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Abstract The objectives of this study were to analyze antioxidant activities and identify volatile
compounds in mixed berry juice after fermentation by lactic acid bacteria (LAB). Antioxidant activity of
the mixed berry juice increased significantly from 209.57+2.93 to 268.30+1.75 umol TE/g after 24 h of

fermentation. After LAB fermentation, 34 volatile compounds were identified. Among them, three
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compounds—benzoic acid, benzaldehyde, and vitispirane—showed significant changes in their
concentrations. Peak areas of benzoic acid and benzaldehyde, which are known to possess antioxidant
activities, increased by 64 and 188%, respectively, after fermentation. However, the peak area of
vitispirane, which is the most abundant terpene compound in berry juices, decreased by 92% after
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Introduction

Various foods or beverages were recently developed using different
berries such as the acai berry, blue berry, black berry, raspberry,
aronia, and cranberry (1). Berries show positive influences on various
lifestyle-related diseases, including obesity, hypertension, cerebrovascular
diseases, arteriosclerosis, myocardial infarction, cancers, or rheumatoid
arthritis (2-4). Therefore, there is high demand for berry-based
products from consumers. Berries are also known as natural antioxidants
that are capable of eliminating reactive oxygen species (ROS) like
hydroxyl, peroxide radicals, and radicals of other reactive forms of
oxygen (5). The U.S. Department of Agriculture selected 12 foods
containing high amounts of antioxidants, and six among these
include berries (6).

There have been many reports regarding the antioxidant activities
of blackberry, raspberry, cranberry, and blueberry, and recently,
several studies were performed using the acai berry, which shows
high antioxidant activity (1,6-12). Berries contain high contents of
vitamin C and polyphenols, mainly anthocyanins, phenolic acids,
flavanols, and tannins, which are known natural antioxidants (13,14).
Vitamin C and polyphenols are known to exist as glycosides in berries
(15,16). When glucose was removed from glycoside in berries by
enzyme glycoside hydrolase, antioxidant activities of berries improved
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(9,17). Antioxidants activities from natural compounds increased
after fermentation by fungi, yeasts, or lactic acid bacteria (LAB)
(10,18). A highly active B-1,4-xylosidase, one of the glycoside
hydrolase enzymes, was reported from Leuconostoc spp. (7,19).

Several studies investigated volatile compounds of various berries
such as the blackberry, raspberry, cranberry, blueberry, acai berry,
and aronia (20-25). Kraujalyte et al. (20) reported that ester
compounds such as ethyl-2-methylbutanoate, ethyl-3-methylbutanoate,
and ethyl decanoate play an important role in the aroma of aronia. It
is known that 1-(p-hydroxyphenyl)-3-butanone, or raspberry ketone,
primarily imparts the characteristic aroma to raspberries (21).
Recently, B-damascenone, trans-linalool oxide, (Z)-3-hexenol, and 2-
phenylethanol were reported as aroma-active compounds in acai
berries (22).

Recently, we found that the antioxidant activities of acai berry or
blackberry juices were enhanced by 31 or 15%, respectively, after
fermentation by LAB (26). In this study, we investigated the following
properties of mixed berry juice: solid content, pH, sugar content, and
antioxidant activity. After fermentation of the mixed berry juice by
Lactobacillus plantarum LP-115, changes in the antioxidant activities
were analyzed by oxygen radical absorbance capacity (ORAC). In
addition, volatile compounds were analyzed by solid phase micro-
extraction (SPME) and gas chromatography-mass spectrometry (GC-MS).
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Materials and Methods

Materials and strain The mixed berry juice was supplied by
Dongwon F&B Co., Ltd. (Seongnam, Korea). It comprised 73% of acai
berry, 17% of aronia, and 10% of cranberry. All chemicals used in this
study were purchased from Sigma-Aldrich (St. Louis, MO, USA). For
the fermentation of the mixed berry juice, L. plantarum LP-115
(Danisco USA Inc., Madison, WI, USA) was used.

Analysis of physiochemical properties of the mixed berry juice
The solid content of the mixed berry juice was analyzed by the
freeze-drying method (27). The sugar content was analyzed using a
Brix meter (Atago, Tokyo, Japan). Concentrations of glucose and
xylose were determined by high-performance liquid chromatography
(HPLC 1200 Series; Agilent Technologies, Santa Clara, CA, USA) using
a Rezex ROA-Organic Acid column (Phenomenex Inc., Torrance, CA,
USA) equipped with a refractive index detector. The column was
eluted with 0.005 N H,SO, at a flow rate of 0.6 mL/min at 50°C.

Analysis of antioxidant activity of the mixed berry juice Antioxidant
activity was analyzed using ORAC assay kit (Cell Biolabs, San Diego,
CA, USA) according to the manufacturer’s instructions (28). Briefly,
the sample (25 pL) and 150 pL of fluorescein solution were added in
a 96-well immune plate and incubated at 37°C for 10 min. After
10 min, 25 plL free radical initiator was added. Fluorescence was
detected every minute for 60 min using a Microplate fluorometer
(Thermo Fisher Scientific, Waltham, MA, USA) at 480 nm excitation
and 520 nm emission. Trolox (Cell Biolabs) was used as reference,
and the standard calibration curve was used for quantitative analysis.
Antioxidant capacity measured by ORAC assay was expressed as
pmol TE/g of the sample.

Fermentation of the mixed berry juice by L. plantarum LP-115 pH
of the mixed berry juice was adjusted from pH 3.2 to pH 7.0, using
5 M NaOH solution, for optimum growth of LAB, and 1 g/L of freeze-
dried L. plantarum LP-115 was inoculated in the juice. Fermentations
were performed using a 500-mL flask with 100 mL of working
volume at 37°C and shaking at 200 rpm for 36 h.

Extraction of volatile compounds from the mixed berry juice
Volatile compounds were extracted from the mixed berry juice by
the SPME method (29-31). The mixed berry juice (10 mL) was placed
in a 20-mL teflon-capped headspace vial and allowed to equilibrate
at 40°C for 30 min. Volatile compounds were extracted at 40°C for
30 min using an SPME fiber (50/30 um divinylbenzene/carboxene/
polydimethylsiloxane). The fiber was then retracted and immediately
injected into the injection port of gas chromatography (200°C) for
1 min to desorb volatile compounds.

Analysis of volatile compounds by GC-MS GC-MS was performed
to analyze the volatile compounds from mixed berry juice. Agilent
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6890N GC/Agilent 5973 mass selective detector (Agilent Technologies)
was used with a DB-wax column (60 mm lengthx0.25 mm i.d.x0.25
pm film thickness; J & W Scientific, Folsom, CA, USA). Operation
conditions were as follows: injection port temperature, 200°C;
detector temperature, 250°C; capillary direct interface temperature,
280°C; ionization voltage, 70 eV; mass range, 33—350 amu; flow rate
of helium, 1.0 mL/min. Oven temperature was maintained at 40°C
for 5min, increased to 200°C with increments of 5°C/min, and
maintained at 200°C for 20 min.

Identification of volatile compounds from the mixed berry juice
Positive identification was based on the comparison of retention
indices and mass spectra of unknowns with those of authentic
standard compounds. Tentative identification was based on
matching the mass spectra of unknowns with those in the Wiley/7n
mass spectral database (Agilent Technologies) and previous reports
(25,26).

Statistical analysis All experiments were performed in triplicate
and error bars indicate standard deviation. Statistical analyses were
performed using the statistical package for the social sciences (SPSS)
(21.0 version, IBM, Armonk, NY, USA), and Scheffe’s multiple range
test was performed for testing the significance of the differences
(32).

Results and Discussion

Physiochemical properties of the mixed berry juice The mixed
berry juice comprised the acai berry, aronia, and cranberry. After
freeze drying, the solid content, pH, and sugar content of the mixed
berry juice were 0.10£0.00 g/mL, 3.22+0.01, and 8.67+0.06 Brix,
respectively. HPLC analysis showed that the mixed berry juice
contained 34.96+0.01 g/L of glucose and 22.6910.01 g/L of xylose. In
addition, the mixed berry juice showed 251.43+0.53 umol TE/g of
antioxidant activity by ORAC assay. In general, acai berries showed
much higher antioxidant activity than other berries such as
raspberries, blackberries, cranberries, and blueberries (26). As the
mixed berry juice contained 73% acai berry, the antioxidant activity
of the mixed berry juice was much higher than those of raspberry
(159.4043.72 umol TE/g), blackberry (125.85+10.23 umol TE/g),
cranberry (103.2742.68 pumol TE/g), or blueberry (101.404+2.06 umol
TE/g) (26).

Improved antioxidant activities of the mixed berry juice after
fermentation by L. plantarum LP-115 In this study, L. plantarum
LP-115 was selected to improve the antioxidant activity of the mixed
berry juice containing 73% of acai berry, based on previous reports
that L. plantarum LP-115 showed 20-30% increase in the antioxidant
activity of acai berry juice after fermentation (26). To ferment the

mixed berry juice by L. plantarum LP-115, the pH of the mixed berry
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Fig. 1. Fermentation results of the mixed berry juice by L. plantarum LP-115. (A) Time profile of pH without L. plantarum LP-115 inoculation (closed
square) or with L. plantarum LP-115 inoculation (open square). (B) Time profiles of glucose (circles) and xylose (triangles) consumptions without
(closed symbols) or with (open symbols) L. plantarum LP-115 inoculation. (C) Changes in antioxidant activities without L. plantarum LP-115
inoculation. (D) Changes in antioxidant activities with L. plantarum LP-115 inoculation.

juice was adjusted to 7.0, using NaOH solution, prior to bacterial
inoculation. During the fermentation, 14.21g/L of glucose and
7.97 g/L of xylose were consumed, 28 g/L of lactic acid was produced,
and the pH decreased drastically from 6.65 to 4.68 after 36 h of
fermentation. The negative control without L. plantarum LP-115
inoculation showed no sugar consumption and a slight change in pH
(Fig. 1A and 1B). Without L. plantarum LP-115 inoculation, the
antioxidant activity of the mixed berry juice showed a 10% decrease
from 225.5842.98 to 202.00+7.51 umol TE/g (Fig. 1C). However, the
antioxidant activity of the mixed berry juice increased significantly
from 209.57+2.93 to 268.30+1.75 pumol TE/g after 24 h of fermentation
(Fig. 1D). The antioxidant activity of the mixed berry juice improved
by about 28% after fermentation by L. plantarum LP-115. These
results suggested that glycoside hydrolase or other metabolites from
L. plantarum LP-115 may improve the antioxidant activity of the
mixed berry juice during fermentation. Similar phenomena were
reported using fungi, yeasts, or LAB (10,18). After 24 h of fermentation,
the antioxidant activity decreased.

Changes in volatile compounds in the mixed berry juice during
fermentation by L. plantarum LP-115 During fermentation of the
mixed berry juice by L. plantarum LP-115, volatile compounds were
extracted by the SPME method and identified by GC-MS. As shown in
Table 1, 34 compounds were identified, apart from three unknown

compounds, from the mixed berry juice during fermentation: seven
alcohols, eleven terpene compounds, three ketones, four acids,
three aldehydes, two esters, one lactone, one phenol, and one
miscellaneous. The 34 identified compounds were classified into 8
groups: acid, aldehyde, alcohol, terpene, ketone, ester, furan, and
phenol. The sum of peak areas of acid and aldehyde groups
increased (47 and 122%, respectively), and the peak area of terpene
decreased (64%) significantly during fermentation by L. plantarum
LP-115.

Among acidic compounds, the peak area of benzoic acid increased
significantly from 102.65x10° to 168.84x10° after 12 h of fermentation
(Fig. 2A) and remained unchanged thereafter. Benzoic acid is
generally used as a preservative in the food industry because of its
antimicrobial activity (33). In addition, it was reported that benzoic
acid and its derivatives showed antioxidant properties against
different types of free radicals (34). Among aldehydes, the peak area
of benzaldehyde increased sharply (191%) from 17.89x10° to 52.06x
10° after 24 h of fermentation (Fig. 2B). Benzaldehyde produced
from Photorhabdus temperata M1021 exhibited high antioxidant
activity, determined by the DPPH method, as well as antimicrobial
and insecticidal activity (35). The peak area of 2,6,6-trimethyl-10-
methylidene-1-oxaspiro[4.5]dec-8-ene (vitispirane), which is the
most abundant terpene compound in the mixed berry juice, decreased
drastically (92%) from 143.87x10° to 12.30x10° after 12h of
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Table 1. Changes in the volatile compounds of the mixed berry juice during fermentation by Lactobacillus plantarum LP-115

Peak area (x10°)?

No RIY Compound name
Oh 6h 12 h 24 h 36h
Alcohol
1 1384  1-Hexanol 2.77+0.04 2.60£0.06 1.89+0.01 2.04+0.05 1.95+0.02
2 1387  (Z)-3-Hexenol 36.22+1.00 34.5610.62 24.20+0.02 26.5010.61 24.82+0.08
3 1492  2-Ethyl-1-hexanol 2.42+0.31 1.85+0.00 1.71+0.01 1.86+0.04 1.64+0.08
4 1560 1-Octanol 2.14+0.26 1.43+0.11 1.49+0.08 1.49+0.10 1.29+0.03
5 1898 Benzyl alcohol 2.68+0.09 2.75+0.05 3.05+0.06 2.72+0.01 2.90£0.07
6 1934  2-Phenyl ethanol 3.81+0.23 3.69+0.06 4.57+0.38 3.64+0.13 3.90+0.10
7 1970 1-Dodecanol 11.99+1.49 3.57+0.31 8.59+1.33 5.61+0.23 4.0310.07
Total 62.03+1.86 50.45+0.71 45.50+1.39 43.8610.68 40.53+0.18
Terpene
8 1169 Isocineole 7.77+0.78 5.62+0.46 tr?) 3.25+0.25 tr
9 1213  1,8-Cineole 3.39+0.41 4.400.31 1.3610.16 3.66+0.24 tr
10 1458  Trans-linalool oxide 21.73+1.17 21.74+0.57 20.3110.08 20.60+0.10 22.1110.42
11 1485  Cis-linalool oxide 7.69+0.26 7.87+0.44 8.18+0.04 7.56+0.08 9.43+0.30
12 1548 >OETimethyl-10-methylidene-1- 143.8742.20  106.17+7.63 2.8610.42  12.30:0.75 1.73£0.13
oxaspiro[4.5]dec-8-ene
13 1550 Linalool 13.48+1.48 12.88+0.24 11.02+0.22 12.22+0.21 11.60£0.10
14 1584  1-Terpineol 2.49+0.10 2.46+0.06 2.23+0.24 2.23+0.00 2.16+0.03
15 1615 4-Terpineol 4.66%0.37 4.0810.08 3.69+0.18 3.96+0.09 3.87+0.16
16 1641 B-Terpinol 6.70£0.29 5.71+0.09 4.53+0.04 4.50+0.11 4.77+0.15
17 1711  a-Terpineol 36.4611.33 36.91+0.91 32.85+0.43 32.67+0.30 35.34+0.65
18 1713  y-Terpineol 7.02+0.26 7.09+0.19 6.12+0.02 5.89+0.05 6.49+0.07
Total 255.2615.13 214.9317.74 93.15+0.74 108.84+0.92 97.50+0.88
Ketone
19 1139  3-Penten-2-one 321.23+7.71 323.65+3.69 292.24+5.14 332.41+4.90 321.88+0.43
20 1478  4-Hydroxy-2-pentanone 1.24+0.17 1.16+0.09 1.43+0.05 1.38+0.07 1.43+0.09
21 1845 [B-Damascenone 4.0110.33 3.51+0.15 3.16+0.15 3.54+0.14 2.52+0.28
22 2179  y-Decalactone 1.82+0.09 2.64+0.32 1.50+0.01 ND¥ ND
Total 329.82+7.72 332.26+3.71 299.7615.14 338.67+4.90 327.13+0.52
Acid
23 1468  Acetic acid 21.43+2.07 19.49+1.14 20.80+1.14 19.30£0.23 20.05+0.07
24 1677  2-Methylbutanoic acid 17.76+0.51 18.73+£1.12 18.58+0.36 18.26+0.48 20.41%0.55
25 2171 Nonanoic acid 1.40+0.55 0.50+0.02 1.97+0.30 tr tr
26 >2200 Benzoic acid 102.65+8.60 135.3249.40 168.84+0.28 158.18+11.31 154.69+11.53
Total 143.24+8.87 174.04+9.53 210.19+1.26 195.74+11.32  195.15+11.54
Aldehyde
27 1489  Furfural 4.77+0.23 4.1610.15 3.47+0.02 4.2610.14 3.8310.06
28 1545 Benzaldehyde 17.89+0.41 17.93+0.15 25.03+2.64 52.0610.14 28.09+1.31
29 1703  a-4-Dimethyl-3-cyclohexene-1-acetaldehyde  4.55+0.11 4.63+0.04 4.04+0.06 4.22+0.00 4.34+0.08
Total 27.21+0.48 26.72+0.21 32.54+2.64 60.54+0.19 36.2611.31
Ester
30 1594  Methyl-2-furoate 6.06+0.26 5.60£0.17 6.01+0.51 5.57+0.14 5.66+0.10
31 1748 Benzyl acetate 11.14+3.34 4.07+0.50 6.19+0.53 5.35+0.31 3.59+0.13
Total 17.2+3.35 3.67+0.52 12.20£0.73 10.92+0.34 9.25+0.16
Furan
32 1529  3,9-Epoxy-1-p-menthene 1.83+0.06 1.77+0.07 1.3610.07 1.71+0.02 1.56+0.03
Total 1.83+0.06 1.77+0.07 1.3610.07 1.71+0.02 1.56+0.03
Phenol
33 1881  Guaiacol 0.6910.01 0.46+0.00 0.4310.01 0.6510.00 0.40+0.02
Total 0.6910.01 0.46+0.00 0.4310.01 0.6510.00 0.40£0.02
Miscellaneous
34 1112  2-Ethenyltetrahydro-2,6,6-trimethyl-2H-pyran  22.01+0.61 6.84+0.58 ND ND ND
Total 22.01+0.61 6.84+0.58 ND ND ND
Unknown
35 1203  Unknown 29.16+0.15 16.44+1.33 ND 7.54+0.57 tr
36 1211  Unknown 33.3040.81 19.25+0.76 tr 5.98+0.18 tr
37 1540 Unknown 16.94+0.83 16.14+0.33 9.05+0.07 12.7840.12 8.16+0.23
Total 79.40+1.17 51.83+1.56 9.05+0.07 26.30+0.61 8.16+0.48

YRetention indices were determined on DB-wax using C8-C22 as the external reference.
IMeansstandard deviation.

3tr, trace.

“ND, not detected.
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Fig. 2. Peak area changes in benzoic acid (A), benzaldehyde (B), and
vitispirane (C) from the mixed berry juice during fermentation by L.
plantarum LP-115.

fermentation (Fig. 2C). Vitispirane was one of the major nor-
isoprenoids found in wines, having an important sensorial impact on
wine aroma, and the concentration of vitispirane increases with
aging (36). As shown in Fig. 3, the peak areas of vitispirane and
benzoic acid changed significantly, whereas that of other volatile
compounds did not change significantly during fermentation. The
peak area of benzaldehyde was relatively smaller than those of
vitispirane and benzoic acid, as shown in Table 1. Therefore, it is not
easy to indicate benzaldehyde in Fig. 3, although the peak area of
benzaldehyde increased by 191%. Recent reports showed that the
quality of prickly pears juice was enhanced after fermentation by L.
fermentum ATCC 9338 (37). Similar to the results in this study, risky
compounds such as furan or furfural decreased during the
fermentation of the mixed berry juice by L. plantarum LP-115. In
conclusion, we showed that the antioxidant activity of mixed berry
juice increased significantly after fermentation by L. plantarum LP-

Changes in berry juice properties by fermentation 445

115. For further understanding of the improved antioxidant activity
of the mixed berry juice, 34 volatile compounds were identified by
SPME and GC-MS. Among them, the peak areas of benzoic acid and
benzaldehyde, known to possess antioxidant activities, increased
greatly. However, the peak area of vitispirane, which is the most
abundant terpene compound in the mixed berry juice, decreased
drastically after fermentation.
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Fig. 3. Total ion chromatograms of the mixed berry juice by solid phase microextraction and gas chromatography-mass spectrometry during
fermentation by L. plantarum LP-115. 1: vitispirane, 2: benzoic acid.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Yang HS, Choi YJ, Oh HH, Moon JS, Jung HK, Kim KJ, Choi BS, Lee JW, Huh CK.
Antioxidative activity of mushroom water extracts fermented by lactic acid
bacteria. Prev. Nutr. Food Sci. 43: 80-85 (2014)

Kraujalyte V, Leitner E, Venskutonis PR. Characterization of Aronia
melanocarpa volatiles by headspace-solid-phase microextraction (HS-SPME),
simultaneous distillation/extraction (SDE), and gas chromatography-
olfactometry (GC-O) methods. J. Agr. Food Chem. 61: 4728-4736 (2013)
Belitz HD, Grosch W. Food Chemistry. 2™ ed. Springer, Heidelberg, Germany.
pp. 806-861 (2004)

Lim SH, Nam H, Baek HH. Aroma characteristics of acai berry. Food Sci.
Biotechnol. 48: 122-127 (2016)

Nile SH, Park SW. Edible berries: Bioactive components and their effect on
human health. Nutrition 30: 134-144 (2014)

Hirvi T, Honkanen E, Pyysalo T. The aroma of cranberries. Eur. Food Res.
Technol. 172: 365-367 (1981)

D’Agostino M, Sanz J, Sanz M, Giuffre A, Sicari V, Soria AC. Optimization of a
solid-phase microextraction method for the gas chromatography—mass
spectrometry analysis of blackberry (Rubus ulmifolius Schott) fruit volatiles.
Food Chem. 178: 10-17 (2015)

Park JB, Sim HS, Ha SJ, Kim MD. Enhancement of antioxidative activities of
berry or vegetable juices through fermentation by lactic acid bacteria.
Microbiol. Biotechnol. Lett. 43: 291-295 (2015)

Lee S, Kim JK. Quality characteristics of Aronia melanocarpa by different
drying method. Korean J. Food Preserv. 22: 56-62 (2015)

Ungvari Z, Ridgway |, Philipp EE, Campbell CM, McQuary P, Chow T, Coelho M,
Didier ES, Gelino S, Holmbeck MA. Extreme longevity is associated with

Food Sci. Biotechnol.

29.

30.

31.

32.

33.

34,

35.

37.

increased resistance to oxidative stress in Arctica islandica, the longest-living
non-colonial animal. J. Gerontol. A Biol. Sci. Med. Sci. 66: 741-750 (2011)
Arthur CL, Pawliszyn J. Solid phase microextraction with thermal desorption
using fused silica optical fibers. Anal. Chem. 62: 2145-2148 (1990)

Zhang Z, Yang MJ, Pawliszyn J. Solid-phase microextraction. A solvent-free
alternative for sample preparation. Anal. Chem. 66: 844A-853A (1994)
Tiitinen K, Hakala M, Kallio H. Headspace volatiles from frozen berries of sea
buckthorn (Hippophae rhamnoides L.) varieties. Eur. Food Res. Technol. 223:
455-460 (2006)

Harter HL. Critical values for Duncan's new multiple range test. Biometrics
671-685 (1960)

Sieber R, Butikofer U, Bosset J. Benzoic acid as a natural compound in cultured
dairy products and cheese. Int. Dairy J. 5: 227-246 (1995)

Velika B, Kron I. Antioxidant properties of benzoic acid derivatives against
superoxide radical. Free Radical. Antioxid. 2: 62-67 (2012)

Ullah I, Khan AL, Ali L, Khan AR, Wagas M, Hussain J, Lee I}, Shin JH.
Benzaldehyde as an insecticidal, antimicrobial, and antioxidant compound
produced by Photorhabdus temperata M1021. J. Microbiol. 53: 127-133
(2015)

Ferreira ACS, de Pinho PG. Nor-isoprenoids profile during port wine ageing-
influence of some technological parameters. Anal. Chim. Acta 513: 169-176
(2004)

Panda SK, Behera SK, Qaku XW, Sekar S, Ndinteh DT, Nanjundaswamy H, Ray
RC, Kayitesi E. Quality enhancement of prickly pears (Opuntia sp.) juice
through probiotic fermentation using Lactobacillus fermentum-ATCC 9338.
LWT-Food Sci. Technol. 75: 453-459 (2017)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


