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Abstract. This paper studied the antibacterial activity of the anthocyanins from blueberry wine
pomace. The blueberry wine pomace, which is by product in blueberry wine process, is rich in
anthocyanins, and the anthocyanins extract from blueberry wine pomace, then the extraction was
purified and components of purification were analyzed by HPLC. The common food contaminating
bacteria such as S.aureus, E.coli and Salmonella were used as tested microorganisms. The diameter
of inhibition zone and the value of the minimum inhibitory concentration (MIC) was used as the
activity monitoring parameter. The main results are as follows: after analysed by high efficiency
liquid chromatography, there are three kinds of anthocyanins in purified anthocyanins, and the
Cyanidin-3-glucoside was confirmed. The sum of relative peak area for three kinds of anthocyanins
is 62.81%, and the anthocyanins displayed significant inhibition to S.aureus, E.coli and Salmonella,
and assessment of minimum inhibitory concentration showed that anthocyanins of 5mg/mL, 10
mg/mL, and 20mg /mL were the MIC value respectively.

1. Introduction

Anthocyanins (ACY), as a group of natural pigments, are abundant in blueberry. Previous
reports showed that the bioactivity of anthocyanins is related to their strong antioxidant activity, and
the health benefits of anthocyanins, such as antineoplastic, anti-inflammatory, vasotonic,
vasoprotective, and hepatic protective effects are searched. As the antibacterial substances are used,
there are many advantages of the anthocyanins, such as will do not generatedrug resistance, will not
cause environmental pollution, no residue and so on. The studies of antibacterial activity are
relatively scarce, and Cheng and Yue researched the effected of anthocyanins which were from
Cortes and purple sweet potato on microorganismrespectively.

Blueberry wine pomace, by-product of blueberry wine, contains anthocyanins richly, which can
be the material for anthocyanins extraction. Nowadays discharge of it not only causes pollution,
also waste of resources. In the present study, the ultrasonic assistant extraction was used to extract
the pigment, and the extract was purified by microporous resin AB-8, then thehigh performance
liquid chromatography was used to analyze the components of purification. The S.aureus, E.coli
and Salmonellawere designated as the tested bacteria, and we observed the inhibition ability of
ACY by the diameters with filter paper and the minimum inhibitory concentration.

2. Experimental

2.1 Material preparation

Blueberry wine pomace were dried at 50°C in dark, shattered thoroughly, and then stored in
vacuum pack in dark.

2.2 Extraction and purification of anthocyanins

We achieved the optimal methods after experiments. The acidified mixtures of ethanol with
water (v/v = 7/3, pH = 3) were used for extraction. Powders were soaked in media for 10 min with
the solid-liquid ratio of 1:33 (g/mL) in room temperature. After ultrasonic-assisted extraction (500
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W) for 50 min, the extraction continued for 1 h at 65°C twice. The supernatants were centrifuged at
4500 r/min for 20 min. The activated microporous resin AB-8 was used to purify the extract, and
the speed of sample loading was 1ml/min. After washed by the distilled water, mixtures of ethanol
with water (v/v=7/3) were used for desorption. The ethanol was removed from purified anthocyanin
extract by rotary evaporation, and the extract was frozen dried for 24 h. Extraction, purification, and
storage processes were all in dark.

2.3 Components of ACY assay

The high performance liquid chromatography was used for analyzing the components of ACY
from blueberry wine pomace. The Cyanidin-3-glucoside standard reference substance and the ACY
from blueberry wine pomace were dissolved in methanol which with hydrochloric acid (v/iv =
1000/1), and stored in dark. The HPLC analysis was performed on a Waters HPLC system ( Waters,
USA) with a Waters C-18 chromatographic column (3.5mm, 4.6 mmx150 mm) (Waters, USA). The
mobile phase was composed of acetonitrile (A) and 2% aqueous Methane acid (B). The gradient
was as follows: 0-8 min, 0-5%(solvent A); 8.01-15 min, 5-50% (solvent A); 15.01-17min, 50-5%
(solvent A); and 17.01-20 min, 5% (solvent A). The temperature of the column was maintained at
35°C, and the effluent was monitored at 535 nm, the flow rate of mobile phase is 0.8 mL/min, the
sample volume 1s 15pL.

2.4 Activation of bacteria

The S.aureus, E.coli and Salmonellawere cultured in sterile liquid beef-protein medium at 37°C
for 24h in concussion incubatorrespectively. Then remove a certain amount ofliquid culture in
sterile liquid beef-protein mediumrespectively, and bacteria were cultured for 24h.

2.5 Diameter of inhibition zone assay

The sterile filter paper (6mm in diameter) was soaked in various normal saline solution with or
without anthocyanins (0 mg/mL, 5mg/mL, 10mg/mL, 15mg/mL, 20mg/mL, 30mg/mL) for 2h at
4°C. Then three kinds of liquid culture were droped in sterile petri dishes with 15ml beef-protein
agar medium, and were coated uniformly. The filter paper with various solition was put in the each
petri dish, and bacteria were cultured inverted at 37°C for 24h after 10min. Then we observed the
inhibition zone, and measured the diameter in cross methed byvernier calipers.

2.6 The minimum inhibitory concentrationassay

Three kinds of liquid culture were added to liquid culture respectively, and poured various beef-
protein agar medium with anthocyanins (0.313mg/mL,0.625mg/mL, 1.25mg/mL, 2.5mg/mL,
5mg/mL, 10mg/mL, 20mg/mL) at 50 °C and mixed completely. After the medium solidified,
bacteria were cultured inverted at 37 °C for 24h. Then we observed if there are visible colonies.

3. Results

3.1 The componentof ACY

As the Fig. 1(a) showed, the retention time of cyaniding - 3- glucoside standard is 12.847s; and
there are 3 main peaks in Fig. 1(b), and compared with the standard, the retention time of tenth peak
is identical nearly, hence, we can determine the ACY extract contains centaur - 3- glucoside.
Reference the previous studies, the eighth peak and the ninth peak are anthocyanins, and as the table.
1 showed, the total relative peak area of eighth, ninth, tenth peaks is 62.81%.
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Figure 1. The component of ACY were analysis by HPLC analysis.

: HPLC spectrum of Cyanidin-3-glucoside, (b): HPLC spectrum of anthocyanins from blueberry
wine pomace.

Table 1.Results of HPLC analysis.

Number of Refenfion Time Relative Peak Area
Peaks (s) (%)

1 3.523 6.03
2 3.674 12.58
3 3.900 2.13
4 4.043 9.15
5 4.208 3.86
6 9.739 1.59
7 10.050 1.85
8 10.966 26.11
9 11.835 28.79
10 12.840 7.91

3.2 Diameter of inhibition zone analysis of anthocyanins

The antibacterial activity of anthocyanins from blueberry wine pomace can be judged by
observed the diameter of inhibition zone. As the Fig. 2 showed, the anthocyanins can inhibit the
growth of theS.aureus, E.coli and Salmonella, and the inhibition zone was observed. Analyzed the
data in table. 1, the anti-proliferation of theS.aureus, E.coli and Salmonella with anthocyanins was
found in a concentration-dependent manner, and the diameters of inhibition zone were increased
with the increasing concentrations of anthocyanins, and theinhibitory activity of the S.aureus is
most obvious

(©
Figure 2. The effect of anthocyanins from blueberry wine pomace inhibit test bacteria.

: Salmonella; (b): S.aureus; (c)E.coli. No. 0 is control group, No. 1- 5 are tested groups which are
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with anthocyanins solution (5 mg/mL, 10 mg/mL, 15 mg/mL, 20 mg/mL, 30mg/mL)

Table 2.The inhibitory effect of tested bacteria on anthocyanins from blueberry wine pomace

The _ The diameter of inhibition zone(mm)

concentration Salmonella S.aureus E.coll

of anthocyanins

solution

(mg/mL)

0 6.42+0.141 6.18+0.141 6.31+0.212

5 7.36+0.48 6.26+0.141 6.68+0. 35+
10 7.63+0.665 7.36+0.65# 7.79+0.184+
15 7.92+0.537* 8.17+0.806## 8.19+0.156++
20 8.15+0.071** 8.93+0.55# 8.39+0.665
30 8.32+0.72** 9.17+0.184#+# 8.62+0. 28++

and ** indicated p < 0.05 and p < 0.01 respectively compared with the control group of
Salmonella; # and ## indicated p < 0.05 and p < 0.01 respectivelycompared with the control group
ofS.aureus; + and ++ indicated p < 0.05 and p < 0.01 respectivelycompared with the control group
of E.coli.

3.2 Diameter of inhibition zone analysis of anthocyanins

As the Table. 3 showed, when the concentration of anthocyanins was 5mg/mL, there were not
visibleS.aureuscolonies in medium; and the MIC of E.coliandSalmonellaare 10 mg/mL and 20
mg/mL.

Table. 3: The minimum inhibitory concentration of anthocyanins from blueberry wine pomace for
tested bacteria

The _concentration of
anthocyaninssolution(mg/mL)
Tested 031 062 125 25 5 10 20
Bactria 3 5
Salmonella +++ +++ A+ A+ —
S.aureus +++  ++H+ 4+ —_ — —
E.coli +++ = —

—indicated no visible colonies; +indicated the number of colonies isless than 30; ++ indicated
the number of colonies is 30-300;+++ indicated the colonies cannot be counted.

Conclusions

The present study was focused on the antibacterial activity of anthocyanins from blueberry wine
pomace.After analysed by high efficiency liquid chromatography, there are three kinds of
anthocyanins in purified anthocyanins, and the Cyanidin-3-glucoside was confirmed. The sum of
relative peak area for three kinds of anthocyanins is 62.81%; and anthocyanins displayed significant
inhibition to S.aureus, E.coli and Salmonella, and assessment of minimum inhibitory concentration
showed that anthocyanins of 5mg/mL, 10 mg/mL, and 20mg/mL were the MIC value respectively.
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