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Abstract: The strawberry tree fruit and leaf are a rich source of minerals, easily digestible sugars,
dietary fibers, vitamins (especially vitamin C) and many bioactive compounds of significant functional
value. Due to their favorable chemical composition, fruits have recently become increasingly popular
in consumption. The aim of this study was to determine the physical-chemical composition, content of
bioactive compounds, and also the antioxidant capacity of the fruit and leaves of wild strawberry tree
populations among the Adriatic coast in Croatia, as well as to investigate the influence of location on the
content of specific bioactive compounds. According to the obtained results, both fruit and leaves are
pronouncedly high in vitamin C content, the average value for fruits amounted to 224.21 mg/100 g FW,
while that for leaves amounted to 138.08 mg/100 g FW. Additionally, significantly high values of total
polyphenolic compounds were recorded both in fruits (average value of 637.94 mg GAE/100 g FW)
and especially in leaves (average value of 2157.01 mg GAE/100 g FW). Several pigments from different
categories were determined in the fruit depending on fruit maturity, including: total anthocyanins,
β-carotene and lycopene; while in leaves chlorophylls and carotenoids. Given the high content of
different bioactive compounds high values of antioxidant capacity were determined (the average value
for fruits was 2269.96 µmol TE/kg and for leaves, 2237.16 µmol TE/kg). Location strongly influenced
the physical-chemical composition and also the content of specialized metabolites; populations
collected from southern areas (central and south Dalmatia) of the Adriatic coast tended to have higher
amounts of vitamin C, total phenols, total anthocyanins and β-carotene.
Keywords: Arbutus unedo L.; bioactive compounds; chemical composition; micro-location;
antioxidant capacity

1. Introduction
The strawberry tree (Arbutus unedo L., fam. Ericaceae) is a neglected fruit species in Croatia and
its potential for cultivation and consumption has not been sufficiently utilized. Namely, the fruit and
leaves of the strawberry tree are of significant functional importance and many studies have proven
high contents of minerals, easily digestible sugars, dietary fibers, vitamins (especially vitamin C) and
also many other bioactive compounds with significant antioxidant activity in strawberry fruit and
leaves [1,2]. Due to strawberries’ rich chemical composition, they have recently become increasingly
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popular for consumption, primarily due to their favorable nutritional composition, and therefore
significant medicinal properties: antiseptic, diuretic, laxative, anti-inflammatory action, prevention of
diabetes and others [3–5]. The beneficial effect of the strawberry tree on health has been recognized by
consumers, which is why almost all parts of the plant have been applied in traditional medicines [6].
Due to the high content of carbohydrates, fruits ferment quickly and are not as highly valued as for
fresh consumption. Additionally, given the abovementioned, from a health perspective, excessive
consumption of fruits is not recommended [5]. Strawberry tree leaves are also a nutritionally valuable
raw material and various scientific studies have proven the high content of vitamin C and specific
phytochemicals, bioactive compounds such as polyphenolic compounds (arbutin), terpenoids, essential
oils, tocopherols, etc., present in strawberries [7,8]. Based on the above, the use of leaves, as well as leaf
products, has suggested a number of biological benefits including significant antioxidant activity [9],
antibacterial and antifungal effects [10] and anti-inflammatory action of strawberry tree leaves [11].
Therefore, the strawberry tree is an undervalued fruit species, with different possible commercial uses
from the food industry (jams, jellies, alcoholic beverages) to ornamental, pharmaceutical and chemical
industries [12,13].
The strawberry tree is an evergreen fruit species whose natural populations are widely distributed
in the eu-Mediterranean region. In Europe it grows throughout the Mediterranean basin, from Portugal
to Turkey. In Croatia, the Strawberry tree is a wild fruit species distributed from Istria to Dubrovnik,
where it forms typical Mediterranean forests that are characterized by high temperatures and dry and
sunny climatic conditions [14]. As a heliophilous species, it grows alongside holm oak, evergreen
Mediterranean forests and macchias [1,6,14,15], with a very narrow ecological niche, growing on
different soil types and with different amounts of precipitation. Because of this, the natural populations
of strawberry trees can have a significant impact on the content of nutritional compounds in the fruit
and leaves of the plant, especially in the Mediterranean part of Croatia where the northern regions
(Istria and Kvarner islands) are less warm and sunny than the southern regions (central and south
Dalmatia, along with the islands) [16].
The aim of this study was to determine the chemical composition and content of bioactive
compounds in the fruit and leaves of wild strawberry tree populations, collected from natural
habitats in the Mediterranean part of Croatia, characterized by significantly different pedological and
climatic conditions.
2. Results and Discussion
2.1. Physical-Chemical Composition of Strawberry Tree Fruit
The physical-chemical composition of strawberry tree fruits from different locations are presented
in Table 1. All analyzed parameters strongly differ with significant statistical difference (p ≤ 0.0001),
given the varied location. Dry matter content (DM, %) ranges from 28.53–44.89%. Despite a fairly wide
range of determined DM values, in all analyzed fruit samples high values were determined suggesting
that the fruits of the strawberry tree represent a high quality nutritional raw material. Additionally,
compared to the other literature data, DM results obtained in this study are lower, suggesting that
climatic conditions and location significantly influence the DM content [17,18]. The lowest dry matter
content was determined for fruits from location one, while the highest was from location six. Fruits of
strawberry tree populations collected from geographically closer areas (micro-locations), tended to
have similar DM values. For example, in fruits from the Kvarner area (locations three, four and five)
an average DM value of 35% was determined; in fruits from central Dalmatia (locations 8, 9 and 10)
an average DM value of 33.5% was obtained, and fruits from south Dalmatia (locations 11, 12, 13,
16 and 17) yielded an average DM value of 32%, with some recorded deviations in each researched
area. The obtained results suggest that strawberry tree fruits collected from the more northern areas
of the Adriatic coast, tended to have higher DM values compared to the populations from southern
areas. The total soluble solids content (TSS, %) results are presented in Table 1, ranging from 21.67 to

Molecules 2020, 25, 5102

3 of 17

29.8% with an average TSS, for fruits from all locations within the Adriatic coast, of 24.24%. Regardless
of the location, recorded TSS values in all samples can be classified as relatively high in comparison
with other fruit species. Namely, the fruits of strawberry tree species are characteristic for their high
sugar content, with average values determined from the literature data suggesting values of between
15 to 30% [18–21]. Comparing the results of TSS from the literature data, it can be concluded that
the fruits anaylzed in this research are in accordance with previous findings. Analyzing the results
of TSS values depending on location, can be confirmed that the lowest TSS value was determined
in the fruits from location 16 (south Dalmatia area), while the highest TSS value was in the fruits
from location seven (Kvarner area). The obtained results for TSS values in relation to the location of
strawberry tree populations, are in agreement with the trend of the results for DM content, suggesting
that in populations from northern areas of the Adriatic coast higher TSS contents are determined.
The Istrian area had an average of 26.5% TSS, the Kvarner area had an average of 24.5%, central
Dalmatia demonstrated an average of 23% and south Dalmatia had an average of 23%, with some
recorded deviations in each area. The possible reason for the recorded trend, both for DM and TSS
content, could be due ecological factors which strongly differ with respect to the stated locations;
southern areas of the Adriatic coast tend to have higher average air temperatures (~17 ◦ C) and lower
levels of precipitation (~831 mm) per year compared to the northern areas (Istria: ~15 ◦ C, 896 mm;
Kvarner: ~16 ◦ C, 1216.5 mm; central Dalmatia: ~16 ◦ C, 868 mm) [16].
Table 1. Physical-chemical composition parameters of Strawberry tree fruit and leaf.
Location

DM (%)

TSS (%)

TA (%)

pH

Fruit
Rovinj I (1)
Rovinj II (2)
Lošinj (3)
Cres I (4)
Cres II (5)
Cres III (6)
Krk (7)
Zadar (8)
Tisno (9)
Šibenik (10)
Šolta (11)
Hvar (12)
Vis (13)
Korčula (14)
Mljet I (15)
Mljet II (16)
Pelješac (17)
Dubrovnik (18)

28.85 ± 0.23 l
36.78d ± 0.53 e
32.85 ± 1.87 ghij
34.96 ± 0.21 efg
35.85 ± 0.77 ef
44.89 ± 2.92 a
38.02 ± 0.27 cd
34.48 ± 0.08 fgh
31.77 ± 0.44 ijk
34.20 ± 0.39 fgh
30.78 ± 0.47 jkl
33.56 ± 0.37 ghi
32.54 ± 0.39 hij
39.30 ± 0.94 bc
40.53 ± 0.51 b
34.70 ± 3.57 efgh
29.97 ± 1.71 kl
38.21 ± 0.05 cd

26.03 ± 0.64 bc
26.97 ± 0.40 b
24.50 ± 0.85 def
23.37 ± 0.06 fg
25.53 ± 0.38 cd
25.10 ± 0.10 cde
29.80 ± 1.04 a
22.03 ± 0.29 hi
23.03 ± 1.11 gh
24.63 ± 0.40 def
21.80 ± 0.70 hi
24.57 ± 1.65 def
23.57 ± 1.15 fg
23.50 ± 0.57 fg
24.00 ± 1.39 efg
21.67 ± 0.21 i
21.73 ± 0.49 hi
24.50 ± 0.70 def

0.69 ± 0.006 ef
0.71 ± 0.025 de
0.58 ± 0.05 h
0.60 ± 0.01 h
0.61 ± 0.02 h
1.18 ± 0.01 a
0.95 ± 0.02 b
0.40 ± 0.01 i
0.72 ± 0.01 de
0.86 ± 0.02 c
0.70 ± 0.02 def
0.73 ± 0.006 d
0.70 ± 0.01 de
0.64 ± 0.01 g
0.87 ± 0.02 c
0.67 ± 0.02 fg
0.85 ± 0.01 c
0.93 ± 0.02 b

3.32 ± 0.025 def
3.43 ± 0.015 a
3.36 ± 0.02b cd
3.32 ± 0.06 def
3.31 ± 0.015 def
3.22 ± 0.11 g
3.19 ± 0.001 g
3.44 ± 0.06 a
3.30 ± 0.03 def
3.40 ± 0.12 abc
3.34 ± 0.02 cde
3.32 ± 0.01 def
3.28 ± 0.01 f
3.42 ± 0.02 ab
3.29 ± 0.02 ef
3.29 ± 0.02 ef
3.28 ± 0.03 f
3.31 ± 0.01 def

ANOVA

p ≤ 0.0001

p ≤ 0.0001

p ≤ 0.0001

p ≤ 0.0001

Leaf
Rovinj I (1)
Rovinj II (2)
Lošinj (3)
Cres I (4)
Cres II (5)
Cres III (6)
Krk (7)
Zadar (8)
Tisno (9)
Šibenik (10)
Šolta (11)
Hvar (12)
Vis (13)
Korčula (14)
Mljet I (15)
Mljet II (16)
Pelješac (17)
Dubrovnik (18)

61.43 ± 0.18 n
57.78 ± 0.21 o
90.04 ± 0.11 c
90.66 ± 0.06 b
75.71 ± 0.58 i
91.90 ± 0.01 a
82.44 ± 0.18 f
57.53 ± 0.045 o
77.61 ±0.22 h
84.32 ± 0.19 d
50.93 ± 0.21 p
83.59 ± 0.21 e
64.09 ± 0.25 m
75.07 ± 0.17 j
66.07± 0.79 l
70.39 ± 0.36 k
80.45 ± 0.18 g
82.54 ± 0.15 f

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

1.10 ± 0.02 gh
0.71 ± 0.02 j
1.44 ± 0.006 cd
1.39 ± 0.09 de
0.90 ± 0.02 i
1.93 ± 0.02 a
1.53 ± 0.04 b
0.75 ± 0.05 j
1.11 ± 0.05 gh
1.49 ± 0.03 bc
0.75 ± 0.006 j
1.56 ± 0.09 b
1.17 ± 0.03 g
1.28 ± 0.03 f
1.06 ± 0.02 h
1.06 ± 0.07 h
1.31 ± 0.09 ef
1.40 ± 0.03 d

5.12 ± 0.07 bcde
5.08 ± 0.03 cde
3.89 ± 0.47 g
4.75 ± 0.025 f
5.29 ± 0.04 ab
5.05 ± 0.02 de
5.25 ± 0.02 abc
5.29 ± 0.12 ab
5.35 ± 0.015 a
5.19 ± 0.001 abcde
5.15 ± 0.006 bcde
5.02 ± 0.025 e
4.68 ± 0.035 f
5.16 ± 0.006 abcde
5.19 ± 0.32 abdce
5.23 ± 0.05 abcd
5.12 ± 0.05 bcde
5.16 ± 0.035 abcde

ANOVA

p ≤ 0.0001

p ≤ 0.0001

p ≤ 0.0001

p ≤ 0.0001

Different letters (a–m) indicate significant differences between means at p ≤ 0.0001; DM—total dry matter content;
TSS—total soluble solids content; TA—total acid content; ND—not determined.
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Based on the results obtained for total acid content (TA, %) of strawberry tree fruits (Table 1),
it can be seen that there is a significant distribution of the results in the range from 0.39 to 1.18%.
The average determined TA content of fruits from all researched locations within the Adriatic coast
amounts 0.74%. The previous literature data state values of TA content in the range of 0.66–1.59% [6],
or even higher values of between 1.51–3.45% [22]. The lowest TA value was recorded in location
eight, while the highest TA value was in location six. Taking into account the locations of the sampled
populations, an average TA value of 0.7% was determined in fruits from the Istrian area (locations
one and two), an average TA value of 0.59% in fruits from the Kvarner area and 0.82% in fruits from
south Dalmatia. TA values recorded in fruits from the central Dalmatia area deviate more significantly
between each micro-location; for example in fruits from location eight, the lowest TA content was
recorded, while in fruits from location 10, among some of the highest determined contents (0.86%)
were recorded, with these two locations belonging to the same area (central Dalmatia). Determined pH
values (Table 1) of strawberry tree fruits also differ within the researched locations, with an average
value of 3.32. Minimal standard deviation from the mean was recorded for the pH values of strawberry
tree fruits from different locations, which indicates that all strawberry tree fruit samples have a fairly
uniform pH value regardless of location. The obtained pH values were similar to those found in the
strawberry tree fruits from Spain [3,23] with an average value of 3.43.
2.2. Physical-Chemical Composition of Strawberry Tree Leaves
Since strawberry tree leaves are edible in their fresh state, analysis of leaf chemical composition
is essential. Additionally, a relatively small amount of scientific studies have analyzed the
physical-chemical composition of strawberry tree leaves, so further research is necessary [2].
The physical-chemical compositions of strawberry tree leaves collected from different locations
are shown in Table 1. According to the obtained results, high significant statistical difference (p ≤ 0.0001)
was determined for all analyzed chemical parameters depending on location. In general, all Strawberry
tree leaf samples, regardless of the population location, show a high content of dry matter (DM, %),
ranging from 50.93 to 91.9%. A wide range of DM contents, with respect to the location of analyzed
populations, was noted. The lowest DM content was determined in samples from location 11, while the
highest content was in samples from location six. On average, in leaves from populations collected
in the Istrian area, the DM content was 59.61%, from the Kvarner area the average DM value was
85.5%, from central Dalmatia it was 73.15% and from south Dalmatia it was 70.09%. A similar trend of
lower DM contents of strawberry tree leaves in southern locations, compared to the northern locations,
was also found, as was the case for DM contents of the strawberry fruits. Total acid content (TA, %),
also significantly differed between strawberry tree leaves in relation to the location, in the range of
0.71 to 1.93%. Since the strawberry tree leaf is a poor source of total soluble solids (TSS), primarily
sugars, the TSS content was not determined in samples from wild strawberry tree populations collected
from different locations. Additionally, in the scientific literature there is a lack of available data
regarding TSS content and specific sugar content of strawberry tree leaves. The lowest TA content was
determined in leaves from strawberry tree populations from location two, while the highest was in
leaves from location six. The average TA content value of strawberry leaf samples from all analyzed
locations amounts 1.22%. pH values (Table 1) range from 3.89 (location three) to 5.35 (location nine)
and suggest a medium-high acidity of the samples. The average pH value of the strawberry tree leaves
amounts 5.06, regardless of the location. As in the case of TSS content, by reviewing the scientific
literature, a lack of available data was also identified for TA content and pH values of the leaves,
so further studies into the chemical composition of strawberry leaves is of great importance.
2.3. Bioactive Compounds Content of Strawberry Tree Fruits and Leaves
Bioactive compounds are important molecules in terms of human health, first of all because of
their significant antioxidant activity [24]. A number of phytochemicals can be classified as bioactive
compounds, such as: vitamins (vitamin C), minerals (selenium), pigments (chlorophylls, carotenoids),
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glucosinolates, polyphenols and others [25]. Additionally, lots of scientific studies have proven the
positive correlation between high content of bioactive compounds and high antioxidant activity [26,27].
Both strawberry tree fruits and leaves are rich sources of bioactive compounds [8,18,28], thus suggesting
that these raw materials are of great importance for human nutrition, and health in general.
The bioactive compound content and antioxidant activity of strawberry tree fruits and leaves
from different locations are shown in Table 2. For all analyzed bioactive compound contents—both for
fruits and leaves—high statistical significance (p ≤ 0.0001) was determined considering the location
of strawberry tree populations. Vitamin C content of fruits varied from 107.63 (location 16) to
402.41 mg/100 g FW (location 10), suggesting a relatively wide spread of the results in relation to
location. Considering the researched areas within the Adriatic coast, the following vitamin C contents
were determined: in fruits from the Istrian area, the average vitamin C value was 224.1 mg/100 g FW;
in fruits from the Kvarner area, the average vitamin C value was 223.41 mg/100 g FW; in fruits from
central Dalmatia, the average vitamin C value was 316.87 mg/100 g FW; and in fruits from south
Dalmatia the average vitamin C value was 189.97 mg/100 g FW. With regard to environmental factors
(temperature, precipitation and number of sunny days) specific to each individual area researched
in this study, such dispersion of vitamin C results is expected. It is important to emphasize that one
of the main factors for vitamin C synthesis and accumulation in fruit is the rate of photosynthesis
since one of the main products of photosynthesis, glucose, is a precursor in the synthesis of vitamin
C in plant tissues [29]. So, higher vitamin C content is expected in the areas with more sunny days
such as locations in central and south Dalmatia, with the exception of the Istrian area, compared to
the areas with lower annual values of sunny days. Regardless of the location, in fruits of all analyzed
populations, high vitamin C contents were determined, which is in agreement with other studies [13,30],
or even higher compared to the values obtained from research from Turkey [31]. Besides from the
strawberry tree fruit, the leaves of the researched species are specifically high in vitamin C content.
Vitamin C content in strawberry tree leaves ranges from 61.61 (location two) to 333.83 mg/100 g FW
(location 10). The highest vitamin C content was determined both in the fruits and leaves from the
population harvested from location 10. Average vitamin C values for strawberry tree leaves from the
Istrian area was 66.11 mg/100 g FW, the Kvarner area was 161.77 mg/100 g FW, central Dalmatia was
200.16 mg/100 g FW and from south Dalmatia was 134.84 mg/100 g FW. The same trend of vitamin
C content in leaves regarding the researched area was observed as for the strawberry tree fruits;
in general leaves collected from populations in central and south Dalmatia have higher vitamin C
contents compared to those from northern areas (the Istrian area), with the exception of the Kvarner
area which includes islands of specific climatic conditions (similar to central and south Dalmatia).
Polyphenol compounds are important secondary plant metabolites, responsible for the plant’s
response to stress conditions [32,33]. In human cells, polyphenols are inhibitors of oxidation processes
due to their ability to neutralize free radicals [34]. Polyphenols are present in all plant organs and
tissues and are mainly concentrated in the fruit skin and leaves [35]. Numerous studies emphasize
that strawberry tree fruits are a rich source of polyphenolic compounds, especially from the phenolic
acids and flavonoids groups [31,36,37]. Results of total phenol (TPC), total non-flavonoid (TNFC) and
total flavonoid (TFC) contents of strawberry tree fruits and leaves are presented in Table 2. Extremely
high values for all analyzed polyphenol compounds were determined both in fruits and leaves of the
strawberry tree. TPC content of fruits varied from 479.62 (location 12) to 850.02 mg GAE/100 g FW
(location six), TNFC from 233.95 (location one) to 410.74 mg GAE/100 g FW (location 10) and TFC
from 235.39 (location 12) to 466.88 mg GAE/100 g FW (location 17). Location had strong impact on all
analyzed polyphenol compounds, since significant variability of results was determined regarding
each studied area. On average, the TPC value was 357.06 mg GAE/100 g FW in fruits from the Istrian
area, 474.92 mg GAE/100 g FW in fruits from the Kvarner area, 632.23 mg GAE/100 g FW in fruits from
central Dalmatia and 718.59 mg GAE/100 g FW in fruits from South Dalmatia. In general, strawberry
tree fruits from the populations in southern areas (central and south Dalmatia) of the Adriatic coast
tended to have higher TPC values compared to the northern areas (Kvarner and Istrian areas). A similar
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trend was also determined for TNFC and TFC contents, with some more pronounced deviations.
The determined trend of TPC fruit content can be explained by environmental factors, primarily
temperature and precipitation. As previously mentioned, polyphenols are plant secondary metabolites,
plant molecules which are direct responses to stressful conditions to which the plant may be exposed.
High air temperature and lack of water (drought stress) are strong signals of stress to which the plant
responds by increasing synthesis of defense mechanism compounds—secondary metabolites such as
polyphenols. In general, it can be concluded that the fruits collected from studied areas characterized
by higher air temperatures and lower amounts of precipitation (central and south Dalmatia) tended to
produce and accumulate higher amounts of polyphenols [38,39].
Table 2. Bioactive compounds content of strawberry tree fruits and leaves from different locations.
Location

Vitamin C
(mg/100 g FW)

TPC (mg
GAE/100 g FW)

TNFC (mg
GAE/100 g FW)

TFC (mg
GAE/100 g FW)

Fruit
Rovinj I (1)
Rovinj II (2)
Lošinj (3)
Cres I (4)
Cres II (5)
Cres III (6)
Krk (7)
Zadar (8)
Tisno (9)
Šibenik (10)
Šolta (11)
Hvar (12)
Vis (13)
Korčula (14)
Mljet I (15)
Mljet II (16)
Pelješac (17)
Dubrovnik (18)

245.34 ± 2.78
202.86 ± 3.21 i
185.76 ± 3.56 jk
124.27 ± 1.75 n
190.59 ± 1.98 j
326.65 ± 1.07 b
289.80 ± 1.28 d
239.96 ± 1.76 g
308.25 ± 2.75 c
402.41 ± 3.25 a
183.23 ± 1.21 kl
139.15 ± 5.23 m
179.42 ± 0.42 l
190.08 ± 2.08 j
238.92 ± 1.41 g
107.63 ± 1.47 o
252.28 ± 1.31 e
229.07 ± 2.22 h

573.89 ± 1.15 m
657.37 ± 4.13 f
605.39 ± 1.03 k
649.21 ± 1.88 g
553.41 ± 1.87 o
850.02 ± 1.05 a
666.39 ± 1.77 e
637.99 ± 3.17 h
523.65 ± 1.34 p
735.04 ± 1.93 c
627.78 ± 1.91 i
479.62 ± 2.42 q
557.65 ± 1.62 n
622.24 ± 1.39 j
600.40 ± 0.65 l
621.84 ± 0.86 j
813.54 ± 2.68 b
707.26 ± 1.03 d

233.95 ± 1.14 l
283.18 ± 0.49 g
261.72 ± 0.85 ij
291.05 ± 1.17 f
258.81 ± 0.51 j
394.01 ± 2.07 b
266.19 ± 0.84 i
293.58 ± 0.49 ef
281.01 ± 0.57 g
410.75 ± 0.33 a
296.33 ± 0.47 e
244.22 ± 1.25 k
263.57 ± 2.53 i
274.51 ± 1.96 h
280.11 ± 1.03 g
306.93 ± 1.75 d
346.65 ± 1.8 c
258.51 ± 0.96 j

339.94 ± 1.81 h
374.19 ± 2.83 e
343.67 ± 1.52 gh
358.16 ± 1.84 f
294.59 ± 1.38 l
457.67 ± 0.13 b
400.21 ± 1.11 d
344.42 ± 2.7 gh
242.65 ± 1.09 m
324.32 ± 1.55 j
331.44 ± 1.66 i
235.39 ± 1.21 n
293.74 ± 1.04 l
347.73 ± 1.74 g
320.29 ± 1.08 jk
314.91 ± 2.11 k
466.88 ± 2.27 a
448.76±1.99 c

ANOVA

p ≤ 0.0001

p ≤ 0.0001

p ≤ 0.0001

p ≤ 0.0001

f

Leaf
Rovinj I (1)
Rovinj II (2)
Lošinj (3)
Cres I (4)
Cres II (5)
Cres III (6)
Krk (7)
Zadar (8)
Tisno (9)
Šibenik (10)
Šolta (11)
Hvar (12)
Vis (13)
Korčula (14)
Mljet I (15)
Mljet II (16)
Pelješac (17)
Dubrovnik (18)

70.61 ± 1.75
61.61 ± 2.44 m
113.63 ± 1.23 f
156.37 ± 2.12 e
84.44 ± 2.26 j
187.54 ± 1.33 d
266.87 ± 1.61 b
81.01 ± 2.56 jk
185.63 ± 2.61 d
333.83 ± 2.06 a
112.33 ± 1.52 f
210.91 ± 2.03 c
94.33 ± 2.48 hi
73.34 ± 1.91 kl
154.81 ± 2.54 e
87.55 ± 2.65 ij
101.99 ± 2.25 gh
108.59 ± 1.68 fg

2084.02 ± 3.31 l
2099.91 ± 1.15 k
2280.53 ± 2.04 e
2032.42 ± 2.07 m
1868.98 ± 2.09 p
2148.34 ± 2.65 h
1884.25 ± 0.82 o
2341.44 ± 1.09 d
2180.49 ± 1.39 g
2206.79 ± 1.01 f
1987.78 ± 1.88 n
1577.40 ± 2.63 q
2141.29 ± 1.28 i
2394.96 ± 2.65 c
2180.59 ± 1.39 g
2134.88 ± 1.05 j
2693.81 ± 2.84 a
2588.23 ± 0.93 b

1462.98 ± 0.87 p
1650.15 ± 0.06 j
1604.16 ± 0.89 k
1865.99 ± 0.06 h
1717.85 ± 0.58 i
1501.65 ± 0.93 o
1551.09 ± 1.08 m
1561.85 ± 0.68 l
1908.47 ± 2.77 g
1971.61 ± 1.88 e
1925.35 ± 0.86 f
1549.04 ± 2.39 m
2061.07 ± 2.29 c
1976.71 ± 0.95 d
1968.74 ± 1.85 e
1533.91 ± 1.41 n
2132.73 ± 2.73 a
2065.42 ± 2.91 b

621.04 ± 2.46 d
449.75 ± 1.14 h
676.37 ± 2.14 b
166.42 ± 2.07 n
151.13 ± 2.26 o
646.68 ± 2.90 c
333.15 ± 1.52 j
779.62 ± 1.26 a
272.03 ± 2.38 k
235.18 ± 1.88 l
62.42 ± 2.43 q
28.36 ± 2.16 r
80.22 ± 2.82 p
418.24 ± 2.49 i
211.86 ± 2.81 m
600.97 ± 1.41 e
561.08 ± 0.09 f
522.81 ± 2.91 g

ANOVA

p ≤ 0.0001

p ≤ 0.0001

p ≤ 0.0001

p ≤ 0.0001

lm

Different letters (a–f) indicate significant differences between means at p ≤ 0.0001. TNFC: total non-flavonoid; TPC:
total phenol; TFC: total flavonoid.

According to the results of the polyphenol profiles of strawberry tree leaves (Table 2), leaves are
also a rich source of these phytochemicals [1,31]. This is of a great importance due to the further possible
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usage of strawberry tree leaves, especially as a raw materials for the extraction of valuable phenols,
which than can then be used in the production of various products for number of phyto-therapeutic
purposes. The average TPC content in strawberry tree leaves was 2157.01 mg GAE/100 g FW;
TNFC was 1778.27 mg GAE/100 g FW and TFC was 378.74 mg GAE/100 g, regardless of the particular
location. The location of individual strawberry tree populations significantly affected on the content
of all studied polyphenolic compounds, with the same being true for plant leaves. For the specific
areas within the Adriatic coast, the following TPC contents of leaves have been determined: for the
Istrian area—an average value of 2091.97 mg GAE/100 g, for the Kvarner area—an average value of
2042.90 mg GAE/100 g, for central Dalmatia—an average value of 2242.91 mg GAE/100 g and for south
Dalmatia—an average value of 2528.42 mg GAE/100 g. As was found for the fruits, plant leaves also
followed the trend of increasing TPC content from the northern to the southern areas of the Adriatic
coast, with the highest TPC values determined in the leaves of populations from southern Dalmatia.
In general, the lowest TPC content in strawberry plant leaves (1577.4 mg GAE/100 g) was determined
for location 12, while the highest value (2693.81 mg GAE/100 g) was from location 17. It is interesting
that both the lowest and the highest TPC contents were measured in the same area (south Dalmatia),
which proves that the micro-location, i.e., the specific ecological factors within each general location,
significantly affect the content and profiling of polyphenol compounds. Variability of TNFC and
TFC values in leaves was also recorded for researched location and area: the TNFC value was on
average 1556.57 mg GAE/100 g FW and the TFC value was on average 535.72 mg GAE/100 g FW in the
Istrian area; the average TNFC value was 1648.31 mg GAE/100 g FW and the average TFC value was
394.75 mg GAE/100 g FW in the Kvarner area, the average TNFC value was 1813.98 mg GAE/100 g FW
and the average TFC value was 428.94 mg GAE/100 g FW in central Dalmatia, while in south
Dalmatia the average TNFC value was 2173.28 mg GAE/100 g FW and the average TFC value was
535.72 mg GAE/100 g FW.
2.4. Bioactive Colored Compounds of Strawberry Tree Fruit and Leaves
Plant pigments are natural colorants which give fruits, leaves and other plant parts their specific
coloration. Besides coloration, specific groups of plant pigments, also have different roles in the plant.
For example, chlorophylls are crucial for the photosynthesis process, while carotenoids have a protective
role, act as photo-protectors [40] and are potential antioxidants during plant stress [41]. Except for
their role in plants, plant pigments are important for humans too. Specifically, many pigments that are
naturally present in plants are efficient antioxidants and have a number of potential benefits for human
health. Anthocyanins, have been proven to have a strong antioxidant effect, along with β-carotene from
the carotenoid group [40]. Strawberry tree fruits are also unique due to their long period of maturation,
whereby fruits from the same plant may show different compositions of individual pigments [6].
In this study, several plant pigments both in the fruits (Table 3) and leaves (Table 4) were analyzed.
In strawberry tree fruit, three types of plant pigment were identified: anthocyanins, β-carotene and
lycopene. The content of all the analyzed plant pigments differ significantly (p ≤ 0.0001) dependent
on the location. In fruits from locations 1, 6, 10 and 14, total anthocyanin content (TAC) was not
determined, suggesting that the micro-location might have a significant role in their accumulation.
From the Istrian area, fruit TAC levels were only determined in fruits from location two with an average
value of 3.08 mg/kg, from the Kvarner area the average value was 7.69 mg/kg, from central Dalmatia the
average value was 8.1 mg/kg and from south Dalmatia average values were 12.23 mg/kg. The obtained
results suggest that fruits from the southern part of the Adriatic coast tended to have higher TAC
values compared to those from the northern area, despite the highly determined variability of results
regarding each location. In general, the highest TAC (24.19 mg/kg) was determined in fruits from
location 11 (the area of south Dalmatia), and it can be assumed that the climatic conditions of south
Dalmatia (the number of sunny days and temperature) are conducive to faster fruit ripening, and thus,
the accumulation of anthocyanins. The other two analyzed pigments are the most common ones from
the group of carotenoids and are responsible for giving fruits their specific orange (β-carotene)/red

Molecules 2020, 25, 5102

8 of 17

(lycopene) coloration. β-carotene content in fruits collected from different locations ranged from 50.07
(location 11) to 560.89 µg/100 g FW (location 18). With respect to the studied locations, the content
of β-carotene differs significantly between fruit populations. From observing specific areas within
the Adriatic coast, the following average values from each area were determined: the Istrian area
had an average β-carotene value of 109.72 µg/100 g FW, the Kvarner area had an average value of
280.82 µg/100 g FW, central Dalmatia had an average value of 191.3 µg/100 g FW and south Dalmatia
had an average value of 299.15 µg/100 g FW. The increasing trend of β-carotene content from northern
to southern areas was also determined as for the TAC, with the exception of the Kvarner area in which
slightly higher values of β-carotene were determined compared to central Dalmatia. Lycopene content
was determined in only a few strawberry tree fruit samples, depending on the location, while in
general, in all samples low lycopene content was identified. The highest lycopene content (1.14 mg/g)
was determined in fruits from location six and the lowest content (0.21 mg/g) in fruits from locations 7,
14, 16. Strawberry tree fruits are not known for having high lycopene content, as evidenced by other
scientific studies [1].
Table 3. Pigment compounds content of strawberry tree fruit from different locations.
Location
Rovinj I (1)
Rovinj II (2)
Lošinj (3)
Cres I (4)
Cres II (5)
Cres III (6)
Krk (7)
Zadar (8)
Tisno (9)
Šibenik (10)
Šolta (11)
Hvar (12)
Vis (13)
Korčula (14)
Mljet I (15)
Mljet II (16)
Pelješac (17)
Dubrovnik (18)
ANOVA

TAC (mg/kg FW)
h

β-Carotene (µg/100 g FW)
j

Lycopene (mg/g FW)

ND ± 0.001
3.08f ± 0.62 gh
4.51f ± 0.94 e
4.1f ± 1.42 g
8.41 ± 1.98 cd
ND ± 0.001 h
13.74 ± 2.49 b
4.92 ± 0.62 fe
11.28 ± 0.36 bc
ND ± 0.001 h
24.19 ± 2.33 a
5.54 ± 0.62 def
5.74 ± 0.35 def
ND ± 0.001 h
1.23 ± 0.001 gh
7.59 ± 2.56 de
21.73 ± 1.28 a
7.38 ± 0.62 de

84.97 ± 0.01
134.47 ± 0.001 i
323.87 ± 0.02 d
140.42 ± 0.001 i
402.14 ± 0.001 b
332.61 ± 0.001 d
205.04 ± 0.001 gh
157.76 ± 0.01 i
187.42 ± 0.001 h
228.73 ± 0.001 fg
50.07 ± 0.001 k
244.64 ± 0.001 f
ND ± 0.001 l
270.96 ± 0.001 e
ND ± 0.001 l
ND ± 0.001 l
369.23 ± 0.01 c
560.89 ± 0.01 a

ND ± 0.001 d
ND ± 0.001 d
ND ± 0.001 d
ND ± 0.001 d
0.31 ± 0.001 b
1.14 ± 0.001 a
0.21 ± 0.001 c
ND ± 0.001 d
ND ± 0.001 d
ND ± 0.001 d
ND ± 0.001 d
0.31 ± 0.001 b
ND ± 0.001 d
0.21 ± 0.001 c
ND ± 0.001 d
0.21 ± 0.001 c
0.31 ± 0.001 b
ND ± 0.001 d

p ≤ 0.0001

p ≤ 0.0001

p ≤ 0.0001

TAC—total anthocyanin content; ND—not determined. Different letters indicate significant differences between
means at p ≤ 0.0001.

The composition of the pigments in the strawberry tree leaves significantly differs from the fruit,
with chlorophyll as the most common, as expected (Table 4). All analyzed pigments from leaves
are significantly different (p ≤ 0.0001) depending on the location. Chlorophyll a content (Chlor_a)
ranged from 0.19 (location six) to 1.13 mg/g (location eight), while chlorophyll b content (Chlor_b)
ranged from 0.21 (location six) to 1.24 mg/g (location eight) and the total chlorophyll content (TCh)
ranged from 0.40 (location six) to 2.37 mg/g (location eight). From the analyzed samples it can be
pointed out that leaves from location six had the highest content of all the researched chlorophylls,
while samples from location eight had the lowest chlorophyll content. The results of all analyzed
chlorophyll compounds are strongly dispersed considering the investigated areas and also the location
(micro-location) of specific area. In general, in leaves from the Istrian area an average TCh value
of 1.42 mg/g was determined, in leaves from the Kvarner area an average value of 0.81 mg/g was
determined, from central Dalmatia an average value of 1.43 mg/g was found and in leaves from
south Dalmatia average value of 1.23 mg/g was noted. All plant tissues which contain chlorophyll
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pigments also contain carotenoids, as is confirmed by the results of this research. In strawberry tree
leaves, the total carotenoid content (TCA) ranged from 0.06 to 0.27 mg/g, while the lowest TCA was
determined in leaves from location three and the highest in leaves from location 14. Considering the
researched areas within the Adriatic coast, leaves collected from strawberry tree populations from
the Istrian area had an average TCA value of 0.17 mg/g, those from the Kvarner area had an average
value of 0.1 mg/g, those from central Dalmatia had an average value of 0.14 mg/g and those from south
Dalmatia had an average value of 0.195 mg/g. As for the results of chlorophyll content, the results for
TCA are strongly dispersed considering the investigated areas and also the location (micro-location) of
specific area.
Table 4. Pigment compounds content of strawberry tree leaves from different locations.
Location

Chlor_a (mg/g)

Chlor_b (mg/g)

T_chlor (mg/g)

TCA (mg/g)

Rovinj I (1)
Rovinj II (2)
Lošinj (3)
Cres I (4)
Cres II (5)
Cres III (6)
Krk (7)
Zadar (8)
Tisno (9)
Šibenik (10)
Šolta (11)
Hvar (12)
Vis (13)
Korčula (14)
Mljet I (15)
Mljet II (16)
Pelješac (17)
Dubrovnik (18)

0.75 ± 0.01 c
0.73 ± 0.01 d
0.44 ± 0.01 i
0.36 ± 0.01 j
0.64 ± 0.02 g
0.19 ± 0.01 n
0.29l ± 0.005 m
1.13 ± 0.02 a
0.67 ± 0.01 f
0.31 ± 0.01 k
0.68 ± 0.02 f
0.28 ± 0.01 m
0.7 ± 0.01 e
0.93 ± 0.05 b
0.74 ± 0.01 d
0.44 ± 0.01 i
0.29 ± 0.01 l
0.55 ± 0.06 h

0.79 ± 0.03 b
0.56 ± 0.01 f
0.67 ± 0.01 d
0.32 ± 0.02 i
0.60 ± 0.01 e
0.21 ± 0.01 l
0.31 ± 0.02 i
1.24 ± 0.03 a
0.68 ± 0.01 d
0.26 ± 0.01 k
0.54 ± 0.01 f
0.27 ± 0.005 k
0.61 ± 0.01 e
0.75 ± 0.01 c
0.66 ± 0.01 d
0.39 ± 0.01 h
0.29 ± 0.02 j
0.46 ± 0.01 g

1.54 ± 0.04 c
1.29 ± 0.02 f
1.11 ± 0.02 h
0.68 ± 0.01 k
1.24 ± 0.01 g
0.4 ± 0.02 o
0.6 ± 0.01 l
2.37 ± 0.05 a
1.35 ± 0.01 e
0.57 ± 0.05 mn
1.22 ± 0.01 g
0.55 ± 0.005 n
1.32 ± 0.01 f
1.68 ± 0.01 b
1.4 ± 0.01 d
0.84 ± 0.01 j
0.59 ± 0.02 lm
1.01 ± 0.01 i

0.18 ± 0.02 d
0.16 ± 0.006 f
0.06 ± 0.01 k
0.12 ± 0.01 h
0.16 ± 0.01 f
0.07 ± 0.005 j
0.09 ± 0.01 i
0.14 ± 0.01 g
0.17 ± 0.01 de
0.12 ± 0.01 h
0.21 ± 0.02 b
0.09 ± 0.01 i
0.21 ± 0.01 b
0.27 ± 0.005 a
0.19 ± 0.01 c
0.14 ± 0.01 g
0.09 ± 0.01 i
0.17 ± 0.01 e

ANOVA

p ≤ 0.0001

p ≤ 0.0001

p ≤ 0.0001

p ≤ 0.0001

Chlor_a—chlorophyll a; Chlor_b—chlorophyll b; T_chlor—total chlorophyll content; TCA—total carotenoid content.
Different letters indicate significant differences between means at p ≤ 0.0001.

2.5. Antioxidant Capacity of Strawberry Tree Fruit and Leaves
The determined values for antioxidant capacity, both of strawberry tree fruits and leaves,
are relatively high (Figure 1), suggesting that the analyzed plant material is of great importance from
a functional point of view. Oxidation processes are extremely undesirable in human cells and in
the cells of all living beings for that matter, leading to cell decay and accelerating the aging process.
Some biomolecules have a significant ability to slow down oxidative processes by inhibiting the
action of free radicals, showing great antioxidant activity and thus having a great impact on human
health by preventing the number of chronic diseases; from cardiovascular, neurodegenerative to
cancer [42]. One such class of biomolecules, with strong antioxidant activity are vitamins (especially
vitamin C), numerous compounds from the group of pigments (especially carotenoids), while the most
numerous—polyphenolic compounds (especially anthocyanins, flavonoids and others). All of these
phytochemicals were identified in the fruit and leaf samples of strawberry tree species suggesting
the importance of this species in nutrition. Antioxidant capacity (Ant_cap) both of Strawberry
tree fruits and leaves significantly differed depending on the location. In strawberry tree fruits
Ant_cap was in the range of 2251.65 to 2284.14 µmol TE/kg, while in leaves it was between 2205.17 to
2297.09 µmol TE/kg. Other scientific data also prove the high antioxidant activity of edible parts of
strawberry tree species [37], suggesting that the obtained results of this research are in agreement with
other published data.

phytochemicals were identified in the fruit and leaf samples of strawberry tree species suggesting the
importance of this species in nutrition. Antioxidant capacity (Ant_cap) both of Strawberry tree fruits
and leaves significantly differed depending on the location. In strawberry tree fruits Ant_cap was in
the range of 2251.65 to 2284.14 µmol TE/kg, while in leaves it was between 2205.17 to 2297.09 µmol
TE/kg. Other scientific data also prove the high antioxidant activity of edible parts of strawberry tree
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locations
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between means at p ≤ 0.0001.
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Leaf and fruit samples were collected from three randomly selected strawberry tree populations
(each tree from the same location represented one repetition). Only healthy and ripe fruits and
healthy leaves were collected for the intended laboratory analyses. The collected plant material (fruits
and leaves) was transported to the laboratory of the Department of Agricultural Technology, Storage
and Transport at the University of Zagreb, Faculty of Agriculture, for further chemical analysis.
3.2. Determination of Physical-Chemical Composition of Strawberry Tree Fruit and Leaves
For the purposes of the physical-chemical composition determination of the strawberry tree fruit
and leaves, standard methods were used: dry matter content (DM, %) by drying to constant mass at
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Table 5. Location geographical coordinates, meteorological data [16] and soil type [43] of collected wild
strawberry tree populations within the Adriatic coast.
Location
Name/No.
Rovinj I (1)
Rovinj II (2)

Location
Coordinates

Area

45◦ 060 38.4”,
13◦ 360 58.3”
45◦ 030 16.4”,
13◦ 400 34.5”

Lošinj (3)
Cres I (4)
Cres II (5)
Cres III (6)
Krk (7)

Tisno (9)
Šibenik (10)

44◦ 060 43.51”,
15◦ 130 46.34”
43◦ 480 20.57”, Central
15◦ 390 10.16” Dalmatia
43◦ 450 51.75”,
15◦ 510 20.16”

x
Šolta (11)
Hvar (12)
Vis (13)
Korčula (14)
Mljet I (15)
Mljet II (16)
Pelješac (17)
Dubrovnik (18)
x

Number of
Sunny Days

Soil Type

15

896

98

Rhodic/Chromic Cambisol

15

896

98

Rhodic/Chromic Cambisol

15

896

98

16.3

1216.5

89

Chromic Cambisols

16.3

1216.5

89

Chromic Cambisols

16.3

1216.5

89

Chromic Cambisols

16.3

1216.5

89

Chromic Cambisols

16.3

1216.5

89

Chromic Cambisols

16.3

1216.5

89

16

1139.2

123

Rendzic Leptosol

15.9

733.6

122

Rendzic Leptosol

15.9

733.6

122

Rendzic Leptosol

15.93

868.8

122

17.3

706.1

127

Leptic Chromic Cambisols

17.3

706.1

127

Leptic Chromic Cambisols

16.9

726.4

147

Leptic Chromic Cambisols

17.3

706.1

127

Leptic Chromic Cambisols

17.3

706.1

127

Leptic Chromic Cambisols

17.3

706.1

127

Leptic Chromic Cambisols

17.4

844.9

145

Leptic Chromic Cambisols

17.4

844.9

145

Leptic Chromic Cambisols

17.3

831.6

134

Kvarner

x
Zadar (8)

Average
Precipitation (mm)

Istria

x
44◦ 350 49.1”,
14◦ 240 35.7”
44◦ 580 25.6”,
14◦ 230 13.4”
44◦ 480 30.2”,
14◦ 210 51.90
44◦ 360 53.3”,
14◦ 300 42.1”
45◦ 060 27.1”,
14◦ 390 40.9”

Average Air
Temperatures (◦ C)

43◦ 220 45.7”,
16◦ 190 54.7”
43◦ 100 33.05”,
16◦ 370 5.44”
43◦ 30 10.58”,
16◦ 70 54.10”
42◦ 550 29.01”, South
17◦ 050 10.11” Dalmatia
42◦ 430 20.78”,
17◦ 380 53.56”
42◦ 450 55.58”,
17◦ 250 17.89”
42◦ 490 22.42”,
17◦ 400 44.07”
42◦ 390 2.68”,
18◦ 80 26.30”

x—mean value.

Leaf and fruit samples were collected from three randomly selected strawberry tree populations
(each tree from the same location represented one repetition). Only healthy and ripe fruits and healthy
leaves were collected for the intended laboratory analyses. The collected plant material (fruits and
leaves) was transported to the laboratory of the Department of Agricultural Technology, Storage and
Transport at the University of Zagreb, Faculty of Agriculture, for further chemical analysis.
3.2. Determination of Physical-Chemical Composition of Strawberry Tree Fruit and Leaves
For the purposes of the physical-chemical composition determination of the strawberry tree
fruit and leaves, standard methods were used: dry matter content (DM, %) by drying to constant
mass at 105 ◦ C according to [44], total acidity (TA, %) by potentiometric titration according to [44],
pH value by digital pH meter (Mettler Toledo, SevenMulti, Switzerland) [44], and also in the fruit,
total soluble solids content (%) by digital refractometer (Mettler Toledo, Refracto 30PX, SevenMulti,
Greifensee, Switzerland).
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3.3. Determination of Bioactive Compounds Content and Antioxidant Capacity
Vitamin C. Vitamin C content (mg/100 g fresh weight) was determined by titration with
2,6-dichloroindophenol (DKF) according to [45]. Vitamin C was isolated from the plant material (fruit
and leaf) by homogenizing the 10 g ± 0.01 of fresh plant material with 100 mL of 2% (v/v) oxalic acid.
Prepared solution was filtered through Whatman filter paper and the filtrate was obtained in a volume
of 10 mL. This was then titrated with fresh prepared 2,6-dichloroindophenol until the appearance of a
pink coloration. The final vitamin C content was calculated according to Equation (1) and expressed as
mg/100 g fresh weight.
V (DKF) × F
Vitamin C =
× 100
(1)
D
where is: V (DKF)—volume of DKF (mL); F—factor of DKF; D—sample mass used for titration
Total polyphenolic compounds. The total phenolic content (TPC), including flavonoids (TFC) and
non-flavonoids (TNFC) values were determined spectrophotometrically (Shimadzu, UV 1650 PC) by
a method based on a colored reaction that phenols develop with Folin–Ciocalteu reagent measured
at 750 nm [46]. The extraction of polyphenolic compounds was made according to the following
procedure: 10 g ± 0.01 of fresh plant material was weighed into an Erlenmeyer flask and the first 40 mL
of 80% EtOH (v/v) was added; the prepared sample was heated to boiling point and additionally heated
for 10 min with reflux. After 10 min, sample was filtered through Whatman filter paper in a volumetric
flask volume of 100 mL. After filtration, the rest of the sample was transferred in the Erlenmeyer flask
and an additional 50 mL of 80% EtOH (v/v) was added, and the procedure with reflux was repeated
for 10 min. The sample was filtrated in the same volumetric flask; the filtrates were combined and
the flask was filled to the mark with 80% EtOH (v/v). Such prepared extract was used for reaction
with Folin–Ciocalteu reagent. In a volumetric flask a volume of 50 mL 0.5 mL of ethanolic extract
was added and the following chemicals were added: 30 mL od distilled water (dH2 O), 2.5 mL of
prepared Folin–Ciocalteu reagent (1:2 with dH2 O) and 7.5 mL of saturated sodium carbonate solution
(Na2 CO3 ); the flask was filled to the mark with dH2 O and the prepared sample was allowed to stand at
room temperature for 2 h with intermittent shaking. For the purpose of TNFC content determination,
the same ethanolic extracts prepared for TPC determination were used, while TNFC separation was
made by the following procedure: 10 mL of ethanolic extract was added in the volumetric flask volume
of 25 mL, then 5 mL of HCl (1:4, v/v) and 5 mL of formaldehyde was added. The prepared samples
were blown with nitrogen (N2 ) and allowed to stand for 24 h at room temperature in a dark place.
After 24 h, the same Folin–Ciocalteu reaction as for the TPC was conducted. The absorbance of the
blue color both in the TPC and TNFC reaction was measured spectrophotometrically at 750 nm with
distilled water as a blank probe. Gallic acid and catechin were used as an external standard and the
concentration of TPC and TNFC content was expressed as mg GAE/100 g fresh weight. TFC content
was expressed mathematically as the difference between total phenols and non-flavonoids.
Bioactive colored compounds. The following pigment compounds in the strawberry tree fruit
following were analyzed:
Total anthocyanin content spectrophotometrically at 520 nm by the bisulphite bleaching method
according to [46]: 2 g ± 0.01 of fresh fruit material was weighed into cuvette volume of 50 mL, 2 mL of
0.1% HCl (diluted with 96% EtOH) and 40 mL of 2% HCl (v/v) was added. Prepared samples were
centrifuged 10 min at 4500 rpm. After centrifugation, 10 mL of supernatant was separated into one test
tube and 10 mL into another test tube. In first test tube 4 mL od dH2 O was added (blank probe), while in
second 4 mL of fresh prepared solution of 15% sodium bisulphite (NaHSO3 , v/v). Such prepared
samples was allowed to stand in test tubes for 15 min, while after, absorbances (A1 for blank probe and
A2 for reaction with bisulphite) were measured spectrophotometrically at 520 nm with 2% HCl (v/v) as
a blank probe. The final anthocyanin content (TAC) was calculated by the difference of absorbance
(A1–A2) multiplicated with the molar mass of the most common anthocyanin, and expressed as mg/kg.
β-carotene content was determined by the method described in [47] with some minor modifications
in the isolation procedure. In a glass laboratory test tube 0.5 g ± 0.01 of plant material was weighed
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and a total volume of 15 mL of petroleum ether (40–70 ◦ C): acetone (1:1) was added three times. After
each addition of solvent, samples were homogenized by a laboratory homogenizer (IKA, UltraTurax
T-18, Staufen, Germany). To remove the acetone from the samples, elution with distilled water was
conducted, while for the purpose of water removal, samples were passed through anhydrous sodium
sulphate. Final separation of β-carotene from the singled carotenoid layer was conducted by column
chromatography with a specific adsorbent. Eluted β-carotene was transferred into a volumetric flask
volume of 10 mL, the concentration was read spectrophotometrically at 450 nm with petroleum ether
(40–70 ◦ C) as a blank probe, while final results were recalculated and expressed as µg/100 g fresh weight.
Lycopene content was determined according to method described in [48] and adapted to the fruit
samples. The homogenized fruit sample was weighed (0.3 g ± 0.01) into a glass beaker and following
chemicals were added: 5 mL of 0.05% BHT dissolved in acetone (p.a.), 5 mL of ethanol (96%) and
10 mL of hexane (p.a.). The samples were incubated in a water bath at 4 ◦ C for 15 min, after which
3 mL of distilled water was added, and the resulting suspension was left in a water bath at 4 ◦ C for
5 min. The samples were then incubated for 5 min at room temperature with intermittent shaking.
After incubation on the surface of the suspension, the hexane (colored, lycopene) layer was separated
and carefully transferred into a cuvette. The absorbance was measured spectrophotometrically at
503 nm with hexane as a blank. The final results were expressed as mg/g.
Total chlorophyll and carotenoid content. Analysis included determination of chlorophyll a,
chlorophyll b, total chlorophyll and total carotenoids by the method described in [49] and [50]. Pigments
were isolated from plant material as follows: in a glass laboratory test tube 0.2 g ± 0.01 of fresh plant
material was weighed and a total volume of 15 mL of acetone (p.a.) was added three times. After each
addition of acetone, samples were homogenized with a laboratory homogenizer (IKA, UltraTurax T-18,
Staufen, Germany). The final solution was filtered and transferred into a volumetric flask volume of
25 mL. The absorbance was measured spectrophotometrically (Shimadzu UV 1650 PC, Kyoto, Japan) at
662, 644, and 440 nm with acetone as a blank probe. To obtain the results of pigment content based on
the complained absorbance Holm–Wettstein equations were used (2). The final results for the pigment
contents were expressed in mg/g.
chlorophyll a = 9.784 × A662 − 0.990 × A644 [mg/L]

(2)

chlorophyll b = 21.426 × A644 − 4.65 × A662 [mg/L]

(3)

total chlorophyll = 5.134 × A662 + 20.436 × A644 [mg/L]

(4)

total carotenoids = 4.695 × A440 − 0.268 × (total chlorophlls) [mg/L]

(5)

3.4. Antioxidant Capacity Determination Greifensee
For the purposes of antioxidant capacity determination ethanolic extracts, obtained from total
phenol determination, were used. Antioxidant capacity was determined spectrophotometrically
using an ABTS radical cation (2,20 -azinobis (3-ethylbenzothiazoline-6-sulfonic acid)) at
734 nm according to method described in [51].
As an antioxidant standard, Trolox
(6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid, Sigma-Aldrich, St. Louis, MO, USA) was
used. Trolox was prepared as stock standard and also appropriate dilutions for the purpose of
calibration curve creation was prepared. The 5 mL of ABTS solution (7 mM) and 88 mL of potassium
persulfate (140 mM) solution were mixed and allowed to stand in the dark at room temperature for
16 h for obtaining an ABTS radical (ABTS·1). On the day of analysis, 1% ABTS·1 solution (in 96%
ethanol) was prepared. A total of 160 µL of extract was directly injected into the cuvette and mixed
with 2 mL of stable ABTS·1. The final results were expressed as mmol TE/L.
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3.5. Statistical Analysis
A sample of 20 fruits and 20 leaves were included in three repetitions (a total of 60 fruits and
60 leaves for each location). Laboratory analyses of chemical composition and bioactive compounds
for each sample were performed in triplicate. According to a randomized block design (with three
replicates), to determine the significance of differences within the examined factor ANOVA and
Duncan’s multiple range tests were performed using statistical software [52]. Mean values were
compared by an LSD test where p = 1% was considered the statistical level of significance. In addition
to the results, the tables show different letters that indicate significant statistical differences between
the varied treatments at p ≤ 0.0001. The average deviation of the results from the mean value for each
investigated parameter with the values of standard deviation is also presented.
4. Conclusions
Based on the obtained results, it can be concluded that both strawberry tree fruit and leaves
are nutritionally important sources, since in analyzed plant material samples high contents of
bioactive compounds, especially vitamin C and phenols, but also different plant pigments: β-carotene,
anthocyanins and lycopene in fruits and chlorophylls in leaves were identified. Based on the valuable
nutritional composition and high level of bioactive compounds, high values of antioxidant capacity,
both for fruits and leaves were determined. In strawberry tree populations collected from southern
areas (central and south Dalmatia) of the Adriatic coast, higher contents of important nutrients such as
vitamin C, total phenols, anthocyanins and β-carotene were found. Additionally, populations collected
on the Mediterranean islands off the southern Adriatic coast tended to accumulate more phytochemicals
in fruits and leaves. Therefore, it can be concluded that location, but also micro-location significantly
influenced the nutritional quality of the edible parts—fruits and leaves—of the strawberry tree.
Additionally, further studies of individual bioactive compounds from categories of polyphenols and
pigments by more precise analytical methods (HPLC) are necessary in order to provide more detailed
information of the potential use and quality of strawberry tree fruit and leaves. According to the results,
fruits and leaves of the strawberry tree’s natural populations show significant biological potential,
rich nutritional composition, and thus, a functional value ofgreat importance for the human diet.
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of bioactive compounds from lemon balm and peppermint leaves. Int. Agrophys. 2016, 30, 95–104. [CrossRef]
Bouyahya, A.; El Moussaoui, N.; Abrini, J.; Bakri, Y.; Dakka, N. Determination of phenolic contents,
antioxidant and antibacterial activities of Strawberry tree (Arbutus unedo L.) leaf extracts. Br. Biotechnol. J.
2016, 14, 1–10. [CrossRef]
Smirnoff, N. The function and metabolism of ascorbic acid in plants. Ann. Bot. 1996, 78, 661–669. [CrossRef]
Seker, M.; Toplu, C. Determination and comparison of chemical characteristics of Arbutus unedo L. and Arbutus
andrachnae L. (family Ericaceae) fruits. J. Med. Food 2010, 13, 1013–1018. [CrossRef]
Sagbas, H.I.; Ilhan, G.; Zitouni, H.; Anjum, M.A.; Hanine, H.; Necas, T.; Ondrasek, I.; Ercisli, E. Mophological
and Biochemical Characterization of Diverse Strawberry Tree (Arbutus unedo L.) Genotypes from Northern
Turkey. Agronomy 2020, 10, 1581. [CrossRef]
Dai, J.; Mumper, R.J. Plant phenolics: Extraction, analysis and their antioxidant and anticancer properties.
Molecules 2011, 15, 7313–7352. [CrossRef]
Kennedy, D.O.; Wightman, E.L. Herbal extracts and phytochemicals: Plant secondary metabolites and the
enhancement of human brain function. Adv. Nutr. 2011, 2, 32–50. [CrossRef]
Devasagayam, T.; Tilak, J.; Boloor, K.; Sane, K.; Ghaskadbi, S.; Lele, R. Free radicals and antioxidants in
human health: Current status and future prospects. J. Assoc. Physicians India 2004, 52, 794–804.
Naczk, M.; Shahidi, F. Phenolics in cereals, fruits and vegetables: Occurrence, extraction and analysis.
J. Pharm. Biomed. Anal. 2006, 41, 1523–1542. [CrossRef]
Alexandre, A.M.R.C.; Matias, A.A.; Bronze, M.R.; Cocero, M.J.; Mato, R. Phenolic Compounds Extraction of
Arbutus unedo L.: Process Intensification by Microwave Pretreatment. Processes 2020, 8, 298. [CrossRef]
Zitouni, H.; Hssaini, L.; Messaoudi, Z.; Ourradi, H.; Viuda-Martos, V.; Hernández, F.; Ercisli, S.; Hanine, H.
Phytochemical Components and Bioactivity Assessment among Twelve Strawberry (Arbutus unedo L.)
Genotypes Growing in Morocco Using Chemometrics. Foods 2020, 9, 1345. [CrossRef] [PubMed]
Estiarte, M.; Filella, I.; Serra, J.; Peñuelas, J. Effects of nutrient and water stress on leaf phenolic content of
peppers and susceptibility to generalist herbivore Helicoverpa armigera (Hubner). Oecologia 1994, 99, 387–391.
[CrossRef]
Albergaria, E.T.; Oliveira, A.F.M.; Albuquerque, U.P. The effect of water deficit stress on the composition of
phenolic compounds in medicinal plants. S. Afr. J. Bot. 2020, 131, 12–17. [CrossRef]
Maoka, T. Carotenoids as natural functional pigments. J. Nat. Med. 2020, 74, 1–16. [CrossRef]
Young, A.J. The photoprotective role of carotenoids in higher plants. Physiol. Plant. 1991, 83, 702–708.
[CrossRef]
Zhang, Y.J.; Gan, R.Y.; Li, S.; Zhou, Y.; Li, A.N.; Xu, D.P.; Li, H.B. Antioxidant phytochemicals for the
prevention and treatment of chronic diseases. Molecules 2015, 20, 21138–21156. [CrossRef]
IUSS Working Group WRB. World Reference Base for Soil Resources 2014-International Soil Classification System
for Naming Soils and Creating Legends for Soil Maps; World Soil Resources Reports No. 106; FAO: Rome,
Italy, 2014.
Anonymous; Association of Officiating Analytical Chemists. Official Methods of Analysis: Method 1995, 6th ed.;
AOAC International: Washington, DC, USA, 1995.
Anonymous; Association of Officiating Analytical Chemists. Official Methods of Analysis: Method 2002,
17th ed.; AOAC International: Washington, DC, USA, 2002.
Ough, C.S.; Amerine, M.A. Methods for Analysis of Musts and Wines; John Wiley and Sons: New York, NY,
USA, 1988; pp. 1–377.
Booth, V.K. Carotene, Its Determination in Biological Materials; W. Heffer and Sons, Ltd.: Cambridge, UK, 1957;
pp. 1–119. [CrossRef]
Fish, W.W.; Perkins-Veazie, P.; Collins, J.K. A quantitative assay for lycopene that utilizes reduced volumes
of organic solvent. J. Food Compos. Anal. 2002, 15, 309–317. [CrossRef]
Holm, G. Chlorophyll mutations in barley. Acta. Agr. Scand. 1954, 4, 457–471. [CrossRef]
Wettstein, D. Chlorophyll-letale und der submikroskopische Formwechsel der Plastiden. Exp. Cell Res. 1957,
12, 427–434. [CrossRef]

Molecules 2020, 25, 5102

51.
52.

17 of 17

Re, R.; Pellegrini, N.; Proteggente, A.; Pannala, A.; Yang, M.; Rice-Evans, C. Antioxidant activity applying an
improved ABTS radical cation decolorization assay. Free Radic. Biol. Med. 1999, 26, 1231–1237. [CrossRef]
SAS Version 9.3; SAS Institute Inc.: Cary, NC, USA, 2010.

Sample Availability: Samples of the compounds are not available from the authors.
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

