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Abstract Pandanus amaryllifolius is a plant with aromatic
leaves, which impart the characteristic flavour of aromatic
rice. The quality of aromatic Pandanus leaves dried at low
temperature (35 °C) and low RH (27%) in a heat pump
dryer was evaluated and compared with those obtained
from hot air drying at 45 °C. Thin-layer drying kinetics has
been studied for both the conditions. To determine the
kinetic parameters, the drying data were fitted to various
semi-theoretical models. The goodness of fit was determined
using the coefficient of determination, reduced chi
square, and root mean square error. Aroma, colour, and
overall acceptability determination of fresh and dried
leaves were made using sensory evaluation. Drying of
leaves took place mainly under the falling-rate period.
The Page equation was found to be best among the
proposed models to describe the thin-layer drying of
Pandanus leaves with higher coefficient of determination.
The effective moisture diffusivity values were also
determined. The effect of low RH was prominent during
the initial drying when the product was moist. The effect
of temperature was prominent in the later part of drying,
which acted as a driving force for moisture diffusion and
hence the total drying time was reduced. Retention of
aromatic compound 2-acetyl-1-pyrroline content was more
in low temperature dried samples with higher sensory
scores.
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Introduction

Pandanus amaryllifolius is a plant belonging to Pandanaceae
family, with aromatic leaves, which impart the characteris-
tic flavour of aromatic rice. This characteristic feature is
attributed to the presence of 2-acetyl-1-pyrroline (2 ACPy).
The essential oil of Pandanus leaves is known to impart 10
times more flavour than the scented rice. The plants are
grown as ornamental in pots or in kitchen garden in
addition to its growth in wild state. It is widely cultivated in
Thailand, Malaysia, Indonesia and India. There is a wide
scope for use of this leaf as source of 2 ACPy. Pandanus
leaves are traditionally used while cooking non-aromatic
rice to impart a resemblance of basmati aroma to the
cooked rice. It can also be used to flavour meat and
vegetable products or blended with other flavour enhancing
sauces. The fresh leaves are perishable in nature because of
high moisture content. Dehydration is an essential method of
preserving the leaves. Standardization of drying parameters is
vital for producing quality leaves.

The most common change that occurs during hot air
drying of green leaves is the loss of chlorophyll and aroma.
The retention of naturally occurring aromatic compounds in
thermally processed foods has been a major challenge in
food processing industries. So, selection of proper drying
conditions is necessary to minimize thermal stress and to
maintain the relevant compounds that determine the quality
of the product. Many researchers have established the
positive effect of low temperature drying in conjunction
with low RH in improving the product quality (Prasertsan

K. Rayaguru (*)
Department of Agricultural Processing and Food Engineering,
Orissa University of Agriculture and Technology,
Bhubaneswar, Orissa 751003, India
e-mail: rayagurukalpana@yahoo.com

W. Routray
Department of Bioresource Engineering, McGill University,
Montreal, Quebec, Canada

J Food Sci Technol (Nov–Dec 2010) 47(6):668–673
DOI 10.1007/s13197-010-0114-1



et al. 1996; Adapa et al. 2002; Alves-Filho 2002; Sosle et
al. 2003). Modern methods for designing air drying
operations depend on the mathematical description of
food moisture movement during the process (Hernandez
et al. 2000). Even though there are reports on the
extraction and preservation of 2 ACPy from Pandanus
leaves, the studies conducted on drying as a potential
method of preservation of these aromatic leaves and their
drying kinetics are scrace.

Therefore, the objectives of this study were to examine
the effect of drying conditions on the quality of dried
Pandanus leaves and to compare the fitting ability of
several drying equations to express the thin-layer drying
kinetics of Pandanus leaves with the most suitable drying
model.

Materials and methods

Fresh leaves of plants of Pandanus amaryllifolius were
plucked, washed free of dirt, wiped with a cloth and sliced
into portions of 10 cm length. Moisture content was
measured by the gravimetric method using an electric
convection oven. Three 30 g leaf samples were dried in an
oven at 105 °C for 24 h to determine initial moisture
content. The initial moisture content of the Pandanus
leaves was 3.82 kg of H2O per kg dry matter. For the mass
determination, a digital balance of 0.0001 g accuracy
(ANAMED, M7000, Mumbai, India) was used. For
calculation of effective moisture diffusivity values of the
Pandanus leaves, thickness of 50 samples was measured
and the average thickness of leaves was found to be
0.8 mm.

Quantification of 2 ACPy Likens–Nickerson concurrent
steam-distillation-solvent extraction method was used to
extract 2 ACPy from Pandanus leaves. The procedure
was similar to that developed by Laksanalamai and
Ilangantileke (1993).

Sensory evaluation Aroma, colour, and overall accept-
ability determinations of fresh and dried leaves were
made using sensory panel evaluations (9-point Hedonic
scale). It was speculated that the market value of the
product will be influenced by the colour of leaves

whereas the aroma and overall acceptability of the
cooked rice will establish the consumers’ preference.
Ten number of trained panel members were considered
for sensing the cooked non-aromatic rice added with
fresh and dried samples. Average of the scores obtained
was calculated and analysed. One aromatic and one non-
aromatic variety were included as control samples (two
extreme limits).

Drying technique Thin-layer drying experiments under
controlled conditions were conducted for Pandanus
leaves in a heat pump dryer at 35 °C (27±2% RH) and
in hot air dryer at 45 °C (60±5% RH). A convective dryer
(IIC, Model TD-12) was used in this investigation. The
experimental dryer consisted of a centrifugal blower, an
electrical resistance air heating section, the measurement
sensors and the displaying unit. A door was provided in
front of side of the chamber for placing and removing the
sample tray. The blower and heater of dryer were switched
on for 30 min for drying air to reach a stable temperature.
The air velocity was continuously measured using an
anemometer (Lutron AM-4201, Vikram Scientific instru-
ments, Kolkata, India). A heat pump-assisted batch dryer
with special features of variable drying air temperatures
has been fabricated (Pal and Khan 2008). The developed
dryer consisted of a dehumidifier unit (evaporator,
compressor, condenser and expansion device) and drying
chamber. The inlet drying air passed through the drying
chamber and picked up moisture from the product. In the
air circuit, the moist hot air leaving the dryer is directed to
pass through the evaporator, where dehumidification takes
place. The air leaving the evaporator is heated in the
condenser and then passed to the dryer for drying the
product.

After attaining the desired drying air temperature,
samples of about 2.5 kg/m2 were loaded onto the drying
trays in single layer. The sample tray was removed from the
dryer and weighed regularly, initially at intervals of 15 min,
then onwards at 30 min intervals. The drying tests were
terminated when the weights of the samples got stabilized,
which was assumed to be the stage of dynamic equilibrium.
All the experiments were carried out at 1±0.1 m/s air
velocity. The drying rates were computed from the
experimental data and corresponding drying characteristic
curves were plotted.

Model name Equation References

Page MR ¼ exp �ktnð Þ Gupta et al. (2002), Yaldiz and Ertekin (2001),
Midilli et al. (2002), Kabganian et al. (2002),
Cronin and Kearney (1998)

Henderson and Pabis MR ¼ a exp �ktð Þ Kabganian et al. (2002)

Logarithmic MR ¼ a exp �ktð Þ þ c Togrul and Pehlivan (2002)

Table 1 Mathematical models
used to describe the drying
kinetics

J Food Sci Technol (Nov–Dec 2010) 47(6):668–673 669



Drying analysis and thin-layer drying models The moisture
ratio and drying rate of the Pandanus leaves were
calculated using the following equations:

MR ¼ Mt �Me

Mo �Me
ð1Þ

Drying Rate ¼ ðMtþdt �MtÞ
dt

ð2Þ

Where, MR is the moisture ratio, drying rate is in g/100 g
bone dry matter per unit time, Mt is the moisture content at a
specific time (g water/g dry base), Mo is the initial moisture
content (g water/g dry basis), Me is the equilibrium moisture
content (g water/g dry basis), Mt+dt is the moisture content at
t + dt (g water/g dry base) and t is the drying time (min).

In order to determine the moisture ratio as a function of
drying time, three popular thin-layer drying models were
used (Table 1). In order to estimate and select the
appropriate drying model among different semi-theoretical
and/or empirical models, mathematical modelling was
carried out to describe the drying curve equation of
Pandanus leaves. The non linear regression analysis was
performed to determine the parameters of thin-layer drying
models by fitting experimental data to the model equation.
Although the coefficient of determination (R2) was one of
the primary criterions for selecting the best model to
describe thin-layer drying curves of leaves, the reduced
chi-square (χ2) and root mean square error (RMSE) as
described in Eqs. 3 to 5, were also used to evaluate the
goodness of fit of the models. The lower chi-square (χ2)
and RMSE values and the higher R2 values, were chosen as
the basis for goodness of fit (Yaldiz and Ertekin 2001;
Midilli and Kucuk 2003; Günhan et al. 2005).

R2 ¼
Pn

i¼1 ðMRi �MRpre;iÞ �
Pn

i¼1 ðMRi �MRexp;iÞ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Pn

i¼1 ðMRi �MRpre;iÞ2
h i

� Pn
i¼1 ðMRi �MRexp;iÞ2

h ir

ð3Þ

RMSE ¼ 1

N

XN

i¼1

ðMRpre;i �MRexp;iÞ2
" #1

2

ð4Þ

#2 ¼
PN

i¼1 ðMRexp;i �MRpre;iÞ2
N � p

ð5Þ

where, MRexp,i is the ith experimentally observed moisture
ratio, MRpre,i the ith predicted moisture ratio, MRi is the
average observed moisture ratio, N the number of observa-
tions and p is the number constants. It may be assumed that

diffusivity explained with Fick’s diffusion equation is the
only physical mechanism to transfer the water to surface
during drying process (Dincer and Dost 1995; Dadali et al.
2007; Wang et al. 2007). Effective moisture diffusivity
which is affected by composition, moisture content,
temperature and porosity of the material, was used due to
the limited information on the mechanism of moisture
movement during drying and complexity of the process
(Abe and Afzal 1997). For the solution of Fick’s diffusion
equation, the Pandanus leaves were assumed as a slab.

The effective moisture diffusivity was calculated by
using the following equation (Crank 1975)

MR ¼ 8

p2
X1

n¼0

1

ð2nþ 1Þ2 � exp
�ð2nþ 1Þ2 � p2 � Deff

4L2
t

 !

ð6Þ
where Deff is the effective moisture diffusivity (m2 min−1),
L is the full thickness of Pandanus leaves and t is the
drying time (min).

For long drying times; n=1, the Eq. 6 can be written as:

MR ¼ 8

p2
exp � p2 � Deff

4L2
� t

� �

ð7Þ

Several researchers have shown that Eq. 7 could be
further simplified to a straight-line equation as Eq. 8
(Dadali et al. 2007; Wang et al. 2007):

lnðMRÞ ¼ ln
8

p2

� �

� Deff � p2
4L2

� t
� �

ð8Þ

The effective moisture diffusivities are typically
determined by plotting experimental drying data in terms
of ln(MR) versus time.

Results and discussion

Drying analysis During drying at 35 °C, the heat pump
dryer was able to reduce the RH to 27±2%. The RH
measured during hot air drying at 45 °C was 60±5%.
Variation in moisture content with time during air drying of
Pandanus leaves at drying air temperature of 35 °C and
27% RH and 45 °C with 60% RH is shown in Fig. 1. The
corresponding values of standard deviation for each data
point have been shown through vertical bars. From the plot
of moisture content against drying time, it is clearly evident
that drying time was less in case of hot air drying at 45 °C.
The total time required for drying at 35 °C was 900 min
and at 45 °C was 540 min to reduce the moisture content
from 382.28% db to about 5% db. The reduction of total
drying time with increase in temperature may be due to
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increase in vapour pressure within the product, which
resulted in faster migration of moisture to the product
surface. The plots in Fig. 1 followed the general trend of
drying curves as reported for many food materials (Ahmed
and Shivhare 2001; Davinder and Shashi 2005; Pal et al.
2008). At the higher temperature, the drying curve
exhibited a steeper slope, thus exhibiting an increase in
drying rate.

Drying of Pandanus leaves took place mainly under
falling-rate period. During this period, the migration of
moisture occurred through the mechanism of diffusion. The
peak drying rate for Pandanus leaves was found to be
2.035 g/100 g.min at a moisture content of 367% db at
35 °C drying air temperature as compared to 1.969 g/100 g.
min at 45 °C of hot air drying. Drying in a heat pump dryer
at 35 °C reduced the moisture content to 150% db within
the first 3 h and was comparable to hot air drying at 45 °C
for Pandanus leaves. This may be due to low RH of drying
air in a heat pump dryer though the drying air temperature
was less. The heat pump dryer used by Adapa et al. (2002)
was found to have a more specific moisture extraction rate.
Initially, the drying rate was more at low temperature but at
the later part of drying, it was more in hot air drying at
45 °C (Fig. 2). This indicates that the effect of low RH is
prominent during the initial period of drying when the
product is moist. The effect of temperature was observed to
be prominent in the later part of drying, which acted as a
driving force for moisture diffusion. Thus the higher drying

air temperature produced a higher drying rate and conse-
quently faster reduction in the moisture content and hence
the total drying time was reduced.

Evaluation of thin-layer drying models Figure 3 shows the
decreasing trend of moisture ratio with drying time. The
three equations mentioned in Table 1 were fitted to the
experimental data for Pandanus leaves. The higher the
value of coefficient of determination (R2) and lower the
value of RMSE and chi-square (χ2), the better the criteria
for goodness of fit. The main parameters, R2, chi-square
and RMSE of the three model equations for Pandanus
leaves dried under different conditions are shown in Table 2.

Model Temperature °C R2 χ2 RMSE Model constants

Page 35 0.9967 0.00044 0.0200 k=0.003, n=1.138

45 0.9941 0.00084 0.0269 k=0.002, n=1.245

Henderson and Pabis 35 0.9942 0.00077 0.0264 a=1.022, k=0.006

45 0.9848 0.00215 0.0431 a=1.038, k=0.006

Logarithmic 35 0.9946 0.00077 0.0256 a=1.030, k=0.006, c=−0.013
45 0.9937 0.00096 0.0278 a=1.144, k=0.004, c=−0.133

Table 2 Modelling of moisture
ratio with drying time and the
respective model constants at
different drying conditions

RMSE root mean square error
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It can be observed that mean values of R2 was highest and
the corresponding values of chi-square and RMSE values
were lowest for the Page’s thin-layer drying model for both
the conditions. Hence, Page’s model was considered as the
best model to describe the thin-layer drying of Pandanus
leaves. In both the cases the values of R2 for Page model
were greater than an acceptable threshold of 0.90, indicat-
ing better goodness of fit. It was concluded that Page model
can be used to estimate the moisture content of Pandanus
leaves at any time during the drying processes at different
conditions with acceptable accuracy. The coefficients of the
different models fitted at the different temperatures are
reported in Table 2. The accuracy of the established model

for the low temperature drying process was evaluated by
comparing the predicted moisture ratio with observed
moisture ratio. The performance of the model for both the
drying temperatures has been illustrated in Fig. 4. The
predicted data generally banded around the straight line
which showed the suitability of the Page model in
describing the drying behaviour of Pandanus leaves in the
low temperature drying. The rate constant, K, which is a
measure of the drying rate is not significantly different at two
different temperatures (p<0.05) which may be due to low
relative humidity at the low temperature. Lidhoo (2008) also
recommended this model for drying of brinjal slices.

Effective moisture diffusivity The effective moisture diffu-
sivity was calculated by using the method of slopes.
According to the experimental data obtained at different
drying temperature conditions, the logarithm of moisture
ratio values, ln(MR), were plotted against drying time
(t). The linearity of the relationship between ln(MR) and
drying time is illustrated in Fig. 5 (with R2>0.95 for
both the conditions). The moisture diffusivities were
found to be 1.3E-09 m2/min at 35 °C, 27% R.H. and
2.1E-09 m2/min at 45 °C, 60% R.H. respectively. No
documentary was found on the effective moisture diffu-
sivity for Pandanus leaves undergoing any drying treat-
ment. The ranges of effective moisture diffusivity of
Pandanus leaves undergoing drying were higher than the
values obtained by Akpinar (2006).

Effect of temperature on aromatic compound and sensory
evaluation The 2 ACPy content and mean sensory scores
for different quality attributes of dried leaves are presented
in Table 3. The retention of 2ACPy content in samples
dried by heat pump at lower temperature of 35 °C was
significantly higher than that dried in hot air dryer at 45 °C.
The sensory attributes were almost same for aromatic rice
and non aromatic rice with fresh leaves. The aroma and
colour of low temperature dried samples were better as
compared to hot air and shade dried samples. So this sample
had better overall acceptability in comparison to shade dried
samples. Though the average ambient temperature for shade
drying was less than 35 °C (range 24–38 °C), the
temperature values fluctuated round the clock throughout

2ACPy, ppm Leaf colour Aroma Overall acceptance

Non aromatic rice 0.064 – – –

Fresh leaves 0.882a 9.0a 8.8a 8.6a

Shade dried leaves 0.588c 6.0b 7.5b 6.0c

High temp 0.426d 5.3b 4.2c 4.0d

Low temp 0.746b 8.5a 8.5a 8.0b

Aromatic rice 0.885a – 9.0a 9.0a

Table 3 2-acetyl-1-pyrroline (2
ACPy) content of leaves and
sensory evaluation
(n=10 panellists)

Values with the same super-
scripts in a column are not
significantly different (P<0.05)

Fig. 5 Linear relationship between Ln(MR) and drying time at
different drying conditions
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the drying period. At times it was more than 35 °C while
during night time it was very less. This thermal stress was
probably the reason for which 2 ACPy content got reduced.
From the sensory evaluation of dried samples, it was also
observed that the samples at lower temperature were preferred
products. High temperature drying resulted in decrease in
colour, aroma and overall acceptability scores. Samples dried at
low temperature appeared slightly lighter in greenness as
compared to fresh samples, but the product still looked
attractive for use. It is observed that there is significant
difference in all these quality parameters achieved at these two
different conditions. Since the acceptance of any food product is
highly dependent on its quality characteristics,Pandanus leaves
without aroma may not fetch any consumer demand. Hence
even though the total drying time requirement is more, drying
at low temperature may be preferred, for its higher retention of
aroma. Alternatively, further reduction in RH along with low
temperature may be tried to reduce the total drying time.

Conclusion

The Page equation was fitted well to the experimental
drying data to describe the thin-layer drying of Pandanus
leaves. The effect of low RH is prominent during the initial
period of drying when the product is moist. The effect of
temperature was observed to be prominent in the later part
of drying, which acted as a driving force for moisture
diffusion and hence the total drying time was reduced.
However, the retention of aromatic compound 2ACPy
content was more in low temperature dried samples with
higher sensory scores. So keeping in view the quality
attributes of dehydrated leaves, it is recommended to dry
aromatic Pandanus leaves at low temperature and low RH
to obtain an acceptable product. Further reduction in RH
may also be suggested to reduce the total drying time.

Acknowledgement Authors are thankful to Orissa University of
Agriculture and Technology for providing the infrastructure for the
research work.

References

Abe T, Afzal TM (1997) Thin-layer infrared radiation drying of rough
rice. J Agric Eng Res 67:289–297

Adapa PK, Sokhansanj S, Schoenau GJ (2002) Performance study of a
re-circulating cabinet dryer using a household dehumidifier.
Drying Technol 20:1673–1689

Ahmed J, Shivhare US (2001) Effect of pre-treatment on drying
characteristics and colour of dehydrated green chillies. J Food Sci
Technol 38:504–506

Akpinar EK (2006) Mathematical modelling of thin layer drying
process under open sun of some aromatic plants. J Food Eng
77:864–870

Alves-Filho O (2002) Combined innovative heat pump drying
technologies and new cold extrusion techniques for production
of instant foods. Drying Technol 20:1541–1557

Crank J (1975) The mathematics of diffusion, 2nd edn. Clarendon,
Oxford

Cronin K, Kearney S (1998) Monte Carlo modelling of a vegetable
tray dryer. J Food Eng 35:233–250

Dadali G, Apar DK, Ozbek B (2007) Estimation of effective moisture
diffusivity of okra for microwave drying. Drying Technol
25:1445–1450

Davinder D, Shashi P (2005) Optimization of drying conditions of
garlic slices. J Food Sci Technol 42:348–352

Dincer I, Dost S (1995) An analytical model for moisture
diffusion in solid objects during drying. Drying Technol
13:425–435

Günhan T, Demir V, Hancioglu E, Hepbasli A (2005) Mathematical
modelling of drying of bay leaves. Energy Convers Manage
46:1667–1679

Gupta P, Ahmet J, Shivhare US, Raghavan GSV (2002) Drying
characteristics of red chilli. Drying Technol 20:1975–1987

Hernandez JA, Pavon G, Garcia MA (2000) Analytical solution of
mass transfer equation considering shrinkage for modelling food
drying kinetics. J Food Eng 45:1–10

Kabganian R, Carrier DJ, Sokhansanj S (2002) Physical character-
istics and drying rate of Echinacea root. Drying Technol 20:637–
649

Laksanalamai V, Ilangantileke S (1993) Comparison of aroma
compound (2-acetyl-1-pyrroline) in leaves from pandan (Panda-
nus amaryllifolius) and Thai fragrant rice (Khao Dawk Mali-
105). Cereal Chem 70:381–384

Lidhoo CK (2008) Thin layer drying characteristics of brinjal slices. J
Food Sci Technol 45:423–425

Midilli A, Kucuk H (2003) Mathematical modelling of thin layer
drying of pistachio by using solar energy. Energy Convers
Manage 44:1111–1122

Midilli A, Kucuk H, Yapar Z (2002) A new model for single layer
drying. Drying Technol 20:1503–1513

Pal US, Khan MK (2008) Calculation steps for the design of different
components of heat pump dryers under constant drying rate
condition. Drying Technol 26:864–872

Pal US, Khan MK, Mohanty SN (2008) Heat pump drying of green
sweet pepper. Drying Technol 26:1584–1590

Prasertsan S, Saen-Saby P, Nyamsritrakul P, Prateepchaikul G (1996)
Low temperature drying. Part 1: simulation of the models. Int J
Energy Res 20:1067–1079

Sosle V, Raghavan GSV, Kittler R (2003) Low-temperature drying
using a versatile heat pump dehumidifier. Drying Technol
21:539–554

Togrul IT, Pehlivan D (2002) Mathematical modelling of solar drying
of apricots in thin layers. Food Eng 55:209–216

Wang Z, Sun J, Chen F, Liao X, Hu X (2007) Mathematical modelling
on thin layer microwave drying of apple pomace with and
without hot-air pre drying. J Food Eng 80:536–544

Yaldiz O, Ertekin C (2001) Thin layer solar drying of some
vegetables. Drying Technol 19:583–596

J Food Sci Technol (Nov–Dec 2010) 47(6):668–673 673


	Effect of drying conditions on drying kinetics and quality of aromatic Pandanus amaryllifolius leaves
	Abstract
	Introduction
	Materials and methods
	Results and discussion
	Conclusion
	References



<<
  /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 true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


