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Phenolic compounds in black currant leaves – an interaction between the plant and
foliar diseases?
Michael Vagiria,b,c, Eva Johanssonb and Kimmo Rumpunena

aDepartment of Plant Breeding, Swedish University of Agricultural Sciences, Kristianstad, Sweden; bDepartment of Plant Breeding, Swedish
University of Agricultural Sciences, Alnarp, Sweden; cDepartment of Food Science, Aarhus University, Årslev, Denmark

ABSTRACT
Interactions between phenolic compounds in black currant leaves and foliar diseases may be
important in breeding for resistant genotypes with a nutritional high profile for human
applications. For increased understanding of such interactions, we evaluated the presence of major
fungal diseases by visual inspection, and content of phenolic compounds by HPLC in leaves of five
segregating black currant breeding populations. Eight individual flavonols (e.g. quercetin-3-O-
glucoside, quercetin-3-O-rutinoside and kaempferol-malonylgucoside), three flavan-3-ols
(epigallocatechin, catechin and epicatechin) and two chlorogenic acids (neochlorogenic acid and
chlorogenic acid) were significantly correlated to the leaf diseases. Rib-0701 was the population
possessing the highest content for several of the compounds, while genotype differences existed
for content of various phenolic compounds and resistance to the diseases. The high variability of
content of phenolic compounds opens up for opportunities to breed resistant genotypes with
improved health properties of the leaves for functional food products.
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1. Introduction

Black currant (Ribes nigrum L.) leaves are known as a rich
source of phenolic compounds, normally seen as secondary
metabolites. The phenolic compounds are of biological
value for the plant and of nutritious value for human uses
by the pharmaceutical and food industry. Phenolic com-
pounds are known for their diverse functions in the plant,
including for pigmentation, growth and reproduction, and
for resistance against pathogens and fungi. Previous investi-
gations have strongly indicated phenols to be involved in
both plant–animal and plant–microorganisms relationships
(Lattanzio et al. 2008; Witzell & Martin 2008). Plants are
known to respond to herbivory and microbial attacks through
a range of mechanisms, including those being of morphologi-
cal, biochemical and molecular nature. Oxidation of phenols
is known as a potential defense mechanism as is the presence
of tannins (War et al. 2012). Phenolic compounds known to
have antifungal activities are, among others, simple phenols,
phenolic acids, flavonols, dihydrochalcones, flavones and fla-
vanones (Treutter 2005, 2006; Lattanzio et al. 2008). The fact
that the oxidation of phenols is an important defense mech-
anism in plants has been shown in a number of studies where
the amount of polyphenol oxidase, catalyzing oxidation of
phenols, has been related to diseases and to resistance to
pests and pathogens (Li & Steffens 2002; Mohammadi &
Kazemi 2002; Thipyapong et al. 2004; Pourcel et al. 2007;
Mahanil et al. 2008).

If black currant leaves are to be used by the pharmaceutical
or food industry, a high content and a relevant composition
of polyphenols are of significant importance (Vagiri et al.
2015). Fungal foliar diseases may limit the production of
healthy leaves for such applications, simultaneously as berry

yield and quality is impacted. The main fungal diseases in
black currant plantations are anthracnose caused by Drepa-
nopeziza ribis (Kleb), septoria leaf spot caused by Myco-
sphaerella ribis (Fuckel) Lindau), mildew caused by
Sphaerotheca mors-uvae (Schwein.) Berk & Curtis) and
white pine blister rust caused by Cronatium ribicola Fisch
(Brennan 2008; Xu et al. 2009; Hummer & Dale 2010).

Generally, the control of these diseases is dependent on the
use of chemical pesticides, although concerns have been
raised due to increasing costs, deteriorating soil quality and
environmental risks, and also due to consumer preference
of fruit free of residue (Brennan & Graham 2009). Another
option to combat leaf fungal diseases would be to breed for
genotypes with enhanced natural defense compounds,
thereby lowering both production costs and pesticide use.
One such type of defense compounds is the phenolics. In
grape leaves, increased levels of phenolic compounds were
reported in resistant varieties when compared to susceptible
ones and at increasing foliar disease severity (Dai et al.
1994; Taware et al. 2010). Also, in black currants the content
of certain phenolic compounds has previously been associ-
ated with resistance to powdery mildew (Trajkovski & Pää-
suke 1976). Furthermore, high levels of hydroxycinnamic
acids, epicatechin, myricetin, kaempferol and quercetin gly-
cosides were detected in black currant plants with low symp-
toms of leaf spot infection (Mikulic-Petkovsek et al. 2013).
However, there is still a lack of knowledge in the understand-
ing of interactions between phenolic compounds in black cur-
rant leaves and resistance to fungal diseases in the plant.

Therefore, the aim of the present study was to determine
the phenolic content in black currant leaves of five segregat-
ing populations and evaluate possible associations between
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content of major phenolic compounds and major leaf diseases
in black currant.

2. Materials and methods

2.1. Plant material

Five segregating populations (Rib-0701, parentage: ‘Ben
Hope’ × BRi 8825-2; Rib-0702, parentage: ‘Ben Hope’ × BRi
8916-5; Rib-0704, parentage: ‘Ben Hope’ × SK 8944-13; Rib-
0720, parentage: ‘Big Ben’ × BRi 8825-2 and Rib-0722,
parentage: ‘Big Ben’ × BRi 8916-5) composed of 50 plants
(seedlings) each were established during 2006 in an unrepli-
cated integrated field trial at the Department of Plant Breed-
ing, Balsgård, The Swedish University of Agricultural
Sciences, in the south of Sweden (56°06′N, 14°10′E). The par-
ental types for these populations were selected based on their
diversity across a range of agronomical, developmental, pest/
diseases resistance and fruits’ quality traits. The visual assess-
ment and scoring of resistance to anthracnose, septoria, mil-
dew and rust were carried out when these fungal diseases
were fully prevalent in a natural infection background in
field conditions in 2010. Disease severity was assessed using
a 1–9 scale, where: 1 = no disease symptoms (0%), 2 = very
small disease symptoms (< 5%), 3 = small disease symptoms
(5–25%), 5 = moderate disease symptoms (26–50%), 7 =
strong disease symptoms (51–75%) and 9 = heavy disease
symptoms (76–100%). For phenol analyses, fully grown
leaves without petioles were randomly collected, and immedi-
ately transferred to a freezer (–20°C) and freeze-dried with a
tray-style freeze dryer (Christ 336, Osterode am Harz,
Germany) using vacuum and cold for 1 week. Afterwards,
the leaves were crushed and ground to a fine powder using
an analytical mill (Yellow line, A10, IKA-Werke, Staufen,
Germany) and stored at –20°C until analyzes.

2.2. Reagents and chemicals

Acetonitrile (isocratic grade, purity >99.8%), methanol
(HPLC grade, purity >99.8%), Formic acid (pro analysi,
purity 98−100%), 85% ortho-phosphoric acid (H3PO4) and
chlorogenic acid were purchased from Sigma (St. Louis,
MO). Neo-chlorogenic acid, myricetin, quercetin-3-O-ruti-
noside, quercetin-3-O-galactoside, quercetin-3-O-glucoside,
quercetin3-6-malonylglucoside, kaempferol-3-O-glucoside,
isorhamnetin-3-O-glucoside and kaempferol were purchased
from Extrasynthese (Genay, France). Ultrapure water was
obtained by use of Elgastat Prima UHQPS (Buckinghamshire,
England). Ethanol (purity 99.98%) was purchased from VWR
(Fontenay-Sous-Bois, France).

2.3. Extraction and analysis of phenolic compounds

About 50 mg of the powdered leaf samples were weighed in
triplicates and extracted with 1.5 mL 50% ethanol (purity
99.98%) containing 0.05 mol/L H3PO4 in water. The extracts
were vortexed and sonicated in an ultrasonic bath (Bandelin
Sonorex, Berlin, Germany) at room temperature for 15 min
and centrifuged at 15,300 g for 10 min. The supernatant
was transferred to a vial prior to HPLC analyses.

The HPLC method used in this study is the same as pre-
viously described in Vagiri et al. (2013). The samples were
analyzed by a Shimadzu HPLC-DAD system (Kyoto, Japan)

with a LC-20AB model dual pump, a SPD-M10A model
diode array detector equipped with Waters 717 plus autosam-
pler linked to a Shimadzu SCL-10A model system controller.
The eluent consisted of formic acid/water (7:93 v/v; mobile
phase A) and acetonitrile/methanol/water (90:5:5 v/v; mobile
phase B) with gradient elution as follows: The linear gradient
starting with 0–2 min, 8% B; 2–21.5 min, 8–16% B; 21.5–51.5
min, 16–23% B; 51.5–56.5 min, 23–40% B; and 56.5–61.5
min, back to 8% B followed by re-equilibration of the system
for 2 min with initial conditions. The linear binary gradient
was set to a flow rate of 1.2 mL min−1. The injection volume
of samples was 10 μL and total run time was 63.5 min. The
column used was a Synergie hydro RP-80A column (250 ×
4.60 mm i.d., 4 μm particle size), protected with a C-18
guard cartridge (4 × 3.0 mm) both from Phenomenex
(Værløse, Denmark). The column temperature was set at
24°C using a Shimadzu CTO-10AS thermostatically con-
trolled column compartment. The chromatographic data
were collected using Class VP software (Shimadzu 5.0).
Acquisition wavelength was set in the range of 260–
550 nm, and chromatograms were recorded at 280 nm for fla-
van-3-ols, 320 nm for chlorogenic acids (neo chlorogenic and
chlorogenic acids) and 360 nm for flavonols. All the com-
pounds were quantified with reference to external standards
as listed in section 2.2. For compounds lacking standards,
quantification was carried out using similar compounds as
standards. Therefore, myricetin malonlyglucoside and
kaempferol malonylglucoside were quantified as equivalents
to myricetin and kaempferol, respectively. The HPLC ana-
lyses were performed using three technical replicates for
each plant and thereafter means of the three replicates
were calculated. Finally the population mean of all plants
(n = 50) were calculated and expressed as µg/g ± S.D dry
weight (DW).

2.4. Statistical analyses

Analysis of variance was performed using 50 plants from each
population. Significant differences among populations were
determined using Tukey’s test (p < .05). Spearman correlation
coefficients (r) were calculated to reveal relationships between
phenolic compounds and leaf diseases. All the above-men-
tioned statistical analyses were carried out using SAS statisti-
cal package, version 9.2 (SAS Institute Inc., Cary, NC).
Canonical discriminant analysis (CDA) was performed
using the SPSS (version 23, SPSS Inc., Chicago, IL, USA)
software.

3. Results

3.1. Variation in phenolic content and foliar diseases
between populations

All populations generally showed a wide variation in content
for specific phenolic compounds (Figure 1; Table S1, support-
ing information). With regard to the flavan-3-ols, Rib-0704
had the highest amount of epigallocatechin and epicatechin,
whereas Rib-0701 had the highest amount of catechin. The
content of neochlorogenic acid and chlorogenic acid were
highest in Rib-0701, with the lowest content reported for
Rib-0702 and Rib-0722 (Figure 1(A), Table S1(A)). In case
of flavonols (Figure 1(B), Table S1(B)), the population Rib-
0701 contained abundant levels of all flavonols, whereas
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quercetin-3-O-galactoside was highest in Rib-0720 compared
to other populations. Interestingly, for kampferol-3-O-ruti-
noside the difference between the populations were not so
pronounced (Table S1(B)).

In terms of compositional differences, epigallocatechin
was the most abundant compound among the flavan-3-ols
ranging from 613 µg/g DW (in Rib-0701) to 9285 µg/g DW
(in Rib-0704). Chlorogenic acid ranged from 167 µg/g DW
(in Rib-0704) to 3954 µg/g DW (in Rib-0701), while neo
chlorogenic acid ranged from 54 µg/g DW (in Rib-0722) to
783 µg/g DW (in Rib-0701) (Table S1(A)). Among the flavo-
nols, quercetin-3-6-malonylglucoside ranging from 1157 µg/g
DW (in Rib-0702) to 13693 µg/g DW (in Rib-0701) was the

dominant compound, followed by quercetin-3-O-glucoside,
while isorhamnetin-3-O-rutinoside was present in lowest
amounts in all populations (Table S1(B)).

The black currant populations demonstrated different
field resistance to the fungal diseases (Figure 2). All the popu-
lations showed highest resistance to mildew with mean score
of 1.1–1.9, indicating disease severity of less than 5%. Rib-
0701 was moderately (50%) susceptible to rust and septoria,
while the lowest severity for rust was displayed by Rib-
0722, and for spetoria by Rib-0722 (Figure 2). The mean
scores of anthracnose ranged from 1.6 to 2.9, with very
small (<5%) to small (25%) disease symptoms observed in
Rib-0722 and Rib-0720, respectively.

Figure 1. Mean (n = 50) content (µg/g DW) for the analyzed phenolic compounds (A) flavan-3-ols and chlorogenic acids, (B) flavonols in different black currant
populations. Error bars indicate ± standard deviation (SD) of means. Codes: 1 = epigallocatechin; 2 = catechin; 3 = epicatechin; 4 = neochlorogenic acid; 5 =
chlorogenic acid; 6 = myricetin-malonylglucoside; 7 = quercetin-3-O-galactoside; 8 = quercetin-3-O-glucoside; 9 = quercetin-3-O-rutinoside; 10 = quercetin-
3-6-malonylglucoside; 11 = kampferol-3-O-rutinoside; 12 = kaempferol-3-O-glucoside; 13 = isorhamnetin-3-O-rutinoside; 14 = isorhamnetin-3-O-glucoside; 15 =
kaempferol-malonylglucoside.
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3.2. Classification of black currant populations

In order to classify black currant populations according to
their content of phenolic compounds in the leaves, a canoni-
cal discriminant analysis was performed. Discriminant analy-
sis works by creating one or more linear combinations of
predictors, creating a new latent variable for each function.
These functions are called discriminant functions. The first
function created maximizes the differences between groups
on that function. The second function maximizes differences

on that function, but also must not be correlated with the pre-
vious function. This continues with subsequent functions with
the requirement that the new function not be correlated with
any of the previous functions. The two first discriminant
functions expressed 88.2% of the total variation, with 72.5%
for the first discriminant function and 15.7% for the second,
and canonical correlations of 0.94 and 0.80, respectively
(Table 1). The eigenvalues, which indicate the ratio of
between-groups variability to within-groups variability for a
function, were 8.424 and 1.818 for the first and second func-
tions, respectively. Canonical correlation coefficients, which
are measures of the degree of relatedness between the groups
and the functions, are rather high, showing values between
0.945 and 0.803, respectively, for the first and the second dis-
criminant function.

The populations Rib-0701 and Rib-0702 were the most dif-
ferentiated (Figure 3). Epigallocatechin followed by quercetin-
3-O-glucoside, as opposed to the rest, play an important role in
group discrimination on Function 1, and Rib-0701 was the
most unique of the five populations with respect to these
discriminator variables (Table 1, Figure 3). Discriminator vari-
ables quercetin-3-O-glucoside, epicatechin and kaempferol-3-
O-glucoside separated Rib-0702 from the other groups
(Table 1). Epicatechin, quercetin-3-6-malonylglucoside, quer-
cetin-3-O-galactoside in order of priority contributed to the
grouping of populations Rib-0704 and Rib-0722 in function
3. Function 4 with the smallest eigenvalue contributed to the
discrimination of Rib-0720, with discriminator variables
being quercetin-3-6-malonylglucoside, kaempferol-malonyl-
glucoside and quercetin-3-O-glucoside (Table 1, Figure 3).

3.3. Correlation between phenolic compounds and
leaf diseases

Significant associations (p < .05) were observed between the
phenolic compounds and leaf diseases for different

Figure 2. Mean (n = 50) scores (scale 1-9, no disease symptoms to heavy disease symptoms) of foliar diseases between black currant populations. Different letter/
letters indicate significant differences (p < .05) between the populations for each foliar disease. Error bars represent ± standard error (SE) of mean.

Table 1. Within-groups correlations between discriminating variables and
standardized canonical discriminant functions for black currant populations
according to their phenolic compounds in leaves.

Function

1 2 3 4

Eigenvalue 8.424a 1.818a 1.000a 0.377a

% of variance 72.5 15.7 8.6 3.2
Cumulative % 72.5 88.2 96.8 100
Canonical correlation .945 .803 .707 .523
Functional coefficients
EGC −0.879 0.224 0.388 −0.283
CAT 0.368 0.272 0.198 0.148
ECAT −0.282 0.667 −0.801 −0.087
NCA 0.016 0.219 0.375 −0.308
CGA 0.261 0.388 0.299 −0.094
MMGLU 0.454 0.006 −0.229 −0.257
QRUT 0.053 0.057 0.19 −0.552
QGAL −0.058 0.214 0.557 0.579
QGLU 0.574 −0.815 0.191 −0.667
QMGLU −0.309 0.108 −0.617 1.194
KRUT −0.06 −0.029 −0.049 0.381
KGLU −0.295 0.665 0.302 0.651
IRUT 0.146 0.312 −0.009 0.247
IRGLU 0.186 −0.198 0.014 0.196
KMGLU 0.332 −0.22 −0.052 −1.008
Note: Values in bold indicate phenolic compounds that are the most important for
each function. EGC, epigallocatechin; CAT, catechin; ECAT, epicatechin; NCA, neo-
chlorogenic acid; CGA, chlorogenic acid; MMGLU, myricetin-malonylglucoside;
QGAL, quercetin-3-O-galactoside; QGLU, quercetin-3-O-glucoside; QRUT, querce-
tin-3-O-rutinoside; QMGLU, quercetin-3-6-malonylglucoside; KRUT, kampferol-3-
O-rutinoside; KGLU, kaempferol-3-O-glucoside; IRUT, isorhamnetin-3-O-rutinoside;
IRGLU, isorhamnetin-3-O-glucoside; KMGLU, kaempferol-malonylglucoside.

aFirst four canonical discriminant functions were used in the analysis.

196 M. VAGIRI ET AL.



populations studied (Table 2). A reasonable number of phe-
nolic compounds were thus found to correlate (with R2 values
above 0.2) with the leaf diseases scored and more negative
correlations than positive were found.

Anthracnose correlated positively with chlorogenic acid
and total chlorogenic acids in Rib-0704 and negatively
with catechin in Rib-0722. Septoria correlated negatively
with epigallocatechin, neochlorogenic acid, kaempferol-3-
O-glucoside, isorhamnetin-3-O-rutinoside, isorhamnetin-
3-O-glucoside and total flavan-3-ols (r = –.45) in Rib-0701,
with quercetin-3-O-rutinoside and epicatechin in Rib-0720
and Rib-0722, respectively. In case of rust, negative corre-
lations were observed with epigallocatechin and catechin
in Rib-0701, and with quercetin-3-O-galactoside (r = –.43),
quercetin-3-O-glucoside (r = –.53), quercetin-3-6-malonyl-
glucoside and with total flavonols in Rib-0702. A positive
correlation between rust and epigallocatechin was noticed
in Rib-0720. Mildew correlated negatively with isorhamnetin-
3-O-rutinoside in Rib-0701 and positively with kaempferol-
malonylglucoside in Rib-0704.

4. Discussion

Our study clearly revealed interactions between phenolic
compounds in black currant leaves and leaf diseases,
although, the found interactions varied among the investi-
gated populations. Therefore, not only the abundance of indi-
vidual phenolic compounds in black currant genotypes, but
also their variations are important for an induced resistance
against the different fungal diseases.

Eight individual flavonols (e.g. quercetin-3-O-glucoside,
quercetin-3-O-rutinoside and kaempferol-malonylgucoside)
were significantly correlated to the leaf diseases in the present

Figure 3. Canonical discriminant analyses plot for scores of phenolic compounds based on the first two canonical discriminant functions separating black currant
population.

Table 2. Significant spearman correlation coefficients between phenolic
compounds and foliar diseases in black currant populations.

Foliar diseases

Population
Phenolic

compounds Anthracnose Septoria Rust Mildew

EGC – −0.34* −0.36* –
CAT – – −0.29** –
NCA – −0.32* – –

Rib-0701 KGLU – −0.3* – –
IRUT – −0.29* – −0.3*
IRGLU – −0.33* – –
Total flavan-3-olsa – −0.45** – –

QGAL – – −0.43** –
Rib-0702 QGLU – – −0.53** –

QMGLU – – −0.33* –
KMGLU – – – 0.4**
Total flavonolsb – – −0.35* –

Rib-0704 CGA 0.33* – – –
KMGLU – – −0.33* –
Total chlorogenic
acidsc

0.32* – – –

Rib-0720 EGC – – 0.3* –
QRUT – −0.32* – –

Rib-0722 CAT −0.34* – – –
ECAT – −0.31* – –

Note: EGC, epigallocatechin; CAT, catechin; ECAT, epicatechin; NCA, neochlorogenic
acid; CGA, chlorogenic acid; QGAL, quercetin-3-O-galactoside; QGLU, quercetin-
3-O-glucoside; QRUT, quercetin-3-O-rutinoside; QMGLU, quercetin-3-6-malonyl-
glucoside; KGLU, kaempferol-3-O-glucoside; IRUT, isorhamnetin-3-O-rutinoside;
IRGLU, isorhamnetin-3-O-glucoside; KMGLU, kaempferol-malonylglucoside.

aEstimated by taking the sum of flavan-3-ols.
bEstimated by taking the sum of flavonols.
cEstimated by taking the sum of chlorogenic acids.
*Significant at p < .05.
**Significant at p < .01.
***Significant at p < .005.

JOURNAL OF PLANT INTERACTIONS 197



study. In addition we also found that three flavan-3-ols (epigal-
locatechin, catechin and epicatechin) and two chlorogenic
acids (neochlorogenic acid and chlorogenic acid) were related
to resistance to leaf diseases. The associations revealed could
probably be seen as expected as several of these compounds
have previously been reported to be pre-formed in plant cells
or produced after stimulation by different stresses and plant
defense reactions against pathogens (VanEtten et al. 1994;
Wink 2003). A number of phenolic compounds are also
regarded as pre-infection inhibitors, providing plants with a
certain degree of basic resistance against pathogenic microor-
ganisms (Wink 2003; Schijlen et al. 2004; Treutter 2006).

Importance of phenolic compounds in resistance reactions
have been reported for a range of crops and also in trees. A
high content of flavonol glycosides have been reported in
grapevines leaves with low susceptibility to powdery mildew
(Erysiphe necator; Keller et al. 2003). In groundnut, quercetin
and its glycoside rutin were related to larval mortality of the
tobacco armyworm (syn. oriental leaf worm) Spodoptera
litura (Mallikarjuna et al. 2004). Similarly, it has been
reported that the presence of some preformed antifungal
compounds, such as catechin and epicatechin, proved to be
responsible for resistance against gray mold (Botrytis cinerea)
in strawberries (Terry et al. 2004). Phenolic metabolites have
also been reported as responsible for resistance in Northern
forest trees (Witzell & Martin 2008).

Cytotoxic and antimicrobial activities of some flavones
(e.g. quercetin-3-O-glucoside) have been reported by Razavi
et al. (2009), whereas other authors showed a synergistic effi-
cacy of the antibacterial activity of quercetin-3-O-glucoside
and kaempferol-3-O-glucoside (Akroum et al. 2009).

The content of phenolic compounds is known to be more
or less affected by genotype (Brennan & Graham 2009). In
our study, canonical discriminant analysis showed an obvious
variability among the five breeding populations, especially
between Rib-0701 and the other four populations. The popu-
lation Rib-0701 displayed the highest content for several of
the phenolic compounds among the populations, providing
an opportunity of enhancing the levels by the use of this
population in breeding. The genetic differences in terms of
parentage among the populations could further explain why
the corresponding leaf samples had significant differences
in their phenolic content. The lowest and highest values of
each phenolic compound together with coefficient of vari-
ation show a representation of how diverse the individuals
within a population are. The large variation within popu-
lations indicate large opportunities to improve the concen-
trations of specific compounds through active breeding
work. Genetic variation in terms of flavonol glycosided and
other phenolic compounds in the leaves of black currant
has also been reported recently (Liu et al. 2014).

The results of the present study are sometimes contradic-
tory, for example, epigallocatechin correlates positively with
rusts in population Rib-0701, while negatively in population
Rib-0720. This can be speculated as an environmental vari-
ation (e.g. soil fertility, moisture, temperature, radiation)
that could profoundly modify the chemical basis and out-
come of interactions between plants and their pathogens.
The present study should be seen as an introgression toward
a more in-depth metabolomics study, where leaves are inocu-
lated with different fungi and thereafter analyzed for compo-
sition of various secondary metabolites that would provide
insights into the resistance mechanism.

A total of 15 phenolic compounds (which included three
flavan-3-ols, two chlorogenic acids and 10 flavonols) were
identified and quantified in the black currant leaves in this
study. All these compounds have been previously reported
in the leaves of black currant (Oszmiański et al. 2011; Vagiri
et al. 2012). The results here agree with previous findings of
black currant leaves being a rich source of bioactive phenolic
compounds, particularly hydroxycinnamic acids, and flavo-
nols as well as procyanidins (Tabart et al. 2006; Ehrhardt
et al. 2013; Vagiri et al. 2015; Yang et al. 2015). As to specific
phenolic compounds, particularly epigallocatechin, chlorogenic
acid, quercetin-3-6-malonylglucoside, quercetin-3-O-glucoside,
quercetin-3-O-rutinoside and kaempferol-malonylglucoside
were among the most abundant in this study. This is in agree-
ment with Liu et al. (2014), who have also reported these com-
pounds to be most abundant among the flavonols.

2011 For human applications (food or medical), phenolic
compounds are associated with decreased risk of cardiovascu-
lar diseases, anti-diabetic and/or anti-inflammatory activities
(Del Rio et al. 2013; Nile & Park 2014). For instance, chloro-
genic acid is known to be a strong antioxidant and it is also
known to reduce plasma glucose in humans (Iwai et al.
2012). Similarly, quercetin-3-6-malonylglucoside has been
reported to be highly bioactive and known to be effective
against oxidation of low-density lipoprotein and oxidative
stress in the liver (Katsube et al. 2010). Extracts of black currant
leaves have been demonstrated to possess anti-inflammatory
and anti-virus activities (Tabart et al. 2011; Ehrhardt et al.
2013). The leaves of black currant might therefore be of interest
as a potential source of extracts for the pharmaceutical and
food industry, thereby increasing the utilization and value of
the plant material. The results of this study also points on
the direction that breeding-resistant genotypes toward leaf dis-
eases, that is, with high levels of certain phenolic compounds,
might lead to the development of genotypes with high levels of
health beneficial phenolic compounds.

5. Conclusion

Our results clearly show presence of interactions between
content of phenolic compounds in leaves of black currants
and foliar diseases. Eight individual flavonols (e.g. querce-
tin-3-O-glucoside, quercetin-3-O-rutinoside and kaemp-
ferol-malonylgucoside), three flavan-3-ols (epigallocatechin,
catechin and epicatechin) and two chlorogenic acids (neo-
chlorogenic acid and chlorogenic acid) played important
role in plant resistance to foliar diseases. This study thereby
supports the hypothesis that phenolic compounds play
an important role in plant resistance to fungal diseases,
although we cannot conclusively identify the main mechan-
ism involved. The high variability in content of phenolic
compounds noted within the black currant populations
may be the result of phenolic compounds being used as pro-
tection against fungal diseases. This study also depicted the
importance of the genetic background as a crucial factor for
content and composition of phenolic compounds in black
currant leaves, and thereby for resistance toward foliar
diseases. Thus, metabolomics to profile black currant popu-
lations should be a useful tool in breeding programs to
develop cultivars with resistance to various fungal diseases
and with high contents of nutritional compound for human
applications.
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