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Can plastics be ever replaced in the dairy  
industry? 
 
Pallavi Ratha, Noyonika, Deepak Chaurasiya and Gautam Kaul* 
 
Right from the advent of industrialization and commercialization of food products, safe packaging 
and transport have always been of immense importance. Materials that are relatively resistant to 
environmental wear and tear, are chemically neutral along with being easy and profitable to manu-
facture have always been preferred. Over time many such ideas and innovations for safe and pro-
fitable packaging have come and gone. Starting from leaf plates to stainless-steel cans to 
aluminum-foil cases, packaging has come a long way. Although none of these matches with the en 
vogue commercial, omniscient packaging material, viz. ‘plastic’. Be it durability, multipurpose use, 
or being the big cause for widespread garbage and pollution, plastic tops it all. However in the 21st 
century and in the current world scenario, along with the desired industry-required characteristics, 
a substance leaving minimum carbon footprint is of utmost demand. 
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What is plastic and why such an uproar for its  
removal 

PLASTIC is a name for a wide array of synthetic or semi-
synthetic organic biopolymers of petrochemical origin. 
The polymer being organic links to its chemical nature 
and not to its biological degradability, something that can 
be easily confused with. The bonds between the mono-
mers in these polymers are quite strong and resistant. 
Hence, even if it is deemed ‘organic’, the polymer cannot 
be degraded by decomposers and thus stays in the envi-
ronment forever causing pollution. Every year, it adds to 
the total load of garbage on the earth due to its slow de-
gradation process. Common methods of disposal are a 
nuisance in this case as its incineration leads to dense 
toxic fumes, with water and other forces of nature having 
little or no effect on it, leaving us with a management  
crisis to clean the environment and tougher still, find a  
replacement for plastics.  

Plastics in dairy industry  

Dairy industry is one of the most important and promi-
nent components1 of the food industry not only in India 
but world over (Table 1). Owing to its economic, indus-
trial and strategic viability, plastic has been an integral 
part of this industry. Plastics do not react with the dairy 

products and thus add to their shelf life. Impenetrable as 
they are, external microbial contamination is also not that 
prevalent. All these factors have contributed to a tre-
mendous boost in the widespread use of plastics in the 
dairy industry, especially in India. Non-plastic materials 
being used in the dairy industry in the country are virtually 
negligible, if not nil.  
 Starting from ice-cream cups to large-scale milk pack-
aging, plastic is used everywhere (Table 2). A large  
variety of packages are being circulated at present to  
cater to the diverse needs of the population2. Industries 
generally use either flexible or rigid packaging. In the 
non-dairy food industry, both flexible and rigid packag-
ing are widely used. Flexible packaging uses multilayer 
or monolayer films of plastic. The multilayered variety 
mainly includes polypropylene (PP), polyethene (PE),  
polyethylene terephthalate, polyvinyl chloride, with PE 
and PP being a part of about 62% of polymer usage. With 
increasing population and increase in food demand, the 
expected growth rate of the Indian packaging industry is 
about 15% p.a. with rigid packaging growing at about 
14% p.a.  
 
 

Table 1. Indian dairy industry (2019)1 

Total dairy industry  Rs 7 lakh crores  
Pouch milk industry  Rs 1.3 lakh crores  
Polyfilm (quantity for milk)  1.5 lakh million tonnes  
Polyfilm value  Rs 1600 crores  
Plastics used in the Indian dairy industry comprise a sizable chunk of 
its economy, with the requirements increasing with time, keeping pace 
with the growing consumer demands. The table indicates the said  
parameter from data of the year 2019. 
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Table 2. Liquid milk packaging (6 crore litres/day)1 

   
 

Weight/l (g) 

Total quantity/year  
(lakh million 

tonnes) 

Total  
value/year  
(Rs crores) 

Glass bottles  650 142 37,000 
PET bottles   75 16 24,000 
HDPE  
 Jerry can  

 45 10 13,000 

LDPE film  
 pouch  

  5 1 1,600 

This is a snapshot of the amount and cost of packaging used for pack-
ing of 6 crore litres of milk per day. The amount of each packaging 
item needed per litre of milk throws light on its efficiency; and the 
LDPE film pouch proves to be the best. 

Data and statistics 

A lot has been said at various platforms about plastics. 
However, there appears to be a lack of credible data to 
build a case for its replacement or even continuance. 
Thus it is difficult to propose any long-lasting solution to 
this problem. One estimate mentions that since the 1950s, 
plastic wastes of about 1 billion tonne volume has been 
discarded3. However, the recycling rate is only 9% of the 
average human production of 6.3 billion tonnes of plastic. 
Much of this material may persist for centuries or longer, 
given the demonstrated persistence of structurally similar 
natural materials such as amber.  
 Ocean Conservancy, USA has reported that China,  
Indonesia, the Philippines, Thailand and Vietnam dump 
more plastic in the sea than all other countries combined, 
India luckily is excluded from the list4. The rivers 
Yangtze, Yellow, Indus, Nile, Hai, Pearl, Ganges, Amur, 
Niger and Mekong transport 88–95% of the  
total global plastic load into the sea5. It is surprising that 
there is mention of only one river from India, the Ganges, 
given the vast demography along with the huge plastic 
consumption and production of our country.  
 Natural microorganisms are not evolved to efficiently 
decompose petroleum-based polymers. The average 
amount of energy required for the production of bio-
based polymers is less than petrochemical polymers 
(57 MJ/kg compared to 77 MJ/kg) and are therefore more 
beneficial to the problem at hand, i.e. global warming. 
With such similarities in functions between the conven-
tional and biological polymers, bio-based polymers have 
emerged as an ideal option in the field of environmental 
sustainability6.  
 More than the macro form, microplastics have been a 
greater source of concern7. The concentration of micro-
plastics in the gut of seabirds has been increasing since 
the 1960s.  
 It is now well established that there is a high degree of 
possible pathogenicity of the inherent milk flora with  
abiotic surfaces in the dairy industry. Despite studies  
revealing that among all the materials used in the dairy 

industry, the hydrophobic surfaces have a greater tendency 
to promote microbial attachment and subsequent biofilm 
formation, the persistent use of plastics is continuing.  
 Biofilm formation is an important step in the process of 
pathogenesis of many well-known harmful bacteria8. 
Thus instead of known hydrophobic surfaces that are  
intensively used in the dairy industry (e.g. PVC, polysty-
rene, polypropylene, etc.), better alternatives must be 
given serious consideration keeping in mind the econom-
ic as well as environmental concerns.  

Initiatives to address the cause 

There has been a worldwide campaign to eradicate sin-
gle-use plastics and replace them with environment-
friendly alternatives. In India, some big companies have 
already come up with policy plans to combat this issue 
after the Prime Minister launched a month-long aware-
ness programme which ended with much fanfare on 2  
October 2019. The dairy industry was asked to halve its 
plastic usage and consider biodegradable options. PET 
bottles with less than 200 ml volume and plastic packets 
with less than 500 ml volume have been seen to precede 
the complete replacement of plastic9.  
 Use of paper straws, wooden spoons and economical 
bio-based polymers has already been started by many  
industries. Several other steps have been taken by the 
Government and also by conglomerates alike to address 
this problem.  
 Bio-based polymers made from whey and casein are 
popular and can be readily used in the dairy industry, 
given the low investment in raw materials and commer-
cial viability5. The starting materials are basically  
obtained from waste sludge during the manufacture of 
other dairy products and thus can be used directly from 
the industry itself, a big nod to the 3R principle of envi-
ronmental conservation.  
 The Bottle Project is a research funded by the Euro-
pean Union which provides innovative environmental so-
lutions to packaging in the dairy industry. With an aim to 
manufacture two types of bottles, different biomaterials 
have been manufactured to be used as raw materials for 
the manufacture of these ‘bio-plastics’. The project con-
sortium, coordinated by implants, consists of eight com-
panies from five different countries, viz. Portugal, Spain, 
Italy, Germany, and Belgium, combining the appropriate 
capabilities and expertise along the value chain. Several 
commercial biodegradable materials which have been  
developed to address the same aspect show some limita-
tions. In contrast, popular packaging materials like high 
density polyethylene (HDP) used in food contact applica-
tions like dairy products, are the primary focus of  
the biobottle project. However, the major drawbacks  
are low thermal and mechanical properties, which are 
much needed from the packaging and marketing points of 
view.  
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 These limitations are being solved in vivo, where suita-
ble biodegradable materials are being developed to obtain 
three different types of packages for dairy products. 
These packages are improved with new enhanced charac-
teristics: thermal resistance, processability, functionality 
and biodegradability. They are viable, legal and can be 
composted easily. These biomaterials comply with the  
legal requirements based on plastics for food contact. The 
compounds developed by chemically modifying reactive 
extrusion allow obtaining packages which are all stable at 
temperature up to 75° Celsius (during the pasteurization 
process). In this process, chemical bonds are formed be-
tween the polymer chains resulting in a dense network of 
very high molecular weight polymers, which become less 
mobile when subjected to thermal or mechanical stress. 
Also, properties like heat distortion, Environmental 
Stress Crack Resistance, creep and abrasion resistance are 
enhanced. The processed biomaterials need not be sepa-
rated from organic waste at the end of their brief cell life. 
In addition, traditional plastic processing equipment can 
be used to manufacture this product, thus requiring no  
extra machinery cost.  
 AIMPLAS (Spain) was able to obtain compounds with 
the same properties which included thermal stability and 
abrasion resistance. Each material was accurately de-
signed for individual package product processing. The 
process to obtain pouches was carried out in two steps: 
the first was brown film extrusion and the second was 
moving it to the back-performance stage in the produc-
tion process. Both bottle types were obtained by extru-

sion blow moulding. The 500 mm bottles were obtained 
by the special blast facilities in Portugal using a single-
extrusion head. In order to complete the biodegradable 
big bottle ensemble, a cap was placed across the side. The 
cap obtaining was carried out using a conventional injec-
tion moulding equipment. The validation, coordinated by 
CN Air, Italy, was based on the functional, microbiologi-
cal and organoleptic analysis and legal requirements for 
food contact. The organoleptic analysis was performed by 
a professional consumer panel. The FDA legal require-
ments based on migration aspects were analysed by VLB, 
Germany. Combustibility test according to EN134322 
was done by OWS, Belgium, and the compound will be 
certified by Vincent. The materials which can be disposed 
together with organic waste are found to decompose in 
the regulated combustible plants into biomass: CO2 and 
water in less than six months. Thus this project can be a 
leading study for the production of biodegradable packag-
ing materials with enhanced thermal and mechanical  
resistance for the production of different types of bottles 
and pouches, especially for the dairy industry.  
 In another unique research application, scientists have 
found a way to make casein protein less susceptible to 
cracking, while processing it for making cases and cover-
ings. The method simply uses silicate clay by the name 
sodium montmorillonite. After subjecting sodium mont-
morillonite to freezing temperatures, it gets converted in-
to an aerogel, a sponge-like material10. Then it is infused 
with the porous network of clay with casein plastic as a 
result of which a polystyrene-type material is formed, 

 
 
Figure 1. Total Anoxybacillus counts in whole milk attached to different abiotic surfaces at 55°C and
65°C. Error bars indicate SD of duplicate experiments. The letters ‘a’ and ‘b’ above the columns in a sub-
figure represent significantly higher counts (P < 0.05). The same letters like aa, bb in a sub-figure indicate
that there is no difference between the surfaces8. 
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which is excellently biodegradable. The product is also 
relatively less toxic, as in the manufacturing process,  
glyceraldehyde is substituted for formaldehyde.  

Solutions for the dairy industry to consider 

Innovative minds have always been at work and have 
come up with several outstanding solutions to address the 
problem at hand11. These ideas carry immense potential 
to completely replace plastics in the dairy industry12,13. 
Some of these are mentioned below.  

Bio-based polymers 

These are made from waste products from the production 
of corn. They are easy to produce, manage and can be 
made into a wide array of products for use in the dairy 
industry, like food-grade plastics, wrap films, etc. Simi-
larly, polymers made from mushroom root, bagasse and 
stone plastics are excellent alternatives (although in a  
developing nation like ours, the question remains: food 
for the poor or plastic alternative?).  

Milk plastics 

Milk-based plastic-like packaging substances are not new 
in the market. In fact, in the old times, a similar method 

was adapted along with other biodegradable packages. 
Plastics made from casein molecules as mentioned earlier, 
combined with clay and glyceraldehyde can be good way 
to replace plastics in dairy packaging. Whey protein resi-
dues have also been found to have beneficial packaging 
potential.  

Leaves 

Leaf-based packaging is an age-old practice in India and 
it can be revived to be used in the short-term packaging 
of certain dairy products like paneer, milk powders, etc. 
Several plant varieties have impervious waxy leaves (like 
sal leaf) that can be successfully utilized for the same.  
 There are a few alternatives that are in the running 
phase and can be immediately implemented.  

PET bottles and Tetra-Pak 

Tetra Pak TBA cartons are six-layered packages with  
paper-based products, aluminium foil and polythene as 
components. Although in successful running use, they are 
still a threat to the environment as trees need to be cut to 
produce them. PET bottles are plastics too, but since  
their resale values are high, they tend to get collected and 
thus can be reused or recycled according to the require-
ment.  

 
 

Figure 2. A biofilm is a three-dimensional aggregate of single or multiple types of microorganisms that is submerged in auto-generated 
Extracellular Polymeric Substances (the slime) and is generally adhered to a surface. The EPS is basically composed of polysaccharides in 
structural roles along with junk materials from the surrounding environment, like RBC, soil particles, etc. Biofilm formation is a step by 
step process that results in a system where the participating micro floras are interdependent on each other for nutrients, better known as a 
syntrophic consortium. Generally, motile bacteria constitute these biofilms, as the nonmotile bacteria cannot recognize the surfaces or 
aggregate as easily for successful attachment. Increased hydrophobicity is also found to account for low resistance between the surface 
and the bacterium, thus aiding the commencement of the biofilm formation. 
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 As climate change becomes more and more prominent 
with each passing day, our need to go ‘green’ gains more 
spotlight. The marketed products need packaging basically 
for their durability and safety. With the advent of plastic 
packaging materials, it has become a challenge to develop 
a material that would compete with the conventional plas-
tics in terms of mechanical and thermal durability, easy 
manufacturing and handling, docility, etc. along with be-
ing biodegradable14. Some well-known companies have 
developed unique ecofriendly packaging techniques. 

IKEA 

This Swedish furniture company has adopted mushroom-
based packaging in its search for a biodegradable alterna-
tive. Outer roots and shell of the mushroom consists of 
mycelia, which when mixed with oats provides a solid 
packaging material (fit to transfer precious glassware 
too). In the dairy industry, this type of packaging can be 
used to transfer fragile dairy products like biodegradable 
milk pouches.  

Veuve Clicquot 

This champagne house in France uniquely uses potato as 
a part of Naturally Clicquot, its new product. This cham-
pagne range comes with an ecofriendly packaging made 
using potato starch. This too can be used in the dairy  
industry to transport fragile packages. Veuve Clicquot 
has also used grape skins in its biodegradable packaging 
project.  

Woolcol 

This company in the UK produces sheep wool-based in-
sulated packaging. This idea can be extensively applied 
in the dairy industry considering the market demand for 
warm dairy products like fresh milk.  

RHYTHM-108 

This company in Switzerland has introduced a biofilm 
Natureflex made from wood pulp extracts of the eucalyp-
tus trees. Biofilms can be and are already being used  
extensively in dairy packaging.  

American Chemical Society 

The society is the process of developing a biodegradable, 
edible packaging made from milk protein, i.e. casein. 
This film is found to be about 500 times better than plas-
tic in preventing exposure of wrapped food to oxygen. 
Dairy industry may soon become self-reliant in its need 

for biodegradable packaging materials with the introduc-
tion of this biofilm.  

Whole Tree 

Coconut husk has been used as a packaging and stuffing 
material since ages, due to its tough lignin-based struc-
ture and natural burn resistance. Whole Tree, Texas, USA 
is using this as an alternative to plastic packaging.  
 Although these methods seem impractical from a 
commercial point of view, such changes when brought 
about slowly into the market can help create a niche and 
lessen the demand for plastics.  

What we can do to contribute  

We cannot entirely replace plastics in the dairy industry 
as such, but we can always follow the 3R rule, reduce, 
reuse and recycle, and also do not litter. Simple change in 
habits like using dustbins, replacing any single-use com-
modity with reusable ones can do wonders. Instead of us-
ing paper-based products which will aggravate and 
compound another problem, it is better to incorporate re-
cycled and multipurpose goods with natural degradation 
time frame, as paper degrades faster, and manufacturing 
and recycling of paper is no more environment-friendly 
than plastic. Use of glass bottles at home and stainless-
steel flasks while travelling, replacing utensils with stain-
less steel, brass, glass and porcelain instead of harmful 
bakelite and melamine, swapping polythene bags for 
cloth bags are some of the ways that we can contribute. 
We can carry our own bags or utensils while shopping for 
dairy products15.  

Conclusion  

We need to consider whether with all these possible  
alternatives, it is actually sustainable or feasible to halve 
the plastic use in the next year or so. Is the alternative of 
bio-based polymers or reusable glass bottles or other sim-
ilar ‘environment-friendly’ methods actually viable eco-
nomically or otherwise to the industries in a large scale? 
We can cautiously say ‘yes’, despite some reservations by 
the stakeholders of all strata in the dairy industry. A  
vision to tackle the economic scenario upon plastic re-
placement as well as to pave the way for a better envi-
ronment-friendly and healthy future environment is the 
need of the hour. Research, laws, advisories, etc. can only 
do little if proper orientation for change is absent. Right 
now, we have to work together to make bio-based poly-
mers in the dairy industry commercially and economical-
ly sustainable. With proper measures and the right 
attitude, complete and successful replacement of plastic 
from the dairy industry may not be a distant hazy dream.  



GENERAL ARTICLE 
 

CURRENT SCIENCE, VOL. 119, NO. 9, 10 NOVEMBER 2020 1416

 

1. Sodhi, R. S., Plastic packaging for Milk and other food products, 
Indian centre for plastics in the environment, Amul Corporation, 
2019; http://icpe.in/pptdelhi/SS%20Indian%20Centre%20for%- 
20Plastics%20in%20the%20Environment-1%20%20R%20S- 
%20Sodhi.pdf  

2. How stuff works, top 10 eco-friendly substitutes for plastic, 2009; 
https://science.howstuffworks.com/environmental/green-tech/ 
sustainable/5-plasticsubstitutes.htm/ (accessed on 5 April 2020).  

3. Kilker, J., The world without us. Sci. Commun., 2008, 30(2), 288–
291.  

4. Schmidt, C., Krauth, T. and Wagner, S., Export of plastic debris 
by rivers into the sea. Environ. Sci. Technol., 2017, 51(21), 
12246–12253.  

5. DW, Environment, all plastic in the ocean comes from just 10 
Rivers. 2017; https://www.dw.com/en/almost-all-plasticin-the-ocean- 
comes-from-just-10-rivers/a-41581484/ (accessed on 6 April 2020). 

6. Song, J. H., Murphy, R. J., Narayan, R. and Davies, G. B., Biode-
gradable and compostable alternatives to conventional plastics. 
Philos. Trans. R. Soc. London, Ser. B, 2009, 364(1526), 2127–
2139.  

7. Ralston, B. E. and Osswald, T. A., The history of tomorrow’s  
materials: protein-based biopolymers. Plast. Eng., 2008, 64(2), 
36–40.  

8. Karaca, B., Buzrul, S. and Coleri, C. A., Anoxybacillus and Geo-
bacillus biofilms in the dairy industry: effects of surface material, 
incubation temperature and milk type. Biofouling, 2019, 35(5), 
551–560.  

9. Zhang, J., Jiang, L., Zhu, L., Jane, J. L. and Mungara, P., Mor-
phology and properties of soy protein and polylactide blends.  
Biomacromolecules, 2006, 7(5), 1551–1561.  

10. Markande, A. R. and Nerurkar, A. S., Biochemical diversity of 
microbial bioemulsifiers and their roles in the natural environ-
ment. Research Gate, 2014.  

11. Barnes, D. K., Galgani, F., Thompson, R. C. and Barlaz, M.,  
Accumulation and fragmentation of plastic debris in global envi-
ronments. Philos. Trans. R. Soc. London, Ser. B, 2009, 364(1526), 
1985–1998.  

12. Formerly innovation excellence, 13 plastic packaging alternatives, 
2008; https://disruptorleague.com/2018/07/02/13-plastic-packaging- 
alternatives/ (accessed on 5 April 2020).  

13. https://www.business-standard.com/article/economy-policy/single-
use-plastic-banindustry-mulls-polyester-yarn-for-milk-packaging-
119093001410_1.html/ (accessed on 5 April 2020).  

14. Business-standard, single-use plastic ban: industry mulls polyester 
yarn for milk packaging, 2019; https://www.economist.com/ 
science-and-technology/2010/10/28/there-and-back-again/ (ac-
cessed on 5 May 2020).  

15. FICCI, A report on Plastics Industry, 2018; https:// 
plastindia.org/pdf/Indian-Plastics-Industry-Report-2018-2.pdf/ 
(accessed on 6 May 2020).  

 
 
Received 8 May 2020; revised accepted 1 September 2020 
 
doi: 10.18520/cs/v119/i9/1411-1416 

 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


