Nutrient composition of Algerian strawberry-tree fruits (Arbutus unedo L.)

Noureddine Boussalah', Djamal Boussalahz, Laura Cebadera-Miranda3, Virginia
Fernandez-Ruiz’, Lillian Barros®, Isabel C.F.R. Ferreira", Maria Cortes Sanchez Mata®
and Khodir Madani'

! Laboratoire de Biomathématiques, Biophysique, Biochimie, et Scientométrie (L3BS),
Faculté des Sciences de la Nature et de la Vie, Université de Bejaia, 06000 Bejaia, Algeria.
? Institut National de Criminalistique et de Criminologie de la Gendarmerie Nationale
(INCC-GN), Foret de Bouchaoui, 16002 Cheraga, Algeria

7 Dpto, Nutricién y Bromatologia II, Facultad de Farmacia, Universidad Complutense de
Madrid (UCM), Pza Ramon y Cajal, s/n, E-28040 Madrid, Spain

* Mountain Research Centre (CIMO), ESA, Polytechnic Institute of Bragan¢a, Campus de
Santa Apolonia, 1172, 5300-253 Braganga, Portugal

Abstract — Introduction. Arbutus unedo L. (strawberry-tree fruit) is indigenous plant in
North Africa with few published works about the composition of its fruits. For their
valorization, morphological and chemical characterizations were carried out for two
harvesting seasons of four different areas of Algeria. Materials and methods. Wild
strawberry-tree fruits were collected in four different sites located in Tell Atlas, and two
different seasons. Fruit size and shape, pH, titratable acidity, moisture, total available
carbohydrate (TAC), soluble sugars, dietary fiber, protein, lipid, ash, fatty acids and mineral
composition (K, Na, Ca, Mg, Fe, Cu, Mn, Zn, Ni and Cd) were determined. Results and
discussion. Fruit contents (in g kg ') varied between 637.3 + 33.8 to 741.3 +12.0,

126.8+ 11.1t0 189.3+4.1,22.6 £2.2t035.5+2.1,5.1 £ 0.3 to 8.8 £ 0.5 for moisture, TAC,
protein and lipid, respectively. For iron, fruit weight and polyunsaturated fatty acids (PUFA),
the contents varied between 7.01 £ 0.15 to 17.24 + 0.74 mg kg ' of fruit, 4.91 + 1.58 t0 6.76 +
2.04 g and 56.34 + 1.37 to 68.18 + 0.14% of lipid, respectively. Conclusion. This study
provides original data about the morphological and chemical composition of strawberry-tree
fruits from Algeria. The results show that the fruits can be essentially a potential source of
dietary fiber, PUFA and iron.
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Composition nutritionnelle des fruits de I’arbousier Algérien (Arbutus
unedo L.).

Résumé - Introduction. Arbutus unedo L. (Arbousier) est une plante indigene en Afrique du
Nord avec peu de travaux publiés sur la composition de ses fruits. Pour leur valorisation, une
caractérisation morphologique et chimique a été réalisée pour quatre régions différentes de
1'Algérie et deux saisons de récolte. Matériel et méthodes. Les fruits sauvages ont été
récoltées de quatre sites de 1’Atlas Tellien sur deux saisons différentes. Taille et forme du

- Corresponding author: noureddine.boussalah@univ-bejaia.dz
1




fruit, pH, acidité titrable, humidité, glucides totaux disponibles (GTD), sucres solubles, fibres
alimentaires, protéines, lipides, cendres, acides gras et composition minérale (K, Na, Ca, Mg,
Fe, Cu, Mn, Zn, Ni et Cd) ont ¢té déterminés. Résultats et discussion. Les teneurs des fruits
(en g kg) ont varié de 637.3 £33.84741.3 £ 12.0,de 126.8 + 11.14 189.3 +4.1, de 22.6 +
2.2a355+2.1etde5.1£0.34a8.8+0.5 pour 'humidité, les GTD, les protéines et les
lipides, respectivement. Pour le fer, le poids des fruits et les acides gras polyinsaturés (AGPI),
les teneurs ont varié de 7.01 £ 0.15 a4 17.24 + 0.74 mg kg™’ de fruits, de 4.91 + 1.58 2 6.76 +
2.04 getde 56.34 + 1.37 2 68.18 = 0.14% de lipides, respectivement. Conclusion. Cette étude
fournit des données originales sur la composition morphologique et chimique des fruits de
l'arbousier d'Algérie. Les résultats montrent que les fruits peuvent étre essentiellement une
source potentielle de fibres alimentaires, de AGPI et de fer.

Mots-clés : Algérie ; Arbutus unedo L. (fruit de I’arbousier) ; caractérisation morphologique
des fruits ; composition des aliments ; fruit sauvage.

Significance of this study
What is already known on this subject?

* There is many published studies of Arbutus unedo L. fruits from European countries,
and despite the wide spread of this species in the Algerian Tell Atlas mountains, these
wild fruits remain unknown in terms of composition.

What are the new findings?

* This work is the first morphological and chemical characterization of Algerian
Arbutus unedo L. fruits. They are a good source of dietary fiber, unsaturated fatty
acids and iron. In addition, three fruit shapes have been identified: round (51.6%), flat
(40.3%) and elongate shape (8.1%).

What is the expected impact on horticulture?

* Fruit morphology and composition data may be valuable information to be used for
trials devoted to adaptation to growing conditions, breeding programs, Food
Composition Databases or developing new industrial foods



1 Introduction

The strawberry-tree (Arbutus unedo L., Ericaceae) is a shrub or small tree that can reach
up to 9-12 m and found in all the Mediterranean basin (excluding Egypt and Libya). It has a
dense evergreen foliage with glossy green, white bell-shaped flowers (Mhamdi Takrouni ef
al., 2012; Sanchez-Mata and Tardio, 2016) and a red fleshy spherical fruits with 2-3 cm
diameter at maturity, with the presence of prominences that giving them a spiky shape. At
advanced ripening stage, it has a sweet taste and it has been reported as rich in fermentable
sugars, dietary fiber, minerals, unsaturated fatty acids and several antioxidant compounds
including vitamins (vitamin C, vitamin E, carotenoids, etc.) (Alarcdo-E-Silva ef al., 2001;
Ayaz et al., 2000; Ozcan and Haciseferogullari, 2007; Pallauf ef al., 2008; Ruiz-Rodriguez et
al., 2011; Ruiz-Rodriguez et al., 2014a) and various phenolic compounds, such as phenolic
acids (gallic acid, protocatechuic acid, gentisic acid, p-hydroxybenzoic acid, vanillic acid and
m-anisic acid), arbutine (Ayaz et al., 2000), proanthocyanidins and flavonoids as myricetin-3-
xyloside, quercetin-3-rutinoside, quercetin-3-xyloside,quercetin-3-rhamnoside and
anthocyanins (glycosides of cyanidin and delphinidin) (Pallauf et al., 2008).

The fruits are edible and acquire a pleasant flavor only at advanced maturity stage, which
limits their consumption as fresh fruits. Besides they are usually processed into alcoholic
beverages (wines, liqueurs and brandies), jams, marmalades and jellies (Alarcao-E-Silva et
al., 2001; Pallauf et al., 2008). In addition, it has been reported that in traditional medicine the
fruits have shown antiseptic, diuretic, and laxative effects (Pallauf et al., 2008) and they are
used to treat gastritis (Cornara et al., 2009; Leonti et al., 2009; Oliveira et al., 2011b),
urological, dermatological, cardiovascular (Leonti et al., 2009) and kidney diseases (El-Hilaly
et al., 2003), but all these uses remain more as traditional habits than having economical
purposes (Celikel et al., 2008). That is why, 4. unedo fruits can be valorized through other
new uses, such as making non-alcoholic beverages, by incorporating them into yogurts,
dessert fillings and cereals products or as a source of bioactive compounds in food
supplements and nutraceuticals (Barros et al., 2010; Ruiz-Rodriguez et al., 2011). This would
lead to the integration of this species in sustainable development projects to become an
income resource for the farmers, which will participate in the preservation of forests and
mountain ecosystems (Gonzalez et al., 2011). For those purposes, the information on the
composition of strawberry tree fruits might be useful for consumers and food technologists
(Ruiz-Rodriguez et al., 2011).

In the literature, apart of the genetic diversity of strawberry-tree (Mhamdi Takrouni et al.,
2012; Mhamdi Takrouni and Boussaid, 2010), several studies of biological activity of leaves
(Ruiz-Rodriguez et al., 2011) and antioxidant activity of fruits (Barros ef al., 2010), only a
few works on nutritional aspects has been reported (Ruiz-Rodriguez et al., 2011).

On the other hand, it is widely known that natural food resources are subjected to high
natural variability depending on genetic and environmental conditions of growing,
particularly in wild fruits (Maieves et al., 2015; Ruiz-Rodriguez et al., 2014b). In this context,
although some European fruits have been previously studied, very little is known about the
chemical composition of strawberry-tree fruits from African origin (Sdnchez-Mata and
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Tardio, 2016), apart from some work about bioactive properties such as Allane and Benamara
(2010).

For that reason, the aim of this study is to provide original data for the characterization of
strawberry-tree fruits from North-Africa (Algerian Tell Atlas Mountains), including natural
variability (location and season) which is necessary to achieve representative data to
contribute to fruit composition knowledge. This main objective can be addressed by the
following specific objectives: 1) study of morphology of strawberry-tree fruits (fruit weight,
size and shape); ii) study of physicochemical parameters (pH, titratable acidity, moisture); iii)
study of nutrient composition of strawberry-tree fruits (available carbohydrate, soluble sugars,
proteins, dietary fiber, lipids, ash, fatty acids and mineral composition).

The hypothesis of this work is that, as 4. unedo L. is widespread in Algerian forests and
in the past, it has been an important source of nutrients for rural populations, nowadays it can
be also a good source of nutrients, even taking into account the natural variability linked to
fruits composition.

2 Materials and methods
2.1 Sampling

Arbutus unedo L. fruits were harvested from four sampling areas, situated on the Tell
Atlas Mountains (Northern of Algeria) (Figure I). Three areas are located at nearly 400, 200
and 150 Km to the east of Algiers: at Skikda (SK) (latitude 36°46°34.78 N, longitude
6°59°30.88 E and altitude 240 m), Bordj-Mira (BM) (latitude 36°33°29.25 N, longitude
5°18°48.66 E and altitude 220 m) and Adekar (AD) (latitude 36°41°13.56 N, longitude
4°40°49.58 E and altitude 980 m), respectively. The last area was at Medea (MD) (latitude
36°20°49.15" N, longitude 2°40°32.86" E and altitude 854 m) located at 80 Km to the south-
west of Algiers.

According to world reference base for soil resource, Adekar and Skikda soils are
classified as haplic luvisol and albic luvisol, which are slightly acid and clay-rich soils,
respectively. While, Medea and Bordj-Mira soils are classified as a haplic calcisol (with high
accumulation of calcium carbonate) (Jones et al., 2013).

Two kg fruit (about 350 berries gathered from 15, 17, 18 and 20 trees from Sk, BM, MD
and AD, respectively) for each area were harvested in natural forests at their optimal ripening
status, with red color, soft flesh and a healthy external appearance, in November-December of
2012 and 2013. The sample was prepared according to the procedures recommended by
Greenfield and Southgate (2003) to obtain composition data of wild fruit samples. The
samples were transported to the laboratory in the same day in cooler box at 4°C. Each sample
was divided into two equal parts: the first one was used immediately for the determination of
moisture content, pH, titratable acidity and morphological characteristics of the fruits, and the



second one was washed with distilled water and lyophilized (LyoQuest-55, Telstar, Terrassa,
Spain).

2.2 Determination of morphological parameters

Fruit size and shape were determined from a randomly selected weight of 250 g from
each area. The weight, the length (L) and the diameter (D) of each berry were determined
using an analytical balance and a digital caliper (Instruments Horaires MOINEAU, Chef-
Boutonne, France). Fruit weight and fruit shape index (FSI) was expressed as reported by
Brewer et al. (2006) and Tromp (1990) as the L/D ratio.

2.3 Moisture content, pH and titratable acidity

Moisture content of the fruits was determined on fresh berries before washing. Fruits
were blended using home mixer, and an amount of two g of homogenized fruits were dried
until constant weight at 103 + 2 °C following AOAC 930.04 method (Horwitz and Latimer,
2005).

The homogenized sample was diluted with distilled water (1:10, w/v) and used for the pH
(pH-meter 211 Microprocessor, Hanna Instruments, Tanneries, France) and for the titratable
acidity measurement (0.1 N NaOH) until pH of 8.1 (Ruiz-Rodriguez et al., 2011). Titratable
acidity was expressed as g of malic acid equivalents per Kg of fresh weight.

2.4 Total available carbohydrate (TAC)

Total available carbohydrate was determined on freeze-dried samples by a colorimetric
method using perchloric acid hydrolysis and anthrone reagent (Osborne and Voogt, 1986).
The absorbance was measured at 630 nm on a UV/Vis Spectrometer EZ 210 (Perkin Elmer,
Waltham, MA, USA) equipped with Lambda software PESSW ver. 1.2. A calibration curve
was made by using the glucose as standard with a concentration range between 20 to 120 pg
mL ™.

2.5 Soluble sugars

An aliquot of freeze-dried sample (0.5 g) was used to quantify soluble sugars content by
high performance liquid chromatography with refractive index detector (HPLC-RID) method
as described previously by Sanchez-Mata et al. (1998). The HPLC system was equipped with
PU II isocratic pumping system (Micron Analitica, SA, Spain), a U6K Waters injector, a
differential refractometer R401 detector (Jasco, Madrid, Spain) and a Luna 5 p NH, 100 R
column (250%4.60 mm) (Phenomenex, Torrance, CA, USA). The mobile phase was
acetonitrile:water (80:20), at a flow rate of 0.8 mL min_'. Chromatograms were processed
using Cromanec XP software (Micronec, Madrid, Spain). The quantification of the
chromatographic peaks was obtained by external standards curves of D(-)-fructose, D(+)-
glucose, D(+)-sucrose and D(+)-maltose in a concentration range of 0.1-2 mg mL ™.



2.6 Dietary fiber

Dietary fiber content was determined by an enzymatic-gravimetric method according to
AOAC 993.19 method for insoluble dietary fiber (IDF) and AOAC 991.42 method for the
soluble dietary fiber (SDF). Freeze-dried sample (0.5 g) was digested with a thermostable a-
amylase, protease and amyloglucosidase. The final residue was filtered, washed with distilled
water, ethanol 95% (v/v) and then with absolute acetone. After drying, the residue was
weighed. The total dietary fiber (TDF) is expressed as the sum of IDF and SDF (Horwitz and
Latimer, 2005).

2.7 Protein content

Protein content was carried out by the Kjeldahl method (AOAC 955.04). The total
nitrogen content was converted in to protein content by a conversion factor of 6.25 (Horwitz
and Latimer, 2005) and the protein content was expressed as g protein kg ' fresh fruit.

2.8 Lipid content

Lipid content was determined gravimetrically according to the method AOAC 920.39
with absolute diethyl ether solvent at 60 °C for 6 hours using Soxhlet extractor. The solvent
was evaporated and containers were removed and dried at 100 °C for 30 minutes, cooled and
weighted (Horwitz and Latimer, 2005).

2.9 Fatty acids composition

Fatty acids composition was obtained by gas chromatography coupled to a flame
ionization detector, following the method described by Barros et al. (2008). The lipids
extracted previously by Soxhlet were converted to the corresponding methyl esters with 5 mL
of methanol/sulfuric acid/toluene (2:1:1, v/v/v), during at least 12 h in a bath at 50 °C. The
chromatography apparatus was a Trace GC Ultra (Thermo Fisher Scientific, Waltham, USA)
equipped with a split/splitless injector, an autosampler TriPlus, an FID detector at a
temperature of 250 °C and a Tr-wax capillary column (30 mx0.32 mm ID%0.25 mm, Thermo
Fisher Scientific). The temperature program of the column was at 50 °C for 2 min, and then
increased with a slope of 4 °C min™ up to 220 °C, maintained at 220 °C for 15 min. The
carrier gas was helium with a flow rate of 4.0 mL min ™' at a pressure (0.61 bar). The injection
volume was 1 pL in split mode (1:40) at 250 °C. Fatty acids identification was made by the
comparing the retention time of peaks from samples with standards (Supelco 37 component
fatty acid methyl ester mix, standard 47885-U, Sigma-aldrich, St. Louis, MO, USA). The
results were acquired and processed using ChromQuest 4.2 software (Thermo Quest, San
Jose, CA, USA) and expressed as relative percentage of each fatty acid.

2.10 Ash content and mineral composition

Ash was determined following AOAC 923.03 method. Freeze-dried sample (2 g) was
incinerated in muffle furnace for 24 h at 550 °C, and white ashes were gravimetrically
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quantified (Horwitz and Latimer, 2005). The residue of incineration was recovered by the
method of Rezaaiyan and Nikdel (1990).

Fe, Cu, Zn, Mn, Ni and Cd were measured directly at the appropriate wavelength for each
element. The quantification of K, Ca, Na, Mg was done after a decimal dilution (v/v), one mL
of sample solution was mixed with 2 mL LaCl; (1.8 %, w/v) and 7 mL of deionized water for
Ca and Mg determination, and another 1 mL was added to 2 mL CsCl, (0.2%, w/v) and 7 mL
of deionized water for Na and K determination. Calibration curves were plotted using
standard solutions of each element. The measurement was performed using a Solaar M6
Series atomic absorption spectrometer (Thermo Fisher Scientific, Waltham, USA) (Horwitz
and Latimer, 2005).

2.11 Meteorological data

Meteorological data (precipitation and temperature), at the study sites, are provided by
the National Agency of Hydraulic Resources (ANRH). Weather-related parameters were
shown by season throughout the reproductive cycle of the species from flowering time in the
previous autumn to harvest time at the following year. Ombrothermic diagrams (Gaussen,
1954; Walter and Leith, 1960) of 2012 and 2013 are shown in Figure I and aridity class of
each region was determine by aridity index (Al) calculation (de Martonne, 1926).

2.12 Statistical analysis

All analytical methods applied were previously validated for linearity, sensitivity,
accuracy and precision in the range of the contents found in the samples, according to
international standards of AOAC (Horwitz, 2002). All the analytical procedures were carried
out in triplicate, including extraction processes and equipment calibration. Analysis of
variance (ANOVA) followed by the Tukey’s honestly significant difference (HSD) at 95%
confidence level and a multivariate data analysis by principal component analysis (PCA) were
performed using XIStat software (Addinsoft, Paris, France). Three samples were analyzed for
each area and harvesting season and triplicate data were taken for each parameter and sample.
All the results were expressed as means + SD (standard deviations).

3 Results and discussion
3.1 Morphological parameters

Fruit description is often necessary in horticulture research for a range of different
purposes like cultivars descriptions and selection (Beyer et al., 2002; Moreda et al., 2012).
Fruit size and shape is an important quality trait of fruit in a commercial purpose (Chang et
al., 2014) and in particular fruit size affects the acceptance of consumer. Moreover the fruit
size can affect the chemical composition and the sensory characteristic of the fruit (Moreda et
al.,2012; Prudent et al., 2014).



The obtained weight of the 4. unedo berries was between 1.66 and 12.46 g with an
average weight of 5.87 g. In this context, Sulusoglu ef al. (2011) and Celikel et al. (2008)
found the weight of Turkish 4. unedo fruits were between 1.13-6.46 g and 3.09-11.08 g,

respectively.

The length and diameter of harvested fruits were between 11.20-29.51 mm and 14.68-
31.13 mm with average values of 21.24 and 22.83 mm, respectively. This lead to a fruit shape
index (FSI) value between 0.68-1.28 with an average of 0.94. The study of the geometrical
characteristic revealed three fruit shapes: round shape (0.9 <FSI < 1.1), elongated shape
(FSI> 1.1) and flat shape (FSI < 0.9). The FSI frequency distribution shows that fruits from
different areas tended to have a round shape at 51.6% and a flat shape at 40.3% (Figure 2 and
Table 1).

The comparison of fruit size and shape of each sampling area alone over the harvesting
seasons showed that the fruits weight in each sampling area was significantly affected by the
harvesting seasons (7able ). In AD and MD, fruits presented higher average weight in 2013;
but in SK and BM, higher fruit weights were obtained in 2012. It appears that the fruit weight
was affected by the amount of annual rainfall of AD, BM and MD (Figure 1). Annual
precipitations in 2013 of AD (1,049.5 mm) and MD (818 mm) were higher than those
recorded in 2012 (780 and 783 mm, respectively), which induces higher fruit weights.
Moreover, the same happens in the case of BM fruits, since summer rainfall of BM in 2012
(81.6 mm) were twofold higher than those of 2013 (41.6 mm) (7able S2, supplementary data).
Molina et al. (2011) reported that fruit weight seemed to be particularly affected by summer
drought.

Related to fruit weight, length and diameter were also higher for the fruits from AD and
MD in 2013 than in 2012. The fruit shape (FSI) was the same over the two harvesting seasons
for fruits from AD, indicating higher size in 2013, but similar shape. On the contrary, it was
found that fruits from BM showed slightly higher length and diameter in 2012, but no
significant differences in length, diameter and FSI over the seasons (7able 1).

The alternate bearing of 4. unedo fruits (weight, length and diameter) of the four studied
areas over the two harvesting seasons was observed (7able I). According to the literature, this
phenomenon affects most fruit, nut and forest trees worldwide (Krasniqi et al., 2013) and it
has been reported previously in citrus fruits (Combrink ef al., 2013; Martinez-Fuentes et al.,
2013; Monerri et al., 2011; Nebauer et al., 2014), apple fruits (Hehnen et al., 2012; Tromp,
1990) and date palm (Pillay et al., 2005).

3.2 pH and titratable acidity

The obtained acidic pH values were similar to those found in the Spanish strawberry-tree
fruits (Gonzalez et al., 2011; Ruiz-Rodriguez et al., 2011) and they were stable over sampling
area and harvesting seasons with an average value of 3.43 (Table 2). Unlike to the results of
the titratable acidity obtained by Ruiz-Rodriguez et al. (2011), minor fluctuations were
observed in the present study, with values between 6.16 to 8.35 g of malic acid equivalents
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kg of fruit (Table 2). These results were similar to titratable acidity of Turkish fruits (Celikel
et al., 2008).The low pH value can have a big advantage for an industrial use of these fruits in
manufacturing of juice, jam and jelly.

3.3 Moisture content

Water is a major constituent of most food products and plays an important role in food
technology. Moreover, it is necessary to know the moisture content for calculations of the
nutritional value of foods (Bradley, 2010). The moisture content of A. unedo fruits ranged
from 637.3 to 741.3 g kg™' (Table 2). These results showed an average value of moisture
content (709.4+36.7 g kg ") higher than the average value (575.0 g kg") reported by Tardio et
al. (2016) with large variation range (427.0-721.0 g kg ') against values obtained in present
study, with lower fluctuations (7able 2). Moisture content did not correlate to precipitation,
which means that, as explained, more annual rainfall may be related to higher fruit size, but
not just moisture accumulation.

3.4 Total available carbohydrate

The obtained TAC was the most important constituent after moisture content and the
values were between 126.8 to 189.3 g kg™, with higher content for 2012 than 2013 (Table 2).
Ruiz-Rodriguez ef al. (2011) showed a mean value of TAC in Spanish A. unedo fruits of
235.5 g kg ', which is higher to the average value (139.3 g kg ') of present study. Indeed, this
result can be related to the difference in moisture content between two studies. In any case,
TAC are about 50% of dry matter of these fruits, contributing to the energy value of these
fruits.

3.5 Soluble sugars

Fructose and glucose constitute the total soluble sugars for all samples with range of 55.2
to 84.4 gkg ' and 29.0 to 52.4 g kg ' (Table 2), which globally represents 39.62 to 60.59 and
20.82 to 37.62 % of TAC, respectively; the difference would correspond to starch. The most
significant variations in soluble sugar contents were observed between harvesting seasons
particularly in AD and MD samples (Table 2).

The ratio glucose/fructose was in the range of 0.55 to 0.65, with low fluctuations
comparing with the results of Ruiz-Rodriguez ef al. (2011). The predominance of fructose in
A. unedo fruits was confirmed in all previous studies (Ayaz et al., 2000; Barros et al., 2010;
Ruiz-Rodriguez et al., 2011; Vidrih et al., 2013), unlike to other fruits (Kubola et al., 2011).
Barros et al. (2010) and Ruiz-Rodriguez et al. (2011) found a higher soluble sugars content in
Portuguese and Spanish A. unedo fruits respectively, but Serce et al. (2010) showed lower
level in Turkish fruits than those herein presented. In addition, some literatures reported the
sucrose (Ayaz et al., 2000; Barros et al., 2010; Ruiz-Rodriguez et al., 2011) and maltose
(Ayaz et al., 2000) presence in 4. unedo fruits, which are absent in all studied samples. The
absence of sucrose is explained by the possibility of its hydrolysis into monosaccharides
during fruits ripening.



The presence of fructose as predominant sugar, and glucose as the second one, both of
them in levels higher than 80 g kg in the fruits (fresh basis) explain the sweet taste of them
(as fructose is sweeter than glucose and even sucrose), as well as their high sensitivity to
alcoholic fermentation due to the presence of yeasts growing at acidic pH such as 3.4-3.5
found in the fruits.

Soluble sugars/titratable acidity ratio (SS/TA) is correlated with quality acceptance of
consumers and maturity stage evaluation of many fruits (Jayasena and Cameron, 2008).
However, to our knowledge there is no recommended minimum value for strawberry-tree
fruits, unlike citrus fruit and grape (Kader, 1999). SS/TA ratio was ranging from 10.8 to 18.7
and significant differences were found between harvesting seasons excepted for the samples
of BM.

3.6 Dietary fiber

Total dietary fiber (TDF) was present at values ranging from 92.8 to 141.3 g kg™
Insoluble dietary fiber (IDF) was ranging between 80.5 to 122.3 g kg ', representing 82.9 to
86.7% of TDF, and the results showed significant variability over areas and harvesting
seasons except for the BM samples (7able 2). Ruiz-Rodriguez et al. (2011) found that TDF of
Spanish 4. unedo fruits were between 100-222 g kg ' and IDF was also predominant as the
results obtained in this study.

According to these results, and despite natural variations, fiber content in Algerian
strawberry-tree fruits was always over 6 g/100 g. This means that strawberry-tree fruits from
North Africa could be considered as an excellent source of fiber for human populations,
which is of great importance in the light of the fact that modern diets are often lacking of
dietary fiber, and that occidental diets are nowadays lacking in dietary fiber. Considering the
recommendation of fiber intake, which are 21-38 g day™ for adults (Trumbo et al., 2002), the
intake of 100 g of strawberry-tree fruits could provide 30-44 % of daily recommendation of
fiber; and according to European Regulations it could be considered under the approved
mention "high in fiber" (European Parliament and Council, 2011).

3.7 Protein content

Protein content varied from 22.6 to 35.5 g kg ' (Table 2). These results were higher than
those obtained by Ruiz-Rodriguez ez al. (2011) (8.9 g kg "), but in the same range of those
obtained in Turkish (33.6 g kg ') (Ozcan and Haciseferogullari, 2007) and Galician fruits
(31.8 gkg ") (Gonzalez et al., 2011). The fruit of 2012 season presented significantly higher
protein content than those of 2013 season, except for MD samples in which there was no
significant difference over the harvesting seasons.

3.8 Lipid content

Lipid content varied from 5.1 to 8.9 g kg ' and showed significant seasonal variability for
the samples of AD, BM and MD but no significant difference of those of SK. This result is in
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accordance with the lipid content of Portuguese (Barros et al., 2010) and Spanish (Ruiz-
Rodriguez et al., 2011) A. unedo fruits with 5.5 and 5.0-7.8 g kg ', respectively, but lower
(21.0 g kg ") than those of the Turkish A. unedo fruits (Ozcan and Haciseferogullari, 2007). It
is well known, altitude growth could affect fruits composition (Brat et al., 2004). In present
study, over all studied characteristics there is only lipid content, which is subjected to altitude
effect. Thus, significant differences have been found between high altitude sites (AD and
MD) and low altitude sites (BM and SK).

3.9 Fatty acids composition

Twenty-six individual fatty acids were identified and quantified (7able 3), and the
chromatographic profile was characterized by a high content of unsaturated fatty acids (82.4-
89.1%), which the a-linolenic acid was the highest amount, with values from 30.5 to 45.1%,
followed by linoleic acid (22.27-26.89%) and oleic acid (17.48-29.92%). For saturated fatty
acids, palmitic acid (7.22-11.4%) was the highest, followed by stearic acid (2.99-3.89%). This
fatty acids profile was similar to the Portuguese (Barros ef al., 2010; Oliveira et al., 2011a)
and Spanish (Morales et al., 2013) strawberry-tree fruits profile. a-Linolenic acid and linoleic
acid are essential fatty acids for human body and must be supplied by diet (Voortman et al.,
2015), to fulfil essential human functions, including maintenance of the skin water barrier,
optimal brain function, regulation of the immune system and reproduction (Babirekere-Iriso et
al., 2016) and a number of studies, specifically, demonstrate that high intakes of PUFA of
both the ®3 and w6 series are protective against cardiovascular diseases (Dunbar ef al., 2014;
Machado et al., 2012; Marangoni et al., 2014; Siegel and Ermilov, 2012). From this point of
view, strawberry-tree fruits with a high content of PUFA, low level of SFA, and ®3/w6 ratio
superior to 1, can promote health benefits.

3.10 Ash content

Ash content ranged from 5.3 to 8.8 g kg ' and the highest content was obtained in BM
fruits of 2012 (Table 2). Significant differences were found in ash content of BM and MD
fruits over the harvesting seasons, but no significant difference were found in AD and SK
fruits over harvesting seasons. Other authors such as Gonzalez et al. (2011), Ruiz-Rodriguez
et al. (2011) and Barros et al. (2010) reported similar ash content in A. unedo fruits (5.6, 6.8,
and 6.9 g kg ', respectively) while Ozcan and Haciseferogullar1 (2007) reported higher ash
content (28.2 gkg ).

3.11 Mineral composition

Macro-elements (K, Na, Ca and Mg) and microelement (Fe, Cu, Mn, Zn, Ni and Cd)
contents showed significant differences between sampling areas and harvesting seasons
(Table 4). Mineral content is one of the most variable parameter in plant food composition,
due to the influence of soil composition and other environmental conditions on it (de Souza et
al., 2014; Nyanga et al., 2013). According with this, mineral elements content in North-
African A. unedo fruits showed variation that in some cases duplicate (eg. Na, Mg, Fe, Zn) or
triplicate (eg. K, Ca, Cu) values; in the case of Mn the variations are even wider. Often,
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variations in composition between fruits obeys to the presence of water; however, in this case,
when calculating the results as dry basis, the same tendency of variation was found for the
composition of the fruits.

For the macro-elements, K showed the highest content in all the analyzed samples,
followed by Ca, Mg and Na, with the range from 1,529 to 3,486, 315.0 to 959.4, 115.3 to
277.9, and 126.8 to 226.7 mg kg ', respectively (Table 4). BM and MD have calcareous soils
(rich in calcium carbonate), this could explain the high Ca content of their fruits compared to
those of AD and SK. These results were similar to the Spanish (Ruiz-Rodriguez et al., 2011)
and Turkish (Ozcan and Haciseferogullari, 2007) mineral composition. It has been reported
that the Ca, Mg and K have essential roles in bone, heart, muscle, nerve and immune systems
maintenance (Nyanga ef al., 2013).

For the microelements, Fe showed the highest content, followed by Zn, Cu and Mn. Fe
amounts were ranging between 7.01 to 17.24 mg kg ', which was higher than those of many
cultivated fruits (strawberry, apple, peach and orange) (Souci et al., 1994), followed by Zn,
Cu and Mn contents, respectively, with values between 2.30-4.63, 0.76-3.41 and 0.11-3.43
mg kg ' (Table 4). The microelement contents found in Turkish (Ozcan and
Haciseferogullari, 2007) and Spanish (Ruiz-Rodriguez et al., 2011) A. unedo fruits were
similar to those found in our samples. The biological activities of microelements are strongly
associated with the presence of unpaired electrons that allow their participation in redox
reactions. Moreover, Fe, Mn, Zn are usually cofactors in enzymatic systems, Cu is necessary
for the development of connective tissue, nerve coverings and bone, and Mn is associated
with bone development (Fraga, 2005). They accomplish essential functions to maintaining
human health. Zn is an antioxidant and anticarcinogen element necessary for human cellular
functions (Turkdogan et al., 2003).

The sum of microelements and macro-elements for each area over the harvesting seasons
showed the BM samples with higher mineral contents than those from MD, SK and AD
(Table 4).

The contents of Ni and Cd were also investigated in the A. unedo fruits (Table 4). Cd is a
toxic element and could be found in fruit mainly due to the environmental pollution (Hamurcu
et al., 2010; Turkdogan et al., 2003). The samples of 2012 presented higher Ni content (1.98 -
3.87 mg kg ') than the Turkish 4. unedo fruits (Ozcan and Haciseferogullari, 2007) but Cd
contents of the same samples (0.02-0.03 mg kg ') were lower than those given by the same
author. Ni and Cd could not be detected in the 2013 samples.

As nutrient levels may vary greatly because of genetic and environmental factors, the
variability in food composition must be covered in Food Composition Data (Tardio et al.,
2016). Thus, supplemental information depicts the results of average and range content of

moisture, TAC, soluble sugars, TDF, protein, lipid, ash and mineral composition (7able S1).

3.12 Multivariate data analysis
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A principal component analysis (PCA) was performed on moisture content, protein,
TAC, fructose, glucose, total soluble sugar content, ash content, IDF, SDF and TDF. This is a
multivariate analysis reducing the multidimensional structure of the data and providing a
three-dimensional map for explaining the variance observed (Figure 3).

The first two components explained 78.67% of the total variability in the composition of
fruit over the two harvest seasons. The first principal component (59.23% of the total
variance) was highly correlated with glucose, IDF, TDF and in minor degree with fructose
and lipid while it was negatively correlated with moisture content. The second principal
component (19.45% of the total variance) was highly correlated with TAC and in minor
degree with ash content. Moisture content was negatively correlated with protein, fructose,
glucose, IDF, TDF and lipid content. IDF and TDF were more correlated with glucose than
fructose; and glucose was highly correlated with fructose. Lipid content was correlated with
fructose and glucose, while ash content and TAC were not correlated with any compound.

All the samples were plotted on the reduced space of the two principal components
(Figure 3). As can be observed, fruits from AD, SK and BM of 2013 showed some
similarities with high moisture content and low TAC. Fruits from AD of 2012 were mostly
characterized by the first component with high TDF, IDF, glucose, lipid content and low
moisture content. Moreover, fruits from BM of 2012 could be considered rich in TAC and ash
content, while fruits from MD of 2012 had high moisture content and low content of TDF,
IDF, fructose and glucose. Also, the PCA showed that the influence of seasonal variations
were more relevant than the geographical effect on the chemical composition of studied
strawberry-tree fruits, especially in those characteristics related to component 2, which
separate fruits harvested in 2012 (with higher TAC, ash and proteins) from those collected in
2013.

The first three components, of PCA performed on ash and mineral composition,
explained 89.76% of the observed variance (Figure 4). K, Mg, Ni, Zn and ash were correlated
to the first component; while the second components was highly correlated with Mn and
negatively correlated with Na. Fruits harvested in 2013 were in the first and second quarter.
However, those collected in 2012 were represented in the third and fourth quarter of the biplot
(component 1 and component 2) (Figure 4). This data representation showed that seasonal
variability affected also ash and mineral composition of the fruits more than geographical
variability; this can be explained by the fact that ash and mineral composition were negatively
correlated with moisture content.

The climate of the study sites is a Mediterranean climate characterized by a rainy and
mild winter and a dry and hot summer (7able S2, supplementary data). Annual precipitations
and annual mean temperature varied from 597.9 to 1090.2 and from 15 to 19.4 °C,
respectively (Figure 1). Al of AD, BM, MD and SK were 24.8, 38.1, 30.0 and 20.4 for 2012,
respectively; and 36.7, 31.6, 32.8 and 28.7 for 2013, respectively (7able S3, supplementary
data). According to these results, MD and BM have a humid climate, while SK climate was
sub-humid. AD climate varied from sub-humid to humid depending on interannual variations
of rainfall and temperature. Annual rainfall of AD in 2013 were higher (1,049.5 mm) than

13



those of 2012 (728 mm).

The short study period and the long period of fruit development from flowering to
maturity do not allow a quantitative assessment of the effect of climate on the morphological
and nutritional variability of strawberry-tree fruits. However, statistical treatment performed
on morphological characteristics, precipitation and temperature (Fig. SI, supplementary
data), showed some correlation between interannual climate fluctuations and the variables
fruit weight, length, diameter and FSI. In this context, fruit weight was correlated with
autumn temperature, mean annual temperature and summer precipitation; length was
correlated with autumn precipitation, spring precipitation and mean annual precipitation;
diameter was correlated with winter temperature, autumn temperature, mean annual
temperature and summer precipitation. In addition, FSI presented a neat correlation with
spring precipitation and was inversely correlated with winter temperature, autumn
temperature and mean annual temperature. No other relevant correlations were found between
climatologic conditions and fruit chemical components; natural variability is due to a complex
number of factors (genetic and environmental) and it is not always well explained, only,
through environmental conditions. However, this variability should be taken into account
when studying fruit composition to know the range of variation of nutrients that should be
expected in a given fruit.

4 Conclusion

The objective of morphological, physicochemical and nutritional characterization of 4.
unedo L. fruits from tell Atlas has been achieved. As natural variation were reflected in
composition data, it can be seen that harvesting season had more influence on composition of
fruits than location. The Algerian strawberry-tree fruits tended to have a round shape at 51.6%
and a flat shape at 40.3%, stable acidic pH, titratable acidity with minor fluctuations, had rich
contents of TAC with predominant soluble sugars (fructose and glucose), dietary fiber and
proteins. Wide variations in mineral composition were found in the fruits. Twenty-six
individual fatty acids were identified, mostly unsaturated fatty acids (> 82%), in which the a-
linolenic acid is the most abundant. For the mineral analysis, K and Fe showed the highest
content in identified macro-elements and microelements, respectively, with high-level of Fe
compared to other edible fruits.

In the light of the results obtained, the hypothesis that Algerian 4. unedo fruits could be a
healthy alternative for fruit production is confirmed, especially for their high content in fiber,
which can be highlighted as a nutritional claim for this fruit, even taking into account natural
variations. They are also, a source of water and the amount of soluble sugars provided make
them a moderate source of quickly available energy; this kind of sources of energy are highly
valuable for the human diet, since they provide very low fat (with a healthy profile) and the
concomitant intake of minerals and other healthy nutrients. The obtained data can be
incorporated to fruit composition databases to improve the representativity of the data about
the nutritional potential of strawberry fruits.

In perspective, for better knowledge of Algerian 4. unedo fruits, analyzes of vitamins,
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polyphenols, organic acids, antioxidant and antimicrobial activities, etc., are necessary to
investigate the possibility of integrating this fruit in sustainable project to promote an
economic development of the rural regions. Furthermore, breeding programs to improve fruit
quality could promote the potential uses of these fruits in food industry.
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