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Corema album (L.) D. Don is a dioecious perennial shrub of the Ericaceae family, endemic of the Iberian Peninsula
Atlantic coastal dunes. It is a branched bush, that can reach up to 1 m, with a spherical (5-8 mm diameter) and
white acidic edible berries (Portuguese white crowberries, Atlantic pearls, beachberries or “camarinhas” in

Portuguese).

white crowberries plant extracts antibacterial activity nutraceutical

FTIR and Raman spectroscopies

| 1. Introduction

The Portuguese coastline is rich in many indigenous maritime plants with a high potential to become novel
functional food ingredients (or sources of these). Corema album (L.) D. Don is a dioecious perennial shrub of the
Ericaceae family, endemic of the Iberian Peninsula Atlantic coastal dunes. It is a branched bush, that can reach up
to 1 m, with white acidic edible berries (Portuguese white crowberries or “camarinhas” in Portuguese), 5-8 mm in
diameter [, The genus Corema was included in the Ericaceae family in 1959 since traditionally it belonged to the
Empetraceae family, which comprises two more genus—Empetrum and Ceratiola. The two species
of Corema genus, C. conradii Torrey and C. album (L.) D. Don ex Steudel, can be found in Atlantic coastlines—C.
conradii in the eastern coast of North America and C. album in the Iberian Peninsula and in the Azores islands

(subsp. azoricum Pinto da Silva) 2.

C. album berries are known to be exceptional sources of nutrients and phytochemicals. Their dietary intake is
highly recommended since it is associated with the prevention of chronic and degenerative diseases . The
nutraceutical potential of berries is due to their phytochemical composition. High levels of phenolic compounds
have been identified, particularly phenolic acids (benzoic and caffeic acids being the most predominant), flavonols
(especially quercetin 3-O-hexoside and rutin), anthocyanins (delphinidin 3-O-hexoside, cyanidin 3-O-glucoside,
and cyanidin 3-O-pentoside), and tannins BRIE This confers them beneficial biological properties, namely
antioxidant, antimicrobial, and anticancer activities, rendering them promising chemopreventive agents against
anti-inflammatory and anti-neurodegenerative disorders, as well as cancer 8. The berries have also been

described as a valuable source of fibers, water, and sugars 2.

The human consumption of C. album berries dates back to ancient times, having been used in traditional medicine

as antipyretic 19 and antiparasitic agents 111, Since they are not yet approved as novel food products—having not
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entered into the regular market—these types of berries are not consumed by the general population (12, However,
they have been sold in Portuguese local markets, in the regions where Corema exists. Even though this plant has
gained the attention of the scientific community in the last few years, the number of published studies, at the
molecular level, concerning the biological potential of C. album berries and their nutritional value is still scarce, e.g.,
less than 10 papers, using Science Direct and Scopus digital databases by searching for specific keywords within
the title (“Corema album™) and (“antioxidant”) in abstract. A thorough characterization of these berries is essential
for understanding their activity, as well as to allow their safe consumption either as fresh fruits or processed in the
form of juices, jams, or jellies. Martin et al. (2020) reported the first spectroscopic study of fresh C. album berries,
assigning distinct vibrational fingerprints to the skin and the seeds that revealed the differences in their content in

phenolic derivatives, unsaturated fatty acids, and waxy polymers 23],

Since the evaluation of the biological properties of the different parts of C. album berries, as well as their
spectroscopic characterization, is still scarce, the present study aims at filling this gap, particularly for extracts from
fresh pulp, seed residue, and seed oil. Actually, only two studies are found in the literature for C. album pulp and
seed [I14 \with a small number of antioxidant activity tests, without any vibrational spectroscopic characterization,
and with no separation between the seed residue and the seed oil. Solvent extraction with methanol was the
method of choice since this combination is routinely used for phytochemicals extraction with good yields 31,
Currently, antioxidant activity was measured for isolated extracts from the pulp (also tested for antimicrobial
activity), seed residue, and seed oil, and the results were related to the main chemical constituents determined by
both Fourier transform infrared (FTIR) and Raman vibrational spectroscopies. Apart from probing its separated
constituents, the establishment of a relationship between composition and health beneficial effects is innovative for
this edible fruit.

2. Total Phenolic, Flavonoid, and Monomeric Anthocyanin
Content

The fresh berries pulp (FBP) extract presents the lower phenolic, flavonoid, and anthocyanin contents when
compared to the berries seed residue (BSR) and berries seed oil (BSO) extracts (Table 1). The results show that
the seeds are much richer in phenolic and flavonoid compounds and that the reddish BSR extract has the highest

total monomeric anthocyanin content (TMAC) value.

Table 1. Total phenolic content (TPC, mg GAE/g extract), total flavonoid content (TFC, mg QCE/g extract), and
total monomeric anthocyanin content (TMAC, mg C3GE/g extract) of pulp and seed extracts of C. album berries.

Extract TPC TFC TMAC
FBP 99+0.1¢ 1.7+04¢ 0.06+0.02"
BSR 41.0+052 19.6+0.7P 46+082
BSO 176+2.1°P 796+232 1.6+08b

I 3. ANUOXidant ACuvity
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FBe BigiletieadepresgntBs RigherrieslisabdceasidgagBddiiybleotie agaiadt dtile GRPHgaltcalcih e duevABNS ;r&iiia)
gatoce([Tabdei\2)|efuloWad By ciyanib BF3-@ttrecside @ duyiviienBS Ualudsate pressaritth¢hedawesstantiaxitdatiattaityf
totenwiodbpesdratERgeriateattoriRbe A Ramthedhirit] diterg niveigheis dnifihéetanseimditgeeasighdiEaly ditikrelated
{oulByE pMetdmeetresinly <lOBBR extract presents the capability to inhibit lipid peroxidation, though to a lower
extent than the standard antioxidant BHT.

Table 2. Free radical scavenging activity (DPPH and ABTS) and inhibition of lipid peroxidation of pulp and seed
extracts of C. album berries presented as ECsg values (mg/mL).

Extract/Standard DPPH ABTS Lipid Peroxidation
FBP 314022 >5 >5
BSR 0.15+0.04° 1.09 + 0.03 2.0+0.2
BSO >5 >5 >5
BHT 0.10 £0.03P 0.17 £ 0.03 0.009 + 0.005

. . -carotene
oxidation than the other extracts (Figure 1). Nevertheless, it is still considerably less active than BHT (ECsg =

bRBs 1es b EEHEMRY PHRIES &SP CEROWES D Hfiger tv BRI RSc3r6 R Y o R oS IR A0HEN BN p XIS

[RRTEBRNL Mg fnean + standard deviation of three independent experiments. For the same column, different

superscript letters indicate significant differences (Tukey’s post hoc test, p < 0.05).
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Oxidation inhibition (%)

FBP BSR BSO

Figure 1. Linoleic acid/pB-carotene bleaching inhibitory activity of extracts of different parts of C. album berries.

FBP, fresh berries pulp (dotted); BSR, berries seed residue (vertical bar); BSO, berries seed oil (horizontal bar).
Values represent the mean * standard deviation of three independent experiments obtained after 2 h of reaction
and for the highest concentration of each extract. Bars with different lowercase letters (a—c) indicate significant

differences (Tukey’s post hoc test, p < 0.05).

Regarding the metal ion chelator ability, the results presented in Table 3 reflect the trend already observed for the
BSR extract. It shows to be more potent than the other analyzed extracts regarding the ferric and cupric reducing
powers, as well as the ability to chelate iron, though to a lower extent than the EDTA chelator. All the extracts are
more effective in reducing copper than iron, with FRAP values ranging from 6.8 to 54.7 mg TE/g extract and
CUPRAC values in the 24.7-146.6 mg TE/g extract range.

Table 3. Metal chelating activity (EC5sq, mg/mL) and ferric (FRAP) and cupric (CUPRAC) reducing powers (mg TE/g

extract) of pulp and seed extracts of C. album berries.

Extract/Standard Metal Chelating Activity FRAP CUPRAC
FBP >5 12.0+0.7° 24.7+20°
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Extract/Standard Metal Chelating Activity FRAP CUPRAC
BSR 42+0.2 54.7+4.9°2 146.6 +5.9°
BSO >5 6.8+1.1° 127.3+2.4°
EDTA 0.015+0

FeP S VG BuRash SieaPYmthe, B d M dNR VLS CIaVRE B B Wt R el BB A—
refe?een%ezgmjé%at%gla%%ﬁg? ’\g%ﬂues represent the mean = standard deviation of three independent experiments. For
e PrErEmeuVareifeiM superseriGielegoinPicteDxgoieanMiiffade¢sETURey rapeib Rargst, k;1ag§bha,
E.; Real, C.; Roman, D.; Villaverde, V. Corema album archaeobotanical remains in western
I Meﬂfgwg%ih Assessing fruit consumption during Upper Palaeolithic in Cova de les
Cendres (Alicante, Spain). Quat. Sci. Rev. 2019, 207, 1-12.
SR R g el MV g ol e Al
O e RSl 8 AR EAR e S B VS B R B 2 e Sco e
sca]\_/%.gi%i gheetglt éﬁel?}t{?%‘i”ﬂ {?0 %’ﬁ'ﬁ’g f’()\évgr ézg%f _tB'B8§tudy, several of these methodologies were chosen,
ranging from the evaluation of free radical scavenging and lipid peroxidation inhibition to metal chelation/reduction

FotMANE R hzy RO bRy SeRNERILESTRe fniRuatuatirsxiahRh BTl SAMGN RES ISP XEaNtood

pred@&tivtiveaNRdinaacRss kM R IiIg-AEouy Re My Goremmpateymds J. Food Meas. Charact. 2017, 11,
1936-1946.

19 DRSS Shos B APTRIN AR BT gLoBARsBemeTon s 21oROlE S BRI 5
MABARSIELS A, Lo BRREIR SR o ASRETE AN SntnatSARSsTH Eoar e AIBUM B BERC e
pregtaer}?%gf Hﬂi?__\évgjg &aor}%%/oosftc rP]%?uEgi:Sﬁzg%ég@gglic acids, 21.8% flavonoids, and 0.66% anthocyanins 31,
As for other berries of the generé Vacéinium, :Sorb’us, Empétrum, or Sambucus, the hydroxycinnamate chlorogenic

il IPEn dphdABiY: deid s RBe. Wibliamzere (aBeigavér. Bs (RaBReSHvRAYRIBBortion
of $0288QH2 6oMPUNIighBORiHDHRRRMICbANE SRIRMRISIRLLSTIRSAfte SadtisnaemRin e EolRIS sid. of
the&95 fraed (e i2Pdr8e @ RBShP8R fact, from the published studies on this type of berry, only two 4!

7 fosgried BR 23R AT Seeffaiidile ¥ thQ QHHBES Sudiom i NI AS.294PAE: B.: Martin-Cordero, C.; Lépez-
Lazaro, M.; Bravo, L.; Goya, L. Chemo-protective activity and characterization of phenolic extracts

In tpr% H{eégrr](ta rsﬁ%dg,lguvyﬁ_s'{%%néi &gg _trrﬁttseé%fz?ridic%%%nolic and flavonoid compounds, which contrasts
with previous data obtained for methanolic extracts of the pulp and seed of freeze-dried white C. album berries (41,

Boeinatahd (e BPEHRS eft- MatiBEteliRsM dulSRAMZ pFaR (e stldyelerSus YHeez b d GupFeiRerylifight
exdlefMRE g BHAS QRR)RFRRATI RS HPRACHAh B LRe8 sIRA Had Blpay silphility. diR didne NRYGgh different
ext@OBR NEMRiSIs BIQLOSIGAL AT FIgRERI BARAE 2 ¥m ReHprrateBanapvdsu S aeiasivtaia®suB sc, 1
h), BEG: WRIEENERERI bOnHeNdWKRt2AL onetheless, acetone/water extracts of dehydrated pulp and seeds

ePrARRRA dee gaher @%ﬁéﬁl%s?q@.‘?%lﬁ?né, R.P.F. Contribution for the physical-chemical

characterization of Portuguese Crowberry (Corema album). Int. J. Food Sci. Nutr. 2017, 2, 9-14.
The major flavonoids compounds identified in Portuguese crowberry fruits are quercetin followed by rutin B! that

18eXIMssuhas- iR GrEdhaeRiaRY RaRkyRaleEsneReddty RECHVIRASARARN ahtioxida ckPaBity (TEAC)

197, 4:66 D6 AgEM. W@%Flyﬁh(e%%o{%ﬁ?ﬁéﬁlf@@ﬁi%éfﬁrﬂﬁS'F‘F“Srﬁ'ﬁjﬁéE%t%‘?‘\Wﬁﬁt@érBWbé‘Hf”“OXidam
eﬁ%m%{mmﬁe(@_)'sgyigemg mgﬁi@ﬁz@ﬁym@,flg\’/q_rg)_i(észpresent in the vegetable matrix have a dual

https://encyclopedia.pub/entry/14266 5/10



Corema album Berries | Encyclopedia.pub

1=Habooeilral E28i al ek d, Brarse catibkid grGconthoRnBIcanalesl g e aodid@on Shdopingrokiadiite Redatechder

cerwithcdaitesrewdbestiasg Canesnaaaidunt the. ApjpkiGeit RORE, hairb46% presence of metal ions and its
[24][25][26]

15RIREE ! Marques> IR0 K M2 HSa R0, tR“‘?\ﬂ‘%‘r‘é#‘é" SUER AR AR AHSISTHE i 2

whigh, . gasily oxiged, nﬂaﬁedéf‘r?gﬁ”i‘gﬁrt‘tr? QAN RS berie EFaer?B'E)Ser Haoest hal some, flavongid

o PP oEoB QY. Pl SRl S90S I0B, o) g @ prooxcant befavir of he
extract. Addltlonally, the predominant subclasses of flavonoids present in BSO extract can be flavone and
lfbBRbAe SindBeRSTihale Y IBINQbMidtioNeiRE aM idqliRsd forlanfolifaftdetiMpains, P.A.T.. Rodrigues,
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ensive review
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Co. KGaA: Weinheim, Gergmany, 2017; pp. 297-318.

aed@an J. -Emo G. Monitoring the oxidatign of edible oils by

. Oil Chem. SocB 8994 71, 243253,

partlal Ieast.,sﬂuares callbraqqn applled to au{ﬁuantmailon and quanatluaatlon of extragﬂigln olive
oils using Fourier transform Raman spectrasgapypsefApghiSpectrosc. 2005, 59, 1286-1294.
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clearly evidenced when' BSO and FBP spectra are compared (Figure 2).
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bymaé§628%$%%t?‘% U el S saatet S Sl el s
spe?:troscopy does not allow an accurate carotenoid quantification in the samples, it does enable us to determine,
48 .dMartingUarntitaape sndnneoieiaich sdnan olie, pbly bharguessdit Bt Bagiséat dertety atho was ckrried out
by Nuitfaeeytinal raperies gftamatilofribts astibEadi oamkestiyhsr Spectr aahBBRAEM R adidwalty in the
casBIoNBBOSPREtOSOsct0RIond%e 11 966d accordance with the higher antioxidant potential determined for the

BSR extract relative to the one obtained for BSO.
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49. Da Silva, C.E.; Vandenab§e|e P.; Edwards, H.G.M.; Cappa De Oliveira, L.F. NIR-FT-Raman
spectroscopic analytical gyaracterization of the fruits, seeds, alﬁj phytotherapeutic oils from
rosehips. Anal. Bioanal. . 200%, 382, 4489-1496.

= =

50. Lupoi, J.S.; Singh, S.; Parthasahathf} R.ASijhmons, B.A.; Hen innovations in
analytical m itative|@rd gljantitative asses ignin. Renew. Sustain.
Energy Rey. 2015, 49, 871-906.

51. Nogales-Bueno, J.; Baca- Bocanegra B.; R ney,A Hernandez Hlerro J.M.; - H.J.;
Heredia, ﬁm] Study of phemyc extractabllltyarﬂ grfme seeds by megﬁg; of ATﬂQ FTIR:@@d Raman
spectroscopy. Food Chem. 2017, 232, G@Ref@ber / cm

5%.9 grzggtia:qs&aA ggttl,um 6&9}31%%1& é Yseo lf)é:r;l;/-Ielg(trsagectra and PCA to the Bulk Characterization
of Cell Wall ReS|dues of Fruits and Vegetables Along a Fraction Process. Food Biophys. 2013, 8,

In t%%_ﬁ'r%sent study, the spectroscopic characterization of the extracts by FTIR-ATR and Raman allowed the

setoptien el Ry adikiin e @SR A BIRR 2N o PAGRBIS SOPROURIR I EBRIaNFVBRIRoANR FBPTHact was
alsqfeERACAPIRSHEVERE aliteMeekiiaR Ty PRIRSS MR T atldikiem Msyraseres iakesaRlisdiByges
may-Glfeioticate g Ioetratitap ateaetinEyidsiae PRYKIBRISTH (D Stgar gwietiegeIn fact, these chemical

characteristics evidence the complexity of the sugar polymers present in the sample BZ38], )
54. Abbas, O.; Compere, G.; Larondelle, Y.; Pompeu, D.; Rogez, H.; Baeten, V. Phenolic compound

Fin&XPIRrehad BudrinirasmshSReCRseePMataRasy Y EbtREF OS2 Wk, $sd ot 18udies previously
SEEriRrEdRYoiner AYR\EREN € ;ﬁ#t%@irtﬁlméﬁi@{'ﬁf.JLAf?ft:@ﬁ%ﬁ‘ﬁéﬁ‘éﬁhl”&ﬁﬂ%?&ttﬁﬁﬂ%@&%&&tﬁ@rﬁf&'e

bergpfid Hagat R bEXSpERJBRIRPdRIGIES aft AT M IUBHRRN 6] PHpBRIFREISWET Idegiifiad Py hgse authors
(by HPLC and MS), in some cases reaching ca. 2260 mg per kg of extract B, Despite the fact that the solvents

Were %F grléan C-t'rlé)?nrrtﬁeoéﬁjeéds%g mtt?le currenPst djy Qhe rrtarn extrd’ %dlcsorhr%lr}ﬂ%%vrgteﬁduﬁt t% % Is‘llg gér’%‘é
Heredia, A. Infrared and Raman spectroscopic features of plant cuticles: A review. Front. Plant

sineCle2QhtinPna0Been used by some ancient civilizations to eliminate intestinal worms I, the present study

FHMER e\t (RA N Imigroeidl Bl r aicSe EBR IR RIAd SIS L8 S RTIPIOUSSiIREERTASed to treat
inteSiis PAESIEY. (MOP ATEsRRidazAles SR foamaeisoart] BREKIFRbISEY U Airde K stydinadnitiam itgragre
desegfinasiigngeyatematiGhamMstRish gV oh n PRt ErRbt 0o (1 Spprel eaenamiggclass allows us to

conclude that the FBP extract of C. album displays promlsrng antibacterial actlvrty a MIC = 17 mg/mL for extracts

(E)%‘ yt}tercrl(r:tlt allccghg dgal a{rggé%%o%dngg %renr%%osa re%‘tr %o aM/ﬁLZ ne 2 Ié ™g P qflﬁ%b‘% 45< n%lqr‘iepfo’west
actlvf%/ of %rﬂar/x ga/? Ica éxtrags asrr]ar%g géfarl%rseqz_sg ee%g %Cg&y u%fln%adb %h(y gtrfslltgns mAe VdQJ relative to a
MIC,S Ee&EQCrﬂ'g mf‘ﬁ%bl ari) N|’|1?C|.h I%Igrq]rglstss %‘?ﬁttﬁé‘ia%?l? ? ba\c%erlal ac?vrty obtained for acetone/water

Séxt@atn ues b \Why terting hitdez ol s aicitien agaissibo thedisketitivaiod pethsités]. Ahtinmicitdlory effect
meAgeids CheBRtherint0 88, 48yel8i33+Hae] turrently tested is not known, however, based on some known
ompounds_that may be present.namel cinpa crds vanillic acid, a ercetin B, could be related to
60, ucu Et (%en}é prengm ng %d/y O Kntr acterial Actlwty o??_)gtllltrum salicaria against
their X|dant mechanjsms. Studies on the antrmlcré)lgl activity of these Bhenolrc cxmﬁourltds ar[]__gl iSO ted
" % resistant cmtetot acterbb?un?a?nu an tEseuIOP onas aer gl’?osa esd Se
av s, showe cant antimicrobial activity agains coli, P. aeruginosa, neumoniae, an aureus
8032 85“959' 190K v a9 g P
among others . The recognized inhibitory effect of phenolic compounds towards bacterial growth can be

explained by their ability to increase the cell membrane permeability, this effect varying for different bacterial strains
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eduekisatiffierenpésalteteld stMegdicirel, \hopRitabetisiadiey MEhamdayBisChaiele K. tiikabilify Ao ;ddaghdy Cell
meAbdeky, Gtekatioxitiamizamedssaithtitrathal egitizitabsobths, ediokestmed mi dd ialoghiytg elamadratfect the
norgallicallLlaarmehositatdefp olyjplhenoliorkonstitubats:| &\eod ﬁhﬁfaie@mxidohhmo&)mmr%%mﬂﬁmthe FBP

63 IRt Er RS AT R e ISP W AP aehey ST st ol damassunal s
typ%SfPérné'r?{oorﬁgrs“.SI@ood Control 2007, 18, 93—101.

6Balleamn pirsinfaivl inDlaitdy, abWvinHiIgL@igdios AER. pXtédty, dgdinR dagelif Daiksogg, T.A. Cell membrane
damage induced by phenolic acids on wine lactic acid bacteria. Int. J. Food Microbiol. 2009, 135,

Bacterial Strains MIC of the FBP Extract (mg/mL)
Escherichia coli ATCC 8739 6.25
Staphylococcus aureus ATCC 29213 125
Pseudomonas aeruginosa 125
Klebsiella oxytoca 25
Enterococcus faecalis 3.125
Escherichia coli ESPL 50
Methicillin-resistant Staphylococcus aureus 125
Klebsiella pneumoniae KPC 6.25
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