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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).
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| 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 El. 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 [EIE 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 &, The berries have also been described as a valuable source of fibers, water, and sugars
]

The human consumption of C. album berries dates back to ancient times, having been used in traditional medicine as
antipyretic 19 and antiparasitic agents 1. Since they are not yet approved as novel food products—having not entered
into the regular market—these types of berries are not consumed by the general population 2. 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 (131,

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 141 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 22, 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 9.9+0.1° 1.7+04° 0.06 £ 0.02 P
BSR 41.0+052 19.60.7° 46+0.82
BSO 17.6+2.1Pb 79.6+2.32 1.6+08P

FBP, fresh berries pulp; BSR, berries seed residue; BSO, berries seed oil; GAE, gallic acid equivalents; QCE, quercetin
equivalents; C3GE, cyanidin-3-glucoside equivalents. Values represent the mean * standard deviation of three
independent experiments. For the same column, different superscript letters indicate significant differences (Tukey’s post
hoc test, p < 0.05).

| 3. Antioxidant Activity

The BSR extract presents a higher radical scavenging ability both against the DPPH radical and the ABTS radical cation
(Table 2), followed by the FBP extract and by the BSO, which presents the lowest antioxidant activity. Noteworthy is the
ECsgg value for the BSR in the DPPH assay, which is in the same range as the ECsq calculated for BHT. Moreover, only
the BSR 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 ECsq values (mg/mL).

Extract/Standard DPPH ABTS Lipid Peroxidation
FBP 3.1+0.22 >5 >5
BSR 0.15+0.04b 1.09 £ 0.03 2.0+0.2
BSO >5 >5 >5
BHT 0.10 £0.03° 0.17 + 0.03 0.009 + 0.005

FBP, fresh berries pulp; BSR, berries seed residue; BSO, berries seed oil. BHT—reference antioxidant. Values represent
the mean + standard deviation of three independent experiments. For the same column, different superscript letters
indicate significant differences (Tukey’s post hoc test, p < 0.05).

In the B-carotene-linoleic acid bleaching assay, the BSR extract presents a higher inhibition of the p-carotene oxidation
than the other extracts (Figure 1). Nevertheless, it is still considerably less active than BHT (ECso = 0.005 + 0.002
mg/mL). The BSO extract showed a higher level of -carotene oxidation inhibition when compared to the FBP extract.
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Figure 1. Linoleic acid/p-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 (ECs9, 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° 247+20°
BSR 4.2+0.2 54.7+492 146.6 £5.92
BSO >5 6.8+1.1" 127.3+2.4P"
EDTA 0.015+0 - -

FBP, fresh berries pulp; BSR, berries seed residue; BSO, berries seed oil; TE, Trolox equivalents. EDTA—reference
chelating agent. Values represent the mean + standard deviation of three independent experiments. For the same column,
different superscript letters indicate significant differences (Tukey’s post hoc test, p < 0.05).

| 4. Discussion

A plethora of methods are described and accepted for the determination of the antioxidant potential of plants, comprising
the measurement of the phytochemical composition and different molecular reactions such as radical scavenging, metal
chelation, and reducing power. For this study, several of these methodologies were chosen, ranging from the evaluation of
free radical scavenging and lipid peroxidation inhibition to metal chelation/reduction potentials and enzymatic inhibitory
activity 28], The synthetic antioxidant BHT, commonly employed as a food preservative, was used as a model antioxidant
for comparison purposes 17,

The berries show great complexity and diversity of phytochemicals, namely phenolic acids (in both their free, ester, and
glycosidic forms), flavonoids, and tannins, among others 81, Acetone extracts of C. album berries revealed the presence



of this wide variety of compounds: 77.5% phenolic acids, 21.8% flavonoids, and 0.66% anthocyanins . As for other
berries of the genera Vaccinium, Sorbus, Empetrum, or Sambucus, the hydroxycinnamate chlorogenic acid is the main
phenolic acid found in the C. album berries B9 However, as the berries have a high proportion of seeds (54.9% of dry
weight) with different compositions relative to the other parts of the fruit, the analysis of these separate extracts is
particularly relevant. In fact, from the published studies on this type of berry, only two 414l focused on pulp and seeds,
while all the others studied the fruit as a whole.

In the present study, it was found that the seeds are richer in phenolic and flavonoid compounds, which contrasts with
previous data obtained for methanolic extracts of the pulp and seed of freeze-dried white C. album berries . However,
the use of different matrices (fresh pulp in the present study versus freeze-dried pulp extracts) might explain these
differences. Nevertheless, extraction of the seed components was still more efficient, though different extraction methods
were applied, namely magnetic stirring (room temperature, 1 h) versus ultrasonic bath (40 °C, 1 h), both with methanol as

the solvent !, Nonetheless, acetone/water extracts of dehydrated pulp and seeds confirmed the higher TPC of the seeds
4],

The major flavonoids compounds identified in Portuguese crowberry fruits are quercetin followed by rutin & that are
compounds with great antioxidant activity, as evidenced by the Trolox equivalent antioxidant capacity (TEAC) of 4.72 and
2.4 mM, respectively 29, |n fact, flavonoids are phenolic plant metabolites that play an antioxidant effect, but recently
there is evidence that the most abundant flavonoids present in the vegetable matrix have a dual behavior [21122123]
Indeed, these antioxidant compounds can act as a prooxidant, inducing oxidative stress under certain conditions such as
the concentration of the antioxidant in the matrix, the presence of metal ions and its redox potential (242511261 gpecifically,
low molecular weight phenolic molecules such as quercetin and gallic acid, which are easily oxidized, have a known pro-
oxidant activity ZZl. The results suggest that some flavonoid compounds present in the BSO extract, as well as their
concentration, can induce a prooxidant behavior of the extract. Additionally, the predominant subclasses of flavonoids
present in BSO extract can be flavone and flavanone since they have no -OH substitutions that are required for
antioxidant activity (28],

The extracts were obtained from ripe C. album white berries, already described as presenting only small amounts of
anthocyanins, which agrees with the lower TMAC content (Table 1) found in the FBP extract and the lower TPC when
compared to other colored berries [2l. Nevertheless, the reddish BSR extract has the highest TMAC value, indicating that
this part of the berry concentrates more anthocyanins, which may contribute to its higher TPC in comparison with the
other extracts. Despite the low content in anthocyanins of this wild C. album berry, their large amount of total phenolic
compounds and high antioxidant capacity are at a similar level to strawberry tree fruit and raspberries 29,

Among the three extracts tested, and in agreement with the higher content in total phenolics and anthocyanins, which
would confer an enhanced antioxidant activity, the BSR extract presents a higher radical scavenging ability (Table 2) both
against the DPPH and the ABTS free radicals. The presence of esters in the berry seeds, clearly detected by FTIR-ATR
(Figure 3), may indicate that the hydroxycinnamate chlorogenic acid, which is an efficient antioxidant agent [BA[E132] g
mainly concentrated in the seeds. The DPPH radical scavenging activity of the BSR extract (ECsg = 0.15 mg/mL) was
found to surpass that obtained for Citrus sinensis seeds (in both hydroethanolic and ethanolic extracts, ECsy = 0.18 and
0.34 mg/mL, respectively) 231, Although BSO displays the highest flavonoid content, it has the lowest antioxidant activity.
However, the antioxidant activity of phenolic compounds such as flavonoids significantly depends on the structure and
concentration of the molecules in the extract, since intermolecular interactions are prone to affect the redox profile of
these antioxidants. Moreover, only the BSR extract presented the capacity to inhibit lipid peroxidation (Table 2), though to
a much lower extent than the standard antioxidant BHT, which could be explained by the higher content in polyphenolic
compounds in this extract. These results are comparable to those previously reported for black raspberry seed residues
extracts (after oil extraction) with ECsg values ranging from 1.132 to 1.255 mg/mL 34,

Regarding the B-carotene-linoleic acid bleaching assay (Figure 1), as well as the metal chelating ability and reducing
powers (Table 3), the BSR extract presented the highest inhibition of oxidation of -carotene coupled to a stronger ability
to chelate and reduce metals. This is in accordance with the results currently obtained in the other antioxidant tests.
Actually, the phenolic compounds in this extract are suggested to be mainly molecules such as hydroxyflavones (e.g.,
guercetin and rutin) which have the ability to alter their redox potential, thus becoming very effective chelating agents to
potentially oxidative metal ions (such as Fe3* and Cu?*) [2U33], Therefore, this type of phenolics will exert their antioxidant
activity in a twofold manner. This effect is even more noteworthy in the B-carotene-linoleic acid bleaching assay since this
extract was tested at a concentration of 4 mg/mL while the other extracts were used at 5 mg/mL. It is interesting to note
that the BSO extract was much more efficient in reducing copper than the FBP extract, which contrasts with their behavior



regarding the ferric reducing power. Actually, the BSO extract only presents relevant activities in the CUPRAC and f3-
carotene—linoleic acid bleaching assays, being almost as potent as the BSR extract.

Natural products have been the source of many new drugs (namely against cancer and neurodegenerative disorders),
over 119 natural molecules have been shown to be efficient acetylcholinesterase inhibitors, one of the currently available
treatment options for Alzheimer's disease 8. This prompted the evaluation of the inhibitory activity of the C.
album extracts against the enzyme AChE, though no significant effect was observed for any of the samples tested.

Vibrational spectroscopy techniques have been recognized as powerful tools for identifying functional groups in diverse
types of samples, including heterogeneous biological matrices, from a qualitative and semi-quantitative point of view.
Thus, it has been largely employed in plant science in the last decades, specifically for the study of edible oils such as
olive oil, or unsaturated fatty acids [BZ[B8I[39120141[42][43] ' additionally, these methods have also been applied routinely to

the analysis of phenolic compounds 24145146]

While it is true that HPLC combined with mass spectrometry is a suitable and very commonly used technique for
identifying the main constituents of these types of plant extracts, vibrational spectroscopy (e.g., FTIR and Raman) is able
to provide highly accurate chemical data, with unmatched sensitivity and specificity, in a fast and completely non-
destructive way, while requiring minimal amounts of extract and no sample preparation. Hence, FTIR is currently a
method of choice for evaluating the chemical composition (major constituents) of several types of biological extracts, used
routinely in the food industry.

The FTIR-ATR spectrum obtained for the BSO extract from the C. album (Figure 2A) presents one prominent band
observed at 3011 cm™, which was assigned to olefinic cis-unsaturation in fatty acids that are known to be present in this
kind of edible fruit samples BUE7, Thus, this intense band suggests a high content of unsaturated fatty acids in BSO,
which is also supported by the observation of a signal at 1652 cm™ from the C=C stretching mode of cis fatty acids 211,
On the other hand, the feature at 1742 cm™, characteristic of esterified fatty acids 48] reveals a considerable amount of
esters attending to the quite large shift relative to v(C=0),q Y. The Raman spectrum of the BSO is very similar to that of
the pure seed previously reported 13, thus showing that the main seed components are those present in the oil. In the
light of these results, it is possible to conclude that the efficiency of the extraction procedure currently performed was
quantitative, constituting an interesting methodology for future studies of edible fruits.
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Figure 2. FTIR-ATR spectra of the BSO (A) and FBP (B) C. album berry extracts.

Regarding the infrared spectrum of the FBP extract (Figure 2B), the results reflect a high content of hydroxylic
components, hamely phenolic acids. This is clearly evidenced by the broad and intense band centered at 3303 cm™ and
ascribed to the stretching mode from the ring hydroxyls. Additionally, the signal at 777 cm™ is characteristic of out-of-
plane (C-C-H) deformation modes of the aromatic ring 4!, This type of compound seems to be absent in the oil extract, as
evidenced by the total absence of vibrational bands in the high wavenumber spectral region (Figure 2A). It should be
highlighted that the spectrum of the seeds revealed the presence of a significant amount of hydroxylic compounds, as well
as water 23] which were most likely removed during the oil extraction process. The broad infrared signal at 1026 cm™2,
which is absent in BSO, is due to the v(C-0O) and v(C-C) modes from polysaccharides and pectins, that are widely present
in these types of samples BABUB2ISS] A5 expected, it is more likely to find sugars in the fresh pulp in comparison with the
oleaginous seed part, which is clearly evidenced when BSO and FBP spectra are compared (Figure 2).

The BSR fraction still contains a significant amount of esterified fatty acids, as evidenced by the infrared spectral features
at 3014 and 1742 cm™ (Figure 3). However, probably the most remarkable characteristic, in contrast to BSO (Figure 2A)
is that the infrared profile of BSR shows several features indicative of significant amounts of phenolic compounds, namely



three very distinctive bands at 1443, 1515 cm™, and 1607 cm™L. The first two are ascribed to ring v(C-C) conjugated with
(C=C), while the last one is assigned t0 V(C-C)aromatic 2AE2E8l Furthermore, the presence of more carotenoids in BSR
relative to the other extracts, detected by Raman (Figure S1), may contribute to the high antioxidant activity currently
determined for this sample. Although Raman spectroscopy does not allow an accurate carotenoid quantification in the
samples, it does enable us to determine, in a semi-quantitative manner, in which sample this polyene is present on the
highest content. This was carried out by comparing the peak ratio ly508/l1445 2], which reaches a value higher than 1 for
BSR, being below unity in the case of BSO. These observations are in good accordance with the higher antioxidant

potential determined for the BSR extract relative to the one obtained for BSO.
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Figure 3. FTIR-ATR spectrum of the BSR C. album berry extract.

In the present study, the spectroscopic characterization of the extracts by FTIR-ATR and Raman allowed the detection of
fatty acids in the BSO and BSR, and of phenolic compounds in FBP and BSR. The FBP extract was also found to contain
sugars, triterpenoids, and polysaccharides. In addition, the presence of glycosidic linkages may also indicate that most of
the phenolic acids are conjugated to sugar moieties. In fact, these chemical characteristics evidence the complexity of the
sugar polymers present in the sample 2581,

Finally, it may be interesting to compare the presently obtained results with those from studies previously performed by
other authors on C. album. In particular, Leén-Gonzélez et al. ! analyzed the phenolic content of the berries using
different extraction methodologies. A large number of phenolic acids was identified by these authors (by HPLC and MS),
in some cases reaching ca. 2260 mg per kg of extract 2. Despite the fact that the solvents were different from the ones
used in the current study, the main extracted compounds were found to be the same.

Since C. album has been used by some ancient civilizations to eliminate intestinal worms [, the present study aimed to
evaluate the antimicrobial activity of the FBP sample, since certain antibiotics are also used to treat intestinal parasites
(e.g., metronidazole) 2. Comparison of the current results with the few studies in the literature describing the evaluation
of antimicrobial activity for plant extracts of the same taxonomic class allows us to conclude that the FBP extract of C.
album displays promising antibacterial activity: a MIC = 17 mg/mL for extracts of Lythrum salicaria against Pseudomonas
aeruginosa €4 relative to a MIC = 12.5 mg/mL (Table 4), and the lowest activity of Tamarix gallica extracts observed
against Escherichia coli using disk diffusion method €1, relative to a MIC = 6.25 mg/mL (Table 4), which contrasts with
the lack of antibacterial activity obtained for acetone/water extracts of C. album pulp testing lower concentrations and
using the disk diffusion method 4. The inhibitory effect mechanism of FBP against the several strains currently tested is
not known, however, based on some known compounds that may be present namely hydroxycinnamic acids, vanillic acid,
and quercetin &, could be related to their antioxidant mechanisms. Studies on the antimicrobial activity of these phenolic
compounds and isolated flavonoids, showed significant antimicrobial activity against E. coli, P. aeruginosa, K.
pneumoniae, and S. aureus, among others 82, 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 due to differences in their structure and lipophilic character €3], It may also be due to their ability to
adsorb to cell membranes, interact with enzymes and other biological substrates, sequester metal ions that, in general,
affect the normal cellular function ©2. In future work, it will be relevant to understand which components within the FBP
extract are responsible for the measured antimicrobial effect and how they can lead to cellular damage in different types of
microorganisms.

Table 4. Minimum inhibitory activity (MIC) of the FBP extract against bacterial strains.

Bacterial Strains MIC of the FBP Extract (mg/mL)
Escherichia coli ATCC 8739 6.25

Staphylococcus aureus ATCC 29213 12.5



Bacterial Strains MIC of the FBP Extract (mg/mL)

Pseudomonas aeruginosa 12.5
Klebsiella oxytoca 25
Enterococcus faecalis 3.125
Escherichia coli ESBL 50
Methicillin-resistant Staphylococcus aureus 12.5
Klebsiella pneumoniae KPC 6.25
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