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Abstract

Kefir is traditional fermented milk produced by various lactic acid bacteria (LAB) and yeast, which produce lactic acid,
ethanol, carbon dioxide, and other flavor compounds. The purpose of this study was to evaluate the effects of different com-
mercial oligosaccharides, such as maltotriose, fructooligosaccharide (FOS), galactooligosaccharide (GOS), and isomaltoo-
ligosaccharide (IMO), on the fermentation properties of kefir. First, we determined the acidification kinetic parameters, such
as Vo tnax (), t s 9 (h), and te(h) of fermented milk supplemented with 4% (w/w) of different oligosaccharides. The probiotic
survival and chemical composition (pH, organic acids profile, and ethanol content) of kefir during fermentation were also
measured. Compared to control fermentation, all oligosaccharides increased acidification rate and reduced the time to com-
plete fermentation (pH 4.7). The addition of FOS, in particular, resulted in the lowest t;(h) and the highest populations of
LAB and yeast during fermentation. All oligosaccharides increased ethanol production during fermentation. Further, signif-
icant differences were observed in the formation rates of six organic acids during fermentation. This study provided com-
parative data on the properties of commercial oligosaccharides for kefir manufacturing. Consequently, FOS especially had
the potential for adequate and effective oligosaccharides in commercial kefir for the improvement of cost- and time-effec-

tiveness.
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Introduction

Kefir is a traditional fermented milk product originating
from the Caucasus mountains. There are two primary
ways of making kefir: fermenting by kefir grains or by
commercial starter cultures (Thoreux & Schmucker, 2001).
Originally, kefir was made by inoculating milk with kefir
grain, which is irregularly shaped yellowish-white hard
granules (Giizel-Seydim et al., 2000). A kefir grain con-
sists of bacteria and yeast species such as Lactobacillus
helveticus, Lactobacillus delbrueckii subsp. bulgaricus,
Lactococcus lactis subsp. lactis, Leuconostoc mesente-
roides subsp. cremoris, and Kluyveromyces marxianus. The
biomass of kefir grains slowly increases during fermenta-
tion (Gorek & Tramek, 2007). These days, due to economic
effectiveness, including the time-saving and hygienic
manufacturing process, commercial direct-to-vat cultures
are utilized. Microbial populations of kefir produce lactic
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acid, ethanol, carbon dioxide, and other flavor com-
pounds, such as acetaldehyde, acetoin and diacetyl, which
produce the unique kefir flavor. It has been reported that
kefir can be considered a probiotic resource as it can
improve a variety of health conditions (Rodrigues et al.,
2005). The reported scientific benefits of kefir include:
antioxidant activity (Liu ef al., 2005a; Liu et al., 2005b),
antipathogenic activity (Millette et al., 2007), antitumor
(Kubo et al.,, 1992), anticarcinogenic activity (Sarkar,
2007), and anti-inflammatory/ immunomodulatory effects
(Lee et al., 2007; Thoreux & Schmucker, 2001). Prebiot-
ics are non-digestible food ingredients that beneficially
affect the host by selectively stimulating the growth and/
or activity of probiotics, thus improving host health (Gib-
son & Roberfroid, 1995). A prebiotic substrate must not
be hydrolyzed or absorbed in the stomach or small intes-
tine; fermentation of the substrate should induce benefi-
cial effects within the host. In terms of diet, resistant
starch, non-starch polysaccharides, sugars, and oligosac-
charides are representative prebiotics. Oligosaccharides
are sugars consisting of approximately 2 to 20 saccharide
units, and the following oligomers have been suggested to
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have prebiotic potential: lactulose, fructooligosaccharide
(FOS), galactooligosaccharide (GOS), soybean oligosac-
charide, isomaltooligosaccharide (IMO), glucooligosac-
charide and xylooligosaccharide (Manning and Gibson,
2004).

The aim of this study was to evaluate the effects of var-
ious commercial oligosaccharides on the fermentation pro-
perties of kefir, including acidification kinetics, the popu-
lation of lactic acid bacteria and yeast, as well as ethanol
and organic acid production during kefir fermentation.

Materials and Methods

Kefir sample preparation

Kefir starter cultures were purchased from Christian
Hansen (Hersholm, Denmark); XPL-1 and LAF-4. XPL-
1 included Lactococcus lactis subsp. cremoris, Lactococ-
cus lactis subsp. lactis, Lactococcus lactis subsp. lactis
biovariety diacetylactis, Leuconostoc mesenteroides, and
Streptococcus thermophilus and LAF-4 included Kluyver-
omyces marxianus subsp. marxianus. The inoculation con-
centration of XPL-1 and LAF-4 were 250 U/L and 4 U/L,
respectively. After inoculation to pasteurized milk, milk
was incubated at 31°C. The desired final pH of the prod-
uct was pH 4.7. Samples were collected every hour for
analysis of kinetic parameters and four times for analysis
of bacterial and yeast counts, organic acid and ethanol
contents during fermentation.

Oligosaccharides

The following commercial oligosaccharides were sup-
plemented at the concentration of 4% (w/w); IMO (purity
>69%, Daesang Co-Op., Korea), FOS (purity>55%, Sam-
yanggenex, Korea), maltotriose (purity>60%, Daesang
Co-Op., Korea), GOS (purity>53%, Ingredion, Korea).

Kinetic parameters

The acidification rate (V,,,,) was calculated as the time
variation of pH (dpH/dt) and expressed as 10~ pH units/
h. During the fermentation period, the following kinetic
parameters were also calculated: (i) t,,,, (h), time at which
Vnax Was reached; (ii) ty 5 o (h), time to reach pH 5.0; and

(iii) t;(h), time to complete the fermentation.

Bacterial and yeast counts

Lactic acid bacteria and yeast counts were carried out
in triplicate after 1, 6, 12, 14 h-fermentation. Samples
were diluted with sterile saline solution and plated on
sterile BCP agar (Eiken chemical Co., Japan) for 3 d at

37°C and on sterile Potato dextrose agar (Difco™, USA)
for 5 d at 24°C to determine lactic acid bacteria and yeast
counts, respectively.

Ethanol and organic acid content

Samples were analyzed for ethanol production using
GC-FID (Agilent, USA) according to the method of Giizel-
Seydim et al. (2000). In addition, concentrations of lactic,
acetic, citric, succinic, pyruvic, and formic acids in kefir
during fermentation were determined using high-perfor-
mance liquid chromatography (HPLC). Sample extraction
was performed according to the method of Kocaoglu-
Vurma et al. (2008). A HPLC system (Nanospace I, Shi-
seido, Japan) equipped with UV-VIS detector monitored
at 210 nm, and organic acids were analyzed onto an C18-
column (Capcellpak C18 UG120, 4.6x150 mm, 5 wm,
Shiseido) and kept at 35°C. The mobile phase was 0.1%
H;PO, in 97.5:2.5 (v/v) water: acetonitrile. Run time was
20 min at 1 mL/min and the injection volume was 7 uL.
Peak identities were determined based on retention time
of standard compounds and concentrations of individual
organic acids were quantified by using a standard curve
for each compound relating peak area to the concentra-
tion.

Statistical analysis

All analysis was conducted in triplicate, and significant
differences expressed as different letters were analyzed
using Duncan's multiple range test. SAS statistical pack-
age was used to perform all statistical tests (SAS Inst.,
2010). Values of p<0.05 were considered to indicate a
significant difference.

Results and Discussion

Kinetic parameters

The results of acidification kinetic parameters by differ-
ent oligosaccharides, including FOS, GOS, maltotriose
and IMO, are compared in Table 1. Values of V. ranged
from 309.33+5.13 to 469.00+8.72x10~ pH units/h. Among
the samples, the V. of the sample added to FOS was
significantly higher than others as 469.00%8.72x10" pH
units/h. Other than FOS, V. values for other oligosac-
charides-supplemented samples were lower than the con-
trol. The time to reach V. (t,..) of oligosaccharides-
supplemented samples was shorter than the control,
except in the case of maltotriose. In particular, the FOS
and IMO-supplemented samples reached V.
idly than the other supplemented groups as 8.33+0.58 h.

more rap-
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Table 1. Acidification kinetic parameters of kefir supplemented with 4% (w/w) FOS, GOS, maltotriose, and IMO

Prebiotics Vmax (107 pH units/h) trax (1) toiso () t- (h)
Control 421.67°£7.64 10.67°+0.58 12.51°£0.15 15.59°£0.13
FOS 469.00°+8.72 8.33%£0.58 9.61%+0.05 11.65%£0.06
GOS 328.33%+12.58 9.00°+0.00 11.45°+0.05 14.01°+0.11
Maltotriose 359.00°+3.61 11.33%+0.58 11.60°%£0.11 13.35+0.18
IMO 309.33%5.13 8.33%+£0.58 11.63%+0.11 14.65%+0.06

Values are expressed as the meantstandard deviations (S.D) (n=3).

Different letters in the same column indicate a statistically significant difference among values of the same parameter (p<0.05).

It seems that these two oligosaccharides, FOS and IMO,
made it possible to boost the rate of acidification during
kefir fermentation. In addition, the time to complete the
fermentation of experimental samples with oligosaccha-
rides was shorter than the control, ranging from 11.65t
0.06 to 14.6510.13 h. The fermentation of kefir was also
more rapidly completed in the FOS-supplemented sample
as 11.6510.06 h. A reduction in the t; and t s, values of
the FOS-supplemented sample occurred by approximately
25% and 23%, respectively, compared to control at the
end of fermentation. According to the results from com-
paring kinetics, oligosaccharides, especially FOS, could
be appropriate prebiotic ingredients for kefir preparation
in terms of acidification and fermentation time, according
to this study. Similarly, various other prebiotics, such as
inulin, maltodextrin, oligofructose and polydextrose, have
been reported to accelerate acidification rate (De Souza
Oliveira et al., 2009; Oliveira et al., 2009).

Bacterial and yeast counts
Lactic acid bacterial and yeast counts showed that the
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Fig. 1. Cell counts of lactic acid bacteria in kefir supplemented
with 4% (w/w) FOS, GOS, maltotriose and IMO dur-
ing fermentation. Different letters indicate a statisti-
cally significant difference (p<0.05).

counts from the control and supplemented groups were
increased by fermentation time with the same patterns
(Figs. 1 and 2). There was no significant difference in the
population of lactic acid bacteria between oligosaccha-
rides-supplement groups and the control. After 1 hour-
fermentation, lactic acid bacteria counts ranged from
5.6310.13 to 5.8710.11 Log CFU/mL. The lactic acid
bacterial counts gradually increased by fermentation time,
until 12 h, stopped proliferation, and reached the station-
ary phase after approximately 12 h, ranging from 9.96+
0.02 to 10.09£0.04 Log CFU/mL. In the results from the
yeast counts, it seems these also gradually increased dur-
ing fermentation, and another significant difference was
observed in yeast counts at the end of fermentation. The
highest counts of yeast were found in the FOS-supple-
mented group by 4.04+0.02 Log CFU/mL, while the low-
est were found in the control by 3.72+0.03 Log CFU/mL.
These data suggested that FOS contributed to the viability
of yeast but not to the viability of lactic acid bacteria.
Moreover, results from previous studies reported the
effects of prebiotics on the growth of lactic acid bacteria
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Fig. 2. Cell counts of yeast of kefir supplemented with 4% (w/
w) FOS, GOS, maltotriose, and IMO during fermenta-
tion. Different letters indicate a statistically significant
difference (p<0.05).
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during refrigerated storage (Martinez-Villaluenga et al.,
2006). According to the aforementioned study, the addi-
tion of raffinose family oligosaccharides (RFOs) increased
Bifidobacterium lactis Bb-12 at final fermentation time,
compared to the control, while Lactobacillus acidophilus
showed no differences in the presence of RFOs. Further,
they indicated that RFOs, as prebiotics, also increased aci-
dification rate so that coagulation time was shortened and
textural characteristics of yogurt were improved because
the syneresis of whey was limited. These results closely
coincided with the results of our studies.

Ethanol and organic acid content

The yeasts isolated from kefir can be classified as either
lactose-fermenting or non-lactose-fermenting, and non-
lactose fermenting yeasts dominate. Kluyveromyces mar-
xianus subsp. marxianus used in this study is included in
the primary lactose-fermenting yeast groups. The yeasts
are primarily responsible for the production of ethanol
and CO, in kefir (Roginski et al., 2003). Moreover, the
hetero-fermentative lactic acid bacteria produce ethanol
as well as lactic acid from the fermentation of lactose,
including Lactobacillus lactis and Leuconostoc mesente-
roides subsp. cremoris (Roginski et al., 2003). In this
study, the ethanol content of kefir was measured during
fermentation in order to compare the effects of different
oligosaccharides. The ethanol content of kefir supple-
mented with different oligosaccharides was found to
increase gradually during fermentation. Interestingly, eth-
anol content from the FOS-supplemented sample was sig-
nificantly higher than other oligosaccharides (Fig. 3).
After 1-hour fermentation, ethanol content of the FOS-
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Fig. 3. Ethanol production in kefir supplemented with 4% (w/
w) FOS, GOS, maltotriose, and IMO during fermenta-
tion. Different letters indicate a statistically significant
difference (p<0.05).

supplemented sample showed the highest amount by
8.7210.51 mg/kg among the supplemented groups; it also
showed the highest amount by 30.22+1.68 mg/kg at the
end of fermentation. These results were related to the
results of acidification kinetics. Liu and Lin (2000) inves-
tigated the effects of the addition of different carbohy-
drates on the growth characteristics of kefir grains in
soymilk. They found that the addition of 1% glucose or
lactose to soymilk increased the yeast population from
4.710.2 Log CFU/mL to 6.410.1 Log CFU/mL at the end
of fermentation. The production of ethanol, meanwhile,
enhanced by added glucose or lactose from 0.11+0.01%
to 0.25%. These results suggested that the ethanol pro-
duction rate was not necessarily in direct proportion to
the increase rate of yeast.

The major end products of fermentation are organic
acids, such as lactic acid, pyruvic acid, acetoin, diacetyl,
ethanol, and CO, (Vedamuthu, 1977). Organic acids, in
particular, are important to the final properties of pro-
cessed foods, especially fermented dairy products. These
are also responsible for sensory characteristics as well as
natural preservatives; lactic acid has been proven to
inhibit certain pathogenic bacteria in yogurt (Rubin ef al.,
1982). Lactic acid produces a slightly acidic taste, and its
mixture with ethanol and other flavor products creates the
unique flavor of kefir (Fernandez-Garcia & McGregor,
1994; Giizel-Seydim et al., 2000). Lactose is readily deg-
raded to galactose and glucose by Group N streptococci.

The results of organic acid content showed that the con-
centration of formic acid and citric acid gradually decrea-
sed, while the concentration of lactic acid, acetic acid,
and pyruvic acid increased with same patterns between
different oligosaccharides. However, succinic acid con-
centration did not show significant differences during fer-
mentation (Fig. 4). Giizel-Seydim et al. (2000) also re-
ported that pyruvic acid and lactic acid content increased
slightly, whereas citrate content decreased during fermen-
tation. Strains of Lactococcus lactis subsp. lactis biovari-
ety diacetylactis, as well as some species belonging to
Leuconostoc and Weissella genera, are well known for
lactic acid bacteria which possess a citrate utilization
pathway (Mayo et al., 2008). Further, Lactobacillus lactis
subsp. lactis and Lactobacillus lactis subsp. cremoris,
used in this study, are representative homo-fermentative
lactic acid bacteria which use the Embden-Meyerhoff-
Parnas (EMP) pathway to produce pyruvic and lactic
acids (Roginski et al., 2003). In the homo-fermentative
pathway, glucose is further metabolized by the EMP path-
way to pyruvate (Giizel-Seydim et al., 2000). However,
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Fig. 4. Concentration of organic acids in kefir supplemented with 4% (w/w) FOS, GOS, maltotriose, and IMO during fermenta-
tion. Different letters indicate a statistically significant difference (p<0.05).

significant differences were not found in the levels of six
organic acids at the end of fermentation among different
oligosaccharide-supplemented samples. Meanwhile, sig-
nificant differences were observed in their formation rates
during fermentation. Regardless of oligosaccharide types,
the addition of oligosaccharides had no significant effect
on the concentration of organic acid during fermentation.
Relevant studies of the effect of RFOs on organic acid
content from fermented milk previously exhibited (Mar-
tinez-Villaluenga et al., 2006). It showed that signifi-
cantly higher levels of lactic and acetic acids were found
in the fermented milk containing RFOs at 1 and 7 d of
refrigerated storage, compared to the control. For further
exploration, a study of the effect of oligosaccharide in
kefir during refrigerated storage will need to be conducted.

Conclusion

This study provided comparative data on the properties
of commercial oligosaccharides for kefir manufacturing.
The addition of oligosaccharides, particularly FOS, could
contribute to accelerating the acidification and fermenta-

tion of kefir; FOS had better beneficial effects on the
growth of probiotics in kefir and produced higher amounts
of ethanol compared to other oligosaccharides. However,
the concentrations of organic acid such as lactic acid, ace-
tic acid, pyruvic acid, formic acid, citric acid, and suc-
cinic acid were not influenced by oligosaccharides at the
end of fermentation. Thus, FOS has the potential to act as
an adequate and effective prebiotic in commercial kefir
with time- and cost-effectiveness. However, to provide
more convincing evidence, further studies will be neces-
sary with regard to the effects of oligosaccharides on
post-acidification of kefir during refrigerated storage.

References

1. De Souza Oliveira, R. P,, Perego, P., Converti, A., and De Oli-
veira, M. N. (2009) Growth and acidification performance of
probiotics in pure culture and co-culture with Streptococcus
thermophilus: The effect of inulin. LWT-Food Sci. Technol.
42, 1015-1021.

2. Fernandez-Garcia, E. and McGregor, J. U. (1994) Determi-
nation of organic acids during the fermentation and cold stor-
age of yogurt. J. Dairy Sci. 77,2934-2939.



330

Korean J. Food Sci. An., Vol.

33, No. 3 (2013)

10.

11.

12.

13.

. Gibson, G. R. and Roberfroid, M. B. (1995) Dietary modula-

tion of the human colonic microbiota: introducing the con-
cept of prebiotics. J. Nutr. 125, 1401-1412.

. Gorek, A. and Tramek, M. (2007) Quantitative examination

of process parameters during kefir grain biomass production.
Int. J. Chem. React Eng. 5.

. Giizel-Seydim, Z., Seydim, A. C., and Greene, A. K. (2000)

Organic acids and volatile flavor components evolved during
refrigerated storage of kefir. J. Dairy Sci. 83, 275-277.

. Giizel-Seydim, Z. B., Seydim, A. C., Greene, A. K., and Bo-

dine, A. B. (2000) Determination of organic acids and vola-
tile flavor substances in Kefir during fermentation. J. Food
Compos. Anal. 13, 35-43.

. Kocaoglu-Vurma, N. A., Harper, W. J., Drake, M. A., and

Courtney, P. D. (2008) Microbiological, chemical, and sen-
sory characteristics of Swiss cheese manufactured with ad-
junct Lactobacillus strains using a low cooking temperature.
J. Dairy Sci. 91, 2947-2959.

. Kubo, M., Odani, T., Nakamura, S., Tokumaru, S., and Mat-

suda, H. (1992) Pharmacological study on kefir-a fermented
milk product in Caucasus. I. On antitumor activity (1). Yaku-
gaku zasshi. 112, 489-495.

. Lee, M. Y., Ahn, K. S., Kwon, O. K., Kim, M. J., Kim, M. K.,

Lee, I. Y., Oh, S. R., and Lee, H. K. (2007) Anti-inflamma-
tory and anti-allergic effects of kefir in a mouse asthma model.
Immunobiology, 212, 647-654.

Liu, J. R., Chen, M. J., and Lin, C. W. (2005a) Antimutagenic
and antioxidant properties of milk-kefir and soymilk-kefir. J.
Agric. Food Chem. 53, 2467-2474.

Liu, J. R. and Lin, C. W. (2000) Production of kefir from soy-
milk with or without added glucose, lactose, or sucrose. J.
Food Sci., 65, 716-719.

Liu, J. R., Lin, Y. Y., Chen, M. J., Chen, L. J., and Lin, C. W.
(2005b) Antioxidative activities of kefir. Asian-Austral. J.
Anim. Sci. 18, 567-573.

Manning, T. S. and Gibson, G. R. (2004) Prebiotics. Best Pract.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Res. Clin. Gastroenterol. 18, 287-298.
Martinez-Villaluenga, C., Frias, J., Gémez, R., and Vidal-Val-
verde, C. (2006) Influence of addition of raffinose family oli-
gosaccharides on probiotic survival in fermented milk during
refrigerated storage. Int. Dairy J. 16, 768-774.

Mayo, B., Lopez, P., and Pérez-Martinez, G. (2008) Molecu-
lar aspects of lactic acid bacteria for traditional and new appli-
cations. Research Signpost. Kerala, India, pp. 65-88.
Millette, M., Luquet, F. M., and Lacroix, M. (2007) In vitro
growth control of selected pathogens by Lactobacillus acido-
philus- and Lactobacillus casei-fermented milk. Lett. Appl.
Microbiol. 44, 314-319.

Oliveira, R. P. S., Florence, A. C. R,, Silva, R. C., Perego, P.,
Converti, A., Gioielli, L. A., and Oliveira, M. N. (2009) Effect
of different prebiotics on the fermentation kinetics, probiotic
survival and fatty acids profiles in nonfat symbiotic fermented
milk. Int. J. Food Microbiol. 128, 467-472.

Rodrigues, K. L., Carvalho, J. C., and Schneedorf, J. M. (2005)
Anti-inflammatory properties of kefir and its polysaccharide
extract. Inflammopharmacology 13, 485-492.

Roginski, H., Fuquay, J. W., and Fox, P. F. (2003) Encyclope-
dia of dairy sciences. Volumes 1-4. Academic Press.

Rubin, H. E., Nerad, T., and Vaughan, F. (1982) Lactic acid
inhibition of Salmonella typhimurium in yogurt. J. Dairy Sci.
65, 197-203.

Sarkar, S. (2007) Potential of kefir as a dietetic beverage-A
review. Br. Food J. 109, 280-290.

SAS. (2010) SAS/STAT Software for PC. Release 9.2, SAS
Institute Inc., Cary, NC, USA.

Thoreux, K. and Schmucker, D. L. (2001) Kefir milk enhances
intestinal immunity in young but not old rats. J. Nutr: 131,
807-812.

Vedamuthu, E. (1977) Exotic fermented dairy foods. J. Food
Prot. 40.

(Received 2012.12.13/Revised 2013.4.12/Accepted 2013.5.16)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


