 0.31 ± 0.02 a 0.49 ± 0.08 b

Verbascoside 8.12 ± 0.98 b 4.86 ± 0.66 a 4.15 ± 0.50 a

β-Hydroxy-verbascoside 4.77 ± 1.42 a 5.14 ± 2.49 a 8.06 ± 0.96 b

Total secoiridoids 1681.49 ± 62.10 a 1970.80 ± 207.82 a 2410.56 ± 105.23 b

2′′Methoxyoleuropein isomer 67.58 ± 8.60 a 85.60 ± 16.83 a 71.39 ± 5.32 a

6-Deoxyhexopyranosyl-oleoside 54.93 ± 10.16 a 50.53 ± 10.61 a 49.61 ± 10.59 a

Acyclodihydroelenolic acid hexoside isomers
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Elenolic acid increased only in the pierced tissue of the damaged fruits to 4.80 mg 
kg−1 FW. In the control fruits, the content was 3.03 mg kg−1 FW. In the non-pierced tissue 
of the damaged fruits, the content of elenolic acid glucoside isomers decreased by 12.4%. 
These results indicate that the increase in elenolic acid is due to the degradation of oleuro-
pein aglycone. 

Table 3. Individual phenolic compounds (mg kg−1 FW) of control fruits, pierced tissue of damaged 
fruits, and non-pierced tissue of damaged fruits in cultivar ‘Istrska belica’. 

Phenolic Compound C NP P 
Total flavones 16.57 ± 2.64 a 17.26 ± 1.32 a 20.08 ± 1.69 b 
Luteoline 7-O-glucoside 3.91 ± 0.81 a 4.47 ± 0.97 a 6.16 ± 0.55 b 
Luteoline 7-O-rutinoside 12.66 ± 3.00 a 12.79 ± 3.48 a 13.92 ± 1.50 a 
Total flavonols 14.64 ± 1.48 a 12.95 ± 2.56 a 15.93 ± 1.04 b 
Kaempferol 7-O-(6′′rhamnosyl) hexoside 1.23 ± 0.25 a 1.64 ± 0.26 a 2.23 ± 0.31 b 
Quercetin 3-O-rhamnoside 4.56 ± 0.32 b 3.00 ± 0.90 a 3.41 ± 0.31 a 
Quercetin 3-O-rutinoside 8.85 ± 1.35 a 8.30 ± 1.56 a 10.29 ± 0.77 b 
Total hidroxycinnamic acids 19.57 ± 2.53 a 17.36 ± 0.93 a 18.17 ± 1.88 a 
Caffeoil-6′-secologanoside 6.37 ± 1.04 a 6.04 ± 0.61 a 5.47 ± 0.80 a 
p-Coumaric acid glucoside 0.31 ± 0.058 a 0.31 ± 0.02 a 0.49 ± 0.08 b 
Verbascoside 8.12 ± 0.98 b 4.86 ± 0.66 a 4.15 ± 0.50 a 
β-Hydroxy-verbascoside 4.77 ± 1.42 a 5.14 ± 2.49 a 8.06 ± 0.96 b 
Total secoiridoids 1681.49 ± 62.10 a 1970.80 ± 207.82 a 2410.56 ± 105.23 b 
2′′Methoxyoleuropein isomer 67.58 ± 8.60 a 85.60 ± 16.83 a 71.39 ± 5.32 a 
6-Deoxyhexopyranosyl-oleoside 54.93 ± 10.16 a 50.53 ± 10.61 a 49.61 ± 10.59 a 
Acyclodihydroelenolic acid hexoside isomers ˹ 0.37 ± 0.08 b 0.27 ± 0.05 a 0.22 ± 0.05 a 
Demethyloleuropein 12.21 ± 2.64 a 24.91 ± 13.49 a 12.07 ± 0.85 a 
Elenolic acid 3.03 ± 0.57 a 3.095 ± 0.21 a 4.80 ± 0.33 b 
Elenolic acid glucoside isomers ˹ 2.18 ± 0.25 b 1.91 ± 0.17 a 2.18 ± 0.14 b 
Hydroxyoleuropein 2.09 ± 0.15 a 2.87 ± 0.46 b 2.08 ± 0.14 a 

0.37 ± 0.08 b 0.27 ± 0.05 a 0.22 ± 0.05 a

Demethyloleuropein 12.21 ± 2.64 a 24.91 ± 13.49 a 12.07 ± 0.85 a

Elenolic acid 3.03 ± 0.57 a 3.095 ± 0.21 a 4.80 ± 0.33 b

Elenolic acid glucoside isomers
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control fruits. p-coumaric acid glucoside and β-hydroxy-verbascoside increased signifi-
cantly only in the pierced tissue of the damaged fruits by 58.1% and 69% compared to the 
control fruits. 

Secoiridoids. Oleuropein was the most important single phenolic compound from the 
group of secoiridoids. Its content increased in the pierced (82.6%) and non-pierced tissues 
(31.0%) of the damaged fruits compared to the control fruits. A significant difference was 
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significantly by 46.8% and 67.7%, respectively. There were significant differences between 
all treatments. However, the content of hydroxyoleuropein was highest in the non-pierced 
tissue (2.87 mg kg−1 FW). The content in the control tissue and in the pierced tissue of the 
damaged fruits was 27.5% lower than in the non-pierced tissue. 

Elenolic acid increased only in the pierced tissue of the damaged fruits to 4.80 mg 
kg−1 FW. In the control fruits, the content was 3.03 mg kg−1 FW. In the non-pierced tissue 
of the damaged fruits, the content of elenolic acid glucoside isomers decreased by 12.4%. 
These results indicate that the increase in elenolic acid is due to the degradation of oleuro-
pein aglycone. 

Table 3. Individual phenolic compounds (mg kg−1 FW) of control fruits, pierced tissue of damaged 
fruits, and non-pierced tissue of damaged fruits in cultivar ‘Istrska belica’. 

Phenolic Compound C NP P 
Total flavones 16.57 ± 2.64 a 17.26 ± 1.32 a 20.08 ± 1.69 b 
Luteoline 7-O-glucoside 3.91 ± 0.81 a 4.47 ± 0.97 a 6.16 ± 0.55 b 
Luteoline 7-O-rutinoside 12.66 ± 3.00 a 12.79 ± 3.48 a 13.92 ± 1.50 a 
Total flavonols 14.64 ± 1.48 a 12.95 ± 2.56 a 15.93 ± 1.04 b 
Kaempferol 7-O-(6′′rhamnosyl) hexoside 1.23 ± 0.25 a 1.64 ± 0.26 a 2.23 ± 0.31 b 
Quercetin 3-O-rhamnoside 4.56 ± 0.32 b 3.00 ± 0.90 a 3.41 ± 0.31 a 
Quercetin 3-O-rutinoside 8.85 ± 1.35 a 8.30 ± 1.56 a 10.29 ± 0.77 b 
Total hidroxycinnamic acids 19.57 ± 2.53 a 17.36 ± 0.93 a 18.17 ± 1.88 a 
Caffeoil-6′-secologanoside 6.37 ± 1.04 a 6.04 ± 0.61 a 5.47 ± 0.80 a 
p-Coumaric acid glucoside 0.31 ± 0.058 a 0.31 ± 0.02 a 0.49 ± 0.08 b 
Verbascoside 8.12 ± 0.98 b 4.86 ± 0.66 a 4.15 ± 0.50 a 
β-Hydroxy-verbascoside 4.77 ± 1.42 a 5.14 ± 2.49 a 8.06 ± 0.96 b 
Total secoiridoids 1681.49 ± 62.10 a 1970.80 ± 207.82 a 2410.56 ± 105.23 b 
2′′Methoxyoleuropein isomer 67.58 ± 8.60 a 85.60 ± 16.83 a 71.39 ± 5.32 a 
6-Deoxyhexopyranosyl-oleoside 54.93 ± 10.16 a 50.53 ± 10.61 a 49.61 ± 10.59 a 
Acyclodihydroelenolic acid hexoside isomers ˹ 0.37 ± 0.08 b 0.27 ± 0.05 a 0.22 ± 0.05 a 
Demethyloleuropein 12.21 ± 2.64 a 24.91 ± 13.49 a 12.07 ± 0.85 a 
Elenolic acid 3.03 ± 0.57 a 3.095 ± 0.21 a 4.80 ± 0.33 b 
Elenolic acid glucoside isomers ˹ 2.18 ± 0.25 b 1.91 ± 0.17 a 2.18 ± 0.14 b 
Hydroxyoleuropein 2.09 ± 0.15 a 2.87 ± 0.46 b 2.08 ± 0.14 a 

2.18 ± 0.25 b 1.91 ± 0.17 a 2.18 ± 0.14 b

Hydroxyoleuropein 2.09 ± 0.15 a 2.87 ± 0.46 b 2.08 ± 0.14 a

hydroxytyrosol 5.45 ± 0.25 c 1.76 ± 0.24 a 2.90 ± 0.64 b

Hydroxytyrosol glucoside 2.66 ± 0.20 a 3.54 ± 0.69 a 3.47 ± 0.90 a

Secologanoside isomers
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(31.0%) of the damaged fruits compared to the control fruits. A significant difference was 
also observed between the pierced (1712.84 mg kg−1 FW) and non-pierced tissues (1288.32 
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kg−1 FW and by 8.04 mg kg−1 FW, respectively, compared to the control (10.18 mg kg−1 FW). 
However, the highest content of oleuropein aglycone isomers (528.10 mg kg−1 FW) and 
oleuropein isomer (19.42 mg kg−1 FW) was present in the control fruits. The content of 
oleuropein aglycone derivatives showed significant differences between the control fruits 
and the pierced tissue of the damaged fruits, by 6.7%, while the content of the non-pierced 
tissue showed no differences compared to the other treatments. The content of oleuropein 
isomer decreased by 26.1% in the non-pierced tissue of the damaged fruits and by 27.5% 
in the pierced tissue compared to the control fruits.  

Hydroxytyrosol content was highest in the control fruit (5.45 mg kg−1 FW). In the 
pierced tissue and in the non-pierced tissue of the damaged fruits, the content increased 
significantly by 46.8% and 67.7%, respectively. There were significant differences between 
all treatments. However, the content of hydroxyoleuropein was highest in the non-pierced 
tissue (2.87 mg kg−1 FW). The content in the control tissue and in the pierced tissue of the 
damaged fruits was 27.5% lower than in the non-pierced tissue. 

Elenolic acid increased only in the pierced tissue of the damaged fruits to 4.80 mg 
kg−1 FW. In the control fruits, the content was 3.03 mg kg−1 FW. In the non-pierced tissue 
of the damaged fruits, the content of elenolic acid glucoside isomers decreased by 12.4%. 
These results indicate that the increase in elenolic acid is due to the degradation of oleuro-
pein aglycone. 

Table 3. Individual phenolic compounds (mg kg−1 FW) of control fruits, pierced tissue of damaged 
fruits, and non-pierced tissue of damaged fruits in cultivar ‘Istrska belica’. 

Phenolic Compound C NP P 
Total flavones 16.57 ± 2.64 a 17.26 ± 1.32 a 20.08 ± 1.69 b 
Luteoline 7-O-glucoside 3.91 ± 0.81 a 4.47 ± 0.97 a 6.16 ± 0.55 b 
Luteoline 7-O-rutinoside 12.66 ± 3.00 a 12.79 ± 3.48 a 13.92 ± 1.50 a 
Total flavonols 14.64 ± 1.48 a 12.95 ± 2.56 a 15.93 ± 1.04 b 
Kaempferol 7-O-(6′′rhamnosyl) hexoside 1.23 ± 0.25 a 1.64 ± 0.26 a 2.23 ± 0.31 b 
Quercetin 3-O-rhamnoside 4.56 ± 0.32 b 3.00 ± 0.90 a 3.41 ± 0.31 a 
Quercetin 3-O-rutinoside 8.85 ± 1.35 a 8.30 ± 1.56 a 10.29 ± 0.77 b 
Total hidroxycinnamic acids 19.57 ± 2.53 a 17.36 ± 0.93 a 18.17 ± 1.88 a 
Caffeoil-6′-secologanoside 6.37 ± 1.04 a 6.04 ± 0.61 a 5.47 ± 0.80 a 
p-Coumaric acid glucoside 0.31 ± 0.058 a 0.31 ± 0.02 a 0.49 ± 0.08 b 
Verbascoside 8.12 ± 0.98 b 4.86 ± 0.66 a 4.15 ± 0.50 a 
β-Hydroxy-verbascoside 4.77 ± 1.42 a 5.14 ± 2.49 a 8.06 ± 0.96 b 
Total secoiridoids 1681.49 ± 62.10 a 1970.80 ± 207.82 a 2410.56 ± 105.23 b 
2′′Methoxyoleuropein isomer 67.58 ± 8.60 a 85.60 ± 16.83 a 71.39 ± 5.32 a 
6-Deoxyhexopyranosyl-oleoside 54.93 ± 10.16 a 50.53 ± 10.61 a 49.61 ± 10.59 a 
Acyclodihydroelenolic acid hexoside isomers ˹ 0.37 ± 0.08 b 0.27 ± 0.05 a 0.22 ± 0.05 a 
Demethyloleuropein 12.21 ± 2.64 a 24.91 ± 13.49 a 12.07 ± 0.85 a 
Elenolic acid 3.03 ± 0.57 a 3.095 ± 0.21 a 4.80 ± 0.33 b 
Elenolic acid glucoside isomers ˹ 2.18 ± 0.25 b 1.91 ± 0.17 a 2.18 ± 0.14 b 
Hydroxyoleuropein 2.09 ± 0.15 a 2.87 ± 0.46 b 2.08 ± 0.14 a 

10.73 ± 1.11 b 9.03 ± 0.54 a 9.77 ± 0.73 ab

Oleuropein 937.78 ± 74.84 a 1288.32 ± 219.86 b 1712.84 ± 123.69 c

Oleuropein aglycone derivatives 10.18 ± 2.80 c 8.04 ± 1.37 b 6.91 ± 0.64 a

Oleuropein aglycone isomers
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control fruits. p-coumaric acid glucoside and β-hydroxy-verbascoside increased signifi-
cantly only in the pierced tissue of the damaged fruits by 58.1% and 69% compared to the 
control fruits. 

Secoiridoids. Oleuropein was the most important single phenolic compound from the 
group of secoiridoids. Its content increased in the pierced (82.6%) and non-pierced tissues 
(31.0%) of the damaged fruits compared to the control fruits. A significant difference was 
also observed between the pierced (1712.84 mg kg−1 FW) and non-pierced tissues (1288.32 
mg kg−1 FW) of the damaged fruits. The content of oleuropein aglycone derivatives in the 
pierced and non-pierced tissues of the damaged fruits decreased significantly by 6.1 mg 
kg−1 FW and by 8.04 mg kg−1 FW, respectively, compared to the control (10.18 mg kg−1 FW). 
However, the highest content of oleuropein aglycone isomers (528.10 mg kg−1 FW) and 
oleuropein isomer (19.42 mg kg−1 FW) was present in the control fruits. The content of 
oleuropein aglycone derivatives showed significant differences between the control fruits 
and the pierced tissue of the damaged fruits, by 6.7%, while the content of the non-pierced 
tissue showed no differences compared to the other treatments. The content of oleuropein 
isomer decreased by 26.1% in the non-pierced tissue of the damaged fruits and by 27.5% 
in the pierced tissue compared to the control fruits.  

Hydroxytyrosol content was highest in the control fruit (5.45 mg kg−1 FW). In the 
pierced tissue and in the non-pierced tissue of the damaged fruits, the content increased 
significantly by 46.8% and 67.7%, respectively. There were significant differences between 
all treatments. However, the content of hydroxyoleuropein was highest in the non-pierced 
tissue (2.87 mg kg−1 FW). The content in the control tissue and in the pierced tissue of the 
damaged fruits was 27.5% lower than in the non-pierced tissue. 

Elenolic acid increased only in the pierced tissue of the damaged fruits to 4.80 mg 
kg−1 FW. In the control fruits, the content was 3.03 mg kg−1 FW. In the non-pierced tissue 
of the damaged fruits, the content of elenolic acid glucoside isomers decreased by 12.4%. 
These results indicate that the increase in elenolic acid is due to the degradation of oleuro-
pein aglycone. 

Table 3. Individual phenolic compounds (mg kg−1 FW) of control fruits, pierced tissue of damaged 
fruits, and non-pierced tissue of damaged fruits in cultivar ‘Istrska belica’. 

Phenolic Compound C NP P 
Total flavones 16.57 ± 2.64 a 17.26 ± 1.32 a 20.08 ± 1.69 b 
Luteoline 7-O-glucoside 3.91 ± 0.81 a 4.47 ± 0.97 a 6.16 ± 0.55 b 
Luteoline 7-O-rutinoside 12.66 ± 3.00 a 12.79 ± 3.48 a 13.92 ± 1.50 a 
Total flavonols 14.64 ± 1.48 a 12.95 ± 2.56 a 15.93 ± 1.04 b 
Kaempferol 7-O-(6′′rhamnosyl) hexoside 1.23 ± 0.25 a 1.64 ± 0.26 a 2.23 ± 0.31 b 
Quercetin 3-O-rhamnoside 4.56 ± 0.32 b 3.00 ± 0.90 a 3.41 ± 0.31 a 
Quercetin 3-O-rutinoside 8.85 ± 1.35 a 8.30 ± 1.56 a 10.29 ± 0.77 b 
Total hidroxycinnamic acids 19.57 ± 2.53 a 17.36 ± 0.93 a 18.17 ± 1.88 a 
Caffeoil-6′-secologanoside 6.37 ± 1.04 a 6.04 ± 0.61 a 5.47 ± 0.80 a 
p-Coumaric acid glucoside 0.31 ± 0.058 a 0.31 ± 0.02 a 0.49 ± 0.08 b 
Verbascoside 8.12 ± 0.98 b 4.86 ± 0.66 a 4.15 ± 0.50 a 
β-Hydroxy-verbascoside 4.77 ± 1.42 a 5.14 ± 2.49 a 8.06 ± 0.96 b 
Total secoiridoids 1681.49 ± 62.10 a 1970.80 ± 207.82 a 2410.56 ± 105.23 b 
2′′Methoxyoleuropein isomer 67.58 ± 8.60 a 85.60 ± 16.83 a 71.39 ± 5.32 a 
6-Deoxyhexopyranosyl-oleoside 54.93 ± 10.16 a 50.53 ± 10.61 a 49.61 ± 10.59 a 
Acyclodihydroelenolic acid hexoside isomers ˹ 0.37 ± 0.08 b 0.27 ± 0.05 a 0.22 ± 0.05 a 
Demethyloleuropein 12.21 ± 2.64 a 24.91 ± 13.49 a 12.07 ± 0.85 a 
Elenolic acid 3.03 ± 0.57 a 3.095 ± 0.21 a 4.80 ± 0.33 b 
Elenolic acid glucoside isomers ˹ 2.18 ± 0.25 b 1.91 ± 0.17 a 2.18 ± 0.14 b 
Hydroxyoleuropein 2.09 ± 0.15 a 2.87 ± 0.46 b 2.08 ± 0.14 a 

528.10 ± 77.30 b 449.29 ± 68.10 ab 492.71 ± 68.73 a

Oleuropein glucoside isomer 24.78 ± 2.55 a 27.25 ± 2.28 a 27.20 ± 1.12 a

Oleuropein isomer 19.42 ± 0.96 b 14.35 ± 1.51 a 14.07 ± 0.87 a

Other
Tormentic acid derivatives 0.61 ± 0.22 a 0.55 ± 0.17 a 0.54 ± 0.14 a

Data are means ± SD of 6 replicates. Different letters indicate statistically significant differences between pierced
tissue of damaged fruits (P), non-pierced tissue of damaged fruits (NP) and control (C) fruits (p ≤ 0.05).
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of the damaged fruits, the content of elenolic acid glucoside isomers decreased by 12.4%. 
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Verbascoside 8.12 ± 0.98 b 4.86 ± 0.66 a 4.15 ± 0.50 a 
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Demethyloleuropein 12.21 ± 2.64 a 24.91 ± 13.49 a 12.07 ± 0.85 a 
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Hydroxyoleuropein 2.09 ± 0.15 a 2.87 ± 0.46 b 2.08 ± 0.14 a 

are
means of the same isomers. Individual contents are presented in Table S2.

Hydroxycinnamic acids. The content of verbascoside decreased by 48.9% in the non-
pierced tissue of the damaged fruits and by 40.2% in the pierced tissue compared to the
control fruits. p-coumaric acid glucoside and β-hydroxy-verbascoside increased signifi-
cantly only in the pierced tissue of the damaged fruits by 58.1% and 69% compared to the
control fruits.

Secoiridoids. Oleuropein was the most important single phenolic compound from
the group of secoiridoids. Its content increased in the pierced (82.6%) and non-pierced
tissues (31.0%) of the damaged fruits compared to the control fruits. A significant dif-
ference was also observed between the pierced (1712.84 mg kg−1 FW) and non-pierced
tissues (1288.32 mg kg−1 FW) of the damaged fruits. The content of oleuropein aglycone
derivatives in the pierced and non-pierced tissues of the damaged fruits decreased sig-
nificantly by 6.1 mg kg−1 FW and by 8.04 mg kg−1 FW, respectively, compared to the
control (10.18 mg kg−1 FW). However, the highest content of oleuropein aglycone isomers
(528.10 mg kg−1 FW) and oleuropein isomer (19.42 mg kg−1 FW) was present in the con-
trol fruits. The content of oleuropein aglycone derivatives showed significant differences
between the control fruits and the pierced tissue of the damaged fruits, by 6.7%, while the
content of the non-pierced tissue showed no differences compared to the other treatments.
The content of oleuropein isomer decreased by 26.1% in the non-pierced tissue of the
damaged fruits and by 27.5% in the pierced tissue compared to the control fruits.

Hydroxytyrosol content was highest in the control fruit (5.45 mg kg−1 FW). In the
pierced tissue and in the non-pierced tissue of the damaged fruits, the content increased
significantly by 46.8% and 67.7%, respectively. There were significant differences between
all treatments. However, the content of hydroxyoleuropein was highest in the non-pierced
tissue (2.87 mg kg−1 FW). The content in the control tissue and in the pierced tissue of the
damaged fruits was 27.5% lower than in the non-pierced tissue.

Elenolic acid increased only in the pierced tissue of the damaged fruits to
4.80 mg kg−1 FW. In the control fruits, the content was 3.03 mg kg−1 FW. In the non-pierced
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tissue of the damaged fruits, the content of elenolic acid glucoside isomers decreased by
12.4%. These results indicate that the increase in elenolic acid is due to the degradation of
oleuropein aglycone.

3.3.2. ‘Pendolino’

Twenty-eight individual phenolic compounds belonging to the group of flavones,
flavonols, hydroxycinnamic acids, and anthocyanins were quantified and qualified in
the tissue of damaged fruits pierced by H. halys (Table 4). The total content of flavones,
flavonols, secoiridoids, and anthocyanins was significantly higher in the pierced and non-
pierced tissue of the damaged fruits compared with the control fruits. Only the total
content of hydroxycinnamic acids decreased by 3.8% in the pierced tissue of the damaged
fruit and by 22.1% in the non-pierced tissue of the damaged fruit compared to the control
(145.01 mg kg−1 FW).

Table 4. Individual phenolic compounds (mg kg−1 FW) of control fruits, pierced tissue of damaged
fruits, and non-pierced tissue of damaged fruits in cultivar ‘Pendolino’.

Phenolic Compound C NP P

Total flavones 298.2 ± 32.74 a 462.61 ± 41.24 b 574.61 ± 55.32 c

Apigenin 7-O-glucoside 71.32 ± 6.10 a 103.44 ± 8.28 b 135.46 ± 38.21 b

Luteoline 7-O-glucoside 171.52 ± 25.39 a 286.77 ± 33.84 b 359.74 ± 36.58 c

Luteoline 7-O-rutinoside 55.36 ± 6.85 a 72.41 ± 3.54 b 79.40 ± 11.21 b

Total flavonols 131.02 ± 7.43 a 180.94 ± 13.57 b 207.33 ± 41.65 b

Kaempferol 7-O-(6′′rhamnosyl) hexoside 17.33 ± 2.49 a 21.86 ± 2.07 b 21.98 ± 1.39 b

Quercetin 3-O-rhamnoside 77.77 ± 7.11 a 112.79 ± 13.17 ab 147.71 ± 41.66 b

Quercetin 3-O-rutinoside 35.91 ± 3.93 a 46.29 ± 2.55 b 37.64 ± 2.91 a

Total hidroxycinnamic acids 145.01 ± 7.62 c 113.02 ± 11.27 a 139.55 ± 8.62 b

Chlorogenic acid 12.56 ± 0.97 c 3.57 ± 0.45 a 6.82 ± 0.95 b

Cryptochlorogenic acid 3.84 ± 0.40 a 2.30 ± 0.64 a 5.34 ± 0.33 b

p-Coumaric acid glucoside 0.64 ± 0.08 a 0.47 ± 0.08 a 1.38 ± 0.21 b

β-Hydroxy-verbascoside 60.58 ± 2.86 ab 54.84 ± 4.43 a 66.73 ± 4.53 b

Verbascoside 67.37 ± 2.33 b 51.84 ± 5.67 a 59.28 ± 3.62 a

Total secoiridoids 4498.62 ± 191.67 a 4668.03 ± 144.17 b 4650.74 ± 99.84 b

6-Deoxyhexopyranosyl-oleoside 557.99 ± 45.89 a 583.77 ± 60.17 a 586.92 ± 59.60 a

Elenolic acid glucoside isomer
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Oleuropein aglycone derivatives 63.61 ± 4.42 c 42.30 ± 6.69 b 32.88 ± 2.68 a

Oleuropein aglycone isomers
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1709.08 ± 163.74 a 1628.76 ± 253.70 a 1645.28 ± 161.71 a

Oleuropein glucoside isomer 346.32 ± 39.02 a 348.13 ± 34.81 a 327.55 ± 60.06 a

Oleuropein isomer 272.40 ± 41.16 a 334.62 ± 18.74 b 314.19 ± 43.01 b

Tyrosol glucoside 1.51 ± 0.33 a 4.78 ± 2.13 b 2.18 ± 0.42 b

Total anthocyanins 330.93 ± 64.03 a 521.04 ± 91.40 b 596.38 ± 76.94 c

Cyanidin 3-O-glucoside 29.41 ± 6.53 a 57.65 ± 10.53 b 59.62 ± 3.77 b
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Other
Tormentic acid derivatives 15.00 ± 1.59 a 16.23 ± 2.79 a 13.03 ± 1.87 a

Data are means ± SD of 6 replicates. Different letters indicate statistically significant differences between pierced
tissue of damaged fruits (P), non-pierced tissue of damaged fruits (NP) and control (C) fruits (p ≤ 0.05).
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are
means of the same isomers. Individual contents are presented in Table S2.

Flavones. The content of all individual flavones in the pierced and non-pierced tissues
of the damaged fruits of the cultivar ‘Pendolino’ was increased compared to the control
fruits. The content of luteoline 7-O-glucoside increased by 109.7% in the pierced tissue
and by 49.7% in the non-pierced tissue of the damaged fruits from 171.52 mg kg−1 FW.
Apigenin 7-O-glucoside content increased from 71.32 mg kg−1 FW by 89.9% in the pierced
tissue and by 45.0% in the non-pierced tissue of the damaged fruits. The last individual
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flavones with the lowest amount detected in olive fruit was luteoline 7-O-rutinoside. In the
control fruit, the content was 55.36 mg kg−1 FW. In the non-pierced tissue of the damaged
fruits, it increased by 31.0%, and in the pierced tissue by 43.4%.

Flavonols. Quercetin 3-O-rhamnoside is the most abundant flavonol in olive fruit of
the cultivar ‘Pendolino’ and its content increased significantly by 69.94 mg kg−1 FW in the
pierced tissue of the damaged fruit compared to the control. In the cultivar ‘Pendolino’, the
content of kaempferol 7-O-(6′′rhamnosyl) hexoside in the pierced and non-pierced tissues
of the damaged fruits also increased by 26.8% and 26.1%, respectively, compared to the
control. The situation was different for quercetin 3-O-rutinoside, which had the highest
content (46.29 mg kg−1 FW) in the non-pierced tissue of the damaged fruits compared
to the other treatments. The content of quercetin 3-O-rutinoside showed no differences
between the control fruits and the pierced tissue of the damaged fruits.

Hydroxycinnamic acids. The most abundant hydroxycinnamic acids in olive fruit
of the cultivar ‘Pendolino’ are verbascoside and β-Hydroxy-verbascoside. The content
of verbascoside significantly decreased by 12.0% and 18.6% in the pierced tissue of the
damaged fruit and in the non-pierced tissue of the damaged fruit, respectively, compared
to the control. A significant difference was detected between pierced and non-pierced
tissues of the damaged fruits for 7.44 mg kg−1 FW. In the cultivar ‘Pendolino’, the content
of chlorogenic acid decreased by 45.7% in the pierced tissues of the damaged fruits and by
71.6% in the non-pierced tissues of the damaged fruits. The content of other representatives
of this group, cryptochlorogenic acid, and p-coumaric acid glucoside, also showed a
significant increase in the pierced tissue of the damaged fruits by 39.1% and 115.6%,
respectively, compared to the controls.

Secoiridoids. The most abundant secoiridoid in the cultivar ‘Pendolino’ is oleuropein.
As described for the cultivar ‘Istrska belica’, its content in the non-pierced tissue of the
damaged fruits increased from 646.96 mg kg−1 FW to 936.26 mg kg−1 FW and in the pierced
tissue of the damaged fruits to 784.27 mg kg−1 FW compared to the control. An increasing
trend was also observed for the content of tyrosol glucoside, oleuropein glucoside, oleacein,
and methoxyoleuropein isomer, the content changed in the pierced and non-pierced tissues
of the damaged fruits compared to the control fruits. However, a decrease of 1.21 mg kg−1

FW in the isomers of elenolic acid glucosides was observed in the pierced tissue of olives
damaged by H. halys compared to the control. A significant decrease was also detected in
the content of hydroxyoleuropein, hidroxytyrosol, and oleuropein aglycone derivatives in
the pierced and non-pierced tissues of the damaged fruits compared to the control.

Anthocyanins. Total anthocyanin content increased significantly from 330.93 mg kg−1

FW to 521.04 mg kg−1 FW in the non-pierced tissue of damaged fruit compared to the
control, and to 596.38 mg kg−1 FW in the pierced tissue. Both cyanidin 3-O-glucoside and
cyanidin 3-O- rutinoside increased by 104.4% and 78.0%, respectively, in the pierced tissue
of the damaged fruits and by 96.0% and 53.7%, respectively, in the non-pierced tissue of the
damaged fruits compared to the control.

4. Discussion

After initial measurements, weight loss was observed in fruit infested with
Halyomorpha halys in both cultivars. This behavior has been previously observed in blueber-
ries [12,20,21]. In addition, damaged fruit weight was found to be dependent on density, as
fruits with a higher number of feeding spots had a lower weight [12]. It can be concluded
that the damaged olives stop growing at pierced points due to pest infestation, resulting in
weight loss. A significant difference was also observed between damaged and control fruit
in the cultivar ‘Pendolino’. The changes in firmness could be due to changes in physical
structures, such as corky spots as a result of feeding [18,22]. Among color parameters, L
was significantly lower in damaged fruit of the cultivar ‘Istrska belica’ compared to the
control, with darker skin color than in the control fruit, which could be due to corky and
pierced tissue.
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All plants have the ability to respond to the environment by activating secondary
metabolism as part of the defense mechanisms to protect themselves from attack [15]. Our
results show that different olive cultivars do not respond in the same way to H. halys
infestation. In the cultivar ‘Istrska belica’, both the pierced and non-pierced tissues of
the damaged fruits were affected by an increase in the content of TPC compared to the
control. In this way, the plant tries to protect the undamaged tissue and act directly on the
pest [17,18]. Results for the cultivar ‘Istrska belica’ agree with those of other authors who
reported an increase in TPC content in fruit damaged by H. halys in different varieties [9,23].
However, the effect of H. halys on TPC is cultivar specific, since no effect was observed in
cultivar ‘Pendolino’.

It is known that the production of reactive oxygen species (ROS) is strongly associated
with a plant response to stress factors that cause cellular damage to its tissues [24]. The
antioxidant capacity was higher in the damaged fruits of the cultivar ‘Istrska belica’, which
could be a defense strategy of the fruit, as the accumulation of antioxidants helps to prevent
or delay oxidative damage to lipids, proteins, and nucleic acids by reactive oxygen species
in damaged tissues [25].

Most plants produce a wide range of phenolic compounds as defense molecules that
have toxic, repellent, or anti-nutritional effects on insects [26]. By increasing the synthesis of
phenolics, plants attempt to prevent pests from feeding on the fruit [23]. Of all 44 individual
phenolic compounds determined in the ‘Pendolino’ and ‘Istrska belica’ cultivars, 32 showed
changes in at least one cultivar. The strongest phenolic response was detected in the pierced
tissue of the damaged fruits by H. halys. These results are consistent with the phenolic
responses in strawberries, blueberries, and apples infested by Halyomorpha halys [9,23,27].

The strongest phenolic response was observed for flavones and the group of sec-
oiridoid phenolic compounds in the pierced tissue of damaged fruits in both cultivars.
Flavones, together with anthocyanins, flavonols, flavanones, dihydroflavonols, chalcones,
aurons, flavan, and proanthocyanidins, belong to the group of flavonoids known as defense
molecules in plants, which are synthesized as deterrents against many sucking insects. They
can alter the palatability of plants, reduce their nutritional content, decrease digestibility, or
have toxic effects on insects [18]. In the cultivar ‘Pendolino’, we observed an increase in
all flavones in both tissues of the damaged fruits, except for the content of apigenin 7-O-
glucoside in the non-pierced tissue, there were no differences compared with the control
fruits. Similar results were reported by Zamljen et al. [28] in pungent Capsicum infested by
brown marmorated stink bugs as well as in oats (Avena sativa), as a response to parasitic
nematode invasion [29]. In both cultivars, luteoline 7-O-glucoside content increased in the
pierced tissue of damaged fruits compared to the control. Our data agree well with those of
other authors who reported an increase in luteoline 7-O-glucoside in olive oil damaged by
olive fruit flies [30–32]. These results suggest that luteoline 7-O-glucoside could be a stress
response marker in olives. Apigenin 7-O-glucoside was present only in the ‘Pendolino’ cul-
tivar. An increase in apigenin 7-O-glucoside in the cultivars ‘Aellah’, ‘Chemlal’, ‘Rougette’,
and ‘Souidi’ was previously described by Medjkouh et al. [33], who studied the effects of
olive fruit fly infestation on the phenolic profiles of eight olive cultivars. An increase in
flavonols was detected in both cultivars. The highest increase of individual flavonols was
observed in the ‘Pendolino’ cultivar for quercetin 3-O-rhamnoside in the pierced tissue of
damaged fruits. However, in cultivar ‘Istrska belica’, an opposite response was observed in
the pierced tissue of the damaged fruits, similar to the results in the pericarp of the infested
Capsicum cultivar ‘Eris F1′ [28].

Secoiridoids are the main group of phenolic compounds found exclusively in the
Oleaceae family [4]. Their contents increased in both cultivars in the pierced tissue of the
damaged fruits and also in the non-pierced tissue of the cultivar ‘Istrska belica’. The main
individual phenolic compound from the group of secoiridoids was oleuropein in both
cultivars. Oleuropein is the most important secoiridoids in olive fruit and is responsible for
the bitter taste [4,34]. Its level increased in the pierced and non-pierced tissue of damaged
fruits in both cultivars. However, significant differences between the two tissues were
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also present in both cultivars. A stronger response was seen in the pierced tissue of the
damaged fruits. A similar response to oleuropein was also reported by Notario et al. [30] in
‘Manzanilla’ olive oil from fruit damaged by the olive fly.

Olive leaf and fruit extracts are known to contain high content of secoiridoids, par-
ticularly oleuropein [35]. They are responsible for insect repellent activity on Dacus olea,
Myzus persicae and Phthorimaea operculella [36,37] and could be useful for pest control [38].
The accumulation of oleuropein and consequently of secoiridoids, that we observed, could
be the plant’s strategy to repel H. halys.

Oleuropein is degraded to oleuropein aglycone by the endogenous olive enzyme
β-glucosidase present in the fruit [39]. In accordance, the content of oleuropein aglycone
derivatives decreased in the non-pierced tissue of damaged fruits and even more decreased
in the pierced tissue of damaged fruits in both cultivars, included in this study, similar
to Gucci et al. [40]. Later in the metabolic pathway, oleuropein aglycone is hydrolyzed to
hydroxytyrosol and elenolic acid [41]. Our results show that in the pierced and non-pierced
tissue of damaged fruits, hydroxytyrosol decreases in both cultivars, in accordance with the
results in other species [31,32,40,42]. These results suggest that oleuropein is not degraded
by β-glucosidase after H. halys infestation. Although oxidation of phenolics is a potential
defense mechanism of plants against insects [18], it could not affect hydroxytyrosol, since it
has the ability to transfer hydrogen from its phenolic hydroxyl group to reactive oxygen
species, and therefore minimize damage from oxidative reactions [43]. In accordance, with
this study, hydroxytyrosol content decreased in both cultivars in damaged olives compared
to control, as it was described in other species [32,40].

Hydroxycinnamic acids contribute to many developmental processes as well as plant
adaptation to biotic and abiotic stress responses, such as antioxidant properties, resistance
to viruses, and others [44]. The content of p-coumaric acid glucoside increased in the
pierced tissue of damaged fruits in both cultivars. Chlorogenic and cryptochlorogenic acid
were present only in the cultivar ‘Istrska belica’. Verbascoside has an antioxidant protective
effect on phospholipid membranes [45]. Our results in ‘Istrska belica’ cultivars shows that
the content of verbascoside decreased in the pierced tissue of the damaged fruits and in the
non-pierced part of the damaged fruits compared to the control. At the same time, in the
pierced tissue, the content of its oxidized form (β-hydroxy-verbascoside) increased in the
same amount, which strongly supports its antioxidant role in plant metabolism.

Anthocyanins were present only in the ‘Pendolino’ cultivar. They are colored water-
soluble pigments that serve as attractants for seed dispersers and pollinators, visual repel-
lents for pests, or camouflage [46]. Cyanidin 3-O-glucoside and cyanidin 3-O-rutinoside
that we described are responsible for the reddish-purple color of the fruit. The content of
anthocyanins in the damaged fruits is higher compared to the control fruits, which was
also reported in strawberries and blueberries [23,28]. Schaefer et al. [47] described that the
risk of fruit rot in grape varieties infested with Botrytis cinerea decreases with increasing
anthocyanin content. Increasing anthocyanin synthesis in the pierced tissue of damaged
fruits by H. halys could be a method of repelling or confusing pests or reducing the risk of
secondary infection by other microorganisms.

5. Conclusions

H. halys is an invasive pest in many species, which causes reduced fruit quality and
consequent economic loss. Our study is the first detailed report on the phenolic response
and quality changes in olive fruit of ‘Istrska belica’ and ‘Pendolino’ cultivars infested with
H. halys. There were multiple signs of pest feeding at harvest, including corky pierced tissue
on olive fruit. Infested fruit lost 9.8% to 22.1% of their weight, which directly affects yield. A
strong metabolic response was found in infected olive fruits. Of the 44 individual phenolic
compounds determined in both cultivars together, 21 increased and 17 decreased in at least
one cultivar. We found that the phenolic response was more localized in the pierced tissue
and was strongest in the cultivar ‘Istrska belica’. A cultivar-specific response was also seen
in the TPC and AC content, which was higher in the infested olives. We confirmed that
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both cultivars responded to H. halys infestation with an increase in secondary metabolites,
especially flavones, secoiridoids, anthocyanins, and flavonols. The phenolic compound
that increased the most in fruit was oleuropein, which increased by 44.7% and 82.6% in
the pierced tissue of damaged fruits and by 21.2% and 37.8% in the non-pierced tissue of
damaged fruits in ‘Pendolino’ and ‘Istrska belica’, respectively. The content of verbascoside
and hydroxytyrosol decreased, probably to minimize the damage caused by oxidative
reactions, as part of the plant antioxidant strategy response to stress. At harvest time, an
unpleasant odor was detected, which could contaminate olive fruit and derived products.
Determining the profile of volatile compounds of infested olives would be an interesting
area of investigation for future experiments.
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‘Pendolino’ and ‘Istrska belica’ cultivars.
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