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Summary

Total pigment has been extracted from blackberries and its antioxidant activity against
lipid peroxidation and scavenging capacities towards superoxide anion radicals, hydroxyl
radicals and nitrite in different in vitro systems have been investigated. The total pigment
extract from blackberries (TPEB) exhibited strong antioxidant activity against lipid per-
oxidation in a linoleic acid model system and scavenging capacities towards superoxide
anion radicals, generated by a pyrogallol autoxidation system or by an illuminating ribo-
flavin system, hydroxyl radicals generated by Fenton reaction, and nitrite. Furthermore,
the antioxidant activities were correlated with the concentrations of the TPEB. In the test
concentration range, the maximum inhibition percentage against linoleic acid peroxidation
was 98.32 % after one week’s incubation, and the maximum scavenging percentages for
the free radicals and nitrite inhibition in the above reactive systems reached 90.48, 96.48,
93.58 and 98.94 %, respectively. The TPEB is a natural, edible colorant with excellent anti-
oxidant activities and health benefits and it seems to be applicable in both healthy food
and medicine.
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Introduction

Consumers all over the world are becoming more
conscious of the nutrition value, health benefits and
safety of their food and its ingredients. In addition,
there is a preference for natural functional food ingredi-
ents that are believed to be safer, healthier and less sub-
ject to hazards than their artificial counterparts. Evalua-
tion of the functional properties of naturally occurring
substances, especially those that are present naturally in
human diets, has been of interest in recent years (1-6).

Blackberries (Rubus fruticosus) contain large amounts
of anthocyanins, and these flavonoid pigments give
blackberries their characteristic red to blue color (7). The
total pigment extract which is produced from blackberry

fruits or the pomace after the extraction of juice has
been widely used as a natural colorant in beverages, ba-
ked products, chewing gums, jellies and fruit wine mak-
ing (8). Many studies have demonstrated the antioxidant
activities and health benefits of the anthocyanins occur-
ring in various fruits and vegetables (9-13). However,
little about the health functional properties of the total
pigment extract from blackberries has been reported so
far.

This work aims to investigate the antioxidant activ-
ity against lipid peroxidation and scavenging capacities
towards superoxide anion radicals, hydroxyl radicals
and nitrite of the total pigment extract from blackberries
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(TPEB) as a potential source of natural functional sub-
stances for use as dietary antioxidants.

Materials and Methods

Materials

Blackberries (Rubus fruticosus) growing in a forestry
farm in Henan province of the P. R. China were picked
at maturity and then stored at -18 °C. AB-8 resin was
purchased from The Chemical Plant of NanKai Univer-
sity, linoleic acid and 2-deoxyribose were from Fluka
Chemie, and other reagents were from China National
Pharmaceutical Group Corporation.

Preparation of total pigment extract from
blackberries (TPEB)

A mass of 100 g of blackberries was smashed and
then extracted three times for 15 minutes at 45 °C, with
200 mL of distilled water acidified with 0.5 % of HCIL.
The combined extracts were filtered and then purified
with an adsorbent resin (AB-8) column using aqueous
ethanol (80 %) as solvent. The resulting solution was
concentrated on a rotary evaporator at 40 °C under re-
duced pressure, and 1.02 g of total pigment extract from
blackberries (TPEB) was obtained after residual water
had been removed at 45 °C in a vacuum drier.

Determination of anthocyanin and phenolic
content in TPEB

The total content of monomeric anthocyanins in
TPEB was determined using the pH-differential method
(14). Absorbance was measured in a spectrophotometer
at 510 and 700 nm, in buffers at pH=1.0 and 4.5, using A
= [(As10-A700)pr=1.0 = (As10~A700)pri=a 5] With the molar ab-
sorption coefficient of cyanidin-3-glucoside of 29 600
mol™ L em™. The result was expressed as milligram of
cyanidin-3-glucoside equivalents (CGE) per gram of TPEB.
For total phenolic assay, Folin-Denise reagent was used
according to the method described by Chavan et al. (15),
with a minor modification, and chlorogenic acid was
used as standard. A volume of 0.5 mL of Folin-Denis re-
agent was added to 0.5 mL of sample solution. After 3
minutes, 1 mL of saturated sodium carbonate and 8 mL
of distilled water were added and mixed well. After ex-
actly 30 minutes, the absorbance at 760 nm was mea-
sured. The result was calculated according to the stan-
dard and expressed as milligram of chlorogenic acid
equivalents (CAE) per gram of TPEB.

Antioxidant activity in linoleic acid emulsion

The antioxidant activity of the total pigment extract
from blackberries (TPEB) was determined using a lino-
leic acid model system, and the peroxide value was
measured applying a thiocyanate method (1). Each sam-
ple of various concentrations was mixed with 5 mL of
linoleic acid emulsion (25 g/L in ethanol) and 4 mL of
phosphate buffer solution (0.05 mol/L, pH=7.0) in a test
tube and placed in darkness at (40£1) °C to accelerate
oxidation. The peroxide value was determined by read-
ing the absorbance at 500 nm with a spectrophotometer
after coloring with ferrous chloride and thiocyanate at

intervals during incubation. The inhibition percentage
was calculated according to the peroxide value deter-
mined a week later by the following formula:

Inhibition percentage = (A-A,) - 100/(A-A,)

where: A is the absorbance of the control without a sam-
ple, A; is the absorbance after adding samples and A, is
the absorbance of blank control of thiocyanate reagent.

Scavenging capacity towards superoxide anion
radicals

For one superoxide anion radical assay, the super-
oxide anion radicals were generated by a pyrogallol au-
toxidation system (16). A volume of 9 mL of Tris-HCl
buffer solution (50 mmol/L, pH=8.2) was added into a
test tube, and the test tube was incubated in a water bath
at 25 °C for 20 minutes. A volume of 40 uL of pyrogallol
solution (45 mmol/L of pyrogallol in 10 mmol/L of HCI),
which was also pre-incubated at 25 °C, was injected to
the above test tube with a microlitre syringe and mixed
up. The mixture was incubated at 25 °C for 3 minutes
and then a drop of ascorbic acid was dripped into the
mixture promptly to terminate the reaction. The absor-
bance at 420 nm marked as A, was measured 5 minutes
later, and this A, denotes the speed of pyrogallol aut-
oxidation. The A; autoxidation speed was obtained ap-
plying the above method and with the addition of a cer-
tain concentration of TPEB into the Tris-HCl buffer solu-
tion. Simultaneously, a blank control of reagent was ob-
tained as A,. The scavenging percentage was calculated
according to the following formula:

Scavenging percentage = [A—~(A—A,)] - 100/ A,.

For another assay of superoxide anion radicals, the
superoxide anion radicals were generated by an illumi-
nating riboflavin system (17). The reaction mixture con-
tained riboflavin (3.3-10° mol/L), methionine (0.01 mol/L)
and nitro blue tetrazolium chloride (NBT, 4.6-10° mol/L),
and the solvent of the above solutions was phosphate
buffer solution (0.05 mol/L, pH=7.8). After adding the
sample solution of a certain concentration, the reaction
mixture was illuminated at 4000 Ix and 25 °C for 30 mi-
nutes. Then the absorbance of the reaction mixture was
measured at 560 nm with a spectrophotometer and the
scavenging percentage was calculated according to the
following formula:

Scavenging percentage = (A,~A) - 100/ A4,

where: A, is the absorbance of the control without a sam-
ple and A is the absorbance with a sample.

Scavenging capacity towards hydroxyl radicals

Hydroxyl radicals were generated by a Fenton reac-
tion system, and the scavenging capacity towards the
hydroxyl radicals was measured by using a deoxyribose
method (18). The reaction mixture contained 0.8 mL of
phosphate buffer solution (50 mmol/L, pH=7.4), 0.2 mL
of a sample of different concentrations, 0.2 mL of EDTA
(1.04 mmol/L), 0.2 mL of FeCl; (1.0 mmol/L) and 0.2 mL
of 2-deoxyribose (60 mmol/L). The mixtures were kept
in a water bath at 37 °C and the reaction was started by
adding 0.2 mL of ascorbic acid (2 mmol/L) and 0.2 mL
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of H,O, (10 mmol/L). After incubation at 37 °C for 1
hour, 2 mL of cold thiobarbituric acid (10 g/L) were
added into the reaction mixture followed by 2 mL of
HCl (25 %). The mixtures were heated at 100 °C for 15
minutes and then cooled down with water. The absor-
bance of the solution was measured at 532 nm with a
spectrophotometer. Hydroxyl radical scavenging capaci-
ty was evaluated with the inhibition percentage of 2-deo-
xyribose oxidation by hydroxyl radicals. The scavenging
percentage was calculated according to the following
formula:

Scavenging percentage = [A—(A,—A,)]-100/A,

where: A, is the absorbance of the control without a sam-
ple, A, is the absorbance after adding the sample and
deoxyribose and A, is the absorbance of the sample with-
out deoxyribose.

Scavenging capacity towards nitrite

Each sample of different concentrations was mixed
with 1 mL of standard solution of sodium nitrite (5.0
pg/mL) in a colorimetric tube of 25 mL. The tubes were
incubated in a water bath at 37 °C for 30 minutes. Then
the quantity of residual sodium nitrite was determined
with a diazo-coupling colorimetric method (19) and the
scavenging percentage was calculated according to the
following formula:

Scavenging percentage for sodium nitrite = (quan-
tity of the standard solution of sodium nitrite-quantity
of the residual sodium nitrite)-100/quantity of the stan-
dard solution of sodium nitrite.

Results and Discussion

Characterization of the total pigment extract
from blackberries (TPEB)

The total monomeric anthocyanin and phenolic con-
tent in TPEB amounted to CGE 49.74 mg/g and CAE
576.7 mg/g, respectively. As is well known, many phe-
nolic compounds including anthocyanins have strong
antioxidant activity (2-6,10,12,13). The TPEB may have
some antioxidant activities and health benefits related to
its high anthocyanin and phenolic content. That is why
some procedures for the measurement of the antioxidant
activity of TPEB should be undergone to confirm them.

Antioxidant activity in linoleic acid emulsion

The antioxidant effect on the peroxidation of linoleic
acid was investigated to evaluate the in vitro activity of
the total pigment extract from blackberries (TPEB) at the
initiation stage of lipid peroxidation. As shown in Fig. 1,
the peroxidation of linoleic acid was accelerated notably
when incubated at 40 °C. However, the peroxidation
was inhibited after adding antioxidants, including TPEB
of different concentrations, and butyl hydroxy toluene
(BHT). The inhibition percentages of various concentra-
tions of TPEB against linoleic acid peroxidation after
one week’s incubation are shown in Fig. 2. The inhibi-
tion effects of TPEB at 0.075-0.5 mg/mL were identical
to that of BHT at 0.1 mg/mL, and superior to that of
ascorbic acid at 0.5 mg/mL. In the test concentration

[ —e— Control
—i— TPEB 0.05 mg/mL
—+— TPEB 0.1 mg/mL
| —>%— TPEB 0.2 mg/mL
—&— BHT 0.1 mg/mL

Absorbance
(=)
o0

Incubation time / day

Fig. 1. Peroxidation of linoleic acid and the inhibition effects of
antioxidants

e NN NN
S

0.05 0.075 0.1 0.2 0.5 Ve BHT
Sample concentration / (mg/mL)

Fig. 2. Inhibition percentages of different concentrations of TPEB
against linoleic acid peroxidation. The concentrations of ascorbic
acid (Vc) and BHT were 0.5 and 0.1 mg/mL, respectively

range from 0.05 to 0.5 mg/mL, the antioxidant activity
of TPEB increased depending on the sample concentra-
tion and the maximum inhibition percentage against
linoleic acid peroxidation was 98.32 % after one week’s
incubation.

Scavenging capacity towards superoxide anion
radicals

Superoxide anion is an initial free radical and plays
an important role in the formation of other reactive oxy-
gen species such as hydrogen peroxide, hydroxyl radi-
cal, or singlet oxygen in living systems (20). It can also
react with nitric oxide and form peroxynitrite, which can
generate toxic compounds such as hydroxyl radical and
nitric dioxide (21). We evaluated the scavenging capac-
ity of TPEB towards superoxide anion radicals by using
a pyrogallol autoxidation system and an illuminating ri-
boflavin system, respectively.

Pyrogallol can autoxidate fast in alkali conditions
and release superoxide anions, and, in return, the super-
oxide anions can accelerate the autoxidation. However,
the superoxide anions can be scavenged by adding some
scavenger or antioxidant, the autoxidation will thus be
depressed. As shown in Fig. 3, the inhibition effects of
TPEB on the autoxidation of pyrogallol were relatively
feeble at lower concentrations, but the TPEB exhibited
strong inhibition activities at higher concentrations. In
the range of test concentrations from 0.05 to 1.25 mg/mL,
the maximum inhibition percentage was 90.48 %. This
indicates that TPEB has a strong inhibition effect on the
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Fig. 3. Dose dependency of the scavenging effects of TPEB on su-
peroxide anion radicals
O pyrogallol autoxidation system £ illuminating riboflavin system

autoxidation of pyrogallol. In other words, it can scav-
enge the superoxide anion radicals generated by the py-
rogallol autoxidation system effectively.

While in illuminating riboflavin system, TPEB of
different concentrations all exhibited strong scavenging
activities towards the superoxide anion radicals, and the
scavenging effects showed a dose-dependent fashion at
concentrations from 0.1 to 0.75 mg/mL. The scavenging
percentage was 81.71 % at concentration of 0.1 mg/mL
and 94.32 % at concentration of 0.5 mg/mL. However, it
had no significant effect on the scavenging capacity to-
wards the superoxide anion radicals with a further in-
crease of the concentration.

The above test systems both originate from the mea-
surement of superoxide dismutase, but they have differ-
ent mechanisms for generating superoxide anion radi-
cals and this difference may account for the different
results, when applied to evaluate the antioxidant activ-
ity of TPEB. As mentioned above, the superoxide anions
were generated by the oxidation of pyrogallol and the
scavenging effects were expressed as the inhibition of
pyrogallol autoxidation, so any substance existing in the
reaction system that might have effects on the oxidation
of pyrogallol might affect the test results. Since the TPEB
was a crude extract, there might be some substance that
could enhance the oxidation of pyrogallol and thereby
offset some inhibition effects. While in the illuminating
riboflavin reaction system the superoxide anions were
generated and not influenced by the components of the
reaction system, the scavenging percentage of TPEB in it
might be higher than in pyrogallol autoxidation system
at the same concentration. This difference had also been
found in the evaluation of the radical scavenging effects
of tea polyphenol and its oxidant (22). Furthermore,
Zhang and Ge (23) also found there was no result when
applying pyrogallol autoxidation system to measure the
superoxide dismutase in crude corn extract due to the
complexity of composition, while the illuminating ribo-
flavin system had higher specificity than pyrogallol aut-
oxidation system, when applied to determine the super-
oxide dismutase or superoxide anions.

Scavenging capacity towards hydroxyl radicals

Hydroxyl radical is the most reactive free radical
and can be formed from superoxide anion and hydro-
gen peroxide in the presence of metal ions such as cop-

per or iron. Hydroxyl radical has the highest 1-electron
reduction potential (2310 mV) and can react with any-
thing in living organisms at the second order rate con-
stants of 10° to 10" mol L s (24). It can react with
lipids, polypeptides, saccharides, nucleotides and orga-
nic acids, especially thiamine and guanosine and there-
by cause cell damage (25). Hydroxyl radical can be gen-
erated by the reaction of hydrogen peroxide with Fe?* or
Cu?*. To test the scavenging capacity of TPEB towards
hydroxyl radicals, we used the Fenton reagent (Fe?* +
H,0,— Fe* + OH + *OH) as a source of hydroxyl radi-
cals. As shown in Fig. 4, TPEB exhibited strong scaveng-
ing capacity towards the hydroxyl radicals generated by
Fenton reaction in the test concentration range and the
scavenging effects were dependent on concentration
from 0.05 to 1.25 mg/mL. The scavenging percentage
achieved 93.58 % at the concentration of 1.25 mg/mL.

%Dso— % =y T
%40— ;%;

0.05 0.1 0.2 0.5 0.75 1
Sample concentration / (mg/mL)

Fig. 4. Dose dependency of the scavenging effects of TPEB on hy-
droxyl radicals

Scavenging capacity towards nitrite

Nitrite has been applied in the processing of meat
products as a preservation agent and color agent for a
long time. The nitrate occurring in many vegetables can
also be transformed to nitrite by reduction reactions
with the action of bacteria in human bodies. These ni-
trites may be transformed into nitrosamines combining
with secondary and tertiary amines in human bodies.
These nitrosamines are procarcinogenic substances (26).
Thus, if some substance can scavenge nitrosamine or its
precursor substance such as nitrite, it probably has pro-
tective functions from cancer. As shown in Fig. 5, though
the scavenging capacities of TPEB towards nitrite were

100
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0.1 0.2 0.5 1 1.5 2 2.5
Sample concentration / (mg/mL)

Fig. 5. Dose dependency of the scavenging effects of TPEB on ni-
trite
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relatively feeble at lower concentrations, the scavenging
activities became obviously stronger with an increasing
concentration and showed a dose-dependent manner in
the concentration range from 0.1 to 1.5 mg/mL. In the
range of test concentration from 0.1 to 2.5 mg/mL, the
maximum scavenging percentage was 98.94 %. Many
substances have been demonstrated to scavenge nitrite
and block the nitrosation reaction, but the scavenging
effects differed due to the different reaction conditions
(27-29). Therefore, a standard substance should be used
as a control for comparison with the sample. Ascorbic
acid, a well-known nitrite scavenger, was used as con-
trol in our test. Results showed that the nitrite scaveng-
ing effect of ascorbic acid of 0.5 mg/mL was equivalent
to that of TPEB of 1.0 mg/mL. This indicates that TPEB
is also an excellent nitrite scavenger.

Conclusions

Lipid oxidation is an old but still very important to-
pic in food stability and in human health. Oxidative
damage to cellular components such as lipids and cell
membranes by free radicals and other reactive oxygen
species is believed to be associated with the develop-
ment of a range of degenerative diseases including heart
disease, cancer, inflammation, arthritis, immune system
decline, brain dysfunction and cataracts (21,30-33). This
research has demonstrated that the total pigment extract
from blackberries (TPEB), which is commonly used as a
natural food colorant, is also an excellent natural antiox-
idant and free radical scavenger. Thus the TPEB may
play an important role in the prevention of human dis-
eases related to oxidative damage. Furthermore, the
TPEB has also exhibited strong scavenging activity to-
wards nitrite and thereby prevents the formation of ni-
trosamine and reduces the carcinogenesis induced by ni-
trosamines. Therefore, the TPEB is a natural, edible co-
lorant with excellent antioxidant properties and health
benefits and it seems applicable in both health food and
medicine.
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Antioksidativna aktivnost ekstrakta ukupnoga pigmenta kupine

Sazetak

Iz kupine je ekstrahiran ukupni pigment te je ispitana njegova antioksidativna aktiv-
nost prema peroksidaciji lipida i sposobnost uklanjanja radikala superoksid aniona, hidro-
ksilnih radikala i nitrita u raznim sustavima in vitro. Ekstrakt ukupnoga pigmenta kupine
(TPEB) pokazao je jako antioksidativno djelovanje pri peroksidaciji lipida u modelnom su-
stavu s linolnom kiselinom i sposobnost uklanjanja radikala superoksid aniona (dobivenih
u sustavu autooksidacije pirogalola ili iluminacijom sustava riboflavina), te hidroksilnih
radikala (dobivenih Fentonovom reakcijom) i nitrita. Nadalje, antioksidativne aktivnosti
usporedene su s koncentracijama TPEB. Unutar ispitanog podrudja koncentracije ustanov-
ljen je maksimalni postotak inhibicije peroksidacije linolne kiseline, i to 98,32 % nakon jed-
notjedne inkubacije, a maksimalni postotak uklanjanja slobodnih radikala i nitrita u prije
navedenim reakcijskim sustavima iznosio je 90,48, 96,48, 93,58 i 98,94 %. TPEB je prirodno
jestivo bojilo s izvrsnim antioksidativnim svojstvima te je primjenjiv u zdravoj hrani i me-
dicini.



