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Packaging can be used to offer to consumers a
complete brand experience. The emotional level
enhanced during opening moment make consumers
engage with the product and therefore, with thadbra
Brands can firstly use printing to stand out atpbit

of sale and can use internal printing to enhance
consumer experience at home. Internal printing sieed
to be analyzed through the lenses of three piftara
right execution: technical feasibility, consumer
perception and safety. This thesis evaluates the
necessary work to achieve internal printing, askatw

do consumer think about internal printing and
evaluates how to do it in a safe way.



Purpose:

Method:

Conclusion:

Key Words:

Provide recommendations of technical and legal
relevant approaches to achieve an attractive Paukag
System with internal printing considering different
product and primary pack combinations.

A secondary research through a literature rebearc
primary research through a market screening, expert
interviews, safety assessment, technical assessment
and a quantitative survey.

Internal printing exists in the food industryfatlows

a determinate packaging system structure of consume
unit containing multiple individually packed units,
different artwork design can be found and direct
contact between food product and substrate does not
exist. Internal printing is technically feasibleis does

not allow the conclusion to state that internahfbnig

is achievable for all applications and hence every
internal printing scenario needs to go throughhalar
evaluation one case at a time. It is highly
recommended to run an overall migration test once a
final artwork(s) is developed.

Internal printing, food packaging, printing ink,
printing technologies, consumer safety, technical
feasibility, consumer perception, wrapper, board,
survey.



Executive Summary

Introduction

Packaging can become a great resource for bramtdsydhe interactions
between the consumer and a product, starting Wwéetpturchase decision in-
store until the disposal time (Lofgren et al., 200Brands can evoke
emotions through packaging decoration on consurdersng the First

Moment of Truth and can offer a consumption expeeduring the Second
Moment of Truth (Stallard, 2014). Unilever is longifor a feasible option
to enrich the overall in-use experience by gairdifterentiation in a safe
way during the Second Moment of Truth.

Internal printing allows to design a new experiefarethe consumer based
on innovative decorating solutions printed on titernal side of the product
(Ampuero et al., 2006). An example is the inclusioiha recipe, an
inspirational quote or a creative artwork. Interpahting is increasingly
being used by few companies and categories, desmitan become a key
factor to increase the consumer perception of dymin(Zeithaml, 1988). In
the FMCG Industry, brands can firstly use printiogstand out at the point
of sale and can use internal printing to enhanceswmer experience at
home. The development of internal printing on akpging must be
evaluated considering all the external and inteasglects involved in the
topic. It is compulsory to consider from the begmythe intended end use
for the consumer unit, to identify and control dpportunities and risks. This
includes, for instance, the material specificatidghe food product and the
utilized printing inks.

The technical feasibility, consumer perception aomhsumer safety
assessment results are discussed and a conclssaffieried to the Unilever
packaging development team, as well as a recomrtiendar future work.
Based on the findings of this thesis, Unilever Wilve a better understanding
of opportunities and constraints on internal pngti



Objective

The purpose of this master thesis is to offer renemdations of the most
technically feasible alternatives to present araetitve food packaging with
internal printing in a safe way. The research dbjecwas achieved
considering a three-pillar perspective: feasihilggfety and perception.

The thesis evaluates the necessary work to acimésenal printing, using
offset technology, on a board based consumer agk pontaining multiple
individually sealed aluminum based sachets or dedealuminum based
wrappers. The formulation of the food product tabasidered is not strictly
mentioned, therefore, the packaging solution pregaapplies for a range
that goes from a dry powder product to a fatty @asoduct.

Methodology

The research process carried out in this thegslesggned by secondary and
primary researches. The secondary research coedider extent literature
research on the topics regarding the three pillatis a special focus on
regulation frameworks. On the other hand, the prymasearch consisted on
an initial market screening and interviews withiak supplier, convertor,
risk assessment expert and a consumer insightteulitionally, data was
collected through one risk assessment and thregfiy assessments and
then translated into insights to be used on a fowisumer perception
assessment, where innovation tools helped to utashetsconsumers’
thoughts about different internal printing techhicancepts through an
online survey
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Results

Results from Safety assessment

For the individual sealed aluminum based sachehast® it can be

considered that a well-sealed sachet can guardan¢eerotection against
migration. Regarding the unsealed aluminum basexppar scenario, gas
migration may occur if fractures on the wrappenfthappen. For this thesis,
corner fractures were analyzed through microscopy28 preselected
samples to assess the effect of packaging procestheo material and
consequently, a possible negative impact on itstfanal barrier in the

folded corners. Fractures were found in some otdraers, with aluminum
ruptures from 520 pm to 2250um.

Results from Feasibility assessment

A comparative technical short run test of two dffiséks was run to get an
initial feasibility insight. A potential direct fab contact ink and a low
migration not-intended food contact ink were prthten both side of the
board in the same machine, the test proved thdt inks show a similar
machine behavior, the potential direct food contalctachieved technically
feasibility. The uncoated internal side of the loband the ink ingredients
properties impact the final appearance on the matlstA color space
assessment showed differences between the potéingel food contact ink
application on the inside and the low migrationaplplication on the outside.
A final Robinson test showed a non-perceptible si@nof odor from the
inks.

Results from Per ception assessment

The collected technical feasibility insights frohetmarket screen and the
feasibility assessment were used to develop a notwgital chart to create
technical artwork concepts. These concepts wene tised on an online
survey through a prototype. After collecting 128vays, it has been shown
that internal printing has a positive impact on siomer perception.
Additionally, an insight showing a preference forcampletely printed
surface on the internal printing was obtained.
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Conclusions

To ensure consumer safety of the product, eachuérecneeds to have an
in-depth assessment and an overall migration tese¢commended. The
integrity of the primary pack needs to be ensunethse a direct food contact
has been identified as a consumer safety risk. fldemaregulations, it could
be shown that there are specific regulatory detaiish varies depending on
the region and country were the final good is tsbkel, however, the basis
to achieve safe food products for consumption & same all around the
world.

The initial market screening showed that interrratpng already exists in
different food products with different artwork dgss It has been observed
that most of the products were multi-pack: seveoalsumer unit per selling
unit. The initial feasibility assessments durinig thesis are quite promising:
internal printing is achievable under the currepedfications of the
packaging materials. This thesis only considered difset printing
technology and a technical assessment for a doedtcontact intended ink
and a low migration ink for food products, bothnped on the same board.
The technical insights regarding final appearareedrno be considered by
Unilever for their further research.

Thanks to the innovation tools used for the artwar@ncepts creation, the
survey was useful to achieve the purpose of tredfad even more, a robust
set of recommendations were offered to Unilevefddher discussions. The
technical developed concepts pointed out that coessiare more likely to
have an internally printed folding carton, spegiadl fully multicolored
printing, increasing the consumer positive peraeptin this way, Unilever
can offer differentiation on their products.

This thesis only considered a specific series atidmns over the vast world
of possibilities and solutions the Packaging Indusffers. Two packaging
systems scenarios were raised from the beginnidgaaalyzed through the
thesis, the insights and recommendations abouhaltprinting obtained can
be relayed to other technologies, materials or.inks
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1. Introduction

1.1 Project background

Packaging has always helped to preserve the ocaotddod over its
shelf life, from filling to consumption and has petl to transport food
products, from the shelfs to the consumer househioldother words,
Packaging has helped to protect and transport fooducts. Additionally,
packaging has been used to differentiate prodiectaigh its brand name,
shape, material, size and specially, through itodgion (Mininni, 2009).
An attractive decoration with an eye-catching arkw@nhances the
perception of added value on the consumer, bringnagd distinctiveness
and growth, and at the same time, uniqueness awlpnce (Olsson et al.,
2010).

Packaging is beside product, price, place andipasiyg, a key differentiator

in the Fast-Moving Consumer Good (FMCG) Industryneddern days.

Packaging can be used to offer to consumers a ebenprand experience
(Mininni, 2009). At the early days of convenienced products, including

a basic print on the pack showed to be a meanimiffigrentiator, that was

the early stage of branding.

Figure 1 Coca Cola evolution of branding (Wordpress, 2014)
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Since those days, packaging has evolved much fuldreeding products to
have a great differentiation at the selling poigtabbing attention,
facilitating liking and driving purchase decisid@esides the innovative step
of conserving foods or producing products in adasgale, branding, through
printing a brand name and an image, has helpec#btecwell-known brands
and products over the past decades (Mittal, 2013)

Packaging can become a great resource for bramtdsydhe interactions
between the consumer and a product, starting Wwéetpurchase decision in-
store until the disposal time (Lofgren et al., 20@very moment when a
consumer interacts with a product or brand, sheearonfronts the Moments
of Truth. The First Moment of Truth is the first ydical interaction
consumer-product at the selling point, the Secomankht of Truth starts
when the consumer purchases a product, take it reordeevaluates its
quality (Lofgren, 2005; Mininni, 2009). Brands cawoke emotions through
packaging decoration on consumers during the Mmnhent of Truth and
can offer a consumption experience during the Sddoment of Truth
(Stallard, 2014). It is during this Moment whenewnstory begins and the
chance to trigger emotional reactions make conssireagage with the
product and consequently, with the brand.

While the interaction in-store between consumer anaduct is rising

expectations, which lead to the purchase decigherinitial opening at home
iIs when multisensorial experiences can be credieid. is the moment to
astonish the consumer. There are some featuresahédte grasped during
every opening, such as easy-opening or a re-seadbsgre and furthermore,
internal printing. Internal printing allows to dgeia new experience for the
consumer based on innovative decorating solutisimgeol on the internal

side of the product (Ampuero et al., 2006). An egkeis the inclusion of a
recipe, an inspirational quote or a creative arkwinternal printing stretches
the brand emotive asset further (Mininni, 2009)e Tdrduous task is to
convert an internal printing from a practical benieto an emotional payoff.

Coming back to the FMCG Industry, brands can firae printing to stand
out at the point of sale and can use internal ipgnto enhance consumer
experience at home. The development of internaltipg on a packaging
must be evaluated considering all the externaliaiginal aspects involved
in the topic. It is compulsory to consider from theginning the intended end
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use for the consumer unit, to identify and continel opportunities and risks.
This includes, for instance, the material spedifoses, the food product and
the utilized printing inks.

The company is looking for a feasible option toi@mnthe overall in-use
experience by gaining differentiation in a safe wadying the Second
Moment of Truth.

Internal printing needs to be looked at from thpeespectives to ensure a
value adding and feasible execution:

* Technical feasibility
» Consumer perception
* Consumer safety.

This thesis evaluates the necessary work to achiggenal printing on a
consumer unit containing multiple individually pack consumer units.
Furthermore, the thesis gets an approach on comspereeption about
internal printing and evaluates how to do it iraéesvay. Internal printing is
increasingly being used by few companies and catsgodespite it can
become a key factor to increase the consumer peyoepf a product
(Zeithaml, 1988).

The technical feasibility, consumer perception aomhsumer safety
assessment results are discussed and a conclesferied to the Unilever
packaging development team, as well as a recomrtiendar future work.
Based on the findings of this thesis, Unilever Wdle a better understanding
of opportunities and constraints on internal pngti
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1.2 Purpose

The purpose of this master thesis is to offer recenmdations of the most
technically feasible alternatives to present araetitve food packaging with
internal printing in a safe way.

The purpose is accomplished by mapping availablen@ogies, identifying
the legal boundaries and doing an initial technfealsibility study. The
outlined technical different attributes are usediteate technically driven
artworks during an initial quantitative consumerost

With the insights captured, the thesis offers rem@mdations for a further
development. The research objective raises follgwjnestions that will be
answered from considering the three-pillar basesiblity, safety and
perception: while only solutions addressing theunesments of all three
pillars sufficiently can be considered as a reléwguion.

What are the technical options?

What is feasible for the required

Feasibility &
L application’
Aim of the study
Perception Safety
What influences consumers’ perception? What legal/ regulations apply?
What is their reaction for an initial graphic concept How to ensure consumer safety of the
designed through technical and safety considerations? product?

Figure 2 Areas and research questions
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1.3 Delimitations

Based on the bandwidth of the topic, a selectigamding food formulation
and packaging system had to be done, what wilEp¢ ik scope of this piece
of work.

e The formulation of the food product to be consideienot strictly
mentioned, therefore, the packaging solution pregapplies for a
range that goes from a dry powder product to & fadste product.

* The packaging system baseline is formed by:

a) Secondary packaging: refers to the consumer unit, the pack the
shopper purchases at point of sale. In this thésisapplication
is a folding carton containing one or more indiadunit(s). At
least one of its internal faces will contain théemal printing
(substrate).

b) Primary packaging: refers to the individual unit, which is a
mono-portion pack, either fully sealed or wrappddence the
primary pack is in direct contact with the food$taind besides
the convenience aspects, its role is to protecbitsent until first
opening/ use.

c) Foodstuff/food product: refers to the food product, which in this
consideration is a mix of ingredients, to be usethe cooking
process, therefore, it is not the final food. Itn&s in a range of
different consistencies, from a dry free flow gibevder to a fatty
shaped mass.

The combination of Primary pack with the foodstigfconsidered from
a perspective of which combinations between seatelchon-sealed, dry
and fatty are the two most extreme and relevantwgian. Potential
controls might be part of a recommendation wherndiegble. At the
same time, modification of those are not in scdpthie assessment.

27
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Figure 3 Example of dry powder product in an individual primary packaging (sealed
sachet), contained in a secondary packaging (folding carton)

5

W

Figure 4 Example of fatty solid product in an individual primary packaging (folded
wrapper), contained in a secondary packaging (folding carton)
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2. Methodology

This chapter presents the research process usathitve the objective
of the thesis. The chapter consists of three n@acs explaining (1) the
research process, (2) the quantitative researcii3nlde data collection.

2.1 Research process

The research process for this thesis consisteceaonslary and primary
researches. The secondary research consideredean kberature research
while the primary research consisted on a markeeesing, expert
interviews, risk assessments, technical assessrardta survey. Based on
the collected data, recommendations are proposte tdnilever packaging

team for their further research.

Literature Research

20000 @ Technical feasibility

Expert interviews

Map Survey
| boundaries | with ® |/ o
forinternal @ @ @ @ @ ﬁ designed a ® ® ® ® ®| Recommendstions .I
printing / cancepts ® |\ /
Market Screen — >
Risk assessment
o000 0 60006 O QO

Figure 5 The research process

2.2 Quantitative research

Quantitative research is commonly used to measwts &ind data to convert
them into numbers that can be analyzed using mattiesh process and
express results using statistical technologies dfsbani, 2003). For this
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thesis, a quantitative research was done throsginvey. The purpose of the
survey was to collect data from at least 100 paditts about consumer
feedback of a specific topic and to analyze itdme to first conclusion.

The integration of the primary data with the insggfitom the secondary data
provided a thorough understanding and helped tavemshe research
questions.

2.3 Data collection

The first data collected came from the secondasgarch, based on a
literature research on the three pillars mentiangdhapter 1:

* Technical feasibility
» Consumer perception
* Consumer safety

DESK RESEARCH PRIMARY RESEARCH
* Market screening * Experts interview
Technical «  Printing technologies * Feasibility test

Feasibility o » Color space assessment
* Food contact printing inks .« Robinson Test

* Experts interview
Consumer « Consumer experience + Consumer Survey

Perspective * Morphological Chart
+ Food safety
* Regulation framework
Consumer +  Migration . Expgrts interview
Safety + Mechanisms of migration * Barrier assessment

¢ Functional barriers
* Pinholes and fractures

Table 1 Data collection chart
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After creating and initial understanding on the keysiderations of internal
printing in the food industry, in depth data wadleztied from a primary
research.

2.3.1 Desk Research

a. Market screening

A first approach to internal printing was done tigh a market screening of
commercialized food products available in supermtsk Samples were
collected from different food groups, always fuifig the packaging system
condition (product-individual unit-consumer unif). market screening is
relevant for a research because it offers a festchmark and put available
options on the table.

The objective was to collect samples from the ntaake run an analysis of
technical solutions available, this way an inibahchmark and solutions.

Germany has been selected for this market screesingn one hand site
market screening because its internal market statesie of the strongest in
the European Union (GTAI, 2017), and can be traedlainto
competitiveness and consequently, into large proaffier. Apart from this,
the focus has been on available technologies aedué®n and in this way,
a good overview from a European perspective camsbamed. The market
screening was done in German supermarkets durimgi&ey 2017.

b. Literatureresearch

A specific theoretical framework for further empal research of an existing
or new topic is created through a literature redeéBewerton et al., 2001).
A theoretical framework was created collecting datlout printing
technologies, inks, consumer perception on packegna consumer safety.
A regulatory affairs research was run to understhedegal framework of
the topic.
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The literature research demanded search engineB asc Google,
ScienceDirect, LUBsearch, as well as hardcopy pabbns, for instance,
technical data sheets, suppliers” manuals, leaflatkaging magazines, etc.
This research was conducted fromf"18 January to the 38of April.

2.3.2 Primary Resear ch

a. Expert Interviews

Four experts were consulted to get detailed insightd advice on specific
topic identifies during desk research. Intentiorswause their expertise and
experience on specific fields and advices to makebest decisions for the
further research. Semi-structured interviews wesedu for resolving
questions and allow the interviewers a degree e¢dom to advice and
explain their opinions (Flick, 2009).

e Ink supplier

The interviewed partner was selected following itierket screening. The
intention was to have a discussion with an expéd,wased on its portfolio,
has in-depth knowledge on internal printing. A nuedlisized supplier is

working on a special solution directly related ke ttopic of this thesis,

understanding the rising demands for this markiet Jupplier was reached
out to discuss the overall topics of a “potentimbct food contact”. The

interview was done in March face to face at thaailities with a length of

four hours.

« Convertor

One key convertor of folding carton material wakested as the technical
expert in different ink types utilized for food dant applications, including
implications on converting steps, such as prinéng die-cutting. An initial
phone interview was done in February for one hprgsenting the topic and
discussing their current work on this topic. Théemiew was continued
through mail exchange. A second one hour lengtrvigw happened two
months after, where specific feasibility questiarese address for one hour.
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» Consumer insight expert (internally).

An internal expert on consumer insight was conduhediscuss the best way
to collect information, asking for software, queas type, interpretation, etc.
The face to face interview happened at Unileveviay for one hour.

* Risk assessment expert (internally).

The first approach to consumer safety was don@igiran internal interview
with two risk assessment experts, asking for trgalldoundaries and
compulsory information to look for. This happenedFebruary via Skype
meeting for two hours.

b. Barrier assessment

As described in the Delimitations section, thisstkewill focus on two

Primary Pack types, a sealed sachet and a nordseadgpper. In case of
wrappers, two areas need to be assessed: pinmaldsaatures. Both topics
are explained in Section 3,2,5.

It is necessary to identify the level of protectiofiered by the primary
packaging to the food product. The presence oturas is related to the
functional barrier loss, this means that the alwminayer does not offer the
same protection level to the foodstuff and possibigration from the ink

components may occur through gas and liquid phBaenés et al., 2007;
Majeed, 2012).

The method consists in a material inspection ofctimeent aluminum based
packaging to identify the presence of fracturese $amples assessed were
previously selected from a leaking assessmentwihis 20 samples out of
10°000 samples were analyzed through microscomssess the effect of
packaging process on the material and consequentbgssible negative
impact on its functional barrier.

For this assessment, samples of the current alumbased packaging under
normal production conditions were evaluated on arblégg Macroscope
M400 (magnification 6,3x-32x), aiming on the inteépsof fractures on
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corners and folds. The assessment was made antleyér R&D Analytics
Laboratory during May 2017.

c. Feasbility test

It is necessary to understand the technical fddagibif novel inks from a
converting perspective. The internal side of tharbois uncoated, this
influences the final appearance and performandbeoink on crease lines,
as advised during an interview. A comparative médd short run test of two
offset inks was run to allow an initial perspectivepotential direct food
contact ink and a low migration mineral oil freetsmtended food contact
ink were printed on both side of the board in e machine. The first ink
mentioned option claims to have a potential direghtact with food,
therefore, it is vital to understand its capataBtbefore considering it as an
internal printing ink option.

To run this assessment, a convertor (secondaryagatkmanufacturer) was
contacted to make use its printing machines witth ks using Unilever
board in March 2017.

d. Color space assessment

When comes to color perception of a printed papdathree parameters
come into play: substrate, ink and luminosity. Hubstrate has different
properties on both sides, so the final color pefoapof the inks varies. A
standardization method for the color evaluation wesded to measure the
color space of each ink application, regardlessviddals” perception. The
Lab* color space is based on the three attribufesotor: Hue (tone),
saturation (brightness) and lightness (Oetjen, 2015

Data is collected through a spectrophotometer shates a light on the
sample’s surface and examines the wave lengtihe oéflected light. Then,
the data is converted to three numerical valuesnaapped on a three axes
graph creating a three-dimensional color spacexamplified in the figure
below. The L* axis stands for lightness, going frarhigh luminous color to
an obscure color. The a* coordinates indicate & hegl hue color or a high
green tone color. Finally, the b* coordinates iatkca high yellow tone color
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or a high blue tone color. A diagram of this metluwash be consulted on
Appendix A.

The equations below were used to calculate theréifice between each
value and the total difference of a color betweea ink application. On a
typical scale, thAE* up to 1 means there is not perceptible differdmce
human eyes, from 1 to 2 there is a perceptiblesiifice thorugh close
observation and above 3, a perceptible differeheegiance exists (Oetjen,
2015).

AL* = L% — L3
Aa* =a; —a;

Ab* = b} — b}

2
AE*?* = AL*? + Aa*? + Ab*
Equations 1 Color space calculations

The basic colors of the CMYK model were evaluateding a
spectrophotometer CM-5 from Konica Minolta (8mmcdiSCI mode) at the
Unilever R&D Analytics Laboratory, on thd'4f May.

e. Robinson test

This test is used to evaluate deteriorative orggpta properties potential
(Barnes et al., 2007) and is applied to assessith@erformance. Aligned to
Regulation EC 1935/2004, a printing ink must natdpa deterioration in the
organoleptic characteristics of the food. The gdnsamples are stored in a
glass jar for 24 hours and an odor test is conduate 5-step rating system.
When the mean is equal or greater than the limiergi the material is
considered as unacceptable. This test is basdieanethodology EN 1230.

The Robinson test was run to approve the ink tige-(nigration, mineral-

oil free ink), regardless the final quantity us€de printed samples with both
ink applications from the feasibility test were ds® evaluate the odor
intensity. Six testers were required to carry aubdor test panel, defining
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an approval mean value above 1. The mean was atddulising the formula
below:

_ XX
X =—
n

Equation 2 Mean formula for Robinson test

f. Consumer survey

Surveys can help to perform a market segmentatatysis of a specific
topic in a quick and easy way, they can eitherd®muo measure consumer
satisfaction, detect product potential improvementevelop new products.
Consumers’ answers are translated into insightshiblg to correctly drive
into consumer’s perception, additionally, surveysyrbe useful to know
undisclosed consumers’ thoughts that are not sp waget from a first
approach and to identify unknown needs (Brewertal.2001).

Unilever performed an initial qualitative reseainithe UK market which
outlined a positive reaction to internal printirggtting first insights about
multicolor internal printing. For this thesis, anline survey was carried out
as the quantitative research with the purpose sésssng executions based
on different technical constraints.

The online survey was divided in three parts. Thet fpart required

respondents to provide some background informatmrensure that a
representative sample of the population has beéamnad. Two decision

questions regarding internal printing were presttiaied one more decision
guestion regarding uncoated external printing wase@ The purpose of
these inquiries was to get a consumer perceptierathbetween packaging
with and without internal printing. The second ppresented the four
designed artworks internally printed and an intynanprinted packaging,

the respondents were asked to rank three attribuddisactiveness,

Modernity and Trust. The images came randomly usnthe consumer
perception was always authentic. The last parthef durvey set the five
images together and the respondents were askéntse their top three.
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As described before, the online survey was usednamitial perception
assessment on the artwork concepts to study thaited feasibility implied,
it did not represent an artwork test nor an artwaritent evaluation.

Innovation process

It is important to mention that two innovation teelere required to achieve
a good survey performance: morphological chartmantbtyping. Both ideas
generation processes were developed before theeysuexecution,
considering the technical feasibility insights ected from the market
screening to the technical feasibility assessment.

The morphological chart is a technique based onb#wc functions of a
product (Suérez, 2016). Its visual aid boosts th#inuos ideas generation
and helps to discard incompatible alternatives,agbvled by logic and
feasibility. On the left side of the table the dint functions are listed and
consequently, different mechanisms to achievefthmttions are sketched.

Prototyping is an innovation tool where engineerd designers verify and
validate assumptions, calculations and first deossiin a development
process, all this through a prototype (Flick, 2000)the case of this thesis,
the developed prototype helped on the creationisfals, in this way, it
helped to answer the question “What does a constimmée when internal
printing is displayed this way?”

The two innovation tools” results are describedChapter 4. The online
software “Unipark” from Questback was used, 123imanisurveys were
collected from the ® of May to the 1% of May.
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3. Desk research

This chapter presents the results of the marketesang and of literature
research. A conclusion for each section is incluagedvell, containing the
main insights and its importance to the researgbctilies.

3.1 Market Screening

The first step was to set a benchmark and havekadn the actual situation
of internal printing commercialized on the markatlaxecuted for foods
products. Samples were collected and analyzed &taohnical perspective.
The technical execution of the artworks used onitiernal face of the
packages have been clustered into five differeatigs, depending on its
quantity of inks applied and content, as shown ahl& 3. The packaging
materials for each unit level were analyzed basethe packaging system
proposed.

* Primary packaging, considered the direct contacten# to the
product, it specifies the barrier level (Barneslet 2007). For this
thesis, a special focus on the closure was craegiahderstand the
barrier level effectiveness.

» Secondary packaging, as the carrier of the intgonating, it was
important to map the kind of board and printinghtemlogy used.

The following Figures contain examples of interpahting commercialized
in the food industry. They show a consumer unittammng several
individual units.

* The Figure 6 shows a fatty product from the condeerry category.
The individual unit has a plastic unsealed wrapper.

e The Figure 7 shows a dry powder product from theelsge
category. The individual unit has a plastic sealeabper.
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Figure 6 Internal printing in fatty product, confectionery

Figure 7 Internal printing in dry products, beverage
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The following chart presents the results of the katscreening. Products
were clustered by food category and formulatiomntithe primary and

secondary packaging materials were analyzed.
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Table 2 Market screening from technical perspective
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The following chart clusters the artwork executiobserved during the
market screening based on following parameters:

* Content
» Background
* Layout

e Quantity of inks used
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Table 3 Artworks clustered by content
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3.1.1 Conclusion of market screening

Internal printing is not an innovation in the marké has been shown that
this feature already exists in different food produwith different artwork
designs, therefore, brands from this market scregehave discovered that
this feature means an option to offer new valuatfa@mation of the product
(e.g. recipes), as way to promote other productsimply to include
promotion codes.

The secondary packaging development needs to @nsight during
opening, the frontal internal face can be displayeduch a way that the
internal printing has enough visualization. Thisamethat the panel with the
internal printing must be shown every time the coner opens the consumer
unit.

It has been observed that most of the products weri-pack: several
consumer unit per selling unit. This makes sensemthinking that the
secondary packaging need to be re-opened severak,tirepeating the
experience offered by the internal printing.

The primary packaging avoids the direct contactvbeh the substrate and
the food product. It should be noted that intepraiting already exists for a
wide range of products, from a fatty product sushchocolate to a dry
product such as tea or chewing gum.

Different primary packaging materials were obseprwederms of this thesis,
the food safety assessment was considered foruamralm based wrapper
and a sealed pouch or sachet.
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[tem Scenario 1 Scenario 2

Product Type Dried powder Fatty paste product
Individual pack style Sealed Folded
Individual packaging Foil sachet Plastic wrapper

material structure

Consumer unit pack Virgin board based folding carton

Table 4 Options range considered for this study

3.2 Literature research

3.2.1 Food safety

When it comes to food product, safety must be queaeal over its intended
usage period, from filling, over transport and age to initial opening of the
individual unit. For this thesis, the potentialgmation of substances of an
ink through the primary pack into the food prodiscthe issue in question.
An industry guideline has been proposed for evalnabf a printed food
contact material (EuPIA, 2008). The following scleedescribes the target
migration limits used in food packaging inks witlo formal Specific
Migration Limit and is based on the guidance depetbby the Council of
Europe for food packaging materials, in accordamitie the European Food
Safety Authority (EFSA) guidelines (Council of Epe 2007):

* In case the substance has no or insufficient téoggcal data, 10
micrograms per kilogram.

* In case the substance is demonstrated not to betayer, 50
micrograms per kilogram.

» If the substance is supported by favorable toxigicla data, a value
higher than 50 micrograms per kilogram.
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In addition to the guideline, an exclusion list safbstances that must be
avoided during the complete packaging chain andymton of printing inks
is given in the industry guideline (EuPIA, 2008).

To guarantee food safety, industries need to mkassessments to identify
the possible migrating substances that may mowethat food from external
materials. The tolerable daily intake values ar¢ Isg national and
international health organizations, considering ¢éx@osure time, hazard
level, hazardous characteristics and general copisoim habits of a
population. These assessments consist in migraésts using different
simulants depending on the type of food involveaing other factors such
as temperature and contact time are consideredgiration tests.

Type of Food Simulant
Aqueous Food 10% Ethanol (simulant A)
Acidic Food (pH <4.5) 3% Acidic Acid (simulant B)
“Ethanolic” Food 20% Ethanol (simulant C)
Semi Fatty Food Products 50% Ethanol (simulant D1)
Fatty Food Vegetable Oil (simulant D2)
Dry Food TENAX (simulant E)

Table 5 Simulants used in migration test (Flintgroup, 2017)

Nowadays, private and public research have denaiedtthat packaging
may face safety issues when protecting food, itdess shown that there is
a potential that volatiles migrates through or frpackaging materials to the
food product and literally, any kind of packageddaould present migration
unless they have a good functional barrier (Sigtiom, 2014).
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3.2.2 Migration

Since different packaging materials constantly comeontact with food
products, it is well known that chemical substaresending on the actual
material might be released and transferred frorkaoging materials into the
foodstuff over its shelf life (Barnes et al., 2007)

Aluminum is widely used and is known for its highnttional barrier,
however, its barrier properties are based on theitia closed (Figure 8).
Printing inks applied on packaging material suréageght have substances’
migrating into the food products even if thereas direct contact with food
(Siegwerk, 2015).

From a physics point of view, migration is a p&titand diffusion controlled

transfer process of small molecules, of approxifgdéss than 1000 Dalton
molecular mass (EuPIA, 2008). This means that lmleoular substances in
ink ingredients permeate through or from the paitigagnaterial into the

food. In addition, temperature can enhance a highigration rate as well as
the contact time (Begley et al.2008).

* Polarity » Packaging material
* Molecular size properties
« Molecular weight « Contact time
*  Affinity * Functional barrier
- Volatility (vapor pressure] ~* Temperature
» Concentration *  Humidity
» Diffusion * Permeability
* Raw material condition

Figure 8 Migration factors
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3.2.3 M echanisms of migration

The transfer of substances from the packaging mété¢o the contained food
product may happen in four different ways:

Penetration (physical migration). It is the transaion of a
substance from the substrate onto the unprinted sithbling a direct
contact with the food product. This is driven by emvironmental
condition change such as temperature, pressureroidity (Barnes
et al., 2007).

Set-off (physical migration). Commonly called “isible migration”,
it shows up when the packaging material is reeftestacked, so inks
substances have contact with the reverse side eofptkaging
resulting in a potential migrates transfer.

Evaporation and condensation (gas phase migratWmiatile ink
components, such as mineral or vegetable oils, rfrouethe printed
packaging material to the food product due to hegatiow molecular
weight compounds with higher vapor pressures véthpeate faster
in comparison with the high molecular weight compasiwith lower
vapor pressures (Ewender et al., 2013).

What is migration?

Penetration Migration ink

1 Penetration through the substrate to the H- l -F'J Substrate

reverse side of the print

- Ink

Set-off Migration T Wl e
set-off from the print to the reverse =
2 side while being stored in a pile &Ii =
= _ -~ Substrate

(*invisible set-off")

Vapour phase Migration
3 Volatilisation of compounds during
cooking

- -
.
Condensation Extraction . g Ln:wmm
4 Condensation of critical components » - -
when cooking/sterilisation
|

Substrate

Figure 9 Migration Mechanisms (Flintgroup, 2017)
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Finally, a risk assessment must be run for the patkaging system
considering its end use to ensure the innocuousmesise food product; an
overall migration test is always recommended (EyRBO8). For this test, a
simulant is used to measure the migration rate uth@gemaximum exposure
time and temperature reached of the system. The foeduct formulation

determines the simulant to be used.

3.2.4 Functional barrier

This property refers to the migrating substancekicton offered by a

packaging material. The reduction can either bawthorized substances to
below their specific migration limit or to a nottdetable level (Ewender et
al., 2013). Only a few packaging materials, sucglass and aluminum foils,
work as an excellent barrier to substances (Baghak, 2007).

The requirement of a protection against externaats can be explained in
a better way through the emerging concept knowrfiasctional barrier
doctrine”. This principle dictates that, if a subste is not part of the food-
contact surface of a package and is separatedtfrerfood by a barrier that
prevents migration of the substance to food, thHe: dubstance is not
reasonably expected to become a component of thod, is not a food
additive, according to the Food, Drug and Cosm&tic(Heckman, 2001).

3.2.5 Pinholes and fractures

Foil packaging materials face two main issuesptiesence of pinholes and
the fracture of the aluminum layer. Pinholes areised during the
manufacturing process of the aluminum layer (Murrd@05). Several
factors such as contaminants in the aluminum mgditration of particles
from lubricants and oils or rolling conditions enkba the appearance of
pinholes during the production process.
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Figure 10 Pinholes in foil wrappers (Murray, 2005)

On the other hand, fractures appear during thelimgndr transportation of
a package. They are caused because the energgdadpling bending or
folding is higher than the resistance of the matgiMajeed, 2012). The
average diameter of a pinhole is so small, thataktremely difficult to have
any transmission of oxygen and water (Murray, 2008grefore, any kind
of migration from printing inks is discarded as el

In the case of fractures, the permeation rate digpen the size and depth of
the rupture. As mentioned before, aluminum reprissarbarrier to the ink

migrates (Barnes et al., 2007). Consequently, liieisessary to determinate
if the fractures break the aluminum layer, leaving food product exposed
to possible migration.
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Figure 11 Fractures in foil wrapper (Murray, 2005)

3.2.6 Regulations

This section contains the regulatory frameworksther following markets:
European Union, Nordic countries, USA, Latin Amarand the Philippines.
It should not be considered as extensive for cotaplegions. This
information has been collected on May 2017.

To ensure a comprehensive coverage of the topg citmpulsory to know
majority of regulation involved in the countriesevk the final good is aimed
to be distributed. The standards relating to inkeduin food packaging
applications vary between regions and countriese Tihal regulatory

research will show the best general compliance asterand will help to

understand the whole picture of what is needed doiese. Below is

presented a review about the main regulations weebin the approval:
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a) European Union regulations

The legal bases are European Regulations by tregEan Commission (EC)
No 1935/2004 and No 2023/2006, they detail the aleequirements

regarding selection and use of materials and asticitended to come into
contact with food. Specific Migration Limit (SML)strictions are defined
by the European Food Safety Authority (EFSA) fobstances based on
toxicological evaluations followed by a risk managgnt decision by the
European Commission. For most of the accepted aubss, the overall
migration limit contained in a food product is 6@#kg (Council of Europe,

2007). Some countries work under their own legstatonsidered to be
aligned with the mains European Regulations andeiimes suggested by
EUuPIA.

Traceability is a general obligation derived frohe tgeneral food law to
ensure material can be easy to identify and, itladeeasy to recall. As is
known, an appropriate traceability system helpsnanistry to maintain a
high level of control over its production.

* Regulation (EC) No 1935/ 2004

Since 1976, this regulation has been the core frauriefor EU legislative
requirement regarding food contact materials. Tégulation states that all
those materials intended to come into direct orréntl contact with food
must avoid deterioration and changes in the comipasf the food.

In accordance with article 3: “Materials and a#g;l including active and
intelligent materials and articles, shall be mantifeed in compliance with
good manufacturing practice so that, under normédre@seeable conditions
of use, they do not transfer their constituent$otmd in quantities which
could:

v' Endanger human health, or

v Bring about an unacceptable change in the compasiti the food,
or

v" Bring about a deterioration in the organolepticrakteristics of the
food.”
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* Regulation (EC) No 2023/2006

A guideline that offers the requirements which kEhalfollowed to provide
the assurance of Good Manufacturing Practice. Ametk on Article 3,
“Good Manufacturing Practice (GMP) purpose is tewga that materials are
produced with the quality standards appropriaténédr intended use by not
endangering human health or causing an unacceptiidage in the
composition of the food”.

Additionally, this regulation details Good Manufaeghg Practices regarding
formulation, production, application and most intpot, handling and
storage in such a manner that substances fromrihieg surface are not
transferred to the food-contact side.

» European Printing Ink Association (EuPIA)

Founded in 2003 as a division of the European Gbahthe Paint, Printing
Ink and Artists” Colours Industry (CEPE), EuPIA tdiutes to the
packaging industry with frameworks safeguarding tiealth, safety and
environment (EuPIA, 2008). EuPIA has published goae documents and
other reliable information for their member compeand their supply chain
partners to continuously increase the awarenetigegbrinting ink industry
(Barnes et al., 2007). Some of the key relevane@sproposed by EuPIA
for ink producers are:

v' Comply with Exclusion Criteria:
o Cancerogenic, mutagenic, reprotoxic (CMR)
o “Toxic” or “Very Toxic”
o Sb, As, Cd, CR(VI), Pb, Hg, Se compounds
v' Purity requirements.
v' Operate under Good Manufacturing Practices.

The rules set out by the European Printing Ink Aggan are well-regarded
worldwide and include reference to commonly usetk Iof raw materials
that can or cannot be used.
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* Council of Europe

A committee of experts on food packaging matetalswn as the Council

of Europe (CoE) prepared a resolution on “Packamikg applied to the non-
food contact surface of materials and articlesnidéel to come into contact
with foodstuffs”. The resolution states that thle supplier is responsible for
the composition of the ink and every detail regagdimanufacturing,

traceability and used substances must be commedici&t the printer

(Barnes et al., 2007).

The CoE resolution is accompanied by three techmicauments (TDs).
TD1 provides a scheme and a list of substanceshyste printing industry
including an exclusion list. TD2 is a guide for @ddanufacturing Practice.
Finally, TD3 gives guidance on conditions to beduk® testing packaging
inks applied to the non-food contact surface ofdfgackaging materials
(Council of Europe, 2007). It is important to mentithat the resolution does
not apply when:

v' There is evidence that a substrate stops the nugraif any
component.

v Gas phase transfer and set-off can be excluded.

v Glass bottles, aluminum tins and corresponding rizdséeare used as
primary packaging.

» Switzerland and Germany

In Switzerland, a new regulation was issued in 20b6re a complete list of
substances used on printing inks is provided basdte inventory list given
by EuPIA and the Council of Europe. Such list statkat regulated
substances must comply with the Specific Migratiomits set in the EU
Policy Statement and non-regulated substanceseasdal if the detection
limit is up to 10 micrograms per kilogram. The Ldgtion is known as
Regulation SR 817.023.21.

A new law on food contact materials and articleB become effective in

May 1, 2017 (Safeguards, 2017). Under this lawdfoontact materials are
to be manufactured using the good manufacturertipesc described in

Regulation 1935/2004, the highlight related to phpard and printing inks
s of the Swiss law are:

54



1) For paper and cardboard articles, food must be tabbe separated
from these materials.

2) For printing inks, prohibited if these are in direontact with food or
migration of color occurs and may only be manufeguusing
substances in Annexes 2 and 10 of the OrdinantleeoFHDA on
materials and articles intended to come into camatt foodstuff.

In Germany, the Swiss regulation on printing inksdtioned as starting point
for a draft regulation including a list of substasavhich are approved for
food contact ink formulations. Such substances @pproved due to
evaluations by the European Food Safety Authontythe Federal Institute
for Risk Assessment. The non-regulated substan@gs be used if the
migration rate is under 10 micrograms per kilogfaod and if they are not
classified as toxic agents.

* Nordic Countries

So far there is no additional legislation on pngtinks. However, Denmark,
Finland and Norway request declaration of compkafwe all type of food
contact material, i.e. printing inks.

b) Americasregulations

Regulations across the continent are mainly guldethe Food and Drug
Administration (FDA) and are similar to the Europeguidelines and
standards. It is the FDA who evaluates and autesrilze substances in the
positive lists through very demanding industry ficditions and
toxicological evaluations (Barnes et al., 2007).

* Food and Drug Administration (FDA).

This governmental agency from the United StatesAwiferica oversees
regulating matters related to Health and Safegtuding food and all of its

related packaging materials. Food packaging inkiscaatings are typically
catalogued as Indirect Food Additives, in turn iadi additives are those
materials in the packaging that have no functi@figct in the food but that
may reasonably be expected to become componef®afor to affect its

characteristics (Gettis, 1995). Under this defomtiprinting inks are subject
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to FDA regulations and as detailed in the Food Ades Amendment to the
Federal Food, Drug and Cosmetic Act (FFDCA), a fadditive shall be
deemed unsafe unless it conforms to an exemptigegdation listing or an
effective food contact notification. However, tlstatement heads to the
discussion that if the packaging material showise@ barrier impermeable
to migration into the food product, the materialuktbnot be considered as a
food additive. This is known as the functional Bardoctrine (Heckman,
2001).

e Latin America Regulations

Mercosur countries (Argentina, Brazil, Paraguayiddray and Venezuela)
developed a regulation on food contact materiamsnas GMC ("Grupo
Mercado Comun’), based on the current EU and @dglations. One of the
most important considerations is that overall ntigralimit in Mercosur
countries for foreign substances into food is 5@kgfpod. Brazilian Health
Department issued two regulations for food packagmaterial: the GMC
framework Resolution DOU DE 20/05/99 provides gaheriteria for all
food contact materials and states that all magti@albe in contact with
foodstuff must achieve the positive list principleth foreign substances
migration rates below the limits. Resolution DOU B&06/2016 describes
the general restrictions for fiber-based food pgokg materials. Both
regulations describe migrations test using foodutamts, like the European
methodology.

Thus far, there has not been a specific legislatiotMexico regarding
printing inks nor food packaging materials. It igpected that there will be
new standards put in place by the Mexican Orgaioizdbr Standardization
and Certification which will be based on the U.8gulations (Siegwerk,
2015). The NOM-252-SSA1-2011 regards heavy mdtalss on toys and
works as benchmark for food packaging materials @ackaging material
ink matters.

56



c) Asanregulations

* The Philippines

In the Philippines, the food safety regulatory egstprotects consumer’s
health through the Republic Art No. 10611, knowrilees“Food Safety Act
of 2013”. In Section 18 it is stated that “The Rement of Health shall
ensure the safety of all food processing and progackaging activities”
(Siegwerk, 2015). Like the FDA declaration, prigtimks are considered as
packaging components that may become part of the & food additives.
The Bureau Circular N0.2006-016 contains a ligterimitted food additives
with maximum allowed amounts in different food caiges.
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d) Regulatory framework review

e Europe: Regulation 1935/2004, 2023/ 2006 & Swiss.La

Food contact materials should not transfer thensttuents to food in
quantities which could endanger human health, banginacceptable
change in composition or organoleptic charactesgsif the food.

* North America - FDA guideline 21 CFR Parts 173-178.

Food contact materials are catalogued as indirecd fadditives
“materials with in the packaging that have no fior@l effect in the food
but may reasonably be expected to become compookiusd”.

» Latin America - Resolution DOU DE 20/05/98lercosur members)
NOM-252-SSA1-2011Mexico).

Food contact materials migrates rate below limits.
* Asia - Republic Art No. 10611, Section [Bhe Philippines)

Packaging components listed as food additives midiximum allowed
amounts.

Food . Printing .
i Positive Positive
Packaging . Inks .
. ) List . . List
Legislation Legislation
EUROPE
European Union X X
Switzerland X X X X
Germany X X X X
Nordic countires X X
NORTH AMERICA
USA x X x X
LATIN AMERICA
Mercosur countries X X
Mexico X X
ASIA
The Philippines X X X X

Table 6 Regulatory framework
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3.2.7 Printing technology

Printing technologies offers a wide range of omido the paperboard
industry. Different visual choices and features\aell covered due to the
high flexibility of the board properties. The maarinting processes used in
this industry are offset, flexography, gravure prig and recently, digital

printing. After applying the ink on the surfacetbé packaging material, or
substrate, the drying process takes place. Diftenethanisms of drying can
be used depending on the final printed materialamithe technology method
used, for instance, evaporation, oxidative dryaigsorption and lately curing
systems, like UV and EB, have been developed with-tost benefits. It is

important to mention that during this thesis, cgrieystems are not
considered due to the remaining risk of uncontdbti@mnomers (Richter et
al., 2009).

» Offset This technique is the most used one for prinppager and
cardboard Food Contact Materials.

» Flexography Can be applied to all kind of materials usechim fiood
industry, such as plastics, metal and paperboard.

* Gravure Capable of detailed printing of high quality bomore
expensive (Pederson et al., 2012).

Ink rollers
Wamr- rollers Plate Cylinsar, Printing cylinder (impresson rolier)
l ;
R v Flesible Plate, _#7 N
[ W ) | =
@' 7 W Doctor Blada . \ ® ® | L
e | \ o
s I\ | e
1 o, A Plate Fountain Cyindery
Water /‘;_'____\ cylinder ! L i
/s b
{f A i,
@ 4—oOffset Blage - o
= \ /) cylinder 1
.\;{1 \:-=_—=-//. .
/.» = ¢ }‘ Anilox Cylindats " gtarite
Paper | W e ok Ty ¢ Ik tray
¥
L * Y Impression
/" cylinder

Figure 12 Comparison between printing technologies

Offset (left), Flexo (middle) and Gravure (right)
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3.2.8 Printing inks

Printing inks are crucial for the packaging indystolors help to easily
differentiate a product on shelf from another, tkayp enhance its benefits
and can help the consumers to notify about itsrdgiAmpuero et al., 2006).
When talking about food packaging, the ink topicsinibe managed under
specific supervision: toxicological and migratiommoperties must be
observed (Barnes et al., 2007), particularly reiggrdirect contact articles
where a specific risk assessment must be achieved.

For this thesis, two types of ink are considereadtifie food industry: Low
migration inks which are not used on a food-consi¢ and food contact
intended inks. It is important to clarify the diféece between direct and
indirect contact, direct contact refers to the makeintended to be in contact
or touching the food, while indirect contact isidetl as materials that might
come in contact with food, such as the outside agfsb boxes or cartons
(Gettis, 1995).

The major printing ink components are colorantsdbrs, additives and
solvents, the latter composed by mineral or vedetaib that tend to be the
most migrated substances (Richter et al., 2009)ek4i oil components must
be avoided in food packaging printing materialsause of its pronounced
migration potential, nowadays it is possible tositbte it by less hazardous
compounds, e.g. unsaturated fatty esters (Ewencér, 2013).

The European Printing Ink Association (EuPIlA) psbéd on 2015 a
guideline named “Suitability of sheetfed offsetrping inks and varnishes
for the manufacture of food packaging” where aftofeénks options for non-
food contact side packaging material applicatiorsuggested. Regarding
suitable solutions for the manufacture of food @atkg without effective
barrier, a low-odor and low-migration sheetfed maheil free offset ink and
varnish must be considered as long as they falfilthe regulation affairs
explained in the Regulatory Affairs section. Typligaevery ink layer is
followed by a varnish, to protect it from scratclaesl depletion, in terms of
food contact inks, food grade varnishes must bectad as well, with the
same low-migration properties. Suppliers offer logration sheetfed offset
inks formulated specially for printing on the odisiface for the food industry
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demands. These options must contain only speaigtable oils or fatty acid
esters approved in the EU for food contact (EuRRI24,5).

For intention of this thesis, UV cured inks are nohsidered as a relevant
option. This is because of a potential risk of urodled monomers
transmission rates into food. There have been adparted cases through
the years by some of the most important assocgtiegarding inks.

There has been done an overall market assessmeileritify potential
supplier of printing inks solutions for food contataterials considering four
printing technologies. The table below presentpbers with an offer for
inks for direct food contact packaging and of difeod contact inks.

Printing Technology
Offset Flexo Gravure Digital
low migration low migration

low migration low migration
Food contact | . Food contact | . Food contact | . Food contact |

B . inks non food | . . inks non food | . N inks non food | . N inks non food
intended inks N intended inks . intended inks . intended inks .
contact side contact side contact side contact side

Colorcon

Domino Printing Sciences
Doneck Euroflex S.A.
Epple Druckfarben AG
Flint Group

Follmann GmbH & Co. KG
Hubergroup

Janecke + Schneemann
LaSorgente SPA
Siegwerk Druckfarben AG
Sun Chemical

Zeller + Gmelin GmbH

Table 7 Suppliers of food contact intended inks (EuPIA certification)

3.2.9 Consumer experience

Consumer’s preference is the main aim of everyywiodievelopment and in
a high-competitive sector such as Food, produatsl ne be differentiating
from their competitors (Ampuero et al., 2006). Tomsumers may evaluate
a product when they purchase it and when they coasr use it, this means
that the perception of quality is created bothhat point of purchase and
during use (Lofgren et al., 2005). Consequentlg, quality attributes of
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packaging must be designed for displaying qualithlwhen on the selling
point and during the consumption. The consumermpee with the product
and package use after purchase is equally or eware mmportant for
customer satisfaction (Olsson et al., 2010). Thiknown as the second
moment of truth, the moment when the consumer usassumes and
disposes or stores the packed product.

Every consumer, no matter its preferences, hasia camnmon point: the
opening experience. This moment can be a key factoincrease the
consumer perception of the product, convertingraermal printing from a
practical benefit into an emotional payoff (ZeitHarh988). An effective
execution can achieve a brand distinctiveness aind growth, and at the
same time, unigueness and prevalence.

3.2.10 Conclusions of literaturereview

Safety is an essential requirement in the food strgu The food product

formulation is as relevant as the packaging mdsetised, so only by having
full visibility of all production steps and the ertided end us, a relevant
assessment can be done. This must be assesseduatiwcase by case

considering its specific situation and the Regalatheeds, for instance,
Regulation 1935/2004 in the European Union.

When a project involves activities where any ofsthdevels may be
endangered, an exhausting assessment to minimizeaarol the threats
must be managed, as recommended by the risk assgssxpert. An overall
migration test is always recommended as a methetsare the migration
rate is below the specific limit.

Functional barriers increase the food integrity prelzent contamination by
the inclusion of functional barriers into the pagikey assembly. As
explained by Ewender et al. the most favorabldgeggsato reduce or prevent
migration of chemical contaminants is the use atfional barriers, that can
be in the form of an inner linear bag or a barceating. In the case of the
packaging system proposed for this thesis, the gginpackaging of the
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individual unit needs to prove that it offers athrotection level to the food
product.

The technical options have been described and ifferethce between a

regular ink and an ink with potential direct foazhtact have been explained.
The technical feasibility needs to consider variglesnents during its testing,
for instance, the kind of substrate to be used tfgnk and an evaluation of
the printing technology.

Regarding technology, offset is the printing tedbgy available today to
print folding cartons in all regions, therefore, ianrdepth discussion took
place with various supplies in this field. To dosaitable comparative
technical assessment, it was important to only idensprinting inks

formulated for the food industry application, catesing UV cured inks out
of scope.
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4. Results of primary research

This chapter presents the findings from the difierpieces of primary
research on: (1) food safety assessment, (2) temhi@asibility of internal
printing and (3) consumer perception of technictlvark execution based
on certain limitations. The implications of theearsch results are discussed
in Chapter 5.

4.1Food safety assessment

A food safety assessment was run for a productiwfoienulation range goes
from a dry powder to a fatty paste. Two scenariwgtie packaging system
need to be considered, as presented in Section 1.3:

* Powder in an aluminum-based sealed sachet in anfptrton
» Fatty product in a plastic folded wrapper in a fiotfdcarton

4.1.1 Barrier assessment

As mentioned before, one of the primary packagmgsered during this
assessment is a sealed aluminum based sacheth@imécal barrier offered
by Aluminum can be discarded if pinholes or fraetuhappen. The average
diameter of a pinhole is so small, that it is extedy difficult to have any
transmission of oxygen and water (Murray, 2005)er€fore, any kind of
migration from printing inks is discarded as well.

Pack format: Sealed sachet.

Following the Burst testing method, there has baéficient measurement
data available confirming that a sealed aluminusetaachet is sufficiently
well-sealed. Seal integrity can be guaranteed conaistent basis.
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Pack format: Unsealed wrapper

In non-sealed packaging, it is apparent that mignatia gas phase cannot
be excluded and this meets to be considered. Tesssnigration through
this packaging material, a three-step approachtakas.

Step one:

Prescreening of a sample size of minimum 10°000pssmwas taken to
identify samples showing a potential risk of le@kiThese samples were
storage at high temperature (45°C) as a worsts@s®ario. After one week,
23 samples were identified and used for an in-depsessment.

Step two:

The preselected samples were considered to hamersdractures and were
analyzed through microscopy to assess the effgakaging process on the
material and consequently, a possible negative ¢impa its functional
barrier in the folded corners.

Due to the functional barrier offered by the aluanmmlayer of the wrapper,
it is compulsory to evaluate the level of protectmffered by the primary

packaging. The shape of the specific food produatuated on this thesis
makes the corners and folds more tempted to thisada. Fractures were
found in some of the corners, with aluminum rupgufeom 520 pm to

2250pm.

Step three:

The shape and location of the fracture could a$ eelidentified and the
respective machine pack material interaction captuand outlined. This
helps to ensure that controls are provided and feowouality assurance
perspective, prevention of occurrence. Therefohes tallows that the
structural properties of the primary packaging makean be guaranteed
throughout the shelf life of the product.
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4.2 Technical feasibility of internal printing

4.2.1 Expert interviews

The takeaways of each interview were:
* Ink supplier

The ink supplier outlined the reason of having ecg solution, there has
been an increasing demand for this market. Regarthie ink solution,
technical matters were discussed, for instance, pmkperties and
composition, benefits and threats during the appba. Questions on topics
regarding feasibility, supply chain, applicationsdaartwork design were
discussed. The interview was a good opportunitydtch real examples of
application of the solution ink on current produds their portfolio.
Additionally, the ink supplier recommended to runRabinson Test to
determine the effectiveness of the in as a low-atign option.

« Convertor

The interviews put on the table vital insights frtra two of the three pillars,
they have been working with internal printing foz@uple of years. Their in-
depth knowledge helped to remark topics duringptirgting and die-cutting.
The technical feasibility was discussed, the caiovesdvised that crease
lines need oversight because some inks used okinldi®f applications may
have quality issues. Internal artworks developnregds to consider the
same tolerances and concerns as with external egwo

* Consumer insight expert

During the interview, an initial review of the camser perception objectives
helped to get first insights on how to approackdnsumers, depending on
the kind of information needed is the way a suruwayst approach. The
recommendation of Unipark as a robust and freevené helped to get the
survey done, as well as other tool such as Wowléhie word map. This
way, an online survey with specific questions wadthup to get vital
consumer insights with the support of the expert.
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* Risk assessment expert

After presenting the scope of the thesis and thekamng system
involved, the risk assessment gave their insigbgsnding food safety.
During the interview, it was planned to assesspitmary packaging
from a previous leakage assessment to evaluateffinet of packaging
process that could lead to a functional barriarass

4.2.2 Feasibility test

The parameters and characteristics selected fobdhed and the ink are
featured below. Only one supplier was reachedanthk test because it had
both options available by the time of this thekiswever, it is not the only
supplier with ink options.

Board properties

» Virgin board based

* Grammage: 225 g/m?

e Thickness 0,40 mm

* Coated on the outside, uncoated on the inside

« Base color: White opaque on the outside (CIELal®8%* 0,9 b* -
1,3) and slightly yellow on the inside (CIELab L1 @* -0,2 b* 9,3)

* Printing method: Sheetfed Offset

Food contact intended ink properties

e Supplier: Epple Druckfarben

* Name: BoFood Organic

» Potential direct food contact

* Low migration mineral oils free ink, suitable fdret food industry
e Low-odor binding agents

* Density of 0,6 for the primary colors (CMYK)

* The overall migration values are below limits
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Low migration ink properties

» Supplier: Epple Druckfarben

* Name: BoFood

* Not-intended food contact ink

* Low migration mineral oils free ink, suitable fdretfood industry
* Low-odor binding agents

Machine behavior for both inks was similar, no isigue was reported. The
test proved that the tested ink is technically iftdasfrom a machinability

perspective. The following figure shows a comparisgetween the ink

applications.

BoFood application on the inside

BoFood Organic application on the outside BoFood Organic application on the inside

Figure 13 Inks applied on both sides of the board
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4.2.3 Color space assessment

Following the methodology described in Section 2.8, the color space
measurements of the potential direct food contakt(BoFood Organic)
samples and the regular ink samples are reportédeomable 6. The Lab*
values for Cyan, Magenta, Yellow and Black coloeravobtained for both
inks applied on the two substrates. The resultgvghat the printing quality
of the tested food contact ink is acceptable, h@nethere are important
differences compared to the regular printing inktlo@ outside. A graphic
explanation of this test is shown in the Appendigt®n of this thesis.

Yellow Cyan Magenta Black

L* a* b* L* a* b* L* a* b* L* a* b*

BoFood Organiconl oo s 35 379 844 -160 -13,0 667 254 29 671 43 -34

the Outside
Bofood Organiconl oo o3 365 s46 -13,9 17 690 191 87 688 -41 43
the Inside
Regular ink on the
. 885 -1,7 51,3 742 -190 -238 673 336 -74 530 01 -09
Outside
Regular ink on the
Inside 8,6 -1,9 561 733 -203 -139 662 324 -27 568 -02 6,0

Table 8 Color space results

4.2.4 Robinson Test

The testers indicated the odor intensity by smgliive headspace of the jars
containing the samples. The odor intensity wasednkrough the following
criteria:

* 0: No perceptible transfer of odor

e 1: Transfer of odor just perceptible (still diffitto define)
e 2: Moderate transfer of odor

» 3: Moderately strong transfer of odor

* 4: Strong transfer of odor
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During the interview with the convertor, they comrtezl that this method is
used in one of their current internal applicatigminting out that the
organoleptic properties of the food product musenehange. The samples
tested all used the same board, the ink applicatim@re:

* Low migration ink printed in feasibility trial

* Food contact intended ink printed in feasibilityakr

« Low migration ink from commercialized product, slipg
separately

Four stripes of 3,0x 1,0 cm of all three internadhynted boards in every jar
were independently stored for 24 hours using amedum layer to close the
jar. The mean reported values of the 6 testere@thiree inks were below 1,
meaning that there is not perceptible transferdairan any of the three inks
applications. The tested food contact ink does segm to influence
organoleptic properties of the food product.

4.3 Consumer perception of internal printing

4.3.1 Survey input

The collected technical feasibility insights frohretmarket screen and the
feasibility assessment were translated into teethmoncepts to assess the
consumer perception impact through a survey. Theinsights will help to
understand the level of differentiation offeredibternal printing compared
to an internally unprinted board.

As explained during the Methodology Section, beftite survey it was
necessary to develop conceptual artworks basedeaiet¢hnical briefing. To
achieve this, two innovation tools were used.
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Morphological chart

Based on the technical feasibility insights presgigucollected, four
functions were examined: background, content, lagod quantity of inks.

» Background: Determines the base of the final irgtepninting
« Content: Represents the message to be communicated
* Layout: Determines the arrangement of the content

* Inks used: Defines the quantity of colors to beduse

Different options for each function were sketchedt @nd the ideas
generation started to build up the technical cotscepo reach suitable
artwork concepts, a graphic design agency wasedutiefith the technical
concepts and developed with the artwork concepts.

This was an unbranded test where the wording wpsdansistent, on any
of the concepts to avoid consumer’s bias. It isoigmt to mention that the
concepts were used to assess consumer perception tfre technical
feasibility insights, they were not designed to used for an artworks
evaluation.
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Table 9 Morphological chart developed and code names for artworks concepts
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Creation of visuals

One physical packaging prototype was developee tased in the consumer
online survey. To have an excellent visualizatibthe developed artwork

concepts, the protoype was designed to be openadvay that the frontal

internal panel showed the full graphics, as lelioth the market screening.
The final prototype had the following charactedsti

* Board used: Current material (same characteriacthe one used
for the technical feasibility assessment).

* Shape: Folding carton (L: 10,3cm, H: 3,5cm, W: 6cm)

» Both sides without printing

» Filled with 26 sealed orange sachet (L: 6cm, Hc@,5W: 0,4cm)

Figure 14 Prototype used to show the developed concepts

Regarding the content on the artwork conceptdgeitienical insights pointed
out that text and icons are tended to be usedeimiarket, as well as more
“plain” concepts are also well-exploited. It wasaaiged to use a generic
wording, when needed. The final wording relatespgiekaging concept to a
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food product in an “organic” way, therefore, théldwing text was used in
spanish (translation down below):

“Buen sabor, naturalmente”

Buen sabarthat means “Good flavor”, stands for the objeztf the final
application, being a relevant claim for any foodgarct.

Naturalmentethat means “Naturally”, stands as an excelleniclar any
food brand enhancing the natural origin of its edjents.

Finally, the concepts used on the creation of \&swere as following:

Concept 1 Concept 2 Concept 3 Concept 4 Concept 5
Cooking book Foods 2,0 Steam Call to action Plain

Figure 15 Concepts developed for consumer perception assessment

The images were taken under predefined settingsiader controlled light
conditions.

To facilitate the analysis, the answers were ctastanto five different
categories and results are presented using chadtplats. The questions
used on the survey can be consulted in the Appesadition of this thesis.

1) Demographics: Explains the statistical data of thepondents,
showing age category and gender. As seen on thkssesround 50%
of the respondents belong to the range of 21-30rsye&his
generation, known as “Millennials”, showed more heisiasm to
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answer the survey. This may mean that they are mtwrérying new
products and therefore, may represent an integestarket.

FEMALE MALE

52 MMM dié 25
23 ki #é 18
71 i 6
21, i S

Figure 16 Answers to question 1 & 2

Monterrey
22.8%

Other cities
{Q 10.2%

Leon
6% "
[:5‘) Mexico City 0
?y 52.5%
&
Toluca
8.5%

Figure 17 Answer to question 3
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2) Habits: Explains the cooking habits of the respotsieshowing how
often do they cook and to who do they use to cook.

COOKING FREQUENCY & OCCASION

More than 7 times/ week -

Up to 6 times/ week

For who

Frequency

® Family, friends, couple, etc. ® Myself B | never cook

Figure 18 Answer to question 4 and 5

3) Products preference: From question 6 to questioegspondents were
asked to choose the packaging they consider maracie. In
guestion 7, they were asked to write a brief dption of the reasons.
The attributes were selected and plotted on a “wtodd” using the
softwareWordle this plot gave more distinction to words appeagrin

more frequently.

From the packagings below, which one do you fincerattractive?

Figure 19 Answer to question 6
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Please, write briefly the reaso&panish answers (left) and english translation
(right).

attractive

informative  atencion eautiful

.l.colori’dlllo : Zoes ’ .
wa rac I = "i”“lg:E % informative
.g £ bonito % rum.yE colorful
7] —] ‘@ @

Figure 20 Answer to question 7, using software Wordle.

From the packagings below, which one do you fincenattractive?

Figure 21 Answer to question 8
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From the packagings below, which one do you fincenattractive?

88% 12%

Figure 22 Answer to question 9

4) Artwork concepts attributes evaluation: From questiO to question
14, respondents were asked to rank three attribAtésctiveness,
Modernity and Trust, Attractiveness evaluates #well of empathy
and “eye-catching”, Modernity evaluates how innoxeathe concept
Is and Trust stands for level of confidence biiftese attributes were
ranked under a five points scheme where:

e Totally stands for a complete approval of the evaluatieibate.

» High stands for a major approval of the evaluatedoaitei.

* Regularstands for a medium approval of the evaluateatt.

* Lowstands for a minor approval of the evaluatedhaite.

* Nonestands for a complete disapproval of the evaluatiibute

The pictures came in a random order every new guiResults are
presented below under a predefined order. Thevaolig chart presents
the answers to question 10 to 14, next to the qunueture is a radar
chart presenting the percentage of respondentsafisagned one of the
five ranks to the selected attribute. For instaB@8sp of the respondents
assigned théligh ranking toAttractiveness27% assigned theegular
ranking to Modernity and 16% assigned th&otally ranking to
Confidence
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Concept Attributes results
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5) Artworks concepts preference: Finally, respondevese asked to
choose their top three among the five artwork cpte¢hrough a
forced ranking, choosing one excellent concept, gmeat concept
and one good concept.

Excellent| Great Number of
answers
Cooking Book 96
Foods 2,0 -
Steam yot
Call to Action 2 9 24 15
Plain ) 5 13 -
-1st place

2nd place
3rd place

Table 10 Preference results
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As shown on the table, it is hard to define the ttuge selected options.
Therefore, it was convenient to ponder the resadt®rding to the position.
For instance, thd&xcellentcolumn was pondered with a X3, tli&reat
column with a X2 and th&oodcolumn with a X1. In this way, the top three
stated as:

Top Three preferences

Foods 2.0 Cooking Book
257 247

Figure 24 Concepts top ranked

The survey worked as an interesting consumer pgocegssessment, helped
to translate the consumer perception of the artwaohcepts of three
attributes ranking them. Finally, by putting trencepts together forced the
respondents to choose three. The results of thiegand its analysis are the
core of the recommendations to be given to Unile@Gansequentially, are
to be discussed in the following Chapter alongtieaest of the assessments
results.
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5. Discussion

One of the aims of this thesis is to provide thestmner safety inputs to take
into consideration when designing a consumer pacgawith internal
printing. The packaging systems taken into conaiitan for the thesis are:

Figure 25 Packaging systems

e The consumer unit is always a folding carton

* For individual contained product, two options h&een considered
v" A sealed aluminum based sachet with a dry powder
v An individually wrapped fatty product

In case of a fully sealed aluminum based sachdbdhger assessment leads
to the conclusion that both material as well asestgn be considered as

83



sufficiently protected against external influengashis case any kind of ink
can be applied on the substrate.

In case of the individually wrapped product, the@axed test procedures
helped to outline the root cause of potential leglareas which have been
identified in a small sample size (23/10°000 sasipl&his is particularly
relevant as on those wrappers where a fracturerasept, a potential
migration through gas phase may occur dependirtgeformulation of the
food product and the functional barrier of the radmminum based layer.

From an overall risk management perspective, ité®@mmended to run an
overall migration test to determine the impactrattures with the potential
migrant substances of the ink. Even though botk ri&im low migration
properties and a mineral oil-free formulation, Hadety of the food product
needs to be assessed. In parallel, a performarmdeadion of the production
lines is suggested, focusing on the packing opmrafis it was proved in the
assessment, the primary packaging material is tetalsuffer fractures on
the corners, so this potential issue must be cletran a separate machine
evaluation.

In the food industry, the use of virgin fibers écommended over recycled
boards. Board is not a functional barrier (Barnealg 2007). In terms of

packaging for food product, it is highly recommeddiee use of a functional
barrier between the board and the food producigdawgpdirect contact. The

kind of barrier would depend on the formulationtbé product, ink and

environment. As shown in this market screeningiait go from a folded

wrapper to an aluminum capsule.

Within the respective test set up internal printiagtechnically feasible.
During the machine run, no critical point in ternfsoperation window and
overall machine efficiency could be observed. Hosveevery food contact
ink needs an in-depth assessment, including tla¢ dirtwork as well.

Based on the respective ink formulation and difietgpe of pigments the
visual appearance is different. Following two diéfieces are distinguished.

* Brightness and color saturation are different
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» Colors show different hues, particularly dark celor

The overall inside-printing visual differences pEved can be explained by
comparing the CIELab* measurements of Food conmtéended ink on the
inside against the Low migration ink applied on ithsde:

Food contact intended | Low migration ink on

ink on the Inside the Inside AE*
calculation
L* a* b* L* a* b*

85,03 -5,3 36,75 86,6 -1,9 56,1p19,72870498%

84,6 -11,93 1,7 73,32 -20,26 -13,920,9981951¢

68,98 19,08 8,69 66,18 32,42 -2,7117,7695132%

Al =10 <

68,78  -4,09 4,32 56,84 -0,19 5,9¢ 12,667407

Table 11 AE* calculation results

The scale oAE™ states that:

* Avalue below 1 means there is not perceptiblestkifice by human
eyes.

* Avalue from 1 to 2 means there is a perceptibiierdince through
close observation.

* Avalue above 3 means a perceptible differencegidrace exists.

To have the same visual perception in internaltimgn aAE™ value must be
below 3. The higiAE™ values mean that the colors have a very diffeere
and brightness, mainly depending on the substrader&k properties. This
does not mean an application is wrong or right,nitention of this test was
to quantify the difference. For instance, one iokld be perceived different
on the internal uncoated side of the board ancerexternal coated side of
the board. This methodology proves to be effediivetandardize the color
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perception, it can be used for every other ink i@ppbn comparison
regarding internal printing, so it is good to bepkén mind for further
research.

Considering the calculated values from Table 9 Atiebetween the black
color on the outside and the inside is significahtgh: the difference in tone
and lightness is easily perceptible. This diffeeereimportant to be taken
into consideration because affects the generaldbdark color. It would be
interesting to test what is needed to get a ra&ltdae on an internal printing
or at least what is needed to reach the similaL@lBsalue for a black color.

Overall interaction between internal ink and crelases did not show an
initial issue, however have been mentioned astealripoint to consider.
According to the expert's advice, crease linestheemain concern for
internal printing because inks may present cracking layer loosening, for
instance, dark colors appearance may lose effedsse therefore, it is
recommended that text and dark tones not to beease lines. This issue
needs to be considered when inner side artworkgesigned, because the
level of definition may be lost on crease linesisTiopic can get a deeper
research, where different inks are applied on diffesubstrates, or changing
the force applied during folding.

Robinson test value was reported under 1, meahatghe ink odor transfer
is below the perceptible threshold. This means @ first approach, the
printing ink fulfills the low migration requiremeniowever, a more extent
panel along with a sensory panel is recommendegutbantee that the
organoleptic properties of food products will ndtange. No matter what
kind of substrate, ink or material is being usethm packaging system, the
organoleptic properties of the product must remamalterable (EuPIA,
2008).

These technical insights were obtained under soméefined conditions,
for instance:

» Offset printing was chosen as the only printinditedogy to assess,
as all current packs are using this print technpkgd this would be
the first viable change. More research time is edef run more
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possibilities. The same methodology used throughttiesis can be
used as baseline.

Ink supplier has been selected based on the nowéliyolution
offered, as direct food contact inks for sheetféded have been a
recent development.

For comparison reasons one board type has besstextto compare
conventional ink for food contact material with avel direct food
contact ink.

The results from the survey ran for this thesisigha relevant insights about
the consumer perception based on the artwork dkfing technical
parameters, for instance:

The positive reaction towards internal printed patk consistent
across regions (UK qualitative study/ Mexico quiatitie study)
During the top-three question, the unprinted coh¢ak.a.Plain)
showed lower scores than options with internaltprgy This means
internal printing influences consumer perception.

This reaction changes per the concept evaluateeh Bwery basic
print as in the concepall to Action,with a basic text received a
higher score than unprinted.

The top-three question also helps to understandreéhetion on
consumer perception to an artwork concept withelmemore inks
applied. A fully printed surface is preferred oaesimple or one-ink
artwork concept. The crease lines constraint meatddefore needs
to be considered, as previously mentioned.

If an artwork is to be designed with more than ¢hneks, it is
recommended to avoid text and images on creasedime the use of
dark tones on it.

This assessment put on the table the first consimsghts from a specific

target market. Consumer perception changes ardwndarld, so a similar

assessment is recommended to be applied in diffenankets. As it was

shown, firstly the technical feasibility and consmsafety insights are
required to run a complete consumer perceptiorsassnt, adapted to the
food category, product and consumers.
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6. Conclusion

The conclusions and recommendations for furthekwaoe shown in this last
Chapter. Internal printing for a food packaging laggtion was evaluated
from three lenses: consumer safety, technical bdagi and consumer
perception, in this way the purpose for this thesisld be achieved.

Firstly, the technologies were mapped and the &addty requirements set.
Secondly, the initial technical feasibility assess@der defined conditions
and materials for the specified food product rangmally, technical
concepts were developed and used on a consumeepgerc survey,
bringing insights from a specific market about intd printing. With all this
collected data, recommendations are offered toevail for future work.

The findings from the market screening showed ititatnal printing exists
in the food industry. The packaging system contgninternal printing
always consisted of a consumer unit with one ottigielindividual unit(s),
every individual unit contains the food productff®ient artwork designs
were found and clustered to be used as benchmaffkrtber activities. It
was observed that direct contact between food tathd substrate does not
exist. This initial observation worked as the flsshchmark prior the primary
research as captured in chapter 4 of this thesis.

The literature research collected the necessawgy tdastart answering the
research questions. To answer the questiaat legal/ regulations applyi®
could be shown that there are specific regulatogtaitt which varies
depending on the region and country were the fgwdd is to be sold,
however, the basis to achieve safe food productsoiesumption is the same
all around the world. There are overall legislatlmodies recognized at a
regional level, such as FDA or the Council of Ewopence there might be
a need to cluster regions from this perspectiver pmogressing future work.
Additionally, it is important to mention that regtibns around the world
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may have modifications from time to time, therefotlkey need to be
monitored through the development of a product.

The theoretical framework was used to solve thestuehow to ensure
consumer safety of the producthe research both from literature as well
from the expert interviews clearly outlined thaerh is not one standard
answer, however that the final use needs to beidenesl in the assessment.
This means each execution needs to have an in-dspdssment including
an overall migration test once the final artwork¢sjeveloped. This ensures,
in the best possible way, offering to consumer aatédifferentiated product
into the market. As discussed in the section beftire integrity of the
primary pack needs to be ensured in cases a doedtcontact has been
identified as a consumer safety risk.

Some questions were answered through the literaesearch and the
experts” interviews as a first approach, this wesdase for the question:
what are the technical optionsthe Packaging Industry is wide, so it was
necessary to narrow down the technologies and mupplThis thesis only
considered the offset printing technology and el assessment for a
direct food contact intended ink and a low mignatiok for food products,
both printed on the same board.

The initial assessments of the mentioned scenar®guite promising. In
the next steps, it is recommended to Unilever &pda the assessment of the
both described executions and to evaluate othettipgi technologies,
suppliers and the application of other direct idih food contact suitable
inks.

Regarding technical feasibility, the thesis shovleat internal printing is
achievable under the current specifications of plaekaging materials.
Thanks to the experts” interviews and technologmsuting, it has been
verified that convertors and ink suppliers are usedvork with internal

printing in the food packaging industry.

The answer to the questidvhat is feasible for the required applicatiocén
only be provided in a specific project context takthe final artwork, the
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food product, its manufacturing process and primpagk quality into
account. At the same time, a clear approach amps ste how to assess this
on a case by case basis has been outlined andilistd®. Internal printing is
nowadays feasible and safe, thanks to the appmicadi available low
migration inks, this thesis discussed the applicatif a direct intended food
contact ink for two product options where the indial packaging is
contained in a sealed sachet or folded wrapper.

Thanks to the insights obtained by using the refearocess, a more robust
answer could be offered to the questimmat influences consumers’
perception? It was outlined that inside print does help to éasm
differentiation and that there are multiple waysdasight consumers when
comes to internal printing. This assumption wastlifrpresented during the
gualitative study done by Unilever, where consunstiewved a preference
for a fully printed folding carton over an unpridtene. This thesis provided
a confirmation to that study through the surveyuitss The technical
developed concepts pointed out that consumers are hikely to have an
internally printed folding carton, specially a fulinulticolored printing.

This first information is crucial and can be usedhform further research. It
is important to note that the artwork itself hasydmeen used to assess if
different technical constraints have a strong erfice and based on the
consumer feedback this cannot be substantiatedhatresearch result. This
allows future work a large degree of freedom aretls¢o be considered as
a key enabler — as there is not a constraint fweaific ink type. For future
research, it is advisable to focus if reactionrapdyics are:

» Specific to consumption habit of a food producaimarket
* Influenced over time
* Specific to a certain consumer segment.

The final research questiomhat is their reaction for an initial graphic
concept designed through technical and safety denstions? was

successfully answered at the end of the theside@ilg the first insights
and gathering all the collected data from the mewi activities and
assessments was tough, but at the end, it was yvoftmanks to the
innovation tools used for the artworks conceptsatioa, the survey was
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useful to achieve the purpose of the thesis and eware, a robust set of
recommendations were offered to Unilever for furttiscussions.

The discussion part contains the insights leaomhfthe survey, at the end it
is fair to conclude that internal printing has mpact in consumer perception
and it is preferred over internally unprinted pagkg. Internal packaging is
an interesting feature that can be used to incrgseonsumer experience
during the consumption.

There is evidence to say internal printing is achire, as there are available
options on the market. At the same time this da#sallow the conclusion
to state that internal printing is achievable fdiragpplications and hence
every internal printing scenario needs to go thioagimilar evaluation one
case at a time.

For every approval, a list of conditions needs éontapped and evaluated,
for instance, legal framework, food product forntigia, primary packaging
material properties, secondary packaging propetyps of contact, printing
ink properties, etc. As seen, a considerable nurberariables must be
analyzed before the product goes into the markdier&fore, the
recommendation for the food industry is to analyeeinternal printing case
by case and one step at a time.

This thesis only considered a specific series ntidmns over the vast world
of possibilities and solutions the Packaging Indusffers. As one expert
commented during one interview, five years agoeriml printing was
limited to some technologies (e.g. inkjet) on sosabstrate and was not
available for every food category, for instancegatld only be found on
cereal boxes containing a serial number. Nowadeysrnal printing is
frequently used in the food industry, this allowsoaclusion: there is value
of creating an enhanced experience through ingidéng which is relevant
to the printing ink industry, who is working on sa$olutions, to brand
owners, who invest into internal printing while anag consumer safety and
the consumer, valuing the enhanced experience figatedly purchasing
those products and/ or willing to pay a higher @ric
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Appendices

A. Lab* color space diagram
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B. Detailed Color Space plot: A* b* chromaticity
program
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C. Online Survey

Questionnaire

1 Standard page
Selecciona fw edad
Merce it 20 i 230 s T 40 o £\ %0 s 51 B0 e i de 72
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0 Fammning O aricing
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s e e de 2
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Cuando cocings, ipara quien o haces?
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o i

De kos siguientes empagues, £cudl encuentras mas atracioT

Par Faver, comenta brevemente par quéd
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Por favor, selecciona una opcion. éCual te gusta mas?

Excelente

Empague 1
Empague 2
Empague 3
Empague 4
Empague 5

Empague 1
Empague 2
Bien Empague 3
Empague 4
Empague 5

Empague 1
Empague 2
Intermedic Empaque 3
Empague 4
Empague 5
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