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Tropical countries produce a large amount of native and exotic fru it species which are 

potentially interested in the food industry . The nutritional and therapeutic values in this 

fruits are mainly due to the presence of bioactiv e compounds, especially polyphenols.

The anthoc yanins belong to the flavonoid family and re present a gr oup of pigments 

responsible for mos t of the colors in fruits, le aves, flowers, stems and roots of plants. Se v- 

er al in vestigations ha ve focused on the health benefits of consump tion of red–black fruit,

claiming these as natural sources of bioactiv e compound s with hig hl y promising antioxi- 

dant and anti- inflammatory char acteristics. Furthermo re , the consumption of red–black 

berries brings a positiv e impact on se ver al chr onic conditions, such as obesity , diabetes,

cancer , car dio vascular and neurode generati ve diseases. This article summariz es the fore- 

most bioactiv e compounds and the health properties of exotic tropical red–black berries,

specifically Eute rpe oler acea , Eugenia uniflora, Myr ciaria cauliflor a, Myr ciaria dubia , Syzygium

cumini.

� 2013 Else vier Ltd. All rights reserv ed.
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1. Intro duction 
A diet ric h in fruits and ve geta ble s has a positi ve impact on 

se ve ral chro nic conditions, suc h as obesity , diabe tes, cancer ,

car dio vascular and neur odegener ativ e disease s (Leite et al.,

2011). The fruits are consumed as sour ces of water and essen- 

tial nutri ents suc h as vitamins, miner als and fiber. Ho weve r,

in some cases fruits are consum ed due to their antioxid ant 

pro perties. The health prop erties and the chem ical composi- 

tion of fruits fro m Eur ope and North America ha ve been de- 

scribed in the scientific liter atur e, wher eas those nati ve 

fro m South Ameri ca ha ve been less studied (Clerici & Carv- 

alho-Si lva , 2011; Sch rec kinger , Lotton, Lila, & de Mejia, 2010).

Tropi cal countries pro duce a lar ge amount of nati ve and 

exotic fruit species whic h are potential ly inter esting for the 

food industr y. Exotic fruits, consum ed re gionall y ar e gaining 

populari ty in the marketpl ace due to their nutri tional and 

ther apeutic va lue , but also because of their pleasant flavo rs 

and va riety of color (Clerici & Carv alho-Silv a, 2011; Oliv eir a,

Lopes, Ca br al, & Eberlin, 2006; Rufino et al., 2010). The nu tri- 

tional and ther apeutic va lue is mainl y due to the prese nce 

of bioacti ve compoun ds, secondar y metab olites, which ha ve

potent ial effects on human health (Oli ve ira et al., 2006 ).

Bioac tiv e compoun ds occur in small amounts in foods and 

ar e consider ed as non-n utritional but vital ingr edients for the 

mainten ance of human health (Patil, Ja ya pra kasha, Chidam- 

bar a Murth y, & Vikr am, 2009). Reg ar ding the compound s con- 

tained in these fruits that could potent ially lead to health 

benefits, pol yphenols are prese nt as major compoun ds (Sch -

reck inge r et al., 2010). In this context, anthoc ya nins belonging 

to the flavo noid famil y re pre sent a gro up of pigments respon- 

sib le for most of the colors in fruits, lea ves, flowers, stems 

and root s of plants (Leite et al., 2011 ). Their spectrum of color 

varies from red to blue (Leite et al., 2011; Prior & Wu, 2006 ) and 

also prese nts itself as a mixtur e of both color shades resulti ng 

in purple-b lac k tones. Other compoun ds with health benefits

ha ve been describe d on scientific litera tur e suc h as tocophe- 

rols, glucosino lates, or ganosulp hur compoun ds, ster ols,
saponins, stilbenes and tannins (Kris-Etherton et al., 2004 ).

In gener al, these compou nds pre sent anti-inflammator y and 

antioxidant effects (Dossett, Lee, & Finn, 2010; Dziri et al.,

2012; Kang et al., 2011; Leite et al., 2011).

In this context, this article summ arizes the for emost bio- 

activ e compound s and the health prop erties of the exotic 

tropica l red–black berries , specifically Euterpe oler acea , Eugenia

uniflora, Myr ciaria cauliflora, Myr ciaria dubia , Syzygium cumini .

2. Characteristics of exotic tro pical red–black
berr ies 

The Tab le 1 sho ws the commo n name , scientific name , famil y,

origi n, bioacti ve compoun ds and main health benefits of the 

tropica l berries. These fruits do not occur in all tropica l coun- 

tries due to vary ing climate and soils. Ho weve r, dep ending on 

the time of ye ar , it is possib le to find these fruits at fairs and 

specialized markets, attended by people inter ested in typical 

tropica l food. These fruits are usuall y seasonal and gr ow at 

tropica l climate , wher e the harve st occurs mainl y during 

the warmer months of the ye ar .

The Tab le 2 sho ws the le vel s of vitamin C, total anthoc ya -

nins and total phenoli cs of the fruits anal yzed in this contri- 

bution. Further mor e, Fi g. 1 sho ws the chemical structur es of 

the main bioacti ve compound s described suc h as anthoc ya -

nins (Fig . 1A) and other phenolic compoun ds (Fig. 1B–D).

3. E. oler acea (Açaı́)

3.1. Botanical description 

Ac ¸aı́ palm is the common ly used name for the specific specie 

of palm tree kno wn as E. oler acea Martius . This palm is nati ve 

of South America and gr ows mainl y in Bra zil, Colom bia and 

Suriname , and in the Amazonian flood lands (Schau ss et al.,

2006). Palm tr ee prese nt an edible small purple-b lack berr y



Table 1 – Comm on name, scientific name, species famil y, bioact ive comp ounds and health benefits of exotic tro pical red–
blac k berries.

Common name Scientific name/ 
Famil y

Bioacti ve
compound s

Health benefits

Açaı́, Asai palm ,

Azaı́ Huasa ı́,

Mana ca palm 

Euterpe oleracea /

Arecaceae 

Anthocy anin s,

flavonoids , phen olic 

acids, proc yanidin,

lignans , stilb enes 

Increase plasma antioxidant capa city Me rtens-T alc ott et al. (2008),

decrease of oxidativ e stress Noratto et al. (2011)

Anti-inflammatory effects Kang et al. (2011), oratto et al . (2011)

Impro vement of endo thelial function Michalska et al. (2010), Rocha 

et al. (2007) and platelet aggre gation Michalska et al. (2010)

Ameliorating properties over metabolic syndrome de Oliv eira 

et al. (2010),

Udani et al. (2011)

Anti-aller gic Horigu chi et al. (2011) and antican cer properties Del

Pozo-Insfran et al. (2006)

Pi tanga, Brazilian 

cherr y, Ñangapirı́

Eugenia uniflora/

Myrtace ae 

Anthocy anin s,

carotenoids,

flavonols 

Anti-diarrheic, diuretic, anti-rheuma tic, ant i-febrile and anti-diabetic 

Oliv eira et al. (2006)

Antimicrobial activity against S. aureus , L. monocytogenes , C. lipolyti ca 

and C. guil liermondii Vict oria et al. (2012), ant i-T rypanosoma Sant os 

et al. (2012)

b-adrener gic induced hypotension in rats heart Consolini and 

Sarubbio (2002)

Jabotica ba, Guapuru ´ ,

Uva de árbol, Brazilian 

grape tree 

Myr ciaria cauliflora/

Myrtace ae 

Anthocy anin s,

ellagic and gallic aci d,

carotenoids, depsides,

tann ins, ru tin, vita min C

Antioxidant potential increase in rats plasma Leite et al. (2011)

Anti-inflammatory , against asthma and ant i-diarrhea Lima et al.

(2008), Re yner tson et al . (2006)

Inhibition of IL-8 production Re yner tson et al . (2006)

Antiprolifera tiv e effects against tumor ce lls lines Leite et al . (2012)

Pr otect iv e effect in car dio vascular diseas e and type 2 diabetes 

mellitus Lenquiste et al. (2012)

Camu-camu, Cacari,

Camoca mo 

Myr ciaria dubia /

Myrtace ae 

Anthocy anin s,

ellagic acid,

flavan-3-ol s, vitamin C

High ant ioxidant capac ity Rufino et al. (2010)

Inhibition of LPS-induced NO release in RA W 264.7 cells Yaza wa 

et al. (2011)

Decrease of oxida tiv e stress and anti-inflammatory Inoue et al. (2008)

Jambola ˜o, Black plum Syzygiu m cumi ni /

Myrtace ae 

Anthocy anin s,

ellagic acid,

quercetin, rutin,

vitam in C

Antiscorbut ic and diuretic feat ures Benh erlal and Arumughan (2007),

Gor don et al. (2011)

Numerous ph armacolog ical features Bal iga et al. (2011)

Antidiabetic effects Baliga et al. (2011), Benherlal and Arumughan 

(2007), De Bona et al. (2011), Gor do n et al. (2011), Teixeira et al . (1997),

Teixeira et al. (2000)

Table 2 – Bioacti ve comp ounds in exotic tro pical red–black berri es.

Scientific name Total phenolic (dry matter) Total anthoc yanins (fresh matter) Vitamin C (fresh matter)

Euterpe oler acea 31.2 mg GAE/100 g Kang et al. (2012) 282–303 mg /100 g de Rosso et al. (2008) 84 mg/100 g Rufino et al. (2010)

Eugen ia uniflora 4140–5810 mg FAE/100 g Celli et al . (2011) 26 mg/100 g Lima et al. (2002) 21.5 mg/00 g Fr eyre et al. (2000)

Myr ciaria cauliflora 3160 mg GAE /100 g Re ynertson et al. (2008) 58.1 mg /100 g Rufino et al . (2010) 238 mg/100 g Rufino et al. (2010)

Myr ciaria dubia 1161 mg GAE /100 g Akter et al. (2011) 42.2 mg /100 g Rufino et al . (2010) 1882 mg/100 g Rufino et al. (2010)

Syzy gium cumini 787 mg GAE /100 g Gor don et al. (2011) 93.3 mg /100 g Rufino et al . (2010) 112 mg/100 g Rufino et al. (2010)

FAE, feruli c acid equiv alen ts; GAE, gallic aci d equiv alents.
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whic h, at complete maturi ty , reac hes 10–12 mm diamete r.

The pulp of this fruit is lar gely consumed as food, and prese nt 

an unu sual flavo r similar to raspb erries with a nu tty taste 

(Gallori, Bilia, Ber gonzi, Barbosa, & Vincieri, 2004 ).

3.2. Bioactive compounds 

It has been re ported that the Ac ¸aı́ fruit pulp pre sents 31.2 mg 

of gallic acid equi valents (GAE)/100 g dry matter (DM) (Kang

et al., 2012). It is significantly ric h in pol yphenol, prese nting 

mainl y anthoc ya nins at 282–303 mg/100 g fre sh weight (FW)
(de Rosso et al., 2008 ) (Tab le 2), cya nidin-3- glucoside (de Rosso 

et al., 2008; Del Pozo-Insfr an, Bre nes, & Talcottt, 2004; Gallori 

et al., 2004; Heinric h, Dhanji, & Casselman , 2011; Pach eco- 

Palencia, Talcott, & Duncan, 2009; Ribeir o et al., 2010; Sch auss 

et al., 2006) and cya nidin-3- rutinoside (de Rosso et al., 2008;

Gallori et al., 2004; Heinric h et al., 2011; Pach eco-P alencia 

et al., 2009; Ribeir o et al., 2010; Sc hauss et al., 2006). Other 

anthoc yanin s (Fig . 1A) that ha ve been isolated are : cya nidin- 

3-acetylh exose (de Rosso et al., 2008 ), cyanidin-3-a ra binoside 

(Heinri ch et al., 2011 ), cyanid in-3-sambu bioside (Heinric h

et al., 2011; Sch auss et al., 2006), peonidin -3-rutinosid e (de
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Rosso et al., 2008; Heinri ch et al., 2011; Pach eco-P alencia et al.,

2009; Sch auss et al., 2006), peonidin -3-glucosi de (de Rosso 

et al., 2008; Heinric h et al., 2011; Sch auss et al., 2006) and 

pelar gonidin -3-glucoside (de Rosso et al., 2008; Del Pozo-Ins -

fra n et al., 2004; Heinric h et al., 2011). Re gar ding flavo noids,

the pre sence of rutin, apig enin diglucoside , luteolin digluco- 

side (Pach eco-P alencia et al., 2009 ), apigenin 6-glucoside , lute- 

olin 8-glucos ide (Ribeir o et al., 2010 ), homoorie ntin, orientin,

taxifoli n deoxyhexo se (Gallori et al., 2004; Heinri ch et al.,

2011; Pache co-P alencia et al., 2009; Schaus s et al., 2006), taxif- 

olin 3-rhamnos ide (Ribeir o et al., 2010 ), iso vitexin (Gallori

et al., 2004; Heinric h et al., 2011; Kang et al., 2011; Pach eco- 

Palencia et al., 2009; Schaus s et al., 2006), dihidr okaempf ero l

3-O-b-D-glucosid e and its isomers (Kang et al., 2011 ), velutin,

dihidr oxy-7 0,3 0,5 0-trimeth oxyflavo ne (Kang et al., 2011 ), scop- 

arin (Pache co-P alencia et al., 2009; Sch auss et al., 2006 ), (+)-

catec hin (Del Pozo-Ins fran et al., 2004; Heinric h et al., 2011;

Pach eco-P alencia et al., 2009; Ribeir o et al., 2010) and (�)-epi- 

catec hin (Del Pozo-Ins fran et al., 2004; Heinric h et al., 2011;

Pach eco-P alencia et al., 2009), also pro cya nidin dimer s and 

trimers (Pach eco-P alencia et al., 2009 ), phenolic acids such 

as pro tocatec huic (Del Pozo-Insfr an et al., 2004; Heinric h

et al., 2011; Pach eco-P alencia et al., 2009), p-h ydrox ybenzoic ,

vanillic, syringic, ferulic (Del Pozo-Insfr an et al., 2004; Hein- 

ric h et al., 2011; Pache co-P alencia et al., 2009), gallic, benzoic 

(Del Pozo-Insfr an et al., 2004; Heinri ch et al., 2011; Ribeir o

et al., 2010), p-coumaric, and ela gic acid (Del Pozo-Ins fra n
et al., 2004), stilbenes such as resv era tr ol (Sc hauss et al.,

2006) has been documen ted.

3.3. Health benefits

The pre sence of a high quantity and va riety of antioxid ant 

compound s in this fruit is very pro mising reg ar ding health 

benefits. As a matter of fact, it has been observ ed an incre ase 

in the antioxid ant capacity in plasma after Ac ¸aı́ pulp and juice 

consumpti on by health y volunteers (Mertens-T alcott et al.,

2008). It has been sho wn that plant pol yphenols modify 

molecular eve nts to war ds an impr ove ment in endothelial 

function and inhibition of platelet ag gre gation (Mich alska 

et al., 2010). Ther efore , these compoun ds could pla y a role in 

the pre ve ntion of car dio va scular disease . In this sense , it has 

been report ed that an Ac ¸aı́ stone extr act pre sented va sodilator 

effects in rats (Roch a et al., 2007 ). Also , it has been observ ed 

that Ac ¸aı́ pulp-isolated flavo noids pre sented an important 

antioxidant activ ity measur ed by oxygen radical ab sorbance 

capacity (ORAC), and also prote cti ve anti-in flammatory fea- 

tur es ag ainst lipopol ysacc haride (LPS) and oxidized lo w den- 

sity lipopr otein (LDL) induced nucle ar factor jB (NF-jB)

activ ation in mouse macr opha ges, suggesting ather o-pr otec- 

tiv e effects (Kang et al., 2011 ). More over , it has been observ ed 

that pol yphenolic extr acts of Ac ¸aı́ pro tected human va scular 

endothelial cells upon oxidati ve str ess and inflammation 

(Nora tto , Angel-Mora les, Talcott, & Mertens-T alcott, 2011 ).
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Nora tto et al. (2011) described that Ac ¸aı́ extr acts inhibited the 

ROS pro duction induced by hyper gl ycemic conditions, re- 

ve rted the high glucose- induced NF- jB phosphor ylation and 

its gene expre ssion (coinciding with a pre ve ntion of ele va ted 

mRN A expre ssion and secr etion of interleuki ne – IL-6 and IL- 

8), pre ve nted incr easing le ve ls of gra nul oc yte macr opha ge col- 

on y-stim ulating factor secr etion, and induce d an incr eased 

tr anslocation and activ ation of pre gnane X rece ptor (a ke y

tr anscription factor for the expr ession of se ve ral antioxidan t

enzymes), whic h was tradu ced in augment ed mu ltidrug resis- 

tance pro tein 1 (MDRP1), catalase gene expre ssion and gluta- 

thione-S- transf era se activ ity .

Further mor e, it has been sho wn that Ac ¸aı́ extr acts pre -

sented dire ct effects on ep ig enetics modulators , suc h as 

micr oRNA s (Nor atto et al., 2011 ). It was observ ed that extr acts 

of this fruit inhibit the glucose-stim ulated expr ession of miR- 

146a, whic h has been report ed to nega tiv ely re gulate NF- jB,

ther efore redu cing the capa bility to gener ate tr anscripts of 

IL-6 and IL-8. It was also observ ed that these extr acts pre -

sented the capa bility to bloc k the inducing effects of LPS on 

NF-jB signaling and on the expr ession of adhesion molecule s,

suc h as vascu lar cell adhesion molecule 1 (VCAM-1) inter cellu- 

lar adhesion molecule 1 (ICAM-1) and E-sele ctin. In this sense ,

Ac ¸aı́ extr acts induced a dose–respons e incr ease in the expres- 

sion of miRN A-126, a modulator of VC AM-1 whic h has been 

observ ed to corre late ne gati vel y with leukoc yte adher ence .

A pre par ation of Ac ¸aı́ has been assessed to modify meta- 

bolic disor der in ove rw eight indi viduals (Udani, Singh, Singh,

& Barr ett, 2011). It was observ ed impr ovements regar ding 

fasting glucose and insulin le ve ls follo wing a 30 da y trea t- 

ment. It was also noted a redu ction in total cholester ol le vel s

and amelio ratio n in the post-pr andial incre ase in bl ood glu- 

cose after a standar dized meal. Mor eo ve r, it was report ed that 

a chro nic ora l treatm ent with an Ac ¸aı́ seed extr act prese nted 

amelior ating pro perties ove r metab olic syndr ome featur es in- 

duced by a high fat diet intake in mice (de Oliv eir a et al., 2010 ),

reducing plasma malond ialdeh yde (MDA) concentr ation,

bod y weight, plasma triac ylgl ycer ol, total cholester ol, glucose 

le vel s, and insulin resistance . Further mor e, Ac ¸aı́ pulp im- 

pro ves lifespan of flies that were fed on a high fat diet (Sun

et al., 2010), and the supplemen tation with Ac ¸aı́ pulp in a

hyper cho lestero lemic diet pre vented the appear ance of high 

le vel s of blood chol estero l and LDL in rats (de Souza, Silva , Sil- 

va , Oliv eira , & Pedr osa, 2010).

Further mor e, a slight anti-inflammator y effect was ob- 

serv ed as suggested by lo wer C-re activ e pro tein le ve ls, and 

also a mild decre ase in lipid per oxidation. In this sense , it 

has been described that extr acts of this fruit are highly potent 

in reducing nitric oxide (NO) prod uction of a mice macr opha ge

cell line , which were accompani ed with an inhibition in induc- 

ibl e nitric oxide synthetase (iNOS) mRN A expre ssion (Math-

eus, de Oliv eir a Fernandes, Silve ira, & de Sousa Menezes,

2006). In addition, Ac ¸aı́ extr acts prese nted pro tecti ve effects 

ag ainst cigar ette smoke-ind uced emph ysema in mice , related 

to higher antioxidan t enzymes activ ities, redu ced the leuko- 

cyte , macr opha ge and neutr ophil infiltration into the pulmon- 

ary alv eoli, and redu ced the metalloela stase prote in le ve l, a

macr opha ge-deri ved prote in in vo lve d in the extr acellular ma- 

trix bre akdo wn in emph ysemia (de Mour a et al., 2011 ).
It has been re ported that an ac ¸aı́ pulp pre -tr eatment inhib- 

ited the antigen-induced de gra nulat ion of primar y culture 

mast cells isolated fro m IgE-sensiti zed mouse , suggesting 

that this fruit could ha ve anti-aller gic effects (Horiguc hi 

et al., 2011), and that pol yphenolic fracti ons of Ac ¸aı́ redu ced 

pro lifer ation and induce d apoptosis of HL-60 leukem ia cells 

(Del Pozo-Ins fran , Per civ al, & Talcott, 2006 ).

On the other hand, a polys acch aride fra ction isolated fro m

Ac ¸aı́ fruits induced cdT cell activ ation in human, mouse and 

bo vine in vitr o. These cells ha ve been sho wn to participate 

in effecti ve innate imm une respo nse . In vivo , this Ac ¸aı́ fra c- 

tion induced recrui tment of my eloid cells and IL-12 secr etion.

All this evidence point out to a possib le in vo lve ment of this 

fruit in the tr eatment of asthma and infectious diseases (Hol-

derness et al., 2011).
4. E. uniflora (Pitanga)

4.1. Botanical description 

The Pitanga or Bra zilian cherr y (E. uniflora) is a member of the 

Myrtacea e family . It is a nati ve tree fro m Bra zil that is widel y

distribute d in South American countries (Bicas et al., 2011 ),

suc h as Ar gentina, Para gua y and Urugua y (Consolin i & Sarub- 

bio , 2002). The fruit looks like a small pumpkin . It is globoid,

3 cm in diamete r, and prese nts eight to ten longitudinal 

gro ove s (Bicas et al., 2011; Celli, Pere ira-Ne tto , & Beta, 2011 ).

Their color dep ends on the va riety , but rang es fro m red to pur -

ple , and the fruit has an exotic flavor , sweet and sour taste 

(Lima, Me ´ lo , & Lima, 2002 ). In Bra zil, the Pitanga has an 

importan t economi c inter est since it has been used to pro -

duce juices, jellies, and fruit compotes.
4.2. Bioactive compounds 

In a rece nt stud y, Celli et al. (2011) observ ed that the total phe- 

nolic content in red and purple Pitanga va rieties was 4140 and 

5810 mg FAE/100 g DW (Tab le 2), respecti ve ly . A high phenoli c

content was found in immatur e fruits and the ripening re- 

duced the le vel s of these compoun ds. In addition, a high anti- 

oxidan t acti vity was observ ed for unripe fruits. On the other 

hand, the amount of caro tenoids incre ased with matur ation.

Lima et al. (2002) found higher caro tenoids le vels in pulp in 

matur e Brazi lian cherr y (111 lg b-car otene equi va lents/g FW)

than in semi-matur e pulp (98 lg b-caro tene equi val ents/g 

FW). The Pitanga contains 21.5 mg of vitamin C/100 g of fruit 

(Fr eyre , Baigorria, Rozyc ki, Bernar di, & Charpen tier , 2000 ).

The Pitanga contains 26 mg/100 g of fruit of total anthoc y- 

anins (Lima et al., 2002 ) (Tab le 2). The identification of antho- 

cya nins sho wed the pre sence of cyanid in-3-glucosid e (Celli

et al., 2011) and delphinid in-3-glucoside (Einbond, Re ynert- 

son, Luo , Basile , & Ke nnelly , 2004) (Fig . 1A). Mor eo ve r, the 

identification of flavo nols sho wed the prese nce of myricetin 

3-O-hexoside , myricetin 3- O-pentosi de, my ricetin 3- O-rham-

noside , quer cetin 3- O-hexoside , quer cetin 3- O-pentos ide,

quer cetin 3- O-rhamno side and myricetin deoxyhexo side- 

gallate (Celli et al., 2011 ), and kaempfer ol (Hoffmann-R ibani,

Huber , & Rodrigue z-Ama ya, 2009) (Fig . 1B). The anthoc yanin 
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content and total flavo nols ar e major in peel (0.42% and 0.12%

of FW , respecti ve ly) when compar ed to the pulp (0.03% and 

0.02% of FW , respe ctiv ely ) (Lima et al., 2002 ). Ne ve rtheless,

the pulp corr esponds to almost 80% of the whole fruit, which 

is the main form of commer cialization (Bicas et al., 2011 ).

4.3. Health benefits

In Brazi l, the essentia l oil extr acted fro m Pitanga tree lea ve s

has been used by the cosmetics industr y for its astringent 

pro perties (Amorim, Lima, Ho ve ll, Miran da, & Rezende ,

2009). Ne ver theless, the lea ves fro m this berr y ha ve been used 

in Bra zilian folk medicine as anti-diarrhe ic, diure tic, anti- 

rheuma tic, anti-feb rile and anti-dia betic agent (Amorim

et al., 2009; Oli vei ra et al., 2006; Victoria et al., 2012).

Victoria et al. (2012) sho wed an antimicr obial activ ity 

against Staph ylococcus aur eus , Listeria monoc ytogenes , Candida

lipolyti ca and Candida guillierm ondii for Pitanga lea ve s. The 

authors demonstr ated that a single ora l dose of this essentia l

oil (10–200 mg/kg) did not cause lethalit y or toxicological ef- 

fects in mice (Victoria et al., 2012 ). Santos et al. (2012), de- 

scribed that E. uniflora pre sents anti-T rypanosoma activ ity ,

repr esenting an inter esting alternati ve to comba t infectious 

disease s suc h as Chag as disease . More over , an ethanolic ex- 

tr act of Pitanga was used again st tw o str ains of Esc heric hia coli 

and the test sho wed that it was not inhibite d in a clinicall y

rele va nt form by the extr acts (Coutinh o, Costa, Falcao-Sil va,

Siqueir a-Jun ior , & Lima, 2010).

On other hand, Consolin i and Sarubbio (2002) report ed that 

Pitanga aqueous crude extr act has a dual effect on rat heart,

since a hypotensio n featur e was describe d related to b-adr en- 

er gic action, comprisin g a potential risk for patient s who suf- 

fer fro m arrh ytmias or car diac failur e. Thus, mor e studies are 

necessa ry to elucidat e the effects of extr acts and essentia l oil 

of Pitanga to confirm their pharmacolo gical potential.
5. M. cauliflora (Jaboticaba)

5.1. Botanical description 

The Ja boticab a (M. cauliflora) belongs to the Myrtac eae famil y. It 

is a gra pe-like fruit that is found extensi ve ly thro ughout Bra zil,

but especia lly in the Southeas t (state of Minas Gera is, Rio de Ja -

neir o, Sa ˜o Paulo and Espı́rito Santo). The berries are globoid,

ha ve 2–4 cm in diamete r with one to four seeds (Barr os, Fi ng er ,

& Mag alha ˜es, 1996). Curiousl y their fruits are born dire ctly 

fro m the old bra nche s and trunks of the tr ee. When ripe , the 

skin fruit pre sent dark purple or blac k color . Also it is thin, fra g- 

ile , and astringent, and the pulp is white , sweet and with a

gelatinous flesh. This fruit possess a gre at econom ic inter est 

due to the man y forms that the fruit is used (Clerici & Carv- 

alho-Si lva , 2011). Owing to its flavo r, the berries ar e often eaten 

fre sh. The Ja botica ba fruits ar e often used to pro duce juices,

wines, liqueurs , vineg ar , jellies, and fruit compotes (Clerici &

Carv alho-Silv a, 2011; Re ynertson et al., 2006; Santos, Veg gi, &

Meir eles, 2010). More over , the extr action pro cedur e is of great 

import ance for obtaini ng natur al color ants (Santos et al.,

2010). Its high content of anthoc ya nins is also an attra ctiv e fea- 

tur e (Rufino et al., 2010 ). Ho weve r, the main limitation is its 
high perisha bility due to the high content of sugar and water ,

which is associa ted with a rapi d deca y and fermenta tion, and 

to a ve ry short postha rve st shelf-life (Barr os et al., 1996 ).

Se ve ral species of Ja boticab a are distributed within the 

genu s Myr ciaria , suc h as M. jaoticaba and M. tenella (Re ynert- 

son et al., 2006), but the M. cauliflora is the most widespr ead 

specie in Brazi l (Lima, Corr êa, Alv es, Abr eu, & Dantas-Barr os,

2008). In Braz ilian folk, the Ja botica ba has been used as a

treatm ent for asthma, inflammator y bo wel disease , diarrhea 

and hemoptys is (Lima et al., 2008; Re ynertson et al., 2006 ).

5.2. Bioactive compounds 

The Ja botica ba fruit contains tannins and cyanidi n-3-gluco- 

side (M. cauliflora) (Santos et al., 2010; Trevisan, Bobbio , & Bob- 

bio , 1972) and peonidin -3-glucos ide and its ag lyco ne (M.

Jaboticab a) (Tre visan et al., 1972 ). The pol yphenolic composi- 

tion of M. cauliflora extr acts was identified for the first time 

by Re ynertson et al. (2006). The y detecte d 2- O-(3,4-dihydr oxy- 

benzo yl)-2,4,6-trihydr oxyphen ylacetic acid, pyr anoc yanin B,

quer cetin, isoquer citrin, quer cimeritrin, quer citrin, rutin,

myr icitrin, cinnamic acid, O-coumaric acid, gallic acid, pro to- 

catech uic acid, meth yl pro tocatec huate , and ella gic acid 

(Fig . 1C). In addition , a ne w dep side was identified, namel y

the ja botica bin (Fig . 1D). Dep sides ar e phenolic compound s,

first time identified in the Myrtacea e, containing two or mor e

monoc yclic ar omatic units linked by an ester bond. Accor ding 

to Re ynertson et al. (2006) the ja botica ba is ric h in anthoc ya -

nins, phenolic acids, and flavonoids and contains de psides 

with antir adical, anti-inflammator y, and cytotoxic activ ity .

Ther efore it is belie ve d that this fruit has a str ong potential 

to be de ve loped as a functio nal food. Rufino et al. (2010) re- 

ported 58.1 mg/100 g of total anthoc ya nins (Tab le 2).

Re ynertson, Yang, Jiang, Basile , and Ke nnell y (2008) in ve s- 

tigated phenol ic compoun ds in Ja botica ba fruit and report ed 

them to be at 3160 mg GAE/100 g DW (Tab le 2). This data is 

similar to the one describe d by Santos et al. (2010). On the 

other hand, Rufino et al. (2010) report ed 440 mg GAE/100 g FW .

Other bioacti ve compou nds that were found in Ja botica ba 

fruit (in 100 g FW) ar e vitamin C (238 mg), total anthoc ya nins 

(93.3 mg) and total car otenoids (0.32 mg) (Rufino, Alve s, Fer -

nandes, & Brito , 2011; Rufino et al., 2010). These data suggest 

that the content of vitamin C in Ja boticab a is lo wer than in 

Acero la and Cam u-cam u (1357 and 1882 mg/100 g FW , respe c- 

tiv el y), but it is higher than Pintanga, Ac ¸aı́, and Jam bola ˜o

(21.5, 84 and 112 mg/100 g FW , respecti ve ly) (Tab le 2). Mor e- 

ove r, the contents of total anthoc ya nins and total caro tenoids 

are similar to Camu -cam u (Rufino et al., 2010 ).

Recentl y, Abe , Lajolo , and Geno ve se (2012) in vesti gated the 

prese nce of ella gic acid among the twen ty botanica l families 

of this fruit. The ella gic acid is a po werful compou nd with 

antioxidant pro perties and high contents of this acid ha ve 

been found in Ja botica ba (3.11 g/kg FW). Thus, the resear chers 

sugge sted that Ja botica ba is a promis ing sour ce of ella gic acid 

deriv ati ve s in the diet.

5.3. Health benefits

Reg ar ding health benefits, Leite et al. (2011) evidenced a sig- 

nificant incre ase in the antioxidan t potent ial of plasma (mea-



J O U R N A L O F F U N C T I O N A L F O O D S 5 ( 2 0 1 3 ) 5 3 9 – 5 4 9 545
sur ed by ORA C and tr olox equi va lent antioxidan t capacity as- 

sa y – TEA C) in rats tr eated with 1% or 2% of Ja botica ba peel/kg 

of food. Re ynertson et al. (2006) observ ed that extr acts of Ja bo- 

ticab a had a str ong antir adical activ ity accor ding to 2,2-diph e- 

nyl-1-pi crylh ydraz yl (DPPH) assa y and significantly inhibited 

che mokine interle ukin IL-8 pro duction in human SAE cells 

tr eated with cigar ette smoke extr acts. More over , the micro nu- 

cleus test in Swiss mice sho wed that the ja botica ba peel ex- 

tr act sho wed antipr olifer ativ e effects against tumor cells 

lines (leukemia and pro state) and induced no DN A dama ge

and caused no mutagenic effects (Leite et al., 2012 ). In another 

stud y, ja boticab a peel was incorpor ated in the high fat diet of 

mice that were fed for 10 weeks, and the results did not 

sho wed significant chan ges in weight gain, or gans weight,

bod y composit ion, serum glucose , glucose toler ance test,

insulin toler ance test and leptin (Lenquist e, Batista, Marinel i,

Dra gano , & Maro ´ stica Jr ., 2012). Ho weve r, the authors sug- 

gested that the consumpt ion of ja botica ba peel had a pro tec- 

ti ve effect again st car dio va scular disease and type 2 dia betes 

mellitus, suggested by an incre ase of HDL-c holester ol le vel s

and lo wer va lues of HOMA-I R, respecti ve ly (Lenquiste et al.,

2012). Thus, due the se ve ral compoun ds of this berr y, it is a

pro mising emer ging functio nal food.

6. M. dubia (Camu-cam u)

6.1. Botanical description 

Among the exotic fruits of Amazon re gion (Colombia, Venezu- 

ela, Peru and Bra zil) Camu -cam u (M. dubia ), a member of the 

Myrtacea e famil y, has been focus of se ve ral studies. Similar to 

Ja botica ba, the Camu -cam u fruit, when unripe , prese nts a

gre en color and during the ripening the berr y gains a red-co l- 

ore d tonality . Accor ding to Yuyam a (2011), the berries are glo- 

boid, 2.5 cm in diameter with a str ong acid taste and the pulp 

is white , with citric flavo r and gelatinou s flesh. These berries 

are often used to pro duce juice , jelly , and ice cr eam, and pos- 

sess a high concent ratio n of ascorbic acid.

6.2. Bioactive compounds 

Cam u-cam u fruits are conside red the ric hest natur al sour ce 

of vitamin C in Bra zil (Jus ti, Visentai ner , Souza, & Matsu shita,

2000). Due to their high le ve l of this vitamin, the Cam u-cam u

deri va tiv es suc h as pulp , extr act and juice are extensi ve ly ex- 

ported to Jap an and Europ ean Union markets (Akter , Oh, Eun,

& Ahmed, 2011; Chirinos, Galarza, Betallelu z-P allar del, Pedr e- 

sch i, & Campos, 2010). The content of vitamin C is 20 times 

higher than Acero la and 100 times gr eater than lemon (Vidi- 

gal, Minim, Carva lho , Milag res, & Gonc ¸alv es, 2011). Due to it 

high nutri tional va lue, the Amazon Resear ch National Insti- 

tute (INPA) intro duced the seed of Cam u-cam u in the interior 

of Brazil , in Minas Ger ais, Sa ˜o Paulo and Par ana ´ states (Yuy- 

ama, 2011). Ne ve rtheless, Jus ti et al. (2000) observ ed that the 

fruit gro wn in Par ana ´ pre sented lo wer content of vitamin C

(1400 mg/10 0 g in the pulp) than the one fro m the Amazon re- 

gion (2400–3000 mg/10 0 g in the pulp). This suggests that dif- 

fer ent condition s influencing the de ve lopment of this plant 

might modula te the le ve ls of bioacti ve compoun ds. Further -
mor e, Chirinos et al. (2010) report ed that total phenol ic con- 

tents in Cam u-cam u dep end on the maturity sta ges.

Differ ent types of pol yphenols suc h as anthoc ya nins 

(cya nidin-3- glucoside and delphinidin -3-glucos ide), quer ce- 

tin, quer citrin, rutin, my ricetin, naringenin, catec hin,

kaempfer ol (Fi g. 1B), ella gic acid (Fig . 1C) and eriodicty ol are 

found in Cam u-cam u fruits (Akter et al., 2011; Chirinos 

et al., 2010; Re ynertson et al., 2008; Rufino et al., 2010). The to- 

tal phenolic content of dried Cam u-cam u is 1161 mg GAE/ 

100 g DM (Akter et al., 2011 ) (Tab le 2). The ella gic acid and fla-

va n-3-ols gro ups repr esent the main phenolic compound s in 

this berr y (Chirin os et al., 2010 ). Accor ding to Rufino et al.

(2010) the total pol yphenols in aqueou s-or ganic extr acts is 

higher in Camu -cam u fruits (11.615 mg GAE/100 g DM) when 

comparin g with Acer ola and Ja botica ba (10.280 and 3584 mg 

GAE/100 g DM, respe cti vel y). On the other hand, the total 

anthoc yanin s (42.2 mg/100 g FW) (Tab le 2) of Cam u-cam u

are lo wer than Ac ¸aı́ and Ja mbola ˜o (111 and 93.3 mg/100 g

FW , respe ctiv ely).

Differ ent methods suc h as DPPH, 2,2-azinob is (3-ethyl- 

benzothi azoline-6-su lfonic) acid radi cal (ABTS) and ferric 

reducing antioxidant potential (FRAP) are used to determine 

the antioxidan t capacity of this fruit. Accor ding to Rufino

et al. (2010), Cam u-cam u exhibited higher antioxidant capac- 

ity than Ac ¸aı́, Acero la, Ja botica ba and Ja mbola ˜o when used 

ABTS (153 lmol Trolox /g of fre sh matter) and FRAP (279 lmol

Fe2SO4/g FW) assa ys. In addition, Chirinos et al. (2010) re-

ported a positi ve corre lation betw een total phenolic content 

and DPPH antioxidant capacity (r2 = 0.931) but not betw een 

ascorbic acid le ve ls and DPPH antioxid ant capacity 

(r2 = 0.190), suggesting that the antioxid ant capacity of the 

fruit is deri ved mainl y from phenoli c compound s.

6.3. Health benefits

Recentl y, Yaza wa, Suga, Honma, Shir osaki, and Koyama (2011)

report ed that crude extr acts of Cam u-cam u seeds suppr essed 

the formation of edema in a dose-de pendent manner in mice 

by ora l administ ration. A similar effect was observ ed in vitr o,

wher eas extr acts of Cam u-cam u seeds in a dose-de pendent 

manner inhibite d the lipopol ysacc haride (LPS)-stimulated 

NO secr etion by mur ine RA W 264.7 macr opha ges. This Ja pa- 

nese rese arc h gro up suggests that the edema suppr ession 

was due to the pre sence of betulic acid. On the other hand, In-

oue, Komoda, Uc hida, and Node (2008) eva luated, in male 

smokers, the anti-oxidati ve and anti-inflammator y pro perties 

of Camu -cam u juice (daily 70 mL of juice , whic h corre sponds 

to 1050 mg of vitamin C) compar ed to a gro up that rece iv e a

dail y supplemen t of vitamin C (1050 mg dail y). After 7 da ys,

oxidati ve stre ss markers (level s of urinar y 8-h ydrox y-deoxy- 

guanosin e and total reacti ve oxygen species) and inflamma-

tory markers (serum le ve ls of high-sens itivity C reacti ve 

pro tein, IL-6 and IL-8) decre ased significantly in the Camu -

cam u gro up , while there was no change in the vitamin C

gro up . The authors sugge st that the effect of Cam u-cam u

juice ma y be due to the existence of unkno wn antioxid ant 

substance s besides vitamin C. In addition, anthoc yanins, total 

phenolics and caro tenoids could ha ve contribut ed to this 

effect.
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7. S. cumini (Jambola ˜ o)

7.1. Botanical description 

S. cumini (synonym Eugenia jambola or Syzygium jambos or

Eugenia cuminii ) common ly kno wn as Jam bola ˜o (Portuguese )

or black plum or Jam un belongs to the Myrtacea e famil y. It is 

originated from India and Southeast Asia but is also wide- 

spr ead in Bra zil. Their edible fruits are astringent to taste 

(Zhang & Lin, 2009 ), ovo id in shape , 2–3 cm long, the peel 

has a purple to bl ack color , and the pulp has a gra yish white 

color and prese nts a big purple seed (Gor don, Jun gfer , da Silv a,

Maia, & Marx, 2011). The juice of unripe Ja mbola ˜o is often 

used to pre pare vineg ar and the ripe fruits ar e used to pro -

duce prese rve s, squashes and jellies (Zhang & Lin, 2009 ). In 

folk medicine , this fruit has been used as anti-scorbuti c,

diur etic and for the tr eatment of gastro intestina l diseases 

(Benherlal & Arum ughan, 2007; Gor don et al., 2011 ). Ne ve rthe- 

less, the main use of the Ja mbola ˜o fruit rela tes to anti-dia betic 

featur es (Benherlal & Arum ughan, 2007; Gor don et al., 2011;

Teixeir a et al., 1997; Teixeir a et al., 2000).

7.2. Bioactive compounds 

The total anthoc yanin content of the Jam bola ˜o (93.3 mg/100 g

FW) (Table 2) is higher than in other fruits suc h as Acer ola,

Cam u-cam u and Ja botica ba (18.9, 42.2 and 58.1 mg/100 g FW ,

respecti ve ly), (Rufino et al., 2010; Rufino et al., 2011 ). The ma- 

jor anthoc ya nins found were delphinidi n 3,5-diglucos ide 

(45%), petunidin 3,5-diglucos ide (32%), malvidi n 3,5-dig luco- 

side (15%), and cya nidin 3,5-digl ucoside and peonidin 3,5-dig- 

lucoside (Faria, Marques, & Merc adante , 2011 ). The same 

or der of anthoc ya nin composit ion was re ported by Brito

et al. (2007). Further mor e, Re ynertson et al. (2008) identified

ella gic acid, quer cetin and rutin. Other bioacti ve compoun ds 

were found in Jam bola ˜o fruits suc h as vitamin C and car ote- 

noids (112 mg and 0.51 mg/10 0 g FW , respe ctiv ely ) (Rufino

et al., 2010).

It has been re ported that total phenolic compoun ds in 

Ja mbola ˜o fruit is 148.3 mg GAE/100 g (Faria et al., 2011 ) and 

390 mg GAE/100 g (Benherlal & Arum ughan, 2007 ), but in dry 

matter the content is 787 mg GAE/100 g (Gor don et al., 2011 ).

Ho we ve r, the highest content of total phenols was observ ed 

in kernel (37,000 mg GAE/100 g DM) and pulp ethanol extr act 

(34,000 mg GAE/100 g DM) (Benherlal & Arum ughan, 2007 ).

Accor ding to Benherla l & Arum ughan, 2007 the kernel etha- 

nolic extr act, when compar ed to pulp and seed extr acts,

sho wed similar or better antioxid ant activ ity than DPPH,

super oxide and hydrox yl radical sca ve ng ing assa ys. On the 

other hand, Rufino et al. (2011) found modest val ues when 

comparin g ag ainst the report s of other resear ch gro ups,

reg ar ding polyp henol content in aqueous-or ganic extr acts of 

this fruit (1117 mg GAE/100 g DM). Thus, the extr action meth- 

ods of antioxid ants ma y pla y a decisi ve role in the estimation 

of the pol yphenol le ve ls and conseq uentl y in the determina -

tion of the antioxi dant activ ity . The Ja mbola ˜o fruit sho wed a

significant antioxid ant activ ity that ma y be due to its com- 

pounds , suc h as antioxidan t vitamins, phenolics, tannins 

and anthoc yanin s.
7.3. Health benefits

In an extensi ve revie w, Baliga, Bhat, Baliga, Wilson, and Palatty 

(2011) report ed that Jam bola ˜o sho ws se ve ral pharmacolo gical 

prop erties: antibacterial, antifungal, anti vira l, anti-diarrhe al,

anti-aller gic, antip yre tic, antineo plasic, anti-inflammator y,

chem opr eve ntiv e, radiopr otecti ve , gastr opr otecti ve , hep ato- 

prote ctiv e, fre e radical sca venging, car diopr otecti ve , hypolipi- 

demic and hypogl ycemic. Ho we ve r, the main health benefits

are those concern ing the anti-dia betic effects. Befor e the dis- 

co ve ry of insulin, Ja mbola ˜o was used as a dia betes tr eatment 

(Baliga et al., 2011 ). In this regar d, this fruit has been inten- 

siv el y in ve stigated in both animal models (Teixeir a et al.,

1997) and clinical studies (De Bona et al., 2011; Teixeir a et al.,

2000). More ove r, De Bona et al. (2011) re ported the use of the 

Jam bola ˜o leaf extr act as an adjuv ant for the tr eatment of dia- 

betes. These authors suggested that Ja mbola ˜o leaf extr act 

in vitr o redu ced inflammation and oxidati ve str ess, and im- 

pro ve d the alter ations in the adenosin e deaminas e and acetyl- 

choli nester ase activ ities. These enzymes pla y an important 

role in the re gulation of insulin action on glucose meta bolism.

More ove r, jambo la ˜o leaf extr act was ab le to incre ase the 

antioxidant status in type 2 diabe tes patients. Ho weve r, other 

studies did not find beneficial health effect (Teixeir a et al.,

1997; Teixeir a et al., 2000).
8. Mecha nism of the main biological acti vities 

The pol yphenols are the main compound s pre sent in exotic 

tropica l red–black berries that could potentiall y lead to health 

benefits. The anthoc yanin s belong to the flavo noid famil y and 

occur primar ily as gly cosides of their respecti ve ag lyco ne 

anthoc ya nidin (Prior & Wu, 2006 ). The y ha ve potential bene- 

fits to health, especia lly for their pro mising action on tr eat- 

ment of some diseases (Sch recki ng er et al., 2010 ). Numer ous 

in ve stigations ha ve been focuse d on the health benefits of 

consumpti on of red–blac k fruit, claiming these as natur al 

source s of bioacti ve compoun ds with highly pro mising anti- 

oxidant and anti-inflammator y cha racter istics (Baliga et al.,

2011; Dossett et al., 2010; Kang et al., 2011; Leite et al., 2011;

Mertens-T alcott et al., 2008; Santos et al., 2012; Victoria 

et al., 2012; Yaza wa et al., 2011).

The oxidati ve stre ss and inflammation pla y a centra l role 

in the pathogenesis of chro nic diseases, suc h as obesity , dia- 

betes, cancer and ather oscler osis (Inoue et al., 2008 ). Fr ee rad- 

icals ar e pro duced in or ganism as a result of se vera l metab olic 

activ ities and ha ve been associate d with chr onic diseases 

(Benherlal & Arum ughan, 2007 ). Eac h pol yphenol, suc h as 

anthoc ya nin, has differ ent free radical-sca veng ing acti vities 

depen ding on their chemical structur e (position, num ber ,

and types of substit utions) (Rice-Ev ans, Miller , & Pag anga,

1997; Wallace , 2011). The chem ical acti vities of anthoc ya nins 

in terms of their redu cing prop erties occur thro ugh the dona- 

tion of electr ons or hydr oge n to free radicals. The y also can 

act as metal chelators, inhibiting the formation of fre e radi- 

cals catal yzed by transi tion metals (Rice-Ev ans et al., 1997 ).

On the other hand, tropi cal red–blac k berries such as E. oler a- 

cea, E. uniflora, M. cauliflora and M. dubia contains cya nidin-3- 
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glucosid e (Akter et al., 2011; Celli et al., 2011; de Rosso et al.,

2008; Heinric h et al., 2011; Re ynertson et al., 2008; Ribeir o

et al., 2010; Rufino et al., 2010; Santos et al., 2010; Sch auss 

et al., 2006), whic h had one of the highest oxygen radi cal 

ab sorbance capacity (ORAC) (Wang, Cao , & Prior , 1997 ). In 

addition, S. cumini seed extr act enhanced the le vels of re- 

duced glutathio ne and the activi ty of natur al antioxidan t en- 

zymes, suc h as glutathion e S-tra nsfer ase , super oxide 

dism utase and catalas e (Arun, Pra kash, Abra ham, & Pr emku- 

mar , 2011).

Se veral mec hanisms ha ve been pro posed to explain the 

anti-inflammator y pro perties of pol yphenols (Wallace , 2011 ).

Wallace (2011) re ported that anthoc ya nins pre sent anti- 

inflammator y effects in volv ed in pro tection fro m DN A clea v- 

age, estr ogenic activ ity , lipid per oxidation, enzyme inhibition 

and increa se of cytokine prod uction that re gulates imm une 

responses. More over , the cycloox yg enase (COX) and factor 

nucl ear kappa B (NF-jB) gene expr ession ha ve been associ- 

ated with inflammator y pro cess. Antho cyanins alter mRNA 

expre ssion of CO X and transc ription activ ity of NF- jB

(Kaume , Gilbert, Bro wnmiller , Ho war d, & De var edd y, 2012 ).

9. Conclusions 

The revie w sho wed a ric h and div ersified composit ion of bio- 

activ e compoun ds in exotic tr opical red–black berries. The 

bioacti ve compoun ds from these fruits exhibit a positi ve rela- 

tionship with health benefits. The major difficulty to interpr e- 

tate data concerning to health benefits of food is the 

inconsiste nce of the methodolo gies used. Ho wever , the pre s- 

ent re vie w sho wed that E. oler acea , E. uniflora, M. cauliflora, M.

dubia and S. cumini demonstr ate an importan t div ersity of 

ph ytoc hemicals, mainl y phenolic compou nds and vitamin 

C. Though , the health benefits of consumpt ion of these fruits,

especial ly re gar ding to antioxidan t activ ity , could not be the 

result of a single bioacti ve compoun d, but ma y arise fro m

syner gy among compoun ds. Thus the diary consumpti on of 

these fruits can contrib ute to impr ove the serum antioxidant 

status. On other hand, the kno wledge of the bioacti ve com- 

pounds pre sent in lea ve s, seed, pulp and hull of these fruits 

could contribut e to a competit iv e ag ribusines s. Mor eo ve r,

these fruits can be used to impr ove the bioacti ve compou nds 

into food prod ucts to health pro motion, suc h as supplemen ts 

and nu trace uticals. The fruits revie wed make it a promis ing 

emer ging functional food item.

Ack nowledgemen t

The authors would like to thank to National Council for Scien- 

tific and Tech nological De ve lopment (CNPq) for the financial 

support (479093/2012-1).

R E F E R E N C E S
Abe, L. T., Lajolo , F. M., & Geno vese, M. I. (2012). Potential dietary 
sources of ellagic acid and other antioxidants among fruits 
consumed in Brazil: Ja butic aba (Myr ciaria jaboticaba (Vell.)
Ber g). Journal of the Science of Food and Agricult ure , 92 , 1679–1687.
Akter , M. S., Oh, S., Eun, J.-B ., & Ahme d, M. (2011). Nutriti onal 
compositions and health promoting ph ytochemicals of camu- 
camu (Myr ciaria dubia ) fruit: A re vie w. Food Resear ch
International, 44, 1728–1732.

Amorim, A. C. L., Lima, C. K. F., Ho vell, A. M. C., Miranda, A. L. P., &
Rezende, C. M. (2009). Antinocicepti ve and hypothermi c
evaluation of the leaf essent ial oil and isolated terpenoids 
from Eugenia uniflora L. (Brazilian Pitanga). Phytomedicine, 16 ,
923–928.

Arun, R., Prakash, M. V. D., Abraham, S. K., & Premkumar , K.
(2011). Role of Syzygium cumini seed extract in the 
chemopre vention of in viv o genomic damage and oxidativ e
stress. Journal of Ethnop harmacology , 134 , 329–333.

Baliga, M. S., Bhat, H. P., Baliga, B. R. V., Wilson, R., & Palat ty , P. L.
(2011). Ph ytochemistry , traditional uses and pharmacology of 
Eugenia jambolana Lam. (black plum): A re vie w. Food Resea rch
International, 44, 1776–1789.

Barros, R. S., Finger , F. L., & Magalha ˜es, M. M. (1996). Chang es in 
non-structural carbo hydrates in de veloping fruit of Myr ciaria 
jaboticaba. Scientia Hor ticultur ae, 66, 209–215.

Benherlal, P. S., & Arumughan, C. (2007). Chemical 
composition and in vitro antiox idant studies on Syzygium
cumini fruit. Journa l of the Science of Food and Agriculture, 87 ,
2560–2569.

Bicas, J. L., Molina, G., Dionı́sio, A. P., Barros, F. F. C., Wagner , R.,
Maro ´ stica, M. R., Jr ., & Pastore , G. M. (2011). Volati le 
constituents of exotic fruits from Brazil. Food Resea rch
International, 44, 1843–1855.

Brito , E. S., Arau ´ jo , M. C. P., Alves, R. E., Carkeet, C., Cle vidence, B.
A., & No votn y, J. A. (2007). Anth oc yanins present in selected 
tropical fruits: Acerola, Jambola ˜o, Jussar a, and Guajiru. Journal
of Agricultur al and Food Chemis try , 55, 9389–9394.

Celli, G. B., Pereir a-Netto , A. B., & Beta, T. (2011). Comparati ve 
analysis of total phenolic content, antioxida nt activity , and 
flavonoids profile of fruits from two varieties of Brazilian 
cherr y (Eugenia uniflora L.) throughout the fruit de velopmental 
stages. Food Resear ch Intern ational, 44, 2442–2451.

Chirinos, R., Galarza, J., Betalleluz-P allar del, I., Pedresc hi, R., &
Campos, D. (2010). Antiox idant compounds and antioxidant 
capacity of Peruvian camu camu (Myr ciaria dubia (H.B.K.)
McV augh) fruit at different maturity stages. Food Chemistry ,
120, 1019–1024.

Clerici, M. T. P. S., & Carvalho-Silv a, L. B. (2011). Nutritio nal 
bioactiv e compounds and technological aspects of minor 
fruits gr own in Brazil. Food Resear ch International, 44, 1658–1670.

Consolini, A. E., & Sarubb io , M. G. (2002). Pharm acolog ical effects 
of Eugenia uniflora (Myrtaceae) aqueous cr ude extract on rat’s
heart. Journal of Ethnop harmacology , 81 , 57–63.

Coutinho, H. D., Costa, J. G., Falcao-Silva, V. S., Siqueira-J unior , J. P.,
& Lima, E. O. (2010). Potenti ation of antibiotic act ivity by
Eugenia uniflora and Eugenia jambolanu m. Journal of Medic inal 
Food, 13 , 1024–1026.

De Bona, K. S., Belle ´ , L. P., Bittencourt, P. E. R., Bonfanti, G.,
Car gnelluti, L. O., Piment el, V. C., Ruviaro , A. R., Schetinger , M.
R. C., Emanuelli, T., & Moretto , M. B. (2011). Erythr oc ytic 
enzymes and antioxida nt stat us in people with type 2
diabetes: Ben eficial effect of Syzygium cumini leaf extract 
in vitro . Diabe tes Resear ch and Clinical Pr actice, 94 , 84–90.

de Moura, R. S., Pires, K. M., Santos Ferreir a, T., Lopes, A. A., Nesi,
R. T., Resend e, A. C., Sousa, P. J., da Silva, A. J., Porto , L. C., &
Valenca, S. S. (2011). Addition of acai (Euterpe ol er acea ) to 
cigarettes has a protecti ve effect against emph ysem a in mice.
Food and Chemical Toxicology , 49 , 855–863.

de Oliv eira, P. R., da Costa, C. A., de Bem , G. F., de Ca va lho , L. C., de 
Souza, M. A., de Lemos Neto , M., da Cunha Sousa, P. J., de 
Moura, R. S., & Resende, A. C. (2010). Effects of an extract 
obtained from fruits of Euterpe oler acea Mar t. in the 
components of metabolic syndrome induce d in C57BL/ 6J mice 



548 J O U R N A L O F F U N C T I O N A L F O O D S 5 ( 2 0 1 3 ) 5 3 9 – 5 4 9
fed a high-fat diet. Journa l of Car diov ascul ar Pharmacology , 56 ,
619–626.

de Rosso , V. V., Hillebrand, S., Montill a, E. C., Bobbio , F. O.,
Winterhalter , P., & Mercadante, A. Z. (2008). Determination of 
anthoc yanins from acerola (Malpighia emar ginata DC.) and acai 
(Euterpe oler acea Mar t.) by HPLC-PD A–MS/MS. Journal of Food 
Composition and Analysis, 21 , 291–299.

de Souza, M. O., Silva, M., Silva, M. E., Oliv eira, P., & Pedrosa, M. L.
(2010). Diet supplementation with acai (Euterpe oler acea Mart.)
pulp impro ves biomarkers of oxidativ e stress and the ser um 
lipid profile in rats. Nutrition, 26 , 804–810.

Del Pozo-Insfran, D., Brenes, C. H., & Talcottt , S. T. (2004).
Ph ytochemical composition and pigment stability of acai 
(Euterpe oler acea Mar t.). Jo urnal of Agricultur al and Food Chemistry ,
52, 1539–1545.

Del Pozo-Insfran, D., Perciv al, S. S., & Talcott, S. T. (2006). Acai 
(Euterpe oler acea Mar t.) polyphenolics in their glycoside and 
agl ycone forms induce apoptosis of HL-60 leukemia cells.
Journa l of Agricultur al and Food Chemis try , 54 , 1222–1229.

Dossett, M., Lee, J., & Finn, C. E. (2010). Variation in anthoc yanins 
and total phenolics of blac k raspberr y population s. Journa l of 
Functional Foods, 2, 292–297.

Dziri, S., Hassen, I., Fatnassi, S., Mra bet, Y., Casabianca, H.,
Hanchi, B., & Hosni, K. (2012). Phen olic constituent s,
antioxidant and antimicrobial activities of rosy garlic (Allium
roseum var . odor atissimum ). Journal of Functional Foods, 4,
423–432.

Einbond, L. S., Re ynertson, K. A., Luo , X. D., Basile, M., & Kennell y,
E. (2004). Anthocy anin antiox idant from edible fruits. Food 
Chemistry , 84 , 23–28.

Faria, A. F., Marques, M. C., & Mercadante , A. Z. (2011).
Identification of bioactiv e co mpounds from jambo la ˜o
(Syzygium cumini ) and antioxidant capacity evaluation in 
different pH conditions. Food Chemis try , 126 , 1571–1578.

Fr eyre , M. R., Baigorria, C. M., Rozycki, V. R., Bernar di, C. M., &
Charpentier , M. (2000). Vegetal es silvestr es sub explotados del 
Chaco ar gentino y su potencial como recurso alimenticio .
Ar chivos Latinoam ericanos de Nutricion, 50 , 394–399.

Gallori, S., Bilia, A. R., Ber gonzi, M. C., Barbosa, W. L. R., & Vincieri,
F. F. (2004). Polyphenolic constituent s of fruit pulp of Euterpe
oler acea Mar t. (Acai palm). Chromatogr aphia , 59 , 739–743.

Gor don, A., Jungfer , E., da Silva, B. A., Maia, J. G. S., & Marx, F.
(2011). Phenolic constituent s and antioxidant capacity of four 
underutilized fruits from the Amazon re gion. Journal of 
Agricultur al and Food Chemis try , 59 , 7688–7699.

Heinrich, M., Dhanji, T., & Casselman, I. (2011). Acai (Euterpe
oler acea Mar t.)-A ph ytochemical and pharmac olog ical 
assessment of the species’ health claims. Phytoc hemis tr y
Letters , 4, 10–21.

Hoffmann-Ribani , R., Huber , L. S., & Rodrig uez-Ama ya, D. B.
(2009). Fla vonols in fresh and processed Brazilian fruits. Journal
of Food Composition and Analysis, 22, 263–268.

Holderness, J., Sche petkin, I. A., Fr eedman, B., Kirpotina , L. N.,
Quinn, M. T., Hedg es, J. F., & Jutila, M. A. (2011). Polysaccha rides 
isolated from Acai fruit induce innate immune responses. PLoS
One, 6, e17301.

Horiguchi, T., Ishiguro , N., Chihara, K., Og i, K., Nakashima , K.,
Sada, K., & Hori-T amur a, N. (2011). Inhibitory effect of acai 
(Euterpe oler acea Mar t.) pulp on IgE-med iated mast cell 
activ ation. Journal of Agricultur al and Food Chemistry , 59 ,
5595–5601.

Inoue, T., Komoda, H., Uchida, T., & Node, K. (2008). Tropical fruit 
camu-cam u (Myr ciaria dubia ) has anti-oxidative and anti- 
inflammatory properties. Journal of Car diology , 52 , 127–132.

Justi, K. C., Visentainer , J. V., Souza, N. E., & Matsushi ta, M. (2000).
Nutritional composition and vitamin C stability in stored 
camu-cam u (Myr ciaria dubia ) pulp . Ar chivos Latinoamer icanos de 
Nutricion, 50 , 405–408.
Ka ng, J., Thakali, K. M., Xie, C., Kondo , M., Tong, Y., Ou, B., Jensen,
G., Medina, M. B., Schauss, A. G., & Wu, X. (2012). Bioac tivities 
of ac ¸aı́ (Euterpe precatoria Mar t.) fruit pulp , superior antioxidant 
and anti-in flammatory properties to Euterpe oler acea Mart..
Food Chemistry , 133 , 671–677.

Ka ng, J., Xie, C. H., Li, Z. M., Nagar ajan, S., Schauss, A. G., Wu, X. L.,
& Wu, T. (2011). Fla vonoids from acai (Euterpe oler acea Mart.)
pulp and their antiox idant and anti-inflammatory act ivities.
Food Chemistry , 128 , 152–157.

Ka ume, L., Gilbert, W. C., Bro wnm iller , C., Howar d, L. R., &
Dev aredd y, L. (2012). Cyanidin 3- O-b-D-glucosi de-rich 
blac kberr ies modulate hepatic gene expression, and anti- 
obesity effects in ovariectomized rats. Journal of Functional 
Foods, 4, 480–488.

Kri s-Etherton, P. M., Lefe vre , M., Beecher , G. R., Gr oss, M. D., Keen,
C. L., & Ethe rton, T. D. (2004). Bioactiv e compound s in nutrition 
and health-resear ch method olog ies for estab lishing biolog ical 
funct ion: The antioxidant and anti-inflammatory effects of 
flavonoids on atheroscler osis. Annual Review of Nutrition , 24 ,
511–538.
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