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Bioactive Compound Contents and Antioxidant Activity in Aronia
(Aronia melanocarpa) Leaves Collected at Different Growth Stages
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ABSTRACT: The bioactive compounds and antioxidant activity of aronia leaves at different stages of maturity were iden-
tified and evaluated. Young and old leaves were approximately 2 months of age and 4 months of age, respectively. The
young leaves contained more polyphenols and flavonoids than the old leaves. Three phenolic compounds (i.e., chloro-
genic acid, p-coumaric acid, and rutin) were detected by HPLC. Antioxidant activity was measured using 2,2-di-
phenyl-1-picrylhydrazyl (DPPH) radical, 2,2 -azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) radical, and su-
peroxide anion radical scavenging assays. The reducing power of aronia leaf extracts increased in a concentration-depend-
ent manner (0~ 100 pg/mL). The antioxidant activity of the 80% ethanol extract was greater than that of distilled water
extract. The high phenolic compound content indicated that these compounds contribute to antioxidant activity. The
overall results indicate that aronia leaves contain bioactive compounds, and that younger aronia leaves may be more fa-

vorable for extracting antioxidative ingredients because they contain more polyphenols.
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INTRODUCTION

Aronia (Aronia melanocarpa, commonly called the black
chokeberry, wild gooseberry, or dogberry) belongs to the
Rosacea family and is a shrub that is native to North
America. Aronia was introduced and became popular in
Europe about a century ago (1-3). The cultivation of ar-
onia is becoming more popular because components of
the plant contain several useful bioactive compounds.
The aronia plant is known to be one of the richest natu-
ral sources of polyphenols such as hydroxycinnamic
acid, flavanols, and anthocyanin (1,4,5).

During the past few years, many studies have been
conducted on aronia because of its health-related pro-
perties. Aronia has been used as an antioxidant, an anti-
atherosclerotic drug, an antidiabetic agent, an anti-in-
flammatory agent, an antiviral agent, and an antimuta-
genic agent (2,6). It also has antiproliferative effects on
various solid tumor models (7) and anticancer, chemo-
preventive effects on the appearance and growth of can-
cer stem cells (3,4). Many of the previous studies fo-
cused on the juice of the aronia fruit (2-4). However, the
aronia wastes obtained after juice extraction contain
many phenolic compounds, including anthocyanins (8).
Although the bioactivity of the aronia fruit has been well

characterized, there have been few studies investigating
the bioactivity of aronia leaves.

Aronia leaves, which are affordable and an abundant
raw material, are byproducts of aronia grove farming and
accumulate during the pruning of aronia trees. They are
expected to contain bioactive compounds that have vari-
ous applications in the cosmetic, therapeutic, and food
industries. Previous studies on aronia have reported that
the leaves of several aronia species [e.g., Rubus ulmifolius
(9) and Crataegus aronia (10)] are used in traditional
medicine because of their anti-inflammatory, antiviral,
antimicrobial, and antiproliferative activities against can-
cer cells. Therefore, aronia leaves might contain bio-
active compounds and have biological effects resulting
from the polyphenols, flavonoids, and chlorophylls that
they contain. They are also expected to have a positive
effect on human health as potential sources of natural
antioxidants.

During leaf maturation, changes in the oxidative me-
tabolism of plant tissues occur (11,12). The accumu-
lation and export of products also changes throughout
leaf development. Therefore, the bioactive compounds
and the antioxidant activity of aronia leaves collected at
different stages of maturity (i.e., young and old) were
measured in this study. Furthermore, the effects of diffe-
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rent solvents on the extraction of bioactive compounds
from aronia leaves were determined. The bioactive com-
pound contents of distilled water extracts and 80% etha-
nol extracts from aronia leaves collected at two times of
harvest were measured. Several assays were used to
evaluate the antioxidative properties of each extract.

MATERIALS AND METHODS

Chemicals

Folin-Ciocalteu’s phenol reagent, DPPH, ABTS, gallic acid,
catechin, nitroblue tetrazolium chloride (NBT), nicotin-
amide adenine dinucleotide (NADH), Tris-HCI, potas-
sium hexacyanoferrate, trichloroacetic acid, ferric chlo-
ride, and para-methyl styrene (PMS) were purchased from
Sigma-Aldrich Co. (St. Louis, MO, USA). Polyphenol
standards (i.e., chlorogenic acid, p-coumaric acid, rutin,
quercetin, and catechin) for HPLC analysis were also
purchased from Sigma-Aldrich Co. HPLC-grade water,
methanol, acetonitrile, and trifluoroacetic acid (TFA)
were purchased from Fisher Scientific Company Llc.
(Fair Lawn, NJ, USA). All chemicals used in the de-
scribed experiments were of an analytical grade.

Sample preparation

Leaves of the ‘Nero’ cultivar of aronia were manually
picked from a local farm in Korea. Aronia leaves were
picked at different stages of growth (i.e., young or old,
depending on the sampling date). Young and old leaves
were approximately 2 months of age and 4 months of
age, respectively. The picked leaves were free from in-
sect and mechanical damage. After washing, the leaves
were frozen at —80°C overnight and freeze-dried for 2
days. The freeze-dried samples were finely ground in a
food grinder (Hanil, Seoul, Korea) and stored at —80°C
until extraction.

The powdered samples were extracted with distilled
water at 100°C or 80% ethanol at 85°C for 2 h. Briefly,
the powdered samples were mixed with distilled water
or 80% ethanol at a ratio of 1:25 (g/mL), and the bio-
active compounds were extracted. Then, the supernatant
was saved and filtered through Whatman no. 2 filter pa-
per (Whatman International Ltd., Maidstone, UK) with
a vacuum filter; this process was repeated in triplicate.
The extracted filtrate was then evaporated using a rotary
evaporator (EYELA, Tokyo, Japan) under reduced pres-
sure at 40°C. After evaporation, 50 mL of distilled water
was added to the evaporated solution. The solution was
then freeze-dried (Ilshin Biobase Co., Ltd., Yangju,
Korea) and stored at —20°C until analysis.

Determination of total chlorophyll and carotenoid contents
The chlorophyll and carotenoid contents of aronia leaves

were analyzed using the method of Lichtenthaler and
Buschmann (13). Freeze-dried powder (20 mg) was
mixed with 5 mL of dimethyl sulfoxide (DMSO) and in-
cubated at 65°C for 6 h. After incubation, the mixture
was centrifuged at 15,000 g for 5 min. The supernatant
was collected, and the absorbance was read at 663 nm to
measure chlorophyll a content, 647 nm to measure chlo-
rophyll b content, and 470 nm to measure carotenoid
content. The chlorophyll and carotenoid concentrations
were calculated using the following equations:

Chlor Ophy'ﬂ a= 12~25A663 —2. 79A647

Chlorophyll b=21.50A647—5.10A¢63

Total CthI'OphyH =20.29A647+8.02A¢63

Carotenoid=(1,000A470 — 1.82 chlorophyll a —
95.15 chlorophyll b)/225

Determination of total polyphenol and flavonoid contents
The total polyphenol content was analyzed using Folin-
Ciocalteu’s phenol reagent following the method of Zhou
et al. (14). The total flavonoid contents of aronia leaves
were analyzed by the method of Woisky and Salatino
(15).

Extraction and quantification of polyphenols by HPLC
Powdered samples (0.1 g) of the water extracts and the
80% ethanol extracts were mixed with 5 mL of methanol
containing 0.1% formic acid and vortexed for 1 min.
Each mixture was then centrifuged for 5 min, and the
upper fraction was transferred to another glass tube. The
aqueous layer (lower fraction) was re-extracted using
another 5 mL of methanol containing 0.1% formic acid.
This extraction was performed 3 ~4 times until the ex-
tracts were colorless. The methanolic fractions were
combined and evaporated in a rotary evaporator. The
residue was redissolved in the extraction solvent at an
appropriate concentration for HPLC analysis with an in-
jection volume of 10 uL. Polyphenol concentrations were
analyzed using HPLC (Ultimate 3000, Dionex, Sunnyvale,
CA, USA) on an Agilent XDB C;g column (4.6X150 mm,
5 um). The solvent system used was (A) water with 0.3%
TFA and (B) acetonitrile. The samples were separated
with the following gradient: A/B=95/5 (0~39 min),
40/60 (40 min), 0/100 (45~50 min), and 95/5 (55~60
min) at a flow rate of 0.8 mL/min. The peaks were de-
tected with a UV/Visible Detector (190—800 DAD scan-
ning; Waters Co., Milford, MA, USA) at 280 nm.

DPPH radical scavenging activity

The DPPH radical scavenging activities of distilled water
extracts and 80% ethanolic extracts of aronia leaves
were determined by the method of Cheung et al. (16)
with minor modifications. First, a 192-uL solution of 50
uM DPPH was mixed with 48 pL of a diluted sample.
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The mixture was then covered with aluminum foil and
incubated in the dark at room temperature for 30 min.
The extent to which the DPPH had decolored was read
at 517 nm with a microplate reader (Spectra MAX M2,
Molecular Device, Sunnyvale, CA, USA). Distilled water
was used as a blank. DPPH radical scavenging activity
was calculated with the following equation:

Inhibition (%) ={(Ablank — Asample)/Ablank} X 100

where Apank is the absorbance of the control reaction
(containing all reagents except the test compound), and
Asample 18 the absorbance of the sample reaction (contain-
ing all reagents including the test compound).

ABTS radical scavenging activity

The ABTS radical scavenging activity of the aronia leaf
extracts was determined using the method of Re et al.
(17) with minor modifications. First, ABTS was dis-
solved in distilled water to obtain a 7 mM ABTS stock
solution. The ABTS radical cation (i.e., ABTS reagent)
was produced by reacting the ABTS stock solution with
2.45 mM K;S,0s (at a ratio of 2:1) in the dark and cov-
ered with aluminum foil for 24 h before use. The ABTS
reagent was diluted with 94% ethanol until the absorb-
ance of the solution at 734 nm reached 0.7+0.03. Then,
950 pL of the diluted ABTS reagent was mixed with 50 uL
of various concentrations of the experimental samples.
The mixture was covered with aluminum foil and in-
cubated in the dark at room temperature for 10 min.
Then the absorbance of the solution at 734 nm was
measured with a microplate reader. Distilled water was
used as a blank. Each sample was measured in triplicate,
and the percent inhibition (%) was calculated using the
following equation:

Inhibition (%) = {(Ablank *Asample)/ Ablank} x100

where Apank is the absorbance of the control reaction
(containing all reagents except the test compound), and
Agmple is the absorbance of the sample reaction (contain-
ing all reagents including the test compound).

Superoxide anion scavenging activity

The superoxide radical generated in the xanthine-xan-
thine oxidase system was determined spectrophotome-
trically by measuring NBT as the end product (18). The
reaction mixture was prepared with 50 L of each sam-
ple, 0.5 mL of a 1:1 mixture of 0.4 mM xanthine and
0.24 mM NBT, 0.5 mL of 0.049 U/mL xanthine oxidase,
and distilled water (final volume: 2.0 mL). After in-
cubation at 37°C for 40 min, 2 mL of 69 mM SDS was
added to stop the reaction. The absorbance of the result-
ing solution was measured at 560 nm and compared

with the absorbance of control samples that were run
without xanthine oxidase. Ascorbic acid was used as the
positive control. Each sample was measured in triplicate,
and the percent inhibition (%) was calculated using the
following equation:

Inhibition (%) ={1— (Asampie)/ (Ablank) } X 100

where Apiank is the absorbance of the control reaction
(containing all reagents except the test compound), and
Agample 1s the absorbance of the sample reaction (contain-
ing all reagents including the test compound).

Reducing power activity

The Fe’* reducing power of the extracts was determined
using the method of Oyaizu (19) with minor modifi-
cations. Various concentrations of each sample (0.25 mL)
were mixed with 0.25 mL of phosphate buffer (0.2 M,
pH 6.6) and 0.25 mL of potassium hexacyanoferrate
[KsFe(CN)s] (1% w/v). After incubating the mixture at
50°C in a water bath for 20 min, the reaction was stop-
ped by adding 0.25 mL of trichloroacetic acid solution
(10% w/v). Then, the mixture was centrifuged at 15,000
g for 10 min. Subsequently, 0.5 mL of the supernatant
was mixed with 0.5 mL of distilled water and 0.1 mL of
a ferric chloride (FeCls) solution (0.1% w/v) for 10 min.
The absorbance of the resulting mixture was immedi-
ately measured at 700 nm with a microplate reader to
determine the reducing power. Ascorbic acid (0 pg/mL
to 200 pg/mL) was used to generate the standard curve
for this assay.

Statistical analysis

All results are presented as the means=*standard devi-
ation. A statistical analysis system (SPSS software pack-
age, version 17.0, SPSS Inc., Chicago, IL, USA) was used
to perform all statistical analyses. Data were compared
by one-way analysis of variance; P<0.05 was considered
significantly different.

RESULTS AND DISCUSSION

Total chlorophyll and carotenoid contents

The total chlorophyll and carotenoid contents of aronia
leaves at different stages of growth are presented in
Table 1. The old leaves contained more chlorophylls than
the young leaves, but this difference was not significant.
Both young and old leaves contained more chlorophyll a
than chlorophyll b. The chlorophyll contents were higher
in the 80% ethanol extracts from aronia leaves than in
the distilled water extracts from aronia leaves. The high-
est total chlorophyll content was obtained from the old
leaves extracted with 80% ethanol (66.32 mg/g dry
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Table 1. Chlorophyll and carotenoid contents of aronia leaves collected at different stages of growth
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(unit: mg/g dry weight)

Growth stage Extraction solvent Chlorophyll a Chlorophyll 6 Total chlorophylls Carotenoids
Young Water 4.76%0.94° 3.00+0.24° 8.48+0.56° 1.36+0.04°
80% ethanol 41.7241.04° 11.2040.08° 58.40+1.48° 9.36+0.20°

Oold Water 5.59+0.40° 3.88+0.20° 10.36%0.64° 2.04+0.08°
80% ethanol 48.40%0.68° 11.6840.72° 66.32+0.28" 9.88+0.24°

Data represent the means*SD of three separate experiments.

2bWithin each column, values with different superscript letters are significantly different at ~<0.05.

weight). In contrast, the lowest chlorophyll content
(8.48 mg/g dry weight) was obtained from the young
leaves extracted with distilled water.

The total carotenoid content of the old leaves was
slightly higher than that of the young leaves, but the dif-
ference was minimal. The total carotenoid contents of
the 80% ethanol extracts of young and old leaves were
9.36 mg/g dry weight and 9.88 mg/g dry weight, respec-
tively. With respect to carotenoid recovery, 80% aque-
ous ethanol was a more efficient extraction solvent than
distilled water. For example, 6.88-fold and 4.84-fold more
carotenoids were detected in the 80% ethanol extracts of
young and old leaves than in the distilled water extracts
of young and old leaves, respectively.

The chlorophyll and carotenoid contents of plant leaves
vary according to several biotic factors, including spe-
cies, variety, cultivar, production practice, maturity, and
abiotic factors, including light, temperature, and soil
properties (20-22). Znidarcic et al. measured chlorophyll
concentrations in leafy vegetables that are commonly
consumed in Mediterranean countries and found that
the total chlorophyll content of the vegetables ranged
from 2.00 mg/g to 3.59 mg/g (21). Znidar¢i¢ et al. also
found that the concentration of chlorophyll a (1.42 mg/g
to 2.61 mg/g) was greater than that of chlorophyll b
(0.58 mg/g to 0.98 mg/g) in the vegetables tested (21).
The results of the present study indicate that aronia
leaves contain more total chlorophyll and carotenoids
than other plant species and products.

Total polyphenol and flavonoid contents

The concentrations of total polyphenols and flavonoids
in aronia leaves at different stages of growth are pre-
sented in Table 2. The highest total polyphenol content

was obtained using the 80% ethanol extract. The young
leaves tested in this study contained more polyphenols
than the old leaves. The highest phenolic content [250.8
mg gallic acid equivalent (GAE)/g dry weight] was ob-
tained from the young leaves extracted with 80% ethanol.
In contrast, the lowest phenolic content (69.5 mg GAE/g
dry weight) was obtained from the old leaves extracted
with distilled water.

The total flavonoid contents of the young leaves were
higher than that of the old leaves. The total flavonoid
contents of the 80% ethanol extracts of young and old
leaves were 163.7 mg catechin equivalent (CE)/g dry
weight and 103.6 mg CE/g dry weight, respectively. With
regard to the extraction of flavonoid compounds, 80%
aqueous ethanol was a better extraction solvent than
distilled water. When compared to the distilled water
extracts, the 80% ethanol extracts yielded 1.47-fold and
1.84-fold more flavonoids from the young and old
leaves, respectively.

The antioxidant profile of aronia leaves varied through-
out maturation. Specifically, the total phenolic and fla-
vonoid contents of the young leaves were approximately
twice those of the old leaves. During growth period, the
plants synthesize the secondary metabolites and accu-
mulate different amounts of the bioactive compounds
(23).

In our previous research, the polyphenol and flavonoid
contents of aronia fruit were measured and compared to
the polyphenol and flavonoid contents of aronia leaves.
The aronia leaves contained a large proportion of the to-
tal phenolic and flavonoid contents of the aronia plant.
The total phenolic content of the aronia leaves was low-
er than that of the aronia fruit, while the total flavonoid
content of the aronia leaves was approximately twice

Table 2. Total polyphenol and flavonoid contents of aronia leaves collected at different stages of growth

Growing stage Extraction solvent

Total polyphenols
(mg GAE/g dry weight)

Total flavonoids
(mg CE/g dry weight)

Young Water 141.6£0.9° 110.7+1.5°
80% ethanol 250.8+2.4° 163.7+1.0°

old Water 69542.7° 56.4+0.9°
80% ethanol 139.342.1% 103.6+1.8°

Data represent the means*SD of three separate experiments.

¥°Within each column, values with different superscript letters are significantly different at ~<0.05.

GAE, gallic acid equivalent; CE, catechin equivalent.



208

that of the aronia fruit (data not shown). In addition,
the total phenol content of the aronia leaves was higher
than that of the leaves of several plants, including
Anacardium occidentale (58.57 mg/g), Mangifera indica (65
mg/g), Azadiracta indica (14.43 mg/g), Cymbopogon citratus
(28.30 mg/g), and Carica papaya L. (21.80 mg/g) (24).
These findings reveal the potential of aronia to become a
useful and natural source of biologically active com-
pounds.

Arabshahi-Delouee et al. (25) tested three different
solvent extracts (i.e., water, methanol, and acetone) of
mulberry leaves. The antioxidant activities, as measured
by different assay systems, were affected by the solvent
extract used. Arabshahi-Delouee et al. found that, com-
pared to water and acetone, methanol was the most ef-
fective solvent for the extraction of polyphenols from
mulberry leaves. The methanolic extracts of mulberry
leaves contained the highest amount of total phenolics
and had the highest radical scavenging activity, followed
by the acetone and water extracts. Similar to our results,
Arabshahi-Delouee et al. found that the antioxidant ac-
tivity of an extract correlated to the amount of total phe-
nolics present in the sample (25). The age of the plant
materials was an important factor, which determined
photosynthesis and metabolism of the plants (26).

Extraction and quantification of polyphenols by HPLC
Fig. 1 shows a chromatogram of phenolic compounds in

500 A 1-2-chlorogenic accid-13.993
400
300 A
200
100 1 | 3-3-rutin hydrate-21.737
S M ‘.| Ll m"‘;ﬁ%ki@&&%&"&?, fic acid-20.697
_50 T T T T T T T 1
00 50 100 150 20.0 25.0 30.0 350 40.0

min

Fig. 1. A typical HPLC chromatogram of the polyphenols in ar-
onia leaf extracts.

Table 3. Polyphenol contents of aronia leaves collected at different stages of growth

Do Thi and Hwang

aronia leaf extracts. We detected three phenolic com-
pounds, including chlorogenic acid, p-coumaric acid, and
rutin, which had retention times of 14.0 min, 20.7 min,
and 21.7 min, respectively. Chlorogenic acid was the
major phenolic compound, followed by rutin and p-cou-
maric acid. Table 3 shows the concentrations of the de-
tected polyphenols in the aronia leaves harvested at dif-
ferent stages of growth and extracted by distilled water
or 80% ethanol. The different extraction solvents affected
the polyphenol contents of the aronia leaf extracts. The
chlorogenic acid concentrations of the distilled water
and 80% ethanol extracts from aronia leaves were 17.2
mg/g and 22.8 mg/g, respectively. The rutin concen-
trations of the distilled water and 80% ethanol extracts
from young leaves were 3.4 mg/g and 4.1 mg/g, respec-
tively.

The polyphenol contents of the extracts from old leaves
were lower than those of the extracts from young leaves.
Specifically, the distilled water and 80% ethanol extracts
of old leaves contained 0.58-fold and 0.47-fold less
chlorogenic acid, respectively, than the distilled water
and 80% ethanol extracts of young leaves. The rutin
concentrations of the distilled water and 80% ethanol
extracts from old leaves were 3.0 mg/g dry weight and
2.9 mg/g dry weight, respectively. p-Coumaric acid was
not detected in the distilled water extracts, but minimal
amounts were detected in the 80% ethanol extracts.

Lee et al. (27) determined the polyphenol components
of aronia leaves across three different stages of maturity
(i.e., young, mature, and aged) using LC-tandem mass
spectrometry. They quantified 12 polyphenols in fresh
aronia leaves, namely caffeoylquinic acid isomer (356.4~
6,659.4 mg/kg), apigenin 7,4’-di-O-rhamnoside (101.1~
289.2 mg/kg), quercetin dirhamnosylhexoside (41.1~
280.5 mg/kg), quercetin rhamnosylhexoside (19.1~77.1
mg/kg), dicaffeoylquinic acid (38.6~1,936.1 mg/kg),
quercetin 3-O-vicianoside (90.0~363.2 mg/kg), quercetin
3-O-glucoside (59.2~130.3 mg/kg), quercetin 3-O-ruti-
noside (202.9~2,340.9 mg/kg), kaempferol coumaroyl
glucoside (31.6~153.5 mg/kg), and isorhamnetin rham-
nosylhexoside isomer (42.6~17,039 mg/kg) (28). They
found that the type and content of polyphenols were in-
fluenced by maturity; the young leaves contained higher
amounts of polyphenol compounds than the mature

(unit: mg/g dry weight)

Extraction solvent Growing stage Chlorogenic acid p-Coumaric acid Rutin
Water Young 17.24051° ND" 3.4+0.05%
o 9.940.23° ND 3.0£0.06°
80% ethanol Young 22.8+0.65° 0.3+6.7° 4.1+001°
oid 10.8+0.26° 0.14£5.8° 2.9+0.01°

Data represent the means*SD of three separate experiments.

¥°Within each column, values with different superscript letters are significantly different at ~<0.05.

1)ND, not determined.
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leaves and the aged leaves. This finding suggests that
younger aronia leaves may be more favorable for proc-
essing into higher functioning antioxidative ingredients
because they contain higher amounts of polyphenols.

Polyphenolic compounds can be found in all plants, as
they are secondary metabolites. For example, HPLC
analysis has revealed that olive plant (Olea europaea L.)
leaves contain hydroxytyrosol, tyrosol, rutin, luteolin-7-
glucoside, verbascoside, apigenin-7-glucoside, oleuropein,
and luteolin (28). Eleven polyphenol compounds have
been detected in Morus alba leaves (29). Nine poly-
phenols have been identified in tobacco leaves, including
5-O-caffeoylquinic acid (3.3 mg), chlorogenic acid (21.5
mg), 4-O-caffeoyquinic acid (3.1 mg), caffeic acid (3.2
mg), esculetin (2.7 mg), chrysatropic acid (3.2 mg), rutin
(27.8 mg), kaempferol (3.8 mg), and quercetin (3.7 mg)
(30).

The 80% aqueous ethanol was a better solvent for
safely extracting the antioxidant compounds from aronia
leaves than distilled water. It is possible that aronia
leaves contain diverse phenolic compounds with a range
of polarities. Therefore, the solvents used for these ex-
periments may have only extracted phytochemicals from
the aronia leaves.

Antioxidant activity

The radical scavenging capacities of aronia leaves were
determined by measuring the DPPH, ABTS, and super-
oxide anion radical scavenging activities and the redu-
cing power activities of each extract in vitro. Differences be-
tween the radical scavenging potentials of young and old
leaves were found in the current study.

The DPPH radical scavenging activities of aronia leaves
at different stages of growth are shown in Fig. 2. The
DPPH radical scavenging activity of the distilled water
and 80% ethanol extracts of all samples increased in a
concentration-dependent manner (12.5~100 pg/mL).
The extracts from young leaves and the 80% ethanol ex-
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g 70 4 T3 Young, EtOH . .
® B Old, water
2 60- mm Old, EtOH
£ |
2 501
)
S& 40- b b
T 30- d a
2 b
8 204 F o | o 2
F 1042 |a2 2
o
D O T T T
12.5 25 50 100

Concentration (ug/mL)

Fig. 2. The DPPH radical scavenging activity of aronia leaves
collected at different stages of growth. Data are the means+SD
of three separate experiments. For each concentration, values
with the same letters are not significantly different at /~<0.05.

tracts had greater DPPH radical scavenging activities
than the extracts from old leaves and the distilled water
extracts. On average, 50 pg/mL concentrations of the
distilled water and 80% ethanol extracts of young leaves
were associated with a 28.5% and 64.4% inhibition of
the DPPH radical, respectively, whereas the distilled wa-
ter and 80% ethanol extracts of old leaves were asso-
ciated with a 14.6% and 35.3% inhibition of the DPPH
radical, respectively. At the 100 pg/mL concentration, the
strongest DPPH radical scavenging activity (i.e., 74.2%)
was observed in the 80% ethanol extract from young
leaves. In contrast, the lowest DPPH radical scavenging
activity (i.e., 26.9%) at the 100 pug/mL concentration
was observed in the distilled water extract from old
leaves.

DPPH radical scavenging activity has been investigated
in other plant leaf extracts, including Psidium guajava L.
(50% at 460.37 pg/mL) (31), Melia azedarach Linn
(68.38% at 60 pg/mL) (32), Liriope spicata L. (50% at
24.55~378.97 png/mL) (33), blackberry species (50% at
186.0~414.0 pg/mL) (34), and Bridelia ferruginea (50%
at 201.10 pg/mL) (35). These results indicate that the
DPPH radical scavenging activity of leaves varies by
species. The results of the present study indicate that
the DPPH radical scavenging activities of extracts from
aronia leaves are higher than those of leaves from the
aforementioned species, with the exception of leaves
from Liriope spicata L. and Melia azedarach L. DPPH radi-
cal scavenging capacity is dependent on leaf species and
extraction solvent (36). In the current study, 80% etha-
nol is preferred over distilled water as a solvent for the
extraction of antioxidant compounds. This finding is
similar to that reported by Ahmed et al. (32).

The ABTS radical scavenging activity of aronia leaves
is shown in Fig. 3. ABTS radical scavenging activity in-
creased in a concentration-dependent manner (12.5~100
pg/mL). At all concentrations tested, ABTS radical scav-
enging activities (i.e., the ability of a sample to inhibit
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Fig. 3. The ABTS radical scavenging activity in of aronia leaves
collected at different stages of growth. Data are the means+SD
of three separate experiments. For each concentration, values
with the same letters are not significantly different at ~<0.05.
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Fig. 4. The superoxide anion radical scavenging activity of ar-
onia leaves collected at different stages of growth. Data are the
meanstSD of three separate experiments. For each concen-
tration, values with the same letters are not significantly differ-
ent at P<0.05.

the oxidant compound) were higher in the 80% ethanol
extracts of aronia leaves than in the distilled water ex-
tracts of aronia leaves. At the 50 pug/mL concentration,
the average ABTS radical scavenging activities of the dis-
tilled water and 80% ethanol extracts of young leaves
were 20.1% and 35.9%, respectively, and the average
ABTS radical scavenging activities of the distilled water
and 80% ethanol extracts of old leaves were 9.5% and
23.4%, respectively. The highest inhibition of the ABTS
radical was found in the 80% ethanol extracts of young
leaves (64.2% at 100 pg/mL). The distilled water ex-
tracts of old leaves had the lowest inhibitory effect on
the ABTS radical (20.1% at 100 pg/mL). ABTS radical
scavenging activities were lower than DPPH radical scav-
enging activities for the extracts tested in this study. The
ABTS radical scavenging assay is one of the most com-
mon assays used to measure the antioxidant activity of
plants. Several published papers have reported ABTS
radical scavenging activities from other plant leaves, in-
cluding Camellia sinensis (50% at 0.17~0.19 mg/mL)
(36), Celtis africana (>80% at 0.02 mg/mL) (37), Solanum
surattense (50% at 89.28 pg/mL) (38), and Annona species
(50% at 206~3,051 pg/mL) (39).

The superoxide anion scavenging activities of aronia
leaves collected at different stages of growth are shown
in Fig. 4. The inhibitory activities of the 80% ethanol ex-
tracts of aronia leaves were higher than those of the dis-
tilled water extracts of aronia leaves. The overall in-
hibitory effects of the aronia leaves against the super-
oxide anion were weaker than the DPPH and ABTS radi-
cal scavenging activities of the aronia leaf extracts tested
in the present study. At a 100 pug/mL concentration, the
distilled water and 80% ethanol extracts of young aronia
leaves inhibited superoxide anion formation by 16.3%
and 20.5%, respectively. At the same concentration, the
distilled water and 80% ethanol extracts of old leaves

1.4 1
1 Young, water

e 121 O Young, EtOH b
c B Old, water a
§ 1.01{ mm Old, EtOH = |a g
‘® 0.8 1
8
s 0.6 aa,
_e a
g 0.4 ) a2 a
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125 25 50 100
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Fig. 5. The reducing power activity of aronia leaves collected
at different stages of growth. Data are the meansSD of three
separate experiments. For each concentration, values with the
same letters are not significantly different at ~<0.05.

were 11.6% and 16.0%, respectively.

The reducing power activities of aronia leaves at differ-
ent stages of maturity are presented in Fig. 5. In the re-
ducing power assay, Fe’" was reduced to Fe’" in the
presence of an antioxidant (i.e., aronia leaf extracts);
high absorbance values indicated a strong reducing power
(19). The absorbance of the young and old aronia leaves
increased in a concentration-dependent manner, thus in-
dicating that higher concentrations of the extracts were
associated with higher reducing power activities. The
80% ethanol extracts of aronia leaves had greater re-
ducing power activities than the distilled water extracts
of aronia leaves. There were only minimal differences in
the reducing power of aronia leaves collected at different
stages of maturity (i.e., young vs. old leaves).

The data from most assays showed the concentration-
dependent manner of aronia leave extracts, with the ex-
ception of the hydroxyl radical scavenging assay in the
80% ethanol extract samples. The 80% ethanol extracts
of young aronia leaves had the highest effect on radical
scavenging activity. This result indicates that there is a
possible relationship between the antioxidant activity
levels and the total phenolic and flavonoid contents of
plant extracts (40,41).
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