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ABSTRACT: Edible blueberry species are well recognized for their potential health benefits. Ericaceae fruits including the North
American highbush blueberry (Vaccinium corymbosum L.) and five less common edible blueberry relatives from the New World
tropics, Anthopterus wardii Ball, Cavendishia grandifolia Hoerold, Macleania coccoloboides A. C. Smith, Sphyrospermum buxifolium
Poeppig & Endlicher, and Sphyrospermum cordifolium Benth, were investigated for their antioxidant properties and phenolic profiles.
The neotropical berries C. grandifolia and A. wardii exhibited significantly higher 1,1-diphenyl-2-picrylhydrazyl (DPPH•) and 2,20-
azinobis(3-ethylbenzothiazoline-6-sulfonate) (ABTS•þ) free radical scavenging and iron chelation activities than V. corymbosum.
Total phenolic content and high-performance liquid chromatography with photodiode array detection (HPLC-PDA) composi-
tional fingerprint analyses were also carried out. Significant correlations were observed among total phenolic contents, DPPH• and
ABTS•þ scavenging, and iron chelation activities. By use of ,HPLC-PDA, the phenolic constituents in the berries were identified as
chlorogenic acid, p-coumaric acid, hyperoside, quercetin-3-O-glucoside, isoorientin, isovitexin, orientin and vitexin. Principal
component analysis reduced the dimensions of antioxidant and total phenolic data to two components, which accounted for 95% of
total variation among the six fruits. Each fruit species formed its own cluster, and therefore the antioxidant profile of each species was
shown to be distinct.
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’ INTRODUCTION

Reactive oxygen species (ROS) are products of normal cellular
metabolism and are involved in cellular signaling mechanisms.1

However, if there is excessive formation of ROS, the body’s
antioxidant defense mechanisms can be overwhelmed, and
oxidative stress may result, which plays an important role in
the pathogenesis of many diseases such as cardiovascular dis-
orders, diabetes, central nervous system diseases, and chronic
obstructive pulmonary disease (COPD).2,3 In the case of COPD,
studies have shown that the ROS present in cigarette smoke
induce inflammation, resulting in further generation of ROS.4

There is overwhelming epidemiological evidence that corre-
lates consumption of fruits and vegetables with lower incidence
of certain chronic diseases,5 and this may explain the numerous
articles in the past decade on natural antioxidants. There is strong
evidence to suggest the beneficial effects of fruits and vegetables
can be attributed, at least in part, to phenolic antioxidants.6

Antioxidants are particularly abundant in Ericaceae berries,7-9

which have been championed as “superfruits” in the popular
literature and commercial advertisements. The most economic-
ally valuable edible Ericaceae fruits include three temperate
species, highbush blueberries (Vaccinium corymbosum L.), cran-
berries (Vaccinium macrocarpon Aiton), and lingonberries
(Vaccinium vitis-idaea L.). Vaccinium L. species are well-known
for their nutritional and medicinal uses, and the earliest evidence
dates back to the Bronze Age.10 Much antioxidant research on
Ericaceae has focused on the genus Vaccinium, which is only one
of the 32 berry-producing genera within the tribe.11

More than 600 different species of berry-producing Ericaceae are
native to the NewWorld tropics (neotropics).11 There are very few
published accounts of uses of neotropical blueberries, and their
potential in horticulture and in medicine has yet to be realized.
Although understudied, ethnobotanical observations confirm culin-
ary, cultural, and medicinal uses of certain neotropical blueberries.11

Phytochemical investigations of neotropical blueberries are practi-
cally absent, and only the leaf flavonoids and simple phenols of 116
species of Cavendishia Lindl. have been studied, and the flavonols
quercetin, kaempferol, and myricetin were detected by paper
chromatography, a low-resolution method.12 In the present study,
the antioxidant activity and composition of the fruits of five species
of neotropical blueberries were investigated for the first time. The
species here investigated,Anthopterus wardiiBall,Cavendishia grand-
ifoliaHoerold,Macleania coccoloboides A. C. Smith, Sphyrospermum
buxifolium Poeppig & Endlicher, and Sphyrospermum cordifolium
Benth, cover three distinct lineages. The antioxidant properties and
chemical profiles of these species were compared to the common
edible highbush blueberry, V. corymbosum.

’MATERIALS AND METHODS

Reagents. 1,1-Diphenyl-2-picrylhydrazyl, disodium salt of
ethylenediaminetetraacetic acid (Na2EDTA), Folin-Ciocalteu
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reagent, gallic acid, potassium peroxosulfate, trichloroacetic
acid, Trizma base, Trolox, and chlorogenic acid were purchased
from Sigma-Aldrich (St. Louis, MO). 2,20-Azinobis(3-ethylben-
zothiazoline-6-sulfonate) diammonium salt was from TCI-Ace
(Tokyo, Japan). Vitexin, isovitexin, orientin, isoorientin, hypero-
side, quercetin-3-O-glucoside, p-coumaric acid, and chloro-
genic acid were from Chromadex (Irvine, CA). HPLC-grade
MeCN, MeOH, and formic acid were purchased from J.T. Baker
(Philipsburg, NJ), and GR-grade MeOH and EtOH were from
VWR Inc. (Bridgeport, PA). Ultrapure water was prepared on a
MilliporeMilli-RO 12 plus system,Millipore Corp. (Bedford, MA).
PlantMaterial. Fruits of A. wardii,C. grandifolia, S. buxifolium,

and S. cordifolium were collected at The New York Botanical
Garden Nolen Greenhouses and Enid A. Haupt Conservatory.
M. coccoloboides fruits were fromAtlanta Botanical Garden. Fruits
of V. corymbosum cultivar Brigitta, which is here used as a positive
control, were purchased at a local supermarket.
Preparation of Fruit Extracts. The freeze-dried fruits were

homogenized in a blender with 70% (v/v) MeOH as the extrac-
tant. The ratio of material to the extractant was 1:20 (w/v).
Extracts were filtered and the material was extracted two more
times. Extracts were combined and concentrated in vacuo
(45 �C), freeze-dried, and stored at 4 �C.
Total Phenol Content. Total phenol content was assessed by

the Folin-Ciocalteumethod.13,14 Three aliquots were analyzed in
triplicate (n = 6). To 100 μL of sample or gallic acid was added
1 mL of Folin-Ciocalteu reagent; the mixture was incubated for
5 min at room temperature prior to addition of 1 mL of 10%
Na2CO3 solution. This mixture was then kept for 90 min at room
temperature, and the absorbance was determined at 765 nm.
Total phenol content was estimated as gallic acid equivalents
(GAE, milligrams of gallic acid per gram of dry fruit material).
1,1-Diphenyl-2-picrylhydrazyl Free Radical (DPPH•) Scav-

enging. The DPPH• scavenging activity was assessed according
to the method described by Smith et al.15 with minor modifica-
tions. To a 50 μL aliquot of the sample was added 150 μL of
DPPH (400 μM), and the absorbance at 515 nm was recorded
after 30 min of incubation at 37 �C on a Molecular Devices
Versamax microplate reader (Sunnyvale, CA). The percentage
inhibition values for different concentrations were calculated
from eq 1. A plot of percentage inhibition versus concentration
was made for the reference standard Trolox. On the basis of this
plot, the Trolox equivalent antioxidant capacity (TEAC, micro-
moles of Trolox per gram of dry fruit material) values for
different samples were calculated.

% inhibition ¼ absorbancecontrol - absorbancesample
absorbancecontrol

!
� 100

0
@

ð1Þ
2,20-Azinobis(3-ethylbenzothiazoline-6-sulfonate) Free

Radical (ABTS•þ) Scavenging. The determination of ABTS•þ

scavenging was carried out based on the method of Re et al.16

ABTS•þ was generated by reacting an ABTS (7 mM) aqueous
solution with K2S2O8 (2.45 mM) in the dark for 12-16 h,
at ambient temperature, and adjusting the Abs734nm to 0.700
((0.020) with ethanol. To 2 μL aliquot of the sample was added
198 μL ABTS•þ, and the absorbance at 734 nm was recorded
after initial mixing and subsequently at 5 min intervals (for
40 min in total) on a Molecular Devices Versamax microplate
reader (Sunnyvale, CA). The results were expressed as the TEAC

(micromoles of Trolox per gram of dry fruit material) values at
different time intervals.5

Iron Chelation.The iron chelation activity was assessed by the
method of Carter17 with minor modification. To 20 μL of the
sample were added 10 μL of iron(II) chloride tetrahydrate
(2 mM) and 90 μL of methanol. The reaction mixture was
incubated for 5 min, and thereafter 40 μL of ferrozine (5 mM)
was added. After 10 min the absorbance was measured at 562 nm
on a Molecular Devices Versamax microplate reader (Sunnyvale,
CA). The percentage chelation was calculated from eq 2. A plot
of percentage chelation versus concentration was made for the
reference standard, disodium salt of ethylenediaminetetraacetic
acid (Na2EDTA).

% chelation ¼ absorbancecontrol - absorbancesample
absorbancecontrol

� �
� 100

ð2Þ
The results were expressed as the Na2EDTA equivalent (micro-
moles of Na2EDTA per gram of dry fruit material) values.
Chromatographic Fingerprint Analysis.HPLC with photo-

diode array detection (PDA) analyses of the extracts were
performed on a Waters (Milford, MA) Alliance 2695 system
equipped with 2695 separation module unit and 2996 PDA
detector and a 250 � 4.6 mm, 4 μ Phenomenex Synergi Hydro-
RP 80A column (Torrance, CA). The mobile phase consisted of
solvents (A) 0.1% aqueous formic acid solution and (B) 0.1%
formic acid solution in MeCN. Stepwise gradient elution was
performed with 85% A for 5 min and 85-80% A in 35 min. The
composition was then changed to initial condition in 5 min and
maintained for 10 min. The flow rate and the injection volume
were 1 mL/min and 10 μL, respectively. The results were
monitored for a wavelength range of 210-800 nm.
Stock solutions of the standard compounds were prepared in

70% (v/v) methanol to final concentration of 1 mg/mL. Each
stock solution was further diluted to obtain six concentrations of
the standard. Calibration curves of the standards were established
on six data points, and each standard dilution was injected in
triplicate. The fruit extracts were also reconstituted in 70% (v/v)
methanol and injected in triplicate at a concentration of 20 mg/
mL. Peak areas for the extracts and standards were integrated
from HPLC-PDA chromatograms by use of Waters Empower2
software. Limits of detection (LODs) and limits of quantitation
(LOQs) of the standards were determined on the basis of their
signal-to-noise (S/N) ratios of 3:1 and 10:1, respectively.
Statistical Analysis.Data are presented as mean values(95%

confidence interval. Analysis of variance was performed by
ANOVA procedures. Significant differences between means
were determined by Tukey’s pairwise comparison test at a level
of P < 0.05. Pearson’s correlation coefficient was calculated at a
level of P < 0.05. Principal component analysis of the antioxidant
data (n = 6) of the fruits were carried out. JMP version 8 software
was used for statistical analyses.

’RESULTS AND DISCUSSION

Of the five neotropical blueberries examined, two species, C.
grandifolia and A. wardii, showed stronger antioxidant properties
than the highbush blueberry V. corymbosum.
Extract Yield and Total Phenolic Content. The highest

extraction yield of the five tested neotropical blueberries was
obtained from A. wardii and the lowest yield was from
C. grandifolia (Table 1). The total phenolic contents of the dried
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fruits (Table 1), via the Folin-Ciocalteu method, decreased in
the following order: C. grandifolia > A. wardii and V. corymbosum
(not significantly different, P > 0.05) > S. buxifolium > M.
coccoloboides > S. cordifolium. C. grandifolia had a significantly
higher total phenolic content than V. corymbosum.
There was no significant correlation observed between the

extraction yield and the total phenolic contents (r = -0.18),
indicating that phenolic compounds are not the only major class
of constituent extracted from these fruits.

DPPH• Scavenging. The order of DPPH• scavenging activity
for the fruits is C. grandifolia > A. wardii > S. buxifolium > V.
corymbosum > M. coccoloboides and S. cordifolium (not signifi-
cantly different, P > 0.05) (Figure 1A). Thus three of the
neotropical blueberries, C. grandifolia, A. wardii, and S. buxifo-
lium, demonstrated significantly higher scavenging activities than
the positive control (V. corymbosum). However, the other neo-
tropical species (M. coccoloboides and S. cordifolium) showedmild
to moderate DPPH• scavenging activities.

Table 1. Extract Yield, Total Phenols, and Identified Chemical Constituents in Neotropical Blueberriesa

fruits

A. wardii C. grandifolia M. coccoloboides S. buxifolium S. cordifolium V. corymbosum

extract yield (mg/g of dry fruit) 818.2 487.6 637.2 594.3 531.3 522.0

total phenolic contentsb

(mg of gallic acid/g of dry fruit)

11.59 ( 0.42 A 20.25 ( 0.26 B 3.81 ( 0.17 C 6.97 ( 0.37 D 3.05 ( 0.11 E 12.23 ( 0.35 F

Identified Components (μg/g of dry fruit)c

chlorogenic acid 58.42 ( 0.49 A 16572.86 ( 275.64 B 27.49 ( 0.62 C 168.83 ( 9.44 D 66.86 ( 2.71 E 1456.62 ( 19.50 F

p-coumaric acid ndd nd nd tre nd nd

isovitexin 892.59 ( 13.06 nd nd nd nd nd

vitexin 576.18 ( 12.99 nd nd nd nd nd

isoorientin 135.44 ( 2.00 nd nd nd nd nd

orientin 60.49 ( 1.68 nd nd nd nd nd

hyperoside nd 406.83 ( 13.40 A 128.30 ( 0.72 B 174.61 ( 0.49 C 126.39 ( 0.18 D 754.14 ( 9.39 E

quercetin-3-O-glucoside nd 282.56 ( 1.97 A nd 61.00 ( 0.37 B nd 153.69 ( 3.94 C

Nonidentified Components (μg/g dry fruit) c

flavonoidsf 210.21 ( 1.66 A 1866.35 ( 1.16 B 31.57 ( 0.88 C 223.32 ( 1.90 D 108.37 ( 1.16 E 557.87 ( 13.18 F

hydroxycinnamic acid derivativesg 20.32 ( 0.11 A 1530.20 ( 8.36 B 140.35 ( 0.87 C 1139.83 ( 31.77 D 150.43 ( 1.21 E 54.47 ( 1.77 F

total 230.52 ( 1.53 A 3396.55 ( 7.31 B 171.92 ( 1.27 C 1363.15 ( 33.50 D 258.80 ( 2.37 E 612.34 ( 12.17 F
aValues with different uppercase letters (A-F) within each row are significantly (P > 0.05) different. Analysis of variance was performed by ANOVA
procedures, with significant differences betweenmeans determined by Tukey’s pairwise comparisons. bValues are expressed as means(95% confidence
intervals (n = 6). cValues are expressed as means(95% confidence intervals (n = 3). dNot detected, below LOD. eTrace, below LOQ. fQuantitated by
use of vitexin as a standard. gQuantitated by use of chlorogenic acid as a standard.

Figure 1. (A) DPPH scavenging and (B) iron chelation activities of neotropical blueberries. Values are expressed as means(95% confidence intervals
(n= 6). Bars with different letters (a-e) are significantly (P > 0.05) different. Analysis of variance was performed by ANOVAprocedures, with significant
differences between means determined by Tukey’s pairwise comparisons. ND, not detected.
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There is a significant correlation between total phenolic
content of the fruit extracts and their DPPH• scavenging
activities (r = 0.89). This indicates that the phenolic compounds
are the major constituents in neotropical blueberries contribut-
ing to the DPPH• scavenging activity. In a study of wild blue-
berries (Vaccinium myrtillus) and four highbush blueberry (V.
corymbosum) cultivars, a significant correlation between total
phenolic content and DPPH• scavenging activity was also
observed.18

Free radicals play a significant role in the progression of
oxidative stress, and thus scavenging these species is an important
mechanism of antioxidant action.3 Therefore fruits of C. grand-
ifolia, A. wardii, and S. buxifolium may prevent free radical
mediated oxidative damage in vivo.
Iron Chelation. Three of the neotropical blueberries, C.

grandifolia, A. wardii, and M. coccoloboides, demonstrate signifi-
cantly higher chelation activities than highbush blueberry (V.
corymbosum) (Figure 1B). The order of iron chelation activity for
the fruits is as follows: C. grandifolia and A. wardii (not signi-
ficantly different, P > 0.05) > M. coccoloboides > V. corymbosum
(Figure 1B).
Like many other transition metals, iron in its ferrous form is

responsible for the formation of ROS in vivo, which can lead to
oxidative stress.19 Therefore, some plant polyphenols by forming
redox-stable complexes with transition metal ions have pre-
vented formation of ROS, which is termed as the secondary
antioxidant effect.20 This mechanism of antioxidant action is of
value in the treatment of diseases mediated by oxidative stress,
such as Alzheimer’s disease and COPD.2,21 For example, clio-
quinol is an iron chelator that has been tested clinically for the
treatment of Alzheimer’s disease.2

A significant correlation was observed between iron chelation
and total phenolic contents (r = 0.57). The ABTS•þ (r = 0.57)
and DPPH• (r = 0.59) scavenging activities also showed sig-
nificant correlation with the chelation activity. This shows that
antioxidant constituents present in the neotropical blueberries
exert their effect via different mechanisms, which can be of value
in prevention of oxidative stress.

ABTS•þ Scavenging. The order of ABTS•þ scavenging
activity at 0 min was C. grandifolia > A. wardii and V. corymbosum
(not significantly different, P > 0.05) > M. coccoloboides, S.
buxifolium, and S. cordifolium (not significantly different, P >
0.05) (Figure 2). The order of scavenging activity changed at 5,
10, and 15 min; however, throughout this period C. grandifolia
followed by A. wardii had the highest scavenging activities. From
15 min onward the order of activity remained the same and was
as follows C. grandifolia > A. wardii > S. buxifolium and V.
corymbosum (not significantly different, P > 0.05) > S. cordifolium
and M. coccoloboides (not significantly different, P > 0.05)
(Figure 2).
The ABTS•þ scavenging activity of C. grandifolia, M. coccolo-

boides, and S. buxifolium increased up to 40 min, after which it did
not change significantly. There was a rise in the activity of A.
wardii, S. cordifolium, and V. corymbosum up to 30 min, and
thereafter no significant change was observed (Figure 2). Due to
the changes in ABTS•þ scavenging activities of the fruits over
time, the order of activity did not remain constant. Therefore, to
take into account these variations the overall ABTS•þ scavenging
capacities of the fruit extract were calculated in terms of area
under the curve (AUC) values. The overall order of scavenging
activities (AUC) is C. grandifolia (8637.49( 392.15) > A. wardii
(2624.45 ( 102.12) > S. buxifolium (1717.52 ( 97.72) and V.
corymbosum (1852.50( 114.25) (not significantly different, P >
0.05) > M. coccoloboides (1231.47 ( 37.32) and S. cordifolium
(1291.00 ( 143.19) (not significantly different, P > 0.05)
(Figure 2). Therefore, C. grandifolia and A. wardii have signifi-
cantly higher scavenging activities than the positive control, V.
corymbosum. The activity of S. buxifolium was also not signifi-
cantly different from the control. However, the other neotropical
blueberries (M. coccoloboides and S. cordifolium) showed mild to
moderate ABTS•þ scavenging activities.
Although the ABTS•þ and DPPH• scavenging assays rely on

the same principle, the ability of the former assay to evaluate the
activity of both lipophilic and hydrophilic compounds overcomes
solubility problems associated with the latter assay.20 The
wavelength at which the absorbance reading is taken (734 nm)

Figure 2. ABTS•þ scavenging activity of neotropical blueberries. Values are expressed as means(95% confidence intervals (n = 6) of Trolox equivalent
antioxidant capacity (TEAC) (micromoles of Trolox per gram of dry fruit material).
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is high enough to prevent absorbance interference from most
phytochemical substances, including blueberry anthocyanins.
The assay is not influenced by variations in the pH.22 Absence
of steric hindrance, unlike that of DPPH•, enables evaluation of
the activities of large compounds.23

As the free radical scavenging activity was monitored over
time, the slow-acting antioxidants had enough time to exert their
effects. Due to their contribution to the scavenging activity, the
order of activity among the fruits changed during the assay.
The total phenolic content of the fruits and their ABTS•þ

scavenging activities showed significant correlation (r = 0.88).
Other studies have also reported similar correlation for V.
corymbosum and V. macrocarpon at different stages of their
maturation.24,25 This indicates that the phenolic compounds
are the major constituents in the fruits contributing to the
ABTS•þ scavenging activity. The DPPH• scavenging (r = 0.95)
and iron chelation (r = 0.57) activities also showed significant
correlation with the ABTS•þ scavenging activity.
Qualitative and Quantitative HPLC Compositional Anal-

ysis. The data from qualitative-quantitative HPLC analysis of
the fruit extracts are presented in Table 1. The extracts contained
flavonoids and cinnamic acid derivatives, some of which were
identified and quantitated. All the fruits contained chlorogenic
acid (Figure 3), and their content of chlorogenic acid decreased
in the following order. C. grandifolia > V. corymbosum > S.
buxifolium > S. cordifolium > A. wardii > M. coccoloboides. C.
grandifolia contained the highest amount of chlorogenic acid, 11
times greater than V. corymbosum (Table 1), and others have also
reported the presence of large quantities of chlorogenic acid in V.
corymbosum and other Vaccinium species.26 Chlorogenic acid is
the most abundant chemical constituent in C. grandifolia
(Table 1, Figure 4A).
There was significant correlation observed between the con-

tents of chlorogenic acid, total phenolic contents (r = 0.83), and
DPPH• (r = 0.88) and ABTS•þ (r = 0.98) scavenging activities.
Since chlorogenic acid is one of the major phenolic constituents

present in all five neotropical berries studied, much of the free
radical scavenging properties can be attributed to this caffeic acid
derivative. However, there is no significant correlation between
chlorogenic acid content and iron chelation (r = 0.49). This may
be due to larger contribution of other phytoconstituents to the
chelating activity of the fruits. Chlorogenic acid is a potent
antioxidant compound with a wide range of antioxidant prop-
erties.27 This well-studied compound has also been reported
to have a wide range of biological and pharmacological
activities.28

All the fruits with the exception of A. wardii contained
hyperoside (Figure 3) and their content of hyperoside decreased
in the following order (Table 1): Vaccinium corymbosum > C.
grandifolia > S. buxifolium >M. coccoloboides > S. cordifolium. The
presence of quercetin-3-O-glucoside (Figure 3) was detected in
C. grandifolia,V. corymbosum, and S. buxifolium.C. grandifolia had
the highest and S. buxifolium had the lowest amount of quercetin-
3-O-glucoside. Other researchers have also reported the presence
of these quercetin glycosides and other quercetin derivatives inV.
corymbosum and other Vaccinium spp.26,29 In a study done by our
group (unpublished results), orientin, isoorientin, vitexin, and
isovitexin were identified in A. wardii (Figure 3), and in the
present study these constituents were quantitated (Table 1). The
most abundant constituents present in A. wardii were vitexin and
isovitexin (Table 1, Figure 4B). Vitexin, orientin, and isoorientin

Figure 3. Structural formulas of 1, chlorogenic acid; 2, hyperoside; 3,
quercetin-3-O-glucoside; 4, isoorientin; 5, orientin; 6, vitexin; 7, iso-
vitexin; and 8, p-coumaric acid.

Figure 4. HPLC-PDA chromatograms of (A) C. grandifolia and (B)
A. wardii at 360 nm. 1, chlorogenic acid; 2, hyperoside; 3, quer-
cetin-3-O-glucoside; 4, isoorientin; 5, orientin; 6, vitexin; and 7,
isovitexin.
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have been reported to be present in acai berries.30 Chlorogenic
acid and orientin were the least abundant constituents identified
in A. wardii (Table 1, Figure 4B). Trace quantities of p-coumaric
acid (Figure 3) were found in S. buxifolium.
The remaining phenolic constituents present in the fruits were

classified and quantitated as hydroxycinnamic acid derivatives
and flavonoids. The content of nonidentified flavonoids in the
fruits decreased in the order C. grandifolia > V. corymbosum > S.
buxifolium > A. wardii >M. coccoloboides (Table 1). C. grandifolia
had the highest and M. coccoloboides had the lowest content of
nonidentified flavonoids (Table 1). The content of nonidentified
hydroxycinnamic acid derivatives in the fruits decreased in the
order C. grandifolia > S. buxifolium > S. cordifolium > M.
coccoloboides >V. corymbosum >A. wardii (Table 1).C. grandifolia
had the highest and A. wardii had the lowest content of
nonidentified hydroxycinnamic acid derivative (Table 1). The
total content of nonidentified phenolic constituents in the fruits
decreased in the order C. grandifolia > S. buxifolium > V.
corymbosum > S. cordifolium > A. wardii > M. coccoloboides. C.
grandifolia had the highest and M. coccoloboides had the lowest
content of total nonidentified phenolic compounds (Table 1).
Principal Component Analysis. The two principal compo-

nents (PCs) account for 95% of total variation among the fruits
(PC1 = 81.21% and PC2 = 14.26%). ABTS•þ and DPPH•

scavenging activities and total phenolic contents were features
with high positive loading on PC1 and negative loading on PC2 .
However, iron chelation showed high positive loading on PC1
and PC2 . On the basis of the rotation factors, ABTS•þ (0.93),
DPPH• (0.93), and total phenolic contents (0.90) were respon-
sible for most of the variations among the fruits. Iron chelation
(0.31) contributed to the variation to a lesser degree.
The species here studied represent different lineages (different

genera and different clades) within the blueberry tribe Vaccinieae
according to recent phylogenetic analyses.31,32 Montane neotro-
pical groups are, geologically speaking, young and had undergone
rapid adaptive radiation. In the score plot (Figure 5), six clusters
can be seen, one for each species. Moreover, different genera are

distributed in different areas of the plot (Figure 5), which can
be divided in four major groups. Only Sphyrospermum and
Vaccinium were found in the same quadrant; although these
genera were once thought to be closely related, molecular studies
have shown that is not the case.32 However, since the growth and
storage conditions for the commercial V. corymbosum is different
from the greenhouse-grown neotropical blueberries under study,
the influence of environmental factors should also be considered.
The proximity of the clusters representing species belonging to

the genus Sphyrospermum should be noted (Figure 5). S. buxifolium
and S. cordifolium are considered sister species, if not equal.33 Both
species had similar antioxidant profiles; however, their ABTS•þ and
DPPH• scavenging activities were significantly different, which
contributed to formation of different clusters for each species.
In conclusion, C. grandifolia and A. wardii showed significantly

higher antioxidant activities in all assays when compared to the
highbush blueberry.With highbush blueberry being referred to in
the popular literature as a “superfruit”, the two neotropical
blueberries have the potential to be even more highly promising
edible fruits, on the basis of our findings. We are currently
conducting additional chemical and biological studies on C.
grandifolia and A. wardii.
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