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Abstract
In this study, we evaluated the phytochemical compositions of the fruits of the pear cactus, mulberry, and 

Korean black raspberry to determine how they related to antioxidant capacity. Specifically, the total soluble poly-
phenol, flavonoid and anthocyanin contents were determined, and the phenolic compounds were evaluated by 
HPLC. In addition, the antioxidant capacity was evaluated by electron paramagnetic resonance (EPR), SOD-like 
activity and nitrate scavenging activity. Korean black raspberry was found to have the highest level of phytochem-
icals, followed by mulberry and pear cactus (p<0.05). Furthermore, EPR revealed that Korean black raspberry 
extract (100 µg/mL) removed 78.6% of the superoxide radicals in a xanthin-xanthin oxidase. Additionally, when 
the removal of hydroxyl radicals was evaluated, the extract of pear cactus showed 50% scavenging activity at 
1000 µg/mL. Korean black raspberry extract showed the highest SOD-like activity, which was 44% (p<0.05). 
Finally, the nitrate scavenging activity of both extracts of mulberry and Korean black raspberry were found to 
be 93%, while that of the pear cactus was 63% at pH 1.2 (p<0.05). 
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INTRODUCTION

A large number of epidemiological studies have re-
vealed that consumption of a high number of anti-
oxidant-rich fruits and vegetables is inversely correlated 
with the incidence of cancer (1,2). For example, Lee and 
Lee (3) reported that a low risk of cancer was more 
closely related to a diet rich in multiple antioxidants than 
a diet supplemented with individual antioxidant. Phyto-
chemical compounds in several fruits and vegetables, in-
cluding polyphenols, anthocyanins, flavonoids and phe-
nolic acids, are best known for their antioxidant and anti-
radical capacities. Indeed, it has been reported that poly-
phenolic antioxidants prevent skin damage (4), aging (5) 
and Alzheimer’s and Parkinson’s diseases (5,6) via their 
ability to quench reactive oxygen species and through 
protection of critical cellular components such as DNA, 
proteins and lipids from oxidative stress (7). 

Recently, the pharmacological effects of fruits of the 
mulberry tree (Odi, in Korean), pear cactus (Baknyuncho, 
in Korean) and Korean black raspberry plant (Bokbunja, 

in Korean), which are used in traditional medicine, were 
evaluated. Mulberry trees are primarily used as sources 
of leaves to raise silkworms; however, their leaves, bark 
and branches have long been used in Chinese medicine 
to treat fever, protect the liver, strengthen joints and low-
er blood pressure (8). Consumption of the fruit of the 
mulberry tree has recently increased because it is known 
to contain phenolic compounds such as anthocyanins, 
which inhibit the development of atherosclerosis (9) and 
the growth of cancer cells (10). The pear cactus belongs 
to the Cactaceae family and is well adapted to arid and 
semiarid climates (11). Pear cacti are usually consumed 
fresh, and have recently been used in a wide variety of 
foods and cosmetic products due to their antioxidant 
activity. In addition, the pear cactus was recently shown 
to have anti-diabetic (12), anti-inflammatory (13) and an-
algesic (14) activities. Korean black raspberry is dis-
tributed in limited areas in Southeast Asian countries 
such as southern parts of the Korean peninsula, China 
and Japan (15). Korean black raspberry has traditionally 
been consumed as fresh fruits, jam, jelly and in non-alco-
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holic beverages. Recently, Korean black raspberry has 
been utilized to produce alcoholic beverages and 
health-promoting products due to its distinctive quality 
and medicinal activities such as anti-inflammatory (16), 
anti-cancer and anti-anaphylactic effects (12).

The purpose of the present study was to compare the 
superoxide anion and hydroxyl radical scavenging prop-
erties of pear cactus, mulberry and Korean black rasp-
berry fruit extracts by electron spin resonance (ESR). 
In addition, the relationship between phenolic com-
pounds present in fruits and their antioxidant activities 
was evaluated.

MATERIALS AND METHODS

Fruit material and extraction 
Freeze dried pear cactus (Opuntia ficus-indica, OF), 

mulberry (Morus alba L., MF) and Korean black rasp-
berry (Rubus coreanus Miq., RF) fruits were purchased 
from local markets. Samples (100 g) of each fruit were 
ground with grinder (FM-909T Shinhan Electric, Korea) 
for 2 min, after which they were kept in an air-tight 
container at -15oC until further use. 

To assess the total soluble phenolic contents and radi-
cal scavenging activity, the phytochemicals in the ground 
samples (50 g) were extracted three times with 70% 
ethanol (250 mL) for 1 hr in a mechanical shaker at 
room temperature (17). The extract was then filtered 
through Whatman #1 filter paper, after which the residue 
on the filter paper was extracted three times. The yields 
of the extract of the pear cactus, mulberry and Korean 
black raspberry were 94.3%, 95.3% and 94%, re-
spectively. The ethanol extracts were kept at 3oC until 
chemical analyses were conducted.

Total soluble phenolic contents
The total soluble phenolic contents were determined 

using the Folin-Ciocalteu method (18). Briefly, each ex-
tract (100 µL) was mixed with 6 mL of distilled water 
and 0.5 mL of Folin-Ciocalteu’s reagent and then al-
lowed to react for 30 seconds, after which 1.5 mL of 
saturated Na2CO3 solution was added. The mixture was 
then kept at room temperature for 2 hr, after which its 
absorbance was measured at 765 nm. Data were ex-
pressed as gallic acid equivalents (GAE, mg/100 g). 

Total flavonoid contents
The total flavonoids were assessed based on the ab-

sorbance at 415 nm after being allowed to react with 
10-fold diluted extracts (0.5 mL), 10% aluminum nitrate 
(0.1 mL), 1 M potassium acetate (0.1 mL) and 70% etha-
nol (4.3 mL) for 40 min (19). Data were expressed as 
quercetin equivalents (mg/100 g).

Total anthocyanin contents
The anthocyanin contents were determined using the 

methods described by Fuleki et al. (19) and Jeong (20). 
Briefly, each ground sample (3 g) was extracted with 
15 mL of ethanol : HCl (85:15) for 3 min in a mechan-
ical shaker at room temperature, after which they were 
kept in an air-tight container for 5 hr at 4oC. The mixture 
was then centrifuged at 14,000×g and 4oC, after which 
the absorbance was measured at 535 nm. All data were 
expressed as the anthocyanin content (mg/100 g). 

HPLC analysis of phenolic compounds
To remove the influence of anthocyanin on the HPLC 

analysis, non-anthocyanin phenolic compounds in the 
powered fruit samples (100 g) were extracted using 100 
mL of ethyl acetate. The organic solvent was then evapo-
rated to dryness under reduced pressure after the residual 
water was removed using sodium sulfate. Next, the ex-
tracts were redissolved in 10 mL of solvent (0.2 M phos-
phate buffer, MeOH : H2O, 2:3:15, v/v/v) and adjusted 
to pH 3 with 0.2 M phosphate buffer for instrumental 
analysis (21). The phenolic compounds in the extracts 
were then determined by HPLC using a photodiode array 
detector set to 280 nm (Agilent 1100 series, Hewlett 
Packard Co., USA). The separation was conducted on 
a Hypersil ODS column (250 mm×4.6 mm, Hewlett 
Packard Co., USA) and all extracts were filtered through 
a 0.45 μm filter prior to analysis. The elution solvents 
used were acetonitrile : acetic acid : methanol : H2O (113:
5:20:862, v/v/v/v). The flow rate was 1.0 m/min and 20 
μL of each sample were injected. All phenolics were 
identified by comparing the UV/VIS spectral properties 
and retention times to those of authentic standards. 

EPR analysis 
The superoxide anion radical and hydroxyl radical 

scavenging activities of the samples were evaluated us-
ing an electron paramagnetic resonance (EPR) spec-
trometer (JEOL-JES-TES 200, Japan). Briefly, ethanolic 
samples were prepared in phosphate buffer at concen-
trations of 50 and 100 μg/mL. The superoxide anion rad-
ical scavenging activity was then determined using a 
xanthin-xanthin oxidase superoxide anion generating 
system. Briefly, eight microliters of xanthine (1 mM) 
were placed in a test tube, after which 185 μL of potas-
sium phosphate buffer (0.1 M, pH 7.4) containing vari-
ous concentration of the samples, 2 μL of diethylene 
triamine pentaacetic acid (DTPA, 50 mM), 2 μL of 5, 
5-dimethyl-1-pyrroline N-oxide (DMPO, 180 mM), 1 μL 
of catalase (1 μM) and 2 μL of xanthin oxidase were 
added successively (22,23). The hydroxyl radical scav-
enging activity was then measured using a Fenton re-
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action system containing 4 μL of ethylene diamine tetra-
acetic acid (EDTA, 200 μM), 2 μL of DMPO (90 mM), 
4 μL of FeSO4 (200 μM) and 5 μL of H2O2 (1 μM) 
in 185 μL of potassium phosphate buffer (0.1 M, pH 
7.4) that already contained various concentrations of the 
samples (24). EPR measurements were made after in-
cubating the samples for 2 min at 20oC. The radical scav-
enging activity was determined by measuring the reduc-
tion in the heights of the peaks for either the superoxide 
anion or the hydroxyl radical of samples to those of the 
control, and was calculated as follows: radical scaveng-
ing activity (%)=100－(A1/A0)×100, where A0 was the 
control peak height and A1 was the sample peak height. 

Superoxide dismutase (SOD)-like and nitrite scaveng-
ing activity 

The SOD-like activity was determined by measuring 
the ability of samples to inhibit pyrogallol autoxidation 
using a modified version of the method described by 
Marklund and Marklund (25). Briefly, the samples (0.2 
mL) were added to 0.2 mL of pyrogallol (7.2 mM) and 
3 mL of Tris-HCl buffer (50 mM, pH 8.5) that contained 
10 mM EDTA. The reaction was stopped by adding 1 
mL of HCl (1 N) after 10 min (25oC), after which the 
absorbance was measured at 420 nm. The SOD-like ac-
tivity (%) was expressed as follows: SOD-like activity 
(%)=100－[{(A2–A1)/ A0}×100], where A0 was the ab-
sorbance of the control, A1 was the absorbance of the 
sample without reagent and A2 was the absorbance of 
the sample with reagent. The nitrite scavenging activity 
was measured using a modified version of the colori-
metric method described by Kato et al. (26) and Lim 
et al. (27) using Griess reagent. Briefly, the ethanol ex-
tracts (1 mL) were added to 2 mL of NaNO2 (1 mM) 
and then adjusted to pH levels of 1.2 and 3.0 using 0.1 
N HCl and 0.2 M citric acid. Each mixture was then 
diluted to 10 mL with buffers and kept at 37oC for 1 
hr. Next, 1 mL of the mixture was reacted with 2 mL 
of 2% acetic acid and 0.4 mL of Griess reagent for 15 
min at room temperature. The color intensity at 520 nm 
was then measured using a spectrophotometer, after 
which the activity was expressed as the nitrite scaveng-
ing activity (%)=100－[{(A2–A1)/A0}×100], where A0 
was the absorbance of the control, A1 was the absorbance 
of the sample without Griess reagent and A2 was the 
absorbance of the sample with Griess reagent. 

Antioxidant activity in a linoleic acid system
The lipid peroxidation inhibitory effects of the fruits 

were determined using the method described by Osawa 
and Namiki, with slight modifications (28). Briefly, four 
mL samples in 99.9% ethanol were mixed with 4.1 mL 

of linoleic acid (2.51%) in 99.9% ethanol, 8 mL of phos-
phate buffer (0.05 M, pH 7.0) and 3.9 mL of distilled 
water and then kept in screw cap containers under dark 
conditions at 40ºC. Next, 0.1 mL of this solution was 
amended with 9.7 mL of 70% ethanol and 0.1 mL of 
30% ammonium thiocyanate. Exactly 3 min after the ad-
dition of 0.1 mL of 2×10-2 M ferrous chloride in 3.5% 
hydrochloric acid to the reaction mixture, the absorbance 
was measured at 500 nm. The absorbance was then 
measured every 24 hrs until one day after the absorbance 
of the control reached its maximum. The control and 
standard were subjected to the same procedure as the 
samples, except either water or 5 mg of α-tocopherol 
were added instead of sample. The antioxidant activity 
was then calculated as the antioxidant activity (%)=100
－(A1/A0)×100, where A0 was the absorption of the 
control reaction indext=maxhr and A1 was the absorption 
in the presence of the sample reaction indext=maxhr. All 
analyses were conducted in triplicate and the mean val-
ues were calculated.

Statistical analysis 
All data shown represent the means of triplicate 

analyses. Analysis of variance and Pearson’s correlation 
tests were conducted using the JMP5 software (29) and 
the separation of the means was evaluated using 
Duncan’s test (p<0.05).

RESULTS AND DISCUSSION

Phytochemical analysis
The total soluble phenolics of samples were evaluated 

using Folin-Ciocalteau reagent and were quantified as 
gallic acid equivalents. In the present study, the contents 
of the total soluble phenolics were as follows: Korean 
black raspberry (2717.2±22.4 mg/100 g)> mulberry 
(2027.4±18.5 mg/100 g)> pear cactus (1209.5±33.9 
mg/100 g). A similar pattern was observed when the to-
tal flavonoids and total anthocyanins were observed. 
These analyses revealed that all three fruits have the po-
tential to be good sources of flavonoids and anthocyanins 
due to the high contents of flavonoids and total antho-
cyanins, which ranged from 172.8～385.7 mg/100 g and 
466.1～516.7 mg/100 g, respectively (Table 1). All three 
fruits have long been consumed as fresh fruits and used 
as traditional folk medicines due to their beneficial ef-
fects on diabetes and heart disease. Recently, various 
studies were conducted to determine the ability of these 
fruits to be used as functional foods or cosmetic 
materials. Lin and Tang (30) demonstrated that there 
were abundant polyphenolic compounds in mulberry 
fruits that possessed immuno-modulatory potential that 
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Table 1. Concentrations of total soluble phenolics, total flavonoids, and total anthocyanins in the extracts of pear cactus, mulberry, 
and black raspberry

Total soluble phenolics
(GAE, mg/100 g)1) 

Total flavonoids
(mg/100 g)2)

Total anthocyanins
(mg/100 g)3)

Pear cactus 
Mulberry
Black raspberry

 1209.5±33.94)

 2027.4±18.5
 2717.2±22.4

172.8±9.8
336.3±5.8
385.7±0.2

466.1±0.58
487.5±0.58
516.7±0.58

1)Expressed in gallic acid equivalent. 2)Expressed in quercetin equivalent. 3)Expressed in cyanidin equivalent. 4)Mean±SEM.

occurred via stimulation of the proliferation of 
spolenocytes. In addition, anthocyanins such as cyanidin 
are likely to be active compounds that inhibit the devel-
opment of atherosclerosis (9) and reduce the invasive-
ness of cancer cells (10). The presence of phenolic com-
pounds in fruit is important in terms of their functional 
and nutritional evaluation.

Phenolic compounds analysis  
The presence of phenolic compounds in fruit is im-

portant in terms of their functional and nutritional 
evaluation. Individual phenolic compounds are known 
to vary greatly among the fruits varieties evaluated in 
this study. Specifically, kaempherol, quercetin and iso-
rhamnetin have been found in pear cactus (31), while 
quercetin, dehydroquercetin, morin, isoquercitrin, rutin 
(32-34), genistic acid, catechin, p-hydroxybenzoic acid, 
chlorogenic acid, caffeic acid, syringic acid and p-cou-
maric acid were identified in mulberry and Korean black 
raspberry (35,36). In this assay, the levels of phenolic 
compounds in the pear cactus occurred in the following 
order: syringic acid (0.34 mg%)> proctocatechuic acid 
(0.23 mg%)> caffeic acid (0.17 mg%)> ferulic acid 
(0.16 mg%), while those of the mulberry were in the 
order of protocatechuic acid (2.85 mg%)> rutin (1.5 
mg%)> chlorogenic acid (0.31 mg%)> caffeic acid 
(0.20 mg%)> syringic acid (0.20 mg%), and those of 
the Korean black raspberry were in the order of proto-
catechuic acid (3.09 mg%)> catechin (3.05 mg%)> epi-
catechin (2.39 mg%)> gallic acid (1.42 mg%)> p-cou-
maric acid (0.44 mg%)> syringic acid (0.29 mg%) 
(Table 2). 

Superoxide anion and hydroxyl radical scavenging 
activities

Superoxide anion and hydroxyl and hydrogen per-
oxide radicals are categorized as reactive oxygen species 
(ROS) and are associated with cell damage that leads 
to aging or chronic diseases. In this study, EPR analysis 
was conducted to assess the potential free radical scav-
enging activities of fruit, namely the pear cactus, mul-
berry and Korean black raspberry. All three fruits were 
found to remove superoxide radicals (Fig. 1), but only 

Table 2. Concentrations of phenolic compounds analyzed by 
HPLC in the extracts of pear cactus, mulberry and black rasp-
berry (mg%)

Pear cactus Mulberry Black raspberry
Gallic acid
Protocatechuic acid
Catechin
Chlorogenic acid
Caffeic acid
Epicatechin
Syringic acid
p-Courmaric acid
Ferulic acid
Rutin

－
0.23±0.001)

－－
0.17±0.00－
0.34±0.01－
0.16±0.00－

－
2.85±0.03－
0.31±0.00
0.20±0.02－
0.20±0.00
0.08±0.00－
1.50±0.01

1.42±0.01
3.09±0.02
3.05±0.05－－
2.39±0.02
0.29±0.00
0.44±0.00－－

1)Mean±SEM.

the pear cactus and Korean black raspberry fruits scav-
enged hydroxyl radicals (Fig. 2). In addition, the super-
oxide anion radical scavenging activities were found to 
increase in all extracts in a concentration-dependent 
manner. Korean black raspberry extract showed the high-
est antioxidant activity, with a value of 79% being ob-
served at a concentration of 100 μg/mL, which was al-
most twice as high as the activity observed when 10 
μg/mL of quercetin were evaluated. Moreover, 20 and 
50 μg/mL of Korean black raspberry extracts showed 
good antioxidant activities of 62 and 61%, respectively. 
The antioxidant potentials of Korean black raspberry 
were demonstrated by its radical scavenging abilities, re-
tardation of lipid oxidation and iron ion-chelating char-
acteristics (37). Mulberry fruits were found to success-
fully remove radicals as indicated by the superoxide radi-
cal scavenging activities of 38 and 51% that were ob-
served when the extracts were tested at concentrations 
of 50 and 100 μg/mL, respectively. Pear cactus extracts 
also showed scavenging activities that ranged from 8.33 
～33.3 μg/mL. The superoxide radical scavenging activ-
ities of prepared fruit extracts were determined to be 
highly influenced by the concentrations of total antho-
cyanins as indicated by the good correlations (R2

>0.99) 
observed by Pearson correlation analysis.

The hydroxyl radical scavenging activities were also 
determined in the Fenton reaction system by measuring 
the EPR. Overall, the intensity of the hydroxyl radical 
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Fig. 1. Superoxide radicals scavenging activity (%) of the etha-
nolic extracts of fruits at various concentrations (50, 100 
µg/mL) as compared to that of quercetin standard (10 µg/mL) 
(A) and according to electron paramagnetic resonance (EPR) 
spectra at 100 µg/mL (B). Samples with the same letters are 
not significantly different (LSD test, p<0.05). The conditions 
of EPR analysis: microwave frequency 9.42 [GHz], microwave 
power 5 [mW], modulation amplitude 0.1 [mT]. Asterisks (*) 
indicate the peak of DMPO-OOH.

scavenging activity was lower when compared to the su-
peroxide anion radical scavenging activity. Specifically, 
mulberry showed no hydroxyl radical scavenging activ-
ity, while the hydroxyl radical scavenging activities of 
the pear cactus extract were only 47% and 60% at 500 
and 1000 μg/mL, respectively (Fig. 2). Furthermore, 
even though Korean black raspberry extract was found 
to contain abundant phytochemicals, Korean black rasp-
berry extracts had hydroxyl radical scavenging activities 
of only 7 and 3% at 500 and 1000 μg/mL, respectively, 
which was similar to the scavenging activity of 50 μg/ 
mL that was observed for quercetin standard. As shown 
in Fig. 1, Korean black raspberry extracts that contained 
higher total phenolic levels were better radical-scav-
engers than those with lower phenolic contents (p<0.05). 
The lack of correlation between the phenolics con-
stituents and the hydroxyl radical scavenging activity 
may have been due to their various antioxidant con-
stituents, including ascorbic acid, α-tocopherol, car-
otenoids as well as other unidentified compounds (31,38). 
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Fig. 2. Hydroxyl radicals scavenging activity (%) of the etha-
nolic extracts of fruits at 500 µg/mL as compared to that of 
quercetin standard (100 µg/mL) (A) and based on electron par-
amagnetic resonance (EPR) spectra at 500 µg/mL (B). Samples 
with the same letters are not significantly different (LSD test, 
p<0.05). The conditions of EPR analysis: microwave fre-
quency 9.42 [GHz], microwave power 5 [mW], modulation 
amplitude 0.1 [mT]. Asterisks (*) indicate the peak of 
DMPO-OH.

SOD-like and nitrite scavenging activity 
SOD-like activity is a typical index used to predict 

antioxidant capacity, and is primarily used to measure 
the extent of inhibition of the automatic oxidation re-
action of pyrogallol, which reacts with superoxide to 
form a brown material. As shown in Fig. 3, fruit extracts 
were found to have SOD-like activity that ranged from 
37～44% and the activity of Korean black raspberry ex-
tract was significantly higher than that of other extracts 
(p<0.05). 

The nitrite scavenging activity was measured by the 
ability of samples to remove nitrosamine, which is 
known to increase the risk of cancer (39). In this study, 
the nitrate scavenging activities of fruit extracts were 
evaluated at pH 1.2 and 3.0 (Fig. 4). Both mulberry and 
Korean black raspberry showed significantly higher ac-
tivities (93%) than pear cactus (63%) at pH 1.2 (p< 
0.05). 
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Fig. 5. Lipid peroxidation inhibitory activities of the extract 
of fruits. Absorbance values represent the means of tripli-
cate analyses of each sample. Samples with the same let-
ters are not significantly different (LSD test, p<0.01). 

Antioxidant activity of linoleic acid 
As shown in Fig. 5, all samples prevented the reaction 

of ferrous chloride over 9 days, and each of the samples 
had activities comparable to 5 mg/4 mL of α-tocopherol. 
In addition, the activities of the fruit extracts were higher 
than those of α-tocopherol (p<0.05). High concen-
trations of total soluble phenolics or total flavonoids 
likely play a key role in the retardation of lipid oxidation. 
In vivo lipid peroxidation has been implicated as the pri-
mary cause of many heart-related diseases, athero-
sclerosis, cancer and aging. Phytochemicals, especially 
plant phenolics and flavonoids, are becoming a new class 
of potent antioxidants to address these health-related 
problems.

CONCLUSION

Pear cactus, mulberry and Korean black raspberry ex-
tracts were evaluated for potential health benefits based 
on their radical scavenging activity, SOD-like activity 
and nitrite scavenging activity. The results revealed that 
all three fruits contained abundant amounts of total solu-
ble phenolics, total flavonoids and total anthocyanins, 
and the overall antioxidant capacity appeared to be high-
ly correlated with the levels of phytochemicals. The re-
sults presented here demonstrate that all three fruits are 
beneficial to human health and can also be applied to 
develop various new food products or nutraceutical 
products.
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