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Abstract — In this present study, Aspergillus niger NRRL 567 was cultivated on an inert support material and the
effects of various fermentation parameters including temperature, nutrient solution pH, inoculation level, and moisture content
were observed and optimized by one-factor-at-a-time (OFAT) and response surface methodology (RSM), sequentially. It
was found that the incubation temperature of 30 °C with 75% moisture content, nutrient solution pH of 7.1 and inocu-
lation level of 4.0x10° spores/ml were the most favorable. Again, fermentation parameters were optimized using RSM.
The determined optimum condition is 26.5 °C, pH 9.9, 75.1%, and 6.0x10° spores/ml. Under this optimized condition,
A. niger NRRL 567 produced 118.8 g citric acid/kg dry peat moss at 72 hr. Maximum citric acid production of opti-
mized condition by RSM represented a 1.6-fold increase compared to that obtained from control experiment.
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T, T 3HE0] 65~75%A W Hol A kS e Sle
407} 80% TEFglolA] Akl 27t 513 38% TAskgith
[15,16]. T3, B FakE3) 28 uAUIR| oA A nigers o]-&3F
gatol] AgAatel] Qlo] aAulA] G g 70~80%7F FH A x31%10]
B SITH16,17]. AR €] A9, & HEgo] Wil wrke] gl
Ao ®, tra Foll WAsh= dol aAlA] tellA] v st
Al sl A A0 ® FA = HAE 7FITH18,19]. LAY E
%, A% oY Rk A4 BEAY U S TS 7K 9 Al
33 Yl AbE Akl As) ErtE Holis WhA, Bhe ok m
U RS A 5E oy ke AlXAS A siAIZITH20]. &
HkA 0 2 55go] & mesophilic® 7 2 2] A&7} 25-35 °C
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2-1. M=

A. niger NRRL 567= American Type Culture Collection (ATCC,
Rockville, MD, USA) ol &k o} ARSI, 4. niger?] spores
kS S8l TAIAIQ] potato dextrose agar plates (PDA, Sigma,

Table 1. Physico-chemical conditions tested for OFAT optimization

]
-+

St. Louis, MO, USA)°IA 30 °C Z71ol4] w5t PDAE 250
¥R = Apmier glom, wiek 3 7Y # plateclX] 0.1% Tween
80 (sigma, Sigma, St. Louis, MO, USA) -8 AM451] PDAS] ¥
Holl A spores 393107 0.25~4.0x10° spores/mlZ FEE 243}

o] &l ARg-SIAT

2-2. IHEEE HIX]|

AR S Y8l FFF e RS T3 peat moss
(Schultz Company, Mississauga, Ontario, Canada)E- inert JLAWl 4]
2 ARSIt S8 AAWIAIE peat mosse} EFslo] 11
AR = ARgSIATt, A o] A2 ofefj 9 #th(kg dry peat
moss): 967.9 g glucose, 15.4 g (NH,),S0,, 43.9 g KH,PO, and 4.0 g
NaCl.

SFAAE 58 AAHIX] ZF 28 mI= 7 g2 71F peat moss
o] &35t 250 ml Erlenmeyer flaskel] #5-3}3 foam stopper<. "2
HgE 5, 121 °ColA 1587 Hatsldet. Tween 802 3575 1 ml
<] spore &5 HF30] 13~42 °C Z71lA] 48%} 72A13F <t L
AdgE T8It 7 flaskellAd] LA FE ANF s SHTl
HEAA FAA 2572 w55 S80I & Hy A7
S Q1% 7 HEAAS I FF 80%, MY =152 30°C, HA)
Hi=] pH 4.3, 3& 5% 1.0x10° spores/ml©]™, Z}Z}2] <=5 Table
13} o] WAz Zp2te] Z2do] ik Aitel] viXE JEs

sfefelgict.

2-3. T A G 2

TAAE 7S pyridine?} acetic anhydrideE 371 ¥, 420 nm
oAl Wbal W O 2 =aISIITH26]. Ao ZEE SFT oA F
=E 3,5-denitrosalicylic acid (DNSA)E- ©]-8-3F ¥4 W 0 2 =A3}
At} Y A FEH QA= ) HAZ IAIR|(DPM, dry
peat moss) 7 |- O 2 S kst BRI TN & =
FI L 2RSS ofle} o] Ae)drt:

TARE TE(%) = 100x[8AF ALK (/)RR SFT L2 (g/)]
FFF LA AT (%)= 100x[AS. SFF A3 | S5

3. 41 ¥ nE

3-1. 7| 2 2ol e g
Fig. 10 Bi= vfe} o] TAMIAZ A8 ¥ peat mosse] 371
RS AR A FAAE el felet JEE vHE &

1=}
pLN =4
ATk, G B3 759 0%l 784} 76.2 g/kg DPME 22+

o > 4>

Conditions Unit Level 1 Level 2 Level 3 Level 4 Level 5
Initial MC % 60 70 75 80 85
pH* 2.087(4.06%) 3.007 (4.26%) 4287 (4.37%) 7.10% (5.12%) - -
Temperature °C 13 25 30 35 42
Inoculation x10° spores/ml 0.25 0.5 1.0 2.0 4.0

Note: MC: moisture content
“Nutrient solution initial pH; *pH of solid substrate after autoclaving
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Fig. 1. Citric acid production using various initial moisture con-
tents at 48 and 72 h of fermentation. The other variables
were fixed at the basal conditions as followings: 30 °C,
nutrient solution initial pH of 4.3, inoculation level of
1.0x10° spores/ml, 100% PM with particles smaller than 2.0
mm. All values were averaged from duplicate tests and an
asterisk (*) identifies the control experiment.
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Fig. 2. Citric acid production under various temperatures at 48 and
72 h of fermentation. The other variables were fixed at basal
conditions.
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Fig. 3. Citric acid production under various initial pHs at 48 and 72 h.
The other variables were fixed at basal conditions.
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Fig. 4. Profile of pH changes in peat moss by A. niger NRRL 567 at

different initial pH of nutrient solution [ll: pH 2.1 (4.1); <
pH 3.0 (4.3); A: pH 4.3 (4.4); @: pH 7.1 (5.1)].
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Fig. 5. Citric acid production using various inoculation levels after
48 and 72 h. The other variables were fixed at basal condi-
tions.
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Fig. 6. Citric acid production using various particle size ranges for
PM at 48 and 72 h. The other variables were fixed at basal
conditions.
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3-7. I MAL AS AN
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T HAstel Wk
th A, s HAsE SEl 2 2
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T

Table 2. Coded values used in RSM to optimize the physico-chemical fermentation conditions for citric acid production

Coded and actual level

Parameter Unit ) . 0 T )
X Temperature °C 20 25 30 35 40
X, Nutrient solution pH 2 4 6 8 10
X3 Moisture content % 65 70 75 80 85
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Table 3. Regression analysis for the model and ANOVA results at 48 and 72 h of fermentation
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Citric acid production

48 hr 72h

Sum of Squares Fvalue P level Sum of Squares Fvalue P level

Model 5913.75 32.06 <0.0001 2916.84 47.25 <0.0001
X1 7.14 0.35 0.5695 158.48 2.76 0.1319
X, 1536.24 74.94 <0.0001 4058.72 68.99 <0.0001
X3 408.98 19.95 0.0016 5205.06 84.32 <0.0001
X12 252.15 12.30 0.0066 5700.91 92.35 <0.0001
X22 247.86 8.13 0.0463* 3.57 0.058 0.8152
X32 220.73 10.77 0.0095 639.95 10.37 0.0105
X X5 177.36 8.65 0.0164 429.63 6.96 0.0270
X X5 1853.95 90.44 <0.0001 1328.42 21.52 0.0012
X5X5 568.42 27.78 0.0005 77.40 1.25 0.2918

X-incubation temperature; X,-nutrient solution pH; X;-initial moisture content
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140

120

100 /._,———I\._.

80

4
L 2

60

40

Citric acid (g/kg DPM)

20

0 24 48 72 96 120 144
Time (hp)

Fig. 8. Time course behavior of citric acid production by A. niger
NRRL 567 using control condition (80% moisture content,
nutrient solution pH of 4.3, 30 °C, 1.0x10° spores/ml), OFAT
optimized condition (80%, pH 7.1, 30 °C, 4.0x10° spores/ml)
and response surface methodology optimized condition (75.1%,
pH 9.9, 30 °C, 6.0x10° spores/ml). The data shown is aver-
aged from duplicate tests; (4: control, ll: OFAT optimized,
A: RSM optimized).

It edak A FEE 958 gkg DPME 45 :
RS EAHE o] 83t & sle] A9, vjoF &% 26.5°C, pH 9.99}

g 75.1%, AF F5% 6.0x10° spores/ml oA o A4k A
23.4 g/kg DPM7} oA5ESleh. A3 el A8 #H A3t A
I AFGS S| $138l 4. niger NRRL 5675 ©]-8-3]
AW HA oAM= 7 7 HESellA g
a3l o RES3EHA AP E o] &8t 245l
ol gslo] o5H 7 & #8a}o]
3Y3I3ATt. Fig. 8ol W= niel ko], kg 72413kl
HA e} g A HA e A8
118.8 gkg DPME &5 = ST} of= WhE-
Ab AZ2]9) 1234 g/kg DPME} vl
< o83 21 A3l 9 HoEke oS0

)
:

Alo

=

P

§/\

lzlor
O =

i
4
o2
_°|L‘
32
i)
b

o) it ol
(S

o
BN

Y

o

) iy
[}

o
=1
s
O
o

>
o

>,
oot
flo o
&

=)

L2 E
L
o
T
o

3%

R
N
I
O
2
k

o g

t ?F? E’i 4
‘U —_
2

M
T
g
s o

N

o 4
[

i op o
g
He

iy
SN
o
_O‘L

EI){I
e
o

&2] HA gl Wl Tl HA sl W BAIEH A3}
QWA gato] 1A HEHS o) g
o} 12k HA gl o
A Zhkg 210) JpEA o' HA s
ST A AARE = 982 g/kg DPME H A3} o)A 45
2?1 75.8 g/kg DPMell BI3l 1.30 S7FehE: E18t = QI3tt. 14} &
Azloll AL HA AL 7|Ho R vk 2719 W9 ghgsio]
WS WAPHE 2)g-slo] HAskE SasIGitt. At Ak
118.8 g/kg DPME # 2|3} o] =3} vl wato] Ak Ato
] Z74ehE RQlet. AT # A5l 7l REgaEH A
g3t FAAE At fofet avbE T SHRSE
Rom, o] SHAGTE FAsle] T AkE A
olefgh a4 HA3hE Faf it ks E S, 1AL S
a9l Gordw AR A7 50 aat e TdwS 2
S} W A HA gk A AR-S Bl Kl &Y
7 27 HAgke] WS ARSI

32

B TR RS EAE O FA 5 9l
]

¥
)
oty
oL
o
)
oo

ol
2

N

N

p

=

ol

ez

> o
L3003

s
32

ol
AN
ne foi 2N

_,d
i)

1. Haq, L., Khurshid, S., Ali, K., Ashraf, H., Qadeer, M. A. and
Rajoka, 1., “Mutation of Aspergillus niger for Hyperproduction

Korean Chem. Eng. Res., Vol. 50, No. 5, October, 2012



884

10.

11.

12.

13.

14.

ke

of Citric Acid from Black Strap Molasses, World J. Microbiol.
Biotechnol., 17, 35(2001).

. Pazouki, M., Felse, P. A., Sinha, J. and Panda, T., “Comparative

Studies on Citric Acid Production by Aspergillus niger and Can-
dida Lipolytica Using Molasses and Glucose, Bioprocess Eng.,
22, 353(2000).

. Vandenberghe, L. P. S., Soccol, C. R., Pandey, A. and Lebeault,

J. M., “Solid-state Fermentation for the Synthesis of Citric Acid
by Aspergillus niger, Bioresour. Technol., 74, 175(2000).

. Hang, Y. D., Luh, B. S. and Woodams, E. E., “Microbial Pro-

duction of Citric Acid by Solid State Fermentation of Kiwifruit
Peel}’ J. Food Sci., 52, 226, 175(1987).

. Alvarez-Vasquez, F., Gonzalez-Alco, C. and Torres, N. V., “Metabo-

lism of Citric Acid Production by Aspergillus niger;’ Biotech-
nol. Bioeng., 70, 82(2000).

. Wasay, S. A., Barrington, S. F. and Tokunaga, S., “Efficiency of

GAC Treatment of Leachate from Soil Washing Process,” Water
Air Soil Pollut., 116, 449(1999).

. Barrington, S., Kim, J. S., Wang, L. and Kim, J. W., “Optimiza-

tion of Citric Acid Production by Aspergillus niger NRRL 567
Grown in a Column Bioreactor;” Korean J. Chem. Eng., 26, 422
(2008).

. Xu, D. B., Kubicek, C. P. and Roch, M., “Comparison of Factors

Influencing Citric Acid Production by Aspergillus niger Grown
in Submerged Culture and on Filter Paper]’ App. Microbiol. Bio-
technol., 30, 444(1989).

. Prado, F. C., Vandenberghe, L. P. and Soccol, C. R., “Citric Acid

Production by Solid-state Fermentation on a Semi-pilot Scale
Using Different Percentages of Treated Cassava Bagasse;’ Braz.
Arch. Biol. Technol., 48, 29(2005).

Kim, J. W. and Barrington, S., “Response Surface Optimization
of Medium Components for Citric Acid Production by Aspergil-
lus niger NRRL 567 Grown in Peat Moss,’ Bioresour. Technol.,
99, 368(2008).

Battaglin, R. A., Huergo, M., Pilodof, A. M. R. and Bartholo-
mai, G. B., “Culture Requirements for the Production of Pro-
tease by Aspergillus Oryzae in Solid States Fermentation,” App!.
Microbiol. Biotechnol., 35, 292(1991).

Wen, Z. Y. and Chen, F., “Application of Statistically-based
Experimental Designs for the Optimization of Eicosapentaenoic
Acid Production by the Diatom Nitzschia laevis]’ Biotechnol.
Bioeng., 75, 159(2001).

Pintado, J., Torrado, A., Gonzalez, M. P. and Murado, M. A.,
“Optimization of Nutrient Concentration for Citric Acid Produc-
tion by Solid-state Culture of Aspergillus niger on Polyurethane
Foams,’ Enzym. Microb. Tech., 23, 149(1998).

Ellaiah, P., Srinivasulu, B. and Adinarayana, K., “Optimization
Studies on Neomycin Production by Mutant Strain Streptomy-
ces Marinesis in Solid State Fermentation]” Process Biochem.,

Korean Chem. Eng. Res., Vol. 50, No. S, October, 2012

]
-+

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

30, 529(2004).

. Dhillon, G S., Brar, S. K., Verma, M. and Tyagil, R. D., “Enhanced

Solid-state Citric Acid Bio-production Using Apple Pomace
Waste Through Surface Response Methodology;’ J. Appl. Micro-
biol., 110, 1045(2011).

Roukas, T. J., “Citric and Gluconic Acid Production from Fig by
Aspergillus niger Using Solid-state Fermentation)’ Ind. Microbol.
Biotechnol., 25, 298(2000).

Javed, S., Asgher, M., Sheikh, M. A., Nawaz, H. and Jamil, A.,
Bioresour. Technol., 74, 175(2000).

Mahadik, N. D., Puntambekar, U. S., Bastawde, K. B., Khire, J.
M. and Gokhale, D. V., “Production of Acidic Lipase by Cul-
ture Requirements for the Production of Protease by Aspergillus
niger NCIM 1207 in Solid State Fermentation]’ Process Biochem.,
38, 715(2002).

. Kumar, D., Verma, R. and Bhalla, T. C., “Citric Acid Produc-

tion by Aspergillus niger van. Tieghem MTCC 281 Using Waste
Apple Pomace as a Substrate]’ J. Food Sci Technol, 47, 458(2010).
Nampoothiri, M. K., Baiju, T. V., Sandhya, C., Sabu, A., Sza-
kacs, G. and Pandey, A., Process Biochem., 11, 1583(2003).
Bari, N., Alam, Z., Muyibi, S. A., Jamal, P. and Mamuna, A.,
Bioresour. Technol., 100, 3113(2009).

Tengerdy, Solid state fermentation, R. P., Trends Biotechnol., 3,
96(1985).

Reid, I. D., “Solid State Fermentation for Biological Delignifi-
cation,” Enz. Microbiol. Technol., 11, 786(1989).

Rezaei, P., Darzi, G, Shafaghat, H., Optimization of the Fermen-
tation Condition and Partial Characterization for Acido-thermo-
philic a-amylase from Aspergillus niger NCIM 548’ Korean J.
Chem. Eng., 27, 919(2010).

Kamini, N. R., Mala, J. G S., Puvanakrishnan, R., “Lipase Pro-
duction from Aspergillus niger, by Solid-state Fermentation
Using Gingelly Oil Cake,’ Process. Biochem., 28, 505(1998).
Fawole, O. B. and Odunfa, “Some Factors Affecting Production
of Pectin Enzymes by Aspergillus niger;’ S.A., Int. Biodeterior.,
51, 223(2003).

Goes, A. P. and Sheppard, J. D., “Effect of Surfactant on a-amy-
lase Production in a Solid Substrate Fermentation Process, J.
Chem. Technol. Biotechnol., 73, 709(1999).

Hang, Y. D. and Woodams, E. E., “Production of Citric Acid
from Corncobs by Aspergillus niger’ Bioresour. Technol., 65,
251(1998).

Kim, K. S. and Kim, J. S., “Opimization of Ammonia Percola-
tion Process for Ethanol Production from Miscanthus Sinensis,’
Korean Chem. Eng. Res. (HWAHAK KONGHAK), 48, 704(2010).
Kim, J. W., Barrington, S., Sheppard, J. and Lee, B., “Nutrient
Optimization for the Production of Citric Acid by Aspergillus
niger NRRL 567 Grown on Peat Moss Enriched with Glucose;’
Process Biochem., 41, 1253(2006).




<<
  /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 <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


