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ABSTRACT

In Algeria, wild berries Arbutus unedo L, known ‘dend;j" remain unexploited and little studies haween
devoted to it. The presented work aims to study pinysicochemical and nutritional characteristi¢sthos fruit,
The Arbtus unedo L. fruits are acidic (pH = 3.4 9@b), rich in dietary fiber (18.63% + 0.212) andlyphenols
(21.13 mg GAE / g £ 0.03) and are an important sewf vitamin C (527.21 mg / 100g) and malic a@82.3 mg / 100g),
but low in fat (0.68 + 0.127%) and pectin (0.084%.802.

KEYWORDS: Arbutusunedo L., Nutritional Value, Physicochemical Properties
INTRODUCTION

Fruits are important for human health because tmytain vitamins, enzymes, minerals and naturabsug
(Akintunde et al., 2004).They are an important source of vitamin C whiciégded in the human diet to activate the
antibodies that prevent and fight against diseé@esh as scurvy in infantshkintunde et al., 2004 and Iwe et al., 2003).

However, as arbutus fruits are seasonal and cédmensitored for long periods in their natural foakari et al., 2009).

Indeed, Arbutus unedo L., a wild fruit known as Hd¢', is a shrub with persistent leaf which belonngshe
Ericaceae family and grows in Mediterranean regitiris located mainly in North Africa, primarilyiNorthern Algerian
“Tell” (IUCN, 2005).

This shrub has long been used in traditional median all Mediterranean countries, as infusions d@cbctions
of all parts of the plant: leaves, fruit, peels andts. They are used to treat gastrointestinal watbgical disorders,

cardiovascular diseases such as hypertension abdtdgOliveira et al., 2011).

The fruits of Arbutus unedo L. are rich in sugattamins, organic acids and phenolic compoundsy e used
to produce jam, jelly and alcoholic beverages,thay are rarely eaten as fresh frifiyaz et al., 2000, Ruiz-Rodriguez
et al., 2011 and Soufleros et al., 2009)he Arbutus fruit is a little known from nutritiohgiewpoint. Nevertheless, there
are few studies on its chemical composition; froorkéy, Algeria, Croatia, Portugal and Itglilarcdo-E-Silva et al.,
2001; Ayaz et al., 2000; Barros and al., 2010; Ckdil et al., 2008; Ozcan & Hacisefergullari, 2007; Pawlowska
et al., 2006).Indeed, Benamara and Allaif2010) conducted a study on the antioxidant activity alidwiruits among

othersArbutus from Algeria.

In Algeria, very few studies have been devotechtostudy this fruit; for this reason, we soughtadiect data on

their different physicochemical and nutritional ceteristics
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2 Doukani Koula & Mimoun Hadjer

MATERIALS AND METHODS

Plant Material

The ripened fruit ofArbutus unedo L. (Figure 3 was collected from Guezoul fst locally know “ Oued el
Lendj’, which is located on the western of the city daret (in the southern of Algeriain November 2013. Indeed,
harvesting wast an altitude of about 1040. These fruits are washed, wiped, sorted, and stivoz@én at— 4 °C for

analysis purposes.

Figure 1: Arbutus unedo L Fruit

Methods of Analysis
Water Content

The water content was emined by dryin the samplest a temperature of 105for 3 hours(AOAC, 2000).
Ash Content

The ash content was obtainggthe calcination of the plant sample at 600fbC5 hours(AOAC, 2000).
pH

Measuring the pH of the aqueous extract was caaugby means of a pH metéAOAC, 2002)
Titratable Acidity

The titratable acidity was measured by titratingagneous solution of the sample with a solutiof.afN sodiurr
hydroxide in the presee of phenol phthalein icolor indicatof AOAC, 2002).

Soluble Solid Content

The soluble solids contemias determined usiran ABBE refractometefAOAC, 2000)
Lipids

The lipids were extracted by petroleum ether usif8pxhlet extractor (GERHARI(AOAC, 1995).
Crude Cellulose

The crude fiber contentas determined aftea successive treatmeot the plant material with sulfuric acid a
potassium hydroxide according to the meth of Weende using an extractor (FIBREEC Heat extr-1010)
(AOAC, 2000).

Total Sugars

The total sugar content was detened by the phenol sulphuric dosagée optical density was read at 4<m
(Duboiset al., 1956).
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Reducing Sugars

The determination of reducing sugars was carrigtdby using DNSA (dinitrosalicylic acid), the oplcdensity
was read at 540 nMiller, 1972).

Total Polyphenols

Polyphenols were extracted with methanol and ddmethe Folin-Ciocalteu at 760 nm accordingSimgleton
and Rossi (1965).

Pectin

Pectin was deretmined as calcium pectate by théaodedf Multon (1991) after extraction with hot water and

then saponification with NaOH and Ca@tecipitation in acidic medium.
Vitamin C

Vitamin C was extracted three times with phosphaaid - acetic acid (3% and 8%sPD; HOAC).
After centrifugation at 15,000 rpm for 10 minutése supernatant was added to 50 ml with distilledew (solution A).
To determine the level of vitamin C, DL-Dithiothoki(DTT) was used as the reducing agent 2 hoursrbeits
transmission through a filter of 0,45 mm in diametrd its injection into the HPLC. The analysis \pasformed at room
temperature. The mobile phase was composed of 0Ldfdric acid (pH = 2.5-2.6) with a flow rate ofrl / min.
Vitamin C was detected at 245 nm and quantifieddiypparison of the retention time of the chromatpbi@a peak with
the standard prepared by ascorbic §Billauf etal., 2008).

Vitamin E

A portion of 0.4 g of the sample was taken and ohiwéth 1 ml of ethanol. After sonication for 10 mithe
mixture was centrifuged at 2,000 rpm for 3 minut@d5 ml of n-hexane were added and mixed with rdmilting
supernatant. After drying the mixture, the residvees dissolved in methanol and filtered throughlterfiof 0,45 m in
diameter and injected into the HPLC. The analysis performed at room temperature. The mobile ptvasecomposed
of three solvents: methanol (A), acetonitrile (Bidachloroform (C). The flow rate was 1mL/min witd% A, 42% B and
11% C. Vitamin E was detected at 296 nm and quedtifrom a calibration curve obtained witktocopherol
(Pallauf et al., 2008).

Organic Acids

Twenty grams of the sample was ground in a mottml of water-methanol (75:25Y/;) were added and the
mixture was centrifuged at 3,500 rpm for 30 minufEse supernatant was collected and filtered thnofiger paper
(Whatman No. 2). The chromatographic separation pexrformed at 214 nm. The mobile phase is 0.1% ¥ of
phosphoric acid in distilled water at a flow rate@8 ml / min. The identification of each compounds made by
comparison of retention time of each chromatograpeiak with those of standard products preparea fogalic acid,
malic, citric, succinic and quinic. Quantificatiovas performed by comparing the retention time @hezompound with

the retention time of standard solutions of oxabea, malic, citric, quinic and succinfErgénul and Nergiz, 2010).
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RESULTS AND DISCUSSIONS
Water Content

Water content of the fruit afirbutus unedo L. was 63.33% + 0.0282 (Table®N. This value is in the range
46.82% -71.89 cited bRRuiz-Rodriguez etal (2011) but still lower compared to that found Bgvier etal. (1993)which
is (68.2%). IndeedBarros etal. (2010)andOzan and Hacisefergullari (2007) found poorer outcomes; (59.7% + 2.67)
and (53.72 + 2.1%) respectively. By comparing thatew content of our sample to the fruits of theckihorn
(Prunus spinosa L) and rose Rosa canina L) which are 60.86 + 1.69% and 48.68% =+ 0.91 retpely
(Barros et al., 2010),we find that they are inferior. The variation

Table 1: Results of the Physicochemical Analysis tifie Arbutus unedo L.

Parameters Results
Water content (%) 63,33 + 0,0282
Ashs (%) 0,68 +0,01441
pH 3,475 + 0,0057
Tritratable Acidity (%) 2,144 + 00,0773
Lipids (%) 0,68 +0,1272
Fibers (%) 18,63 + 00,2121
Total sugars (g/100 g) 9,68 + 0,133
Reducing sugars (g/100g) 7,27 £0,2192
Soluble Solids (%) 32,84 + 0,5941
Pectin (%) 0,084 + 0,002
Polyphenols (mg GAE / g extrac 21,13 + 0,030%
Vitamin C (mg/100g) 527,21
Vitamin E (mg/100g) 3,06
Malic Acid (mg/100g) 282,3
Citric Acidic (mg/100g) 8,56
Oxalic Acid (mg/100g) 60,65
Quinic Acid (mg/100g) Traces
Succinic acid (mg/100g) Traces

a: 4 repetitions b: 3 repetitions

in water content due to different environmentalditons such as water availability, geographicatrithution and

exposure to sun and wind can contribute to thecdaton of the fruitRuiz-Rodriguezet al., 2011)
Ash

The analytical result of the content of ash frdidbutus unedo L. is 0.68% + 0.0141. Our result is slightly highe
than that found bysonzalez et al (2011)s 0.56 + 0.15% but still lower compared to thémend byBarros et al (2010),
Ruiz-Rodriguezet al (2011) and Ozan and Hacisefeggullari (2007) which are respectively (1.71 + 0.09%) (0.86%) and
(2.82% + 0.124). The ash content of the fruit Arbutus unedo L. is lower compared to the fruit of blackthorn
"Prunus spinosa L" and rosehips Rosa canina L" which are of the order of (6.65% + 2.03) arl4{/ + 0.20%)
respectivelyBarros et al., 2010).The variation in ash content can be explainedchbygeographical origin of the samples,
including climatic conditions and soil charactédstof soil, plant age, the period of the vegetatycle, or even genetic

factors.
Ph
The pH of the fruit ofArbutus unedo L. studied was 3.47 + 0.0057 (Tablé& NM). This value is virtually identical

to those found byRuiz Rodriguez (2011) and Gonzéaleet al (2011)are (3.47 + 0.12) and (3.50) respectively. Indeed,

Impact Factor(JCC): 1.1947 Index Copernicus Valu&.00
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Serge etal. (2010) and Ozan and Hacisefegullari (2007) gave pH values of 5.57 + 0.07 and 4.6 + 0.10 retbyy for

the same fruit. The differences depend on mangpfadéhcluding the climate and ripeness of the fruit
Titratable Acidity

The studied fruit ofArbutus unedo L. has an acidity of 2.14% + 0.0773; This valuenisch higher than the results
found by Serce etal. (2010), and Ozan and Hacisefefullari (2007) and Seker and Toplu (2010)which are
(0.67% + 0.17), (0.4% = 0.10) and (0.4%) respebgividowever, our result is much higher than thgiomted byCelikel et
al. (2008)who found values of 0.80 to 1.59%. The significdifterence in acidity may be due to climatic cdiadis and
the process of fruit ripening.

Lipids

We found that the amount of lipids in fruit Afbutus unedo L. is 0.68% + 0.1272 (Table®NL). This value is in

agreement with those found Ruiz Rodriguez et al (2011)who showed that the values are between 0.229 aT®%.
In addition,Barros et al (2010)and Ozan and Hacireferogullari (2007)ecorded lipids content of 1.37% + 0.40 and 2.1
+ 0.10% respectively for the same fruit. WHHavier & al. (1993)found a lower value which is (0.4%). By comparthg
estimated lipid content in the fruit éfbutus unedo L. with other wild fruits as common EglantidRdsa canina L) and
Blackthorn Prunus spinosa L), we notice that our result is higher comparedhie result of Eglantier (0.65% + 0.04) and

significantly lower compared to Blackthorn (6.65%2:03) Barros & al., 2010).Multiple parameters influencing lipid

levels such as particle size, moisture, naturb@sblvent and the extraction method used.
Fiber

The result of the determination of dietary fiberAobutus unedo L. is 18.63% + 0.2121. This value is within the
range quoted bfRuiz Rodriguez et al (2011)who showed that values ranging from 10.04 to Z&.2lhdeedOzan and
Hacisefergsullari (2007) estimated a low dietary fiber for the same fruitieh is 6.4% + 1.10. According f®amlu and
Rao (2003),geographic location, soil conditions, the genetgronomic and climatic conditions of culture cdsoaaffect

the fiber content of the fruit.
Total Sugars

The fruit of Arbutus unedo L. contains a concentration of 9.68 g / 100 g #331 of total sugars. This value is
lower compared to the results found Fgvier & al. (1993) and Ruiz Rodriguez &al. (2011)showed that the values of
(20g/100g) and (14.11 g/100g) respectively. Thifeddnce may be due to the variety, geographicigiiroand storage
conditions. Many authors includingunier (1973), and Nixon and Carpenter (1978) and &vaya & al. (1983)agree
that sugars vary depending on the climate and sthgeaturation. Accordingo Harlt (2011), the sugar content of the
fruit is a complex that is strongly influenced thetenvironmentDorais & al. (2001)found in their research that the
post-harvest factors including solar radiation, gemature, duration of exposure to the sun, thelability of water, the
mineral content of the soil, irrigation and fedtdtion can affect the level of sugars in the friiitaddition, other factors
were added b¥ader (1986)that the date of harvest handling techniques &mdge conditions of fruit can also change
the profile of fruit sugar. Results by differentlaors depend partly on the method used in the assay

Reducing Sugars

The reducing sugar content of the studied fruit.7 g / 100 g + 0.2192 (Tableé’ ). This value is much lower
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compared to the founded results®gnzéalez &al. (2011) and Orak &al. (2011)which reported values of 15.66 g / 100
g and 9.97 + 1.20 g/100g * 0.53 respectively. Savgarameters influence the reducing sugar contdifterent climatic
conditions, stage of maturity and physiologicaltestaf the fruit during the analysis. According Ayaz et al (2000),
fructose and glucose are the major reducing sugatee fruit of Arbutus unedo L. with proportions of 27.8% + 0.32 and

21.5 + 0.18% respectively
Soluble Solids

The total soluble solids content of fruit is 3284 0.5941. This value is slightly higher than taage quoted by
Celikel & al. (2008)which is from 21.4 to 30%. MoreoveBeker and Toplu (2010), Miller & al. (2010) and Serce &
al. (2010)reported lower values for the same fruit that(@&20) (8.1%) (11.9 %) respectively. By comparing #oluble
solids in the fruit ofArbutus unedo L. with other wild fruits such a&rbutus andrachanae L., blackberries and raspberries,
we find that the fruit ofArbutus unedo L. has a soluble solids content higher than thiaArbutus andrachnae (14%),
blackberries (9.5%) and raspberries (6.2%gker and Toplu, 201Q) Different parameters that can affect the rate of

soluble solids are: climate, soil type and the pssoof fruit ripenindMiller & al, 2010).
Pectin

We recorded a low pectin content which is 0.084%@021. This value is significantly lower than tifatnd by
Ruiz Rodriguez & al. (2011)for the same fruitwhich is 2.95%. By comparing geetin in the fruit ofArbutus unedo L.
with other fruits, blackberries and raspberries,nwte that our result is very low compared to bierkies and raspberries
that are of the order of 0.72% and 0.6% respegtig&élodgson and Kerr, 1991) This difference may be due to growing
conditions and maturity. Thus, we can say thatréselts depend partly on the method used (dos&gedlies on guava
(Psidium gwajava L.) showed that the content of pectic substaneegey with the stage of growth, the season and the
cultivar. In passing from the green fruit to matémat, the pectin content increases. This phenmnén attributed to the
action of polygalacturonases which act together hwibther enzymes such as pectin methylesterases
(Marcellin & al., 1990).The pectin content decreases with fruit ripenihgwever, this decline seems not affect the
texture(Myhara & al., 2000).

Polyphenols

The assay of total polyphenols gives us an ovesstimate of the amount of different classes of phen
compounds contained in the extract of the fruiAdfutus unedo L. (Pawlowska & al., 2006).The average value of the
concentration of polyphenols our fruit is 21.18.8304 mg GAE / g extract. Our result is signifitamigher than those
found by Alarcdo-e-Silva et al (2001), Tavares &al. (2010) and Orak & al. (2011) which recorded values of
(15.5 mg GAE / g), (18 mg GAE / g) and (14.29 mBES/ g) respectively. By con®arros & al. (2010),, Serce &al.
(2010) and Ruiz Rodriguez &al. (2011) reported higher levels of polyphenols for the sdmé that are the order of
(126.83 mg GAE / g of extract), (37.36 mg GAE /fgegtract) and (1656 mg GAE / 100 g of extract)pexgively. By
comparing the polyphenols content Afbutus unedo L. with other wild fruits, blackthornRrunus spinosa L) and
Eglantier (Roasa canina L) ; we notice that these lattegs laigher in phenolic compounds which are 83.40GAdE / g
and 143.17 mg GAE / g, respectively. In contrasi|bmrry Rubus adenotrichus) have a lower polyphenol content which
is 6 mg GAE / gBarros & al., 2010 and Gancel &al., 2011).Recent studies have shown that extrinsic facwusHh as

geographic and climatic factors), genetic factarss also the degree of maturation of the plantsiothge time have a
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strong influence on the content of polyphen@ganga, 2001, and Fiorucci, 2006Patthamakaporn & al. (2007)
showed that the variation in polyphenol contentiddne due to cold storage conditions of fruit amdtlee other hand, they
found that the content of polyphenols fruitskbdeagnus decreases with the degree of maturation. Polyghere known
for their antioxidant and biological virtues. Thegntribute to the prevention of degenerative disseasd cardiovascular
diseaseqScalbert & al., 2002, Henk &al., 2003 and Manach &al., 2004).Polyphenols are able to scavenge free
radicals generated continuously by the bd¢Morelle, 2003 and Djeridane & al., 2006) They are involved in the
prevention of cancer diseag@dce-Evans &al., 1995).

Vitamin C

The vitamin C content ofArbutus unedo L. was 527.21 mg/100 g. This content was calcdldtem the
chromatographic peak of vitamin C (see figure 3ydfgrring to the standard peak of ascorbic ackds Value is slightly
lower than that found bglarcdo-e-Silvaet al (2001)which is 542 mg / 100g for the same fruit. Moregpyhe obtained
result is much higher than those foundRiz — Rodriguezet al (2011), Barros et al (2010) and Pallaudt al (2008)
which are (182 mg/100 g), (15.07 £ 0.77 mg/100g) én05 + 0.14 mg / 100g) respectively. By compariur value to
those found in other wild fruits, there is only tfrait of Arbutus unedo L. which has a high content of vitamin C in
relation to the fruit of blackthornP¢unus spinosa L) (15.69 + 0.53 mg/100g) and common wild rof®sh canina)
(68.04 + 1.11 mg/100g(Barros & al., 2010).Different levels of vitamins in fruits can be eapied by the difference in
varieties, genetic factors and environmental camast In addition, the collection period and thieirit maturation level,
different post-harvest treatments are importantofacfor the observed differences. And that theagations can be
attributed to the geographical origiM@nzuroglu & al., 2003).Indeed, we can say that the fruitArbutus unedo L. is a
good source of vitamin C which also means naturibgidants, and thus a functional food or an inlieat for functional
foods. Vitamin C neutralizes free radicals and negates the antioxidant potential of vitamin E ait® reaction with free
radicals. It helps to strengthen the capillariée @mallest blood vessels) and cell walls, andspéayole in the formation
of collagen, a protein found in connective tissdence, it activates healing and maintains healtignients, tendons and
gums. It promotes the production of hemoglobin éd tblood cells and facilitates the absorption ohifrom food
(Pacaud & Six, 2004).
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Figure 2: Chromatographic Peak of Vitamin C inArbutusunedo L at 245 Nm
Vitamin E

The determined amount of vitamin E from the chragedphic peak in our fruit was 3.06 mg / 100g
(see figure 4). This value is much higher than thand byPallauf et al (2008)(0.0237 + 0.001 mg/100g) but remains
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well below that recorded bgarros et (2010)(23.46 + 0.26 mg/100g). By comparing the vitamiodhtent of strawberry
fruit to other wild fruits, we note that our resudt much lower than the fruits of blackthorBrgnus spinosa L) and
common rosehipsRpsa canina ) which contain levels of vitamin E (9.25 mg/10pand (8.33 mg/100 g) respectively.
Unlike recorded vitamin E may be due to a numbefaofors, including varieties, the method usedit®determination,
the natural variation in fruit, the use of fertdiz, agro-climatic conditions, the effect of saladiation and geographic
origin. In addition, certain conditions such as tgusrvest transport time, storage time, may al$ecafthe amount of
vitamin E (Assuncao and Mercadant, 2003, Boudriegt al., 2007, Chun &al., 2006, Javanmardi and Kubota, 2006
and Wall, 2006).
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Figure 3: Chromatographic Peak of Vitamin E in Arbutus unedo L. at 296 Nm
Organic Acids

Different identified organic acids by HPLC were ffouin the fruit ofArbutus unedo L. are shown in figure 5.
This figure shows that the malic acid is the preshamt organic acid with a proportion of 282.3 m@@Collowed by
oxalic acid and citric acid with proportions of 66.mg/100g and 8.56 mg/100g respectively. In faetrecorded traces of
succinic acid and quinic acidyaz & al. (2000)reported high proportions of fumaric acid and maicid in the fruit of
Arbutus unedo L. var. ellipsoidea from Turkey which are (1.94 + 0.07 mg / g), and8@+ 0.06 mg / g). By cons,
Alarcdo-E-Silva & al. (2001) showed significant levels of quinic acid and malaid are of the order of (7.35 + 0.03
0/100g) and (5.99 £ 0, 03 g/100g) in the fruitAvbutus unedo L. from Portugal. Malic acid is predominant in ioars
fruits and other berries such as the fruitRufbus fruticosus L and the fruit ofVaccinium myrtillus L have higher
proportions (0.8 g/100dSouci etal., 2008).In addition,Ruiz - Rodriguez & al. (2011)showed a total absence of citric
acid andAyaz & al. (2000)gave a minimum value which is 0.01 mg / g. Cia@@d is a major acid in many fruits but
absent in other berries such ¥accinium myrtillus fruit and the fruit ofRubus fructicosus (Rodriguez & al., 1992).
Concerning oxalic acidRuiz-Rodriguez & al. (2011)showed varying amounts of 0.05 to 0.15 g/108gbutus unedo L.
contain a large proportion of oxalic acid with #wception ofCarambola L. Averrhoa which has a content of 0.04 to 0.68
9/100 g. We recorded traces of succinic acid arndigacid. UnlikeAyaz & al. (2000)showed that a high concentration
of quinic acid (7.35 g/100g) in fruits @fbutus unedo L. from Samsun (Turkey). Organic acids are gehemlermediate
metabolic process. They influence the growth ofroicganisms and affect the quality of preservatitimey are directly
involved in the growth, maturation and senescerfciuit (Al Farsi & al., 2005) These acids also affect the sensory
properties of fruit§Jadhav and Andew, 1977 and Siebert, 1999)he presence and composition of organic acidsean

affected by various factors such as: the conditmingrowth, maturity, season, geographical origirtilization, soil type,
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storage conditions, the rate of exposure to surtlamtiarvest perio(Al Farsi et al., 2005 and Ahmed &al., 1995).
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Figure 4: Chromatographic Peak of Organic Acids inthe Fruit of Arbutusunedo L
1 - Citric acid, 2 - Oxalic acid, 3 - Malic acid-4€Quinic acid; 5 - Succinic Acid
CONCLUSIONS

This work focuses on the physicochemical and notrdl characterization ofrbutus unedo L. harvested in the

region of Tiaret ( Algeria).

The obtained results of the physicochemical analyegealed a humidity of (63.3% + 0.028) and anastient
of (0.68 £ 0.014%)Arbutus fruit are acids because their pH (3.47 + 0.0057) &tratable acidity (2.14% + 0.077).
Indeed, the fruits orbutus unedo L. have considerable levels of total sugars addeimg sugars which are (9.68 + 0.133
0/100g) and (7.27 £ 0.219 g/100g) respectivelyadidition, they are rich in dietary fiber (18.63%0212) but low in
pectin (0.084% + 0.0021) and fat (0.68% + 0.127). dddition, our fruit is an important source ofawitin C
(527.21 mg/100g) and polyphenols (21.13 mg GAEY @03) with a high malic acid (282.3 mg/100g ) andlic acid
(60.65 mg/100g).

The study of physicochemical composition Afoutus unedo L., shows that this fruit has a high nutritional
quality because it provides an important bioacto@mpounds in health protection namely polyphendist tare
antioxidantsdietary fibers, vitamins and organic acids.
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