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Abstract

and malvidin-3-p-coumaroyl-glucoside were isolated.

Anthocyanins of Macedonian grape pomace from three varieties “Pinot noir”, “Merlot” and “Vranec” were isolated
by high speed countercurrent chromatography. After purification of the fractions by means of preparative high
performance liquid chromatography the structures of isolated pigments were elucidated by electrospray ionization
multiple mass spectrometry (ESI-MS") and nuclear magnetic resonance (NMR) spectroscopy. The major anthocyanin
malvidin-3-glucoside and the minor pigments delphinidin-3-glucoside, cyaniding-3-glucoside, petunidin-3-glucoside,

The “Color activity concept” was applied and visual detection thresholds of isolated anthocyanins were
determined. The results of the “color activity value” of the isolated pigments and their detection thresholds were in
good agreement with the color shade of the different varieties of red grape pomace.

Keywords: Red grape pomace; HSCCC; NMR; Anthocyanins; Color
activity concept

Introduction

Anthocyanins are natural pigments responsible for orange,
pink, red, violet and blue colours in the flowers and fruits of many
plants which are using as colorants in food and beverages industry.
Anthocyanins (of the Greek anthos=flower and kianos=blue) are
under huge investigation due to the growing interest of substitution
the potential cancerogenic synthetic colors which are still using in food
industry [1].

Anthocyanins exhibit a huge range of biological activities as
antioxidant activity and prevention of neuronal and cardiovascular
diseaseses, cancer and diabetes. The role of natural pigments in the
coloring of different plants is under current investigations of many
studies [2].

The structure of anthocyanins and their properties as colorants
in plants were subject of investigations of Brouillard et al. [3]. Radical
scavenger activity of anthocyanins and their glycols were also studied
in the work of Khknen and Heinonen [4].

Grape skin contains a great number of anthocyanins, the
concentration varies greatly according to the variety and is influenced
by cultivar, season and environmental factors. The most abundant
anthocyanins in red grapes are 3-glycosides, 3-acetylglycosides
and 3-p-coumaroyl-glycosides of malvidin (Mv), peonidin (Pn),
delphinidin (Dp), petunidin (Pt) and cyanidin (Cy) [5,6]. Changes of
anthocyanins profile in Vitis vinifera grapes grown in the Douro Valley
was studied in the work of Mateus, as well as their concentration in
produced wines [7,8].

In the work of Schwarz, several hundred milligrams of anthocyanins
were isolated with single run using large-scale countercurrent
chromatography [8]. Isolation of the anthocyanins from wine grapes
and different wine fractions with step gradient countercurrent
chromatography was evaluated [9,10].

The elucidation of tentative structure of isolated anthocyanins by

using NMR spectroscopy confirmed the structure of the most abundant
pigments in plants [11-20].

The contribution of particular anthocyanains in the overall color
of red wines was object of the study of Degenhardt et al. [21].

To the best of our knowledge there are no published results for the
polyphenolic profile of grape pomace from the region of Macedonia. In
the present study, the isolation of anthocyanins from the Macedonian
pomace from “Vranec”, “Merlot”, and “Pinot Noir” grape varieties
was performed by application of chromatographic methods, in
particular high-speed countercurrent chromatography. NMR structure
elucidation confirmed the most abundant anthocyanins responsible for
the color of the grape pomace. Furthermore, the color activity concept
of isolated anthocyanins was performed for investigation of particular
contribution of isolated pigments to the color of three different varieties
of grape pomace.

Materials and Methods

Raw material

The winery Elenov from Macedonia kindly provided all varieties
of grape pomace. The monovarietal samples of grape pomace were
obtained from 2009 vintage year after wine-making including 20
days of maceration time. From each variety, 1.5 kg of grape pomace
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was washed with nanopure water for removing polar impurities and
sugar. In order to remove water the samples were lyophilized. After
lyophilization, the dry grape pomace was crushed in powder. 500 g of
powdered grape pomace from each variety was used for the extraction
of anthocyanins.

Extraction

The samples were defetted with (3x200 ml) hexan. For extraction
of anthocyanins, mixture of methanol/formic acid (19:1 v/v) was used.
For complete extraction, the suspension was stored overnight at room
temperature.

Solid phase extraction

After evaporation of solvents, the extracts obtained from all varieties
of grape pomace were viscous. To remove sugars, organic acids,
proteins, and salts XAD-7 column (45x5 cm) was used. The extracts
were washed with nanopure water and after that the anthocyanins
were eluted with mixture of methanol/formic acid (19:1 v/v). After
evaporation the samples were freeze dried to give the anthocyanin/
enriched XAD-7-extract.

Countercurrent chromatography

CCC liquid-liquid chromatography is a technique for separation
and isolation of compounds from complex mixtures without solid
stationary phase. Separation is achieved by a two-phase solvent system.
A CCC method with higher separation power is known as high speed
countercurrent chromatography (HSCCC). In the HSCCC separations
the solvents are filled into a teflon tube which is wound around a
coil. These coils are usually connected in series. A planetary rotation
of the coils creates an alternating force field in the tube and mixing
and settling zones are generated. Thus, the sample is continuously
distributed between the two phases during separation [22].

For the selection of suitable solvent mixtures, anthocyanins should
be distributed between the two phases. This can be observed visually by
mixing an aliquot of the sample with the two phases in a vial.

A CCC-1000 high-speed countercurrent chromatograph (triple
coil, ID 2.6 mm, total volume 850 mL, 800 rpm, Pharma-Tech, USA)
was used. MTBE/n-butanol/ acetonitrile/water 2:2:1:5 v/v/v/v acidified
with 0.1% trifluoracetic acid was used as solvent system. The lower
layer was the mobile phase and elution mode was head to tail. Flow rate
was set at 3 mL/min. Detection was carried out at A=520 nm (Knauer
Variable Wavelength Monitor). 1.0 g of the respective freeze-dried
XAD-7 extract from each variety of grape pomace was separated in
each run.

Analytical HPLC-ESI-MS" and HPLC-DAD

Separations of CCC fractions were carried out on a Luna 5 p C18
column (250x4.6 mm) with guard column. A binary gradient of a
mixture of water/acetonitrile/formic acid was used. Linear gradient
was as follows: A 83/7/10; B: 40/50/10 (v/v/v);% A: 0 min. 94%, 20 min.
80%, 35 min. 60%, 35 min. 40%, 40 min. 90%, 45 min and 55 min 94%.
Flow rate was set at 0.5 mL/min. Detection was either by DAD (Jasco
MD-1510) and ESI-MS" (Bruker, Esquire) in the positive ion mode.
Data about the purity of anthocyanin fractions is based on the DAD
chromatogram using detection wavelength of 520 nm.

Preparative HPLC

Purification of anthocyanin fractions was made by using preparative
HPLC with HPLC pump 64 and UV/VIS detector. The purification of

CCC fractions was carrying out on a Luna RP-18 column (Phenomenex,
Germany) at a flow rate of 0.5 mL/min. The two solvent systems A and
B were used. Solvent A was mixture of water/acetonitrile/formic acid
87:3:10 (v/v/v), and solvent B was mixture of water/acetonitrile/formic
acid 40:50:10 (v/v/v). The linear gradient was as follows: 0 min. 6% B;
20 min. 20% B; 35 min. 40% B; 40 min. 60% B; 45 min. 90% B; 55 min,
6% B. The obtained chromatograms were interpreted by using Borwin
PDA chromatography software (Jasco, Germany) and the purified
picks were detected on A=520 nm as detection wavelength.

Proton and Carbon NMR

'H and “C NMR spectra were measured on a Bruker AMX
300 spectrometer (Bruker Biospin, Germany) at 300.13 and 75.49
MHz, respectively. Anthocyanins were dissolved in a mixture of
methanol-d4/TFA-dl (19:1, v/v). Data were processed by WIN NMR
software version 6.1.0.0.

Color activity concept

The “color activity concept” was applied in order to find the
impact of isolated pigments responsible for the color of grape pomace.
The calculation of color activity values is determined as a ratio of
concentration of the pigment and its visual detection threshold [21].
For that purpose, pure anthocyanins were dissolved in buffer solution
at pH 3.0 and two solutions A and B were prepared.

The solution A was prepared by dissolving of 21 g C. HO.xH,O
per liter nanopure water. The solution B was prepared by dissolving of
36.5 g NaHPO,x2H, O per liter water with nanopure grade. The buffer
solution with pH 3 was prepared by mixing of 79.45 ml of solvent A

and filled to 100 ml with solvent B.

The usual pH value of soft drinks is 3.0. That was the reason of
testing the color activity index in buffer solution of pH 3.0.

Results and Discussion

The extract from grape pomace from variety “Vranec” had the
darkest violet-blue color. The extract from “Merlot” variety had red-
violet color and “Pinot Noir” grape pomace had dark red color.

The yield of anthocyanin-enriched extract from three extractions
of grape pomace from “Vranec” variety was 3.7 g, from “Merlot”
variety was 3.1 g and “Pinot noir” variety was 1.5 g only per 500 g of
dry powdered grape pomace.

1.0 g of anthocyanin extract from each variety of grape pomace
was injected in HSCCC system. The HSCCC chromatograms from the
isolation of the anthocyanin-enriched grape pomace extract of “Vranec”
are shown on Figure 1. In the fraction F1 dephindin-3-glucoside and
cyanidin-3-glucoside were characterized. The second fraction F2 was
the main fraction with the highest amount of isolated pigment. After
purification by preparative HPLC, the predominant pigment in this
fraction was malvidin-3-glucoside. Furthermore, in very small quantity
the anthocyanins petunidin-3-glucoside and peonidin-3-glucoside
were isolated from fraction F3. In the coil fraction malvidin-3-p-
coumaroyl-glucoside was found (Figure 1).

Mass spectrometric data of the isolated pigments are presented in
Table 1. The table showed the amount of pure pigments (in mg) isolated
and purified from 1.0 g of crude antocyanin extract from “Pinot noir”,
“Merlot” and “Vranec” variety of grape pomace. According to the
presented results, the skin and seeds of grapes after 20 days maceration
time still contained significant amount of malvidin-3-gucosides and
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Figure 1: HSCCC separation of anthocyanins from “Vranec” grape pomace at 520 nm.

Variety Fraction Rt (min.) Moﬁ:(# 7:)'0" Fragment ion (MS?) Structure ?c':r,:::::; ’(":;G)’
Pinot noir 1 15.0 465.3 303.0 Delphinidin-3-glucoside 0.2
1 19.5 449.4 287.0 Cyanidin-3-glucoside 0.7
2 28.0 493.4 331.0 Malvidin-3-glucoside 10.0
3 22.0 479.2 317.0 Petunidin-3-glucoside 0.8
3 25.9 463.3 301.0 Peonidin-3-glucoside 0.6
Coil fraction 447 655.6 329.0 Malvidin-3-p-coumaroyl-glucoside 0.9
Merlot 1 15.0 465.3 303.0 Delphinidin-3-glucoside 0.3
1 19.5 449.4 287.0 Cyanidin-3-glucoside 2.1
2 28.0 493.4 331.0 Malvidin-3-glucoside 14.2
3 22.0 479.2 317.0 Petunidin-3-glucoside 0.9
3 259 463.3 301.0 Peonidin-3-glucoside 2.7
Coil fraction 44.7 655.6 329.0 Malvidin-3-p-coumaroyl-glucoside 4.2
Vranec 1 15.0 465.3 303.0 Delphinidin-3-glucoside 0.4
1 19.5 449.4 287.0 Cyanidin-3-glucoside 3.3
2 28.0 493.4 331.0 Malvidin-3-glucoside 19.0
3 22.0 479.2 317.0 Petunidin-3-glucoside 0.8
3 25.9 463.3 301.0 Peonidin-3-glucoside 1.4
Coil fraction 447 655.6 329.0 Malvidin-3-p-coumaroyl-glucoside 5.5

Table 1: Isolated anthocyanins from “Pinot Noir”, “Merlot” and “Vranec” grape pomace.

malvidin-3-p-coumaroyl-glucoside. The other isolated anthocyanins
were present in very small quantities (Table 1).

A comparison of the results showed that the highest amounts of
anthocyanins was obtained from “Vranec” grape pomace. Furthermore,
this grape pomace contained the highest quantities of malvidin-3-
glucoside and malvidin-3-p-coumaroyl-glucoside which explain the
violet-blue color of this variety.

The experiments of separation of anthocyanins-3-O-glucoside from
grape pomaces by using three coil high speed CCC system confirmed
that the order of separation mainly depends on the degree of hydroxyl
substitution in the B ring (Figure 2). Furthermore, the order of the
elution of the pigments with the same number of substituted groups
depends on their polarity. The findings in this study are in accordance

with the findings of Salas who confirmed the same order of separation
in the “head-to-tail” mode of CCC separation [10].

Proton and carbon magnetic resonance spectroscopy

The chemical structure of anthocyanin is presented on Figure 2 and
Table 2. After purification by using preparative HPLC and detection of
purified pigments on HPLC-DAD, NMR spectroscopy was applied in
order to confirm the tentative structure previously obtained from ESI-
MS spectrometry.

Delphinidin-3-O-B-D-glucopyranoside: 'H NMR Singlets from
the aglycone moiety at § 8.95 (1H, s, H-4), § 8.05 ( 1H, d, H-2" H-6),
§ 6.67 (1H, s, H-8), § 6.80 (1H, d, H-6), doublet and multiplets from
the glucopyranoside moiety § 5.30 (1H, d, G-1), § 3.95 (1H, m, G-6),
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Figure 2: Chemical structure of anthocyanin-3-O-glucoside.

Delphinidin-3- Cyanidin-3- | petunidin-3-glucoside
glucoside glucoside
R1 -OH -OH -OCH,
R2 -OH -H -OH

Peonidin-3-glucoside

Malvidin-3-glucoside Malvidin-3-p-coumaroyl-glucoside

-OCH, -OCH,
-H - OCH,

-OCH,
-OCH,

Table 2: Structure of anthocyanin-3-O-glucoside.

§ 3.70 (1H, d, G-6), § 3,65 (4H, m, G-2, G-3, G-4, G-5) were in good
accordance with the results from the "H NMR spectra of delphinidin-3-
glucoside in the work of Bjorey et al. [11,12, 14,15,23,].

3C NMR Signals from the aglycone moiety § 158.68 (C5), § 147.55
(C3’), 6 145.86 (C3), 6 120.05 (C1’), § 117.93 (C2°, C6’), 6 113.23 (C10)
and from the glucopyranoside moiety § 78.84 (G5), § 74.79 (G2), §
71.08 (G4) and § 62.36 (G6) were in good agreement with the published
results from C NMR spectra of delphinidin-3-O-glucoside [11].

Petunidin-3-O-B-D-glucopyranoside: 'H NMR Singlets from
aglycone moiety § 9.0 (1H, s, H-4), § 4.00 (3H, s, H3—OCH3) doublets
from aglycone moiety § 7.95 (1H, d, H-2’), § 7.80 (1H, d, H-6), doublets
from glucopyranoside moiety § 5.30 (1H, d, G-1) and multiplets from
glucopyranoside moiety § 3.90-3.40 (4H, m, G-2, G-3, G-4, G-6) were
in good accordance with the results from the '"H NMR spectra of
petunidin-3-glucoside [12,15].

13C NMR Shifts from 8 164.25 (C2), 8 158.72 (C5), 8 149.85 (C3"), §
147.51 (C4’), § 145.8 (C5’), § 145.80 (C4), § 113.49 (C6’), 8 78.9 (G3),
8 78.2 (G5), § 74.96 (G2), 6 71.19 (G1), 6 62.42 (G6) confirmed the
structure of the isolated anthocyanin. The signals from *C NMR of
the pigment were in correspondence to the signals for petunidin-3-O-
glucoside isolated from Liriope platyphylla fruits [24-26].

Malvidin-3-O-B-D-glucopyranoside: '"H NMR Singlets from the
aglycone moiety 8§ 9.05 (1H, s, H-4), § 8.05 (2H, s, H-2’), § 3.95 (6H,
s, OCH3-3’, OCH3-5’), doublets from the aglycone moiety § 6.90 (1H,

d, H-8), § 6.64 (1H, d, H-6) and multiplets from the glucopyranoside
moiety 6 5.30 (1H, d, G1) and & 3.45-3.90 (4H, m, G2, G3, G4, G5)
were in good accordance with the results from the 1H NMR spectra of
malvidin-3-glucoside [12,14,15,17-19].

13C NMR Shifts § 170.10 (C7), § 163.56 (C2), § 159.32 (C5), 6 157.79
(C9), 6 149.75 (C3’ C5’), § 146.28 (C-4), 6 145.69 (C3), § 137.03 (C4),
6 119.79 (C1’), § 113.61 (C10), § 110.40 (C6’) 6 103.92 (G1), § 103.49
(C6) & 78.28 (G3), 8 75.05 (G2), § 71.20 (G4), § 62.39 (G6), § 57.32
(C3°C52x0OCH,) were in good accordance with the results reported for
malvidin-3-glucoside [17-19].

Cyanidin-3-O-B-D-glucopyranoside: 'H NMR Singlets from
aglycone moiety § 9.0 (1H, s, H-4), doublets from the aglycone moiety
8825 (1H, dd, H-6), 8 8.05 (1H, d, H-2’), § 7.05 (1H, d, H-5"), § 6.70
(1H, d, H-6) and multiplets from the glucopyranoside moiety § 3.9
(1H, m, G-6), § 3.55 (2H, m, G-3, G-5), were in good accordance with
the results for cyanidin-3-O-glucoside by Jordheim [11,13,15,16,20].

BC NMR Shifts from the aglycon moiety 6 159.60 (C9), § 159.30
(C5), § 121.70 (C1I°), § 118.40 (C2°), 8 117.93 (C5’) and 8§ 114.16 (C10)
were in good accordance with the results from the *C NMR spectra of
cyanidin-3-O-glucoside [11,13,15,16,20].

Peonidin-3-O-B-D-glucopyranoside: 'H NMR Singlets from the
aglycone moiety 6 9.00 (1H, s, H-4), § 8.05 (1H, s, H-4), § 7.05 (1H,
d, H-5%), § 6.95 (1H, d, H-8), 6 6,70 (1H, s, H-6), doublets from the
glucopyranoside moiety § 8.3 (1H, dd, H-6’), § 5.35 (1H, d, G-1), and
multiplets from the glucopyranoside moiety § 3.40-3,75 (4H, m, G-2,
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G-3, G-4, G-5) were in good accordance with the results obtained by
Yawadio et al. [20] .

Since very small quantity of the pigment was isolated the *C NMR
spectra was not recorded.

Malvidin-3-p-coumaroyl-O-f-D-glucopyranoside: 'H NMR
Singlets from § 9.0 (1H, s, H-4), § 8.1 (1H, s, H-2’, H-6°), § 7.9 2H, s,
H-2’, H-6’), 6 7.4 (d, CH,—CHCO,R), § 6.9 (1H, d, H-8), § 7.25 (d,
G-2,G-6),86.6 (1H,d, G3,G5),85.4 (1H, d, G1), 6 3.7-3.3 (H5, m, G2,
G3, G4, G5, G6) were in accordance to the results [12,14,15,17-19]. The
distance between the signals of 15 ppm confirmed that the double bond
from the coumaroyl group is “trans” configurated.

BC NMR The chemical shifts obtained from C NMR from
coumaroyl group & 168.83 (R1ICO,R2), § 114.17 (CH=CH,CO,R),
aglycon moiety § 159.84 (C9), § 158.73 (C2), § 158.18 (C5), § 149.77
(C5), § 145.20 (C3), 6 119.78 (CI’), § 113.54 (C10), § 110.72 (C2) §
57.28 (OCH,) and glucopyranoside moiety 8 131.15 (G1, G6), § 126.98
(G1), 6 116.86 (G3, G5), § 76.16 (G5), § 75.01 (G2), § 71.79 (G4) were
in good accordance with the ?*C NMR spectra of malvidin-3-glucoside
[17-19]. The most significant shift of signal from 62 ppm for G6 to 64.34

ppm was the proof of the attached p-coumaroyl group on position 6 of
the glucose (Figures 2 and 3).

Visual detection thresholds and “color activity concept” of
isolated anthocyanins

The color contrubution of the isolated anthocyanins to the
overall color of red wines was object of studies of Degenhardt et al.
[21]. According to the results, the most abundant anthocyanin was
malvidin-3-glucoside (500 mg/L of pure malvidin-3-glucoside per liter
red wine) which contributes predominantly to the color of red wines.

Results obtained from isolation of anthocyanins from grape
pomace are in agreement with those obtained for wines [21]. Athough
the process of polymerisation is very important for the color of
the grapes, malvidin-3-glucoside is the most dominant monomer
which contribute to the color of the grapes. On the other hand, the
contribution of other pigements to the overall color of pomace was
different for each grape variety. Table 3 presented the visual detection
thresholds of isolated anthocyanins and the corresponding color
activity values (CAVs). It is notable that delphindin-3-glucoside did not
contribute to the overall color of grape pomace. However, petunidin-

- = 8§53
. g 58 B : 3L
g ge = 3 3¢
| | ~
|
i
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Figure 3: *C NMR spectroscopic data of malvidin-3-p-coumaroyl-glucoside.
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Visual detection

Isolated anthocyanins thresholds (mg/L)

Dephinidin-3-glucoside 2
Cyanidin-3-glucoside 1
Petunidin-3-glucoside 0.2
Peonidin-3-glucoside 0.25
Malvidin-3-glucoside 1.25

Malvidin-3-p-coumaroyl-glucoside 0.75

Color activity value (CAV) for
Pinot Noir grape pomace

<1
<1
4.0
24
8.0
1.2

Color activity value (CAV) for
Merlot grape pomace

Color activity value (CAV)
for Vranec grape pomace

<1 <1

21 3.3
4.5 4.0
10.8 5.6
11.3 15.2
5.6 7.3

Table 3: Visual detection thresholds and color activity values of isolated anthocyanins.

3-glucoside contributed more significant to the color of “Pinot
Noir” grape variety in comparison with its contribution to the other
varieties of grape pomace. Also, the color activity value of malvidin-
3-p-coumaroyl-glucoside, responsible for blue color, is very small in
“Pinot Noir” grape pomace in comparison to “Merlot” and “Vranec”
grape pomace. This might be the reason for deeply red color of “Pinot
Noir” grape variety in comparison of red violet and violet-blue color
of “Merlot” and “Vranec” grape pomace, respectively. Contribution of
peonidin-3-glucoside in “Merlot” grape pomace is significant for red
shade of this grape variety. Higher color activity value of malvidin-3-p-
coumaroyl-glucoside was responsible for violet-blue color of “Vranec”
grape pomace in comparison with red-violet color of “Merlot” grape
pomace (Table 3).

Conclusion

The study described the isolation of high valuable natural pigments
(anthocyanins-3-glucosides) from grape pomace. Countercurrent
chromatography was applied for the isolation of the pigments and high
performance liquid chromatography, mass spectrometry and NMR
spectroscopy for structure confirmation of isolated anthocyanins-3-O-
glucosides. Quantities of isolated pigments indicated that the pomace
from “Vranec” grape variety was the richest source for malvidin-3-O-
glucoside and malvidin-3-O-p-coumaroylglucoside. The experiments
showed that from 500 g of grape pomace obtained after 20 days of
maceration time 19 mg of pure malvidin-3-O-glucoside and 5.5 mg
of malvidin-3-O-p-coumaroyl-glucoside can be isolated. Delphinidin-
3-O-glucoside, cyanidin-3-O-glucoside, petunidin-3-O-glucoside and
peonidin-3-O-glucoside were isolated in lower quantities.

The “color activity concept” explained the contribution of the
most abundant anthocyanins-3-0-glucosides to the color of the three
varieties of grape pomaces (Vranec, Merlot and Pinot Noir). Petunidin-
3-O-glucoside contributed more significant to “Pinot Noir” grape
pomace in comparison with the other two varieties. The violet color
of “Vranec” grape variety was attributed to the significant quantity of
malvidin-3-glucoside and the blue shadow was attributed to malvidin-
3-p-coumaroylglucoside.

conclusion, this work showed that countercurrent
chromatography can be useful technique for isolation of high valuable
natural pigments from low valuable sources as red grape pomace.

In
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