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 Summary
Introduction  –  Arbutus unedo L. (strawberry-tree 

fruit) is an 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 on fruits issued 
from two harvesting seasons of four different areas 
of Algeria. Materials and methods  –  Wild strawber-
ry-tree fruits were collected in four different sites lo-
cated in Tell Atlas, over two consecutive seasons. Fruit 
size and shape, pH, titratable acidity, moisture, total 
available carbohydrate (TAC), soluble sugars, dietary 
fiber, protein, lipid, ash, fatty acids and mineral com-
position (K, Na, Ca, Mg, Fe, Cu, Mn, Zn, Ni and Cd) were 
determined. Results and discussion  –  Fruit contents (in 
g kg-1) varied between 637.3 ± 33.8 to 741.3 ± 12.0, 
126.8 ± 11.1 to 189.3 ± 4.1, 22.6 ± 2.2 to 35.5 ± 2.1, 
5.1 ± 0.3 to 8.8 ± 0.5 for moisture, TAC, protein and lip-
id, respectively. For iron, fruit weight and polyunsatu-
rated fatty acids (PUFA), the contents varied between 
7.01 ± 0.15 to 17.24 ± 0.74 mg kg-1 of fruit, 4.91 ± 1.58 
to 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 biochemi-
cal composition of strawberry-tree fruit from Algeria. 
From a nutrition point of view, this fruit is essentially 
a potential source of dietary fiber, PUFA and iron.

Keywords
Algeria, strawberry-tree, Arbutus unedo, fruit characteri-
zation, fruit quality, underutilised species

Résumé
Composition nutritionnelle des fruits de 
l’arbousier algérien (Arbutus unedo L.).

Introduction  –  L’arbousier (Arbutus unedo L.) est 
une plante indigène d’Afrique du Nord dont la com-
position nutritionnelle des fruits a été peu étudiée. 
En vue de leur valorisation, une caractérisation mor-

phologique et chimique a été réalisée sur les fruits 
issus de quatre régions différentes d’Algérie sur deux 
saisons de récolte. Matériel et méthodes  –  Les fruits 
sauvages ont été récoltés sur quatre sites de l’Atlas 
Tellien durant deux saisons consécutives. Taille et 
forme du fruit, pH, acidité titrable, humidité, glucides 
totaux disponibles (GTD), sucres solubles, fibres ali-
mentaires, protéines, lipides, cendres, acides gras et 
composition minérale (K, Na, Ca, Mg, Fe, Cu, Mn, Zn, Ni 
et Cd) ont été déterminés. Résultats et discussion  –  Les 
teneurs des fruits (en g kg-1) ont varié de 637.3 ± 33.8 
à 741.3 ± 12.0, de 126.8 ± 11.1 à 189.3 ± 4.1, de 22.6 ± 
2.2 à 35.5 ± 2.1 et de 5.1 ± 0.3 à 8.8 ± 0.5 pour l’humi-
dité, les GTD, les protéines et les lipides, respective-
ment. Pour le fer, le poids des fruits et les acides gras 
polyinsaturés (AGPI), les teneurs ont varié de 7.01 ± 
0.15 à 17.24 ± 0.74 mg kg-1 de fruits, de 4.91 ± 1.58 à 
6.76 ± 2.04 g et de 56.34 ± 1.37 à 68.18 ± 0.14% de 

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

Significance of this study
What is already known on this subject?
• There are many published studies of Arbutus unedo L. 

fruits from European countries.
• Despite its wide spreading in the Algerian Tell Atlas 

mountains, this wild fruit remains unknown in terms 
of food composition.

What are the new findings?
• This is the first morphological and biochemical  

characterization of the Algerian Arbutus unedo L. fruit.
• It is a good source of dietary fiber, unsaturated fatty 

acids and iron.
• Three fruit shape types have been identified: round 

(51.6%), flat (40.3%) and elongated shapes (8.1%).

What is the expected impact on horticulture?
• Fruit morphology and composition data are valuable 

parameters to be considered in trials devoted to  
adaptation to growing conditions or in breeding  
programs, in food composition databases or to  
develop new industrial food.
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Introduction
The strawberry-tree (Arbutus unedo L., Ericaceae) is a 

shrub or small tree that can reach up to 9–12 m and is 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 et al., 2012; Sánchez-Mata 
and Tardío, 2016) and red fleshy spherical fruits with 2–3 cm 
diameter at maturity, with the presence of prominences that 
give 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 (vita-
min C, vitamin E, carotenoids, etc.) (Alarcão-E-Silva et al., 
2001; Ayaz et al., 2000; Özcan and Hacıseferoğulları, 2007; 
Pallauf et al., 2008; Ruiz-Rodríguez et al., 2011, 2014a) and 
various phenolic compounds, such as phenolic acids (gallic 
acid, protocatechuic acid, gentisic acid, p-hydroxybenzoïc 
acid, vanillic acid and m-anisic acid), arbutine (Ayaz et al., 
2000), proanthocyanidins and flavonoids as myricetin-3-xy-
loside, quercetin-3-rutinoside, quercetin-3-xyloside, querce-
tin-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 (Alarcão-E-Silva et al., 2001; Pallauf et al., 2008). 
In addition, it has been reported that in traditional medi-
cine the fruits have shown antiseptic, diuretic, and laxative 
effects (Pallauf et al., 2008) and they are used to treat gas-
tritis (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 hav-
ing economical purposes (Celikel et al., 2008). That is why  
A. 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 nu-
traceuticals (Barros et al., 2010; Ruiz-Rodríguez et al., 2011). 
This would lead to the integration of this species in sustain-
able development projects to become an income resource 
for the farmers, which will participate in the preservation 
of forests and mountain ecosystems (González et al., 2011). 
For those purposes, the information on the composition of 
strawberry tree fruits might be useful for consumers and 
food technologists (Ruiz-Rodríguez et al., 2011).

In the literature, apart from the genetic diversity of straw-
berry-tree (Mhamdi Takrouni et al., 2012; Mhamdi Takrouni 
and Boussaid, 2010), several studies of biological activity of 
leaves (Ruiz-Rodríguez et al., 2011) and antioxidant activity 
of fruits (Barros et al., 2010), only a few works on nutritional 

aspects have been reported (Ruiz-Rodríguez 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, partic-
ularly in wild fruits (Maieves et al., 2015; Ruiz-Rodríguez 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 Afri-
can origin (Sánchez-Mata and Tardío, 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 orig-
inal 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 compo-
sition knowledge. This main objective can be addressed by 
the following specific objectives: i) study of morphology of 
strawberry-tree fruits (fruit weight, size and shape); ii) study 
of physicochemical parameters (pH, titratable acidity, mois-
ture); iii) study of nutrient composition of strawberry-tree 
fruits (available carbohydrate, soluble sugars, proteins, di-
etary fiber, lipids, ash, fatty acids and mineral composition).

The hypothesis of this work is that, as A. unedo L. is wide-
spread in Algerian forests and in the past, it has been an im-
portant 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.

Materials and methods

Sampling
Arbutus unedo L. fruits were harvested from four sam-

pling areas, situated on the Tell Atlas Mountains (Northern 
of Algeria) (Figure 1). Three areas are located at nearly 400, 
200 and 150 km to the east of Algiers: at Skikda (SK) (lat-
itude 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, re-
spectively. While, Medea and Bordj-Mira soils are classified 
as a haplic calcisol (with high accumulation of calcium car-
bonate) (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 rip-
ening 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 recom-
mended by Greenfield and Southgate (2003) to obtain com-
position data of wild fruit samples. The samples were trans-
ported 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 con-
tent, 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).

lipides, respectivement. Conclusion  –  Cette étude 
fournit des données originales sur la composition 
morphologique et chimique des fruits de l’arbou-
sier d’Algérie. Sur le plan nutritionnel, les fruits pré-
sentent un potentiel essentiellement comme source 
de fibres alimentaires, de AGPI et de fer.

Mots-clés
Algérie, arbousier, Arbutus unedo, caractérisation du 
fruit, qualité du fruit, espèce sous-utilisée
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Determination of morphological parameters
Fruit size and shape were determined from a random-

ly selected weight of 250 g from each area. The weight, the 
length (L) and the diameter (D) of each berry were deter-
mined using an analytical balance and a digital caliper (In-
struments 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.

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 wa-
ter (1:10, w/v) and used for the pH (pH-meter 211 Micro-
processor, Hanna Instruments, Tanneries, France) and for 
the titratable acidity measurement (0.1 N NaOH) until pH of 
8.1 (Ruiz-Rodríguez et al., 2011). Titratable acidity was ex-
pressed as g of malic acid equivalents per kg of fresh weight.

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 calibra-
tion curve was made by using the glucose as standard with a 
concentration range between 20 to 120 µg mL-1.

Soluble sugars
An aliquot of freeze-dried sample (0.5 g) was used to quan-
tify soluble sugars content by high performance liquid 

chromatography with refractive index detector (HPLC-RID) 
method as described previously by Sánchez-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 μ NH2 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-1.
Chromatograms were processed using Cromanec XP soft-
ware (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-1.

Dietary fiber
Dietary fiber content was determined by an enzymat-

ic-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 α-amylase, protease and 
amyloglucosidase. The final residue was filtered, washed 
with distilled water, ethanol 95% (v/v) and then with abso-
lute 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).

Protein content
Protein content was carried out by the Kjeldahl method 

(AOAC 955.04). The total nitrogen content was converted 
into protein content by a conversion factor of 6.25 (Horwitz 
and Latimer, 2005) and the protein content was expressed as 
g protein kg-1 fresh fruit.

Lipid content
Lipid content was determined gravimetrically according 
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FIGURE 1.  Distribution map of Arbutus	unedo L. (strawberry-tree) in Algeria, location and ombrothermic diagrams of each 
sampling site. P = precipitation (mm); T = temperature (°C); P = annual precipitation (mm); T = mean annual temperature 
(mm). Based on Caudullo et	al. (2017). 
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to the method AOAC 920.39 with absolute diethyl ether sol-
vent 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).

Fatty acids composition
Fatty acids composition was obtained by gas chromatog-

raphy coupled to a flame ionization detector, following the 
method described by Barros et al. (2008). The lipids extract-
ed previously by Soxhlet were converted to the correspond-
ing methyl esters with 5 mL of methanol/sulfuric acid/tol-
uene (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 (Ther-
mo 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 m × 
0.32 mm ID × 0.25 mm, Thermo Fisher Scientific). The tem-
perature program of the column was at 50 °C for 2 min, and 
then increased with a slope of 4 °C min-1 up to 220 °C, main-
tained at 220 °C for 15 min. The carrier gas was helium with 
a flow rate of 4.0 mL min-1 at a pressure (0.61 bar). The in-
jection volume was 1 µL in split mode (1:40) at 250 °C. Fatty 
acids identification was made by the comparing the reten-
tion 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 percent-
age of each fatty acid.

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 
quantified (Horwitz and Latimer, 2005). The residue of in-
cineration 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 LaCl2 (1.8 %, 
w/v) and 7 mL of deionized water for Ca and Mg determina-
tion, and another 1 mL was added to 2 mL CsCl2 (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 So-
lar M6 Series atomic absorption spectrometer (Thermo Fish-
er Scientific, Waltham, USA) (Horwitz and Latimer, 2005).

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 1 and aridity class of each region was 
determine by aridity index (AI) calculation (de Martonne, 
1926).

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 pro-
cedures were carried out in triplicate, including extraction 
processes and equipment calibration. Analysis of variance 
(ANOVA) followed by the Tukey’s honestly significant dif-
ference (HSD) at 95% confidence level and a multivariate 
data analysis by principal component analysis (PCA) were 
performed using XlStat 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 (stan-
dard deviation).

Results and discussion

Morphological parameters
Fruit description is often necessary in horticulture re-

search for a range of different purposes like cultivars descrip-
tions and selection (Beyer et al., 2002; Moreda et al., 2012). 
Fruit size and shape is an important quality trait of fruit for 
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 senso-
ry characteristic of the fruit (Moreda et al., 2012; Prudent et 
al., 2014).

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

The length and diameter of harvested fruits were be-
tween 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 

Boussalah et al.  |  Nutrient composition of Algerian strawberry-tree fruits

Table 1.  Weight (g), length (mm), diameter (mm) and fruit shape index (FSI) of Arbutus unedo L. fruits harvested in four sites 
for two consecutive seasons. Data values are means ± SD (n ≥ 37).

Adekar Skikda Medea Bordj-Mira
2012 2013 2012 2013 2012 2013 2012 2013

Fruit number 47 37 38 43 51 44 38 47
Weight 5.34±2.13b 6.76±2.04a 6.59±1.28a 5.82±1.54ab 4.91±1.58b 5.69±1.40ab 6.57±1.97a 5.32±1.26b

Length 20.4±2.64b 22.7±2.75a 20.7±1.85b 21.0±2.18ab 20.1±2.91b 22.7±3.09a 21.7±2.56ab 20.9±2.23b

Diameter 21.5±3.38b 24.1±2.77a 24.0±1.65a 23.1±2.44a 21.3±3.04b 22.4±1.82ab 23.8±2.95a 23.1±1.65a

FSI 0.96±0.12ab 0.95±0.11ab 0.86±0.04c 0.92±0.10bc 0.95±0.10b 1.01±0.13a 0.92±0.12bc 0.90±0.07bc

In each row different letters mean significant differences (P<0.05).
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average of 0.94. The study of the geometrical char-
acteristic 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 
(Table 1). 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 an-
nual 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 high-
er 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) (Table 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, 

 20

 
 
 
 
 
 
 
FIGURE 2.  Arbutus unedo L. fruit shapes harvested in four sites (AD: Adekar; SK: Skikda; MD: Medea; BM: Bordj-Mira). A: Fruit 
shape image; B: Stacked bar chart of fruit shape index frequency distribution of fruits sampled in 2012 and 2013 from four areas. Fruit 
shape index is the ratio fruit length to fruit diameter (n = number of samples over the two harvest seasons). 
  

Figure 2.  Arbutus unedo L. fruit shapes harvested 
in four sites (AD: Adekar; SK: Skikda; MD: Medea; 
BM: Bordj-Mira). A: Fruit shape image; B: Stacked 
bar chart of fruit shape index frequency distribution 
of fruits sampled in 2012 and 2013 from four areas. 
Fruit shape index is the ratio fruit length to fruit di-
ameter (n = number of samples over the two harvest 
seasons).
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indicating higher size in 2013, but similar shape. On the con-
trary, 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 (Table 1).

The alternate bearing of A. unedo fruits (weight, length 
and diameter) of the four studied areas over the two har-
vesting seasons was observed (Table 1). According to the 
literature, this phenomenon affects most fruit, nut and for-
est trees worldwide (Krasniqi et al., 2013) and it has been 
reported previously in citrus fruits (Combrink et al., 2013; 
Martínez-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).

pH and titratable acidity 
The obtained acidic pH values were similar to those 

found in the Spanish strawberry-tree fruits (González et al., 
2011; Ruiz-Rodríguez 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-Rodríguez et al. (2011), minor fluctuations 
were observed in the present study, with values between 
6.16 to 8.35 g of malic acid equivalents kg-1 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 manufactur-
ing of juice, jam and jelly.

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-1 
(Table 2). These results showed an average value of moisture 
content (709.4 ± 36.7 g kg-1) higher than the average value 
(575.0 g kg-1) reported by Tardío et al. (2016) with large 
variation range (427.0–721.0 g kg-1) against values obtained 
in present study, with lower fluctuations (Table 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.

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-1, with higher content for 2012 than 2013 (Ta-
ble 2). Ruiz-Rodríguez et al. (2011) showed a mean value of 
TAC in Spanish A. unedo fruits of 235.5 g kg-1, which is higher 
than the average value (139.3 g kg-1) of the present study. In-
deed, 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.

Soluble sugars
Fructose and glucose constitute the total soluble sug-

ars for all samples with range of 55.2 to 84.4 g kg-1 and 29.0 
to 52.4 g kg-1 (Table 2), which globally represents 39.62 to 
60.59 and 20.82 to 37.62% of TAC, respectively; the differ-
ence would correspond to starch. The most significant varia-
tions in soluble sugar contents were observed between har-
vesting 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-Rodríguez et 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-Rodríguez et al., 2011; 
Vidrih et al., 2013), unlike to other fruits (Kubola et al., 2011). 
Barros et al. (2010) and Ruiz-Rodríguez et al. (2011) found 
a higher soluble sugars content in Portuguese and Spanish 
A. unedo fruits respectively, but Serçe et al. (2010) showed 
lower level in Turkish fruits than those herein presented. In 
addition, some literature reported the sucrose (Ayaz et al., 
2000; Barros et al., 2010; Ruiz-Rodríguez et al., 2011) and 
maltose (Ayaz et al., 2000) presence in A. unedo fruits, which 
are absent in all studied samples. The absence of sucrose is 
explained by the possibility of its hydrolysis into monosac-
charides during fruits ripening. 

The presence of fructose as predominant sugar, and glu-
cose as the second one, both of them in levels higher than 
80 g kg-1 in the fruits (fresh basis) explain their sweet taste 
(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 cor-
related with quality acceptance of consumers and maturi-
ty 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 har-
vesting seasons excepted for the samples of BM.

Dietary fiber
Total dietary fiber (TDF) was present at values ranging 

from 92.8 to 141.3 g kg-1. Insoluble dietary fiber (IDF) was 
ranging between 80.5 to 122.3 g kg-1, representing 82.9 to 
86.7% of TDF, and the results showed significant variability 
over areas and harvesting seasons except for the BM sam-
ples (Table 2). Ruiz-Rodríguez et al. (2011) found that TDF of 
Spanish A. unedo fruits were between 100–222 g kg-1 and IDF 
was also predominant as the results obtained in this study.

According to these results, and despite natural varia-
tions, fiber content in Algerian strawberry-tree fruits was al-
ways over 6 g 100 g-1. 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 in-
take, which are 21–38 g day-1 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 ap-
proved mention “high in fiber” (European Parliament and 
Council, 2011).

Protein content
Protein content varied from 22.6 to 35.5 g kg-1 (Table 2). 

These results were higher than those obtained by Ruiz-Rodrí-
guez et al. (2011) (8.9 g kg-1), but in the same range of those 
obtained in Turkish (33.6 g kg-1) (Özcan and Hacıseferoğul-
ları, 2007) and Galician fruits (31.8 g kg-1) (González et al., 
2011). The fruit of 2012 season presented significantly high-
er protein content than those of 2013 season, except for MD 
samples in which there was no significant difference over the 
harvesting seasons.
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Lipid content
Lipid content varied from 5.1 to 8.9 g kg-1 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 accordance with the lipid content of Portuguese (Bar-
ros et al., 2010) and Spanish (Ruiz-Rodríguez et al., 2011)  
A. unedo fruits with 5.5 and 5.0–7.8 g kg-1, respectively, but 
lower (21.0 g kg-1) than those of the Turkish A. unedo fruits 
(Özcan and Hacıseferoğulları, 2007). It is well known, al-
titude 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).

Fatty acids composition
Twenty-six individual fatty acids were identified and 

quantified (Table 3), and the chromatographic profile was 
characterized by a high content of unsaturated fatty acids 
(82.4–89.1%), which the α-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 sat-
urated fatty acids, palmitic acid (7.22–11.4%) was the high-
est, followed by stearic acid (2.99–3.89%). This fatty acids 
profile was similar to the Portuguese (Barros et al., 2010;  
Oliveira et al., 2011a) and Spanish (Morales et al., 2013) 
strawberry-tree fruits profile. α-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 in-
takes of PUFA of both the ω3 and ω6 series are protective 
against cardiovascular diseases (Dunbar et al., 2014; Mach-
ado 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 ω3/ω6 ratio 
superior to 1, can promote health benefits.

Ash content
Ash content ranged from 5.3 to 8.8 g kg-1 and the high-

est 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 
differences were found in AD and SK fruits over harvesting  
seasons. Other authors such as González et al. (2011), 
Ruiz-Rodríguez 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-1, 
respectively) while Özcan and Hacıseferoğulları (2007) re-
ported higher ash content (28.2 g kg-1).

Mineral composition
Macro-elements (K, Na, Ca and Mg) and microelement (Fe, 

Cu, Mn, Zn, Ni and Cd) contents showed significant differenc-
es between sampling areas and harvesting seasons (Table 4). 
Mineral content is one of the most variable parameters 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 (e.g. Na, Mg, Fe, Zn) or triplicate (e.g. 
K, Ca, Cu) values; in the case of Mn the variations are even wid-
er. Often, variations in composition between fruits obey to the Ta
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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-1, 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 Span-
ish (Ruiz-Rodríguez et al., 2011) and Turkish (Özcan and 
Hacıseferoğulları, 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 et al., 2013).

For the microelements, Fe showed the highest content, 
followed by Zn, Cu and Mn. Fe amounts were ranging be-
tween 7.01 to 17.24 mg kg-1, which was higher than those 
of many cultivated fruits (strawberry, apple, peach and or-
ange) (Souci et al., 1994), followed by Zn, Cu and Mn con-
tents, respectively, with values between 2.30–4.63, 0.76–3.41 
and 0.11–3.43 mg kg-1 (Table 4). The microelement contents 
found in Turkish (Özcan and Hacıseferoğulları, 2007) and 
Spanish (Ruiz-Rodríguez et al., 2011) A. unedo fruits were 
similar to those found in our samples. The biological activi-
ties of microelements are strongly associated with the pres-
ence 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 as-
sociated with bone development (Fraga, 2005). They accom-
plish essential functions to maintaining human health. Zn is 
an antioxidant and anticarcinogenic 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-1) 
than the Turkish A. unedo fruits (Özcan and Hacıseferoğul-
ları, 2007) but Cd contents of the same samples (0.02–0.03 
mg kg-1) 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 composi-
tion must be covered in Food Composition Data (Tardío 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 (Table S1).

Multivariate data analysis
A principal component analysis (PCA) was performed on 

moisture content, protein, TAC, fructose, glucose, total solu-
ble sugar content, ash content, IDF, SDF and TDF. This is a 
multivariate analysis reducing the multidimensional struc-
ture 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 com-
ponent (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, glu-
cose, IDF, TDF and lipid content. IDF and TDF were more cor-
related 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 

 

 

 

Figure 3. Biplot of Principal Component Analysis of Algerian A. unedo L. fruits composition. a) 
First vs second principal component; b) First vs third principal component. IF = Insoluble 
Fiber; SF = Soluble Fiber; TDF = Total Dietary Fiber; AD12, SK12, MD12 and BM12 fruits 
from Adekar, Skikda, Medea and Bordj-Mira of 2012; AD13, SK13, MD13 and BM13 fruits 
from Adekar, Skikda, Medea and Bordj-Mira of 2013.

Figure 3.  Biplot of Principal Component Analysis (PCA) of Algerian Arbutus unedo L. fruits composition. a) First vs. second 
principal component; b) First vs. third principal component. IF: Insoluble fiber; SF: Soluble fiber; TDF: Total dietary fiber; 
AD12, SK12, MD12 and BM12 fruits were harvested in 2012 in Adekar, Skikda, Medea and Bordj-Mira, respectively; AD13, 
SK13, MD13 and BM13 fruits were harvested in 2013 in Adekar, Skikda, Medea and Bordj-Mira, respectively.
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high TDF, IDF, glucose, lipid content and low moisture con-
tent. 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, fruc-
tose and glucose. Also, the PCA showed that the influence of 
seasonal variations were more relevant than the geographi-
cal effect on the chemical composition of studied strawber-
ry-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 component was highly 
correlated with Mn and negatively correlated with Na. Fruits 
harvested in 2013 were in the first and second quarter. How-
ever, those collected in 2012 were represented in the third 
and fourth quarter of the biplot (component 1 and compo-
nent 2) (Figure 4). This data representation showed that sea-
sonal 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 (Table S2, supplementary data). Annual precipita-
tions and annual mean temperature varied from 597.9 to 
1090.2 and from 15 to 19.4 °C, respectively (Figure 1). AI 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, respec-
tively (Table 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 tempera-
ture. Annual rainfall of AD in 2013 was higher (1,049.5 mm) 
than those of 2012 (728 mm).

The short study period and the long period of fruit de-
velopment from flowering to maturity do not allow a quan-
titative assessment of the effect of climate on the morpho-
logical and nutritional variability of strawberry-tree fruits. 
However, statistical treatment performed on morphological 

characteristics, precipitation and temperature (Figure S1, 
supplementary data), showed some correlation between in-
terannual climate fluctuations and the variables fruit weight, 
length, diameter and FSI. In this context, fruit weight was 
correlated with autumn temperature, mean annual tempera-
ture and summer precipitation; length was correlated with 
autumn precipitation, spring precipitation and mean annual 
precipitation; diameter was correlated with winter tempera-
ture, autumn temperature, mean annual temperature and 
summer precipitation. In addition, FSI presented a neat cor-
relation with spring precipitation and was inversely correlat-
ed 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.

Conclusion
The objective of morphological, physicochemical and nu-

tritional characterization of A. unedo L. fruits from Tell At-
las 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, titrat-
able acidity with minor fluctuations, had rich contents of TAC 
with predominant soluble sugars (fructose and glucose), di-
etary fiber and proteins. Wide variations in mineral compo-
sition were found in the fruits. Twenty-six individual fatty ac-
ids were identified, mostly unsaturated fatty acids (> 82%), 
in which the α-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 A. unedo fruit could be a nutritious alternative for 
fruit production is confirmed, especially for their high con-

 

Figure 4. Biplot of Principal Component Analysis of ash and mineral composition of Algerian 
A. unedo L. fruits composition. a) First vs second principal component; b) First vs third 
principal component. AD12, SK12, MD12 and BM12 fruits from Adekar, Skikda, Medea 
and Bordj-Mira of 2012; AD13, SK13, MD13 and BM13 fruits from Adekar, Skikda, Medea 
and Bordj-Mira of 2013 

 

Figure 4. Biplot of PCA of ash and mineral composition of Algerian A. unedo L. fruits composition. a) First vs. second principal 
component; b) First vs. third principal component. See Figure 3 for details.
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tent 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 min-
erals 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 A. un-
edo fruit, analysis of vitamins, polyphenols, organic acids, 
antioxidant and antimicrobial activities, etc., are necessary 
to investigate the possibility of integrating this fruit species 
in sustainable project to promote an economic development 
of the rural regions. Furthermore, agronomic and breeding 
programs to improve cropping system and fruit quality could 
promote the potential uses of this fruit in local food industry.
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Table S1.  Nutritional composition of Arbutus unedo L. fruits 
(on fresh weight).

Constituent Average value 
(n=24)

Range 
(Min – Max)

Moisture content (g kg-1) 709.4 637.3 – 741.3
TAC (g kg-1) 139.3 126.8 – 189.3
Soluble sugars (g kg-1) 104.9 87.4 – 134.0
Fructose (g kg-1) 65.9 55.2 – 84.4
Glucose (g kg-1) 38.9 29.0 – 52.4
TDF (g kg-1) 112.4 92.8 – 141.3
IDF (g kg-1) 96.1 80.5 – 122.3
SDF (g kg-1) 16.3 12.3 – 19.1
Protein content (g kg-1) 28.3 22.6 – 35.5
Lipid content (g kg-1) 6.7 5.1 – 8.8
Ash content (g kg-1) 6.4 5.3 – 8.8
K (mg kg-1) 2013 1529 – 3486
Ca (mg kg-1) 596.0 315.0 – 959.4
Na (mg kg-1) 165.2 126.8 – 226.7
Mg (mg kg-1) 179.5 115.3 – 277.9
Fe (mg kg-1) 13.85 7.01 – 17.24
Cu (mg kg-1) 1.80 0.78 – 3.40
Mn (mg kg-1) 1.74 0.11 – 3.43
Zn (mg kg-1) 3.24 2.30 – 4.63
Ni (mg kg-1) 2.89 1.98 – 3.87
Cd (mg kg-1) 0.02 0.02 – 0.03

TAC = Total Available Carbohydrates; TDF = Total Dietary Fiber; IDF = 
Insoluble Dietary Fiber; SDF = Soluble Dietary Fiber.
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Table S3.  Aridity index (AI) and aridity class of each sampling area of 2012 and 2013.

Adekar Skikda Medea Bordj-Mira
2012 2013 2012 2013 2012 2013 2012 2013

AI 24.8 36.7 20.4 28.7 30.0 32.8 38.1 31.6
Aridity class subhumid humid subhumid subhumid humid humid humid humid

 23

 
 
 
 
 
FIGURE S1. Biplot of Principal Component Analysis of morphological characteristics of Algerian A. unedo L. fruits and 
meteorological data of study sites. a) First vs. second principal component; b) First vs. third principal component. FSI = fruit 
shape index; T°C = mean annual temperature; T Win = winter temperature; T Sp = spring temperature; T Sum = summer 
temperature; T Aut = autumn temperature; T AutP = previous autumn temperature; P = mean annual precipitation 
temperature; P Win = winter precipitation; P Sp = spring precipitation; P Sum = summer precipitation; P Aut = autumn 
precipitation; P AutP = previous autumn precipitation. AD12, SK12, MD12 and BM12 fruits from Adekar, Skikda, Medea and 
Bordj-Mira of 2012; AD13, SK13, MD13 and BM13 fruits from Adekar, Skikda, Medea and Bordj-Mira of 2013. 
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Figure S1.  Biplot of Principal Component Analysis of morphological characteristics of Algerian A. unedo L. fruits and meteo-
rological data of study sites. a) First vs. second principal component; b) First vs. third principal component. FSI = fruit shape 
index; T°C = mean annual temperature; T Win = winter temperature; T Sp = spring temperature; T Sum = summer tempera-
ture; T Aut = autumn temperature; T AutP = previous autumn temperature; P = mean annual precipitation temperature;  
P Win = winter precipitation; P Sp = spring precipitation; P Sum = summer precipitation; P Aut = autumn precipitation; P AutP 
= previous autumn precipitation. AD12, SK12, MD12 and BM12 fruits from Adekar, Skikda, Medea and Bordj-Mira of 2012; 
AD13, SK13, MD13 and BM13 fruits from Adekar, Skikda, Medea and Bordj-Mira of 2013.


