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Abstract The conventional saponification method could
result in lower recoveries and artificial changes of long-
chain fatty acids. The main reason is the error judgment of
the intermediate layer suspended between the aqueous and
organic layer during the liquid-liquid extraction process.
This study shows that the intermediate layer consists of lots
of medium- to long-chain carboxylic salts for their special
physical and chemical properties. An improved saponifi-
cation extraction method is also developed and the results
show that the carboxylic salts distributed in the interme-
diate layer could be obtained completely, which greatly
enhances the authenticity and accuracy of fatty acid anal-
ysis. Additionally, the possible reasons of formation of the
intermediate layer are also discussed.
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1 Introduction

Fatty acids are key constituents of natural occurring lipids
which are used as energy stores, cellular membrane com-
ponents and external coatings by plants and animals.
Meanwhile, as important precursors of hydrocarbon, they
also attract many concerns from scientists in the field of
geochemistry (Xu et al. 2001; Barakat et al. 2000; Wake-
ham 1999; Paul et al. 2002). The investigation of fatty
acids in various depositional environments can provide a
lot of information about the sources and diagenetic pro-
cesses of organic matter (Russell et al. 1997; Gong and
Hollander 1997; Sessions et al. 2002; Huang et al. 2002;
Hu et al. 2003; Hughen et al. 2004). Therefore, it is par-
ticularly significant to isolate fatty acids from samples
efficiently and completely.

Fatty acids can be separated by many methods, such as
column chromatography, thin layer chromatography, high
performance liquid chromatographic, solid layer extraction
and so on. They share similar working principles, as they
all utilize the different distribution capacity of materials
between the solid phase and the fluent phase. But geolog-
ical samples contain multiple compounds, and some com-
plex structures will lead to greater steric hindrance to limit
the elution efficiency (Zhang et al. 2004). Besides,
researchers will spend lots of effort and time on each
sample, or each fraction, in order to obtain optimized
chromatographic conditions.

In contrast to the above methods, the saponification
extraction method shows great advantages in terms of the
quantity and purity of fatty acids, which is widely used in
many research fields. The conventional steps are listed as
follows (Tommaso et al. 2014; Sitindra and Mark 2013;
Pisani et al. 2013; Guan et al. 2013; Leefmann et al. 2013):
@ extraction of total lipids from samples; @ saponification
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of free fatty acids; ® separation of neutral and acidic
fractions; @ acidification of the aqueous layer (acidic
fractions); ® extraction of free fatty acids.

Its theoretical basis is that fatty acids can react with
alkali and turn into water-soluble carboxylic salts. After
extraction with organic solvents (step @), all of the car-
boxylic salts could be isolated from other organic matter
(unsaponifiable matter). Then the pure fatty acid fraction
will be obtained by subsequent treatments (step @ and ®).

However, serious problems have been found by our
many experiments, especially in step @. Actually, the car-
boxylic salts are amphiphilic molecules and have special
physical and chemical properties, which is closer to anionic
surfactants. During the liquid-liquid extraction process
(step @), complex micro interfacial phenomena will occur
and, in most cases, an intermediate layer between the
organic and the aqueous layers will appear. On the one
hand, the intermediate layer will hinder the exchange of
matter between the organic and the aqueous layers, result-
ing in lower extraction efficiency and operational difficul-
ties (Logsdail and Slater 1993; Liu et al. 2002). On the other
hand, lots of medium- to long-chain carboxylic salts can be
found in this layer with further study. Unfortunately, the
intermediate layer is often regarded as unsaponifiable
matter, or even an impurity, and is always discarded,
leading to great loss and artificial changes of medium- to
long-chain fatty acids, which seriously affects the authen-
ticity and accuracy in the laboratory analysis of fatty acids.

In fact, early researchers had already proven that
saponification extraction would result in loss of fatty acids
(Van der Veen et al. 1968). But they only chose several
standard materials of fatty acids and did not give the the-
oretical analysis that accounted for such loss. So the
problem did not attract enough attention and many
researchers still used this conventional method for fatty
acid separation (Shinya et al. 2013; Tommaso et al. 2014;
Robert et al. 2014; Jorge et al. 2014; Shailesh et al. 2014).

In this study, an improved method of saponification
extraction is proposed. Some standard substances of fatty
acids are chosen to prove the repeatability of the improved
method, and the applicability is proven by three kinds of
geological samples. By comparing the obtained fatty acids
with the two methods, the advantages of the improved
method is highlighted. The reasons for the formation of the
intermediate layer are also explained theoretically.

2 Materials and methods

2.1 Sample and reagents

The geological samples: Huangxian lignite was collected
from the Beizao mine of the Huangxian coalfield in the

Shandong Province; marsh sediment was obtained from a
4 m core located in the west of the Ruoergai marsh; peat
sample was from a 4.5 m core collected at a location sit-
uated 2 km southeast of the city of Hongyuan.

Standard substances: palmitic acid, eicosanoic acid,
tetracosanoic acid and octacosanoic acid were purchased
from the Sinopharm Group Corp. (Shanghai, China);
sodium palmitate, sodium arachidate and sodium nervonate
were obtained from NU-CHEK-PREP, INC (USA).

The reagents used in the experiments: chloroform,
dichloromethane, methanol, hydrochloric acid and sodium
hydroxide were all analytical pure. They were obtained
from the Sinopharm Group Corp. (Shanghai, China), and
underwent second distillation before use. The boron tri-
fluoride/methanol solution and erucic acid were bought
from Fisher Corp. (Pittsburg, Pennsylvania, USA). The
sodium palmitate, sodium arachidate and sodium nervonate
were chromatographically pure (>99 %) and purchased
from UN-CHEK-PREP, INC (Elysian, U.S.A). The vac-
uum rotary evaporator was bought from Labtechgroup
Corp. (Beijing, China). Highly pure water was acquired
from the Milli-Q water system (Millipore Corp., Billerica,
MA, USA).

2.2 Analytical methods
2.2.1 Conventional saponification extraction method

All conventional method procedures are strictly in accor-
dance with the reported literature (Tommaso et al. 2014;
Sitindra and Mark 2013; Pisani et al. 2013; Guan et al.
2013; Leefmann et al. 2013).

2.2.1.1 Standard substances of fatty acid The quantita-
tive palmitic acid, eicosanoic acid, tetracosanoic acid and
octacosanoic acid were saponified with 6 % sodium
hydroxide in methanol (w/v) for 2 h,. Then these saponified
substances were extracted three times with dichlor-
omethane three times. The aqueous layers were acidified to
pH 1-2 with aqueous HCI 15 % (v/v) and extracted three
times with dichloromethane. After evaporating and
weighing the solvent, we obtained the quantity of obtained
fatty acids.

2.2.1.2 Geological samples The fresh geological samples
were dried at room temperature and ground to 100 mesh.
Powdered samples were extracted in a Soxhlet apparatus
with chloroform for 72 h. The extracts were saponified
overnight with 6 % sodium hydroxide in methanol (w/v).
Both the neutral and acidic fractions were successively
recovered with dichloromethane three times, respectively.
During every extraction process, three layers (aqueous
layer, organic layer and intermediate layer) appeared. Only
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Table 1 The recoveries of standard substances of fatty acid by the conventional and improved methods

Fatty acids Times of Total weight Conventional Recovery Improved Recovery
experiments (mg) method (mg) (%) method (mg) (%)
Palmitic acid 1 5.6 1.0 17.86 39 69.64
2 5.1 0.9 17.65 3.7 72.55
3 4.9 1.0 20.41 34 69.39
Eicosanoic acid 1 6.7 0.5 7.46 5.5 82.09
2 6.1 0.5 8.20 5.2 85.25
3 5.9 04 6.78 4.7 79.66
Tetracosanoic acid 1 54 0.2 3.70 4.5 83.33
2 4.7 0.2 4.26 3.8 80.85
3 52 0.3 5.77 4.5 86.54
Octacosanoic acid 1 6.1 0.2 3.28 4.9 80.33
2 6.6 0.3 4.55 54 81.82
3 6.9 0.4 5.80 5.7 82.61

Table 2 Distribution of carboxylic salts in the aqueous and the intermediate layers

Fatty acid Times of experiments Total weight (mg) Aqueous layer (mg) wt% Intermediate layer (mg) wt%
Sodium palmitate 1 3.8 0.7 19.45 2.7 70.58
2 3.5 0.5 15.22 2.3 65.37
3 4.1 0.8 18.89 3.0 72.07
Sodium arachidate 1 4.2 0.2 5.21 3.4 80.36
2 45 0.4 8.49 3.6 79.84
3 39 0.2 4.62 33 85.33
Sodium nervonate 1 3.6 0.1 4.08 32 88.16
2 4.2 0.1 1.67 34 80.68
3 4.0 0.1 3.47 33 82.19

the aqueous layer was acidified to pH <2 with hydrochloric
acid (15 %, v/v), then dichloromethane was used to extract
the fatty acid fraction. The separation procedures were
repeated three times and the combined extracts were dried
under a gentle stream of N2. A certain amount of erucic
acid was added as an internal standard (IS) (no erucic acid
component in these samples by our analysis). Then the
fatty acids were esterfied overnight with 14 % a boron
trifluoride/methanol solution prior to the GC/MS analysis
and identification.

2.2.2 Improved saponification extraction method

The procedures of saponification and extraction of these
fatty acids (standard substances and geological samples)
were the same as Sects. 2.2.1.1 and 2.2.1.2. But during the
separation process, the aqueous and the intermediate layers
were combined and all were acidified to pH 1-2 with HCI
15 % (v/v) and extracted three times with dichloromethane.
After evaporating and weighing the solvent, the quantity of
obtained fatty acids was obtained.

@ Springer

2.2.3 Extraction experiments of standard substances
of carboxylic salts

The quantitative sodium palmitate, sodium arachidate and
sodium nervonate were dissolved in 6 % sodium hydroxide
in methanol (w/v). Dichloromethane was added in and
extracted three times. The aqueous and intermediate layers
were isolated each time. After evaporating and weighing
the solvent, the quantity of the carboxylic salts distributed
in the two layers were obtained.

2.2.4 Gas chromatography/mass spectrometry (GC/MS)

All fatty acids were analyzed by gas chromatography-mass
spectrometry (GC/MS), using a HP5890 N GC interfaced
to a HP5973 N MS. An HP-5 capillary column was used
(length 30 m; inner diameter 0.25 mm; film thickness
0.25 pm). Temperature programming: the temperature
increases from 80 to 295 °C at a rate of 4 degrees per
minute, with the initial and final hold times at 1 and
30 min, respectively. Highly pure helium was used as the
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carrier gas and fed at a linear velocity of 37 cm/sec. The
injector operated at a constant flow rate of 1.0 mL/min.
Operating parameters of the mass-selective detector: ion-
ization energy 70 eV, ion source temperature 230 °C,
electron multiplier voltage 1800 V, and mass range 35-600
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Fig. 1 Total ion current chromatogram of fatty acids obtained by the
conventional method. Peak assignments are listed in Table 3
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Fig. 2 Total ion current chromatogram of fatty acids obtained by the
improved method. Peak assignments are listed in Table 3

Fig. 3 Total ion current
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obtained by the conventional
method. Peak assignments are
listed in Table 3
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daltons. Identifications of individual compounds were
based on the retention times of authentic standards and the
comparison of their mass spectra with published MS data
(Matsuda and Koyama 1977; Volkman et al. 1990).

All experiments were performed in triplicate, and
Microsoft Excel software was used for data treatment.

3 Results and discussion
3.1 Standard substances of fatty acid

The recoveries of standard substances of fatty acids by
conventional and improved methods are shown in Table 1.
The recoveries of different carbon-chain length fatty acids
were greatly improved with the new method, from 3.28 %-—
20.41 % to 69.39 %-86.54 %. The longer carbon-chain
fatty acid is, the higher recovery gets.

In order to further prove the above point, several
standard materials of carboxylic salts (sodium palmitate,
sodium arachidate and sodium nervonate) were chosen to
be extracted in the method mentioned in Sect. 2.2.3 and
the distribution results in the aqueous and the interme-
diate layer are shown in Table 2. It is obvious that most
of the short carbon-chain carboxylic salts are distributed
in the aqueous layer, and most of the long carbon-chain
carboxylic salts are distributed in the intermediate layer.
And the longer the carbon-chain carboxylic salt is, the
more it distributes in the intermediate layer.

Here are some further explanations on the reasons for
the distribution of carboxylic salts in the intermediate
layer. Liquid-liquid extraction of carboxylic salts relates
to many factors, such as the chemical properties of sol-
vents, extracts, organic layer, aqueous layer and so on
(Szymaoowski and Cierpiszewski 1992; Szymanowski
and Tondre 1994; Menon and Wasan 1988). Firstly, as a
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Fig. 4 Total ion current
chromatogram of fatty acids
obtained by the improved
method. Peak assignments are
listed in Table 3

Fig. 5 Total ion current
chromatogram of fatty acids
obtained by the conventional
method. Peak assignments are
listed in Table 3

Fig. 6 Total ion current
chromatogram of fatty acids
obtained by the improved
method. Peak assignments are
listed in Table 3
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kind of salt molecule, short-chain carboxylic salts are
easily ionized and dissolved in the aqueous layer com-
pletely. But long-chain carboxylic salts are weak elec-
trolytes in their larger hydrocarbon chains, showing weak
polarities and difficult ionization. Secondly, the physical
and chemical properties of long-chain carboxylic salts are
similar to the anionic surfactants, which are amphiphilic
molecules with lipophilic tails (carbon chain) and
hydrophilic heads (carboxylate ion) (Rosen 1978). During
the liquid-liquid extraction process, these medium- to
long-chain carboxylic salts will form the intermediate
layer with the hydrophilic heads facing the aqueous layer
and the hydrophobic tails inserting the organic layer.
Thus the intermediate layer is actually composed of long-
chain carboxylic salts.

The repeatability of the improved method has been
proven in Table 1. Then three kinds of geological sam-
ple were chosen to prove the applicability of this
method.

3.2 Geological samples

From a qualitative point of view, in the Huangxian lignite
(Figs. 1, 2), C14—C28 monocarboxylic acids and C15-C26
dicarboxylic acids were obtained and exhibited bimodal
distribution with the main peaks at C16 (monocarboxylic
acid) and C22 (dicarboxylic acid) with the conventional
saponification extraction method. Whe using the improved
method, C14-C31 monocarboxylic acids and CI15-C28
dicarboxylic acids were isolated. Monocarboxylic acids
exhibit bimodal distribution with the main peaks at C16
and C26, dicarboxylic acids exhibit unimodal distribution
with the main peaks at C22. It is obvious that the carbon
number range expanded and the peak distribution changed
fundamentally, especially in the monocarboxylic acids.
The distribution of monocarboxylic acids varies from
unimodal to bimodal peak and the main peak is from C16
to C16 and C26.

With the conventional method, in the peat sediment
(Figs. 3, 4), the C14—C30 monocarboxylic acids and C15-
C23 dicarboxylic acids were obtained, and exhibited
bimodal distribution, with the main peaks at C24 (mono-
carboxylic acid). By using the improved method, the C14—
C31 monocarboxylic acids and C17-C25 dicarboxylic
acids are isolated. Monocarboxylic acids exhibit bimodal
distribution with the main peaks at C16 and C24, dicar-
boxylic acids exhibit unimodal distribution with the main
peaks at C21. The carbon number range is expanded and
the peak distribution is changed fundamentally.

The distribution of monocarboxylic acids is from uni-
modal to bimodal peaks and the main peak is from C16 to
C16 and C24.

@ Springer

In the marsh sediment (Figs. 5, 6), the main difference is
the peak distribution. The distribution of monocarboxylic
acids is from unimodal to bimodal peaks and the main peak
is from C16 to C24.

The comparison of quantitative results is shown in
Table 3. The fatty acids obtained from these samples with
the traditional method are all lower than those with the
improved method. Furthermore, the individual fatty acid,
especially the medium- to long-chain fatty acids, shows
dozens or even hundreds of times the increase compared to
those by the conventional method, enhancing the authen-
ticity and accuracy of the fatty acid analysis. As a result, it
is inaccurate to regard the intermediate layer as
unsaponifiable matter or impurity and throw it away.

4 Conclusions

The conventional saponification extraction of fatty acids
only focuses on the aqueous layer, leading to great loss and
artificial changes of the series of fatty acids. The main
reason is the error judgment for the intermediate layer
during the liquid-liquid extraction process. In fact, the
intermediate layer is gathered by plenty of medium- to
long-chain carboxylic salts. In this study, an improved
saponification extraction method is proposed and the
results show that the fatty acids in the intermediate layer
could be obtained completely, which greatly reduces the
loss of fatty acids, especially in medium-to long-chain fatty
acids. The improved method enhances the accuracy and
authenticity of fatty acids separation in laboratory analysis,
and also provides new ideas or approaches to reduce the
formation of the intermediate layer in the liquid-liquid
extraction procedure.

Acknowledgments This work supports by the National Natural
Science Foundation of China (No. 41003021) and the Key Laboratory
Project of Gansu Province (Grant No. 1309RTSA041).

References

Barakat AO, El-Gayar MS, Mostafa AR (2000) Geochemical
significance of fatty acids in crude oils and related source rocks
from Egypt. Pet Sci Technol 18:635-655

Gong C, Hollander DJ (1997) Differential contribution of bacteria to
sedimentary organic matter in oxic and anoxic environments,
Santa Monica Basin, California. Org Geochem 26:545-563

Guan HX, Sun YG, Zhu XW, Mao SY, Feng D, Wu NY, Chen DF
(2013) Factors controlling the types of microbial consortia in
cold-seep environments: a molecular and isotopic investigation
of authigenic carbonates from the South China Sea. Chem Geol
354:55-64

Hu FS, Kaufman D, Yoneji S, Nelson D, Shemesh A, Huang Y, Tian
J, Bond G, Clegg B, Brown T (2003) Cyclic variation and solar



Acta Geochim (2016) 35(2):148-155

155

forcing of holocene climate in the Alaskan Subarctic. Science
301:1890-1893

Huang Y, Shuman B, Wang Y, Webb T (2002) Hydrogen isotope
ratios of palmitic acid in lacustrine sediments record late—
quaternary climate variations. Geology 30:1103-1106

Hughen KA, Eglinton TI, Xu L, Makou M (2004) Abrupt tropical
egetation response to rapid climate changes. Science
304:1955-1959

Jorge ES, Montserrat F, Stefanie J (2014) Molecular and isotopic
characterization of lipids staining bone and antler tools in the
Late Neolithic settlement, Zurich Opera Parking, Switzerland.
Org Geochem 69:11-25

Leefmann T, Heim C, Kryvenda A, Siljestrom S, Sjovall P, Thiel V
(2013) Biomarker imaging of single diatom cells in a microbial
mat using time-of-flight secondary ion mass spectrometry (ToF-
SIMS). Org Geochem 57:23-33

Liu JS, Lan ZY, Qiu GZ (2002) Mechanism of crud format ion in
copper solvent extraction. J Cent South Univ Technol 9:169-172

Logsdail DH, Slater MJ (1993) Solvent extraction in the process
industries: Isec 93. Elsevier Applied Science, New York,
pp 25-35

Matsuda H, Koyama T (1977) Early diagenesis of fatty acids in
lacustrine sediments—I. identifcation and distribution of fatty
acids in recent sediment from a freshwater lake. Geochim
Cosmochim Acta 41:777-783

Menon VB, Wasan DT (1988) A review of the factors affecting the
stability of solids-stabilized emulsions. Sep Sci Technol
23:2131-2142

Paul F, Tony G, Efthymios E (2002) Hopanoic acids in esozoic
sedimentary rocks: their origin and relationship with opanes. Org
Geochem 33:965-977

Pisani O, Hills KM, Courtier MD, Simpson AJ, Mellor NJ, Paul EA,
Morris SJ, Simpson MJ (2013) Molecular level analysis of long
term vegetative shifts and relationships to soil organic matter
composition. Org Geochem 62:7-16

Robert WH, Christopher DKH, Danielle NS (2014) Soluble organic
compounds in the Tagish Lake meteorite. Meteorit Planet Sci
49:526-549

Rosen MJ (1978) Surfactants and interfacial phenomena. Wiley, New
York, pp 615-616

Russell M, Grimalt JO, Hartgers WA, Taberner C, Rouchy JM (1997)
Bacterial and algal markers in sedimentary organic matter
deposited under natural sulfurization conditions (Lorca Basin,
Murcia, Spain). Org Geochem 26:605-625

Sessions AL, Jahnke LL, Schimmelmann A (2002) Hydrogen isotope
fractionation in lipids of the methane oxidizing bacterium
Methylococcus — capsulatus. Geochim  Cosmochim  Acta
66:3955-3969

Shailesh A, Valier G, Prasanta S (2014) C4 plant expansion in the
Ganga Plain during the last glacial cycle: insights from isotopic
composition of vascular plant biomarkers. Organ Geochem
67:58-71

Shinya Y, Kimitaka K, Osamu S, Tadashi K, Meehye L (2013)
Influence of aerosol source regions and transport pathway on 6D
of terrestrial biomarkers in atmospheric aerosols from the East
China Sea. Geochim Cosmochim Acta 106:164-176

Sitindra SD, Mark P (2013) Hydrogen isotope fractionation during
lipid biosynthesis by Tetrahymena. Org Geochem 64:105-111

Szymanowski J, Tondre C (1994) Kinetic and interfacial phenomena
in classical and micellar extraction systems. Solvent Extr Ion
Exch 12:873-905

Szymaoowski J, Cierpiszewski R (1992) Kinetic model for interfacial
process of copper extract ion with 2-hydroxy-5-alkylbenzalde-
hyde oximes. Solvent Extr Ion Exch 10:663-683

Tommaso T, Igor S, Gustaf H, Oleg D, Peter K, Orjan G (2014)
Composition and fate of terrigenous organic matter along the
Arctic land—ocean continuum in East Siberia: Insights from
biomarkers and carbon isotopes. Geochim Cosmochim Acta
133:235-256

Van der Veen J, Medwadowski BF, Olcott HS (1968) Losses of fatty
acids during the saponification extraction of small samples.
Lipids 3:189-190

Volkman JK, Kearney P, Jerey SW (1990) A new source of 4-methyl
sterols and 5a(H)-stanols in sediments: prymnesiophyte microal-
gae of the genus Pavlova. Org Geochem 15:489-497

Wakeham SG (1999) Monocarboxylic, dicarboxylic and hydroxy
acids released by sequential treatments of suspended particles
and sediments of the Black Sea. Org Geochem 30:1059-1074

Xu YC, Shen P, Liu WH (2001) Isotopic composition characteristics
and identification of immature and low-mature oils. Chin Sci
Bull 46:1923-1929

Zhang TM, Liang YZ, Cui H (2004) Universal method for the fraction
separation and the gain of coupling information of chromatog-
raphy and mass-spectrum in systematic analyses of structures
and contents of non-hydrocarbon compounds in crude oils by
combining with chemometrics. Chin J Anal Chem 32:1450-1454

@ Springer




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /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 ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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 (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


		2016-04-20T12:18:37+0530
	Preflight Ticket Signature




