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A B S T R A C T

Revaluing agri-food waste to offer consumers bioactive compounds for a healthy diet is an important issue. In the
present work, the antioxidant capacity (AC), total phenolic content (TPC) and phenolic compounds of pulp and
bagasse of four Peruvian berries with UHPLC-DAD was determined. Elderberry (Sambucus peruviana Kunth)
bagasse had a greater amount of TPC (4.87 � 0.02 mg GAE/100 gfw) and AC (7.66 � 0.04 and 7.51 � 0.24 μmol
TE/gfw in DPPH and ABTS, respectively) than the bagasse of the other berries, with a strong positive correlation
between TPC and AC. Blueberry (Vaccinium floribundum Kunth) bagasse contains the highest amount of gallic acid
(103.26 � 1.59 μg/gfw), chlorogenic acid (1276.55 � 1.86 μg/gfw), caffeic acid (144.46 � 1.78 μg/gfw), epi-
catechin (1113.88 � 1.82 μg/gfw) and p-coumaric acid (77.82 � 1.92 μg/gfw). Elderberry (Sambucus peruviana
Kunth) bagasse contains the highest amount of catechin (153.32 � 0.79 μg/gfw). No significant differences were
found in the content of chlorogenic acid and epicatechin of blackberry (Rubus roseus Poir). It was shown that the
wastes of the four Amazonian berries have higher values of bioactive properties than their pulp, being the
elderberry bagasse the one with the best properties.
1. Introduction

The reuse of waste from agro-industrial processing has become an
important issue for the economy, sustainability of the processes (Buratto
et al., 2021), and the world's population growth (Mokhtar et al., 2018). In
parallel, consumer preferences towards a healthy diet that is rich in
natural bioactive compounds, motivate researchers to look for bioactive
compounds in agri-food products (Mokhtar et al., 2018). There is evi-
dence that shows that native fruits have a high content of bioactive
compounds that generate their high antioxidant capacity (AC) (Pfukwa
et al., 2020). However, the largest amount of bioactive compounds is
found in the non-edible fraction of fruits which is generally discarded
(C�adiz-Gurrea et al., 2020). The poor management of this by-product is
reflected in a substantial loss of bioactive compounds (V�azquez-Gonz�alez
et al., 2020). Fruits such as berries can be an important part of a healthy
diet due to their content of bioactive compounds. Important berries such
as: blackberry, blueberry, cranberry, raspberry and strawberry are
important sources of bioactive compounds and are consumed as a fresh or
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processed product (Jimenez-Garcia et al., 2013). In Peru, the production
of aguaymanto is 12 tons per ha (Instituto Nacional de Innovaci�on
Agraria, 2021), and by 2021, it is estimated that Peru would have 14789
ha of blueberries and in a few years we will reach 20 thousand hectares
(Agencia Agraria de Noticias, 2021).

Phenolic compounds are bioactive molecules present throughout the
plant kingdom, including non-edible materials remaining of the indus-
trial fruit processing, which are considered by-products, waste or bagasse
(Machado et al., 2021). This bagasse still contains a large amount of
bioactive compounds of great interest to the food industry
(V�azquez-Gonz�alez et al., 2020). In the case of goldenberry, it has been
found that most studies have focused only on its properties, rather than
on the by-products obtained from the industrial process (Nocetti et al.,
2020). The manufacture of juices and derivatives of blueberry produces
around 20–30 % of by-products that are discarded (Luchese et al., 2018).

Blackberries and blueberries are excellent sources of bioactive com-
pounds and have high AC (Gowd et al., 2019; Koca and Karadeniz, 2009).
Local communities use the extracts of these berries to treat diseases such
astro-Alayo).
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as diabetes and inflammation (Prencipe et al., 2014). Goldenberry, is
recognized for having high content of bioactive compounds (Dag et al.,
2017), its bioactive compounds are responsible for the high AC of the
products derived from this berry (Olivares-Tenorio et al., 2017;
Ramadan, 2011; Puente et al., 2011). However, most reports have
focused on the properties of goldenberry fruit only, rather than on its
byproducts (Nocetti et al., 2020). Elderberry is a berry commonly used
for its medicinal and nutritional properties (Kiprovski et al., 2021). In
Europe, elderberries are used in the preparation of desserts and yogurts;
and as a medicine thanks to its antioxidant, anticancer, immunostimu-
lating, antiallergic, antiviral and antibacterial properties (Domínguez
et al., 2020; Ferreira et al., 2020).

The wild berries are getting more attention due to the presence of an
enormous range of phytoconstituents encompassing considerable anti-
oxidant efficacy and health benefits (Umdale et al., 2020). In elder-
berries, chlorogenic acid is reported as being the major cinnamic acid
present (Ferreira et al., 2020). In freeze-dried goldenberry juice,
chlorogenic acid was found as the main phenolic acid followed by
p-coumaric acid and ferulic acid (Dag et al., 2017). In selected cultivar
blueberries, caffeic acid, chlorogenic acid, p-coumaric acid, and quer-
cetin was found (You et al., 2011). In blackberry cultivar, five anthocy-
anins, five phenolic acids, and ten non-anthocyanin flavonoids were
identified between they found catechin, epicatechin, chlorogenic acid,
kaempferol and ellagic acid (Moraes et al., 2020). Various studies have
reported that the by-products of various fruits (skin and seed) have high
amounts of phytochemicals and antioxidants (Bora et al., 2019); how-
ever, studies on bioactive compounds, total phenolic content (TPC) and
AC of Amazon berries are scarce. Then, the objective of this research was
to determinate the AC, TPC and phenolic compounds of pulp and bagasse
of four Peruvian berries.

2. Materials and methods

2.1. Materials

Before harvesting the fruits, their maturity was determined ac-
cording to the experience of the local farmer. Then, mature and healthy
fruits of elderberry (Sambucus peruviana Kunth), blackberry (Rubus
roseus Poir), goldenberry (Physalis peruviana L.) and blueberry (Vacci-
nium floribundum Kunth) were harvested from the towns María y Cuel-
cho (Amazonas Region), during January to March 2019. One kilogram
of each fruit was stored at -20 �C until its chemical analysis. Leaves,
flowers and fruit of each berry were send to the “Herbarium Truxillense
(HUT)” of the Universidad Nacional de Trujillo-Perú for its taxonomic
identification.

2.2. Chemicals

Folin-Ciocalteu phenol reagent (Merck, Darmstadt, Germany), so-
dium carbonate (Spectrum, New Brunswick, USA), potassium persul-
phate, gallic acid, ethanol, HPLC standards (chlorogenic acid, caffeic
acid, p-coumaric acid, (þ)-catechin, (�)-epicatechin), (�)-6-hydroxy-
2,5,7,8-tetramethylchromane-2-carboxylic acid (trolox), 2,20-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), 2,2-
Diphenyl-1-picrylhydrazyl (DPPH), and methanol were purchased from
Sigma Aldrich (St. Louis, MO, USA).

2.3. Aqueous extract of polyphenols

According to (Fu et al., 2011) with some modifications, 200 g of berry
were weighed, homogenized in an electric homogenizer for 2 min.
Bagasse and pulp were separated using a sieve. One gram of bagasse or
pulp was mixed with 9 mL of ultrapure water, separately. Each mixture
was stirred for 30 min at room temperature and then centrifuged at 5000
rpm for 30 min. The supernatant was collected in a 15 mL amber glass
flasks and they were stored under refrigeration until analysis.
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2.4. Determination of total phenolic content

Total phenolic content (TPC) in aqueous extracts was determined
according to the Folin–Ciocalteu's procedure (Singleton et al., 1999) (de
Souza et al., 2014). The extracts (0.5 mL) were mixed with 2.5 mL of
Folin–Ciocalteu reagent (10 %) and 2 mL of sodium carbonate solution
(4 %). The mixture was stirred and kept at room temperature for 2 h in
the dark. The absorbance was measured at 750 nm against a blank using
an spectrophotometer (Unico, S2100, USA). TPC was estimated from a
standard curve of gallic acid (y ¼ 0:0051x þ 0:0363; R2 ¼ 0:9919) and
results expressed as mg gallic acid equivalents (GAE)/100g fresh weight
(mg GAE/100 gfw).

2.5. Antioxidant capacity

According to de Souza et al. (2014), the AC was determined using the
ABTS, and DPPH methods. For the ABTS assay, the procedure followed
the method of Re et al. (1999) with minor modifications. The ABTS
radical cation (ABTS�þ) was generated by the reaction of 5 mL of
aqueous ABTS solution (7 mM) with 88 μL of 140 mM (2.45 mM final
concentration) potassium persulphate. The mixture was kept in the dark
for 16 h before use and then diluted with ethanol to obtain an absorbance
of 0.7 � 0.06 units at 734 nm using a spectrophotometer (Unico, S2100,
USA). The berry extracts (30 μL) or a reference substance (Trolox) were
allowed to react with 3 mL of the resulting blue–green ABTS radical
solution in the dark. The decrease of absorbance at 734 nmwasmeasured
after 6 min. Ethanolic solutions of known Trolox concentrations were
used for calibration (y ¼ �0:0003x þ 0:7605; R2 ¼ 0:9804). The results
are expressed as micromoles of Trolox equivalents (TEs) per gram of fresh
weight (μmol of TE/gfw). The DPPH free radical-scavenging capacity was
estimated using the method of Carde~nosa et al. (2016) and Brand-Wil-
liams et al. (1995). Briefly, the solution of DPPH (600 μM) was diluted
with ethanol to obtain an absorbance of 0.7 � 0.04 units at 517 nm. The
fruit extracts (0.1 mL) were allowed to react with 3.9 mL of the DPPH
radical solution for 30 min in the dark, and the decrease in absorbance
from the resulting solution was monitored. The absorbance of the reac-
tion mixture was measured at 517 nm. The results were expressed as
μmol of TE/gfw.

2.6. UHPLC-DAD analyses of phenolic compounds profile

Quantification of phenolic compounds was performed according to
Coklar and Akbulut (2017) and Demir et al. (2014) with some modifi-
cations. For that, an Ultra High Performance Liquid Chromatographic
system (UHPLC) Agilent 1290 Infinity Series equipped with a G7167B
mutisampler, G7104A flexible pump, G7116B column oven, and a
G7117B diode array detector was used. Before the injection, the extracts
were filtered through a 0.45 μm pore size x 33 mm syringe filter (Merck,
Millex, Germany). The separation was achieved using a reversed-phase
C18 column (5 μm, 250 � 4.6 mm i.d.). The mobile phase was (A)
water/acetic acid (98:2) and (B) water/acetonitrile/acetic acid
(78:20:2). The flow rate was 0.75 mL/min and the gradient was as fol-
lows: 10–14 % B (5 min), 14–23 % B (11 min), 23–35 % B (5 min),
35–40 % B (14 min), 40–100 % B (3 min), 100 % B isocratic (3 min),
100–10 % B (3 min) and 10 % B isocratic (4 min). The detector was set to
280 and 320 nm. The column temperature was 40 �C. According to
Sasmaz et al. (2020) and Kelebek (2016), the phenolic compounds were
quantified by comparison with peak areas and retention time (Ferreira
et al., 2020) of each standard. The coefficient of correlation (R2) value of
the standards phenolic compounds were above 0.9799 in all cases. The
data was analyzed using Chemstation software.

2.7. Statistical analysis

One-way analysis of variance was performed using Rstudio. Tukey's
test was used as a post-hoc multiple comparisons at a significance level of
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p < 0.05 (Wang et al., 2015). All the experiments were performed in
quadruplicate, and the results were expressed as mean � standard de-
viation (SD). The Pearson's correlation analysis between TPC and AC was
performed with CurveExpert Professional software.

3. Results and discussions

3.1. Total phenolic content and antioxidant capacity

The AC of a fruit is related to the synergistic effects between its
phenolic compounds (Acosta-Montoya et al., 2010). In addition, the TPC
of the same species can vary significantly according to the geographical
origin and different methods of obtaining its phenolic extracts (Jiang
et al., 2021). Table 1 shows the results obtained in the quantification of
TPC of bagasse and pulp of berries from the Amazon Region. The blue-
berry obtained a TPC of 2.71� 0.02 mg GAE/100 gfw in the bagasse and
1.91 � 0.02 mg GAE/100 gfw in the pulp. This values are below those
found by Koca and Karadeniz (2009), who reports values in a range of
77–82 mg GAE/100 gfw for blueberry grown in the Black Sea Region of
Turkey, and de Souza et al. (2014) reports TPC values of 305.38 � 5.09
mg GAE/100 gfw for blueberry produced in the subtropical areas of
Brazil. Koca and Karadeniz (2009) and de Souza et al. (2014) reports
850.52 � 4.77 and 173–305 mg GAE/100 gfw for blackberry, respec-
tively. On the other hand, Acosta-Montoya et al. (2010) reports TPC of
520 � 20 mg GAE/100 gfw in blackberry from Costa Rica, we must
consider that these values have been reported for whole berries, that is,
pulp and bagasse. In the present work it is shown that the TPC values
found in pulp and bagasse of blackberry and blueberry were very low,
because the berry extracts were obtained with pure water. For example,
Pasquel Re�ategui et al. (2014) used supercritical carbon dioxide extrac-
tion to obtain extracts from blackberry industrial residues, they found
TPC of 2413� 162 mg GAE/100 g extract. For goldenberry, Ozturk et al.
(2017) reports 42.16–48.60 mg GAE/100 g in Turkish goldenberry, and
Ord�o~nez-Santos et al. (2017) reports 80.15 � 1.09 mg GAE/100 g in
goldenberry from Colombia, values higher than those found in the pre-
sent work (0.77� 0.01 and 0.69� 0.01 mg GAE/100 gfw in bagasse and
pulp, respectively). For elderberry (Sambucus nigra) from Portugal, Fer-
reira et al. (2020) reports 820 � 45 mg GAE/100 gfw, values much
higher than those found in our samples. Knowing that water is the solvent
with the lowest extraction performance, the results found were as
expected.

In general, the presence of TPC contributes to the AC of the berry
(Nocetti et al., 2020). In the present work, the bagasse of the berries had
the highest AC than pulp both in DPPH and ABTS (Table 1). In the case of
AC measured in DPPH, 2.64 � 0.09 μmol TE/gfw were found in blue-
berry bagasse, much lower value than reported by de Souza et al. (2014)
in Brazilian blueberry (7775.45 � 1009.60 μmol TE/gfw). The
Table 1. Total phenolic content and antioxidant capacity of bagasse and pulp of Peru

Sample TPC (mg GAE/100 gfw)

Bagasse

Blueberry 2.71 � 0.02c

Elderberry 4.87 � 0.02a

Blackberry 4.11 � 0.01b

Goldenberry 0.77 � 0.01d

Pulp

Blueberry 1.91 � 0.02c

Elderberry 4.87 � 0.12a

Blackberry 3.07 � 0.01b

Goldenberry 0.69 � 0.01d

Results were given as mean � standard deviation (n ¼ 4). Different letters in the sam
apply separately on bagasse and pulp.
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blackberry bagasse had AC of 7.19� 0.06 μmol TE/gfw, value lower than
that reported by de Souza et al. (2014) (2142.42� 125.64 μmol TE/gfw).
In elderberry bagasse, 7.66 � 0.04 μmol TE/gfw was found, value much
lower than that found by Jakobek et al. (2007) in elderberry from Croatia
(100.16 μmol TE/gfw), and in goldenberry, 1.46 � 0.04 μmol TE/gfw
was founded, value lower than found by Ozturk et al. (2017) in gold-
enberry from Turkey (6.05–5.14 μmol TE/gfw). The AC results obtained
by both methods are not directly comparable because the radical capture
mechanisms are different for each method (Chaves et al., 2018; Mar-
tín-G�omez et al., 2020). However, both showed the same trend, the re-
sults obtained by the ABTS and DPPH methods agree that blackberry and
elderberry have higher AC than other berries, both in their bagasse and in
their pulp. The descending order of the AC of the berries is:

DPPH method: elderberry > blackberry > blueberry > goldenberry
for bagasse and blackberry elderberry> >blueberry > goldenberry for
pulp.

ABTS method: blackberry > elderberry > blueberry > goldenberry
for bagasse and elderberry > blackberry > blueberry > goldenberry for
pulp.

TPC can have a synergistic or antagonistic effect on AC (Jiang
et al., 2021). If we make a comparison between the bioactive prop-
erties of the analyzed berries, we can notice that the elderberry
bagasse has a higher amount of TPC (Figure 1a) than the other berries,
as a consequence, it also has the highest AC measured in DPPH
(Figure 1c), both in pulp and bagasse. Thus, we can also affirm that
those berries that have a higher amount of TPC, also have a higher AC,
so there is a direct proportion between both properties. In the case of
AC measured in ABTS, an inverse proportion occurs (Figure 1b). This
is corroborated with what Nocetti et al. (2020) affirms. It is important
to consider that when using the Folin-Ciocalteu reagent, not only TPC
is measured but also the total reducing substances in the sample (S�erio
et al., 2014).

The AC depends on the structural factors of the phenolic compounds
such as the number and position of the hydroxyl or methoxyl groups in
the phenolic ring (Giovanelli and Buratti, 2009). Also, other researchers
state that the AC could depend on the type of solvent used in the
extraction (Sariburun et al., 2010). To demonstrate the influence of TPC
on AC, the correlation between both values was established. Positive
linear correlations shown in Figure 2 demonstrate that the TPC and AC
values are better correlated positively to bagasse (R2 ¼ 0.95 in ABTS and
DPPH) rather than to pulp (R2 ¼ 0.93 and R2 ¼ 0.76 in ABTS and DPPH),
of them, the best correlation was with AC measured in ABTS. These re-
sults agree with those reported by de Souza et al. (2014), Giovanelli and
Buratti (2009), and Sariburun et al. (2010). Vasco et al. (2008) obtained
coefficients of correlation of 0.66 in Ecuadorian berries. Martín-G�omez
et al. (2020) obtained a coefficient of correlation of 0.81 for the DPPH
method and 0.57 for the ABTS method in blueberry.
vian berries.

Antioxidant capacity (μmol TE/gfw)

DPPH ABTS

2.64 � 0.09c 4.85 � 0.28c

7.66 � 0.04a 7.51 � 0.24b

7.19 � 0.06b 8.61 � 0.14a

1.46 � 0.04d 1.69 � 0.07d

1.97 � 0.05c 3.39 � 0.06c

3.35 � 0.05b 6.57 � 0.14a

4.3 � 0.09a 6.34 � 0.04b

1.06 � 0.09d 1.5 � 0.08d

e column indicate statistically significant differences (p < 0.05). Tukey's test was



Figure 1. Bioactive compounds of berries from Amazonas Region. (a) TPC (b) ABTS (c) DPPH.

Figure 2. Linear correlations of TPC versus the AC determined for pulp (a) and bagasse (b) of four Amazon berries.
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3.2. Phenolic compound profile by UHPLC-DAD

Phenolic compounds are distributed throughout the plant kingdom
and are thus form an integral part of the human diet (Denardin et al.,
2015). Table 2 shows the phenolic compounds profile found in berry pulp
and bagasse. Among the phenolic compounds of berries from the Amazon
region identified and quantified with UHPLC-DAD, goldenberry pulp
contains the highest amount of gallic acid (178.71 � 3.88 μg/gfw). This
is important if we consider the Corazza et al. (2018) findings, who re-
ported that Brazilian goldenberry had a higher AC due to its high content
Table 2. Phenolic compounds profile in berries from Amazonas Region by UPLC-DA

Sample Gallic acid Catechin Chlorogenic

Bagasse

Blueberry 103.26 � 1.59a 89.96 � 1.76b 1276.55 � 1

Elderberry Nd 153.32 � 0.79a 509.71 � 1.

Blackberry 72.44 � 0.21b Nd 111.11 � 0.

Goldenberry Nd Nd 108.44 � 0.

Pulp

Blueberry 95.26 � 1.46a 89.45 � 0.78b 1071.90 � 1

Elderberry Nd 129.67 � 1.54a 429.50 � 1.

Blackberry Nd Nd 111.17 � 0.

Goldenberry Nd Nd Nd

Means with different letters within the same column are significantly different at p <
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of gallic acid. Respect to catechin and epicatechin, goldenberry bagasse
and pulp contain 178.71� 3.88 and 144.69� 0.46 μg/gfw, respectively.
Olivares-Tenorio et al. (2017) reports 16 � 0.3 and 23 � 0.4 μg/gfw of
catechin and epicatechin, respectively, in goldenberry from Colombia,
which are much lower than those found in Amazonian goldenberry.
Elderberry bagasse contains the highest amount of catechin (153.32 �
0.79 μg/gfw), chlorogenic acid (509.71 � 1.11 μg/gfw) caffeic acid
(44.50 � 1.23 μg/gfw) and p-coumaric acid (58.13 � 0.12 μg/gfw)
(Table 2). These values are higher than the reported by Jakobek et al.
(2007) in elderberry form Croatia (15.84 � 0.2 and 10.80 � 0.2 μg/gfw
D expressed as μg/gfw.

acid Caffeic acid Epicatechin p-coumaric acid

.86a 144.46 � 1.78a 1113.88 � 1.82a 77.82 � 1.92a

11b 44.50 � 1.23b 984.14 � 1.55b 58.13 � 0.12b

12c Nd Nd 60.01 � 0.62b

83d Nd 144.69 � 0.46c 59.60 � 0.33b

.35a 67.26 � 0.99a 970.16 � 1.41a 71.20 � 0.40a

34b 27.43 � 1.46b 597.90 � 1.65b 58.94 � 0.39c

95c Nd Nd 60.39 � 0.61b

Nd 112.20 � 1.65c 59.12 � 0.86c

0.05. Tukey's test was apply separately on bagasse and pulp. Nd, not detected.
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for caffeic acid and p-coumaric acid, respectively). Ferreira et al. (2020)
and Mudge et al. (2016), report chlorogenic acid values of 200 � 0.1
μg/gfw and 107 μg/gfw for Portuguese and American elderberry,
respectively. These values are lower than the found in all berries of the
present work, both in bagasse and pulp.

Blueberry bagasse contains higher amounts of gallic acid (103.26 �
1.59 μg/gfw), chlorogenic acid (1276.55 � 1.86 μg/gfw), caffeic acid
(144.46 � 1.78 μg/gfw), epicatechin (1113.88 � 1.82 μg/gfw) and p-
coumaric acid (77.82� 1.92 μg/gfw) (Table 2). Cesa et al. (2017) reports
18.2 � 0.6 μg/gfw of chlorogenic acid in blueberry, lower values than
those reported in this work. Sellappan et al. (2002) reports that blue-
berries (Vaccinium ashei Reade) fromGeorgia have gallic acid (15.3–2589
μg/gfw), caffeic acid (24–63.2 μg/gfw), p-coumaric acid (37.8–157.8
μg/gfw), catechin (145.3–3874.8 μg/gfw), epicatechin (342.3–1295.1
μg/gfw). Then the values of phenolic compounds found in the blueberry
bagasse are within the parameters reported by Sellappan et al. (2002).
The opposite occurs with blackberry, because the values found in the
present work for gallic acid and p-coumaric acid are higher than those
reported by Sellappan et al. (2002) (41.2–64.2 and 0.4–2.08 μg/gfw,
respectively). Gündo�gdu et al. (2016) reports for Turkish blackberry
catechin values (1115.99 � 14.72 to 4389.70 � 50.74 μg/gfw) higher
than those found in the blackberry bagasse of the present work and lower
values (5.04 � 0.07 to 11.75 � 0.24 μg/gfw) of chlorogenic acid.

The difference between the TPC of berries can be due to several
factors, one of them is the extraction, which can cause degradation of
phenolic compounds (Domínguez et al., 2020). Also, several intrinsic
(genetic factors and the degree of fruit ripeness) and extrinsic (environ-
mental and climatic conditions that include exposure to different levels of
radiation and wind, temperature, water availability, soil composition,
and other agronomic factors) factors of plants influence the amount and
type of phenolic compounds (Ferreira et al., 2020; Dag et al., 2017;
Salvador et al., 2015). This is the reason why variability was found be-
tween the amount and type of phenolic compounds in the berries
analyzed (Table 2). Our results coincide with those obtained by (Ferreira
et al., 2020), who reports 0.02 � 0.01 g/100 gdw of chlorogenic acid in
Portuguese elderberry harvested in the first year and 0.10 � 0.08 g/100
gdw of the same elderberry in the third year.

4. Conclusion

Results obtained in this study show that the four berries grown in the
Amazonas region of Peru represent a very interesting source of antioxi-
dant compounds contained mainly in bagasse. Elderberry bagasse had a
greater amount of total phenolic content and antioxidant capacity than
the bagasse and pulp of the other berries, with a strong positive corre-
lation between both bioactive properties. Elderberry bagasse contains the
highest amount of catechin, and blueberry bagasse contains the highest
amount of gallic acid, chlorogenic acid, caffeic acid, epicatechin and p-
coumaric acid. No significant differences were found in the content of
chlorogenic acid and epicatechin of blackberry.
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