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ABSTRACT: The effect of duckweed (Lemna pauciscostata) meal on the rate of mould infestation 
in stored pelleted fish feed was carried out. Freshly harvested duckweed was dried and thoroughly 
ground into powder using a milling machine. Five dry fish feeds were then prepared using duckweed 
as a replacement for fishmeal at 0%, 10%, 20% and 30% respectively at 40% crude protein, a diet 
for catfishes. The resultant pelleted feeds were sun dried for 24hrs and stored in airtight polyethylene 
bags at room temperature. Quantitative mold count using direct colony counts on pour plate 
technique with 24hr old culture was carried out bi-weekly until profuse growth were recorded within 
24hrs in all experimental feeds. Results showed that mold count from experimental feeds decreased 
with increasing concentration of duckweed. Ethanolic extracts also showed higher inhibitory 
properties on radial mycelial growth of all the isolates. Isolates identified were Fusarium oxysporium, 
Penicillium digitatum, Aspergillus niger, A.fumigatus, A..flavus, Rhizopus stolonifer and R..oryzae. 
[Journal of American Science 2009:  5(1), 29-34] (ISSN: 1545-1003) 
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1.   INTRODUCTION 
Feeds are a major cost input into the aquaculture 
industry and their insufficiency is prominent 
among the factors responsible for inadequate 
aquacultural production of fish. 
Compounded feeds are prepared with biologically 
decomposable materials. These materials 
decompose while in storage due to environmental 
factors such as temperature and humidity. Change 
in temperature and humidity affects the moisture 
content of compounded feed as well as the rate at 
which chemical changes takes place thereby 
enhancing invasion and growth of fungi in the feed 
(Sena and Anderson, 1995; Effiong and Eyo, 
1999). Recontamination of feedstuffs by 
adventitious microorganisms during storage is of 
primary concern to the feed processor. 
 

Moulds are the principal spoilers of 
feedstuff in storage (Chow, 1980). Moulds 
infestation reduces the nutritional value of feeds 
through loss of dietary lipids and amino acids 
(Jones, 1987). They also produce mycotoxins, 
which cause staleness of feed. He also stated that 
there is no effective way of eliminating fungal 
growth in stored pelleted feed. Their growth can 
only be controlled. Research work on the problems 
of storage of feedstuff \feed has been rather scanty 

despite the enormous harmful effect it poses on the 
development of aquaculture in Nigeria (Effiong 
and Eyo, 2001). Duckweed meal has been reported 
to resist attacks by mould for more than 5 years 
(Skillicorn et al., 1993). Duckweed meal is the 
compounded form of the group of aquatic 
macrophytes from the family Lemnaceae. The 
dried powdered and directly pelleted forms of this 
plant have been observed in storage for 13 years 
without any signs of fungal growth or physical 
damage, retaining its nutrient content (Mbagwu, 
2001). This study is therefore aimed at 
determining the effect of duckweed meal on the 
rate of mould infestation in stored pelleted fish 
feeds. 
    
2.   MATERIALS AND METHODS 
Freshly harvested duckweed was thoroughly rinsed 
with clean water and evenly spread on a mosquito 
net-size mesh outside to sundry and thereafter 
dried in a forced air oven at 165 0c for 48 hours 
and ground to powder with a milling machine 
according to Mbagwu and Adeniji (1987).Five dry 
diets were prepared in which fish meal was 
replaced with duckweed at 0%, 10%, 20% and 
30% levels using the method of Akegbejo Samson 
(1999) at 40% crude protein, a diet for catfishes. 
The various feed ingredients were thoroughly 
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ground into fine meal and mixed together with 
vitamin premix and salt using hot water.  
 

The resultant mixture was pelleted with 
Moulinese HV6 model pelleting machine and sun 
dried for 24 hours. The diets were stored in airtight 
containers at room temperature for 2 weeks. 1.0g 
of each feed sample were ground using pestle and 
mortar, to prepare 10-fold serial dilution. Agar was 
prepared using sterilized glasswares according to 
manufacturer’s instruction and autoclaved at 121 
0c for 15 minutes. It was allowed to cool to about 
37 0c before 1% streptomycin was added to 
prevent bacterial contamination (Nwachukwu, 
1988). A 48hour old culture of the isolates were 
subcultured and incubated at room temperature to 
produce pure cultures from which stock were 
prepared and stored. A bi-weekly mould count 
from each experimental diet was carried out 
quantitatively using direct colony count on pour 
plate technique (Miles and Misra, 1938) with 24-
hour-old culture. Enumeration continued until 
profuse growth was recorded within 24 hours in all 
the experimental diets. Mould isolates were 
characterized during sporulation on the basis of 
cultural and morphological characteristics as well 
as microscopic examination (Samson and Reenen-
Hoekstra, 1988). Sample of duckweed meal was 
ground using an Automatic Weed Grinder after it 
was thoroughly washed and air-dried. 5g of this 
each was measured and blended with 25ml of 
sterile distilled water (Oyagade, 1994). After 
thoroughly blending for 7 minutes, the slurry was 
filtered through a four –layered muslin cloth. The 
filtrate was passed through a 0.48 millimicron 
Millipore filter and transferred into sterile bottle. 
In order to compare the efficiency of the extraction 
process, 95 % alcohol was used as the comparative 
solvent using the same method. 
  Radial mycelial growth inhibition tests 
were carried out on the isolates (Van-Etten, 1973; 
Oloke et al., 1988). The extracts were separately 
incorporated into molten PDA at 18ml of media to 
2ml of extract. Control plates had either sterile 
water or ethanol without extract. 
  Agar- extract mixtures were poured into sterile 
glass petri dishes and allowed to set (Adedayo, 
1994). Mycelial plugs of the test organisms of 
5.0mm diameter were cut using sterile cork-borer 
from the advancing margin of the fungal colonies. 
These were placed at the center of PDA containing 
concentrations of 5% sterile distilled water or 
ethanol. All plates were incubated at 25 0c and 
radial mycelial growth recorded for 72 hours at 24 
h0urs interval 
 

3.   RESULTS AND DISCUSSION. 
The bi-weekly fungal count (cfu) from 

the experimental feed at varying concentrations of 
duckweed showed decrease in fungal growth with 
increasing concentration of duckweed (Table 1). 
This observation could be attributed to the 
antifungal properties of duckweed acting against 
the growth of fungal species in the feed. Skillicorn 
et al., (1993) attributed the long storage 
characteristic of duckweed meal to the presence of 
high levels of wax. It could be possible that wax 
presents physical barriers to the growth of molds, 
which might impair their utilization of nutrients in 
the feeds.  The molds isolates from the 
experimental feed samples were Fusarium 
oxysporium, Penicillium digitatum. Aspergillus 
niger, A. fumigatus, A. flavus, Rhizopus stolonifer 
and R. oryzae. Chow (1980) reported that the most 
common molds involved in the spoilage of 
feedstuffs belong to the Aspergillus and 
Penicillium species among others. The presence of 
Aspergillus flavus from the feed indicates the 
possibility of mycotoxins, compounds produced by 
this species that are toxic to both humans and fish. 
Feedstuffs known to be contaminated by A. flavus 
include groundnut cake, maize, sorghum, 
cottonseed cake, copra and cassava (Chow, 1980). 
The same author however reported that for 
aflatoxins to be produced, A. flavus must be 
present alone in a practically pure culture and that 
the presence of other molds, yeast or even bacteria 
seems to interfere with aflatoxin production. These 
findings have also been reported by Abdulhamid 
(2008). 

The effect of duckweed extracts on the 
radial mycelial growth of fungal isolates from the 
experimental feeds is shown in Table 
2.Differential efficacy on the test organisms was 
observed between the aqueous and ethanolic 
extracts of duckweed meal. Ethanol appeared 
better as an extractant judging from the wider 
activity spectrum and the resultant effect on the 
isolates. This observation perhaps suggests the 
possibility of the occurrence of bioactive 
substances that are not only soluble in water but 
also in organic solvent in the plant material. 
Majekodunmi et al., (1996), and Martinez et al., 
(1996) reported that a higher activity of extractable 
natural products were obtained in ethanol 
compared with aqueous extracts. Odemena and 
Essien (1995) also reported that the bacterial 
activity of alcoholic extracts of the roots of fluted 
pumpkin, Telfaria occidentalis was better than that 
of aqueous extracts. Natarajan et al., (2005) 
reported the antifungal properties of three 
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medicinal plant extracts against Cercospora 
arachidicola. They reported that fungal growth was 
gradually suppressed with increasing extract 
concentration. Similar findings have been reported 
by Lucia et al., (2002), Silva et al., (2001) and 
Costa et al., (2000). These reports are similar to 
the findings of this study.Olafimihan (2003) 
working on the antibacterial properties of aqueous 
and ethanolic extracts of Neem plant reported that 
the antibacterial activity of the concentrated 
extract increased with increase in its concentration. 
This report is similar to the findings from this 
study with he observation that increasing 
concentration of duckweed meal in experimental 
feed resulted in decreasing fungal growth. 

  The environmental conditions of 
temperature and relative humidity during the 
period of the study were high and fell within the 
ranges that support luxuriant growth of molds in 
the experimental feed sample. The temperature 
range varied between 27.2 and 30.6 0c while 

relative humidity remained constant between 79 
and 80%. According to Chow (1980), growth of 
fungi is only possible at temperature above 250c 
and relative humidity values at 65%. There any 
reduction in fungal growth in the experimental 
feeds could not be attributed to directly affect the 
rate of fungal infestation of compounded feed in 
storage. 
 
 4.   CONCLUSION 
 The results obtained from this study indicate 
reduced growth performance in the fungal species 
isolated from the experimental feed which also 
signified low infestation rate. Fungal growth 
decreased generally with increase in concentration 
of duckweed meal in feed samples. 
     
The result of this experiment have shown that 
duckweed has the potential of being a beneficial 
agent for the control of fungal growth in 
compounded feed in storage. 

 
 
 
 

Table 1 
Percentage composition of experimental feed with different 

 inclusion levels of duckweed meal 
 

Ingredients (g) 0% 10% 20% 30%

Duckweed 0 2.6 5.2 7.8 

Fish meal 26 33.4 20.8 18.2

Yellow maize 48 48 48 48 

Soya Bean meal 15 15 15 15 

Groundnut cake 6 6 6 6 

Vitamin premix 2 2 2 2 

Bone meal 2.5 2.5 2.5 2.5 

Salt 0.5 0.5 0.5 0.5 

Total 100 100 100 100 
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Table 2 
Bi- weekly fungal counts at varying concentrations 

of duckweed in  experimental feed. 
 

Fungal count (cfu\ml)(x 107) 

Time (wk) 

Concentration 

of  

Duckweed 

(%). 

2 4 6 8 10 12 14 16 

0 12 20 31 43 72 Profuse Profuse Profuse 

10 5 9 21 35 52 108 Profuse Profuse 

20 3 11 18 27 48 90 Profuse Profuse 

30 - - 9 16 21 54 76 Profuse 

 
 
 

Table 3 
Effect of duckweed extracts on the radial mycelial growth of fungal isolates 

               
Mycelial growth (mm) 
Aqueous Extract Ethanolic Extract

Test 
Organism 

0% 5% 10% 0% 5% 10%
Fusarium 
oxysporium 

46 21 10 10 - - 

Penicillium 
digitatum 

50 35 24 9 5 - 

Aspergillus 
niger 

47 27 18 16 7 2 

Aspergillus 
fumigatus 

38 18 12 4 - - 

Aspergillus 
flavus 

50 38 20 16 - - 

Rhizopus 
oryzae 

36 29 16 14 - - 

Rhizopus 
stolonifer 

42 21 13 22 10 4 
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Table 4 
Proximate composition of experimental feed with different inclusion level of duckweed 

          
Feed Sample % Crude

 protein 
%Ether
 extract

%Ash 
content

%Moisture
content 

%Crude fibre  

0% 43.35 14.02 12.30 1.00 6.50 

10% 42.56 14.29 12.00 1.00 4.46 

20% 41.87 12.83 11.90 2.00 5.13 

30% 45.06 11.76 13.29 2.00 4.90 

 
 
REFERENCES 
1. Abdulhamid, A.M (2008). Mycotoxicoses in 

fish with special emphasis on the Egyptian 
Situation.E:\nicotoxins in feeds.htm. 

2. Akegbejo-Samson,Y (1999). Growth response 
and nutrient digestibility by Clarias 
gariepinus fed varying levels of dietary 
periwinkles flesh as replacement for fishmeal 
in low cost diets. Journal of Applied 
Trop.Agriculture.Vol.4 (1) 37-41. 

3. Adedayo, O and Kolawale, P.O (1994). 
Resistance of mouse-virulent encapsulated 
nasal isolates of Staphylococcus aureus to 
disinfectant and antiseptics. Biomedical 
Letters. (50) 151-156. 

4. Chow, K.W (1980). Storage problems of 
feedstuffs. Fish Feed 
Technology.ADCP/REFP\80\11,UNDP\FAO, 
Rome 215-224. 

5. Costa, T.R; Fernandes, O.F.L; Santos,S.C; 
Oliveira, C.MA; Liao,L.M; Ferri,P.H; 
Paula,J.R.P; Ferreira,H.D; Sales,H.N and 
Silva,M.R.R (2000). Antifungal activity of 
volatile constituents of Eugenia dysentrica 
leaf oil. J. of Ethnopharmacol.72:11-117. 

6. Effiong, B.N and Eyo, A.A (2001). Quality 
deterioration of feeds and feedstuff in storage-
A review. Fish nutrition and Fish Feed 
Technology.ISBN 978-177-046-5 Pp113-121. 

7. Effiong, B.N and Eyo,A.A (1999).Control of 
mould infestation in stored pelleted feeds. 

Proceedings of the 12th Annual Conference of 
Biotechnology Society of Nigeria.Pp111-114. 

8. Jones, F. (1987). Controlling mould growth in 
feeds. Feeds International.8: 20-29. 

9. Lucia,K.H.S;Cecilia, A.Pedro, N.Suzana,C.S, 
Judasio,G.DO; Andre,T.B.M; Luciano,M.L 
and Maria,R.R Silva (2002). Antifungal 
properties of Brazilian Cerrado plant. Braz. J. 
Microbiology. Vol.33 (3) 102-107. 

10. Mbagwu,I.G and Adeniji,H.A(1988).The 
nutritional content of duckweed (Lemna 
pauciscostata Hegelm) in the Kainji Lake area, 
Nigeria. Aquatic Botany. (29) 357-366.           

11. Mbagwu, I.G (2001). The effect of long-term 
storage on the nutrient characteristics of 
Duckweed (Lemna pauciscostata Hegelm). 
J.Arid Agric. (11) 147-149. 

12. Miles, A.A and Misra, S.S (1938). Estimation 
of bactericidal power of blood. J. Hyg (38) 
732-749. 

13. Nwachukwu, C.O (1988). Microbiology of 
Pepper (C.annum) and the efficacy of some 
local methods of preservation. M.Sc Thesis. 
Biological Sciences.UniIlorin. 

14. Natajaran,D; Srinivasan,K; Mohanasundari,C; 
Perumal,G; Dheen, M.A.N;Ganapathi,G.A 
and Rajarajan,T. (2005).Antifungal properties 
of three medicinal plant extracts against 
cercospora arachidicola. Advances in plant 
Sciences Vol.18 (1) 45-47.  



Effect of Duckweed meal on the rate of mold infestation in stored pelleted fish feed. 
B.N. Effiong et al. 
____________________________________________________________________________________________________________ 

 34

15. Odemena,C.S and Essien ,J.P 
(1995).Antibacterial activity of the root 
extract of Telfera occidentalis (Fluted 
Pumpkin). West African Journal of Biological 
and Applied Chemistry 40(1-4): 29-32. 

16. Oloke, J.K; Kolawole,D.O and Erhun, w.o 
(1988). The antimicrobial and antifungal 
activities of certain components of 
Aframonium meleguets fruits.Fitoterapia 
59(5)384-388. 

17. Oyagade,J.O (1994) Antimicrobial efficacy of 
stem bark extracts of two Nigerian medicinal 
plants,Terminalia glaucescens (Planch) and 
Entada africana (Guill and Perr.)Ph.D 
Thesis,Biological Sciences, UniIlorin,Nigeria. 

18. Olafimihan,C.A (2003).Studies on the 
antibacterial properties of aqueous and 

alcoholic extracts of the neem plant 
(Azadirachta indica. A.Juss) Ph.D Thesis. 
UniIlorin, Nigeria. 

19. Sena,S.S and Anderson, T.A (1995). Fish 
Nutrition in Aquaculture. Champman and Hall 
Aquaculture Series.1st Edition. Champman 
and Hall, 2-6 Boundary Row,London 
SE118HN. 

20. Skillicorn, P; Spirar, W; and Journey, W  
(1993). Duckweed Aquaculture. A New 
Aquatic Farming System for developing 
countries. A World Bank Publication. 
National Agricultural Research Project 
(NARP), Nigeria.309Pp. 

21. Van-Etten,H.D (1973). Differential Sensitivity 
of fungi to Pistat and Phaseolin. 
Phytochemistry (63) 1477-1482. 

  
        



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 /OK
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


