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ABSTRACT: To select rabbiteye blueberry leaves from an appropriate harvest season to develop functional foods, this paper
studied the bioactive secondary metabolites and the antioxidant capacity of rabbiteye blueberry leaves from May, September, and
November. The results showed the leaves from May had the highest content of total flavonoids (114.21 mg/g) and the leaves
from November had the highest content of total polyphenols and proanthocyanidins (425.24 and 243.29 mg/g, respectively). It
was further found that blueberry leaves from different seasons have similar bioactive constituents, but their contents are obviously
different by HPLC. The rabbiteye blueberry leaves from November had the highest antioxidant capacity, which was well
correlated with their highest proanthocyanidin content. The results clarify that the blueberry leaves from different seasons have
different contents of bioactive secondary metabolites and different antioxidant activities, which implied that leaves from
November should be selected first for utilization in functional foods.
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B INTRODUCTION

In the human body, free radicals and other reactive oxygen
species (ROS) are natural byproducts of metabolism, such as
hydrogen peroxide (H,0,), superoxide anion, and hydroxyl
radical. ' The anthropic body has certain defense capabilities to
reduce oxidative damage and keep the balance in normal
physiological conditions. However, the reduction of radical
scavenging capacity can result in an imbalance between the
oxidant and antioxidant systems in vivo. The superfluous ROS
could attack biological molecules such as DNA,* proteins,3 and
lipids,* leading to cell or tissue injury. These oxidative damages
are closely related to the occurrence and development of
degenerative diseases such as cardiovascular and neuro-
degenerative diseases,”® There is convincing evidence showing
that dietary antioxidants are beneficial for the control of the
above-mentioned diseases.” ' Consequently, there is consid-
erable interest in the research of natural antioxidants from
botanical sources, especially edible plants.'!

Blueberry (Vacccinium L.), a deciduous or evergreen shrub of
the Ericaceae plant group, is known for the delicacy and
nutritive value of its fruits. Many studies have suggested that
blueberry fruits have several biological activities, such as
antioxidation,'*"? neuroprotection,14 and anti-inflammation.'
Blueberry fruits are now the main plant parts used
commercially, whereas their leaves are considered essentially
a waste byproduct of the blueberry industry. Actually, the total
polyphenol content in rabbiteye blueberry leaves is 3 times
higher than that in rabbiteye blueberry fruits.'® As early as
1926, blueberry leaf extract given at an oral dosage of 0.3 g/day
for 3 months exerted a beneficial effect on 16 volunteers with
diabetes mellitus."” In recent years, chemical constituents'® and
in vivo/in vitro activities of blueberry leaves, such as antioxidant
activity," hypolipidemic activity,”® antileukemic activity,”!
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hypotensive activity,”> and cancer-preventive activity> have
been investigated.

As we know, the bioactive plants are concerned with the
types and quantities of their secondary metabolites.”* Harvest
season is one of the important factors affecting the secondary
metabolites of plants. For example, seasonal changes had an
influence on the tannin content in oak leaves,”> and changes of
total polyphenol content in hardwood tree species at different
times also have been reported.”® However, limited information
is available on the influence of seasonal changes on the
antioxidant activities and contents of bioactive metabolites in
blueberry leaves. Therefore, we studied and compared the
antioxidant activities and contents of total polyphenols, total
flavonoids, and proanthocyanidins in blueberry leaves.
Furthermore, the chromatographic profiles of blueberry leaves
were analyzed. Our study will provide experimental support for
the comprehensive utilization of blueberry leaves.

B MATERIALS AND METHODS

Plant Materials and Chemicals. Fresh blueberry leaves were
collected respectively in May, September, and November from bushes
of Vaccinium ashei at the blueberry planting base of Majiang County,
Guizhou Province, China. 1,1-Diphenyl-2-picrylhydrazyl (DPPH),
Folin—Ciocalteu, linoleic acid, f-carotene, and 2,2’-azinobis(3-ethyl-
benzothiazoline-6-sulfonic acid) diammonium salt (ABTS) were
purchased from Sigma-Aldrich (St. Louis, MO, USA). HPLC grade
formic acid and acetonitrile were obtained from Merck (Darmstadt,
Germany). Polyphenol standards, including chlorogenic acid, caffeic
acid, hyperoside, quercitrin, galuteolin, rutin, and gallic acid, were
purchased from National Institutes for Food and Drug Control.
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Aluminum trichloride, vanillic, butylated hydroxytoluene (BHT), and
other chemicals in the study were from local suppliers (Chengdu,
China). The standards for HPLC analysis were dissolved in methanol
to a concentration of 1 mg/mL and were stored at 4 °C.

Aqueous Extractions of Blueberry Leaves from Different
Seasons. The fresh leaves from different seasons were dried in an
oven at 60 °C, respectively, crushed and sieved using a grinder, and
passed through a 40 mesh sieve. Three grams of dry coarse powder of
blueberry leaves was added to 90 mL of water. Afterward, the mixture
was extracted in a water bath at 100 °C for 120 min. The infusion was
cooled to room temperature and filtered through filter paper, and the
residue was re-extracted under the same condition for complete
extraction. The combined filtrate was evaporated by rotary vacuum
evaporator at 58 °C, then further dried to a yellow powder using a
freeze-dryer at —50 °C, and stored at 4 °C until analysis.

Chromatographic Fingerprint Analysis of Blueberry Leaves
from Different Seasons. Three grams of dry powder of blueberry
leaves was extracted with 90 mL of 60% methanol in a water bath at 80
°C for 120 min. The infusion was cooled to room temperature and
filtered through filter paper, and the residue was re-extracted under the
same condition for complete extraction. The combined filtrate was
evaporated by rotary vacuum evaporator at 40 °C. The infusion was
made up to volume (100 mL) with methanol and diluted S times
before detection. The solution was stored at 4 °C until analysis. HPLC
analysis was performed using an Agilent 1260 LC system (Santa Clara,
CA, USA) equipped with a 150 X 2.1 mm, 3 ym, Welch Ultimate XB-
C18 column. The injection volume was 20 yL. Two solvents were
used with a constant flow rate of 0.1 mL/min. Solvent A consisted of
100% acetonitrile, and solvent B included 0.2% formic acid in water.
Elution was done using a linear gradient from 10 to 20% A in 40 min,
from 20 to 26% A in 30 min, and from 26 to 70% A in 10 min and
then held constant for 10 min. The wavelength for UV detection was
350 nm.

Determination of the Total Polyphenol Content. The total
polyphenol content in the lyophilized extract of blueberry leaves was
determined using the Folin—Ciocalteu colorimetric method.>” Briefly,
the mixture of 0.1 mL of aqueous extract (1 mg/mL) and 1 mL of 50%
Folin—Ciocalteu reagent was incubated for 2 min; then 2.0 mL of 20%
aqueous sodium carbonate and 1.9 mL of distilled water were added to
the mixture. The reaction mixture was incubated at 37 °C for 120 min
in the dark, and the absorbance was measured at 765 nm against
distilled water as blank. Gallic acid was used as the standard, and the
results are expressed as milligrams of gallic acid equivalent per gram of
extract.

Determination of the Total Flavonoid Content. The total
flavonoid content from leaf extract was assayed using a colorimetric
method.*® Briefly, 500 L of aqueous extract (1 mg/mL) was mixed
with 0.1 mL of 0.1 g/L aluminum trichloride and 0.1 mL of 1 M
potassium acetate, then diluted with distilled water to 3 mL, and
thoroughly mixed. The absorbance of the mixture was measured at 415
nm after 30 min at room temperature. Rutin was used as the standard.
The results are expressed as milligrams of rutin equivalent per gram of
extract.

Determination of the Proanthocyanidin Content. The
proanthocyanidin content of blueberry leaves was determined by
using the vanillin—H,SO, method with minor modifications.*® Briefly,
1.0 mL of aqueous extract (1 mg/mL) was added to 2.5 mL of 1%
vanillin solution in methanol and 2.5 mL of 30% H,SO, solution in
methanol. The reaction was carried out in the dark at 30 °C for 20
min, and then absorbance was measured at 500 nm. Catechin was used
as the standard. The results are expressed as milligrams of catechin
equivalent per gram of extract.

DPPH Assay. DPPH radical scavenging activity was measured
according to the method with some modifications.>® The DPPH®
solution in ethanol (0.09 mM) was prepared, and 1.9 mL of this
solution was mixed thoroughly with 0.1 mL of aqueous solutions of
leaf extract. The sample was incubated for 30 min at 37 °C in the dark,
and then the decrease in absorbance at 517 nm was measured. BHT, a
commercial synthetic antioxidant, was used as the positive control. In

this method, the percentage of DPPH radical scavenging activity was
calculated using the formula

inhibition (%) = (1 — A;/4,) X 100 (1)

where A, is the absorbance of the solution without extract and 4, is the
absorbance of the leaf extract addition. All determinations were done
in triplicate.

ABTS Assay. ABTS radical cation scavenging activity was
determined according to the method described by Garzon and
Wrolstad with slight modifications.>* ABTS was dissolved in deionized
water to 7 mM concentration. ABTS radical cation ABTS®** was
produced by reacting ABTS solution with 2.45 mM potassium
persulfate (final concentration) and allowing the mixture to stand at
room temperature in the dark for 12—16 h before use. Then a 0.2 mL
solution of aqueous leaf extract was mixed with 0.3 mL of ABTS**
solution and 0.5 mL of distilled water. The mixture was allowed to
stand at room temperature for 2 min, and the absorbance at 745 nm
was immediately recorded. BHT was used as the positive control. The
percentage of ABTS radical scavenging activity was calculated using eq
1, where A, is the absorbance of solution without extract and A, is the
absorbance of the leaf extract addition. All determinations were done
in triplicate.

p-Carotene—Linoleic Acid Assay. In this assay, the antioxidant
activity was evaluated by the f-carotene—linoleic acid model system.*>
A stock of f-carotene—linoleic acid mixture was prepared as follows:
0.4 mg of f-carotene was dissolved in 2 mL of chloroform, and 25 uL
of linoleic acid and 200 mg of Tween-40 were added as emulsifier
because f-carotene is not water-soluble. Chloroform was completely
evaporated using a vacuum evaporator. Then 50 mL of distilled water
was added with vigorous shaking. Twenty-four hundred microliters of
the reaction mixture was dispensed into test tubes, and 100 uL of
aqueous solution of the leaf extract was added. The tube was incubated
for 120 min at 50 °C. The absorbance at 470 nm was taken at zero
time (t = 0). Measurement of the absorbance was continued until the
color of f-carotene disappeared in the control reaction (f = 120 min).
BHT was used as the positive control. The antioxidant activity of the
extract was evaluated in terms of the f-carotene bleaching using the
formula

inhibition activity of ff-carotene bleaching (%)
= 1 = (Ag — A)/(A — 4)] X 100 @)

where Aj and A’ are the absorbance values measured at zero time of
the solution for the test sample and the solution without sample,
respectively. A, are the absorbance of the test sample and the solution
without sample after incubation for 120 min, respectively. All
determinations were done in triplicate.

Statistical Analysis. Results were expressed as the means + SD (n
= 3). A one-way analysis of variance was used for the data analysis by
using SPSS 19.0 software. The IC, values were calculated from linear
regression analysis. Differences with a P value of <0.05 were
considered significant. All tests were performed in triplicate.

B RESULTS AND DISCUSSION

Contents of Total Polyphenols, Total Flavonoids, and
Proanthocyanidins. The antioxidant properties of many
plants sources are mainly due to polyphenols, which play an
important role in neutralizing free radicals, quenching oxygen
species, or decomposing peroxides.’> There were many
phenolic constituents including catechin, caffeic acid, quercetin,
and kaempferol in blueberry leaves.'® Flavonoids consist of the
largest group of polyphenols in plants. Flavonoids are a class of
plant polyphenols with powerful antioxidant properties.**
Proanthocyanidins are widely distributed in natural plants and
act as the active constituent of medicinal plants.*> Developing
blueberry leaves into functional foods is the main application of
the leaves studied in this paper, so distilled water was used as
the extraction solvent instead of organic solvent. The contents
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of total polyphenols, total flavonoids, and proanthocyanidins
were determined in blueberry leaves from different months
(Table 1). The leaves from November had the highest content

Table 1. Contents of Total Polyphenols, Total Flavonoids,
and Proanthocyanidin in Rabbiteye Blueberry Leaf Extracts
from Different Months

harvest month polyphenols® flavonoids? proanthocyanidin®
May 300.12 + 0.07* 114.21 + 0.03* 102.13 + 0.06*
September 388.64 + 0.09* 63.24 + 0.05* 184.07 + 0.08*
November 42524 + 0.16* 76.62 + 0.03* 24329 + 0.11%

“Expressed as mg gallic acid equivalent/g extract. bExpressed as mg
rutin equivalent/g extract. “Expressed as mg catechin equivalent/g
extract. An asterisk (*) indicates a significant difference at the p < 0.0S
level among different harvest months.

of total polyphenols (42524 + 0.16 mg/g), followed by the
leaves from September (388.64 & 0.09 mg/g) and May (300.12
+ 0.07 mg/g). The level is comparable to green tea aqueous
extract (302 32 mg/g) and black tea aqueous extract (245.88
mg/g).*® The proanthocyanidin content of blueberry leaves
from different months showed similar variation compared with
the content of total polyphenols, which ranged from 102.13 =+
0.06 to 24329 + 0.11 mg/g, whereas the total flavonoid
content of blueberry leaves from different months showed that
the leaves from May had the highest (114.21 + 0.03 mg/g),
followed by the leaves from November and September.

Chromatographic Profiles of Blueberry Leaves from
Different Seasons. Detection Wavelength. The absorbance
wavelength (1) of the leaf extract was analyzed by scanning
between 200 and 400 nm on the Perkin Elmer UV-900 to
obtain the optimal detection wavelength applied for the
chromatography separation. Spectra chromatography displayed
that the absorbance peaks of the samples were different;
however, they all had a better absorbance peak at 350 nm, and
therefore the UV—vis detector was set at 350 nm in this
method.

Analysis of Chromatograms. Typical HPLC chromato-
grams of solutions of blueberry leaves from different seasons are
shown in Figure 1. A total of 14 major peaks was obtained
(where a major peak was defined as any peak with a peak area
that is at least 3% of the chlorogenic acid peak area). On the
basis of analysis of the chromatograms, retention times, and
percentages of the 14 peaks of the three samples (Figure 2), the
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Figure 2. Percentages of the 14 peaks in the HPLC-UV chromato-
grams of rabbiteye blueberry leaves from different months (from left to
right, peaks 1—14).

blueberry leaves from different seasons had similar constituents.
However, there were obvious differences in contents, which was
in accordance with the contents of active ingredients above-
mentioned. Figure 3 displays the total areas of these 14 peaks.
Obviously, the leaves from May had the largest peak area,
following by the leaves from November and September.
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Figure 3. Total peak areas of the tagged 14 peaks of rabbiteye
blueberry leaves from different months.
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Figure 1. Typical HPLC chromatograms of blueberry leaves, injected volume 20 yL, at A = 350 nm: blue line, standards for chromatogram of
blueberry leaves from May; red line, standards for chromatogram of rabbiteye blueberry leaves from September; green line, standards for
chromatogram of blueberry leaves from November. Peaks: 4, chlorogenic acid; S, caffeic acid; 7, rutin; 8, hyperoside; 9, galuteolin; 14, quercitrin.
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Table 2. Amounts of Chlorogenic Acid, Caffeic Acid, Rutin, Hyperoside, Galuteolin, Quercitrin, and Flavonoids of Rabbiteye

Blueberry Leaves from Different Months

peak area percentage (% total areas)

harvest month chlorogenic acid caffeic acid rutin
May 33.50 1.96 14.33
September 30.62 2.10 1119
November 28.52 1.71 8.38

hyperoside galuteolin quercitrin polyphenols® flavonoids”
10.57 12.11 5.69 78.15 42.69
7.88 11.31 8.16 71.26 38.54
21.10 4.76 5.76 70.23 33.99

“Polyphenols are the sum of peak area percentage of chlorogenic acid, caffeic acid, rutin, hyperoside, galuteolin, and quercitrin. bFlavonoids are the
sum of peak area percentage of rutin, hyperoside, galuteolin, and quercitrin.

Table 3. Contents of Chlorogenic Acid, Caffeic Acid, Rutin, Hyperoside, Galuteolin, and Quercitrin of Rabbiteye Blueberry

Leaves from Different Months

content of constituents (rng/ g)

harvest month cholorogenic acid caffeic acid rutin hyperoside galuteolin quercitrin
May 33.61 + 2.12 0.54 + 0.10 6.50 = 1.10 325 +1.22 27.21 £ 2.44 422 + 042
September 8.84 £ 0.20 0.09 £+ 0.01 2.30 £ 0.03 111 + 0.21 10.45 + 0.85 1.33 £ 0.03
November 14.07 + 0.02 0.13 = 0.01 2.58 + 0.45 4.79 + 0.68 20.28 + 1.07 2.10 = 0.07
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Figure 4. Antioxidant activities of rabbiteye blueberry leaf extracts from different months using the following assays: (a) DPPH® scavenging assay;

(b) ABTS®* scavenging assay; (c) f-carotene bleaching assay.

Of the 14 peaks, 6 were identified using commercial
standards (chlorogenic acid at 18.98 min, caffeic acid at 25.24
min, rutin at 45.26 min, hyperoside at 46.82 min, galuteolin at
48.16 min, and quercitrin at 5631 min). For these six
constituents, rutin, hyperoside, galuteolin, and quercitrin
belong to flavonoids, and all of these are polyphenols. Table
2 shows the peak-area percentage of chlorogenic acid, caffeic
acid, rutin, hyperoside, galuteolin, quercitrin, and flavonoids of
blueberry leaves from different seasons. Furthermore, we

11480

determined the contents of these six constituents in blueberry
leaves from May, September, and November (Table 3). For
these three samples, the content of hyperoside from November
was the highest, and the others from May showed the highest
content, whereas the contents of these six constutients from
September are lowest. The blueberry leaves from May had the
largest peak area and the highest content among these three
samples, which was a discrepancy compared with the content of
total polyphenols above. The main reason is that some
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polyphenols cannot be detected under this chromatographic
condition, such as proanthocyanidins, which are abundant in
blueberry leaves.>”

Seasonal changes have remarkable influence on the process
of plant growth, and the kinds and contents of constituents in
plants change as time goes on.>® For blueberry leaves, Percival
and MacKenzie had reported that the content of total
polyphenols from green leaf tissues at harvest is higher than
that of red leaf tissues 2 weeks after harvest.” In this study,
young blueberry leaves were much more abundant in flavonoids
than old leaves, whereas the opposite pattern was observed for
the proanthocyanidin content, which was in accordance with
the changes in oak leaves.”®

Antioxidant Activity. DPPH Radical Scavenging Activity.
Figure 4a shows the DPPH® scavenging capacity of leaves
extracts from different months (BHT as the positive control). A
dose-dependent relationship was found in DPPH scavenging
activity of blueberry leaf extracts from different seasons. The
order of DPPH radical scavenging activity for the samples was
as follows: November > September and May (no significant
difference, P > 0.05) > BHT. The ECs, values of the leaf
extracts from May, September, and November were 11.32 +
0.11, 12.31 + 0.18, and 7.63 + 0.13 pug/mL, respectively (Table
4). Compared with green tea extract (ECyy = 23.65 = 0.20 pg/

Table 4. EC,, and ICs, Values of Rabbiteye Blueberry Leaf
Extracts from Different Months®

radical scavenging (ECs,, yg/mL)

harvest month

P-carotene bleaching

or control DPPH* ABTS** (ICs pug/mL)
May 11.32 + 0.11 33.90 + 0.11% 39.65 + 0.01*
September 12.31 £ 0.18 28.84 + 0.15%* 25.54 £ 0.25
November 7.63 + 0.13% 20.08 + 0.16* 14.76 + 0.11
BHT 13.97 + 0.12* 8.53 + 0.17* 13.39 + 0.10

“An asterisk (*) indicates a significant difference at the p < 0.0 level
among different harvest months and control.

mL),* the extracts of blueberry leaves from different months
have strong DPPH® scavenging activity, especially the leaves
from November.

ABTS Radical Scavenging Activity. Figure 4b shows the
ABTS®" scavenging capacity of leaf extracts from different
months (BHT as the positive control). An increase in
concentration was synonymous with an increase in ABTS
radical scavenging capacity. BHT showed high scavenging
activity (ECsy = 8.53 + 0.17 pug/mL, Table 4). The blueberry
leaves from different months also had strong scavenging effects.
The ECs values of the leaf extracts from May, September, and
November were 33.90 + 0.11, 28.84 + 0.15, and 20.08 + 0.16
ug/mL, respectively (Table 4), and all of them showed
significant difference.

p-Carotene Bleaching Activity. In the f-carotene bleaching
assay, the leaf extracts from different months and BHT showed
varied antioxidant activity (Figure 4c). Similarly, they all had a
close positive relationship with the extract concentration. Table
4 shows the ECs, values of the blueberry leaf extracts in
comparison with that of BHT. Their antioxidant capacities
decreased in the order BHT > November > September > May,
and the fB-carotene bleaching activity of the leaf extract from
November was not significantly different from that of BHT,
which were about 1 and 2 times higher than leaves from
September and May, respectively. The EC, value of blueberry
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leaf extract from November was 14.76 + 0.11 ug/mlL,
compared with the Ginkgo biloba extract (ECy, = 13.1 + 0.3
/Jg/mL).41

We chose three methods to measure antioxidant capacities to
ensure the accuracy of results: the DPPH and ABTS assays
based on electron-transfer reaction and the f-carotene
bleaching assay based on hydrogen atom transfer reaction.
The antioxidant capacities of plant extract vary with assay
methods,** but all three methods showed that the blueberry
leaves from November had the strongest antioxidant capacities.

Correlation between Bioactive Secondary Metabo-
lites and Antioxidant Capacity. The correlation between
contents of the total polyphenols, total flavonoids, proantho-
cyanidins, and antioxidant activities of leaf extracts from
different seasons is shown in Table S. The polyphenols,

Table S. Correlation between the Contents of Total
Polyphenols, Total Flavonoids, Proanthocyanidins, and the
Antioxidant Activities of Rabbiteye Blueberry Leaf Extracts

DPPH* p-carotene

scavenging ABTS* scavenging bleaching

polyphenols R* = 0.823 R? = 0.815 R* = 0.794
flavonoids R? = 0.647 R? = 0.623 R? = 0.549
proanthocyanidins R* = 0938 R* = 0926 R* = 0.890

flavonoids, and proanthocyanidins have certain relevance with
antioxidant capacities, especially between proanthocyanidins
and DPPH assay (R* = 0.938), between proanthocyanidins and
ABTS assay (R* = 0.926), and between proanthocyanidins and
p-carotene—linoleic acid assay (R 0.890). The lowest
correlation was found between flavonoids and antioxidant
capacity. Proanthocyanidins, comprising mainly catechins and
oligomeric and polymeric proanthocyanidins, seem to be
greatly responsible for the antioxidant capacity of the blueberry
leaves from different seasons. Catechins and oligomeric
proanthocyanidins have free radical scavenging and antiliﬁoper—
oxidant activities in various antioxidant assay systems.43’ The
results might explain that although the leaves from May had the
highest flavonoid content and the largest total peak area, they
had the lowest antioxidant capacity.

In conclusion, this study revealed that harvest season has a
critical influence on the constituents and antioxidant properties
of blueberry leaves, and leaves should be harvested in
November for use as important sources of dietary antioxidants.
Further work is required to extract and isolate antioxidants
from blueberry leaves, to utilize blueberry leaves comprehen-
sively, and to develop functional foods.
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