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ABBREVIATIONS AND SYMBOLS

CD

cfti

СО:

EVOH

LDPE

LLDPE

MD

O2

OTR

PA

PE

RH

UHT

WVTR

DEFINITIONS

Board

Carton

Cultured milk 

Fermented milk 

Gas-tight carton

Head space

Sour milk 

Probiotic

cross direction, perpendicular to the machine direction

colony forming unit

carbon dioxide

ethylene vinyl alcohol

low density polyethylene

linear low density polyethylene

machine direction, along which the fibres tend to align in

the board machine

oxygen

oxygen transmission rate 

polyamide

polyethylene, refers to LDPE in case of (sour) milk cartons

relative humidity

ultra-heat-treated

water vapour transmission rate

refers to the uncoated and coated packaging material

subsequently converted as the gable-top carton

refers to the ready gable-top packaging

mesophilic fermented milk

general name for all fermented milk products

refers to EVOH- and aluminium-coated cartons due to their

good gas barrier properties

air space above the sour milk, remaining in the gable-top 

carton after sealing

Finnish drinkable cultured fermented milk, known as piimä 

live micro organism which confer a health benefit on the 

host organism when present in adequate amounts



1 INTRODUCTION

1.1 Background of the research

Ample attention has been paid to the manufacturing process of the sour milk to 

improve the product quality. However, the importance of the packaging should 

not be neglected. According to a preliminary study the sour milk quality could be 

enhanced with the improved barrier packaging material. Moreover, packaging 

material development would provide an economic approach to the product quality 

improvement.

The influence of the packaging on the sour milk has not been thoroughly studied. 

The research has concentrated on packaging interactions with milk and yoghurt. 

The focus has however been on different plastic packagings while the different 

fibre-based products have been almost neglected. Moreover, the Finnish sour milk 

differs from the fermented milk products used elsewhere in Europe.

1.2 Objectives of the research

The main objective of this research is to improve the quality of sour milk with the 

enhanced gable-top barrier carton. The knowledge of how the different barrier 

properties of the carton effect on the sour milk quality want to be increased to 

provide valuable information for the product as well as packaging material 

manufacturer. Currently the sour milk is packaged in similar gable-top carton as 

milk, although its fermented nature and consequently different consistency pose 

additional requirements for the packaging material. With the enhanced gable-top 

barrier carton the viscosity of the sour milk aim to be increased, whey separation 

diminished and physical structure smoothened. Also the relatively short shelf life 

(12-15 days) want to be extended. However, the importance of the different 

barriers (gas, light, water vapour) is unclear.

Another objective of this research is to diminish the bulging of the sour milk 

gable-top carton with improved mechanical and/or barrier properties. Namely,
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consumers connect the bulging with the deteriorated sour milk quality and easily 

discard the cartons although the phenomenon is more dependent of the carton.

1.3 Frames of the research

This research concentrates on the influence of the gable-top cartons with different 

barrier characteristics on the quality of skimmed Gefllus sour milk during its shelf 

life. Due to the relatively short duration of the study the tested materials are 

commercially available ones. Consequently, only certain material specifications, 

such as certain plastic barrier layers and layer thicknesses, are examined. The 

carton tightness is examined only to some extent although it has a pronounced 

role in determining the barrier properties of the packaging. The main target is 

instead to compare the barrier properties between the different packaging boards 

and their effect on the sour milk quality and carton bulging during the shelf life. 

The migration of the packaging materials is not examined and is discussed only to 

minor extent in the literature part. The mechanical properties of the cartons are 

examined to some extent to support the study of bulging.

Skimmed sour milk is selected for the experiments due to its marked tendency to 

quality alteration during the shelf life. The probiotic Gefllus bacterium affects also 

the packaging requirements. The analyses made of the product are restricted to the 

ones describing the quality of the sour milk in course of its shelf life. Since the 

main focus is on the packaging material, the factors behind the quality aspects 

(whey separation, lumpiness/flakes and viscosity) are not deeply scrutinised but 

some aspects have been introduced in context of the result discussion. The 

incomplete measurement data could not, moreover, thoroughly explain the 

phenomena.

1.4 Structure of the research

The thesis consists of literature and experimental part. The literature part begins 

with chapter 2 introducing the packaged product, sour milk, followed by chapter 3 

discussing the product’s shelf life. Requirements for the sour milk packaging are 

summarised and the gable-top carton is more precisely examined in chapter 4. The 

barrier properties (gas, water vapour, aroma and light) demanded from the

9



packaging to maintain and enhance the sour milk quality are discussed more in 

chapter 5: Perishing modes and penetrants effect on the sour milk are represented. 

Possibilities to protect against the penetrants with the proper packaging are also 

introduced. Chapter 6 studies the carton bulging focusing on the top seal quality 

and certain mechanical properties. The sour milk filling process in the gable-top 

cartons is described in chapter 7. Finally chapter 8 concludes the literature part 

with the current knowledge of the barrier properties affecting the sour milk quality 

and carton bulging.

The experimental part starts with chapter 9 representing the objectives and 

hypothesis for the experimental study. Chapter 10 introduces the materials and 

methods. Thereafter the experimental results are represented and discussed in 

chapter 11. The results are interpreted in following sections: structural analyses of 

the board, barrier measurements, mechanical characteristics of the board, bulging, 

chemical and microbiological analyses, sour milk structure, surface appearance 

and odour/taste. Chapter 12 concludes the experimental part supported by the 

literature knowledge and suggests further research topics. Finally, the most 

suitable carton material for the sour milk from the tested ones is justified in 

chapter 13.
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LITERATURE PART

2 PACKED PRODUCT - SOUR MILK

2.1 Sour milk - general

Finnish sour milk is a speciality food product. One might claim that earlier sour 

milk was as important part of the Finnish food culture as wine is for the Eastem- 

Europeans. Due to the drinkable cultured milk products, Finland and Iceland 

belong to the top consumers of liquid milk products in the world. However, since 

the 1970’s, the consumption of sour milk has continuously decreased in Finland 

as depicted in Figure 1. /1/.

Figure 1. The consumption for fermented milk products in Finland during 1960-2005 
expressed as kg/person/year. Green stands for sour milk, red for yoghurt, light blue for 
curdled milk and dashed line for the total amount. The consumption of sour milk has 
continuously decreased. /2/.

Figure 1 clearly illustrates that the uptake of flavoured yoghurt exceeded the 

consumption of sour milk in 1998. Yet, the total annual consumption of cultured 

fermented milk products has remained stable at around 40 litres per person. /1/.

Currently 21 sour milks with different names are manufactured in Finland. Half of 

them are skimmed and to the majority of them D 3 -vitamin is added. Acidophilus- 

and bifidobacteria or probiot (e.g. Gefilus) containing sour milk, organic sour 

milk, flavoured sour milk, non-lactose sour milk and unhomogenised sour milk 

are some examples of the supply. Originally sour milk manufacturing was 

however a way to get the milk to endure longer. /1/. Products somewhat
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resembling Finnish sour milk in other Nordic countries are Norwegian taette, 

Swedish tätmjölk and filmjölk as well as Norwegian and Swedish cellar sour milk 

and Icelandic skyr /3, p. 130-131/.

2.2 Sour milk as part of the fermented milk products

Several different fermented milk products can be found all over the world due to 

the different practices for milk treatment developed according to the existing 

climatic conditions /4/. The fermented milk products can be classified into three 

groups according to their starter type:

■ Products in which mesophilic lactic acid bacteria are used (sour milks 

originating from Europe, curdled milk, sour creams, buttermilk and quarg). 

These are called as cultured milk products.

■ Products in which thermophilic lactic acid bacteria are used (yoghurt and 

highly heated cheese such as emmental and gruyere).

■ Products in which mesophilic or thermophilic special starters containing in 

addition to lactic acid bacteria also other useful bacteria and yeasts are used 

(kefir, koumiss, acidophilus sour milk, bio yoghurts, ymer, butter, semi hard 

and soft cheese). /3, p. 129, 5/.

The generic name of fermented milk products originates from the manufacturing 

process: the milk for the product is inoculated with a starter culture which 

converts part of the lactose to lactic acid. Alternatively in certain fermented milk 

products, combination of lactic acid and yeast fermentation or solely yeast 

fermentation occurs. /5, 6, p. 241/. Biochemical fermentation is defined as a 

metabolic process in which carbohydrates and related compounds are partially 

oxidised 111. The lactic acid fermentation is the most important production phase 

of cultured milk products. The quality and manufacturing time of the product are 

vitally dependable on the characteristics and activity of the starter culture. /3, p. 

130/. The important characteristics of mesophilic fermented milks are consistency 

due to the lactic acid coagulation of the milk proteins and aroma and flavour 

produced by citric acid and lactose fermentation /8/.
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Skimmed Gefilus sour milk is inoculated with 0.01-0.08 V-% of frozen starter 

mixture consisting of Lactococcus lactis, Lactococcus lactis subsp. cremoris, 

Lactococcus subsp. lactis biovar diacetylactis and Leuconostoc and additionally 

with 0.03-0.04 V-% of Lactobacillus rhamnosus GG, LGG 19/. LGG is present in 

sour milk due to its probiotic nature. It does not substantially participate in the 

generation of lactic acid or volatiles in sour milk because the host starter mix 

destroys the growth conditions for the Gefilus bacterium. /10, 11/. Lactococcus 

lactis and Lactococcus lactis subsp. cremoris produce mainly lactic acid from 

lactose being homofermentative and are often referred as acid producers.

In contrary, Lactococcus lactis subsp. diacetylactis and Leuconostoc spp. also 

ferment citric acid and produce carbon dioxide, acetaldehyde, acetoin, diacetyl 

and other volatiles and are respectively referred as aroma producers. Leuconostocs 

can also produce equal molar amounts of lactic acid, carbon dioxide and ethanol 

from lactose being heterofermentative. /8/. The Lactococcus strains produce only 

L-lactic acid whereas the Leuconostocs only D-lactic acid referring to the 

different optical isomers of lactic acid. Therefore the starter mix used for the 

skimmed Gefilus sour milk can be called as DL-culture. /12/. Lactococcus 

bacteria produce 0.5-0.7 % lactic acid and Leuconostocs 0.1-0.2 %, respectively, 

in milk. Mesophilic lactic starter cease fermentation at pH 4.3-4.5. As a 

heterofermentative bacterium, Lactococcus cremoris may form slime. /8/. 

Presence of oxygen might cause unbalance between the production of aroma 

compounds and acidification. Namely, the lactic acid and aroma bacteria remove 

dissolved oxygen from the milk during the initial growth, thus their growth is 

retarded /13/. The typical aroma of fermented milks originates mainly from a 

mixture of lactic acid and carbonyl compounds. For example, acetone, acetoin, 

acetaldehyde and diacetyl are present in yoghurts /3, p. 130, 14/. When milk is 

fermented with a DL-culture, ethanol, acetone, diacetyl and acetoin are the biggest 

contributors to the aroma /15/.

Interactions in mixed strain starter due to the inhibitory or stimulatory metabolites 

may be important for starter stability and behaviour. Lactic acid bacteria growth
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simulating substances include carbon dioxide, certain vitamins of the В-group and 

minerals, purine, pyrimidine bases, acetate, acetaldehyde and citrate. 

Correspondingly, for example, oxidation reduction potential, hydrogen peroxide, 

antibiotics and competition for nutrients may delay or hinder the growth and 

activity of the lactic acid bacteria. /8/. The acidification might continue after 

production of fermented milks. This after-acidification is defined as production of 

organic acids by the starter between the production and consumption of fermented 

milks /12, 14/. This phenomenon depends on the strain, final pH after cooling, 

lowest attainable pH-value causing the acidification process to cease and 

thermoactivity at the storage and distribution temperatures of the product for 

example/12/.

2.3 Structure and appearance of the sour milk

The appearance and structure of the sour milk is associated with the consumer 

acceptance, which can be predicted by sensory characters. Structure and mouth 

feel (e.g. smoothness, creaminess, body, no lumps and no sandiness) are 

particularly important attributes of fermented milks. /4/. Sour milk of a good 

quality has a fresh taste, smooth and uniform structure without whey separation 

/3, p. 133/. According to the product specifications, the skimmed Gefilus sour milk 

should be homogenous, smooth, non-stretchable and easily drinkable. It should be 

white and the whey should not be strongly separated /16/.

However, especially skimmed sour milk lacking the fat globules results into a 

loose product, being even more prone to syneresis and whey separation /4, 17/. 

Even samples not presenting a whey layer on top can have a significant vertical 

protein concentration gradient. Typically the whey separates on the surface due to 

the higher density of the closely packed irregular curd grains compared to the 

serum phase. The weight of the curds compresses the particle network and/or 

causes the particles to sediment. /18/.

Lactic acid bacteria contribute in addition to the taste and keeping quality, also to 

the structure. The sour milk viscosity should be higher compared to milk. The
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viscosity depends on the viscosity of the continuous (serum) phase and the 

volume fraction of the gel particles. It is mainly affected by the protein content, 

the whey protein dénaturation and the viscosity enhancing effect of 

exopolysaccharides (EPS) produced by the lactic acid bacteria. /19/. The structure 

and appearance of the sour milk may change still during the storage due to the 

after-acidification. The viscosity has been perceived to increase especially during 

the first seven days of storage /20/. A slight decrease in pH (around 0.2 pH units) 

can improve the rheological properties of the product. However, an excessive 

drop in pH leads to syneresis and increased whey separation during the shelf life. 

/4/.

Structure and appearance of sour milk can be manipulated by changing /4/.:

■ Ingredients (protein type and concentration, lipid type and concentration, use 

of fat-substitutes, stabilisers).

■ Pre-fermentation processing (standardisation, homogenisation, heat treatment 

and/or addition of coagulants).

■ Starter cultures (especially the ability to influence acidification profile or to 

produce exopolysaccharides).

■ Post-fermentation changes (acidification, mechanical handling or 

concentration of the ferméntate).

■ Packaging/21, 22/.
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3 PACKAGING PROLONGING THE SHELF LIFE

3.1 Shelf life determined by the product quality

The shelf life of food can be defined as the time after production and packaging 

during which all of the primary food characteristics remain acceptable under 

defined environmental conditions. The packaging and the transportation, storage 

and selling environment all have an influence on the shelf life of the product. 

Additionally, the products differ a lot in their sensitivity to deterioration. The 

perishing mode influences directly on the type of protection needed from the 

packaging material. In addition to barrier packagings, the shelf life is generally 

prolonged by using preservatives and colder distribution environments. Since all 

these options will increase costs, the optimum shelf life has to be determined 

combining the aspects of food producer and consumer. /23/. The importance of 

the packaging in achieving and maintaining the product quality is significant for 

the fermented milk products, such as sour milk, having shelf life longer than 10 

days /22/.

With well designed and appropriate packaging the factors leading to deterioration 

of the product can be controlled. If the properties of the packaging are insufficient, 

perishing of the product is visible as physical, chemical, microbiological, 

nutritional as well as organoleptic changes. Consequently, the consumers are 

unwilling to buy the product due to unaesthetic or organoleptic reasons. The main 

reasons for food deterioration are access of humidity, oxygen or aroma from the 

food to the environment or vice versa. Also the light transmitting the packaging to 

the food and the changes in the ambient temperature affect. /24/.

The product quality defining the end of the shelf life can be determined by the 

chemical components of the product. Limits for various food ingredients or 

undesirable foreign substances can be indicated, outside which a significant 

quality reduction can take place compared to the initial quality. Since the time 

interval within which the product quality remains completely unchanged can be 

very short, it is more important in practice to define the shelf life as a time interval
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up until the limit where the most important product quality characteristics just still 

remain. This implies, among other things, that during this time neither undesirable 

compounds being harmful to health nor foreign odour or taste are allowed to 

occur in the food. /25/. In a more technical sense, the quality term can be extended 

to express the sum of the product’s characteristics (product’s outline and 

organoleptic perception) and performance with respect to reliability, availability, 

safety, nutritional value, freedom from contaminants, i.e. all those attributes that 

make it appreciated by the consumer. /26/.

These requirements have two important consequences. Firstly, the necessity of an 

objective evaluation for changes in quality, and secondly, the adaptation of the 

packaging according to the required food shelf life. The solution of both problems 

has to meet the legal food requirements. /25/. Acceptance criteria can be evaluated 

in addition to the chemical components as increased or decreased organoleptic 

properties or the physical changes, e.g. in structure and appearance. 

Microbiological deterioration, which alters the product unsuitable or unsafe for 

human consumption, has to be surveyed as well. /26/. The acceptability criteria 

directly affect the measurement of the shelf life: some products have a clear 

acceptability point whereas others have complex deteriorations making it difficult 

to define one. However, it has to be borne in mind that the consumer determines 

the ultimate acceptability. Therefore the concordance between a standardised 

definition of acceptability and actual consumer acceptance is crucial to the 

commercial success of the product. /23/.

3.2 Factors affecting the shelf life of sour milk

Figure 2 summarises the multiple factors affecting the product quality and 

consequently the shelf life: the entire chain from the raw materials and 

manufacturing process until the storage conditions of the packaged food. 

Ultimately, all these factors have an influence on the consumer satisfaction. /27/.
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Figure 2. The whole chain from the raw materials to the storage conditions of the packaged 

sour milk influence the quality, shelf life and consequently consumer satisfaction /27/.

The most important factors affecting the quality and thus shelf life of fermented 

milk products, such as sour milk, include the raw milk quality, the processing, the 

starter-cultures, the treatment after fermentation, the filling process, the proper 

packaging materials and the distribution and storage environment /21/.

The factors affecting the shelf life of the sour milk can be classified as internal 

and external factors. Internal factors can be further divided into microbiological 

factors, biochemical reactions, chemical reactions, physical factors and biological 

factors /28/. Microbiological factors include pH or total acidity and microbe 

amount and composition. The growth of microbes, besides very cold tolerant, i.e. 

psychrophic microbes slows down substantially below 10 °C and ends totally at 5- 

0 °C. The harmful and useful influences of the microbes on the food products 

derive from the compounds they generate. They change the taste and odour, 

colour or structure. The fermented milk products are held microbiologically safe 

due to the reduced pH and redox potential inhibiting the growth of putrefactive 

bacteria and other detrimental organisms. /3, p. 181,6, p. 242, 28/. Thereby the 

shelf life of the sour milk is prolonged. On the other hand, sour milk is a very 

favourable environment for yeasts and moulds causing off-flavours if allowed to 

infect the products because they grow very rapidly at the pH range of 3.5-4.5 at 5 

°C /3, p. 181, 6, p. 242/. However the yeasts and moulds are relatively harmless. 

Consumers realise this verified by the high consumption of acid products (20 %) 

after the expiry date. /17/.

Biochemical reactions, such as. cell respiration, happen due to enzymes. 

Oxidation is the most important chemical reaction taking place in the sour milk. 

Oxidation, especially of lipids, affects the taste, aroma and colour. The rate of the 

chemical reactions is strongly dependable on the temperature. /28/. Sour milk is
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not that vulnerable to physical factors, however the possible mixing of the carton 

during the logistics chain affects the quality. Biological factors, such as vermin, 

are not a big problem for liquid products, such as sour milk.

External factors comprise e.g. temperature, gas composition, light (UV & IR), 

relative humidity and mechanical strain /28/. Generally all pasteurised products 

are distributed and stored refrigerated to minimise the probability of spoilage /29/. 

Sour milk is packed in transit packagings, plastic crates, which take all of the 

stresses arising from stacking, thus minimising the mechanical stress exerting on a 

sour milk carton /30/. By storing the sour milk below 8 °C protected from light 

and odours, its shelf life is 12-15 days after the packaging day /31/.

3.3 Shelf life tests

Shelf life of the product can be studied with shipping tests or storage tests or 

modelled with the help of computer. Typically product development includes 

defining the shelf life of the product with storage studies. The shipping tests rarely 

represent all conditions which the product will be exposed to. Therefore the 

storage tests where the product is maintained in a static facility and its quality is 

evaluated with time are more recommendable. The packaging parameters, which 

need to be specified for the shelf life testing, comprise the material designation 

and source, the appropriate transmission rate, the surface area and the net weight 

of the enclosed product. /23/.

Various storage conditions can be tested, including accelerated conditions 

allowing faster results. However, if either the product or the packaging passes 

through a transition, the results of the accelerated test will correlate only slightly 

with the ambient ones. Alternatively, the permeation rate of the packaging 

material can be accelerated. A product can be packaged in a low moisture and 

high oxygen barrier material to test its moisture sensitivity. These accelerated tests 

assume, however, that the changes in the product take place faster than the 

transmission across the packaging. /23/.
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Computer simulation is the most cost-effective way to design packaging. 

Simulations are especially important when the product material availability is 

restricted as in the product development stage. Subsequent storage studies 

imitating the real situation ensure the fulfilling of legal requirements and confirm 

the predicted results. The initial assumptions can be checked based on the 

differences between the predicted and actual results. The advantage of the 

simulated studies is that they are not restricted to one package/one-condition study 

but parameters can be changed to affect another study. However, the mode of 

product deterioration, such as oxidation or moisture loss, must be known before 

using any simulated approach. Testing is then performed to show product changes 

with change in the critical factor. /23/.

The sensory evaluation is likely to be used alone or in combination with 

instrumental and chemical analyses to determine the quality of the product /23, 

32/. However, overall organoleptic quality comprises several changing factors 

which make the correlation of values of individual chemical parameters with 

sensory evaluation unstraightforward. In addition, the relative contribution of each 

factor may vary at different quality levels or at different storage conditions. /32/. 

Ideally, sensory scores can be correlated to analytical data, consequently sensory 

evaluation being able to provide the index for the product quality /23/.
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4 GABLE-TOP CARTON AS A SOUR MILK PACKAGING

4.1 General requirements for the packaging

The main function of food packaging is to maintain functional properties of the 

packaged product and the product quality. The packaging should also give legally 

required product information, as well as attract consumers and provide consumer 

convenience: be easy to open, use and close. The packaging should meet 

requirements for production, converting, packaging line and distribution. It should 

provide effectiveness by minimising product losses and improving working 

conditions in the logistic chain. The environmental impact of the packaging 

should also be minimised. /33/.

4.2 Requirements for the gable-top carton used for packaging of sour 

milk

Sour milk can be packaged in different materials, e.g. in high density polyethylene 

(HOPE) bottles or pouches /29/. Packagings made of polypropylene, polystyrene 

and coextrusion plastic complexes can be used as well /22/. However this research 

concentrates on the gable-top carton, typically used in Nordic countries as a sour 

milk packaging.

The basic packaging functions pose certain requirements for the fibre-based liquid 

packaging. Firstly, the liquid packaging board has to fulfil liquid tightness and 

strict purity requirements concerning additives, heavy metals, dioxin, migration 

and microbiological purity. Secondly, it should maintain the organoleptic and 

nutritional characteristics of the product. /34/. The role of the product should not 

be neglected either.

The currently used packaging of sour milk is similar to the one used for native 

milk - a relatively simple polyethylene-coated paperboard gable-top carton. It is 

easy to convert and handle and is suitable for food products thanks to its 

cleanliness and hygiene. /35/. However, the sour milk makes special demands for 

the packaging due its physical, chemical and bacteriological properties. Namely,
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sour milk contains a large population of living lactic acid bacteria, which is 

considered as a fundamental criterion of fermented milks /22/. During its 

metabolism bacteria culture produces carbon dioxide which should be able to 

leave the packaging /36/. Additionally, Gefilus sour milk contains probiotic LGG 

bacteria survival of which is influenced by the ability of the supporter culture to 

produce low after-acidification and consequently small amount of organic acids 

and flavour compounds /37/. The conditions in the packaging should be 

favourable to keep the probiotic and the supporter culture alive. The sour milk is 

more acid and its object viscosity is higher than in milk where the protein network 

forming is not wanted /19/. Simultaneously, the sour milk packaging has to keep 

the light, oxygen, water, water vapour and fat from penetrating into and through 

the material likewise the milk carton. Sour milk contains both hydrophobic and 

hydrophilic components thus having the potential to plastisise or interact with 

both hydrophobic and hydrophilic materials. However the plasticisation is modest 

and undetectable with polyethylene. /36/.

The sour milk is distributed via cold chain resulting in need of lower oxygen 

barrier property than required for aseptic packaging stored at ambient temperature 

/27/. Also the relative short shelf life has favoured the use of PE-coated carton. 

However, the grown popularity of fermented milk products in the world, the 

concentration and expansion of production units and specialisation of the factories 

has resulted into an increasing supply and more widespread and distant markets. 

This has further lead to a demand of increasing the product shelf life. /51. In 

addition to shelf life prolongation, the sour milk quality could even be improved 

by enhancing the barrier properties of the gable-top carton with e.g. plastic foils, 

metallised plastic foils or aluminium foil. In addition to sour milk protection and 

possible quality enhancement with the barrier properties and mechanical rigidity 

of the carton, the economic efficiency of the gable-top carton is also considered 

/22 /. Table 1 summarises the demands for the Gefilus sour milk carton made by 

the product. The barrier properties and bulging related issues are discussed in 

following chapters.
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Table 1. Summan of the demands for the sour milk carton made by the product /12, 19, 20, 
21, 28, 33, 36,37, 38, 39, 40,41, 42/.

water vapour absorption

loss of moisture

packaging rigidity 
deterioration
deteriorated oxygen barrier 
fill level decrease 
deteriorated consistency

water vapour barrier

vitamin degradation vitamin losses oxygen barrier 
light barrier

aroma losses flat taste/odour aroma barrier
off-flavours unpleasant odour/taste gas barrier
pigment oxidation colour change: yellowness light barrier 

oxygen barrier
increasing C02 content carton bulging 

whey separation 
too fizzy product 
discolouration

mechanical rigidity, 
carton integrity, 
sufficiently permeable to C02

increasing acidity corroding the packaging acid resistant packaging 
interior

mechanical damage carton breakage 
organoleptic changes 
(odour/taste, appearance & 
structure)

carton rigidity and toughness
carton integrity
(tight seals and no pinholes)

decrease in purity food contamination 
nutritional and quality losses

no migration 
carton integrity 
carton toughness

death of living bacteria, 
especially probiotic LGG

loss of product functionality carton integrity 
low after-acidification

unknown lumpiness and flakiness oxygen barrier 
possibly also light barrier

protein depletion whey separation 
decreased viscosity

oxygen barrier 
possibly also light barrier

mould and yeast growth off-flavours gas barrier 
water vapour barrier

loss of fat greased packaging grease barrier
lipid oxidation off-flavours 

flavourless taste/odour
oxygen barrier 
light barrier 
water vapour barrier

The influence of the packaging material on sour milk quality has been studied 

only to minor extent. The studies have concentrated on the quality of milk and 

yoghurt stored in different plastic packagings. The typical PE-coated gable-top 

carton has acted only as a reference in few studies, such as made by Moyssiadi et 

al. /43/and Vassila et al./44/.

Pasteurised milk stored in different plastic containers has been examined in 

relation to the oxygen /40, 43, 44/ and light permeability /43, 45, 46, 47/. Similar
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Studies of yoghurt have been done /48, 49, 50/. The influence of PE- and 

aluminium-carton on the UHT milk quality has been examined /51/. Some 

research has also been done on Swedish fermented milk /36/ and Norwegian 

skimmed cultured milk /21/. In this relatively recent study /21/ the aluminium- 

coated carton improved the stability of the skimmed cultured milk through 

decreased whey retention, resulted in higher carbon dioxide concentration through 

better barrier characteristics and stabilisation of consistency as well as improved 

appearance and flavour characteristics. It was also mentioned that the further 

studies of a board with internal greaseproof layer resulted in almost equal quality 

than the aluminium-coated carton. However, the board with different barrier 

plastic coatings, not more precisely defined, did not affect significantly 

advantageously the quality.

4.3 Carton parts

4.3.1 Board - backbone of the gable-top carton

Board answers for the mechanical characteristics of the gable-top carton. It also 

provides printability and creasability for the carton and light barrier for the sour 

milk /35, 52/. It has to give delamination strength, runnability and dimensional 

stability /53/.

Typical liquid packaging board consists of multiple board layers, made of virgin 

fibres to ensure a high standard of odour and taint neutrality. The top ply is always 

made of bleached chemical pulp providing a good printing surface and opacity. It 

can be even pigment coated to give the best printing reproduction. Other layers 

may consist of either bleached or unbleached chemical or mechanical pulp. /35/. 

The top ply gives strength (tensile, tear, delamination, surface strength) for the 

board and covers possibly darker middle layer. The top ply has to endure creasing 

and bending and thus have sufficient elongation. It has a high elastic modulus thus 

contributing to the stiffness. The middle ply has to have porosity to be bulky /54/. 

Therefore, it is typically made of CTMP giving bulk to a three-layer packaging 

board and corresponding over half of the multiply basis weight. High bulk 

increases the stiffness of the board by dividing the surface and back layer as far of
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each other as possible. Incompressibility of CTMP allows bigger board 

calandering resulting in growing smoothness as the basis weight remains constant. 

The middle ply has to endure stresses exerted in manufacturing, converting and 

similarly with the top ply. /55, 56/. The middle ply has to have certain z-strength 

required in lamination /34/. Use of CTMP in the middle ply has allowed 

significant basis weight reductions of liquid packaging boards during the last 

decades /57, 52/. The reverse ply has similar requirements as the top layer, except 

opacity and printing requirements. Additionally the reverse ply has to have certain 

porosity to let the drying vapour originating from the middle ply evaporate 

through it /54/.

Board as such provides a good light protection for the product. However, 

unbleached pulp reduces the light transmission even more. The rest effect of 

bleaching on chemical and mechanical pulps is complex and depends on the 

balance between pulping, oxygen delignification and bleaching stages. These 

processes determine the beating behaviour and strength characteristics 

contributing board making properties of bleached pulps. /58/. The main objective 

of bleaching, increasing pulp brightness and cleanliness is attained either by 

removing or brightening the coloured substances, especially residual lignin, in the 

pulp. /60/.Cellulose and hemicellulose are inherently white, thus they do not 

contribute to colour /59/. The lignin removing bleaching is usually used for 

chemical pulps whereas the mechanical pulps are bleached by brightening the 

lignin /60/.

Generally, bleaching slightly decreases tensile strength of the chemical pulps. 

Namely, the lignin removing bleaching makes the fibres easily swellable and 

flexible, when the lignin is removed between the cell walls. Consequently the 

fibre network binding is improved, further resulting in a denser board. Also a too 

great loss of hemicellulose can lead to weakened pulp strength. Although the fibre 

length is not changed in bleaching, the yield loss reduces the linear density of the 

fibre, thus improving e.g. tear strength in bleached pulp. /60/.
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The main pulp characteristics of chemimechanical pulps are determined before the 

chromophoric-groups-brightening-bleaching. Conventional hydrosulphite 

bleaching has a minimal influence on the mechanical properties of 

(chemi)mechanical pulps because of the reducing action of the chemical. 

However, brightness, hydrophilicity and to some extent fibre flexibility are 

enhanced during bleaching. Peroxide bleaching at low pH (around 10) affects 

mainly chromophore elimination whereas at high pH (>12) introduces carboxyl 

groups promoting swelling, fibre bonding and paper strength. The increased 

flexibility in turn improves the strength properties. /58/. CTMP is brighter than 

ordinary thermomechanical or refiner mechanical pulp but not as white as 

bleached chemical pulp /35/.

Long fibred softwoods provide strength, toughness and structure whereas short 

fibred hardwoods give higher bulk, good formation and optical properties /61/. 

The type of internal sizing applied at the stock preparation stage differentiates 

liquid packaging board from the board used for folding cartons. The internal 

sizing hinders the water penetration. It ensures that the raw edges of the board 

exposed to the humid dairy environment do not readily absorb water or product. 

/35/. Alkyl ketene dimere, AKJD, is used as a neutral sizing agent partly thanks to 

its good lactic acid resistance /62/. In addition to internal sizing, the raw edges can 

be protected by skiving as well.

4.3.2 Barrier and tie layers

Barrier properties are important due to the porous structure of board allowing the 

gases to flow through the material. Furthermore, the board is hygroscopic material 

absorbing moisture into it according to the ambient relative humidity. /61/. Liquid 

tightness, moisture, gas, grease and aroma barrier are thus attained mainly with 

the plastic coatings and aluminium film of the gable-top carton. In practice, the 

product, the required shelf life and commercial considerations all influence on the 

selection of packaging material in any specific liquid packaging application. /35/.
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Traditionally two-sided low density polyethylene (LDPE) extrusion coated board 

has been mainly used for fresh products requiring relatively short shelf life in 

chilled distribution, such as pasteurised milk products. /35, 52/. LDPE is formed 

in the high pressure polymerisation providing a very good heat scalability, good 

liquid tightness and humidity protection, enhanced by its even coating profile and 

pinhole free coating. LDPE is however a poor gas and flavour barrier. /63/. Fillers 

can be added to LDPE to further improve adhesion or barrier properties /52/.

LDPE is clean, inert, odourless and tasteless, transparent, economic and easy to 
bum and thus recycle /52/. It has a density between 0.910 and 0.925 g/cm3 /65, p. 

189/. The crystallinity usually varies between 50 % and 70 % /63/. LDPE has 

good tensile, burst and tear strength and impact resistance but poor scuff 

resistance, dust attraction, low grease and oil resistance and susceptibility to 

environmental stress cracking. /63, 65, p. 191/ LDPE has excellent chemical 

resistance, particularly against acids, alkalis and inorganic solutions /63/. 

Therefore the low pH of sour milk poses no problem, when the innermost layer is 

made of LDPE /22/. Usually LDPE improves printability thanks to its formation 

of a smoother surface board /52/.

Since the conditions (pressure, temperature, catalyst used) under which the 

polyethylene is polymerised determine the density and molecular structure of 

polyethylene, the properties of different PE’s vary. /52/. Linear low density 

polyethylene, LLDPE, is superior to LDPE in most properties such as tensile, tear 

and impact strength, elasticity and flexibility as well as puncture, environmental 

stress crack and chemical resistance /52, 63/. LLDPE is more crystalline and 

therefore stiffer, but less transparent than LDPE /63/. LLDPE provides tough, 

strong seals, good hot tack and wider sealing temperature range. /52, 65, p. 296/. 

LLDPE has however even poorer grease resistance than LDPE /65, p. 191/. 

LLDPE is often blended with LDPE; however levels over 15 % of LDPE 

eliminate most advantages of the linearity /52/.
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Numerous products and their different shelf life requirements have extended the 

packaging material types to include aluminium foil, high barrier and ionomer 

plastics /35/. Conventionally these improved barrier materials are used for 

medium- and long-term shelf life products requiring vitamin, nutrient and 

flavouring components preservation /52/. Combined structures of ethylene vinyl 

alcohol copymers or polyamide and PE are used to protect the product in ambient 

and chilled distribution /35/. These multibarrier structures comprise three, five or 

even more layers. The barrier structure is normally extruded on the liquid contact 

side of the board. /52/.

The excellent gas and aroma protection of ethylene vinyl alcohol, EVOH, 

copolymers originate from their high crystallinity and high level of hydrogen 

bonding induced by the hydroxyl groups. As a highly polar polymer EVOH is 

excellent barrier to gases but poorly resistant to water vapour: PE is therefore 

needed. /52/. The disadvantage of EVOH is its weakening barrier properties with 

increasing relative humidity due to the swelling effect of the absorbed moisture 

leading to an increased flexibility and permeation /64/.

EVOH provides an excellent resistance to oils and organic vapours but the latter 

deteriorates as the polarity of the penetrant increases. Generally, as the ethylene 

content increases, the gas barrier deteriorates, the water vapour barrier improves 

and the resins are more easily processable. EVOH resins have high mechanical 

strength, elasticity and surface hardness, very high gloss, low haze and excellent 

abrasion resistance. /63/. EVOH copolymers are expensive to produce due to the 

impossible polymerisation directly from their monomers /52/. EVOH can be 

easily coextruded with PA whereas coextrusion with polyolefins (e.g. 

polyethylenes), polyesters and polycarbonates requires use of adhesives. The 

layers are structured in subsequent order: base board or film, adhesive, EVOH, 

adhesive and heat sealant. /66, p.635/.

Several polyamide, PA, types exists, differing in the number of carbon atoms in 

the basic amino acid (such as nylon type 6 and 11) or in the reacting amine and
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dibasic acid (nylon type 6,6). Amide linkages (-CONH-) in the main polymer 

chain provide mechanical and barrier properties. However, all PA types have 

certain similarities. They are resistant to alkalis and dilute acids and provide a 

good gas barrier when dry. PAs are highly permeable to water vapour due to the 

polar amide group. Similarly with EVOH, the absorbed water has a plastisising 

effect breaking the hydrogen bonds, which results in reduced tensile strength and 

increased impact strength. However, amorphous polyamides, such as MXD6 and 

Novamid 21, exhibit improved gas barrier and reduced moisture sensitivity 

compared to aliphatic polyamides, such as nylon 6. This is in contradiction to the 

theory according to which permeation occurs more readily in the amorphous 

polymer regions. /68/. PAs’ odour resistance is excellent and the films are 

tasteless, odourless and non-toxic. PAs have excellent toughness, flex-crack, 

abrasion, impact, tear and puncture resistance. /63, 65, p. 200/. They are 

transparent and resistant to oil /65, p. 200/. The presence of an aromatic ring 

structure in amorphous polyamides provides the polymer with high heat 

resistance, high stiffness and improved tensile strength /52/.

Aluminium foil is a well-established high barrier material providing flavour, light, 

oxygen and water vapour barrier. It has good fat resistance as well. It can be 

laminated to either side of the board; outside it gives the carton a metallic finish. 

Aluminium laminates are typically used for aseptic and hot filled products, which 

require a long shelf life in ambient distribution, and chilled fresh juices. /35/. 

Heavier foil gauges (> 17 pm) are totally impermeable to all gases. However, as 

thickness is reduced, pinholing becomes more common due to metallurgical 

impurities and variations. Partly therefore, the gas penetration of the typically 

used foils being thinner than 12 pm is often diminished by additional polymer 

coating. /65, p.286/. In gable-top cartons the aluminium layer is moreover 

considerably thinner than 12 pm. An additional PE layer provides also heat 

scalability and appearance /35/. Aluminium has superior dead-fold properties, 

thus it holds the fold geometry /65, p. 279/. However, it is susceptible to flex 

cracking, the splitting of the foil when worked. /65, p. 286/. Due to the 

environmental consciousness and better folding properties, the trend is to replace
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aluminium with high barrier polymers, such as EVOH /21/. Metallised plastic 

films can also be used instead of aluminium foil: already 0.1 pm thick aluminium 

layer gives comparable barrier properties to aluminium foil /65/.

The extrusion coating process demands two different resins: one providing 

adhesion to the substrate as tie layer and the other offering interply adhesion in 

coextrusion between dissimilar polymers /52/. lonomers are used to attach EVOH 

and aluminium to LDPE layers for example. lonomers are copolymers of ethylene 

and a small amount of methacrylic acid, further modified by the inclusion of metal 

cations. /52/. They have enhanced stiffness, transparency and toughness /63, 52/. 

lonomers, commonly known by the Du Pont trade name Surlyn, are particularly 

useful in board laminates to provide an inner layer with good heat scalability. 

They can bond by heat sealing through food particles which may be trapped 

between packaging layers during the filling process. lonomers have excellent oil 

and grease resistance, excellent environmental stress crack resistance, greater 

abrasion resistance and higher water vapour permeability due to lower 

crystallinity compared to LDPE. They also have exceptional impact and puncture 

resistance. /63/. lonomers can adhere in extrusion coating onto aluminium foil at 

lower temperature than PE. Thus lonomers help to avoid potential odour 

originating from the high temperature PE-extrusion. /35/. In addition to the actual 

barrier polymers and ionomers several additives can be used to enhance the 

properties of the laminate.

4.4 Converting the gable-top carton

After the board has been manufactured, it is extrusion coated and slitted to correct 

width. The converting process continues with printing, creasing and die-cutting. 

Finally the blanks are side sealed possibly including skiving. /69, 70/. The side 

sealed carton blanks are further formed, filled and sealed at the filling machine.

The board is extrusion coated typically with a tandem machine having two 

extruders, one for each side of the board, to manufacture double-coated LDPE 

liquid packaging board /52/. The extruder reminds a mincer (consisting of a
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hopper and screw) into which granules are fed, heated and compressed until they 

fuse into a melt. The molten polymer is further forced through a slit die onto a 

chilled roller. Rapid cooling of the extruded film is really important. /71/. 

Aluminium foil lamination requires at least three extrusion units: the first coats 

the top side of the board, the second the aluminium foil and the third the sealing 

layer on top of the aluminium foil. EVOH copolymer and PA based structures 

need only two coating stations. Namely the inside barrier layers are coextruded 

into one layer before laminating it onto the board. /52/.

After the extrusion coating a maximum of 2 m wide web is slitted to rolls with 

correct width for a certain packaging size. These board rolls are fed into a printing 

press which prints, creases and die-cuts the coated board to produce flat blanks. 

/69/. Typically flexo or, alternatively, offset printing is used. In gable-top cartons 

the printing is applied above the PE-coating layer. To achieve a good print 

adhesion to the PE, the surface of the PE is treated with an electric corona 

discharge or direct gas flame after the extrusion coating. The treatment oxidises 

the surface of the PE, thus making the surface molecules more reactive. Inks 

being used must also have good wet and dry rub resistance when printed above 

the PE layer. /35/. Another approach to ensure the good print adhesion is to 

applicate a very thin primer coating on the substrate. Oxidised, extruded PE 

surface adheres strongly to the primer, which in turn adhers strongly to the 

substrate. /72/.

Board is creased to simplify the folding of the laminate: a crease is formed when 

board is pressed into a groove with a rule. During the folding of the crease the 

board delaminates into thin layers which should not bulge out from the plane. 

/73/. In addition to good strength properties of the material, the geometry of the 

creasing operation affects. The geometry covers e.g. the width of the creasing 

rule, width and depth of the make-ready groove and the penetration of the 

creasing rule into the surface of the material. The subsequent performance of 

carton creases depends on time and storage conditions, which has to be taken into 

account when blanks are stored before use. /61/.
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The longitudinal side seal is also completed at the packaging material 

manufacturer using hot air or gas flame /27/. The optional skiving is also 

conducted at this stage. The side-sealed blanks are then wrapped and palletised. 

The MD, the fibre direction, is oriented horisontally in the Tetra Rex gable-top 

carton blanks and ready cartons. /69/. Figure 3 illustrates the structure of the 

skived gable-top carton blank before side sealing. Several creases of the carton are 

specified as well as the several parts of the carton blank: panels, fins and flaps.

Figure 3. The carton blank comprises several creases identified as follows: Cable creases 4 
& 13, top diagonal creases 3 & 15, top upper and lower creases 7 & 19, opening creases 11 & 
18, bottom crease 21, bottom diagonal creases 26 & 32, vertical creases 24, 27, 30, 34. Parts 
of the blank are specified: top fins 8 & 16 , bottom fin 22, top flaps 2, 5, 9, 12, 17, bottom 
flaps 23, 25 29, 31,33. The panel numbering starts from the right: 1st panel no 20, 2nd panel 
no 14,3rd panel no 10, 4th panel no 6, 5th panel no 1 and 6th panel no 28. /74/.
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5 IMPROVING THE PRODUCT QUALITY WITH THE 

BARRIER PROPERTIES OF CARTON

5.1 Transmission mechanisms behind the perishing factors of product 

quality

Interaction between the food, the packaging material and the environment are of 

special concern. The product will initially come to equilibrium with the 

atmosphere inside the packaging. However subsequent permeation will further 

modify the internal atmosphere and hence the degradation processes will proceed. 

Therefore the barrier properties of the packaging play a significant role in the 

product preservability. /75/.

Mass transport in packaging systems encompasses several phenomena classified 

into three categories: migration, sorption and permeation. Migration is the passage 

of different compounds from the packaging material into food, whereas sorption 

involves the take up of food components into the packaging but not through it. 

Packaging materials may interact with the product due to their non-inert nature. 

Permeation is gas, liquid or solid materials transfer from the product to the 

external environment through the packaging or from the storage environment 

through the packaging to the product. /76/. This research concentrates on the 

barrier properties of the packaging material assuming that no migration takes 

place and thus focusing on the permeation. Figure 4 illustrates the mass transport 

on product-packaging systems.
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Figure 4. The mass transfer between the product, packaging and environment composes of 
permeation, migration and sorption. Only in permeation the molecules transfer through the 
packaging. The transferring materials deteriorate particularly the product but also the 
packaging. /38/.

The mass transfer process forms the basis of further physiochemical activities 

within the packaging system: changes in the product, physical damage of the 

packaging or both /76/. Figure 4 clearly presents the adverse effects on the 

product due to the material transfer. The main transferring components causing 

the product deterioration comprise oxygen, water vapour, light and aroma 

compounds. These lead to oxidation of the product, mould growth, dehydration, 

aroma losses and off-flavours.

Gases and vapours permeate through polymeric materials by two mechanisms: 

permeation occurring as activated diffusion and leakage occurring as capillary 

flow. Activated diffusion is the major permeation mechanism for multi-layered or 

high barrier polymeric materials. Capillary flow involves the permeation of gases 

and vapours through pinholes, cracks, and microscopic pores in the packaging 

materials. /24/.
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5.2 Gas and water vapour barrier

5.2.1 Permeation

The most important factor affecting the permeability of packaging is the 

packaging material /77/. Permeation of small molecules through a polymer, 

occurring as activated diffusion, consists of three stages. First the molecules 

absorb onto the surface of the polymer then they dissolve into the polymer matrix 

and diffuse through the polymer induced by a concentration gradient. Finally the 

molecules desorp on the other side of the polymer film because the gas evaporates 

from the packaging material surface towards smaller concentration when striving 

for equilibrium. /72, 78, p. 7/ Figure 5 presents the permeability model.

Packaging wall

DesorptionAbsorption

Diffusion

Figure 5. Permeability model for gas transmission through packaging wall. The total 
permeation through the material comprises absorption, diffusion and desorption. /72/.

The barrier characteristics of a polymer or packaging are conventionally 

associated with its permeability coefficient value. /24, 79/. The permeability 

coefficient, P, is a measure of the steady-state transfer rate of the permeant 

combining the influence of the diffusion, D, and the solubility, 5, coefficients as 

presented in Equation 1 /76, 79/.

P - D ■ S (1)
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Equation 1 is valid when D and S are independent of the permeant concentration 

within the polymer material. When the permeation process involves highly 

interacting penetrant vapours with the polymer, this relationship may no longer be 

strictly applicable. /76/.

The barrier properties of the packaging depend mainly on diffusion rates. The 

diffusion coefficient describes how fast permeant molecules pass through the 

barrier material in the direction of lower concentration or partial pressure, whereas 

the solubility coefficient refers to the amount of permeant molecules dissolved in 

the polymer at equilibrium conditions /24, 76,79/. A high barrier polymer has low 

values of both diffusion and solubility coefficients and therefore also low 

permeability. Each polymer has a specific P, D and S value for any specific 

permeant at any given temperature. In the case of permanent gases, the 

permeability coefficient is irrespective of the pressure of the diffusing gas. /79/.

Several factors affect the permeation. Especially the nature of the polymer (e.g. 

crystallinity and density, chemical structure, molecular weight and degree of 

polymerisation and additives) play a significant role. Also the nature of the 

permeate (e.g. size, shape, polarity, condensation and solubility) and packaging 

geometry affect. /80/. In a study /81/ the permeance of the coated board was 

perceived to be generally lower than the permeance of a free standing film of 

similar thickness. This derived from the fibres embedded in the coating, forming a 

barrier to the gas permeation.

The total barrier performance of a multilayer structure can generally be estimated 

with the help of the polymer thickness and the respective permeabilities of the 

layers. Equation 2 presents this quantity, called total permeance. However, in 

humid conditions it can not be directly applied. /72/.
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where 1Ш is the total thickness of the layers

/)oi is the total permeability of the multilayer structure

The size of the packaging affects as well: The bigger the packaging is, the smaller 

the surface to volume ratio is. Therefore, enlarging the packaging size increases 

the amount of permeant coming through the packaging as squared but the volume 

of product absorbing the permeant increases as cubic. This results into diminished 

barrier requirements with the increased packaging size, all other factors remaining 

equal. /23/.

With the enhanced bottom structure the moisture resistance of the carton can be 

further improved. Since the bottom edges are left uncoated, the moisture can 

easily penetrate into these raw board edges and subsequently throughout the 

fibreboard interior layer, which may endanger the carton integrity. In the Sahara 

bottom, applied in Tetra Rex cartons and presented in Figure 6, the raw edges at 

the bottom are elevated above the moisture, which may be present during 

transportation and storage /82/.

Figure 6. Sahara bottom applied in Tetra Rex cartons to reduce the water absorption. The 
raw edges at the bottom are elevated above the moisture, which may be present during 
transportation and storage /35/.

Ambient factors, prevailing pressure, temperature and relative humidity, affect the 

gas permeability /80/. According to a rule of thumb, based on the Arrhenius 

relationship, permeability increases by 30-50 % with every 5 °C temperature rise 

/66/.
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5.2.2 Leakage

In addition to permeation, molecules can enter a packaging by leakage occurring 

as capillary flow. While permeation is a delayed process, leakage starts 

immediately after sealing /83/. The top and bottom part structure of a packaging 

as well as packaging tightness and integrity affect the gas and vapour leakage. 

Untightness may originate from the side seals and creases. Channels in seals or 

cracks stemming from flexing of the packaging material during filling and 

subsequent handling increase the gas or vapour exchange between the packaging 

and environment /32/. The pinhole (a small melt tear of barrier coating occurring 

during the extrusion coating /52/) with equal size has bigger influence on the 

oxygen tightness than on the water vapour tightness of the packaging because the 

oxygen sensitive foods are generally by two to four orders of magnitude more 

sensitive compared to water vapour sensitive foods /32/.

The big role of the leakages in the overall gas transmission was perceived in an 

earlier study, where gas permeance of PE-coated board boxes was examined /81/. 

The diffusion of oxygen and carbon dioxide through the packaging material 

counted only for 35 %, while leakages from the edges, corners and box-to-lid 

connection counted for 65 % of the overall gas transmission. The high 

contribution of leakages might be caused by the high oxygen transmission rate of 

PE. Also other research /84/ highlighted the top and/or bottom leaks being the 

biggest contributors to the oxygen transmission rate. For aluminium coated 

cartons the leaks in the bottom contributed more to the oxygen transmission than 

the leaks in the top although the liquid inside the carton and the solid ground were 

assumed to inhibit the oxygen transmission. However the results were 

contradictory for EVOH-coated cartons.

Pronounced effect of the seals and pinholes on the permeation rates was 

confirmed in the earlier study, where the water vapour transmission rate of a cup 

form of packaging was found to be double compared to the sole packaging 

material. /85/. Also cracks and pinholes in the creases add the permeance of the 

coated board, and diminish the selectivity of the board (permeance ratio of carbon
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dioxide and oxygen decreases). The decrease in selectivity indicates that creases 

damage the PE coating. The increase in permeance and the loss of selectivity 

depended on the length of the crease and on the extent to which the coating was 

damaged at the crease. /81/. Therefore optimised creasing geometry and process 

are essential to maintain the barrier properties of the packaging material.

Both the side seal as well as the bottom seal of a packaging may have a raw edge, 

i.e. an open board edge being in direct contact with the product. A raw edge might 

absorb moisture from the product or surroundings, which can however be 

protected by skiving. The Tetra Rex carton blank design includes a narrow fifth 

panel of which edge is skived, i.e. most of the board is removed from the edge. 

Figure 7 illustrates the skived side seal construction. The inner surface of the 

narrow sealing panel is sealed to the inner surface of the joining panel. It ensures 

that liquid does not have any contact with the raw edge of the board, when the 

carton is filled. /61/. The Tetra Rex bottom structure includes also a sixth panel to 

avoid the product contact with the raw edge.

Figure 7. To avoid the direct contact with the food, the open board edge, raw edge, can be 
skived i.e. most of the board is removed from the edge /61/.

In previous study /86/ the raw edge amount in the gable-top bottom influenced 

clearly on the oxygen transmission rate and leaks. However skived raw edge did 

not decrease the water vapour transmission rate of the gable-top carton. Leaks in 

the carton affected more on the oxygen transmission rate than on the water vapour 

transmission rate. The aluminium-coated carton had leaks similarly with other 

cartons. However, the water content of the packed product (infant formula) did 

not increase during the shelf life.
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5.2.3 Packaging material protecting sour milk against effect of gases and 
water vapour

The most common atmospheric gases, nitrogen, N2, oxygen, O2 and carbon 

dioxide, CO2, are of special interest when studying the permeation of gases. Even 

if carbon dioxide is present in the atmosphere only at low levels (0.03 %), it is an 

interesting component produced by the microbiological activity inside the sour 

milk packaging. /87/. It is very soluble in water (1791 ml/1 at 0 °C) and it 

permeates most packaging materials faster than other atmospheric gases /75, 87/. 

Oxygen in turn is a reactive gas comprising approximately 21 % of the 

atmosphere. Oxygen is somewhat soluble in water (48.9 ml/1 at 0 °C). 

Approximately 78 % of the ambient air composes of nitrogen, which is inert in its 

gaseous form. Nitrogen is sparingly soluble in water (23.3ml/l at 0 °C). In 

addition to nitrogen, oxygen and carbon dioxide also argon (1 %) and small 

amount of other components such as hydrogen, helium and carbon monoxide are 

present in air. The solubility of all gases in water increases with the decreasing 

temperature. /87/.

If oxygen can access the packaging, it can generate lipid oxidation resulting in 

mistake odours and tastes, vitamin destruction and colour changes. Some 

microbiological destruction may also occur. /41/. Protein depletion can also be 

hindered with oxygen barrier thus leading to higher viscosity and smaller 

tendency to whey separation /19/. Improved oxygen barrier also homogenises the 

sour milk consistency /21/. By designing geometry of the packaging so that there 

is minimum amount of air, packing the product in protective gas or selecting the 

packaging material which transmits as little as possible oxygen and other gases, 

the amount of free oxygen in the packaging can be minimised. /41/. The oxygen 

can be presented in the packaging head space but also dissolved into the sour 

milk. The smaller oxygen content also decreases the adverse influence of light. 

/49/. Risk of yeasts and meld growth diminishes with decreasing oxygen content, 

too/ 39/. Generated carbon dioxide can lead to carton bulging if not allowed to 

permeate the packaging material. It contributes to a fresh taste but if presented
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with a high amounts it can cause off-flavours /42/. Carbon dioxide also increases 

the tendency to whey separation /42/ and discolouration /38/.

In addition to atmospheric gases humidity might be detrimental for the sour milk 

and its packaging. Generally, the product may perish by different routes based on 

its sorption behaviour: through microbiological, oxidation, enzymatic or non- 

enzymatic reaction /24/. The harmfulness of the water vapour transmission 

depends on the moisture content of the product because the food products become 

biologically active when relative humidity exceeds 80 %. Therefore the control of 

water permeation is vital especially for the dry products. /52/. Sour milk is not so 

vulnerable to the moisture transmission due to its water activity being already 

initially above 0.8. However, the fill level in the sour milk packaging may 

decrease if the moisture can penetrate through the packaging and the consistency 

may deteriorate /36/. Water vapour can also cause mould and yeast growth 

generating off-flavours /38/. In addition, the humid transportation and storage 

conditions (RH 85-90 % /34/) deteriorate the oxygen barrier properties of the 

packaging and the sour milk consistency /36/. Albeit the liquid packaging boards 

are plastic coated, the humidity penetrates through the plastics and raw edges or 

fractures into the board /34/. As a consequence, the packaging material should be 

adequately protected from the moisture in the distribution and storage to avoid the 

degradation of the mechanical properties /61/.

The barrier properties of the packaging can be estimated and compared by 

measuring the absolute amount of oxygen transmitting through the packaging 

material at certain time in certain conditions, expressed as the oxygen 

transmission rate, OTR /24, 72/. Correspondingly, the water vapour transmission 

rate, WVTR, can be measured to inform the water amount transmitting the 

material /24, 83/. Converting the flat packaging material to a finished packaging 

typically changes the barrier properties calculated from the flat film. Therefore, 

the measurements should be done from the converted (formed, folded and 

creased) packaging if possible. /65, p. 286/. Table 2 presents oxygen, nitrogen, 

carbon dioxide and water vapour transmission rates of certain polymers.
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Table 2.Transmission rates of certain polymers for 1 mm thick films measured typically 
around 23 °C and RH 60 %, except water vapour around 38 °C and RH 90 %. increases 
with ethylene content, **decreases with ethylene content, n.a. stands for not available. /64/.

Polymer

Oxygen 
cm3 mm/ 
(m2 day)

Nitrogen 
cm' mm/ 
(m2 day)

Carbon 
dioxide 
cm' mm/ 
(m2 day)

Water 
vapour 
g mm/
(m2 day)

Ethylene vinyl alcohol EVOH
0.01-
0.04*

0.0015-
0.003*

0.01-
0.08* 0.5-2**

Nylon 6 PA 0.6 0.35 3 3
Nylon 66 PA 0.6 0.3 3 5
Nylon PA 1.5 0.5 3 1
High density polyethylene HOPE 100 20 200 0.2
Low density polyethylene LDPE 250 60 700 0.5
Linear low density polyethylene LLDPE 200 n.a n.a 0.4

Table 2 illustrates that a polymer with a good water vapour barrier, such as 

EVOH, does not automatically provide a good gas barrier. Hydrophobic polymers 

have a low WVTR due to their low diffusion coefficient and solubility of water. 

Therefore polyolefins, e.g. polypropylene and polyethylenes, provide efficient 

moisture protection for the fibre-based packaging. /52/. The gas barrier therefore 

can be attained by using e.g. EVOH layer. A combination of multiple different 

barrier layers in the packaging provides therefore the optimum protection for sour 

milk. 1-5 mg/1 has been determined as the maximum amount of oxygen and water 

vapour which can be absorbed through the packaging without affecting the shelf 

life of milk /64/. Generally, a good oxygen barrier is a good carbon dioxide barrier 

demonstrated by Table 2. Although the gases permeate at different rates, the order 

CO2 > O2 > N2 is always maintained and the permeability ratios of CO2 /О2 and СЬ 

/N2 are usually approximately 5. Therefore it is often possible to estimate the 

permeability of a material to carbon dioxide and nitrogen when the permeability 

to oxygen is known. /75/.

5.3 Aroma and flavour barrier

5.3.1 Perishing modes

Since the packaging is expected to retain the original flavours of the food and 

protect the food against foreign flavours, sufficient aroma barrier is required. In 

addition to the aroma barrier, the effect of the gas, water vapour and light barrier
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should not be neglected because they can hinder the possible chemical reactions 

causing off-flavours.

Similarly with gases and water vapour, the prevailing mass transmission 

mechanisms behind the aroma and flavour changes are permeation, sorption and 

possibly also migration /88, 89/. In contrast, the permeability data on flavours and 

other organic compounds are very limited. The permeation mechanism depends 

on the packaging polymers. Both the diffusion and solubility can control the 

permeation. /88/. Diffusivity determines the rate of attaining equilibrium 

solubility but does not affect solubility per se /90/. Therefore, the flavour scalping 

by a polymer is generally related to solubility coefficient /24/.

Aromas are made up of a mixture of volatile organic compounds. Organic 

compounds differ in their affinity for polymers as well as their partition between 

polymers and adequous phases. It is vital to understand which specific compounds 

are responsible for the characteristic aroma, how much they contribute to the 

overall aroma and how they interact with the packaging material. /91/. The flavour 

permeation depends in addition to the packaging polymers and their 

conformations on several variables, e.g. temperature, relative humidity, packaging 

geometry, flavour concentration and combination as well as chemical structure of 

flavours /76, 90/.

A care has to be taken that the packaging material as such does not deteriorate the 

product flavour by migration. The laminated packaging materials contain 

extractives in the board layers as residues of food or process additives and most 

likely also in the plastic layers as monomers or additives. The pulp bleaching 

reduces the extractive content. /92/. In addition to the packaging raw materials, 

the converting of the board (e.g. extrusion coating, heat sealing and printing) can 

affect the product’s aroma. Moreover, migration increases with viscosity of the 

product /89/. Sorption causing aroma losses is mainly possible in the amorphous 

polymer area /48/. pH of the food has also an influence on the sorption. 

Interactions determining the sorbed amount into the packaging material are
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however complex due to the time dependent changes in both aroma compounds 

and packaging polymers induced by the pH. Swelling and plastisising of the 

polymer, changes in affinity between the polymer and permeant and diminishing 

space in the packaging polymers govern these interactions. /93/.

Sorption may increase the permeability to other permeants, decrease chemical and 

mechanical resistance of the packaging material or affect the diffusivity rate of the 

migration process. The total effect can be the loss of aroma and flavour volatiles 

associated with product quality as well as other volatile organic food components 

during the storage of the packaging. The volume or mass ratio of the food and 

packaging affect the sorption and migration as well. The bigger it is, the smaller 

the sorption or migration is. /76/.

5.3.2 Packaging material protecting sour milk against off-flavours

Permeability of the flavour and aroma compounds through polymers can not be 

predicted simply from oxygen diffusion. However, good oxygen barrier materials 

are also frequently good aroma barriers /75/. For example, LDPE has high 

permeability to oxygen and odours from surroundings /22/. The permeation rate of 

organic compounds is, however, slower compared to the permanent gases /94/. 

Many researchers have reported that cardboard flavour develops in milk packed in 

LDPE-coated carton already after one day of storage. However, it can be 

supposed that the sour milk is not as vulnerable to off-flavours as milk due to its 

acidic nature. /47 /.

Gas-tight aluminium-coated carton resulted in fresher and better flavour of the 

Norwegian skimmed cultured milk throughout the whole shelf life in the earlier 

study /21/. In another research, the ultrapasteurised milk, a.k.a. extended shelf life, 

ESL, milk packaged in barrier carton (LDPE/board/LDPE/EVOH/LDPE) and foil 

carton (PE/board/PE/Aluminium/PE) showed also slower flavour deterioration 

rate compared to the standard LDPE carton during the storage. There was no 

significant difference in the flavour deterioration between these EVOH- and 

aluminium-barrier cartons. The faster flavour degradation in solely LDPE-coated
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cartons was suggested to be originating from the flavour migration. The 

aluminium carton provided also light protection and thus minimised oxidised 

flavours. However, the light-induced off-flavour should not be significant due to 

the storage of the cartons in dark. /47/.

5.4 Light barrier

5.4.1 Light characteristics and sources

Light is electromagnetic radiation which is categorised in different regions. 

Ultraviolet radiation has shorter wavelength (100-380 nm) than the visible light 

(380-770 nm). Each colour (lila, blue, green, yellow, red) corresponds certain 

wavelengths in the visible light wavelength region. Light consists of photons of 

which energy content is inversely correlated with the radiation wavelength. /95/. 

Therefore short wavelength and thus high energy containing light can be 

detrimental /40/.

When a beam of light hits a packaging material, it can transmit through the 

material, absorb into the material of reflect from the surface of the material. The 

light transmitted through the packaging material can further absorb onto the 

product, reflect from the surface of the product or transmit through the product. 

/96, 97/. However, only the radiation energy absorbed on to the product may 

cause chemical reactions, which can rather quickly initiate quality changes in the 

product. Therefore, it is important to know, which wavelength of the light the 

product absorbs. In addition to the chemical reactions, photons may increase the 

surface temperature of the product. /95/.

Food products are exposed to different light sources during their logistics chain. 

The main portion of the light exposure takes place at production plants, in 

storages and in shops where the food products often are exposed to fluorescent 

lamps having unique spectral distribution. /97/. The spectrum of fluorescent lamps 

used in shops is mainly in the visible light area and only a little UV-radiation is 

emitted /98/. So called cool white fluorescent tubes, above 5000 К colour 

temperature, are rich in all green-blue colour components and should not be used
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to illuminate the food products in shops. Between 3300 and 5000 К lights are 

called neutral white light. Warm white tubes with lower colour temperature 

(2700-3000 K) are rich in yellow-red components and poor in lower wavelengths 

(350-550 nm) like violet, blue and green and should be favoured. /99/. After 

consumers’ purchase the products might be under sunlight during the 

transportation to home or during the storage at home /97/. Although only a 

relatively small amount of the sunlight energy is in the ultraviolet region of 290 - 

380 nm, it responds for most of the photochemical induced harm in the product. 

/99/.

The sun light is more detrimental to the food product than the artificial light. 

However, a long-term exposure to artificial light is harmful as well. /46/. The UV 

light is almost fully absorbed by the PE- packaging /99/. The food packagings are 

exposed to bulb light as well /97/. Most of the light emitted by the bulb light emits 

is outside the visible light area /101/. When the lighting conditions were studied in 

three different sized shops, the milk cartons, and assumable also sour milk 

cartons, were found to be exposed to light intensity of 1300-8300 lux /102/. The 

temperature of yoghurts at the carton surface varied between 6 and 9 °C. The light 

intensity in the central warehouse was below 500 lux and the temperature in milk 

roller cage 7-9 °C. Therefore the main light exposure depends mainly on 

conditions in the shops.

Extrinsic factors determining harmfulness of the light comprise spectrum 

distribution, light intensity, distance of the light source from the product and 

duration of exposure. Also storage temperature, packaging volume, light 

transmittance and oxygen permeability of the packaging affect. /99, 103/. Intrinsic 

factors consists respectively of pH, redox potential, oxygen content, level of light 

transmission of the product as well as existence of pro- and antioxidants /99/.

5.4.2 Effect of light on sour milk

Light causes typically oxidation of lipids and oils, flavour and odour mistakes, 

vitamin losses and colour changes /95/. Light taste in milk is formed as a
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combination of activated and oxidised flavour. Light activated flavour, often 

described by terms such as burnt, cabbage or mushroom, originates from the 

degradation of proteins or amino acids or both. /103/. Protein oxidation proceeds 

rapidly in milk products and can be perceived already after few hours of light 

exposure /98/. Light-oxidised flavour stems from oxidation of unsaturated fatty 

acid residues in lipids and phospholipids. The oxidised taste is described as paper, 

board, metallic, tallowy or oily. During the oxidation the content of volatile 

compounds (e.g. acetaldehyde, acetone, butanone, hexanal, pentanal and 

propanal) increases resulting in flavour and odour mistakes. /103/.

Lipid oxidation caused by UV and visible light occurs either as photolytic auto

oxidation requiring oxygen, enzyme-catalysed oxidation or photosensitised 

oxidation. Sour milk containing sensitiser, riboflavin (vitamin В 2), is especially 

prone to visible light because it can start oxidising process or transfer the 

absorbed energy directly to a reaction sensitive component of the food. /96, 104/. 

Recent studies suggest that dairy products contain also other sensitisers absorbing 

light of higher wavelengths than riboflavin /105/. It has to be borne in mind that 

since the auto-oxidation needs only presence of oxygen to occur and cause off- 

flavours, the taste of the sour milk can deteriorate even when stored in dark for 

example in permeably coated board carton /51/. Certain vitamins are destroyed 

directly due to the influence of light and certain indirectly when reacting with 

active oxygen forms formed in lipid oxidation /98/. Especially vitamin A, vitamin 

C (ascorbic acid), and vitamin B2 (riboflavin) degrade in milk due to the light 

exposure /103/. Consequently, the vitamin A and riboflavin degradation is 

dependent on the fat content of the milk /106/.

The off-flavour developed into the natural yoghurt, which was stored at 8 °C and 

exposed to 800 lux, mainly during the first day. The 2.5 % fat containing yoghurt 

was more prone to the quality changes than the non-fat one. /50/. In contrary, the 

light-induced off-flavour was stronger in UHT skimmed milk than in UHT whole 

milk most probably due to the different light reflection and scattering /49/. When 

0 % and 4 % stirred yoghurts were stored at 4 °C for 28 days, the packaging had
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bigger influence on the non-fat yoghurt most likely because the fat acts as an 

aroma solvent and reduces the interaction with packaging. /48/. Discolouration 

can occur due to photodestruction of pigments /49/. An improved oxygen barrier 

of a packaging can reduce the light-induced oxidation. Namely the oxidative 

reactions can not proceed so far due to the restrictive, small, oxygen amount. /98/. 

The light barrier might also decrease the whey separation and lumpiness of the 

sour milk /21/.

The most detrimental wavelength area of dairy products has been studied: the 

wavelength of 400-550 nm can be held especially harmful for sour milk /49, 51/. 

The lipid oxidation is biggest at the wavelengths below 455 nm /103/. 

Photodegradation of riboflavin in milk occurs at the wavelengths of about 450 

nm. These same wavelengths produce light-induced off-flavour. Coincidentally 

with the appearing off-flavour, the yellow colour in whey disappears. The Allen et 

al. found, however, that the photodegradation of riboflavin advances prior to the 

appearance of the light-induced off-flavour /40/. The destruction of vitamins is 

biggest below the 465 nm wavelengths /103/. Also another study found that below 

the wavelengths of 550 nm off-flavours occur and nutritive substances perish in 

milk /107/. The recent study determined the wavelength area of 400-450 nm 

especially adverse for dairy products /105/.

5.4.3 Packaging material providing light protection for sour milk

A packaging should provide light protection for the sour milk at the harmful 

wavelength region (400-550 nm) to secure the product quality. The differences in 

light barrier properties of different packaging materials stem from differences in 

light reflection, light transmission (total transmission and transmission at certain 

wavelengths) and oxygen transmission /98/. The light barrier sufficiency of the 

traditional PE-coated milk carton has been somewhat studied. LDPE and LLDPE 

films having thickness of 0.04 mm transmit both 80-90 % of the radiation from 

250 nm to 800 nm /104/. LDPE having thickness of 15.8 mm, transmits on 

average 63 % of the light at the wavelength area of 350-550 nm whereas board 

used for milk carton transmits 1 % of the light at respective wavelengths. /107/.
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Therefore, the board answers for the light protection of the board laminates, such 

as sour milk and milk carton. Goussault et al. suggested that the current PE- 

cartons used for milk and sour milk are sufficient light barriers against vitamin A 

deterioration /40/. However, Rysstad argued that 0-7.2 % transmission in the 

corresponding area of a totally bleached LDPE-board causes off-flavours in few 

weeks into the milk if exposed to light /51/. According to the International Dairy 

Federation, the light transmittance of packaging should not exceed 2 % at 400 nm 

and 8 % at 500 nm to sufficiently protect dairy products against light induced 

oxidation /108/.

The light transmission of board can further be diminished by pigmenting, for 

example, with titandioxide, or applying higher basis weight and thus thicker board 

/104/. Increasing the thickness of the board reduces the light transmission more 

efficiently than increasing the thickness of the plastic coating due to the board’s 

significantly smaller light transmission /107/. The unbleached board provides 

better light protection compared to bleached board especially at the short visible 

light (400-500 nm) and UV light wavelengths. The difference between the 

unbleached and bleached board is caused by the light absorbing pigments (e.g. 

lignin) which are removed or transferred into other form in the bleaching process. 

/104/. Correspondingly, the light transmission of plastic layers can be decreased 

by increasing the surface smoothness, thickness and non-transparency as well as 

by cavitation /98/. Metal coating or UV-absorbing components reduce the light 

transmittance of the packaging material also /97/. Light transmission of 

aluminium foil is negligible /96, 97/. Light transmission of metallised foils, 

replacing more and more aluminium foil, is also very small in the visible light 

spectrum, best foils being almost as effective light barrier as aluminium. /104/.

The optical properties of the laminates can be modified by colouring and printing 

as well. Coloured or pigmented transparent foils and boards filter the wavelengths 

of visible light of their complement colour. /96, 97/. Generally, the coloured 

packaging materials provide better light protection than the printed ones /98/. All 

printing inks reduce the light transmission of the packaging material in the
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wavelength area of 400-550 nm. Dunkley et al. found red, brown, orange and 

yellow to be advantageous colour for the milk carton, because they did not 

transmit light in the wavelength area (440-480 nm) detrimental to milk. /46/. 

Since light absorbs easily on dark colours and raises the temperature of the 

product, the outside layer of the packaging material is usually light whereas the 

inner layer is dark. /108/.

The importance of the light protection versus the oxygen protection has been 

studied to some extent. According to an earlier research during first two weeks of 

the storage of plain yoghurt the light protection is more important than protection 

against oxygen. Bosset et al. suggested that the oxygen does not play a role if the 

light protection is sufficient despite the light and oxygen having synergetic 

effects. /49/. Another study supported the higher importance of light barrier 

compared to oxygen barrier: Milk’s lipid oxidation increased gradually with the 7- 

days-storage-period in different LDPE monolayer and multilayer pouches, based 

on LDPE and PA, and also in bleached LDPE-coated carton. Oxygen permeability 

did not influence the degree of lipid oxidation partly due to the relatively large 

head space (80-90 ml) being constant in all packagings. Therefore the light- 

induced oxidation was assumed to be the controlling mechanism of lipid oxidation 

and not auto-oxidation. /44/. However, generally the structural changes have been 

connected with the adverse effect of oxygen /19, 21, 41/.
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6 CARTON BULGING

6.1 General

Cross-sectional shape of the gable-top carton tends to change gradually from 

rectangular to rounded, an effect also known as bulging. The bulging is a common 

problem, especially when the shelf life of the product exceeds 14 days /109/. 

Therefore bulging should also be considered in the case of sour milk having shelf 

life of 12-15 days.

The bulging of the carton side panels results in rejection and loss of sales due to 

the perception by the consumers of the product being spoiled /110/. However, the 

phenomenon is more related to the packaging than the product. The bulging of a 

carton panel supported at its edges depends on load, dimensions of the panel and 

properties of the material /111/. Poor mechanical properties of the carton material, 

such as elastic modulus and bending stiffness, may cause bulging /109/. Also the 

big creeping tendency of the carton material may increase the bulging /70/. The 

liquid packagings have to endure long-term and dynamic stresses. Generally, they 

are stored in conditions where the relative humidity is 85-90 %. /34/. Paperboard 

is prone to achieve moisture content equilibrium with the ambient relative 

humidity thus tending to absorb moisture when exposed to high humidity 

conditions or low temperature. The equilibrium moisture content varies depending 

on the previous storage conditions, known as hysteresis effect. /61/. Equilibrium 

moisture content for board stored at 0-10 °C and RH 50-90 % varies from 9.2 % 

to 22.5 %. /65, p. 93/. The increased relative humidity during the storage most 

likely deteriorates the mechanical properties and increases the bulging. The 

adverse effect of the moisture mainly comes from the softening of the 

hemicellulose that the board contains /112/.

Even if improvements in the physical properties of board can improve bulging 

resistance, such enhancements require adding material or layers to the board 

which increases labour, machinery and material expenses. Untight top seal may, 

moreover, contribute to bulging even more than the physical properties /109/. On
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top of all, C02, generated by the starter and trapped inside the carton due to too 

good barrier properties may increase pressure and consequently bulging /12/.

6.2 The overall quality of the carton top seal

Previously the decreased bulging tendency of the gable-top cartons was believed 

to be caused by the physical properties of the carton resulting from aluminium foil 

lamination and only to minor extent by the quality of the top seals. High top seal 

heat directed over an area covering and extending slightly beyond the area to be 

sealed was believed to provide a good top seal. However, Lanham et al. found that 

the overall quality of the gable-top carton top seal contributes significantly to the 

ability of the packaging to resist bulging. Careful control of the top seal quality 

diminished the bulging of non-foil cartons by even 75 % over a shelf life of 60 to 

120 days. As a result, non-foil cartons having equal bulge resistance to aluminium 

foil laminated cartons can be produced with a good top seal quality. Therefore, 

they suggest decreasing the gable-top carton bulging by increasing the air

tightness of the carton top seal. The air-tightness of the top seal can be attained 

with a good seal integrity and eliminating heat activation pinhole damage below 

and in the area contiguous to the top seal. Especially heat activated pinholes in the 

polymer coating and top channel leaks should be avoided. /109/.

Heat damage below the top seal area allows air to enter easily into the head space 

of the carton. Air prevents the generation of a partial vacuum in the head space 

when the product level drops in the carton as a result from the bulging of the 

carton side panels. Without the development of a partial vacuum, the full force of 

the liquid’s hydrostatic pressure focuses on the interior surfaces of the carton side 

panels. As a result the bulging occurs faster than in a carton with no heat 

activation pinhole damage below the top seal area. /109/.

Several techniques can be employed to improve the top seal condition. Firstly, the 

filling machine can be adjusted which is the most important but also the most 

difficult aspect for the carton manufacturer to control. Both the position of the 

heater head or nozzle relative to the carton top and the heat pattern produced by 

the heater head or nozzle must be adjusted so that no heat activated defects occur
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outside the areas of the carton that actually form the top seal. Secondly, the 

packaging materials being resistant to defect formation during heat sealing 

operations can be designed or the packaging configuration can be altered to 

minimise or eliminate the defects normally caused during heat sealing. Lastly, the 

packaging structure and packaging equipment which utilise alternative sealing 

methods not prone to the heat activated defects of traditional heat sealing can be 

designed. /109/. Another option to offset bulging is to apply a filling process 

where at least one carton side panel has a resultant concave shape. This can be 

attained by filling machine which mechanically squeezes the panel during the 

carton top sealing process. Over time the side panel(s) will relax and the partial 

vacuum will release to the point of having a straight-wall-carton during the selling 

period. /110/.

6.2.1 Pressure

An unopened carton contains gases (CO2, O2 and N2 from entrapped air during the 

filling) both in the carton head space as gaseous form and in the sour milk as 

dissolved form, all contributing to the pressure build up in the carton. The sour 

milk causes hydrostatic pressure on the carton participating also in the bulge 

formation. In contrary, the pressure consists solely of the interior hydrostatic 

pressure in an opened carton.

If the load would be constant across the panel supported at its edges, the 

maximum bending, i.e. bulging, of the board would be vertically in the middle of 

the side panel /113, p. 41/. However, the hydrostatic pressure is the biggest in the 

bottom of the packaging suggesting that the bulging should be vertically biggest 

closer to the bottom than top part of the carton. The carton geometry affects as 

well: the top structure is more rigid than the bottom one.

Initially after carton filling, no significant bulge can be perceived. Therefore, 

metabolites of the sour milk can also contribute to the carton shape 

transformation. Especially generated carbon dioxide in course of the shelf life due 

to the post acidification can raise the carton inner pressure. The increased pressure
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evens out due to the volume expansion of the gable-top carton. The better the 

barrier is, the more the carton will hold the CO2 inside it and the bigger the bulge 

most likely will be. The pressure build-up in the packaging due to the increase in 

CO2 partial pressure was observed in a study concerning kimchi, a Korean 

fermented vegetable containing lactic acid bacteria /114/. CO2 concentration 

increased both in the brine solution, measured as dissolved ССЬ, and in the 

packaging head space.

6.3 The physical properties

6.3.1 Bending Stiffness

Bending stiffness is the most important strength requirement for the end use. The 

carton panels should not bulge excessively due to the hydrostatic pressure; 

additionally the packagings have to be rigid enough to provide a good grip during 

handling. /34/. The bending stiffness is also essential to ensure good runnability 

on the paper machine, printing presses and converting machines /57/. It relates to 

box compression, creasability, foldability and the overall toughness of board 

packagings /61/.

The maximum stiffness for a multilayer structure can be attained when thicker and 

bulkier CTMP middle layer is surrounded by thinner layers of chemical pulp with 

maximum elastic modulus, known as the I-beam theory. Elastic modulus couples 

with board thickness, increasing with density. The more apart the chemical pulp 

layers are from each other, the higher the stiffness is. /55, 56/.

While the elastic modulus of multiple layer liquid packaging board varies in the z- 

direction, the bending stiffness can be calculated by adding the bending stiffness 

of each layer. The bending stiffness of one layer can be calculated according to 

Equation (3) assuming the layer homogenous. The contribution of the layer is the 

bigger the more distant it is from the neutral plane. /57/.
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(3)

where

d' + d¡ x (/j. 
12

E is 

d is

h, -z0is

elastic modulus 

thickness

the distance between the neutral plane, z0, and the zth layer

(h= d/2)

The position of the neutral plane, z0, relative to the middle plane, z = 0, has to be 

known in Equation 3. An assumption that neutral plane equals with the middle 

plane, would lead to false results with all but symmetrical products. Namely, in 

asymmetrical structures the neutral plane moves from the middle point of the 

thickness to the stiffer half. The location of the neutral plane can be determined 

from the zero condition of the net stress based on no stress concentrated on the 

neutral plane in bending. The neutral plane can be calculated according to 

Equation 4. /57/.

2о = Ц,------ (4)
Еад
i=i

The stiffness in the machine direction is typically two to four times higher than in 

the cross direction due to the fibre orientation and cross-directional drying 

shrinkage affecting the elastic modulus /57/. Since the horisontal stiffness is more 

crucial for the bulging than the vertical one, the machine direction of the board is 

arranged horisontally in the gable-top carton /34/. However, according to a study 

the stiffness of the weakest direction, thus the cross direction, determines the 

bulging and not necessarily the horisontal stiffness /115/.

The bending stiffness can be improved mainly by three means /57/:

■ By increasing thickness or bulkiness of the board, however it is challenging to 

achieve a smooth printing surface with high bulk.
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■ By increasing elastic modulus of the board, which is however not possible 

with measures that reduce paper thickness.

■ By using a layered structure having higher elastic modulus on board surface 

layers than in the middle ones. If each surface layer accounts for 5 % of the 

total thickness, then doubling their elastic modulus raises bending stiffness by 

27 %.

A combination of the methods above can also be used. The layered structure is the 

most effective way to obtain high bending stiffness and good surface properties 

while simultaneously minimising the basis weight. /57/. Possible pigment coating 

slightly increases the board thickness and thus also the bending stiffness. Surface 

sizing improves the bending stiffness by increasing the elastic modulus on the 

board surfaces. /116/. The substrate dominates the mechanical properties of the 

extrusion coated boards /52/. The PE-layers contribute only slightly tensile 

stiffness and tensile strength because of the big difference in elastic modulus 

between board and PE. For compression strength and bending resistance the 

contribution is bigger because the PE-layers prevent local buckling of fibres next 

to the PE-film. Higher PE grammages may strengthen this effect. /56/.

CTMP has been observed to increase the bulging tendency. The higher tendency 

of CTMP to bulge compared to chemical pulp might relate to its perceived 

tendency to absorb more moisture with a somewhat higher adsorption rate into its 

more open structure /56, 117/. On one hand, chemical pulps have better bonding 

ability than mechanical pulps: they create strong bonds providing higher bending 

stiffness. On the other hand, mechanical pulp fibres are stiffer than chemical pulp 

fibres resulting in higher bulkiness. Since the effect of the bulk overrides the one 

of the elastic modulus until the CTMP counts for 65 % of the furnish /53/, when 

the machine direction reaches its maximum value, mechanical pulps have higher 

potential bending stiffness than chemical pulps. The amount of CMTP influences 

only slightly on the CD stiffness. The situation is different when calendering 

paper to a constant thickness. /57/.
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Moisture content of the board has two main counteracting effects on bending 

stiffness. Elastic modulus decreases as moisture content increases due to the 

softening of the constituent components in the board resulting in lower bending 

stiffness. On contrary, the board thickness increases due to the moisture-induced 

swelling of the fibres resulting in higher bending stiffness. Moisture affects more 

the bending stiffness in CD than in MD. The change in elastic modulus is 15-20 % 

when the relative humidity changes from 50 % to 70 %. Correspondingly, the 

change in the thickness is 5-10 %. This increase in thickness counteracts the effect 

of reduced elastic modulus. /116/. The changing moisture content of the board 

influences its use in the packaging applications and can deteriorate the load 

bearing capability of the packaging. Fibre dimensions change more in CD than in 

MD due to the fibre orientation as most of the fibres are aligned in MD. Therefore 

the dimensional stability is more critical in CD than in MD. /61/.

6.3.2 Creep

Tensile creep occurs in sour milk cartons when the inner pressure loads the carton 

panels contributing to bulging. Namely, when the board is exposed to a constant 

load, it elongates over time /113, p. 34, 118/. Compressive forces induced creep is 

minor because the cartons are not piled directly on top of each other, but instead 

in plastic crates bearing the load.

Board is considered a viscoelastic material similarly with other polymeric 

materials. When a stress is applied to a viscoelastic material, it will exhibit a 

combination of strains: elastic (recoverable and time dependent), viscous 

(permanent and time dependent) and delayed elastic strain (recoverable and time 

dependent). Viscoelastic materials show creep behaviour characterised as a time- 

dependent deformation (strain) upon application of a constant stress. The creep 

strain increases with the applied stress. /119/. Figure 8 illustrates that the total 

creep of the polymeric materials can be divided into a number of strain 

components: initial elastic strain, primary creep, secondary creep and tertiary 

creep.
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Figure 8. The total creep of the polymeric materials can be divided into a number of strain 
components: initial elastic strain, primary creep, secondary creep and tertiary creep. The 
initial elastic strain occurs during initial loading. Primary creep rate is a function of time 
and decreases with time and secondary creep rate is nearly or totally independent of time, 
thus being more stable. The main part of the creep occurs in the secondary region being 
nonrecoverable. /70/.

The initial elastic strain occurs during initial loading, primary creep rate is a 

function of time and decreases with time and secondary creep rate is nearly or 

totally independent of time, thus being more stable. The main part of the creep 

occurs in the secondary region. Initial elastic strain and primary creep are fully 

recoverable while secondary creep is nonrecoverable. Tertiary creep occurs as a 

material reaches its failure and has a dramatic increase in creep rate. Board 

exhibits however only a small amount of tertiary creep. Acceleration originates 

from the decrease in cross sectional area of the specimen due to necking or 

internal voiding /119/.

As a consequence from the fibre alignment, the board creep rate is considerably 

higher in the CD than in the MD at the same stress level. In an earlier study creep 

deformation of board was found to be four to six times larger in CD compared to 

MD. Aluminium and plastics, however, are isotropic materials and their material 

properties are thus constant in all directions. The combined elastic and creep 

deformation of the aluminium laminate (UHT-milk carton) was approximately 

three times larger in CD than in MD. /70/. Therefore, the CD aligned in vertical 

direction reduces the bulging tendency.

In practice, packagings seldom experience constant humidity during their 

transportation and storage /118/. Since the mechanical properties of polymeric
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materials are strongly moisture and time dependent, the materials generally creep 

at a greater rate in cyclic humidity than in a constant humidity known as 

mechano-sorptive creep. Figure 9 illustrates the mechano-sorptive creep. In 

contrast to the constant relative humidity creep, the motion in the interfibre bonds 

accounts for much of the strain and not the fibre elongation in the 

mechanosorptive creep. Variable relative humidity generates excessive free 

volume within the fibre amorphous regions since the material is in nonequilibrium 

state, which further swells the material. Namely, the chain molecules are closely 

packed in any polymer at the thermodynamic equilibrium. Release of micro 

compressions, induced by the free volume swelling, looses the interfibre bonds. 

Subsequently, at a low energy level the micro compressions solely unwrinkle but 

at higher energy levels the interfibre bonds can partially break or even fully 

separate. /121/.

Cyclic RH (1% RH/mm) 
RH = 90%
RH = 30%

Figure 9. The board exposed over a wide range of inconstant relative humidity and to a 
constant load exhibits accelerated creep, which differs substantially from the creep occurring 
in the constant relative humidity /121/.

6.3.3 Creases

A groove is made in a board to simplify the folding of the laminate along a clearly 

defined line, known as creasing /122/. Creases affect also the bulging: if the 

package is poorly creased, the panels bend more easily outwards. The residual 

crease or spring-back force indicates the tendency of the crease to open /122/. The 

board should delaminate evenly during the creasing. In addition to the creasing 

geometry, materials play a role in the stability of the crease to hold the geometry 

of a fold, known as dead-fold property, and not reopen by itself /65, p. 279/. Metal
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foils have the best dead-fold, followed by board. On the contrary, most plastic 

films have relatively poor dead-fold /65, p. 297/.

The CD being oriented aligned with the vertical creases improves the gable-top 

carton rigidity. Namely, the fibre direction affects the carton properties: the board 

does not tear that easily along the vertical CD direction and the stiffness is 

greatest when the board is flexed across the fibres. Thus the folding in CD is 

harder but the fold endurance is also greater across the fibres resulting in durable 

vertical side seals. /65, p. 91/. The stiffness of the weakest direction, CD, was 

observed to determine the bulging and stiffness of the panels and not the 

horisontal fibre direction unlike previously thought /34/. Therefore 75 % of the 

theoretical bulging in the measuring point stems from the rest moment in the 

creases bent in the CD. In addition to the lower stiffness in CD, the rest 

momentum, i.e. residual crease, in the creases being about the same in MD and 

CD and the panels being higher than wider also contribute to the effect of the CD 

on bulging. Bulging of the panels can be estimated from the added contribution 

from the MD and CD creases according to Equation 5 /115/:

(5)

where 5 is bulging out (m)

M is rest moment from creases (Nm/m)

1 is length of the panel in respective direction (m)

£ is relative position of measuring tool of grip stiffness

(1/2 in MD and 2/3 in CD)

El is bending moment (Nm)
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7 FILLING OF SOUR MILK

7.1 The packaging process

The packaging machine takes care of forming, filling and sealing of the carton. In 

order to fully utilise the packaging to protect the product, maintain its quality and 

prolong its shelf life, the packaging process has to be carefully implemented. 

Typically, the packaging material converter supplies also the packaging machine. 

Figure 10 illustrates the filling process beginning from the feeding of the side- 

sealed blanks and ending to the filled cartons conveyed further to the group 

packaging and storage /123/.

4. Electric ovens:
bottom seal heating

5. Bottom sealing

6. Top prefolder

Sour milk tank3. Mandrels

1. Carton magazines

10. Discharge 
conveyors2. Carton erector

7. Metering and filling

8 Лор seal heating
9. Top sealing jaws

Figure 10. The Tetra Rex (TR/18 ESL) filling machine used for sour milk filling. The carton 
blanks are fed in carton magazines. The filling machine converts the blanks in a gable-top 
carton form. The filled sour milk cartons move via discharge conveyors to group packaging. 
/123/.

The phases of the filling process are described more in detail subsequently and 

referred to the corresponded stage in the Figure 10. Gable-top cartons are supplied 

to the dairy as side sealed blanks, placed in the carton magazine ( 1 ) and opened to 

the form of a rectangle (2). The blanks are then erected onto an intermittent 

moving mandrel (3), where the bottom seal is heated by the electric oven (4) and 

closed (5). A double mandrel is able to handle 10 cartons simultaneously. The
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packaging line pre-folds the top part (6) and meters the right volume of sour milk 

and fills the cartons from the top (7). Finally the top seal is heated (8) and closed 

by the jaws (9). /123/. The heat sealing is based on the LDPE coating of the 

carton, which is softened. LDPE becomes tacky under heat and pressure after 

which it cools and resolidifies forming a strong seal. A strong heat seal requires 

also a good fibre tear in the board material /61/. The filling machine consists of 

two packaging lines and is able to deliver up to 14 000 packagings per hour /123/.

The filled cartons move via pockets or flights on the conveyor chain /110/. The 

packaging and the best before day are printed with laser or ink-jet on the carton 

top seals /27/. Finally, the ready sour milk cartons are group packed into plastic 

crates, serving as merchandising units at the point of purchase, or in roll cages 

especially for the large retail groups selling large volumes /35/.

7.2 Important issues concerning the packaging phase

An important factor in producing filled cartons with a good quality is to store and 

handle the packaging material correctly in the dairy. The side sealed blanks 

should be stored away from detergents and other chemicals to ensure that no 

vapours causing off-flavours would absorb on the packaging materials. The 

relative humidity in the storage room should be kept around 50 % for at least two 

weeks before using the carton blanks to assure that the moisture content of the 

blanks remains at 6 %. Too dry conditions can namely make the blanks brittle 

causing problems at the filling machine. The temperature should be kept around 

15 and 20 °C. If the temperature is too low, higher sealing temperature is required, 

which can damage the cartons. A very low temperature can also condensate water 

on the carton during the filling, which may cause additional sealing problems. 

/74/.

Since sour milk is distributed and stored in cold, the carton blanks do not require 

sterile conditions. Regardless, a care is taken that no recontamination takes place 

during filling and sealing: spores, bacteria and dust in the air are eliminated by 

conducting the filling in a closed packaging system. The low filling temperature
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(4-6 °C) ensures the highest possible product quality. Low circulation speed of the 

product in the filling zone and low filling pressure help to preserve the structure of 

the intermediate viscosity product, such as sour milk. /22/. A head space left in the 

cartons provides certain benefits. The sour milk can be shaken to mix the 

separated whey. The opening and pouring can be affected with less risk of spillage 

because the carton is sealed above the product level, thus preventing the sour milk 

from getting trapped in the top seal. /27/.

Attention should be paid to seal integrity particularly for high barrier cartons. 

Therefore the machine and operating parameters have to be carefully adjusted. 

Theoretically temperature, dwell or clamp time, sealing-jaw pressure and jaw 

pattem can be adjusted. Nevertheless, in practice the temperature is the only true 

machine variable because the machine is usually running at design speed and the 

jaw pressure is fixed within narrow limit by the machine. Material variables 

comprise softening point range of the heat sealing medium and the thermal 

conductivity of the total stmcture. /65, p. 297/. In case of polyethylene the degree 

of oxidation should also be checked /26/. Excessive combinations of time, 

temperature and pressure have tendency to force melt from the seal area and 

create a weaker seal. The seal cooling rate plays also a role. /65, p. 297/.
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8 SUMMARY OF THE INFLUENCE OF THE BARRIER 

PROPERTIES ON THE SOUR MILK QUALITY AND 

CARTON BULGING

The packaging has an evident role in maintaining the product characteristics and 

prolonging the shelf life of the product. Water vapour, oxygen and light barrier as 

well as packaging tightness and rigidity are important for sour milk packaging. 

Based on earlier studies the enhanced barrier properties of the gable-top carton 

could even improve the sour milk quality. Aluminium-coated gable-top carton 

provides inevitably the best light and gas barrier properties but the EVOH-coated 

carton may be sufficient gas barrier. The difference between the unbleached and 

bleached board in the gable-top carton should concern only light barrier properties 

and possibly also mechanical properties if having different basis weight. There 

light barrier sufficiency of currently used, totally bleached, LDPE-coated carton is 

questionable. Also the importance of gas versus light barrier is unclear although 

both factors have synergetic effects. Particularly in case of skimmed sour milk, 

the lipid oxidation due to a poor light barrier should not be significant.

Good gas barrier contributes to viscosity of sour milk, increasing it even more 

during the shelf life. The improved gas barrier also significantly reduces whey 

separation and smoothes the structure of sour milk. The effect of light on the sour 

milk structure is, however, unclear. The barrier and top seal tightness of the carton 

overrides the importance of the physical properties when considering carton 

bulging. Therefore it can be assumed that the carton material providing better gas 

barrier will also bulge less. Carbon dioxide originating from the after-acidification 

of sour milk and being trapped in gas-tight cartons could however increase the 

bulging.
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EXPERIMENTAL PART

9 OBJECTIVES AND HYPOTHESES

The experimental study aimed for improvements in the sour milk quality with the 

enhanced barrier carton. Especially oxygen and light barrier properties were 

scrutinised to investigate their effect on the sour milk quality. Another objective 

was to decrease the carton bulging tendency and find out factors behind it.

The main quality aspects of sour milk and cartons aimed for were:

■ Increasing viscosity

■ Decreasing whey separation

■ Decreasing lumpiness

■ Diminishing bulging

Additional advantages searched for were:

■ Increasing the relatively short shelf life (12-15 days) of sour milk.

■ Find out cues about the starter behaviour during the shelf life.

■ Minimising the sour milk quality variation between dairies with the enhanced 

carton material.

Certain hypothesis can be drawn based on earlier knowledge. The cartons with 

improved oxygen barrier are assumed to:

■ Increase viscosity, especially in the beginning of the shelf life.

■ Drastically decrease whey separation, however increasing during the shelf life.

■ Decrease lumpiness.

■ Diminish carton bulging, however increasing during the shelf life.
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10 MATERIALS AND METHODS

10.1 Raw materials

Five carton materials with dissimilar gas, water vapour and light barrier properties 

were tested. EVOH and aluminium coating provided gas barrier whereas PE water 

vapour barrier. Light barrier was attained with aluminium coating and duplex base 

board consisting mainly of unbleached pulp. Table 3 presents the tested carton 

material structures.

Table 3. Tested carton material structures. The materials 1293 and 1294 have an EVOH- 
layer and 1295 an aluminium foil to provide gas-tightness. Boards of the materials 1296 and 
1297 are coated solely with PE. 1297 is identical with the currently used packaging material 
for sour milk. The materials 1293 and 1294 as well as 1296 and 1297 differ only with their 
base board being duplex or triplex board. /124/.

1295 Nominal basis weight 
(g/m2)

PE 16

Duplex board 268
PE 15
A1 17

Tie & LLDPE 50

1293/1294 Nominal basis weight 
(g/m2)

PE 16
Duplex/triplex

board 268/273
EVOH & PE 51

1296/1297 Nominal basis weight 
(g/m2)

PE 15
Duplex/triplex

Board 268/273
PE 26

Table 4 presents the base board structures of tested duplex and triplex boards 

more precisely. The base boards differed with the pulp bleaching and slightly also 

with their basis weight. The board in duplex materials (1293, 1295 and 1296) is 

mainly unbleached and its nominal basis weight is 268 g/m" whereas in triplex 

materials (1294 and 1297) the board is totally bleached and its nominal basis 

weight is 273 g/m2. The middle plies containing CTMP count for approximately 

60 % of the total basis weight of the base board. /125/.
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Table 4. Defined board structures for duplex and triplex materials. The board in duplex 
materials (1293, 1295 and 1296) is partly unbleached and its nominal basis weight is 268 g/m2 
whereas in triplex materials (1294 and 1297) the board is totally bleached and its nominal 
basis weight is 273 g/m2. /125/.

Duplex (total basis weight of 268 g/m2)

Nominal 
basis weight 
(g/m2)

Percentage of 
the board
m

Top ply (bleached hardwood / softwood) 66 25

3 Middle plies
(appr. 40 % unbleached softwood, 60 % unbleached CTMP) 156 58

Reverse ply (unbleached softwood) 45 17

Triplex (total basis weight of 273 g/m2)

Nominal 
basis weight 
(g/m2)

Percentage of 
the board 
(%)

Top ply (bleached hardwood / softwood) 50 18

3 Middle plies
(appr. 40 % bleached softwood, 60 % bleached CTMP) 173 63

Reverse ply (bleached hardwood / softwood) 50 18

10.2 Filling trials

The tested board was produced by Stora Enso Skoghall, semi-finished material by 

Tetra Pak Skoghall and packaging material by Tetra Pak Sunne in Sweden. The 

tested carton materials were accordant with the currently existing specifications. 

In total, three sour milk filling trials were conducted in Valio’s dairy in Tampere 

between October 2008 and January 2009.

The skimmed Gefilus sour milk was examined due to its marked tendency to 

quality deterioration, such as whey separation due to the lacking fat globules /4, 

17/. The additional Gefilus bacterium increases the packaging requirements with 

its special aroma and probiotic nature /37/. Also the large portion (25 %) of the 

consumer feedbacks (1.9.2008-3.2.2009) concerning Valio’s sour milks favoured 

the examination of skimmed Gefilus sour milk. The skimmed Gefilus sour milk 

corresponds roughly a quarter of the total sales of sour milks.

The influence of the filling machine on the sour milk quality and carton sealing 

was minimised by using the same filling machine in all trials; however the
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packaging line was different in the 3rd filling trial. The sealing temperatures were 

slightly changed between the trials to improve the carton tightness. The product 

variations between the filling trials could not be totally avoided due to the 

productional reasons. In general, the different cartons were filled after each other 

in the middle of the normal sour milk production. However, in the 3rd filling trial 

the filled sour milk was from the bottom of the tanks and the cartons of material 

1297 were filled earlier and at other filling line than the other cartons. It has to be 

borne in mind that the packaging does not solely affect the sour milk quality but 

the whole chain from the raw materials via their processing until the filling and 

storage conditions influence as well, which slightly increases the discrepancies 

between the filling trials. Nevertheless, the results from the different filling trials 

are considered comparable.

10.3 Measurements

Both the product and the packaging were examined at several locations. The 

analyses of the sour milk were made in Valio’s dairy in Tampere, in Valio’s R&D 

in Helsinki, in Valio’s cheese factory in Vantaa and in VTT in Espoo. The 

measurements from the board and cartons were conducted in Stora Enso Research 

Centre in Imatra, in Valio’s cheese factory in Vantaa and in the Laboratory of 

Paper Technology at Helsinki University of Technology in Espoo.

Sour milk quality and carton bulging were observed during the sour milk’s shelf 

life due to the presumed adverse effect of time. Measurements were done mainly 

on days 2, 7 and 14 after the fillings to get information on the fresh sour milk, 

sour milk approximately in the middle of the shelf life as well as slightly over the 

shelf life to find out the possibility of shelf life prolongation. The measurement 

days slightly varied due to the resource restrictions and several different testing 

places.

In the first two filling trials the emphasis was on the gas and water vapour barrier 

properties of the carton and their influence on the sour milk quality and on the 

bulging. Also mechanical measurements supporting the bulging behaviour were
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conducted. In addition to the cartons and sour milk, also some measurements from 

uncoated and coated boards were made to find out the effect of coating and 

converting likewise suggested in earlier research /56/. The aim of the second 

filling trial was to increase the result certainty, thus all the measurements done 

after the 1st filling were repeated. Additionally, the whey separation was 

separately scrutinised. In the third filling trial the focus was totally on the sour 

milk. The structural, organoleptic as well as compositional factors wanted to be 

investigated. Especially the effect of light wanted to be scrutinised, thereby the 

viscosity and whey separation was measured also from the light exposed cartons. 

The parallel sample amount was restricted by the time and personnel, however 

being generally three or more. The aluminium-coated carton (1295) was filled and 

tested only once because it did not distinguish from the EVOH-coated cartons 

(1293 & 1294) in its effect on the sour milk quality or carton bulging.

The measurements were targeted to explain the factors affecting the main 

objectives (whey separation, lumpiness, viscosity and carton bulging). The 

measurements were selected according to earlier studies and general standards as 

well as in-house practices. The measurements are subsequently categorised into 

structural analysis of the boards, barrier measurements and bulging related 

mechanical measurements. Measurements solely concerning sour milk are further 

classified into chemical, microbiological and physical analyses and sensory 

evaluation. Tables 5-11 present these measurements in short. The sensory 

evaluation method is described in detail after the measurement tables due to its 

multidimensionality and essential role in quality evaluation. Certain other in- 

house methods and important measurement methods are described more precisely 

in Appendix 1.

Table 5. Structural analyses of the boards.

Measurement From Standard Unit Conducted
Cross sections &
DSC

cartons in-house method - once

Thickness uncoated and 
coated boards

ISO 534 mm once

Basis weight uncoated and 
coated boards

adapting ISO 536: 
1995

g/m2 once
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Table 6. Barrier measurements.

Measurement From Standard Unit Conducted
Oxygen
transmission rate 
(OTR)
23 °C/ RH 60 %

EVOH- and 
aluminium 
coated boards

ASTM D 3985-95 cm5/
(m2 24 h)

once

Permeability uncoated boards SCAN-P 60:87 pm /Pas once
Head space gases
(o2 & co2)

filled cartons in-house method % after the lsl &
2nd filling 
on days 2, 7 &
14

Dissolved 02 sour milk in-house method mg/1 after the 1sl &
2nd filling 
on days 2, 7 &
14

Carton tightness by 
dye staining

filled cartons 
(and some 
empty sealed 
cartons)

adapting
EN 13676:2001

after the 1st,
2nd & 3rd 
filling

Water vapour 
transmission rate 
(WVTR)
38 C/RH 85% &
23 °C/RH 50 %

coated boards ASTM F 1249-90 g/
(m2 24 h)

once

Light transmittance uncoated, coated 
and printed 
boards

in-house method % once

Opacity uncoated, coated 
and printed 
boards

ISO 2471 % once

Brightness uncoated, coated 
and printed 
boards

ISO 2470 % once

Table 7. Bulging related mechanical measurements.

Measurement From Standard Unit Conducted
Bulging
Gable-to-gable & 
Side-to side

filled cartons in-house method mm after the Is' &
2nd filling on 
days 2, 7 & 14

Bending stiffness 
MD&CD

filled cartons, 
uncoated and 
printed boards

SCAN-P 29:95 mNm after the 1sl &
2nd filling on 
days 2, 7 & 14

Moisture content filled cartons, 
uncoated and 
printed boards

ISO 287 % after the lsl &
2nd filling 
on days 2, 7 &
14

Grip stiffness
10 s & 60 s

filled cartons in-house method kg after the 1st &
2nd filling 
on days 2, 7 &
14

Tensile creep
MD & CD

uncoated, coated 
and printed 
boards

in-house method mm Once

Elastic modulus 
MD&CD

uncoated, coated 
and printed 
boards

ISO-1924-2 GPa Once
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Table 8. Chemical analyses of the sour milk.

Measurement From Standard Unit Conducted
Acidify:
pH sour milk in-house method after the Г‘&

2nd filling 
on days 2, 7 &
14

°SH adapting IDF °SH after the 1st,
150:1991 & DIN 2nd & 3rd
10316:2000-8. filling

on days 2, 7 &
14

Vitamins: after the 3rd
B, & B2 sour milk in-house method mg/100g filling
B9 & Bj2 in-house method gg/100g on days 2 & 14
Chemical after the 3 rd
composition: filling
Lactose sour milk adapting ISO 5765- % on days 2 & 14
Lactose 2; IDF 79-2 (2002) %
monohydrate
Galactose same as previous %
Glucose adapting ISO 5765- 

1; IDF 79-1 (2002)
%

D-lactic acid adapting IDF 69B: %
L-lactic acid 1987 %
Sodium in-house method mg/kg
Calcium in-house method mg/kg
Protein adapting ISO 8968- 

1, IDF 20-1 (2001)
%

Undenatured whey adapting ISO %
protein 17997-1, IDF 29-1
Casein (2004) %
Nitrogen adapting ISO 8968- 

4, IDF 20-4(2001)
mg/g

Fat R-G adapting IDF
ID: 1996

%

Carbohydrate calculatory %
Ash 550 °C adapting IDF 

154:1992 &NMKL 
173,2005,2nd Ed.

%

Dry solid matter adapting IDF
21B: 1987

%

Solid-phase filled cartons in-house method - after the
microextraction of 3rd filling
the head space & gas on days 1, 6 &
chromatography- 
mass spectrometry 
(HS/SPM E-GC/MS)

13
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Table 9. Microbiological analyses of the sour milk.

Measurement From Standard Unit Conducted
Enterobacteriaceae sour milk NMKJL 144,

2005 3rd Ed.
cfu/ml after the 1st,

2nd & 3rd 
filling 
on day 2

LGG sour milk adapting
ISO 7998 & IDF 
117:2003

ml after the 1st,
2nd & 3 rd 
filling
on days 2 &
12

Table 10. Physical analyses of the sour milk.

Measurement From Standard Unit Conducted
Viscosity

SMR sour milk adapting
Analysmetoder för 
mejerier. Svenska 
Mejeriernas 
Riksförening 
(SMR). 1970.

s after the 1st,
2nd & 3rd 
filling
on days 2 &
12

Rotational
viscosimeter

sour milk in-house method Pas after the 1st & 
2nd filling 
on days 2, 7 &
14

Vibrating
viscosimeter

sour milk in-house method Pas after the 3rd 
filling
on days 2, 7 &
14

light exposed 
samples

after the 3rd 
filling on days
2, 7& 14

Whey separation sour milk in-house method ml after the 1st, 2nd
& 3rd filling 
on days 2, 7 &
14

light exposed 
samples

after the 3rd 
filling on days
2, 7& 14

Lumpiness / 
flakiness

sour milk in-house method after the 1st,
2nd & 3 rd 
filling
on days 2, 7 &
14

light exposed 
samples

after the 3rd 
filling on days 
2,7& 14
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Table 11. Sensory evaluation of the sour milk.

Measurement From Standard Unit Conducted
Appearance sour milk, also 

light exposed 
samples

adapting IDF 99C 
1997

after the 1st &
2nd & 3 rd 
filling
on days 2/3,
7/8 & 14/15

Structure sour milk, also 
light exposed 
samples

adapting IDF 99C 
1997

after the 1SI &
2nd & 3rd 
filling
on days 2/3,
7/8 & 14/15

Odour/taste sour milk, also 
light exposed 
samples

adapting IDF 99C 
1997

after the 1st &
2nd & 3rd 
filling
on days 2/3,
7/8 & 14/15

10.3.1 Sensory evaluation of the sour milk

The sour milk quality was analysed organoleptically adapting the IDF standard 

99CT997. Eight panellists estimated the appearance, structure and odour/taste of 

the sour milk stored in tested cartons at 8 °C in dark. A scoring reference test with 

a five step scale was used. Only whole numbers between 0 and 5 were allowed to 

give. 5 stands for the sample being in accordance with the product specifications 

and 4 for the sample having really minor deviations from the specifications. Points 

of 4 and 5 imply that the product is within the acceptability criteria and can be put 

for sale. 3 points stand for the sample having minor deviations from the 

specifications and can be put for sale only with special permission. The deviations 

from the product specifications have to be verbally described from points 3 

downwards by using subjective adjectives or ones suggested by IDF. However, 

the panellists can describe the faults also when giving 4 points. If 2 points are 

given, the sample clearly deviates from the specifications and if 1 point is given, 

the deviations are really clear. 0 point stands for the reject. The numerical points 

given in sensory evaluation after all three filling trials are presented in the result 

summary in Tables 20-22 in Appendix 4. The verbal remarks are respectively 

included in Tables 25-28 in Appendices 7-9.

Eight trained and experienced panellists evaluated the samples after the 1st and 2nd 

fillings. However, the panellists changed between the evaluation days (2, 7/8 and
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14/15) and fillings, which increases the assessment uncertainty. The dark stored 

and light exposed samples were evaluated separately after the 1st filling but mixed 

after the 2nd filling. Average points from the evaluation of the eight panellists 

were used in the result discussion. After the 3rd filling the sensory evaluation was 

conducted differently: same, six-member-expert-panel evaluated the samples on 

all days (3, 7 and 14) by discussing and determining together certain quality 

points being whole numbers. Also the verbal comments of the panel were written 

down. This method was used to clarify more precisely the differences between the 

samples. The numerical values and verbal remarks from the sensory evaluation 

after all three fillings are examined in the following results and discussion 

chapter.

A reference sample was given to the panellists responding the values of 5 in all 

criteria to support the use of the score range except on day 2 after the filling. The 

reference sample was always of the same product as the evaluated samples and 

only few days old. The problem was that a fresh reference sample originating 

from Tampere dairy could be used only after the 3rd filling on day 14. On day 7/8 

after all three fillings sour milk packaged in currently used triplex PE-carton 

(1297) was used as the reference sample. On day 14/15 after the 1st and 2nd filling, 

being more than the normal shelf-life (12 days) for domestic markets, a bought 

reference sample originating from other dairy than the evaluated samples was 

used. However on day 7 after the 3rd trial no reference sample was used. The use 

of reference sample is ambiguous and has been criticized for milk products of 

which the sensory quality quickly changes and the sample preservation manner 

very easily creates deviations in the sensory quality /126/.

The sour milk was shaken by turning the carton slowly three times bottom up. 

Approximately 30 ml sample was poured to a transparent beaker. The appearance 

or the sour milk was visually evaluated. However after the 3rd filling the surface 

appearance was evaluated from the unstirred sour milk carton focusing on whey 

separation and air bubbles. The structure was evaluated by turning the sour milk 

in the edges of the cup and by using the spoon, when the potential flakes and
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lumps as well as air bubbles were perceivable. The odour/taste was evaluated in 

mouth.

The sensory evaluation was done also in the Tampere dairy, however only by one 

assessor from one carton as part of the normal quality control. Therefore, the 

numerical values and verbal comments are not included in the result discussion 

but are presented in the result summary. The effect of transportation was naturally 

excluded in these assessments.

10.3.2 Research arrangements for the light exposure

Effect of light on the sour milk quality was studied to some extent as well like 

suggested also in the literature /26/. Some cartons were stored in a display cabinet 

at 8 °C for exposed to a fluorescent light with a cycle of 12 hours on/off over the 

14 days shelf life period. The test method imitates the storage conditions in shops, 

where the lights are turned off overnight. Figure 11 presents the light cabinet used 

in this research.

Figure 11. Display cabinet used for the light exposure testing of cartons. The cartons were 
placed in three rows on same shelf under exposure of a fluorescent lamp. The light exposure 
with a cycle of 12 hours on/ off over the 14 days shelf life imitated the storage conditions in 
shops.

The cartons were placed 20 cm from the one Osram L 36 W/21-840 Lumilux Plus 

Eco Cool White fluorescent lamp having a colour temperature of 4000 K. The 

light had a theoretical efficiency of 1.6 W in the critical wavelength area of 400-
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550 nm /101/. Light exposed samples were evaluated organoleptically similarly 

with the samples stored in dark. Viscosity, whey separation and 

lumpiness/flakiness were also examined from the light exposed cartons after the 

3rd filling.

11 RESULTS AND DISCUSSION

11.1 Dataanalysis

Generally the measurements were made of several parallel samples to increase 

result certainty. However only the average values are presented in the result 

summary in Tables 18-24 in Appendices 1 -6 with the error approximation of the 

results following normal distribution with a 95 % confidence level taking into 

account the parallel sample amount. The error for the measurements done only 

from one sample has been evaluated based on earlier knowledge of the analysis 

certainty. The research focus was on the carton material comparison. Therefore, 

the significancy of the differences between the samples, measurement days as 

well as filling trials was analysed based on the 95 % confidence level. These 

statistically significant differences are mentioned in context of the results by 

referring to significant and/or statistical differences.

The organoleptic results of the two first fillings were more precisely analysed with 

variance analysis to determine the differences between the cartons, measurement 

days and fillings. The differences between the dark stored and light exposed 

samples after the 1st and 2nd filling were tested by making a two-factor anova 

(sample, judge) without replications for each category (appearance, structure and 

odour/taste) and for each day (2, 7/8 and 14/15) separately. This method revealed 

also the significant differences (p < 0.05) between the judges. When the variance 

analysis revealed significant differences, the variables were further tested with 

Tukey’s test to classify the samples into groups deviating from each other. The 

detailed results of the variance analysis of separate evaluation days and Tukey’s 

test are presented in Appendix 10.
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To clarify the differences between the filings and days, a three-factor anova (day, 

sample, filling) was made for the days 2 and 7. The sample 1295 had to be 

excluded from the examination because it was only tested in the first filling. 

However, the effect of the carton 1295 was perceived to be insignificant because 

the variance analysis made only to the 1st filling including also 1295 behaved 

similarly as the variance analysis made for the two fillings by excluding the 1295. 

Thus, the variance analysis made solely for the 1st filling is not presented. For 

days 7 and 14 also the light exposed samples were included, thus the anova was a 

four-factor one (day, sample, filling, light). The influence of the judge was not 

examined in these variance analyses because it was already perceived in the 

analysis made for single days. Besides, without the factor of judge the differences 

of the other variables became more clearly perceivable. Also the interactions were 

included in the examination. The differences revealed by the variance analysis 

were further analysed with least square means. The detailed results from the 

variance analyses concerning different measurement days and filling trials as well 

as least square means are presented in Appendix 11.

The correlations between the different analyses were also calculated. Only 

correlations being higher than 80 % are mentioned in context of the measurement 

being in question, expect few cases were the lower correlations are also 

mentioned. It has to be considered that the correlations slightly varied between the 

filling trials due to the different amount of samples because aluminium-coated 

carton was discarded after the 1st filling. The principal component analysis was 

also conducted to find out the most important factors explaining the results. 

However, it was not utilised due to the statistically incomplete result-matrix 

distorting the interpretation and is thus neither presented.

11.2 Structural analyses of the board 

Thickness and basis weight
The measured basis weight of all coated boards was slightly higher than the 

respective nominal values; however, the deviations were inside the error limits 

defined by Tetra Pak. The basis weight of the coated boards correlated well (95
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%) with thickness. The aluminium-board (1295) had the biggest thickness (0.527 

mm) whereas the duplex PE-board (1296) the lowest (0.460 mm). The basis 

weight of the uncoated boards was also equal with the nominal values, except 

duplex PE (1293). It had significantly higher basis weight as expected (272 g/m2) 

resembling more the nominal basis weight of the triplex boards (273 g/m'). The 

basis weight of the uncoated boards correlated also somewhat (89 %) with 

thickness. The uncoated board of the triplex EVOH (1294) had the highest 

thickness (0.468 mm) whereas the one of the duplex PE (1296) the lowest (0.433 

mm).

Cross sections and differential scanning calorimetry, DSC
The cross sections and melting points perceived in differential scanning 

calorimetry, DSC, revealed more precise material structures. Figure 12 illustrates 

a 7-layer structure of the EVOH-materials (1293 & 1294): LDPE was as the outer 

most followed by the board. The inside plastic consisted of LDPE, tie layer 

(modified PE), EVOH, tie layer (modified PE) and LDPE.

LDPE

EVOH

LDPE

Figure 12. The cross-section revealed the layered inside polymer structure of 1293 and 1294 
materials. The EVOH layer is sandwiched between the tie and LDPE layers. Upper most is 
the fibre layer.

The aluminium-coated board (1295) had LDPE as the outermost layer and the 

plastic layer between the board and aluminium. There was a tie layer only on one 

side of the aluminium foil, between the aluminium and the inside plastic layer. 

The innermost plastic layer consisted of LDPE and LLDPE separately or as a 

mixture. It was ensured that the outside and inside plastic layers of the PE-boards
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(1296 and 1297) consisted all of LDPE. Table 12 presents the defined material 

structures. 1293, 1294 and 1295 are subsequently referred as gas-tight cartons and 

1296 and 1297 as PE-cartons.

Table 12. Defined material structures. HW stands for hardwood and SW for softwood. 1293, 
1294 and 1295 are subsequently referred as gas-tight cartons and 1296 and 1297 as PE- 
cartons.

1293 1294
LDPE LDPE
Bleached HW / SW Bleached HW / SW
Unbleached SW & Bleached SW &
CTMP CTMP
Unbleached SW Bleached HW / SW
LDPE LDPE
Tie Tie
EVOH EVOH
Tie Tie
LDPE LDPE

1296 1297
LDPE LDPE
Bleached HW / SW Bleached HW / SW
Unbleached SW & Bleached SW &
CTMP CTMP
Unbleached SW Bleached HW / SW
LDPE LDPE

1295____________
LDPE___________
Bleached HW / SW 
Unbleached SW & 
CTMP
Unbleached SW 
LDPE___________
Aluminium foil 
Tie_____________
LDPE, LLDPE

11.3 Barrier measurements

11.3.1 Oxygen and water vapour barrier measurements 

Oxygen and water vapour transmission rate
The oxygen transmission rate, OTR, of the EVOH-coated boards (1293 & 1294) 

was around 13 cm3/(m224h), whereas of the aluminium-coated board (1295) 

around 1 cm3/(nr24h). The OTR of the PE-coated boards (1296 & 1297) could 

not be measured due to the constraints of the measuring equipment but was 

estimated being higher than 1000 cm3/(nr24h) /51/. The measurement conditions 

(23 °C & RH 60 %) were typically used conditions because attaining the real 

storage conditions of the sour milk cartons (below 8 °C /16/ & RH 85-90 % /34/) 

would have required a too long conditioning time.
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Respectively, water vapour transmission rate, WVTR, measured in tropical 

conditions (38 °C & RH 85 %), implied that the PE-coated boards had twice as 

big WVTR compared to EVOH-coated boards. The WVTR difference was mainly 

affected by significantly higher LDPE amount in EVOH-boards compared to 

merely LDPE-coated boards. The aluminium-coated board showed negligible 

WVTR thanks to its impermeable aluminium foil. Typically the cartons are stored 

above RH 50 %; therefore tropical conditions were applied to get the worst case 

values /34/. The WVTR measured at normal conditions (23 °C & RH 50 %) 

followed however similar behaviour with a correlation of 99 %.

OTR and WVTR correlated pretty well (> 87 %). OTR (87 %) and both WVTRs 

(> 99 %) inversely correlated with the basis weight which is logical since the 

EVOH- and aluminium-boards were heavier. They inversely correlated also 

somewhat with the thickness: WVTRs (> 91 %) and OTR (85 %). The OTR as 

well as WVTR results are in accordance with the literature values of transmission 

properties of polymers /64/. Since the measurements were made from coated but 

not printed or creased samples, the transmission values might be slightly higher in 

reality due to the adverse effect of converting /65, p. 286/.

The OTR was intended to be measured also from the filled cartons to observe how 

the converting and increased humidity during the storage affect the oxygen 

barrier. Namely the OTR of EVOH deteriorates with increasing humidity /64/. 

However, the cartons were leaking so much that the OTR measurement was not 

rationale. The WVTR of the cartons was not measured because the WVTR barrier 

was not supposed to deteriorate with increasing humidity. Table 13 presents the 

OTR and WVTRs of the materials.
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Table 13. The good water vapour and oxygen barrier properties of the EVOH- and 
aluminium- coated cartons (1293, 1294 & 1295) were demonstrated in the OTR and WVTR 
measurements from the coated samples.

OTR
23 °C/

RH 60 % 
cm3/(m2 24h)

Confidence
interval

WVTR
23 °C/

RH 50 % 
g/(m224h)

Confidence
interval

WVTR
38 °C/

RH 85 % 
g/(m224h)

Confidence
interval

1293 13.5 1.9 0.7 0.0 4.5 0.0
1294 13.3 1.3 0.7 0.1 4.3 0.6
1295 0.8 0.2 0.2 0.0 0.2 0.4

1296
> 1000

(estimate /51/) n.a. 1.4 0.1 8.3 1.1

1297
> 1000

(estimate /51/) n.a. 1.5 0.1 8.7 0.4

Carton tightness
After all three filling trials the cartons showed leaks: The dye penetrated through 

all tested carton bottoms and almost all carton tops as well. Interestingly, the leaks 

were higher in PE-cartons. However the carton untightness influences more 

pronouncedly the EVOH- and aluminium-coated cartons by deteriorating their 

good gas barrier properties. Even the slightly raised sealing temperature for the 

side and bottom seals (from 410/415 °C to 420 °C) and for the top seal (from 

355/365 °C to 370 °C) in the 2nd filling did not improve the carton tightness. 

Figure 13 illustrates the penetration of the dye through the cartons and revealing 

the pinholes either in the packaging material, leaks in the seals or breakage in the 

edges and comers of the carton.

Figure 13. Dye stained cartons. The penetrated blue dye revealed the leakages and pinholes. 
Two 1293 cartons are presented on left and 1297 cartons on right. Carton tops locate in the 
upper row and carton bottoms in the lower row.
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Based on the dyeing tests, attention should be paid to optimise the filling machine 

parameters, especially the sealing temperature. Also current practise to test 

leaking in dairy differing from applied should be scrutinised and most probably 

modified. The test used was based on a standard (EN-13676) procedure, 

applicable to all kinds of polymeric coated boards. Since the focus of this research 

was on the material comparison, attention was not paid more to the carton 

tightness.

Permeability
Permeability of uncoated base board was measured to support the influence of 

coating on the gas barrier properties. The permeability values varied between 3.2 

and 5.3 pm/(Pas). The basis weight or thickness of the board did not significantly 

correlate with permeability and the permeability of the uncoated duplex and 

triplex boards did not clearly differ. The permeabilities of even solely PE-coated 

boards could not be measured implying the significant effect of the polymer 

coating on the gas protection of the board laminate.

Head space analysis
The influence of the carton gas barrier layers (EVOH and aluminium) could be 

clearly perceived in the head space gas composition analysis. Already after 2 days 

of filling the gas-tight cartons (1293, 1294 & 1295) had statistically significantly 

higher C02 concentration (20.4-26.1 %) compared to the concentration (2.7-6.9 

%) of PE-cartons (1296 & 1297). The head space carbon dioxide content 

correlated inversely with OTR (> 99 %), with WVTRs (> 85 %) and with °SH (> 

89 %) except on day 2 after the 2nd filling supporting the influence of the barrier 

layers on higher C02 content in the carton head space. The small OTRs of the gas- 

tight carton materials imply also their impermeability to C02 /21, 64, 75/. Figure 

14 illustrates that the C02 percentage concentration gradually increased (on 

average from 23.7 % to 32.4 %) in the gas-tight cartons during the shelf life, from 

day 2 to day 14. On contrary, C02 percentage concentration in the PE-cartons 

decreased on average from 5.1 % to 2.5 %. However, the change was statistically 

significant only in the gas-tight cartons. The oxygen content inversely correlated
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with CO2 (> 99 %): The oxygen concentration in the head space of EVOH-coated 

and aluminium-coated cartons gradually decreased from day 2 to day 14 (on 

average from 12.9 % to 8.0 %), whereas the oxygen content in the head space of 

the permeable PE-cartons slightly increased (from 20.0 % to 20.6 %). However, 

the oxygen change was statistically significant only in the EVOH-cartons. The 

head space oxygen content naturally correlated with OTR (100 %).

1293 I
1294 1

1296 1
1297 1
1293_2
1294 2

-----  1296 2
-----  1297 2

Figure 14. C02 -% in the carton head space during the sour milk storage. Number after the 
sample code (1293-1297) refers to the filling trial (1/2). C02 -% clearly increased already 
from the initially higher value in the cartons with low OTR (1293, 1294 & 1295), on average 
from 24 % to 32 % due to the C02 trapped inside these gas-tight cartons during the shelf 
life. Few error limits based on the 95 % confidence level are marked in the Figure to 
demonstrate the difference between the gas-tight and PE-cartons.

The relatively big confidence levels of measured head space gas contents most 

likely originated from the carton untightness. Although different measuring 

equipments were used after the 1st and 2nd filling, the results did not significantly 

differ.

Dissolved oxygen
The dissolved oxygen in the gas-tight cartons (1293, 1294 & 1295) was equal 

within the confidence level. Correspondingly the dissolved oxygen concentration 

in the duplex and triplex PE-cartons (1296 & 1297) did not differ. However, the 

dissolved oxygen concentration was significantly higher in the gas-tight cartons 

compared to the PE-cartons 7 and 14 days after filling. 1294 with its illogically
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big dissolved oxygen amount and big confidence interval did, however, not differ 

from any other sample after the 2nd filling. The dissolved Cb correlated with the 

head space Cb after the 1st filling (> 96 %) on all days (2, 7 and 14) and after the 

2nd filling on day 14 (99 %).

Like Figure 15 presents, there was no statistical difference in the initial dissolved 

oxygen amount between the cartons. The dissolved oxygen amount interestingly 

slightly increased during the shelf life in all cartons, also in gas-tight ones (from 

0.62 to 0.83 mg/1). However the growth was more dramatic in PE-cartons (from 

0.70 to 5.52 mg/1). This conflicts with earlier experiments where the oxygen 

uptake rate was perceived to be linearly proportional to the initial dissolved 

oxygen concentration /36/. Statistically significant increase was observed after the 

1st and 2nd filling only in 1296 and 1297 from day 2 to day 7 and after the lsl 

filling in 1294, 1296 and 1297 from day 7 to 14. However, the increase was 

significant in PE-cartons (1296 & 1297) after both fillings from day 2 to 14.The 

dissolved oxygen in the PE-cartons being higher than 1 mg/1 from day 7 onwards 

could adversely affect the shelf life of sour milk. At least on day 14 the adverse 

effect is probable due to the big amount of dissolved oxygen (> on average 5 

mg/1). /64/.

1293_I
1294 1
1295 1
1296 14.0
1297 1
1293 2
1294 2

----- 1296 2
-----  1297 2

Figure 15. Dissolved oxygen amount in the cartons increased during the storage especially in 
the permeable LDPE-cartons (1296 & 1297). Number after the sample code (1293-1297) 
refers to the filling trial (1/2). The large error limits are not included in order to keep the 
diagramme readable.
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The measurement method most likely causes some error on the results. Namely 

the mixing intensity and way might have influenced the results although tried to 

hold constant. No magnetic stirrer was used, only the sensor was moved, to be 

able to measure the dissolved oxygen directly from the carton. Without vigorous 

mixing the measured dissolved Cb values might be too low, however sufficient for 

carton comparison. Correspondingly, the oxygen concentration in the head space 

could have been smaller and the carbon dioxide content higher than in the reality. 

/39/. The dissolved oxygen was measured for 10 min but the average value was 

calculated only after the 3.5 min when the dissolved oxygen amount had 

stabilised. The applied dissolved oxygen method has been recommended 

generally for fermented milk products. The measurement is especially well 

descriptive for the liquids but it should be suitable also the mid-viscous liquids, 

such as sour milk /39/. The immersion depth of the electrode was held constant, 

around 9 cm, to minimise the error. However, the effect of the separated surface 

whey, noticed from day 7 onwards, has not been studied. The surface whey layer 

reached its maximum thickness, approximately 3 cm, in PE-cartons on day 14. 

Since the whey layer thickness varied between the cartons, being considerably 

lower in gas-tight cartons, the consistency was most likely different at the same 

depth of the cartons. Therefore, the dissolved oxygen in the PE-cartons might 

have been smaller in reality, since the dissolved oxygen concentration decreases 

when approaching the carton bottom /39/. The effect of temperature on the 

solubility was roughly constant (6 °C) in all measurements and should not have 

caused significant error.

Discussion on the gas composition in the sour milk carton
The EVOH-cartons can be considered almost impermeable although minor 

amount of gas transmission between the surroundings and the carton occurred in 

reality partly due to the carton untightness. Despite the small OTR difference 

between the impermeable aluminium-carton and the EVOH-cartons, the head 

space gas composition was equal within the error limits in all these three cartons. 

The head space composition of all cartons presumably was equivalent to the 

surrounded atmosphere instantly after the filling.
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The starter most likely produced CO2 still after the filling, which was accumulated 

in the gas-tight cartons. The CO2 could have originated from the 

heterofermentation of lactose by the Leuconostoc bacterium of from the citric acid 

fermentation of Lactococcus lactis subsp. diacetylactis and Leuconostoc /8/. Since 

the increased CO2 amount during the shelf life was higher (8.7 %, equivalent to 

0.92 mmol) than the decreased oxygen amount (4.9 %, equivalent to 0.30 mmol) 

in the head space of the gas-tight cartons, the CO2 increase could not be caused 

only by the oxygen decrease.

The dissolved CO2 most likely increased over the shelf life along the increased 

CO2 content in the head space /114/. However, if the dissolved carbon dioxide 

amount was initially higher than the CO2 content in the head space, the increase in 

the head space CO2 content might also partly originate from the tendency of the 

gas and liquid phase to attain thermodynamical equilibrium. In this case the sour 

milk should have contained at least 0.05 g/l CO2 two days after filling, which is 

possible. Namely in comparison, sparkling water packaged in PET bottle contains 

CO2 roughly 7.8 g/1 and grape soda packaged in PET bottle CO2 2.6 g/1 /127/. 

Since the sour milk can be assumed to contain considerably less CO2 compared to 

the refreshment drinks based on e.g. no fizzy voice heard when opening the sour 

milk carton, the sour milk could have really contained more than 0.05 g/1 CCb thus 

aiming for gas and liquid phase equilibrium and therefore increasing the 

headspace CO2 content. Moreover, Kefir (a fermented milk with a higher CCb 

content than sour milk packaged in aluminium-carton) contained CO2 0.68 g/1 

after the filling and even more in the end of the shelf life /21/. The dissolved CCb 

concentration was most likely not too high initially after the filling because the 

CO2 concentration increased over the whole shelf life implying that the after

acidification did not cease /36/.

The head space Cb content in the gas-tight cartons diminished during the shelf life 

most likely due to the oxidative reactions and continued citric acid fermentation. 

/8/. Alternatively, the increased CCb-% could have decreased the 02-%. The 

decreased head space O2 content is in accordance with an earlier study, where the
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UHT-milk packaged in aluminium-coated carton showed similar behaviour 

referring to especially vitamin oxidation during the first days of storage and the 

minimal or no oxygen diffusion through the barrier /51/. However, the amount of 

measured vitamins (Bl, B2, B9 and В12) did not significantly change during the 

shelf life. The decrease in the dissolved Cb amount (0.21 mg/1 corresponding 0.01 

mmol) in the gas-tight cartons during the shelf life was inside the error limits. 

This insignificant decrease would not speak for the tendency to attain equilibrium 

between the gas and liquid phase although the O2 content in the head space (0.78 

mol/1) was higher compared to the dissolved one (0.02 mol/1) two days after 

filling. The dissolved oxygen of UHT-milk remained also nearly constant in the 

aluminium-coated carton in the earlier study although the oxygen content in the 

head space decreased /51/. The mid-high density of the sour milk might have 

further hindered the gas dissolution into the sour milk /26/. Moreover, in an earlier 

research, the yoghurt mass was not in thermodynamic equilibrium with the head 

space due to the microbiological activity on any day during the storage /39/. On 

top of all, oxygen does not dissolve into the sour milk as easily as the carbon 

dioxide /87/.

The PE-cartons however have assumingly clearly poorer OTR than the gas-tight 

cartons, thus they tend to attain the gas equilibrium with the ambient air. 

Therefore the O2 content being on day 2 already pretty close (20.0 %) to the one 

of air (21 % /871/) only slightly, not statistically significantly, increased (up to 

20.6 %). The increased O2 in the head space was equivalent to 0.04 mmol. The 

higher oxygen transmission through the board overrode the effect of the possible 

oxidative reactions and oxygen consumption by the starter /51/. PE-cartons had 

considerably higher Cb concentration in the head space (2.29 mmol/1) than as 

dissolved (0.02 mmol/1) 2 days after filling. Therefore 0.15 mmol (4.82 mg/1) of 

O2 dissolved into the sour milk during the shelf life. The big increase in the 

dissolved oxygen content in the PE-cartons, in contrary to the gas-tight cartons, 

most likely stems from the higher O2 concentration difference on day 2 and the 

tendency of the carton to attain equilibrium with the ambient air not only through 

the carton top, but also through the side panels and carton bottom. However, the
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gas transmission rate is the highest through the carton top due to the liquid and 

solid base restraining the transmission through the side panels and carton bottom 

/84/. Also in the earlier research, the dissolved oxygen amount increased during 

the shelf life with the oxygen permeability of the packaging /39/. Moreover, the 

considerably higher whey layer of PE-cartons (subsequently more discussed) on 

day 7 and 14 after the filling might have promoted the oxygen dissolution due to 

the smaller density of the whey compared to sour milk and consequently smaller 

resistance to diffusion /26, 99/.

CO2 only slightly, not statistically significantly, decreased in the head space of 

PE-cartons with 2.6 % being equivalent to 0.07 mmol, which was more than the 

increased O2 amount, 0.60 % being equivalent to 0.30 mmol. This refers to the 

faster permeation of CO2 compared to O2 but also to the low concentration ССЬ in 

the air (0.03 %) /64, 87, 75/. However the CO2 concentration was on day 14 still 

considerably higher than in the air, which would speak for the faster CO2 

generation than permeation or a really slow rate of attaining equilibrium. 

Correspondingly, the dissolved C02 most likely also decreased during the storage 

similarly with the earlier research of Kefir packaged in PE-carton /21/.

11.3.2 Light barrier measurements 

Light transmittance
Light transmission was statistically significantly lower in an unprinted spot of 

printed duplex carton blanks (1293, 1295 & 1296) compared to triplex ones (1294 

& 1297) practically over the whole detrimental light transmission area (400-550 

nm) of sour milk. The difference became significant from 410 nm upwards. The 

light transmission of uncoated and printed boards over the wavelength area of 

350-550 nm is presented in Table 19 in Appendix 3. The maximum (550 nm) and 

minimum (400 nm) wavelength of the detrimental light transmission were more 

precisely examined and are presented also in the result summary in Table 18 in 

Appendix 3. Logically they correlated (> 97 %) in uncoated as well as coated (an 

unprinted spot of printed) boards.
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The uncoated base board was clearly the main contributor to the light transmission 

of the carton. The uncoated duplex boards (1293, 1295 & 1296) had equal light 

transmission within the error limits. Correspondingly, no significant difference 

between the light transmission of uncoated triplex boards (1294 & 1297) was 

observed. Correlation between the light transmission and basis weight of the 

uncoated board (> 77 %) as well as thickness (> 81 %) supported the difference 

between the duplex and triplex base boards. Since the correlations were positive, 

the increasing basis weight does not improve the light protection. In contrary, the 

lighter duplex boards had significantly lower light transmission from 410 nm 

onwards compared to triplex boards. Therefore the unbleached pulp in the duplex 

boards can be held as the main factor diminishing the light transmittance. The 

effect of the unbleached pulp and thus smaller opacity was perceived also in the 

inverse correlation between opacity and light transmission of uncoated boards (> 

99 %). Correspondingly, the light transmission correlated directly with the 

brightness of the uncoated boards (> 91 %) and coated boards (> 85 %). Figure 16 

illustrates the light transmittance of the unprinted spot carton blanks and average 

light transmission values of the uncoated duplex and triplex boards.

Figure 16. Light transmission of carton blanks from an unprinted spot. The base board was 
the main factor affecting the light transmittance. Namely the duplex boards (1293, 1295 &
1296) had significantly lower light transmission compared to the triplex boards (1294 &
1297) from 410 nm upwards. However, the aluminium-coating on the duplex carton (1295) 
further decreased the light transmittance in the harmful wavelength area of 400-550 nm.
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Slightly negative light transmittance values of all uncoated and coated duplex 

boards at 400 nm referred to the negligible light transmission. The aluminium

coating of the duplex board (1295) further decreased the light transmittance, 

which was seen as its practically zero light transmittance over the whole 

wavelength area. The light transmission of coated and uncoated board samples did 

neither differ. Besides, the uncoated and coated boards correlated well (> 97 %) at 

the wavelengths of 400 and 550 nm. Therefore the amount of the plastic coating 

did not influence the light transmission, which is in accordance with the high light 

transmission of plastics /104/. Light transmission for maximally green printed 

spot was also measured to find out the additional benefit of printing inks in 

reducing the light transmission. The difference was however not statistically 

significant. Moreover, the carton is only partly covered with the green printing. 

Based on the International Dairy Federation recommendations /108/, all the tested 

cartons should meet the requirements for light protection (UV + visible 400-550 

nm) because the light transmittance of any carton material did not exceed 2 % at 

400 nm and 8 % at 500 nm.

Opacity and brightness
Opacity and brightness measurements supported the light transmission findings. 

No statistically significant difference between opacity of the coated and uncoated 

board samples were perceived speaking for the importance of the uncoated board 

in light protection. Duplex samples (1293, 1295 & 1296) had naturally higher 

opacity compared to triplex samples (1294 & 1297) due to the unbleached pulp, 

which was even hard to measure while being so close to 100 %. However, all 

samples had a relatively high opacity (over 97 %). Opacity correlated inversely 

with brightness (> 91 %) in both uncoated and coated samples. Triplex samples 

had naturally statistically higher brightness (76.2-76.6 %) due to the bleached 

pulp compared to duplex samples (71.4-73.7 %). The uncoated samples had 

significantly higher brightness than the coated samples, which implies that the 

polymer coating reduced the brightness.
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11.4 Mechanical characteristics of the board

Moisture content
The humid environment and consequently increasing moisture content during the 

sour milk storage was assumed to deteriorate the mechanical properties of the 

cartons and was therefore measured /34, 61, 112/. However, the moisture content 

measured from the same cartons as the bending stiffness did not statistically 

significantly increase during the storage, except in triplex PE (1297) from day 7 to 

14 after the 1st filling. Anyway a slight growth in moisture content from day 2 to 

14 was perceivable being well in accordance with the WVTR results (with 

correlation of > 93 % on every day): on average from the two fillings 1295 

absorbed the least moisture (8.8 %), followed by 1294 (16.5 %), 1293 (19.8 %), 

1296 (21.5 %) and 1297 (23.9 %). Respectively, the moisture content inversely 

correlated (> 90 %) with the basis weight of the coated board every day and 

thickness (> 83 %) on days 7 and 14 referring to the lower moisture content of 

heavier and thicker aluminium and EVOH-cartons with bigger LDPE-coating than 

in the merely LDPE-coated cartons. However, the moisture content differences 

between the cartons were not statistically clear. On day 14 only aluminium-carton 

differed statistically with its lower moisture content from other cartons than 1294. 

The moisture content of the cartons varied from 5.3 % to 7.7 % during the 14 days 

of storage.

Flat printed and uncoated samples were also stored for few days at 5 °C and RH 

60 %, equivalent with the storage conditions of the cartons after the 1st filling. 

Since the moisture content of the flat printed samples did not statistically differ 

from the cartons, the sour milk did not increase the water vapour penetration into 

the carton. This partly confirmed the sufficient liquid tightness of the carton 

materials. Based on the moisture content of the printed (5.0-6.3 %) and uncoated 

samples (7.4-8 %) the plastic layer reduced the equilibrium moisture content (in 

theory 9.4 %) according to its WVTR /65, p. 93/. However, the difference 

between the uncoated and printed samples was statistically significant only in 

aluminium (1295) and duplex EVOH (1296) due to the relatively big confidence 

levels of other samples. The only statistically significant difference of the
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moisture content within the uncoated boards was between triplex EVOH (1294) 

and duplex PE (1296). The moisture content correlated inversely with basis 

weight (77 %) and thickness (95 %) of uncoated boards. The uncoated duplex 

1295 and 1296 boards had the biggest moisture content probably due to their 

lowest basis weight. 1293 did not have that high moisture content most probably 

due to its measured basis weight being closer to the basis weight of triplex boards.

Moisture content determination was really sensitive; the error tried to be 

minimised by storing the samples in plastic bag immediately after taking from the 

conditioning cabinet. The slightly different storage conditions after the 1bl and 2nd 

fillings (5.0 °C & RH 61.2 % after the 1st filling and 4.3 °C & RH 62.8 % after the 

2nd filling) did not seem to significantly affect the moisture content, neither 

bending or grip stiffness. The subsequently presented elastic modulus and tensile 

creep were measured in dry standard conditions (23 °C and RH 50 %) thus being 

insufficient to explain the real end use endurance of the packagings /34/. 

However, the comparison between the samples can be held valid due to the 

insignificant moisture content increase of the cartons held at high humidity. The 

materials were assumed to have similar moisture history because the boards were 

handled similarly after the manufacturing. The raw edge penetration of the 

uncoated and coated board samples was not hindered which might minimally 

affect the mechanical measurement results. Some variation can also stem from the 

sampling location of the board roll.

Elastic modulus
The aluminium coating increased the elastic modulus in CD whereas the large 

amount of LDPE decreased the elastic modulus of EVOH-cartons. Elastic 

modulus was statistically different between all materials in uncoated, coated as 

well as printed samples in MD and CD with few exceptions. However, the size 

order varied between the uncoated, coated and printed boards as well as between 

the fibre directions. Besides, only the uncoated duplex PE board (1296) differed 

from the other ones with its biggest elastic modulus in MD. The elastic modulus 

of coated boards in MD varied between 4.5 GPa and 5.5 GPa and of coated and
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printed boards in CD between 1.6 GPa and 2.8 GPa. The elastic modulus of 

coated and uncoated boards in both fibre directions did not significantly correlate 

with basis weight or thickness. The only exception was elastic modulus of 

unbleached boards in MD, which inversely correlated with uncoated board 

thickness (81 %). Therefore, the elastic modulus of triplex and duplex boards did 

not clearly differ. The elastic modulus was from two to three times higher in MD 

than in CD both in uncoated as well as coated and printed boards.

The coated PE-boards had statistically the biggest elastic modulus in MD, 

whereas aluminium-board had even significantly higher elastic modulus both in 

coated and printed boards in CD. Printed CD blanks had significantly lower 

elastic modulus compared to the coated boards, which implies the adverse effect 

of converting and printing on the mechanical properties. However, printed blanks 

and coated boards correlated (98 %) in CD. The elastic modulus of the printed 

boards could not be measured in MD due to the blank dimensions. No clear 

correlation between the elastic modulus and moisture content was perceived after 

the 1st filling, but after the 2nd filling they correlated somewhat (86 %).

The coated and printed boards had significantly lower elastic modulus compared 

to the uncoated base board in all cases except aluminium-coated board in CD. 

Also the coated triplex PE (1297) had higher elastic modulus than corresponded 

uncoated board. However, since its elastic modulus of printed board was lower 

than the uncoated one, the high elastic modulus of the coated 1297 is most likely 

skewed.

The adverse effect of the plastic coating on the elastic modulus and positive effect 

of aluminium coating are in accordance with the literature values of elastic 

modulus: Plastic layers have equal or smaller elastic modulus (EVOH 1.90-2.60 

GPa and LDPE 0.13 GPa) compared to the uncoated board (1.8-2.1 GPa in CD 

and 5.2-5.8 GPa in MD) whereas aluminium has significantly higher elastic 

modulus (70 GPa) than the uncoated board /129/. The lowest elastic modulus of 

EVOH-cartons (1293 & 1294) is justified with the considerably big amount of

93



LDPE compared to solely LDPE-coated cartons. However the significantly higher 

elastic modulus of aluminium overrides the adverse effect of the plastics in the 

aluminium laminate (1295) in CD, where the fibre direction does not dominate. 

The coated and uncoated boards correlated somewhat in MD (87 %) referring to 

the influence of the fibre orientation. It has to be borne in mind that the elastic 

modulus of the laminate is affected also by other factors than solely the different 

materials it consists of. For example, the polymer orientation and adhesion 

between the plastic layers as well as between the board and plastics may influence 

as well /78, p.45/.

Bending stiffness
No clear conclusions on the influence of the coating or board on the bending 

stiffness can be drawn. Only aluminium-carton (1295) had significantly the 

biggest bending stiffness on every day in both fibre directions (30.6-31.8 mNm in 

CD and 52.8-58.6 mNm in MD), except on day 2 in MD due to its big confidence 

level. The bending stiffness differences between the other cartons were not so 

clear in MD most likely due to the strong influence of the fibre direction of the 

board. In CD, however, all the cartons differed from each other on every day with 

few exceptions. Nevertheless, the size order varied between the days, therefore 

only aluminium-carton can be said to have significantly higher bending stiffness 

compared to other cartons. The aluminium foil strengthened the laminate structure 

most likely due to its significantly higher elastic modulus compared to the board. 

Bending stiffness was generally from two to three times higher in MD than in CD, 

which is in accordance with the literature /57/.

The influence of the uncoated base board remained unclear. There was no 

significant correlation between the bending stiffness of uncoated boards and 

cartons. Also the correlation between the bending stiffness and thickness as well 

as elastic modulus was insignificant. The significant correlation (> 82 %) between 

the bending stiffness and basis weight was perceived only after the Ist filling on 

days 7 and 14. The bending stiffness in either fibre direction did not significantly 

decrease during the storage. Most likely the statistically insignificant moisture
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content increase during the shelf life, did not deteriorate bending stiffness even in 

the more sensitive cross direction /61/. The bending stiffness inversely correlated 

with the moisture content and WVTR somewhat (> 80 %) on days 7 and 14 only 

after the 1st filling. With few exceptions, the filling trials did not significantly vary 

between others.

Bending stiffness was also measured from uncoated and printed flat board 

samples conditioned for few days in corresponded conditions as the cartons after 

the first filling (at 5.0 °C and RH 61.2 %). The aim was to find out the effect of 

sour milk on the carton bending stiffness originating from the possibly changing 

moisture content. However the differences could not be detected: all values 

measured from the printed flat samples and from the cartons 2 days after the 

filling were equal inside the error limits with few exceptions, which is in 

accordance with the insignificant effect of sour milk on the moisture content. 

Bending stiffness of uncoated boards did not behave logically in any fibre 

direction: Uncoated 1294 had statistically significantly the biggest bending 

stiffness whereas 1295 had statistically the lowest bending stiffness in MD 

compared to other samples. 1296 had significantly the lowest bending stiffness in 

CD. Bending stiffness of the uncoated board did not significantly correlate with 

basis weight or thickness, neither with the coated boards in any fibre direction. 

The correlation between the bending stiffness and elastic modulus of the flat 

printed samples was also insignificant.

Grip stiffness
Grip stiffness of the cartons measured for 10 s increased with growing basis 

weight and thickness as well as decreasing WVTR and moisture content. This 

behaviour is logical because a more compressible carton results in lower grip 

stiffness. Namely, the more the carton bulges and forms under the pressure, the 

more it can avoid the exerted force. The aluminium-carton (1295) had the highest 

grip stiffness, following with the EVOH-cartons. The grip stiffness of the duplex 

PE-carton (1296) was the lowest on every day. The differences between the 

cartons strengthened over time: On day 2 the differences were not that clear, on
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day 7 all others differed statistically from each other, except 1293 and 1297 after 

the 1st filling and 1296 and 1297 after the 2nd filling. On day 14 all cartons 

differed from each other. Grip stiffness and basis weight correlated with > 83 %, 

however from day 7 onwards with > 93 %. Grip stiffness correlated also with 

thickness (> 92 %) on every day. However, no significant correlation between the 

grip stiffness and elastic modulus was perceived. Apart from few exceptions 

(1296 on day 7 and 1294 on day 14) the grip stiffness after the two fillings did not 

differ from each other. The grip stiffness measured for 10 s correlated well (> 98 

%) with the grip stiffness measured for 60 s on every day.

Figure 17 illustrates grip stiffness of the cartons measured for 10 s. Generally the 

grip stiffness significantly decreased during the storage period, more evidently 

from day 2 to day 7. Grip stiffness of 1295 did, however, not change between the 

adjacent evaluation days referring to its really low WVTR. Neither did the grip 

stiffness of 1293 significantly decrease after the 2nd filling. However, grip 

stiffness of all tested cartons decreased from day 2 to day 14. Although the 

moisture content increase of any carton during the storage was only slight and not 

statistically significant, it seemed to deteriorate the grip stiffness of the cartons. 

Namely inversely correlation between the grip stiffness and moisture content was 

clear: > 86 % on days 7 & 14 after both fillings. Inverse correlation between the 

grip stiffness and WVTR was also significant: > 80 % on every day. Grip stiffness 

and bending stiffness correlated from the 7th day onwards (> 86 %) only after the 

1st filling. The higher influence of the moisture on the grip stiffness compared to 

bending stiffness is interesting because the bending stiffness was measured from a 

little sample of the carton of which the raw edge penetration was not hindered, 

whereas grip stiffness from the skived, whole carton.
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Figure 17. Grip stiffness decreased during the storage especially between the days 2 and 7 
after the filling most likely due to the slightly increased moisture content of the carton 
material. The aluminium-carton (1295) had the highest grip stiffness, following with the 
EVOH-cartons while the duplex PE-carton (1296) had the lowest grip stiffness on every day 
being in accordance with the WVTR of the cartons. The number after the carton code refers 
to the filling trial (1/2). Few error limits based on the 95 % confidence level are marked in 
the Figure.

Tensile creep
The combined tensile creep and elastic deformation was measured. It was handled 

as such, without withdrawing the elastic part from the results, being sufficient for 

the comparison purposes. The combined results are called as creep in subsequent 

analysis although including also the elastic part. Only the creep values after 47 

hours are scrutinised being sufficient for the material comparison and presented in 

Table 18 in Appendix 2. The base board was found to be the main contributor to 

creeping. Namely the smaller total coating amount of PE-boards compared to 

EVOH- and aluminium-boards resulted in smaller tensile creep in CD.

The PE-coated samples (1296 & 1297) creeped statistically less compared to the 

EVOH- and aluminium-coated ones (1293, 1294 & 1295) in CD. These subgroups 

did not differ from each other. The difference between the PE-boards and other 

ones was strengthened with the correlation between the creep and basis weight (90 

% in MD, 82 % in CD) and creep and thickness (93 % in MD). The creep of the 

printed and coated boards in any fibre direction did not significantly correlate. 

Still, CD creep in coated and printed samples was equal, except printed 1296 

board creeping slightly less and printed 1295 board slightly more. 1293 

significantly creeped the most and 1297 the least in both printed and coated
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samples in CD. The tensile creep did not significantly correlate with elastic 

modulus most likely because the elastic modulus characterises elastic deformation 

and not plastic, creep, deformation. Creep neither correlated with the bending 

stiffness and only the MD creep correlated with grip stiffness on day 14 (> 82 %), 

maybe partly due to the drier humidity conditions of creep measurement (50 % 

RH) compared to the other ones and the high influence of the moisture on the 

creep /121/. Besides, creep inversely correlated with moisture content (in MD 85 

% and in CD > 80 % on every day) and with WVTR (> 84 %). Grip stiffness as 

well as moisture content and WVTR correlations also further confirmed the lower 

tensile creep of the PE-boards.

The fibre orientation overrode the effect of the coating layer in MD creep. 

Namely, neither the creep of uncoated nor coated boards significantly differed 

between the materials neither between each other in MD. The correlation between 

the uncoated and coated samples was also insignificant. The MD tensile creep 

could not be measured from the printed blanks due to its dimensions. However, 

the creep of the coated and uncoated boards in CD correlated significantly (97 %). 

The tensile creep behaviour of uncoated boards can be associated with the basis 

weight. They inversely correlated in CD only with 78 % but in MD with 90 %. 

However, the correlation between creep and thickness was lower: in CD 90 % and 

in MD 77 %. The uncoated triplex boards (1294 & 1297) had significantly higher 

basis weight and smaller tensile creep compared to the corresponding duplex 

boards. 1293 had also a significantly small creep, which most likely originated 

from its measured basis weight being closer to the triplex boards. 1296 and 1295 

had the biggest tensile creep without significant differences between each other.

The CD tensile creep was statistically higher compared with the MD tensile creep 

in all (printed, coated and uncoated) boards. The creep deformation was 

approximately four to five times higher in CD than in MD in coated boards and 

six to seven times higher in uncoated boards, which implies slightly bigger 

difference of the creep in different fibre directions than perceived in previous 

study /70/. However, the creep amount was relatively low also in CD (<1.5 mm).
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Figure 18 illustrates the combined tensile creep and elastic deformation of coated 

blanks in CD. Even after 47 hours the maximum creep had not been reached.

♦ 1293
1294

a 1295
1296

* 1297

Time (h)

Figure 18. Extension (combined elastic and creep deformation) of the printed carton blanks 
in CD during 47 hours. 1293 has clearly the biggest extension whereas 1297 the lowest 
implying the adverse effect of the coating. CD creep in printed and coated samples was 
equal, except printed 1296 board creeping slightly less and printed 1295 board slightly more. 
1293 significantly creeped the most and 1297 the least in both printed and coated samples in 
CD.

The error limit was approximated as 0.05 mm based on the measurement 

accuracy. It has to be taken into account that the influence of the error sources 

becomes more significant the lower the creep rate is. The lack of parallel samples 

increases the result uncertainty. However the measurements from coated and 

printed boards can be held almost as parallel samples. The specimen might have 

slightly slided from the clamps. The slight humidity variations in the test 

environment (23 °C & RH 50 %) might have also affected the results due to the 

creep’s moisture sensitivity /121/. Additionally, plastics and board have different 

necking properties (narrowing to one direction when stretched to other) described 

with the Poisson ratio /130/. The plastic molecules can also orientate in the tensile 

direction, which increases their elastic modulus consequently reducing the 

creeping /78, p.45/. It has to be considered that the creeping occurred in the tested 

samples is not the same occurring in the actual cartons due to the different 

direction of the focusing load. Namely, the internal pressure of the carton focuses 

on the side panels causing the packaging material creep whereas in the test
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arrangement the load focuses on the end of the board specimen. However, these 

measurements give indicative results of the material creeping tendency 

contributing to bulging. The static load of 50 N was defined by Tetra Pak in the 

earlier study /70/.

11.5 Bulging 

Pressure
The effect of the pressure on the carton bulging could not be measured but it was 

approximated by calculations. The maximum pressure was assumed to build up in 

the gas-tight EVOH- and aluminium- cartons in the end of the shelf life of sour 

milk due to the assumable continued C02 production. The dissolved gases were 

not taken into account due to the assumed equilibrium state between the gas and 

liquid phase by the end of the shelf life.

The initial total head space pressure was estimated to be equal with the 

atmospheric pressure. The generated CCb amount in the head space was 

approximated with the ideal gas law and head space measurements: on day 2 the 

CCb percentage was on average 23.7 V-% in EVOH- and aluminium-cartons and 

respectively after 14 days of storage 32.4 V-%. Therefore the C02 increase during 

the storage was 8.7 V-%, which corresponded 8.53 ml of the total headspace 

volume (98 ml). This is equivalent with 0.0169 g, when the density of CCb is 

assumed to be 1.98 g/1 /131/. Density of skimmed Gefilus sour milk is 1057.4 

kg/m3 /31/ and the height of the sour milk in the carton is around 18.0 cm. Based 

on this information and ideal gas law, the maximum interior pressure, P, at 6 °C 

can be estimated according to Equation (6).
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, where

Patm/hydrostatic/Coproduction is atmospheric/hydrostatic/CCb production induced 
pressure (Pa)

г sourmik is density of the sour milk (kg/m3)

s is standard gravity (m/s2)

hsourmik is height of the sour milk in the carton (m)

nco2 is amount of CO2 (mol)

mco2 is mass of CO2 (g)

Mсо. is molar mass of CCb (g/mol)

R is ideal gas constant (J/mol K)
T is temperature (K)
Vy CO, is volume of CO2 (1)

To simplify the approximation the head space volume was evaluated to remain 

constant even if it increases along bulging in practice. The hydrostatic pressure is 

biggest only at the bottom. Thus this approximation can truly be held as the 

maximum value. The pressure estimation is roughly two times the atmospheric 

pressure. In reality, however, majority of the generated over pressure disappears 

along the carton bulging and volume expansion. This can be perceived also when 

opening the sour milk carton and hearing no fizzy voice in contrast when opening 

refreshment drink bottle. The carbon dioxide amount is also considerably smaller 

in sour milk compared to refreshment drinks.

Bulging
The PE-cartons clearly bulged more than the gas-tight cartons on days 7 and 14, 

measured from both directions of the carton: gable-top-gable and side-to-side. The 

EVOH- and aluminium-cartons (1293, 1294 & 1295) did not differ from each
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other apart from few exceptions occurring mostly on day 2. PE-cartons (1296 & 

1297) did neither differ from each other except side-to-side bulge after the 1st 

filling. The 1st and 2nd fillings did not statistically differ, apart from 1294 differing 

on day 2 and 1297 on day 14. Correlations proved the bigger bulging tendency of 

PE-cartons. Except day 2 after the 1st filling, bulging correlated every day after 

both fillings with O2 (> 94 %), inversely with CO2 (> 94 %), OTR (> 95 %) and 

°SH (> 97 %) and on day 14 directly with dissolved СЬ (> 98 %). Bulging 

inversely correlated also with basis weight (> 88 %) and thickness (> 85 %) on 

days 7 and 14 after both fillings.

Figure 19 illustrates the statistically bigger bulging of the PE-cartons in side-to 

side direction (11.7 mm on day 14) compared to the gas-tight cartons (9.4 mm on 

day 14) in the gable-to-gable direction. The bulge is the total bulge taking place 

on the both sides of the carton. Gable-to-gable bulge and side-to-side bulge 

correlated well (> 94 %) on every day except on day 2 after the 1st filling. Side-to- 

side bulge was generally slightly bigger than the gable-to-gable bulge.

1293 1
1294 I
1295 1
1296 1

■= 10.0 1297 1

2 9.0
----- 1296_2
-----  1297 2

Figure 19. Side-to-side bulge was clearly bigger in the PE-cartons (1296 and 1297) from the 
7th day onwards. Side-to-side bulge correlated well with the gable-to-gable bulge, which had 
slightly lower values. The number after the carton code refers to the filling trial (1/2). Few 
error limits based on the 95 % confidence level are marked in the Figure to demonstrate the 
difference between the gas-tight and PE-cartons.

The lower bulging tendency of the gas-tight cartons conflicts with the assumption 

that the increased C02 amount trapped in the gas-tight cartons would increase the 

pressure and consequently also bulging tendency /12/. However, the generated
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CO: amount was most likely small, supported by the minimal after-acidification 

perceived in chemical analyses. CO: also partly dissolved into the sour milk, a lot 

easier than O2 /87/. Besides, also milk cartons tend to bulge although no gas 

generation occurs. Therefore the carton gas-tightness seems to override the 

influence of the CO2 production and diminishes the bulging. The importance of 

the top seal tightness and consequently air-tightness of the carton was emphasised 

also in the literature /109/.

The mechanical properties did not significantly effect on bulging based on the 

correlations between the bulging and mechanical properties. Only grip stiffness 

significantly correlated with the bulging on day 14 (inversely > 81 %), most likely 

partly due to their similar measuring method from the whole cartons. The 

significantly highest grip stiffness of the gas-tight cartons contributed to the 

decrease in bulging. Bulging correlated (> 81 %) with elastic modulus only on 

days 7 and 14 only after the 2nd filling. The lowest elastic modulus of the EVOH- 

cartons did not increase the bulging tendency. Neither did the biggest elastic 

modulus of aluminium-carton result in significantly lower bulging of the 

aluminium-carton than the EVOH-cartons. Bulging and bending stiffness did not 

significantly correlate, thus the statistically biggest bending stiffness of 

aluminium-carton did not significantly reduce the bulging. Gable-to-gable bulge 

and tensile creep in CD (> 81 %) inversely correlated. Thus, the higher creep of 

the gas-tight cartons did not effect adversely on the bulging conflicting with the 

assumption of the earlier study /70/.

Bulging of the PE-cartons increased statistically significantly during the whole 

shelf life. The bulging growth was significantly big also in all gas-tight cartons 

between days 2 and 7. Between days 7 and 14 only 1294 showed clearly increased 

bulge. The increase in bulging could be caused by the slight increase in moisture 

content and consequently deteriorated carton integrity perceived as reduced carton 

grip stiffness. Bulge inversely correlated with moisture content (> 85 %) and with 

WVTR (> 89 %), on days 7 and 14 after both fillings. Another explanation for the 

increased bulging could be the sealing, which may have deteriorated during the
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Storage and carton handling. Bulging was measured from the cartons stored on 

average at 4.8 °C and RH 87.3 % after the 1st filling and 4.2 °C and RH 82.5 % 

after the 2nd filling. Thus the RH levels were considerably higher compared to the 

ones used in the mechanical and moisture content measurements, which might 

affect the correlations between the elastic properties and bulging. However the 

these high RH levels gave a good approximation of the maximal bulging, since 

the storage conditions generally are between RH of 85 and 90 % /34/.

The cartons bulged the most vertically 7 cm from the bottom of the gas-tight 

cartons and 8 cm from the bottom of the PE-cartons based on bulging 

measurements on day 14 after both fillings. The biggest bulging point was not 

vertically in the middle of the height of sour milk (18 cm) or the height of the 

filled carton (22 cm) but closer to the bottom. The effect of the bigger hydrostatic 

pressure closer to the carton bottom and the weaker carton bottom structure 

compared to top one most likely contributed to this. Bulging measurement is very 

sensitive and subjective, thus the same person measured all cartons by handling 

the cartons carefully: All the cartons were lifted from the top seal and the 

measurements were always conducted in the same order - first measuring the 

gable-to-gable bulge after which the side-to-side bulge. 15 parallel measurements 

increased the reliability of the results and minimised the effect of the carton 

untightness.

11.6 Chemical and microbiological analyses of the sour milk 

Acidity
The pH stayed constant (4.4 ± 0.1) in all cartons during the whole shelf life. 

Reference sample, the sour milk packaged in a glass bottle, had pH of 4.4 ± 0.0 on 

days 3, 9 and 15 after the 1st filling confirming that the packaging had no effect on 

the pH. The pH values were inside the product specification limits (4.3-4.6, target 

being 4.5) /31/. The correlation between the pH and °SH was not clear due to the 

stable pH.
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Neither did the °SH statistically significantly increase during the storage, which 

conflicts with the assumed after-acidification. Only aluminium-carton (1295) had 

significantly higher °SH on day 7 and 14 compared to day 2. °SH of 1297 even 

decreased from day 2 to day 14. All the values were between 37.5 and 42.7 °SH. 

According to Valio’s old statistics the °SH of sour milk varies between 34 and 45 

°SH, therefore the results are within typical limits. No significant difference was 

perceived between °SH of the gas-tight cartons neither between the PE-cartons on 

any day after any filling, °SH of the aluminium-carton differed significantly from 

the PE-cartons. However, the EVOH-cartons did not differ from the PE-cartons 

on every day after all three fillings, although most clearly on day 14. However, a 

dependency between the °SH and gas-tightness of the cartons existed. Namely 

°SH correlated inversely to Cb (> 95 %) and directly to CCb (96 %) on days 7 and 

14 after all three fillings speaking for the higher °SH of the gas-tight cartons. On 

day 2 the correlations were significant only after the 1st filling. Generally, the °SH 

did not differ between the fillings.

The reference sample (sour milk packaged in glass bottle) differed significantly 

from all filled cartons only on day 2 by having lower °SH value. The relatively 

high confidence interval due to only two parallel reference samples resulted in big 

confidence levels making it more difficult to perceive differences between the 

reference sample and cartons. Its °SH was closer to °SH of the permeable PE- 

cartons also on day 7 and 14, which conflicts with the assumption that the glass 

bottle would be totally impermeable and the after-acidification end products 

would increase the acidity. Apparently the plastic cork leaked from its sides. 

Therefore even if the carton material affected the initial °SH, the effect evened out 

during the shelf life and the reference sample did not differ from the cartons later 

on.

Composition
The sour milk composition was examined to study the behaviour of the starter 

bacteria. Based on the compositional measurements, the after-acidification was 

not significant and the different gas composition in the carton head space did
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neither fasten or slow down nor change the metabolism of the starter. The 

examined sour milk in the currently used PE-carton on day 2 after filling 

contained approximately 90.6 % water, 0.5 % fat, 3.6 % protein, 3.9 % lactose 

and 0.7 % mineral salts. The lactose content was inside typical values of 3.5 - 4.5 

% /1/. No significant differences existed between the cartons. In addition to the 

probiotic LGG, the starter mix used consisted of four different bacteria, all having 

the ability to ferment the lactose to lactic acid /8/. Therefore lactose amount was 

assumed to decrease and the lactic acid amount increase due to the after- 

acidification during the shelf life. In contrary, generally lactose content 

minimally, but not statistically significantly, increased during the storage whereas 

the lactic acid remained content nearly stable. Only the D-lactic acid amount in 

the PE-cartons (1296 & 1297) significantly decreased whereas the L-lactic acid 

amount significantly decreased in triplex EVOH-carton (1294). The D-lactic acid 

content was significantly lower (0.06-0.08 %) compared to the L-lactic acid 

content (0.96-1.10), which is natural, because the dominating Lactococcus strains 

produce L-lactic acid whereas only Leuconostoc produces D-lactic acid /12/. The 

measured lactic acid amount (1.03-1.17 %) was in accordance with the literature 

/8/. The measured °SH corresponded to 0.90 % lactic acid, which is equivalent 

with the lactic acid amount inside the error limits. The measured relatively low pH 

of sour milk (4.4) would imply that the fermentation caused by the mesophilic 

lactic starter could be ceased already after the production (at pH 4.3-4.5), thus the 

after-acidification in the cartons would be minimal /8/. Also the relatively big 

dissolved oxygen content (>4 mg/1) in the PE-cartons after the 7th day of storage 

could have ceased the lactic acid growth and slowed down the pH decrease /132/.

Gas chromatography-mass spectrometry
The volatile compounds detected in the gas chromatography-mass spectrometry, 

GC/MS, strengthened the minimal after-acidification. Namely, in addition to the 

lactic acid fermentation two of the bacteria had ability to produce also carbon 

dioxide. However, no increase in lactic acid was perceived but a small amount of 

CCb (expressed as mols) was generated during the shelf life. The CCL could 

originate from the heterofermentation of lactose by the Leuconostoc bacterium of
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from the citric acid fermentation of Lactococcus lactis subsp. diacetylactis and 

Leuconostoc. Nevertheless, in addition to CO2 also acetaldehyde, diacetyl and 

other volatiles should have been generated as a result from the citric acid 

fermentation. /8/. No increase in volatile compounds was, however, perceived in 

the GC/MS analysis, proposing that the CO2 growth during the shelf life and the 

after-acidification were minimal. The GC/MS analysis did neither reveal any clear 

aroma barrier differences between the cartons because all the cartons showed 

some aroma permeation. Trimethylamine causing off-flavours was detected in the 

PE-cartons. The effect of light on the volatile compounds was not examined due 

to resource restrictions. The biggest amounts of volatiles detected were acetone 

and 2-butanol. Also big amounts of ethanol, acetoin, 2,3-butanediol, 2-butanone, 

diacetyl, dimethylsulphide, trimethylsulphide and acetic acid were detected. 

Acetone, ethanol, acetoin and diacetyl were emphasised also in the literature /3, 

14, 15/.

The diacetyl amount rather decreased than increased during the shelf life in all 

cartons, except diacetyl in triplex EVOH-carton (1294). The diacetyl could have 

reduced as acetoin; however the amount of acetoin producing the fresh, sour milk 

taste reduced in all cartons during the storage /133/. On the other hand, since the 

diacetyl needs oxygen to survive and increase, the diacetyl concentration could 

have decreased especially much in the gas-tight cartons during the cold storage. In 

the permeable PE-cartons the decrease should have been substantially lower. /13/. 

However, the decrease was especially big in triplex PE-carton (1297) and diacetyl 

amount even increased from day 6 to day 13 in triplex EVOH-carton (1294). The 

diacetyl could also have permeated through the carton. The diacetyl can reduce to 

2,3-butanediol in oxygen poor conditions. Therefore the high 2,3-butanediol 

amount in duplex EVOH-carton (1293) could refer to its good oxygen barrier 

properties. Lower butanediol amount of triplex EVOH-carton (1294) may have 

been caused by the leakage or it could be related to its higher diacetyl amount. 

/11/.
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Trimethylamine, as pure resembling the smell of old fish, was most likely the 

main cause for the off-flavours detected in sensory evaluation especially in PE- 

cartons. Interestingly the PE-cartons had considerably lot trimethylamine already 

on the first day after the 3rd filling which could be a result from carton migration. 

Alternatively, the starter should really rapidly produce trimethylamine in presence 

of sufficiently amount of oxygen as in PE-cartons. Since trimethylamine was not 

present in all cartons, it unlikely stems from the raw milk. EVOH-cartons had 

considerably big dimethyltrisulphide amount on day 13, which most probably 

originated from the dimethylsulphide due to the lack of oxygen. However, the 

dimethylsulphide did not significantly decrease in these cartons, neither was this 

off-flavour perceived in the sensory evaluation. P-Xylene was observed in PE- 

cartons (1296 &1297) as well as styrene, amount of which increased during the 

storage. However no comments on the styrox-taste related to p-Xylene neither on 

the drawing pen related to styrene were given in the sensory evaluation. Duplex 

EVOH-carton (1293) had considerably big amount of acetic acid on day 6, which 

might have strengthened the piquant flavour perceived in the sensory evaluation. 

/11/.

2-heptanol amount increased in all cartons during the shelf life. It could have 

originated from the reduction of 2-heptanone or most unlikely from after- 

acidification but it could not have permeated through the carton. Despite the 

amount of nonanal, an oxidation product of lipids, increased during the storage in 

all cartons no comments on the oily taste were given in the sensory evaluation. 

Acetone and 2-butanone amount decreased during the storage in all cartons most 

likely due to the permeation through the cartons. The amount of 2-nonanone was 

considerably lower, almost negligible, in gas-tight EVOH-cartons affected most 

probably by the lack of oxygen. 2-nonanone perceived in PE-cartons could have 

originated from the degradation of lipids or most likely from the generation by 

certain yeasts and moulds. However, since the 2-nonanone amount remained 

pretty stable over the shelf life in the PE-cartons and the yeasty, mouldy and fusty 

off-flavour comments were not given on day 2 but only later on, the 2-nonanone
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most likely was not the cause for the off-flavours. /11/. Aluminium-carton was not 

examined because the GC/MS was made only after the 3rd filling.

Vitamins
The significant nutritional vitamins of milk are especially B12 and B2. Vitamin 

Bl, niacin (B3, B6) and folic acid are also highlighted. /134/. Therefore, Bl, B2, 

В12 and folic acid were measured after the third filling partly thanks to their 

routine analysing. The stability of the vitamin content wanted to be studied 

because in theory the vitamin content could decrease during the cold storage or by 

microbial catabolism /14/. However, differences neither between the cartons nor 

during the shelf life could be detected in the vitamin content. The only vitamin 

showing a small decrease was В12. Nevertheless, the decrease was statistically 

significant only in the duplex PE- carton (1296). Thus it can be concluded that the 

different gas-composition in the cartons did not affect the vitamin content. 

Unfortunately the original idea of measuring vitamins of the light exposed cartons 

was failed. Most likely the vitamin losses would be higher when exposed to light 

/135/. The vitamin content was well in accordance with the general skimmed sour 

milk values. However the vitamin B2, riboflavin, amount was considerably 

smaller in the tested skimmed Gefilus milk (0.12-0.13 mg /100 g) compared to the 

skimmed sour milk generally (0.18 mg/100 g). /136/.

Lactobacillus rhamnosus GG bacterium
Lactobacillus rhamnosus GG, LGG, bacterium was surveyed to see whether the 

different gas composition in the cartons affect its survival. The head space oxygen 

or carbon dioxide amount varying between the cartons seemed to have no clear 

effect on the survival of the LGG, which is logical since it is able to grow in both 

aerobic and anaerobic conditions /137/. Also the low after-acidification and 

consequently small amount of organic acids and flavour compounds supported the 

survival of LGG bacteria /37/. The small variations stemming from the plate count 

method were not statistically significant because the exponent remained constant. 

The amount of LGG remained above the suggested limit of 10(1 cfu/ml for 

probiotics to confer the heath benefits over the 12 days of storage /138/.
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11.7 Sour milk structure

11.7.1 Viscosity/thickness 

SMR viscosity
According to SMR measurements the high barrier cartons resulted in higher 

viscosity than the PE-cartons. The viscosity also statistically significantly 

increased during the storage, from 2nd to 12,h day. The Г1 filling had slightly, but 

not statistically significantly, lower values than the 2nd filling. Only the values of

1293 differed statistically between the 1st and 2nd fillings due to the deviant low 

viscosity of 1293 after the 1st filling. The PE-cartons had statistically significantly 

lower viscosity after 12 days than the EVOH-cartons based on all three fillings 

supported also with the inverse correlations between the viscosity and °SH after 

the 2nd and 3rd filling (> 82 %). The SMR viscosity also inversely correlated with 

bulge and barrier properties (> 92 %) on days 2 and 12/14 after the 2nd filling. The 

duplex and triplex cartons did not however significantly differ from each other 

confirmed by the non significant correlation between the SMR viscosity and light 

transmission values of the cartons. No clear conclusions on the viscosity of the 

aluminium-carton (1295) can be made, namely it was statistically higher than of

1294 and 1297 after the 1st filling.

The increase in viscosity from day 2 to day 12 can not be strongly combined with 

the increased acidity of the sour milk due to the nearly stable pH and °SH in 

contrary with the earlier findings of yoghurt: After-acidification stemming from 

the exopolysaccharide (EPS) production of the lactic acid bacteria and increased 

lactic acid has been explained to be behind the strengthened protein network and 

consequently increased viscosity /48/.

The error of SMR measurements after the 1st and 2nd filling made from only one 

carton per tested material was estimated as 10 s based on the four parallel 

measurements made after 3rd filling where the error was maximally 6 s. The lumps 

may have affected the viscosity measurement. Generally, the flow-cup viscosity
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measurements are held inaccurate /65, p. 267/. Figure 20 presents the SMR 

viscosity after all filling trials.

1293 2
1294 2Й 160

------1296 2
1297 2
1293 3
1294 3
1296 3

Figure 20. SMR viscosity increased during the storage. The reddish marked EVOH-cartons 
had higher viscosity compared to the bluish marked PE-cartons. The viscosity of 1293 after 
the 1st filling was evidently too low. The number after the carton code refers to the filling 
trial (1,2 or 3). Few error limits based on the 95 % confidence level are marked in the 
Figure.

Rotational viscosity
Rotational viscosity measurements did not reveal any viscosity differences 

between the cartons or days. This was strengthened by the unclear correlation 

between the rotational viscosity values at 6.3 Pa and 20 Pa and bulge as well as 

barrier properties after the both (1st and 2nd) fillings. Viscosity at 20 Pa shear 

stress responds the thickness sensed in the mouth /139/. Nevertheless, rotational 

viscosity correlated with SMR viscosity on day 14 after the 1st and 2nd filling ( 6.3 

Pa > 78 % and 20 Pa > 89 %) implying the higher viscosity of the sour milk 

packaged in gas-tight cartons. Sour milk is a non-Newtonian fluid having shear 

rate dependent viscosity. From the rotational viscosity measurements it could be 

ensured that the sour milk is thixotropic material, thus the viscosity depends on 

time. The apparent viscosity decreases with duration of stress because the net-like 

structure brakes down but does not immediately recover. This can be perceived in 

the viscosity graph, presented in Figure 26 in Appendix 1, where the viscosity 

values are higher measured with growing shear stress than with decreasing shear
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stress known as hysteresis effect. Only the viscosity values measured at 6.3 and 

20 Pa shear stresses are presented in the result summary in Tables 20-22 in 

Appendix 4.

Vibrating viscosity
The vibrating viscosimeter resulted in any clear differences neither between the 

samples nor between the days. Although the trends perceived were not statistically 

significant, they supported the findings of the SMR viscosimeter.

No statistical differences between the samples could be perceived with the 

vibrating viscosimeter. However, since the viscosity inversely correlated with 

light transmission values of coated boards (97 %) and with uncoated boards (95 

%), the duplex cartons with lower light transmission values could be said to have 

tendency to increase the viscosity, however not statistically significantly. Since 

the EVOH-cartons had generally higher viscosities on all days, except day 7 when 

the samples had equal viscosities, the gas-tightness most probably increased the 

tendency to higher viscosity. Nevertheless, due to only two parallel samples and 

most likely also the carton tightness differences, the confidence intervals are 

really big. Vibrating viscosity was not measured from the aluminium carton 

(1295). Additionally, the introduction of the vibrating viscosimeter is still in 

progress and the effect of the temperature and whey separation on the 

measurement is still unclear. No significant correlation between the vibrating 

viscosity and SMR viscosity existed. The viscosity slightly, but not significantly, 

increased from 7lh to 14th days partly supporting the results of SMR viscosimeter. 

The viscosity changes between the days can not be said to be faster during the 

first seven days in contrary to the earlier research /20/. The slight decrease in 

viscosity during the first days most likely stems from the whey separation from 7th 

day onwards although the samples were mixed before the measurement. The 

measuring depth of the viscosity was held constant on every day.

Light exposed viscosity correlated with dark stored viscosity with 87 % on day 7 

and with 100 % on day 14. On day 7 the viscosities of light exposed samples were 

all at least double as big as corresponded samples stored in dark. The increased
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temperature of the sour milk due to the light exposure most likely caused the more 

rapid increase in viscosity during the storage /140/. However, by the day 14 the 

differences between dark stored and light exposed samples had evened out. Only 

light exposed 1293 had statistically significantly higher viscosity on day 14 

compared to the dark stored. It was one degree warmer which may influence. The 

effect of light on viscosity would still require further study. Since the inverse 

correlation between the light exposed viscosity and light transmission values of 

cartons was perceivable only on day 7 (at 400 nm 74 % but at 550 nm 83 %), the 

better light protection of duplex cartons did not clearly increase viscosity. Figure 

21 presents the vibrating viscosity during the shelf life of sour milk.

1294

1293_ light
1294 light> 0.030
1296_light

— 1297 B|

0.010

Figure 21. Vibrating viscosity after the 3rd filling. The large error limits are not included in 
order to keep the diagramme readable. Although the trends perceived were not statistically 
significant, they supported the findings of the SMR viscosimeter: gas-tight cartons (1293. 
1294 & 1295) having slightly higher viscosity. Only light exposed 1293 had statistically 
significantly higher viscosity on day 14 compared to the dark stored. The slight decrease in 
viscosity during the first days most likely stems from the whey separation from 7th day 
onwards. On day 7 the viscosities of light exposed samples were all at least double as big as 
corresponded samples stored in dark most likely due to the increased temperature of the 
sour milk due to the light exposure.

Organoleptically assessed thickness perception as part of the structure 

evaluation
Based on the sensory evaluation the gas-tight cartons resulted in slightly thicker 

sour milk perceived on day 7 forwards. The tendency of light to increase the 

viscosity was strengthened.
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In addition to viscosity measurements, the thickness perception was also 

evaluated in the sensory evaluation as visual thickness, thickness when stirring the 

sample with a spoon and thickness in mouth as proposed /142/. Most of the given 

thickness remarks were concerning sour milks stored in EVOH-cartons. Light 

may slightly increase the thickness based on the more remarks given to light 

exposed EVOH-cartons compared to the corresponding dark stored samples. After 

the 3rd filling the expert panel evaluated all the EVOH-cartons stored in dark and 

exposed to light thicker and PE-cartons thinner on day 14, considering few 

exceptions. Namely, triplex EVOH (1294) was evaluated maybe thinner and 

triplex PE (1297) as thicker and light exposed triplex PE (1297) as gelatinous. The 

thicker perception of 1297 resulted most likely from the really lumpy and perished 

structure, only few panellists accepted to even taste it. Majority of the thickness 

perceptions on day 14 were mentioned already on day 7. The perceptions were 

similar except triplex EVOH (1294) evaluated thicker and light exposed duplex 

PE (1296) maybe slightly thicker. The remarks from the sensory evaluations after 

the 1st and 2nd filling largely supported the expert panel evaluation after the 3rd 

filling.

Critical assessment of the viscosity/thickness analyses
According to the product specifications the skimmed Gefilus sour milk should be 

easily drinkable and no elongation should be present /16/. No comments about the 

slime forming or elongation were given implying that the slime forming of 

Lactococcus cremoris was not affected by the different gas contents in the cartons 

and thus neither on the viscosity of the sour milk /8/. The specification values for 

the viscosity are currently under scrutinisation. However 0.250-0.400 Pa 

measured with the Bohlin rotational viscosimeter and 100-160 s measured with 

the SMR viscosimeter can be held indicative values. No clear conclusions can be 

drawn from the viscosity values based on the product specifications. Namely on 

day 12 all the samples had higher SMR viscosities compared to the product 

specification with only few exceptions being, however, close to 160 s. 

Respectively, the rotational viscosity measured at 6.3 Pa of all samples, except 

1294 after the 1st filling, was inside the specifications. With 20 Pa exerted all the
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values were smaller than specifications, the error limits only slightly altering the 

situation. It has to be considered that the product specification values are 

determined for the 12-days-old sour milk but the rotational as well as vibration 

viscosity measurements were done 14 days after the filling.

The remarks given in the sensory evaluation comparing the sample thickness to a 

reference sample are not reliable due to different reference samples. Namely, a 
fresh reference sample from Tampere dairy was got only after the 3rd filling on 

day 14. The effect of the temperature on the viscosity or thickness perception can 

not be excluded. However, the effect is not unambiguous based on observations 

but the increase in temperature can either decrease or increase the viscosity of 

sour milk. In theory, viscosity should decrease with increasing temperature. The 

sour milk was approximately 9-11.5 °C warm when conducting the vibrating 

viscosity measurements. All the cartons were stored at 8 °C, thus it can be 

assumed that the other viscosity measurements were done also for 8-12 °C warm 

sour milk. However, the temperature of the light exposed samples in the sensory 

evaluation 7 days after the 3rd filling was even higher.

Differences between the viscosity and sensory evaluation arrangements have to be 

considered. Before the sensory evaluation and rotational as well as SMR viscosity 

measurement the cartons were shaken at least three times up and down and the 

warm air entrapped inside the matrix whereas before the vibrating viscosity 

measurement the cartons were mixed with a tailor-made mixer avoiding air to 

dissolve inside the liquid. However, shaking of the cartons up and down partly 

due to the whey separation destroys the sour milk structure but resembles more 

the real consumption occasion. Viscosity measurements destroying or disturbing 

the structure are not very suitable /141/. The disadvantage of the rotational 

viscosimeter is the almost irreversible degradation of the structure during the 

measurement. The gel particles become smaller when the shear force is applicated 

due to compaction and break-up leading to a decreased volume fraction of 

dispersed particles and thus to a decreased viscosity. /19/. Therefore the vibrating 

viscosimeter should be more reliable measuring method because it does not break
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the weak hydrogen bonds of sour milk unlike the widely used SMR and rotational 

viscosimeters. Moreover, the low frequency (30 Hz) used in the vibrating 

viscosimeter hinders the small air bubbles on the sour milk surface to disperse in 

the sour milk and interfere the measurement. Also research made by Lindström et 

al. /142/ would speak for the vibrating viscosimeter to study differences between 

thickness perceptions in sensory evaluation even despite the whey separation.

In this research, however, the SMR viscosity measurement seemed to support the 

sensory evaluation more than the vibrating viscosity measurement suggesting that 

the gas-tight cartons result in slightly increased viscosity 7 after the filling and 

later on. Moreover, Zoon and van Marie /143/ found that Theologically poorly 

defined methods, such as Posthumus funnel measurements and shear experiments 

in which the shear rate is linearly increased while the stress is measured, 

correlated better with the organoleptic viscosity than the steady state viscosity 

measurements. They suggested this stemming from the fact that during pouring 

the yoghurt or sour milk out of its packaging and during drinking, sour milk is not 

flowing at a constant rate but its rate increases with time. However since the 

vibrating viscosity measurement method was under development, it can be 

assumed that further research with optimised measuring parameters and more 

parallel samples would improve the result certainty and correlation with sensory 

evaluation. The effect of surface whey and light on viscosity has to be 

nevertheless more accurately examined.

The higher viscosity of sour milk stored in gas-tight cartons might stem from the 

dissolved CO2. Namely, the assumable higher gas amount and correspondingly 

smaller fluid amount between the flakes could hinder the fluid flowing /144/. On 

the other hand, theoretically the smaller density of CO2 (1.98 kg/m3 /131/) at 

standard temperature and pressure in its gaseous form compared to the skimmed 

Gefilus sour milk density (105.74 kg/m3 /31/) should decrease the total density of 

sour milk when the CO2 is dissolved. This decreased density should result into 

smaller viscosity. Therefore the viscosity differences might stem from some 

changes occurring in the sour milk matrix, which might be revealed by examining 

the volume of the sour milk during its shelf life.
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11.7.2 Lumpiness/flakiness

According to product specifications, the sour milk structure should be 

homogenous, smooth and easily drinkable. The photocopies taken after the 3rd 

filling on days 2 and 14 did not reveal any flakes or lumps therefore the 

discussion is based on the sensory evaluation and separate scrutinisation of the 

structure after the 2nd filling. No remarks concerning the structure were given 2/3 

days after filling in the sensory evaluation. Neither was any comment given for 

the aluminium-carton (1295) on any day, which was however filled only once. 

Flakes seem to be more perceivable on day 7 whereas comments on day 14 

concerned almost merely lumpiness.

In short, few flakes were perceivable in all cartons after 7 days, except dark stored 

duplex EVOH-carton (1293). However flakes were more notable in dark stored 

and light exposed triplex PE-carton (1297) based on the evaluation made after the 

3rd filling by the expert panel. On day 7 only light exposed 1297 got remarks of 

lumpiness from the expert panel after the 3rd filling. Nevertheless, some of the 

white granules or flakes might originate from the dried sour milk from the carton 

top or edges. The consistency was held normal and only few lumps were observed 

in all dark stored samples when separately scrutinised the structure after the 2nd 

filling.

14 days after filling the lumpiness was more obvious. Especially dark stored and 

light exposed PE-cartons seemed to cause lumpy sour milk based on the separate 

scrutinisation after the 2nd filling as well as the comments from the expert panel 

after the 3rd filling. Especially light exposed triplex PE-carton (1297) was held 

totally perished due to its gelatinous and lumpy structure. Most likely the light 

increases the lumpiness because also light exposed EVOH-cartons were evaluated 

as lumpy by the expert panel after the 3rd filling. Therefore it can be suggested 

that the available oxygen or carbon dioxide affects the most the lumpiness but that 

the light also plays a role. The lumpiness of the oxygen rich PE-cartons is in 

contradiction with the theory of oxygen prevailing conditions promoting the 

diacetyl production and thus inhibiting the growth of certain lactococcus strains 

with consequent irregular acidification and coagulum formation /133/. However,
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neither was any increase in diacetyl content perceived in gas chromatography. On 

the other hand, the carton gas-tightness smoothened the structure also in previous 

study /21/. The light barrier of the cartons did not affect the lumpiness. The 

flakiness therefore was not hold significant. However, the lumps may have 

covered the possible flakes.

11.7.3 Structure as part of the sensory evaluation

According to product specifications the skimmed Gefilus sour milk should be 

homogenous, smooth, non-stretchable and easily drinkable /16/. All structural 

points given after the lsl and 2nd filling in sensory evaluation were 4 or above, thus 

being acceptable for sale. The only exception was 1293 (3.3) on day 14 after the 

2nd filling. However, inside the confidence level (0.8) it was also above 4. When 

the results were scrutinised with variance analysis and Tukey’s test some 

differences were perceived between the samples. On day 7 after the 1st filling 

1295, 1294, 1296 were perceived better than the others and 1293 light exposed the 

worst (4.3). On day 14 after the 1st filling according to variance analysis the 

samples differed between each other (p=0.02), but still no sample distinguished 

from others. However, after the 2nd filling light exposed 1294 was distinguished as 

second worst (4) and light exposed 1293 the worst (3.3).

The practically negligible difference between the cartons was supported by the 

insignificant correlation between the structure and barrier properties. Only 14 

days after the 1st filling the structure inversely correlated with CO2 and °SH (> 89 

%) and directly with O2 and dissolved O2 (> 86 %). On day 7 structure and light 

exposed structure correlated with 82 %. After the 2nd filling light exposed 

structure correlated with dissolved O2 (98%) on day 7 and structure correlated 

with light transmission at 400 nm (86 %) on day 14.

Table 14 illustrates that the expert panel ranked the samples more strictly after the 

3rd filling: except dark stored EVOH-cartons (1293 & 1294), all cartons got points 

lower than 4 on day 14. The light exposed samples got significantly lower values 

compared to the 1st and 2nd filling on day 14. On day 7 only 1297 got lower points
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due to the distinguishable flakes. On day 14 the samples with few flakes got 4, 

samples with smaller lumps and flakes got 3, samples with many big lumps got 2 

and due to the gelatinous and really lumpy structure of triplex PE-carton (1297) 

got only 1. On day 14, only the duplex PE ( 1296) maintained its structure under 

the light exposure. The structural points after two weeks were given afterwards.

Table 14. Sensory evaluation results of the structure after the 3rd filling made by expert 
panel together. The dark stored samples are presented first, following with the light exposed 
samples. Light grey marked values are below the acceptability limit for sale (4) and the 
bolded ones differ more than with a one number from the values given after the 1st and 2nd 
fillings. N.a stands for not available.

1293 1294 1296 1297
1293
light

1294
light

1296
iight

1297
light

day 3 5 5 5 5 n.a. n.a. n.a. n.a.
day 7 5 5 5 5 5 5 5 4
day 14 4 4 3 2 2 2 3 1

The insignificancy of the first 7 days on the structure was confirmed in the 

variance analysis after the lsl and 2nd fillings. Also expert panel given constant 

values on days 2 and 7 supported that the structure of the sour milk does not 

deteriorate considerably during the first week of storage. The light and time 

deteriorated the structure between the 7th and 14th day after filling according the 

variance analysis. Some interaction between day and light was also detected 

implying that the structure deterioration was not significantly big in all cartons 

over the time and due to the light exposure. Namely, based on the least square 

means the light deteriorated the structure significantly only on day 14, apart from 

1294. Time between the 7th and 14th day was significantly adverse only for the 

light exposed samples, except 1294. The expert panel evaluation confirmed the 

adverse effect of light and time on the structure.

11.8 Surface appearance

11.8.1 Whey separation

According to product specifications the surface whey should not be strongly 

separated /16/. The gas-tight cartons drastically reduced the whey separation 

perceived from day 7 forward. The effect of light was vague, still needing further
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examination. The light barrier differences between the triplex and duplex boards 

were not significant.

On day 2 no whey was perceived in any carton. However, the EVOH-coated 

cartons resulted in statistically significantly (roughly two times) lower whey 

separation compared to the PE-cartons on day 7. However on day 14 the 

difference was even more dramatic: the surface whey amount was on average 

from the 2nd and 3rd filling already over four times higher in the PE-cartons (135 

ml) compared to the EVOH-cartons (32 ml). The surface whey amount increased 

statistically significantly from 7th to 14th days in PE-cartons. The whey separation 

in aluminium-cartons might be even slightly smaller than in the EVOH-cartons. 

However since it was measured only after the 1st filling from one carton, it is not 

proved. Tendency of the gas-tight cartons to diminish the whey separation was 

confirmed also with the correlations after the 2nd filling between the whey 

separation and bulge and barrier measurements especially on day 14 (> 98 %). On 

day 7 the surface whey correlated with O2 (81 %) and bulge (80 %) and inversely 

with CO2 (82 %). The °SH inversely correlated really clearly with the whey 

amount (> 91 %) after the 2nd and 3rd filling. This is in accordance with the theory 

that slight after-acidification would improve the sour milk structure; however no 

significant decrease in pH was perceived in this research /4/.

The whey was measured also in dairy partly to exclude the effect of vibration 

occurring during transportation and partly to increase the result certainty. The 

whey measured in the dairy correlated significantly with the whey measured in 

Valio R&D only on day 14 (95 %) after the 3rd filling, most likely due to the lack 

of parallel samples after the 1st and 2nd filling. It has to be considered that the 

measurement in the dairy was done only on day 12, whereas in R&D on days 2, 7 

and 14. The results after the 3rd filling with four parallel measurements are only 

subsequently more precisely scrutinised. 1294 was the only one significantly 

differing from other cartons and did not fit on the curve got from the corresponded 

measurements in R&D. Measurement results in dairy confirm that the EVOH- 

cartons resulted in higher whey separation, although 1297 was not measured. Also
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the inverse correlation between the whey and °SH (90 %) on day 12/14 proved the 

whey separation diminishing effect of the EVOH-cartons. Nevertheless, it has to 

be emphasised that taking into account the approximated confidence level (20 ml) 

based on the parallel measurements done after the 3rd filling, also the samples 

without parallel samples fit pretty well on the whey curve got from the 

measurements in R&D.

The separated whey from the light exposed cartons could not be so accurately 

measured after the 3rd filling on day 7. Namely, the whey was partially mixed into 

the serum, when transporting the cartons from the display cabinet to the 

measurement place. Although the whey amount of light exposed 1294 and 1296 

did not statistically differ from each other, due to the really big confidence level 

of 1296, the difference can be held significant because the confidence levels 

overlap only really slightly. The whey amount of 1293 could not be measured due 

to the mixing. On day 14, the test measurement arrangement was changed, thus 

the whey did not mix into the serum providing reliable results. The difference 

between the light exposed EVOH- and PE-cartons was statistically really clear. 

Higher whey amount of light exposed PE-cartons was also confirmed by the 

inverse correlation with °SH (> 99 %).

The effect of light on the whey separation was not clearly perceivable and would 

require further studying. Statistically there was no difference between the dark 

stored and light exposed EVOH-carton (1294, no values from 1293) after the 3rd 

filling on day 7. However, in PE-cartons the difference was statistically 

significant: 32 ml in dark stored cartons versus 93 ml in light exposed cartons. On 

day 14 there were no statistical differences between the dark stored and light 

exposed samples. However, the whey amount decreased to half (on average from 

40 ml to 18 ml) when EVOH-cartons were exposed to light. On contrary, the 

whey amount increased (on average from 130 ml to 164 ml) when PE-cartons 

were exposed to light, similarly with the behaviour on day 7. If the light-induced 

oxidation would play a role in the whey separation, the increased CO2 and 

diminished O2 content in the head space of the gas-tight cartons would diminish
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the oxidation and thus whey separation. Thus the synergetic effect of light and 

oxygen would be not that remarkable in the oxygen poor EVOH-cartons. One 

explanation speaking for the diminished whey separation due to light might be 

that since the light exposure raises the temperature of the sour milk, the sour milk 

is more swollen and the water-like whey, does not distinguish that well /139/. No 

significant correlations between light exposed whey amount and light 

transmission values were perceived implying that the light barrier difference 

between the duplex and triplex boards does not play a role in the whey separation. 

Duplex cartons (1293 & 1296) had only slightly smaller whey separation both in 

dark stored as well as light exposed cartons on day 14, however differing not 

statistically significantly from the triplex ones (1294 & 1297). 1297 had however 

statistically significantly biggest whey amount of dark stored cartons on day 7 

after the 2nd filling. The influence of light on the whey separation therefore 

depends mainly on the gas composition in the cartons. Light exposed whey 

correlated well with the dark stored whey (> 92 %). Figure 22 presents the 

separated whey measured after the 3rd filling.
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Figure 22. Surface whey measured after the third fdling. Whey was measured also from the 
light exposed cartons marked with light. The whey amount in the dark stored PE-cartons 
was considerably higher compared to EVOH-cartons. The effect of light depended on the gas 
barrier: light exposure increased the whey amount significantly in the oxygen rich PE- 
cartons (1296 & 1297) whereas it decreased the whey amount in the oxygen poor EVOH- 
cartons (1293 & 1294). Few error limits based on the 95 % confidence level are marked in 
the Figure.
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The smaller whey separation of gas-tight cartons is in accordance with the earlier 

research /21/. The oxygen barrier overrode the effect of increased CO2 content 

during the shelf life, which has been suggested to increase the whey separation 

/42/. Oxygen barrier, namely, hinders the protein depletion and contributes to a 

smaller tendency to whey separation /19/. Few correlations refer to the tendency 

of gas-tight cartons decrease the whey separation and increase the viscosity. The 

whey measured after the 3rd fdling in Valio R&D correlated inversely with the 

SMR viscosity (87 %) on day 12/14. The whey measured in dairy from the 4 

parallel measurements after the 3rd filling inversely correlated with vibrating 

viscosity 93 % on day 14. Since the whey separation most likely stems from the 

protein particles detaching the liquid network, it is logical that the cartons with 

low whey separation also have higher viscosity due to the still prevailing strong 

protein-protein bonds /19/.

No strict product specification value for the whey separation amount has been 

determined. Directively the surface whey should remain below 120 ml during the 

whole shelf life (up to day 12). PE-cartons measured in the dairy on day 12 as 

well as measured at R&D on day 14 had more than 120 ml surface whey speaking 

for the use of EVOH-cartons having clearly less separated whey. Even the 

currently used limit of production fault (150 ml) was exceeded.

The whey separation could not be unambiguously measured. Namely it was 

difficult to clearly distinguish the whey and sour milk when pouring the whey 

from the carton to a measuring glass. Besides, expelled whey might locate also in 

the side and bottom of the carton, not coming out when pouring the visible whey. 

The bottom whey was however noticed only from few EVOH-samples having no 

surface whey, which would suggest that when the whey separates on the carton 

top, it will not deposit at the bottom. Also in the earlier research /21/ whey of 

skimmed Norwegian sour milk separated on the top and on one side of the carton. 

The relatively high whey amount of dark stored 1294 on day 14 after the 3rd 

filling fits within the confidence level. The high whey amount of 1297 after the
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2nd filling differing from the correspondingly measured after the 3rd filling might 

stem from the different measurer in the 3rd trial.

11.8.2 Surface appearance as part of the sensory evaluation

According to product specifications the sour milk should be white and the whey 

should not be strongly separated /16/. The colour was not separately examined 

because the assumption was that it would not change during the shelf life. After 

the 1st and 2nd filling only one separate comment concerning the colour was given 

in the sensory evaluation. Besides, the lack of fresh reference sample from the 

dairy on all evaluation days would have skewed the findings. However, after the 

3rd filling on day 14 the expert panel held all samples more yellow than the 

reference sample, which was fresh sour milk from Tampere dairy. The light 

exposed samples were held even slightly more yellowing. Reference sample was 

not used and no remarks concerning the colour were given on day 7.

Attention was also paid to air bubbles when evaluating the surface appearance. 

Since air bubbles were perceived in all cartons, no correlation between the air 

bubble amount and increased CO2 content in gas-tight cartons can be said to exist. 

However the expert panel mentioned that the triplex PE (1297) had clearly the 

least air bubbles on day 7 referring to the assumption. Development of air bubbles 

is also largely affected by the mixing which was conducted by turning the cartons 

up and down three times before the sensory evaluation. Not even using a tailor- 

made mixer to avoid the air trapping into the sour milk and taking photocopies of 

the 1 ml sour milk samples on days 2 and 14 after the 3rd filling revealed any 

differences between the cartons.

The appearance and light appearance correlated (> 91 %) only on day 7 after the 

first two fillings. All samples got appearance points above 4, thus acceptable for 

sale, after the 1st and 2nd fillings. The only exception was light exposed duplex 

EVOH (1293), which got 3.9 on day 14 after the 1st filling, however rounded to 4. 

When analysed with variance analysis and Tukey’s test some differences between 

the samples were perceivable. On day 7 after the lsl filling 1295,1294,1297,1296
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differed as higher and 1293 light exposed worse (4.3) than others. On day 14 after 
the 1st filling 1293 light exposed was worse than others (3.9) and also after the 2nd 

filling the samples differed (p=0.03), however all samples belonged to same 

group. The appearance deteriorated between the days 2 and 7 but significantly 

only in the carton 1293 according to variance analysis and least square means. 

The appearance remained statistically stable between the days 7 and 14 but the 

light exposure deteriorated the appearance, however, significantly only in the 

1293 carton.

Also expert panel gave values of 4 or above to all samples after the 3rd filling as 

presented in Table 15. Based on the sensory evaluation the carton material does 

not significantly affect the surface appearance and all the cartons result into good 

enough surface appearance. It has to be taken into account that the appearance 

was evaluated from the sample beakers after the 1st and 2nd filling without 

perceiving the whey separation unlike after the 3rd filling: after 3 days whey 

separation was perceived to be begun in 1294 and 1296 cartons. After 7 days all 

the samples had surface whey. The appearance points of the 3rd filling on day 14 

were given afterwards based on the yellowness and separated whey. These whey 

perceptions were in accordance with the measurements of the whey.

Table 15. Sensory evaluation results of the appearance after the 3rd filling made by expert 
panel together. The dark stored samples are presented first, following with the light exposed 
samples. All values are within the acceptability criteria for sale (> 4) N.a. stands for not 
available.

1293 1294 1296 1297
1293
light

1294
light

1296
light

1297
light

day 3 5 5 5 5 n.a. n.a. n.a. n.a.
day 7 5 5 5 5 5 5 5 5
day 14 4 4 4 4 4 4 4 4

11.9 Odour/taste

Generated carbon dioxide affected the taste of the sour milk packaged in the gas- 

tight cartons already few days after the filling. Carbon dioxide was clearly 

perceivable in both dark stored and light exposed EVOH-cartons on every 

evaluation day (3, 7 & 14) after the 3rd filling by the expert panel. Also some 

single comments on CCb after the 1st and 2nd filling were given. Aluminium-
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carton (1295) was examined only after the 1st filling and single comments on C02 

were given for dark stored cartons on days 2 and 7. These comments confirm that 

the generated C02 during the storage was trapped in the gas-tight cartons (1293, 

1294 & 1295) and partly dissolved into the sour milk. The taste of the sour milk 

was described as sour, bitter, astringent and piquant being well in accordance with 

the high CCT amount in the gas-tight cartons. Also in an earlier study /36/, in 

which a Swedish fermented milk producing C02 during its metabolism was 

examined, the sparkling taste was clearly a function of the C02 head space 

content. The sparkling taste did not seem to override the possibly increased 

acidity taste, which conflicts with the earlier study. Moreover, the stable pH over 

the shelf life most likely affected. Namely, the acidity taste was suggested to be a 

function of CO2 content and pH /36/.

Only single off-flavour comments were given to the sour milk packaged in gas- 

tight cartons, except light exposed 1293, which was held fusty, rancid, sweet and 

bad tasty by the expert panel after the 3rd filling on day 14. 1295 also got more 

than one off-flavour comment on day 2, however it was not evaluated by the 

expert panel. Most likely the gas barrier hindered the development of off-flavours. 

The astringent and piquant taste of CO? could also have slightly concealed the off- 

flavours. The PE-cartons were described as sour and bitter but not astringent or 

piquant except dark stored ones on day 2. These cartons had significantly more 

off-flavour comments compared to the gas-tight cartons 7 and 14 days after the 

filling. The most common off-flavours, observed in duplex PE-carton (1296) on 

day 14 were fusty and in light exposed also mouldy, and yeasty. Fruity taste, 

which can be held as a pre-stage for the yeast fermentation, was also detected. 

Respectively, the sour milk in triplex PE-carton (1297) was observed oxidised 

already on day 7 both in dark stored and light exposed cartons supported by the 

comments of oxidised, metallic and board taste. The oxidation of milk is the main 

off-flavour cause /145/. The fusty, “wool sock” taste was designated to the 1297 

irrespective of the storage conditions on day 14. Since all samples were described 

sour, no relationship between the thickness and acidity perception can be made in 

contrary to an earlier study where the yoghurt with a low mouth thickness, was
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perceived more acidic than the yoghurt with similar pH but with a higher mouth 

thickness /146/.

The off-flavours being more prevalent and earlier detectable in triplex PE-carton 

(1297) would imply that the light barrier affects the off-flavour development. 

Besides, the unbleached PE-carton was able to hinder the light induced off- 

flavours in the UHT-milk also in earlier study /51/. However, the effect of the 

light barrier between the gas-tight cartons was not obvious. Namely, neither the 

confidence levels nor variance analysis revealed any significant differences 

between the odour/taste of duplex and triplex (PE-, EVOH- and aluminium-) 

cartons in addition to which the odour/taste did not significantly correlate with the 

light transmission of the carton materials.

The prevalent off-flavours in the PE-cartons most likely originated from the 

oxidation and mould and/or yeast growth due to the poorer OTR and possibly also 

due to the lower VWTR of the PE-cartons /38, 41/. Trimethylamine detected in 

the GC/MS was most likely also behind the off-flavours. The light exposure 

increased the off-flavours in the oxygen rich PE-cartons, which is supported by 

the perceived synergetic adverse effect of oxygen and light on UHT milk stored in 

PE- cartons /98/. Moreover, the large amount of separated whey in PE-cartons 

might make the sour milk even more susceptible to light induced off-flavours due 

to the high light transmission of whey and high water solubility or riboflavin in 

whey /99/. To sum up, the measurement results suggest that the prevailing oxygen 

in the PE-cartons affected more on the off-flavours than the light. Thus, the auto

oxidation can be held more dominant mechanism than the light-induced auto

oxidation in off-flavour production, which conflicts with the earlier study /51/.

When examining the points given in the sensory evaluation, it can be concluded 

that after the 1st and 2nd filling the gas-tight cartons got slightly but not 

significantly worse odour/taste points than the PE-cartons most likely due to the 

detected C02. However, after the 3rd filling, especially on day 14, similar 

behaviour was not perceived most probably due to the strong off-flavours detected
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in PE-cartons and ССЬ considered less disruptive by the expert panel. Anyhow 

according to current product specifications the sour milk should not have that 

distinct prickling CO2 taste but be fresh and slightly aromatic /16/. Since the 

expert panel ranked the samples also according to current product specifications, 

the CO2 slightly deteriorated their evaluation as well.

The variance analysis and correlations scrutinised separately on different 

evaluation days supported the slight superiority of the PE-cartons compared to the 

EVOH-cartons perceived after the 1st and 2nd fillings. Namely, on day 7 after the 

2nd filling light exposed 1296 was distinguished as better than others and light 

exposed 1294 as worse (3.6). This was strengthened with inverse correlation (> 93 

%) between odour/taste and CO2 and °SH and with direct correlation (> 97 %) 

between odour/taste and O2. Light exposed odour/taste correlated that day 96 % 

with dark stored odour/taste. On day 2 after the 2nd filling the light exposed 

odour/taste and dissolved O2 correlated (98 %). Correlations on other days were 

not that clear partly due to the statistical difference between judges. On day 14 

despite the difference perceived in variance analysis (p=0.04), all cartons 

belonged to same group after the 1st filling. However after the 2nd filling, 1297 

distinguished better and light exposed 1297 worse than others (3.1).

After the 1st and 2nd fillings values of all dark stored cartons were above the 

acceptability limit for sale, 4, on days 2 and 7. Already on day 7/8 light exposed 

EVOH- and aluminium- cartons (1293, 1294 & 1295) got values below 4 but 

above 3.5 thus rounded still to 4. However, alarmingly, on day 14/15 dark stored 

cartons got points between 3.5 and 4 but the light exposed between 3 and 4. The 

expert panel gave even worse points after the 3rd filling illustrated in Table 16. 

Values below the acceptability limit for sale (4) were given already on day 7, 

especially for the light exposed samples.

Table 16 presents that on day 14 the currently used triplex PE-carton (1297) got 

really poor points: dark stored 2 and light exposed 1, being perished. On day 7 

light exposed 1297 got also more than 1 point poorer points compared to earlier

128



fillings. On day 14 dark stored 1297, light exposed 1293, 1296 and 1297 also 

differed with their points from the earlier fillings with more than one, thus the 

difference could not result from the rounding. The low values of PE-cartons (1296 

& 1297) originate from the off-flavours. Especially the 1297 is prone to off- 

flavours both as dark stored as well as light exposed. On day 14 the dark stored 

1294 was held as good as 1296. However, from the corresponded light exposed 

cartons, 1294 was held the best one. Therefore 1294 could be suggested to 

provide the best odour/taste irrespective of the storage conditions. As most 

alarming, the currently used triplex PE (1297) was perceived as the poorest 

irrespective of the storage conditions.

Table 16. Odour/taste points given by the expert panel after the 3rd filling. The dark stored 
samples are presented first, following with light exposed samples. The light grey marked 
points are below the acceptability limit for sale (4) and the bolded ones differ more than with 
a one from the values given after the 1st and 2nd fillings. N.a stands for not available.

1293 1294 1296 1297
1293
light

1294
light

1296
light

1297
hght

day 3 5 4 5 5 n.a. n.a. n.a. n.a.
day 7 4 3 5 5 3 3 4 2
day 14 3 4 4 2 2 3 2 1

Odour/taste of all samples significantly decreased from day 2 to day 7 based on 

variance analysis. However the adverse effect of time between the days 7 and 14 

was significant only in dark stored 1293, dark stored and light exposed 1296 and 

light exposed 1297. The deterioration of odour/taste due to the light exposure was 

significant only on day 14 in all samples and 1293 on day 7 based on the least 

squares means implied also by the detected interaction between day and light. The 

points were generally higher, but not significantly, after the 2nd filling compared 

to the 1st filling based on least squares means.

To conclude the sensory evaluation of odour/taste after the all three fillings, the 

1296 got the best points on day 14 from the dark stored cartons after all the trials 

being always the best or second best one. Respectively 1294 got the best points 

from the light exposed cartons on day 14 after all filling trials. These differences 

were however not statistically significant but could refer to the synergetic adverse 

effect of light and oxygen on the off-flavour generation /98/. The acidic nature
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was perceived in all cartons, in addition to which sparkling taste in gas-tight 

cartons whereas off-flavours in PE-cartons.

The temperature of the samples should not have considerably affected the 

organoleptic odour/taste perception. Namely, the similar temperature of the 

samples was ensured by taking also the light exposed samples to dark storage at 8 

°C for a while before the assessment, except after the 3rd filling on day 7. The 

evaluation temperature of sour milk corresponded the real consuming occasion, 

since the sour milk cartons are recommended to store below 8 °C /16/.

11.10 Correlations between the organoleptic properties

Correlations between the organoleptic properties after the 1st and 2nd filling 

support the observation that while the structure and appearance of the sour milk 

improves with the gas-tight cartons, the odour/taste deteriorates according the 

single panellists after the 1st and 2nd fillings. Namely, light exposed structure and 

light exposed appearance seemed to correlate well: on day 7 after the 1st and 2nd 

fillings with 100 % and on day 14 after the 2nd filling with 98 %. Additionally on 

day 7 after the 1st filling structure and appearance correlated (98 %). On day 7 

after the 2nd filling odour/taste and structure inversely correlated (81 %) and on 

day 14 after the 2nd filling odour/taste and appearance inversely correlated (89 %) 

slightly implying the inverse behaviour of odour/taste compared to appearance 

and structure.

In contrary, according to the expert panel evaluation after the 3rd filling, the gas- 

tight cartons provide the best structure and appearance as well as odour/taste for 

the sour milk. Namely, the only correlation assessed by the expert panel on day 7 

was between the light exposed odour/taste and light exposed structure (82 %). The 

dark stored as well as light exposed structure and odour/taste correlated positively 

also on day 14, speaking for the fact, that increased ССЬ content in the gas-tight 

cartons did not deteriorate the odour/taste so much and the off-flavours in PE- 

cartons were more prevalent.
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11.11 Critical assessment of the sensory evaluation and light exposure 

arrangements

It has to be taken into account that the six-member-expert panel was allowed to 

give only one, whole number after discussed together after the 3rd filling. In 

contrary, the average value of eight panellists were scrutinised after the 1st and 2nd 

fillings. The error originating from the subjective opinions of the judges was 

eliminated in the expert panel evaluation because the judges were same on every 

day, which increased the result certainty. Instead, after the 1st and 2nd filling the 

judges somewhat varied between the days and fillings. Some statistical 

differences were also perceived between the judges in the variance analyses. The 

experts evaluated the dark stored and light exposed samples mixed on day 7 but 

the light exposed samples were distinguished from the dark stored ones on day 14. 

The normal sensory evaluation was done separately for the dark stored and light 

exposed after the 1st filling but together after the 2nd filling. Moreover, the expert 

panel assessed the products more strictly thanks to their higher familiarity with the 

sour milk. Therefore, considering the points given by the expert panel, the 

influence of the carton material on the sour milk quality is at least not 

underestimated. However, it has to be borne in mind that ultimately the consumers 

define the product quality and their opinions might distinguish from the ones of 

the experts /23/.

Certain points have to be highlighted concerning the used light cabinet. On one 

hand, the light exposure test arrangements might be too harsh. Namely typically 

the cartons will stay in shop only for 3-7 days and not for 14 days and home they 

are stored in refrigerator in dark, when not being served at dinner. Thus, the light 

exposure evaluation on day 14 is truly the “worst case” assessment and values on 

day 7 correspond better the reality. The drawback of the experimental design was 

the uneven light exposure on the cartons despite locating in three rows on the 

same shelf in the cabinet. The light intensity measured at the 20 cm height from 

the carton bottom varied between cartons from 500 to 1800 lux. The illuminance 

was measured with a MS6610 (Precision MASTECH Enterprises Co., Hong 

Kong) luxmeter. Although the cartons were moved between the rows along the
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short side of the shelf to place them closer to the lamp on day 7, the lighting 

conditions were different also along the long side of the shelf and most likely 

affected. The maximum light intensity focused on the cartons corresponded only 

to the minimum light intensity found in shops (1300-8300 lux) /102/, which on the 

other hand would speak for the usage of the results from the light exposure test on 

day 14.

It has to also be considered that the cartons were placed into the display cabinet 

two days after the 1st filling and one day after the 2nd filling and taken away on the 

examination day. Therefore on evaluation days, day 8 after the 1st filling and day 

7 after the 2nd filling, the cartons had actually been under light exposure only for 6 

days and on evaluation days, day 15 after the 1st filling and day 14, after the 2nd 

filling for 13 days. Although the temperature in the light cabinet was 8 °C, the 

temperature of the sour milk was higher, even 16 °C. The effect of the increased 

temperature on the sensory evaluation tried to be minimised by storing the 

samples for a while in dark at 8 °C to cool them before the sensory evaluation, 

except on day 7 after the 3rd filling.

In most cases the sensory evaluation is enough to inform about the sufficient light 

protection of the packaging and the light sensitivity of the product /49/. Sensory 

evaluation was however made only from one carton per packaging material. 

Therefore the point variation between the assessors stems directly from the 

subjective opinions. Nevertheless, evaluation of particular carton may result in 

skewed results if its tightness is poor. Also the differences in the light intensity 

may have affected.
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12 CONCLUSIONS AND SUGGESTIONS FOR FURTHER 

RESEARCH

Based on the experiments the sour milk quality can be enhanced with EVOH- and 

aluminium-coated cartons compared to the currently used bleached LDPE-coated 

carton. The hypotheses were valid: viscosity increased, whey separation 

drastically decreased, lumpiness decreased and bulging diminished with these 

nearly gas-tight cartons.

The biggest advantage attained with the gas-tight cartons was significantly 

reduced whey separation. Already 7 days after the filling the EVOH-coated 

cartons resulted in roughly two times lower whey separation compared to the PE- 

cartons. However after 14 days the difference was even more dramatic: the 

surface whey amount was over four times higher in the PE-cartons compared to 

the EVOH-cartons. The surface whey increase in EVOH-cartons during the shelf 

life was not significant. Light had a different influence on the tendency to whey 

separation depending on the gas barrier of the cartons: one week after the filling 

the whey amount in the light exposed PE-cartons was significantly higher than in 

the dark stored PE-cartons, but two weeks after the filling the difference had 

balanced out. In contrary, the whey amount in the light exposed EVOH-cartons 

was only half of the dark stored EVOH-cartons after two weeks. These 

observations would suggest that the weaker synergetic effect of light and oxygen 

in the oxygen poor EVOH-cartons would improve the whey separation. The 

increased temperature of the sour milk due to the light exposure might make the 

sour milk swell and consequently the water-like whey does not distinguish that 

well.

The sour milk packaged in gas-tight cartons resulted in slightly higher viscosity 

compared to sour milk in PE-cartons from one week of storage onwards. The 

viscosity seemed to increase during the shelf life of the sour milk in all cartons, 

but in contrast to the hypothesis, not so much during the first days of storage. The 

increase can not however been associated with the pH decrease. The most likely
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higher dissolved carbon dioxide content along the perceived higher head space 

content and respectively smaller fluid amount between the flakes may hinder the 

fluid flowing in the gas-tight cartons, thus contributing to viscosity. Since the 

whey separation most likely stems from the protein particles detaching the liquid 

network, it is logical that the cartons with low whey separation also have higher 

viscosity due to the still prevailing strong protein-protein bonds. The light 

exposure might increase the viscosity, but further examination is still needed. 

Since the correlation between the viscosity measurements (rotational, SMR and 

vibrating) and organoleptic thickness perception was not that evident; other 

methods to measure thickness perception e.g. penetrometer should also be 

considered.

Lumpiness diminished with the gas-tight cartons. Namely, dark-stored as well as 

light exposed PE-cartons seemed to have a lumpy structure two weeks after the 

filling. The light increases most likely lumpiness because light exposed EVOH- 

cartons were evaluated lumpy as well. Therefore it can be suggested that the 

available oxygen in the PE-cartons affects the most the lumpiness but that the 

light also plays a role. Few flakes were generally observed in all dark stored as 

well as light exposed cartons after a week. After two weeks, the lumps may have 

concealed the possible flakes. However, flakes were more notable in dark stored 

and light exposed triplex PE-carton currently being used. Since the photocopies 

did not reveal any lumps or flakes, the evaluation was based on the sensory 

evaluation and separated scrutinisation by pouring the sour milk on edges of the 

hopper sink. In future, microscopical analyses could be utilised to provide more 

reliable information on the consistency.

The gas-tight cartons clearly bulged less most likely due to the partial vacuum, 

which takes some force from the hydrostatic pressure reducing the force focusing 

on the carton side panels and consequently reducing the bulging. The gas- 

tightness of the cartons also overrode the effect of generated carbon dioxide and 

pressure increase possibly partly due to its better solubility compared to oxygen. 

The oxygen content in the permeable PE-cartons was higher due to the 

equilibrium with the ambient air whereas in the gas-tight cartons the oxygen
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content diminished during the storage most likely due to the oxidative reactions 

and starter bacteria using it. However, the increase in the carbon dioxide content 

in the head space might have been originated also partly from the tendency of the 

carton to reach thermodynamic equilibrium state between the dissolved and free 

head space CCb amount.

The gas-tightness of the cartons overrode also the effect of the mechanical 

properties on bulging. The lower elastic modulus and higher creep of aluminium

and EVOH-coated boards did not seem to contribute to the bulging in contrary to 

earlier knowledge. However, the grip stiffness of the gas-tight cartons was higher 

supporting their smaller bulging. The increase in bulging during the storage most 

likely originates from the deteriorated carton seal tightness and carton rigidity 

perceived as decreased grip stiffness. Neverheles,. the decrease in moisture 

content of all cartons during the storage was not significant.

The after-acidification, defined as increase in organic acids between the 

manufacturing and consumption of the sour milk, occurred to a less extent than 

presumed. Most likely the initial acidity after the filling (pH 4.4) hindered the 

growth of the starter bacteria in the sour milk during the storage. The starter mix 

used consisted of Lactococcus lactis, Lactococcus lactis subsp. cremoris, 

Lactococcus subsp. lactis biovar diacetylactis and Leuconostoc all having the 

ability to ferment lactose into lactic acid. No increase in lactic acid content during 

the shelf life was observed. Additionally, two of the four bacteria had ability to 

produce carbon dioxide: Lactococcus lactis biovar diacetylactis from citric acid 

and leuconostoc cremoris from lactose and citric acid. Citric acid fermentation 

should have produced volatile compounds. However, only CO2 content 

significantly increased in the carton head space during the sour milk’s shelf life. 

Only a slight, but not statistically significant, increase in the acidity during the 

shelf life was perceived as increased °SH. °SH of sour milk packaged in 

aluminium-coated carton was clearly higher compared to PE-cartons. However, 

pH remained nearly constant during the shelf life supporting the negligible after

acidification. All in all, the after-acidification can be held minimal and CO2
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production only small. Moreover, the gas composition difference in the head 

space of the cartons did not fasten, slow down or change the metabolism of the 

starter. The mechanism of CCb generation could be more deeply examined. 

Especially measurement of dissolved CO2 is suggested.

Organoleptically assessed properties (odour/taste, structure and appearance) did 

not clearly correlate. While the appearance and structure (less whey separation, 

increased viscosity and diminished lumpiness) of the sour milk were improved 

with the aluminium- and EVOH-cartons, the odour/taste deteriorated slightly, but 

not statistically, according to some panellists due to the CO2 trapped in the gas- 

tight cartons. Namely, the dissolved C02 caused a sparkling taste already few days 

after the filling. In contrary, the expert panel ranked the odour/taste of the PE- 

cartons poorer due to the off-flavours. Since no consensus about the disturbance 

of CO2 was attained, conducting pleasantness test among the consumers would 

clarify the influence of C02 on taste. Namely, the taste of the sour milk was 

ranked according to the current product specifications favouring not that prevalent 

CO2 taste. Based on the consumer research, the characteristics of the skimmed 

Gefilus sour milk could possibly be modified.

Sour milk in the gas-tight cartons was described as sour, bitter, astringent and 

piquant being well in concordance with the high CCb amount. The off-flavours 

might mainly be caused by the gas-content differences in the cartons, thus the 

auto-oxidation being more dominant mechanism as the light-induced auto

oxidation or other mechanisms, which conflicts with the earlier knowledge. The 

off-flavours might have been stemmed from the minimal lipid oxidation and 

protein oxidation as well as the starter producing trimethylamine in existence of 

oxygen. Poorer humidity barrier of PE-cartons might also have promoted the off- 

flavours by yeast and moulds growth. The light barrier of unbleached duplex 

board might slightly reduce the tendency to off-flavours.

Based on this research, the oxygen barrier has more importance for keeping 

quality than the light barrier up to 14 days of storage although both these factors
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have synergetic effect. The influence of the light protection provided by mainly 

unbleached duplex base board and bleached triplex base board on the sour milk 

quality remained unclear although their light transmission differed significantly 

from 420 nm upwards. Neither did their slightly different basis weight affect the 

mechanical properties and bulging. Therefore, the effect of light is suggested to be 

further examined with improved light exposure test arrangements corresponding 

better the light intensity of display cabinets in shops (1300-8300 lux). Also 

additional measurements, such as head space gas composition measurement, 

vitamin assays, volatile compound detection with the gas-chromatography mass- 

spectrophotometer and °SH, should be made to the light exposed cartons to ensure 

the light barrier efficiency in the detrimental wavelength area of 400-550 nm for 

sour milk. The mechanical measurements would imply sufficient moisture 

protection of all tested cartons; however the off-flavours of the PE-cartons are 

against it.

The additional advantages aimed for were not clearly perceived. The relatively 

short shelf life of sour milk (12-15 days) can not be significantly prolonged solely 

with the enhanced barrier carton. By utilising extended shelf life, ESL, features, of 

the filling machine the shelf life might be however extended. Another advantage 

searched for was to minimise the production variation of several dairies with the 

enhanced gable-top barrier cartons, which should be possible based on the quality 

improvements attained.

The tightness of the cartons was observed to be poor. The improved tightness, 

particularly of the gas-tight cartons, would most likely still enhance the sour milk 

quality as well as decrease the carton bulging even more. The differences between 

the aluminium-and EVOH-cartons might also become prevalent. Therefore, 

especially if the gas-tight cartons will be used in the future, as suggested, the 

carton tightness should be more carefully examined already in the dairy. 

Otherwise, the barrier properties of the packaging material are partly wasted on 

the poor carton integrity. The filling machine parameters, especially the sealing 

temperatures, should be optimised to produce the best carton tightness. The
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running problems on the mandrel of the filling machine, which originated most 

likely from the higher thickness of the gas-tight cartons, should be eliminated as 

well.

To conclude, the optimum packaging material for the sour milk would be semi

permeable: hindering the oxygen transmission into the carton but letting the 

carbon dioxide to permeate from the carton. However, the sparkling taste due to 

the CO2 accumulation in the gas-tight EVOH- and aluminium-cartons could be 

overcome for example by using less ССЬ productive starter or making 

modifications to the barrier properties of the carton. Carton with poorer oxygen 

barrier properties than EVOH but better than LDPE, such as PA-coated carton, 

might be suitable for the sour milk packaging. Nevertheless, the decrease in the 

gas-barrier properties should be moderate to ensure the physical quality 

improvements. Also a special air vent could be used on the carton top to allow the 

moderate overpressure originating from the CO2 to come out.
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13 FINAL REMARKS

Gas-tight cartons most likely help to minimise the quality variation of sour milk 

produced in several dairies. However, while the structure (whey separation, 

viscosity and lumpiness) of the sour milk were improved with the aluminium- and 

EVOH-coated cartons, the odour/taste became pricklier and sparkling due to the 

CO2 trapped inside the cartons. Table 16 summarises the effect of the carton 

materials, light and time on the sour milk quality and carton bulging based on the 

experiments.

Table 17. Summary of the influence of the carton material, time and light on the sour milk 
quality and bulging. The cartons have been compared to the currently used triplex PE 1297 
carton.

Carton Viscosity/
thickness

Whey
separation

Lumpiness/
flakiness

Bulging Taste

1293
Duplex
EVOH

slightly
higher

significantly
smaller

homogenous
structure

smaller CO2,
sparkling

1294
Triplex
EVOH

slightly
higher

significantly
smaller

homogenous
structure

smaller CO2,
sparkling

1295
Duplex
Aluminium

slightly
higher

significantly
smaller

homogenous
structure

smaller CO2,
sparkling

1296
Duplex PE

normal considerably
big

truly lumpy, 
flakes

normal off-
flavours

1297
Triplex PE

normal considerably
big

truly lumpy, 
flakes

normal off-
flavours

Effect of 
light

slightly
increased

increased in 
1296/7 
slightly 
decreased in 
1293

increased
lumpiness

not studied, 
presumably 
no effect

increased
off-
flavours

Time increased
viscosity

increased
whey
separation

increased
lumpiness

increased
bulging

increased
off-
flavours

When selecting the packaging material the importance of certain sour milk or 

carton properties has to be considered. Based on the consumer feedback, too low 

thickness perception is the most critical factor needing to be improved. The 

EVOH- and aluminium coated cartons slightly increased the thickness thus
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responding to this need. Namely, almost half (48 %) of the 50 feedbacks 

concerning skimmed Gefilus sour milk and given during 1.9.2008-3.2.2009 

related to the appearance/structure of the sour milk and only 6 % to the 

odour/taste. Majority (87.5 %) of the appearance/structural feedbacks were related 

to the thickness perception, the most further specified as watery (54.2 %) or 

loose/thin (25 %). Only two remarks were implying a too thick consistency.

The whey separation and lumpiness were manifested only as single feedbacks 

corresponding together 12.5 % of the total feedbacks for skimmed Gefilus sour 

milk. The low feedback amount for whey separation might imply that the 

consumers are used to mix the carton before consumption, thus not paying 

attention to the surface whey. The experts consider, however, that the whey 

separation is a significant disadvantage thus favouring the use of EVOH- and 

aluminium-coated cartons dramatically decreasing the separated whey amount. 

The lumps were obvious two weeks after the filling in the PE-cartons, also in the 

currently used triplex PE-carton. Nevertheless, the consumers consider neither the 

lumpiness as a significant problem possibly partly due to the current shelf life of 

sour milk in domestic markets being somewhat shorter (12 days). Thus the more 

homogenous structure of sour milk packaged in gas-tight cartons would also 

suggest changing the currently used triplex PE-carton to an enhanced gable-top 

barrier carton. The obtrusiveness of the prickly, sparkling taste in the gas-tight 

cartons due to the carbon dioxide accumulation should, however, be further 

examined and if needed, it could be mitigated for example with starter 

modifications.

The selection of the packaging material can not be solely based on the influence 

of the barriers on the sour milk quality and carton bulging. The economical, 

environmental and marketing viewpoints have to be taken into account as well. 

The importance of the raw material quality, manufacturing and filling process 

affecting the sour milk structure should not be neglected either. Aluminium- 

coated carton seemed to provide equal improvements in the sour milk quality and 

in the bulging with the EVOH-coated cartons. The untightness of the cartons may
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have slightly skewed the situation. When taking the economical and 

environmental aspects into account the duplex EVOH-carton would provide the 

best packaging for sour milk from the tested ones. However, the influence of the 

enhanced light barrier of the mainly unbleached duplex board compared to 

bleached triplex board should be further investigated with improved light 

exposure test arrangements.
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Appendix 1

Measurement methods
Cross sections and differential sweeping calorimeter, DSC
To determine more precisely the carton constructions, cross sections and 
differential sweeping calorimeter, DSC, were utilised. Before the measurements 
the fibre and the polymer were separated: the fibre was diluted away with 
cupriethylenediamine, CED, (FF-Chemicals Ab) for a while after which the fibre 
detaches easily by peeling with a spattle from the plastic surface. The aluminium 
and plastic layers were separated with acetic acid. Cross section was taken with 
LEICA VT2 100E (Switzerland) vibrating blade with a sapphire blade. A 
specimen of 20 pm was cut and immersed in oil for a while to eliminate the air 
bubbles. The specimen was placed between two Teflon plates. Leitz Laborlux 12 
pols Polarisation Microscope and Sony Hyper HAD CCD/iris/RGB (USA) colour 
video camera were utilised to take cross section photographs.

The melting point of the different polymer materials of the carton were studied 
with the Mettler Toledo DSC821C DSC (USA) connected with Mettler Toledo 
TSO 801RO Sample Robot and EabPlant IntraCooler RP-100. The energy 
absorbed or released from the specimen is replaced with increasing or decreasing 
electric energy which is needed to keep the specimen temperature constant. The 
specimen was first heated from -20 °C to 180 °C and then cooled back to the -20 
°C and finally heated again to the 180 °C at the rate of 10 °C /min. Approximately 
5 mg of the specimen was punched and weighted precisely in a aluminium sample 
pot of 40 pi volume. The specimens were stacked straight in plane into the sample 
pot, which was closed with an aluminium lid. Five small holes were made on the 
lid to release the over pressure. Samples were put onto the DSC sample tray. 
Nitrogen acted as a dryer gas replacing oxygen and thus ensuring that no 
oxidation took place.

Oxygen transmission rate
The oxygen transmission rate (OTR) of the coated barrier boards was measured 
with Mocon Ox-Tran 2/21 (USA) equipment. In this coulometric method, 
nitrogen acted as the carrier gas transporting the permeating oxygen to the 
detector. Due to the test range limits (0.05-1000 cm3 / (m~ 24 h) of MH and ST 
test module only aluminium and EVOH coated samples could be measured. The 
test was conducted according to ASTM D 3985-95 in following conditions: at 23 
°C and RH 50 %. Specimens were conditioned for one hour. Humidifiers 
controlled the temperature and the relative humidity of both gases. The nitrogen 
flow was 10 ml/min and the oxygen flow 20 ml/min divided in two samples. Two 
parallel samples with an exposure area of 50 cm2 of each barrier material were 
tested. The sample edge was tightened with mid-temperature vacuum grease 
preventing oxygen movement.

Water vapour transmission rate
The water vapour transmission rate, WVTR, of the coated boards was measured 
with Mocon Permatran W 3/33 equipment according to ASTM F 1249-90. There 
were two chambers: one was filled with nitrogen gas and the other with water 
vapour. The material specimens were placed between these two chambers sealed

156



Appendix 1

by high vacuum grease that closed the raw edges. Nitrogen acted as the carrier gas 
transporting the water vapour permeated from the sample to the water vapour 
'sensor. Specimens with exposure area of 50 cm" were mounted in an isolated 
diffusion cell containing deionised water. The edge of the sample was greased 
with a vacuum grease to prevent water vapour to enter through the edge. A one 
hour conditioning time was used to acclimatise the samples to the conditions. The 
measurement temperature was 38 °C/23 °C and the relative humidity 85 %/50 %. 
The water vapour gradient was RH 100 % and the nitrogen flow 100 ml/min. The 
test range of the Mocon Permatran equipment was 0.035-100 g/(m" 24 h).

Head space analysis
A WITT-GASETECHNIK (Germany) gas analyser was used to determine the СЬ 
and CO2 contents in the head space of the gable-top cartons. In the second trial 
run, a rubber septum was glued onto the carton top to ensure the tightness of the 
analysis. A needle was pierced through the septum or directly through the carton 
top into the head space and the oxygen and carbon dioxide percentage values were 
recorded for 15 seconds and the last value was written down. Three parallel 
measurements were conducted.

Dissolved oxygen
The dissolved oxygen content in the sour milk was measured after conducting 
head space gas analyses. The minimal hole from the needle used in the headspace 
analysis was covered with aluminium tape. A WTW (Wissenschaftlich- 
Technische Wekstätten GmbH, Germany) Oxi 330 Oxygen Meter calibrated with 
air was utilised to measure the level of dissolved oxygen. The gable-top cartons 
were opened from the top seal like in normal use and the syringe was put inside 
the package through this hole. The measurement was performed with a membrane 
covered galvanic WTW CellOx 325 Dissolved Oxygen Probe. The readings for 
the oxygen level and the temperature of the sour milk were taken every 30 
seconds over a 10 minute period. The oxygen sensor was placed 6 cm below the 
liquid level. The carton was carefully handled and care was taken that the sour 
milk was not mixed.

Carton tightness
The heat damage and top seal quality were assessed by dye staining the carton. 
The carton tightness was inspected by dye staining the top and bottom parts of the 
carton separately to reveal the possible pinholes. Two to four parallel samples 
were stained after all filling trials. The test solution was prepared adapting 
standard EN 13676:2001. 0.5 g patent blue was diluted into 100 ml of ethanol. 
The solution was filtered through a filter paper with the help of suction. The 
solution was poured into the halves of the carton so that they were almost full and 
let it affect for five minutes. Finally the solution was suctioned away and the 
carton was carefully rinsed with water.

Light transmittance
The light transmission of the 16.0 cm2 flat packaging material samples (printed, 
coated as well as uncoated) was measured with a Varian Gary 100 Cone UV-Vis 
Spectrophotometer (USA) in the wavelength range from 200 to 900 nm. The
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spectrophotometer was equipped with a DRA CA-301 Integrating Sphere having 
diameter of 70 mm. Two parallel samples were measured.

Grip stiffness
The carton grip stiffness indicates the force needed when lifting the carton and 
how much the carton compresses with a certain force. The force transmitted 
through the carton to the other side of the carton was measured by applying a 
pressure of 2 bars. 10 parallel samples were measured for 10 seconds and three 
parallel samples for 60 seconds. The vertical middle point of the 8 cm high 
pressing distance was 12 cm from the carton bottom and the pressing distance was 
58 cm. The carton was placed so that the spout and gable pointed to the measurer, 
thus the pressure was concentrated on the side panels imitating the real 
consumption situation, presented in Figure 23. A 2 cm" hole was made to the 
carton top to eliminate the effect of the carton tightness and to imitate the real 
consumption situation where the mouth is opened before pouring the sour milk 
into the glass.

Figure 23. Grip stiffness measurement equipment. The carton was pressed by 2 bar for 10 or 
60 s and the force transmitted to the other side of the carton was measured.

Tensile creep
The creep was measured after conditioning the samples at 23 °C and RH 50 % 
with the MTS 400 -equipment. One force level (50 N) was selected to find out the 
effect of creep on bulging, defined by Tetra Pak in the previous creep research /70 
ТТ/. The uncoated and coated board samples were measured both in CD and MD. 
The printed carton blanks could only be measured in MD because of the 
dimension constrains. Parallel samples could not be measured due to the long- 
lasting test time. A 15 mm wide and 140 mm long board specimen was tested in 
uniaxial stress state. The specimen was adjusted between two clamps of 10 cm 
distance. The load was gradually increased with the rate of 1 mm/min after which 
the specimen was exposed to the constant 50 N load for 48 hours. In the earlier 
research /70 ТТ/ the elapsed time was two weeks for the base board samples and 
even six weeks for the aluminium laminate. The roughly two weeks’ shelf life of 
the sour milk would have favoured the test period of two weeks. However that 
long testing period could not be applied due to the number of specimens and time 
restrictions. Figure 24 presents creep test arrangements.
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Figure 24. Creep test equipment. The board specimen was adjusted between two clamps of 
10 cm distance and exposed to 50 N constant load for 48 hours.

Bulging
An electric micrometer gauge (A/S Mekanikk, Norway) was used to measure 
bulging of the cartons. The equipment was tared with a 70 x 70 mm plastic brick. 
The bulging was always measured in the same order: first the parallel with the top 
seal (gable-to-gable bulge) after which perpendicular to the top seal (side-to-side 
bulge). The carton was turned around always in certain direction. 15 parallel 
bulging measurements were made. The same cartons were measured on days 2, 7 
and 14. Figure 25 presents the bulging measurement apparatus.

Figure 25. Bulging was measured with an electric micrometer gauge in both carton 
directions: gable-to-gable like in the figure and side-to-side.

Acidity: pH and °SH
The acidity of sour milk was determined as pH measuring only the free hydrogen 
ions. The cartons were shaken and 2 ml samples were poured into a sample vessel 
and heated to 22 °C. The pH was recorded with the calibrated (with pH 4 & 7 
solutions) Mettler Toledo Inlab Solids-electrode (France) measuring the potential 
difference. The sourness of sour milk was evaluated also as the total titradable 
acidity by the Soxhlet-Henkel method. The °SH degree expresses the amount of 
free and bounded hydrogen ions. The analysis was conducted by adapting the IDF 
standard 150:1991 for yoghurt and German standard DIN 10316:2000-8. A 10 g 
sample of sour milk was taken after shaking the carton and diluted with 20 ml
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water. The diluted sample was heated to 22 °C after which it was titrated samples 
with 0.1 M NaOH to pH of 8.3, measured by potentiometric electrode and 
controlled with phenolphthalein indicator solution.

Head space solid phase microextraction and gas chromatography-mass 
spectrometry
The sour milk cartons were frozen after 1, 6 and 13 days of the 3rd filling and 
analysed later. The volatile compounds were analysed with a head space solid 
phase microextraction and gas chromatography-mass spectrometry (HS/SPME- 
GC/MS). 0.33 ml of 2.5 M NaOH was added to the sample (7 g) to raise the pH 
up to 8 to avoid the interference caused by the volatile acids. The sample was 
heated in a closed 20 ml brown glass ampoule at 40 °C for 5 min, after which the 
vapour phase was extracted with SPME-fibre for 30 min in same conditions. After 
the extraction the fibre was transferred to the GC injector. The fibre was held in 
GC (HP 6890) SSL-injector chamber at the temperature of 250 °C for 1 min. The 
temperature of the column oven was 50 °C for 2 min, increased to 180 °C at a rate 
of 5 °C/min and then at a rate of 20 °C/min to 270 °C where it was held for 5 min. 
The volatile compounds were detected and identified with a mass selective 
detector (HP 5973). The peaks of the total ionchromatograms were manually 
integrated. Mass spectra were taken as the average of the peak top reducing the 
background average either from the front or behind the peak. The compounds 
were identified with the help of Wiley-7 and NIST-02-spectrum libraries. The 
method background compounds were discovered by running an ultra pure water 
sample in the same conditions. Since the method was not response calibrated, only 
the relative concentrations of same substances could be compared between the 
samples.

Enterobacteriaceae and Lactobacillus GG
The microbiological purity of the filled sour milk was tested by incubating the 
sample and counting colonies on agar dishes after 24 hours at 37 ° C. The 
Lactobacillus GG bacterium was determined also by plate counting. Two parallel 
samples were placed on a MRS-growth base and incubated at 37 °C for 2 days.

SMR viscosity
The viscosity was measured with SMR-viscosimeter at 6 °C and the result was 
given in seconds for 100 ml of product to pass a nozzle of a 3 mm diameter. 
Analysis was carried out according to the method instructions of Svenska 
Mejeriernas Riksförening, SMR, 1970. Carton was mixed by turning up-and down 
at least 5 times or until the structure was homogenous on days 2 and 12 after the 
filling.

Rotational viscosimeter
Viscosity was measured after 2/3, 7 and 14 days of the filling with a StessTech 
rotational viscosimeter (Reologica Instruments Ab, Sweden). Inner central 
cylinder with diameter of 25.25 mm and outer cylinder with diameter of 26.65 
mm were used. The measuring temperature was 10 °C. Sour milks were stored at 
4 °C. First the shear stress was gradually increased from 0.025 Pa to 20 Pa after 
which it was gradually decreased to the initial level. Viscosity was measured
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approximately 16 sec at each shear stress from two to three parallel samples. The 
outer cylinder rotated at the selected velocity getting the sour milk to flow. The 
torsional force which was needed to keep the inner cylinder in place was 
measured. The torsional force increased with the flow resistance, thus viscosity.

Shear stress (Pa)

Figure 26. Thixotropic, shear and time dependent, viscosity behaviour of the sour milk is 
perceivable in these viscosity curves over a wide range of shear stress 14 days after the 1st 
filling. The viscosity decreases with duration of stress because the net-like structure brakes 
down but does not immediately recover. Therefore, the viscosity values measured with 
growing shear stress are higher than with decreasing shear stress, known as hysteresis effect.

Vibrating viscosimeter
Viscosity was measured after the 3rd filling instead of rotational viscosimeter with 
a Sine-wave Vibro Viscometer SV-10 (A&D Company, Japan) directly from the 
sour milk cartons stored at 8 °C. Before the measurement, the cartons were 
opened and cut from the sides to be able to put the measuring head into the carton. 
The sour milk was mixed with a tailor-made mixing rod three times up and down. 
The biggest air bubbles were eliminated with a glass rod. The viscosity was 
measured around 1 cm below the liquid surface for 5 min and the value after 5 
min was recorded. The analysis was performed in duplicate for each sample. Also 
the light exposed samples were measured. The vibro viscometer measured the 
driving electric current to vibrate the sensor plates immersed in the sample with a 
uniform frequency (30 Hz) and amplitude. The viscosity was then given by the 
positive correlation between the driving electric current and the viscosity.

Lumpiness/flakiness
Lumpiness was evaluated visually after surveying the whey separation by pouring 
the carton content into a sink. Lumpiness was examined also as part of the sensory 
evaluation detected on the edges of the sample beaker. The lumpiness was also 
surveyed by taking photocopies of altogether four 1 ml parallel samples from two 
different cartons after 2 and 14 days of the 3rd filling. The carton was mixed five 
times with the tailor-made mixer after conducting the viscosity measurements. 
The upper most half was poured away and the samples were taken from the rest 
part. The cartons were stored in dark at 8 °C.
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Table 18. Measurement results from uncoated, coated and printed boards.
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Table 19. Light transmission of uncoated, coated and printed boards. White printed refers to 
an unprinted spot whereas green printed to a green printed spot.
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Table 20. Measurement results on day 2 after the fillings. N.a. stands for not available. The
errors are mainly calculated with 95 % confidence level. In other cases the way has been
explained in context of the result discussion chapter.
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Table 21. Measurement results on day 7 after the fillings. N.a. stands for not available. The
errors are mainly calculated with 95 % confidence level. In other cases the way has been
explained in context of the result discussion chapter.

G
la
ss
 b
ot
tle

, r
ef
er
en

ce
 |

1 ! : 5 ¡

! = = d d d d S г d d d d s = d S 2 d d d d s d s

¿6ZI

i
se

° °

•g = 5 d d S d d Г4 = = i s s d = d s

6 6 - rs ° 5 §

i
1 я 2 i 1 5 3 =

d S d s * *

о?
$

° ° §

1 1 5 5 § 5 5 3 3 5 = d s d i S

12
96

i
$

s
$

1 = S = s d d d d d 5 1 d d d 5

° ° ° ° 5 5 1

1 1 s c 3 5 * = 5 d d = § * S

i

° ° °
s

° ° 5 °

ts
§ i 2 5

g * 5 ; * 3 5 = d = = S rl 3 S

D
ay

 7

Eg 1g
g
1

2
I
Ô

I
?
i

О

?

1

E
g
C7
te

Ez£au
1

!
1
<

=
I 1

I
5

Ï
1
<

1

ï
J

1

о

i
r
5

a:

I

1ОС

1f

>

ií
!

Ь
1•f
E
>

f
J
ï
1

i

f

i
f
1

d
?
dи

1E
O
I
Q n =

1

95
 %

 co
nf

. in
t.|

6 ö

|9CTÖ ö ö «N °" 5 °

1 2 ï 3 S î 1 S 5 S 3
S 5 d d d d - S 3 9

l 
1

I
ÿ
s

° °

1 d S = S S d s rri d = S i e = d

1
° 6 ° ° ° °

1
s

t * 5 5 3 i § 5 * ? S
3 =

d s d 2 s §

ÿ
s

° °
1

3 = °

! 2 S S 5 S 5
3 d s d d 2 3 s §

S

ÿ
s

§
s

u
d d = d d d S d d 1 1 d d d d d

°
§ s

° 3 5

1
3 s 1 5 Ê 5 5

s 5 d d d 1 s s ?

$

° ° ° c
5 i 1

='

i
5 3 g 2

3
i ” v * 3 5 = d s S - « s 5 3

D
ay

 7

IE ?
g

M

2

O

s

1

O

g

?
g
a

1

E
g
aи
1

g

<

1

5

1

<

1
1

o

5
C

E

I

r

1
ac

1
•£
3

>

I
Í

ъ
5
f
E

>

f
Ç
f

1

i
1

1

f

1
?
d

?
dи

1
E

ъ
1
o = X

165



Appendix 4

Table 22. Measurement results on day 14 after the fillings. N.a. stands for not available. The
errors are mainly calculated with 95 % confidence level. In other cases the way has been
explained in context of the result discussion chapter.
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Table 23. Sour milk composition and vitamins measured in the beginning and end of the 
shelf life.

I
*Î3 I

* £
*5

- p q q n о

О О

i

ti

ca

ill

-

167



Appendix 6

Table 24. Gas chromatography results. Since the method was not response calibrated, only 
the relative concentrations (areas) of same substances can be compared between the cartons.
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Appendix 7

Table 25. Remarks concerning the sour milk thickness given in the sensory evaluation after 
all three fillings. The bolded comments made by the expert panel after the 3rd filling are 
especially important.

Sample Day 2 Day 7 Day 14
1293 granular structure 

thinner than the 
reference ( 1297)

thick (2) 
thickish
thicker 
(expert panel)

1293 light exposed thickish (day 8) 
thinner (day 8) 
too thick
the thickest light 
exposed sample 
(expert panel)

too thick
thick (2) gelatinous 
& thick
inhomogeneous & 
thick
firm & thick
thicker 
(expert panel)

1294 slightly thicker 
mouth feel than the 
others (day 3)
(expert panel) 
more sticky (day 3) 
(expert panel)

thick
thicker (expert panel)

thick
maybe thinner 
(expert panel)

1294 light exposed thickish 
thicker than the 
reference (1297)
thicker mouth feel 
(expert panel)

thick (day 15) 
thicker than the 
reference (fresh 
bought) (day 15) 
really thick 
thick 
thickish 
thicker 
(expert panel)

1295 sticky
1295 light exposed sticky thickish 

thicker than the 
reference (1297)

thick (2) (day 15)

1296 thick thickish
thin
thinner 
(expert panel)

1296 light exposed thicker than the 
reference (1297)
maybe slightly thicker 
(expert panel)

thick
thickish
inhomogeneous
structure
thinner 
(expert panel)

1297 thicker than the 
reference 
(fresh bought)
thicker 
(expert panel)

1297 light exposed thicker than the 
reference (1297) 
thickish

thick (day 15) 
thick
gelatinous 
(expert panel)
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Appendix 8

Table 26. Remarks concerning sour milk lumpiness and flakiness given in sensory evaluation 
after all three fillings. The bolded comments concerning the lumpiness are especially 
important made by the expert panel after the 3rd filling. The italicised comments were given 
when the structure was separately, more precisely, scrutinised after the 2nd filling.

Day 7 Day 14
Sample Lumps Flakes Lumps Flakes
1293 granular structure 

only few lumps, 
normal 
consistency

only few lumps,
normal
consistency

some flakes 
(expert panel)

1293
light exposed

some flakes 
(expert panel)

big lumps 
(day 15) 
lumps
inhomogeneous
gelatinous
really much big 
and small lumps 
(expert panel)

1294 only few lumps,
norma!
consistency

some flakes 
(expert panel)

only /few lumps,
normal
consistency

1294
light exposed

some flakes 
(expert panel)

lumps
(expert panel)

1296 only few lumps,
normal
consistency

some flakes 
(expert panel)

small lumps 
(expert panel)
inhomogeneous, 
lumpy structure

lumps (Tre)
(day 12) 
flakes
(expert panel)

1296
light exposed

some flakes 
(expert panel)

lumps (day 15)
inhomogeneous
structure

1297 only few lumps,
normal
consistency

flakes
(expert panel)

big lumps 
(expert panel)
inhomogeneous, 
lumpy structure

1297
light exposed

lumps
(expert panel)

flakes
(expert panel)

lumps (day 15) 
lumps (2)
gelatinous and 
lumps
(expert panel)
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Appendix 9

Table 27. Remarks related to odour/taste and air bubbles of the sour milk in the sensory 
evaluation after all three fillings. The bolded comments made by the expert panel after the 
3rd filling are especially important. The off-flavours are italicised.

Sample Day 2 Day 7 Day 14
1293 bitter

slightly bitter (Tre) 
air bubbles, bitter (Tre) 
the most sour (expert panel)
slightly less C02 than in
1294 (expert panel)

tilin taste
sour
as sour as the reference ( 1297) 
astringent
sour, carbonated, bitter 
yeasty
air bubbles, a lot CO¡
(expert panel) 
piquant, fresher, good 
(expert panel)

more sour
sour, astringent
piquantly sour
bitter (Tre) (day 12)
too sour
astringent
sour
acidulous
more sour than the reference 
(fresh bought) 
piquantly sour
CO2 (expert panel) 
more sour than 1296 
(expert panel)

1293 light 
exposed

bitter
off-flavour
air bubbles (2) (day 8) 
sour (day 8) 
piquantly sour (day 8) 
more acidulous than the 
reference (1297) (day 8) 
astringently sour (2) 
sour, astringent
many air bubbles, perhaps the 
most (expert panel) 
little CO2 (expert panel)

air bubbles, bitter (day 15)
sour (day 15)
piquantly sour (2) (day 15) 
piquant, (carbon dioxide?) 
sour(2) 
too sour 
acid-free
really sou r, fusty, rancid, bad 
taste, sweet, COz (expert panel)

1294 bitter
off-flavour
piquant (expert panel) 
notably CO2 

(expert panel)

some off-flavour 
sour(2) 
astringent 
piquant 
sour, piquant
air bubbles (expert panel)
CO2 (expert panel)

piquantly sour
bitter, astringent
more sour than the reference
(fresh bought)
sour
too sour
fusty , more acidulous than the 
the reference, (fresh bought)
CO2 (expert panel) 
sour, non-fusty, fresh, the best 
of the dark stored samples 
(expert panel)

1294 light 
exposed

sour (2) (day 8) 
too sour (day 8) 
astringent 
fusty
sour, astringent (2)
much and big air bubbles 
(expert panel)
sour, piquant (expert panel) 
much CO2 (expert panel) 
better than 1297 light exposed 
(expert panel)

piquant, sour (day 15)
sour (2) (day 15)
piquant (day 15)
bitter (day 15)
more acid than the reference
(fresh bought), bitter (day 15)
sour
too sour
more acidulous than the 
reference (fresh, bought) 
astringently sour
really sour (expert panel) 
even more CCMhan in light 
exposed 1293 (expert panel) 
fresh, clean taste/moderately 
clean taste (expert panel) 
the best of the light exposed 
samples (expert panel)
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Appendix 9

Table 28. Remarks related to odour/taste and air bubbles of the sour milk in the sensory 
evaluation after all three fillings continue. The off-flavours are italicised. The bolded 
comments made by the expert panel after the 3rd filling are especially important.

1295 off-flavour
sticky, bitter, metallic taste 
untypical taste 
slightly bitter (Tre)

sour
carbon dioxide
similar with the reference (1297) 
bitter

sour (2)
bitter, astringent 
carbon dioxide 
piquantly sour 
board taste / bitter (Tre)
(day 12)

1295 light 
exposed

sour(3)(day 8) 
fusty

sour(3)(day 15) 
piquantly sour 
piquant, sour 
more acidulous than the 
reference (fresh, bought) 
too sour (2)

1296 slightly bitter (Tre) 
air bubbles, bitter (Tre)
piquant, clean, fresh taste 
(expert panel)

sour
less sour
small & big air bubbles 
(expert panel)

sour (2) 
fusty
board taste / bitter (Tre)
(day 12)
plenty of surface whey (Tre)
(day 12) 
slightly fusty (2) 
fusty
tasteless, watery
not so much C02 
(expert panel)

1296 light 
exposed

sour(day 8)
many air bubbles 
(expert panel) 
neutral, no faults 
(expert panel)

fusty
chemical taste
sour
oxidised, sour 
acidulous 
off-taste, acid-free 
plastic taste 
sour, yeast taste 
mould)’, airless taste 
yeast taste?
sour, fusty, fruity taste being 
pre-stage for the yeast 
fermentation (expert pane!) 
more bitter, more sour 
(expert panel)

1297 metallic taste
piquant, clean, fresh taste 
(expert panel)

as sour as the reference ( 1297) 
more watery taste
air bubbles (expert panel) 
oxidised, but not as much as
1297 light exposed 
(expert panel) 
no C02 (expert panel) 
neutral, balanced 
(expert panel)

sour, astringent 
fusty
tastes as board 
acidulous
air bubbles on the surface 
off-taste, wool sock, fusty 
(expert panel)
the worst from the dark stored 
samples (expert panel)

1297 light 
exposed

sour
acidulous
clearly the least air bubbles of 
all samples (expert panel) 
oxidised, stale/old, wool sock, 
fusty, the worst 
(expert panel)

sour
fusty
oxidised, bitter 
neutral 
acidulous 
off-taste (2) 
board taste 
bitter, sour 
chemical taste 
disgusting
awful, oxidised, all panellist 
did not even agree to taste 
(expert panel)
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Appendix 10

Variance analysis of separate evaluation days
1st Filling * significant at 5 %

** significant at 1 %
Day 2 *** significant at 0.1 %

Appearance
Sources of variation D.F. S.S. M.S. Comp. F Probability
Product 4 0.00 0.00 2.71 NC
Judge 7 0.00 0.00 2.36 NC
Residuals 28 0.00 0.00
Total 39 0.00

Structure
Sources of variation D.F. S.S. M.S. Comp. F Probability
Product 4 0.85 0.21 2.71 0.033 *
Judge 7 4.18 0.60 2.36 0.000 ***
Residuals 28 1.95 0.07
Total 39 6.98

Odour/taste
Sources of variation D.F. S.S. M.S. Comp. F Probabilitv
Product 4 0.65 0.16 2.71 0.11
Judge^ 7 5.60 0.80 2.36 0.000 •**
Residuals 28 2.15 0.08
Total 39 8.40

Day 7

Appearance
Sources of variation D.F. S.S. M.S. Comp. F Probabilitv
Product 9 5.51 0.61 4.39 0.000 ***
Judge^ 7 4.09 0.58 4.19 0.000 ***
Residuals 63 8.79 0.14
Total 79 18.39

Structure
Sources of variation D.F. S.S. M.S. Comp. F Probability
Product 9 5.76 0.64 3.69 0.000 ***
Judg^^ 7 3.19 0.46 2.62 0.019*
Residuals 63 10.94 0.17
Total 79 19.89

Odour/taste
Sources of variation D.F. S.S. M.S. Comp. F Probabilitv
Product 9 3.86 0.43 1.41 0.210
Judge 7 4.39 0.63 2.05 0.062
Residuals 63 19.24 0.31
Total 79 27.49

Day 14

Appearance
Sources of variation D.F. S.S. M.S. Comp. F Probabilitv
Product 9 8.70 0.97 5.30 0.000 ***
Judge 7 1.75 0.25 1.37 0.234
Residuals 63 11.50 0.18
Total 79 21.95

Structure
Sources of variation D.F. S.S. M.S. Comp. F Probabilitv
Product 9 7.20 0.80 2.38 0.022 *
Judge 7 3.55 0.51 1.51 0.181
Residuals 63 21.20 0.34
Total 79 31.95

Odour/taste
Sources of variation D.F. S.S. M.S. Comp. F Probabilitv
Product 9 9.50 1.06 2.18 0.035 *
Judge 7 4.75 0.68 1.40 0.221
Residuals 63 30.50 0.48
Total 79 44.75

2nd Filling 

Day 2

Appearance
Sources of variation D.F. S.S. M.S. Comp. F Probability
Product 3 0.00 0.00 NC NC
Judge 7 0.00 0.00 NC NC
Residuals 21 0.00 0.00
Total 31 0.00

Structure
Sources of variation D.F. S.S. M.S. Comp. F Probabilitv1
Product 3 0.09 0.03 0.40 0.757
Judge 7 0.97 0.14 1.75 0.150
Residuals 21 1.66 0.08
Total 31 2.72

Sources of variation D.F. S.S. M.S. Comp. F Probabilitv
Product 3 0.84 0.28 2.03 0.140
Judge 7 1.72 0.25 1.77 0.146
Residuals 21 2.91 0.14
Total 31 5.47

Day 7

Appearance
Sources of variation D.F. S.S. M.S. Comp. F Probabilitv
Product 7 0.19 0.03 1.00 0.443
Judge 7 10.94 1.56 58.33 0.000 ***
Residuals 49 1.31 0.03
Total 63 12.44

Structure
Sources of variation D.F. S.S. M.S. Comp. F Probabilitv
Product 7 0.69 0.10 0.52 0.818
Judge 7 13.44 1.92 10.10 0.000 ***
Residuals 49 9.31 0.19
Total 63 23.44

Odour/taste
Sources of variation D.F. S.S. M.S. Comp. F Probabilitv
Product 7 7.44 1.06 3.10 0.009 **
Judgc^ 7 14.69 2.10 6.12 0.000 ***
Residuals 49 16.81 0.34
Total 63 38.94

Day 14

Appearance
Sources of variation D.F. S.S. M.S. Comp. F Probabilitv
Product 7 2.75 0.39 2.41 0.034 *
Judge 7 7.25 1.04 6.34 0.000 ***
Residuals 49 8.00 0.16
Total 63 18.00

Structure
Sources of variation D.F. S.S. M.S. Comp. F Probability
Product 7 11.61 1.66 5.00 0.000 ***
Judge 7 10.61 1.52 4.57 0.001 ***
Residuals 49 16.27 0.33
Total 63 38.48

Odour/taste
Sources of variation D.F. S.S. M.S. Comp. F Probabilitv
Product 7 6.23 0.89 2.62 0.022 *
Judge 7 7.23 1.03 3.04 0.010**
Residuals 49 16.64 0.34
Total 63 30.11
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Appendix 10

Tukey’s test at 5 %

1st Filling 2nd Filling

Day 2 The difference between levels with same letter is not significant.

Structure Range value: 0.38
Comparison level Size Mean Groups
M-1295 8 4.9 Л
L-1294 8 4.9 A
N-1296 8 4.9 A
P-1297 8 4.8 A
K-1293 8 4.5 A

Day 7

Appearance Range value: 0.61
Comparison level Size Mean Groups
M-1295 8 5.0 A
L-1294 8 5.0 A
P-1297 8 5.0 A
N-1296 8 5.0 A
K-1293 8 4.8 ЛВ
P-1297 light 8 4.6 ЛВ
L-1294light 8 4.5 ЛВ
M-1295light 8 4.5 ЛВ
N-12961ight 8 4.5 ЛВ
K-12931ight 8 4.3 в

Structure Range value: 0.68
Comparison level Size Mean Groups
M-1295 8 5.0 A
L-1294 8 5.0 A
N-1296 8 5.0 Л
P-1297 8 4.9 AB
P-1297light 8 4.6 AB
L-12941ight 8 4.5 AB
N-12961ight 8 4.5 AB
M-12951ighl 8 4.5 AB
K-1293 8 4.4 AB
K-12931ight 8 4.3 В

Day 14

Appearance Range value: 0.70
Comparison level Size Mean Groups
K-1293 8 5.0 A
L-1294 8 5.0 A
M-1295 8 5.0 Л
N-1296 8 5.0 Л
P-1297 8 5.0 Л
P-1297 light 8 4.8 л
L-12941ight 8 4.8 л
N-1296light 8 4.8 л
M-12951ight 8 4.6 А
K-12931ight 8 3.9 В

Structure Range value: 0.95
Comparison level Size Mean Groups
P-1297 8 4.9 A
N-1296 8 4.9 A
K-1293 8 4.8 A
L-1294 8 4.6 A
M-1295 8 4.6 A
M-12951ight 8 4.4 A
L-1294lieht 8 4.3 A
P-1297 light 8 4.3 A
N-1296light 8 4.1 A
K-12931ight 8 4.0 A

Odour/taste_____ Range value: 1.14
Comparison level Size Mean Groups
N-1296 8 4.1 A
P-1297 8 4.0 A
L-1294 8 4.0 A
K-1293 8 3.9 A
M-1295 8 3.8 A
K-12931ight 8 3.4 A
L-1294light 8 3.4 A
P-1297 light 8 3.4 A
M-12951ight 8 3.3 A
N-12961ight 8 3.1 A

Day?

Odour/tast« Range value: 0.03
Compariso Size Mean Groups
1296light 8 4.6 A
1297 8 4.5 AB
1296 8 4.5 AB
1297light 8 4.4 AB
1293 8 4.3 AB
1294 8 4.1 AB
12931ight 8 3.8 AB
12941ight 8 3.6 В

Day 14

Appearanc» Range value: O.M
Compariso Size Mean Groups
1293 8 4.9 A
1294 8 4.9 Л
1296 8 4.9 А
1294light 8 4.9 Л
1296light 8 4.9 Л
1297 8 4.8 Л
12971ight 8 4.6 Л
12931ight 8 4.3 Л

Structure Range value: 0.91
Compariso Size Mean Groups
1294 8 4.6 A
1293 8 4.5 A
1296 8 4.5 A
1297 8 4.5 A
1294light 8 4.5 A
1296light 8 4.3 A
1297light 8 4.0 ЛВ
1293light 8 3.3 В

Odour/tasti Range value: 0.92
Compariso Mean Groups
1297 8 4.3 A
1296 8 3.9 ЛВ
1294 8 3.9 ЛВ
1293 8 3.6 AB
1294light 8 3.6 AB
12931ight 8 3.5 AB
1296light 8 3.5 AB
12971ight 8 3.1 В
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Appendix 11

Variance analysis of different evaluation days and fillings

Categorical values encountered during processing are: 
FILLING (2 levels) 1, 2
DAY (2 levels) 2, 7
SAMPLE (4 levels) 1293, 1294, 1296, 1297

Dep Var: APPEARANCE N: 128 Multiple R: 0.33932363 Squared multiple R: 0.11514053

Analysis of Variance
Source Sum-of-Squares df Mean-Square F-ratio P
FILLING 0.07 1 0.070 1.033 0.312
DAY 0.38 1 0.383 5.623 0.019
SAMPLE 0.21 3 0.070 1.033 0.381
FILLING'DAY 0.07 1 0.070 1.033 0.312
FILLIN'G'SAMPLE 0.02 3 0.008 0.115 0.951
DAY'SAMPLE 0.21 3 0.070 1.033 0.381
FILLING*DAY*SAMPLE 0.02 3 0.008 0.115 0.951
Error 7.63 112 0.068

Categorical values encountered during processing are: 
FILLING (2 levels) 1, 2
DAY (2 levels) 7, 14
SAMPLE (4 levels) 1293, 1294,
LIGHT (2 levels) 0, 1

1296, 1297

Dep Var: APPEARANCE N: 256 Multiple R: 0.49547717 Squared multiple R: 0.24549763

Analysis of Variance
Source Sum-of-Squares df Mean-Square F-ralio P
FILLING 0.25 1 0.250 1.126 0.290
DAY 0.02 1 0.016 0.070 0.791
SAMPLE 3.56 3 1.188 5.347 0.001
LIGHT 5.06 1 5.063 22.794 0.000
FILLING'DAY 0.39 1 0.391 1.759 0.186
FILLING'SAMPLE 0.50 3 0.167 0.750 0.523
F1LL1NG*L1GHT 2.25 1 2.250 10.131 0.002
DAY'SAMPLE 0.42 3 0.141 0.633 0.594
DAY'LIGHT 0.14 1 0.141 0.633 0.427
SAMPLE'LIGHT 1.69 3 0.563 2.533 0.058
FILLING'DAY'SAMPLE 0.05 3 0.016 0.070 0.976
F1LLING*DAY*L1GHT 0.14 1 0.141 0.633 0.427
FILL1NG*SAMPLE*LIGHT 0.13 3 0.042 0.188 0.905
DAY’SAMPLE* LIGHT 1.55 3 0.516 2.322 0.076
FILLING'DAY'SAMPLE'LIGHT 0.05 3 0.016 0.070 0.976
Error 49.75 224 0.222

Cateeorical values encountered during processing are:
FILLING (2 levels)
DAY (2 levels)
SAMPLE (4 levels)

Dep Var: STRUCTURE N:

1. 2
2, 7

1293, 1294,

28 Multiple R: 0.40026098

1296, 1297

Squared multiple R: 0.16020885

Analysis of Variance
Source Sum-of-Squares df Mean-Square F-ratio P
FILLING 0.01 1 0.008 0.037 0.849
DAY 0.38 1 0.383 1.796 0.183
SAMPLE 1.71 3 0.570 2.675 0.051
F1LL1.NG*DAY 0.95 1 0.945 4.435 0.037
FILLING'S AMPLE 1.15 3 0.383 1.796 0.152
DAY'SAMPLE 0.15 3 0.049 0.232 0.874
FILLING'DAY'SAMPLE 0.21 3 0.070 0.330 0.804
Error 23.88 112 0.213
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Categorical values encountered during processing are: 
FILLING (2 levels) 1, 2
DAY (2 levels) 7, 14
SAMPLE (4 levels) 1293, 1294,
LIGHT (2 levels) 0, 1

Dep Var: STRUCTURE N: 256 Multiple R: 0.51556261

1296, 1297

Squared multiple R: 0.26580480

Analysis of Variance
Source Sum-of-Squares df Mean-Square F-ratio P
FILLING 1.00 1 1.000 2.774 0.097
DAY 4.00 1 4.000 11.096 0.001
SAMPLE 4.58 3 1.526 4.233 0.006
LIGHT 9.77 1 9.766 27.090 0.000
FILLING*DAY 0.39 1 0.391 1.084 0.299
FILLING*SAMPLE 0.66 3 0.219 0.607 0.611
FILLING*LIGHT 0.56 1 0.563 1.560 0.213
DAY*SAMPLE 0.03 3 0.010 0.029 0.993
DAY*LIGHT 2.25 1 2.250 6.241 0.013
SAMPLE*LIGHT 0.95 3 0.318 0.881 0.452
FILLING* DAY*SAMPLE 1.70 3 0.568 1.575 0.196
FILLING* DA Y*LIGHT 0.14 1 0.141 0.390 0.533
FILLING*SAMPLE*LIGHT 1.47 3 0.490 1.358 0.256
DAY*SAMPLE*LIGHT 1.66 3 0.552 1.531 0.207
FILLING*DAY*SAMPLE‘LIGHT 0.08 3 0.026 0.072 0.975
Error 80.75 224 0.360

Categorical values encountered during processing are:
FILLING (2 levels) 
DAY (2 levels) 
SAMPLE (4 levels)

1, 2
2, 7

1293, 1294. 1296, 1297

Dep Var: ODOUR_TASTE N: 128 Multiple R: 0.49593761 Squared multiple R: 0.24595412

Analysis of Variance
Source Sum-of-Squares df Mean-Square F-ratio P
FILLING 0.20 1 0.195 0.660 0.418
DAY 7.51 1 7.508 25.385 0.000
SAMPLE 2.34 3 0.779 2.633 0.053
FILLING*DAY 0.07 1 0.070 0.238 0.627
FILLING*SAMPLE 0.09 3 0.029 0.097 0.962
DAY*SAMPLE 0.40 3 0.133 0.449 0.718
FILLING*DAY*SAMPLE 0.21 3 0.070 0.238 0.870
Error 33.13 112 0.296

Categorical values encountered during processing are: 
FILLING (2 levels) 1, 2
DAY (2 levels) 7, 14
SAMPLE (4 levels) 1293, 1294,
LIGHT (2 levels) 0, 1

1297

Dep Var: ODOUR_TASTE N: 256 Multiple R: 0.54165639 Squared multiple R: 0.29339164

Analysis of Variance
Source Sum-of-Squares df Mean-Square F-ratio P
FILLING 0.10 1 0.098 0.213 0.645
DAY 17.54 1 17.535 38.181 0.000
SAMPLE 3.95 3 1.316 2.866 0.037
LIGHT 9.38 1 9.379 20.422 0.000
FILLING*DAY 0.04 1 0.035 0.077 0.782
FILLING*SAMPLE 0.20 3 0.066 0.145 0.933
FILLING’LIGHT 0.04 1 0.035 0.077 0.782
DAY*SAMPLE 3.76 3 1.254 2.730 0.045
DAY‘LIGHT 2.44 1 2.441 5.316 0.022
SAMPLE*L1GHT 0.17 3 0.056 0.122 0.947
FILLING*DAY*SAMPLE 0.32 3 0.108 0.235 0.872
FILLING*DAY*L1GHT 0.47 1 0.473 1.029 0.311
FILLING*SAMPLE*LIGHT 1.20 3 0.400 0.870 0.457
DAY*SAMPL.E*L1GHT 2.29 3 0.764 1.664 0.176
FILLING*DAY*SAMPLE*L1GHT 0.82 3 0.275 0.598 0.617
Error 102.88 224 0.459
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Least Squares Means
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Figure 27. Structure on days 7 and 14. 
о stands for dark stored samples and 1 
for light exposed ones.
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Figure 28. Appearance on days 2 and 7.
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Figure 29. Appearance on days 7 and 14. 
о stands for dark stored samples and 1 
for light exposed ones.
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Least Squares Means
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Figure 30. Odour/taste on days 7 and 
14. 0 stands for dark stored samples 
and 1 for light exposed ones.

Figure 31. Odour/taste on days 2 and 7.
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Figure 32. Odour/taste on days 2 and 7.
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