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1 Introduction

1.1 Background

1.1.1Food packaging and the current conditions

EU Directive 1994 through Packaging and Packaging Waste Directive 94/621&fhed
packaging asiany material of any nature thatused for the containment, protection, handling,
delivery, andpresentation of goods, from raw materials to processed goodsthfegpnoducer to
the user or the consum@Concerningood, thepackaging is closely related to daily life as much
as food, since a person typically consumes fihoeletimes a dayMarsh and Bugusu, 20071n
general,food packaging is necessary to protect food from potential damage artdnded
conditions, to conta food, and to inform consumers about nutnal values, ingredients, as well
asthebestbefore datelacovidou and Gerassimidou, 2QMarsh and Bugusu, 2007; Petersén
al., 1999). Lately, it is found that food packaging also setpmpanies and consumeesmprove
convenience and traatlity of the food products along witl reducethe risk of fraudRRobertson,
2018;Marsh and Bugusu, 2007).

Among all food packaging materials used globagtiasticis indeedmost widelyused(Yaday,
Mangaraj, Singh, and SimraB018; PeelmanRagaert, Verguldt, Devlieghere, De Meulenaer,
2016; Molenveld Van den Oever, and Bo2015 either for singleuse or in combination with
other materialsconsidering its flexibility resistance towariousconditions less breakableand
lightweight characteristicsJ(ark, 2018;lacovidou and Gerassimidou, 20Marsh and Bugusu,
2007).Consequently, plastic productisisesevery year(Putranda, 2017)it is in line with the
evidence revealinghe manufacture of plastic worldwidearlyincreasedip to 350 million tonnes
in 2017 (PlasticsEurope, 20180n the other handlasticcontributeso large quantities of total
municipal solid waste (Singh and Shrea, 2016) Since it is hard talegrade(lacovidou and
Gerassimidou, 2018olenveldet al, 2015, plastic is predicted to stay permanently in landfills
damaging the ecosystem (Clark, 2018). Another issue regarding pisetidormpackaging is the
feedstock used to manufacture plastic, petroleum, is onleeafonrenewable sources (Clark,
2018;Molenveldet al, 2015.

1.1.2Sustainable packaging

In supportingcircular economy and mimizing the harmful effects of plastics in the use of food
packaging materialglternative actiongncluding modifying packaging materiaksre gradually
takeninto accoum (Ramos,Valdez, and Garrigo2016) In the Netherlandsfor example the
packaging industries and central governméogether with municipalitiesare committedio
implemening 6 Packaging F r a mewhiohr fecuiseA gnr recgchimg, nréuge, and
collection of packaging materials from 202822 Molenveldet al, 2015.

Besides recycling and reugbere are other new sustainable materelso called bigpackaging,

which are now considered to be adopted by packaging and food indluiesveldet al (2015)
indicated that t he tasacoverspaakagingamaterdals reductipnd c k a g i
materials which have positive impactsn the environment. The impacts can be §lippressing




the use of nomenewable resourcesd (2)lowering CO, emissiongfor bio-based materigland
(3) accelerating the degradation process of wdstee¢mpostable material).

1.1.3Selection of packaging material

Even though bigackaging seems promising, it should ful§pecific functional packaging
requiremers or at least show the same performance as conventional packadgnessential
aspects, nasly containment, protection, and communication (Peeletaal., 2016; Petersent
al., 1999).According to Peterseet al.(1999),concerngelated to characteristics of the product,
properties of individual package, and environmental conditimust beconsidered before
adopting biepackaging as primary packaging matetialachieve better product quality and
estimated shellife.

Food consists of complicated matricedich include dynamic procsss (Luning and Marcelis,
2009; Peterseet al.,1999).The right packaging material selection probably manages enzymatic,
physical, and microbiological interactions within the fo&gpeaking of the packaging material
itself, it should perform adequate barrier proper{i@spermeable tayases, water vapor, and
aroma)so that the products stay in expected conditions. In additiemechanicapropertiegtear
strength, resistance of puncture) should be tested in advance along with its ability to protect
products from surroundings (tempwre, relative humidity, light, ejc (lacovidou and
Gerassimidou, 2018; Robertson, 20B8varez and Pascall, 201Marsh and Bugusu, 2007;
Peterseret al.,1999).In summaryjndeed food product characteristics aaa essentiafactorin
selectingpackaging material as will influence the qualityof the produci{Ramoset al, 2016;
Marsh and Bugusu, 2007).

1.1.4Beverages and quality

According toPati, Choudhary, Madhuri, and Shar{2919) generally, beverage includes tea,
coffee, milk, juice, carbonated drinks, aaltoholic productsin the current trend of the food
industry, beverages are consideradvaluableplayer (Aadi, Madni, Roobab, ur Rahman, and
Zeng,2019) leading to market competitiveneg®nsequentlythe industries should be concerned
aboutthe quality since it is acrucial factor toachieveproduct satisfaction angreventproduct
failure (Paiva, 2013)o survive in the market (Ali, 2012Ensuring begrage qualityinvolves
checking all raw materials, packaging materials, diamshed goods, finished goods, and retained
samples and correctly following the established proceditresan effort to reduce the risk of
quality deviationswhich cannegatvely affecteffectivenessand cost (LokrantZGustavsson, and
Jirstrand 2018).

The potential of leakagehe interaction between food and packaging materials as well as the
migration of the substances can contribute to changes in the food products and/or the packaging
used (Raheem, 2013; Marsh and Bugusu, 2B@fersert al.,1999. Those kinds of deviations

are responsible fomany quality issues imeverage industriesvhich can lead to consumer
rejection up to recall of the productor instancephysicatchemical contaminatiomutbreaks of
microorganisrs, off-flavors, losses afutrition, reduction of shelfife, oxidation, enzymatic and




nonenzymatic browning, as well #tee change of color, texture, and odor during processing and
storaggAadil et al.,2019).When it comes to implementing new packaging, including sustainable
ones, thosguality aspects cannot be ruled out.

1.1.5Quality control activities

Quality control as part athe Quality Management Syste(QMS) is needetb manage quality
issuesmentioned abovéZhang, 2018; Luning and Marcelis, 2008} stated by Luning and
Marcelis (20009, p . 198) , Athe core mechani sm
product and production process by measuring product propaiiegroceses, comparing actual
measurement outcomes with the standard, and taking necesgagtize action to ensure that

final quality will meet or exceedustaner / consumer needs Realizvidg | e gal
controlling is not only about inspection but also taking relevant corrective actions if deviations
happen, the decisions are magedoality control system regarding eoit-toleranceof product
properties/ people actions and corrective action as well as deviation from requirements on
technological parasters and managerial system (Luning and Marcelis, 2009).

In performing control function, it isssentiato identify relevant procegsarameters and control
measures. One olfie techniques used is Hazard Analysis and Critical Control PHASCCP)
(Luning and Marcelis, 2009rollowing the trend of building quality into produfiod companies

are alsan the process afeveloping a tool called Quality Analysis/ Assurance and Critical Control
Points (QACCP) (VerkerK,innemann, and van Boek&007).

1.1.6 QACCP and Critical Quality Point (CQP)

HACCP and QACCP are quite different. HACCP focuses on avoitgative quality features
including physical, chemical, and microbial hazaodsontinuously reach safe product production
and supplyVerkerket al, 2007). QACCP also thinks of keeping positive quality characteristics
of the products binvestigating quality poist(QPs) but firstly, translatinghequality intorelevant
quality attributes Yerkerket al, 2007).

QACCP is considered novahd there is ngestriction for companies to implement a default format
of it with specific steps and principlssice it is still developefMetaxioti, 2019).Nowadays, it is
known that approximately three QACCP approaches ad (Issova, 2019)According tovan

der Spiegeland Vollebreg(2008), there aranine steps of QACCP as displayed in Figure 1.




1. Chain analysis

2. Process activities

- ~
3. Identification of quality
attributes (A) and possible

guality deviations (B)

4. ldentification of factors:
influencing quality
attributes

5. ldentification of critical
quality points

N\

6. Establishing a monitoring
system

/

7. Establishing a
verification procedure

8. Documentation and
information exchange

9. Determination of
improvement points

Figure 1. Steps of QACCP
(van der Spiegel and Vollebregt, 2008)

QACCP starts wittlthe identification ofa specific product supply chaifverkerk et al, 2007).

Then the processelat happened in every chain are described in detail. Food product has their
quality attributes, which can be classified into intrinsic attributes (healtisory, safety, shelf life

and convenience) and extrinsic attributes (production sysitemacteristics and assigned quality

by marketing or communication such as sustainable) (Luning and Marcelis,\&)@8rket al,

2007). The quality attributes dhefood product should be anabd for control purposes.




Luning and Marcelis (2009, p. 25) statgilt h e -managhrial capproach advocates the
importance of understanding the behavior of both food and human systems and their
interdependency. 0 T lneuclkchangess foednqtalityeattrfplitess inrthe t h a't
chain there are two importarfactors involved. It is not only about the food dynamic behavior
(technological factors), but also may be supported by administrative conditions and the -decision
making process from the people in charge (managerial facitves)efore, Ali (2012) and vared

Spiegel and Vollebregt (2008) added a step to QACCP about factors contributimantges in

quality attributesdefined as quality point (QP).

A change in quality attributes due to factors relatedroduct and/ or process is a direction to
identify thecritical quality point (CQPJAIli, 2012; van der Spiegel and Vollebregt, 20U8rkerk

et al, 2007). CQPis defined asifactor(sy point(s)/ step(s)n processewhere variation/ deviation

in aspects concerning product and/or prooeagcontribute to aignificantchange, whether it is
unacceptable and/ or permanent, on the final product quality (Ali, 2012). Therefore, CQP must be
controlled to prevent or reduaguality problems to an acceptable leyean der Spiegel and
Vollebregt, 2008).

Stepst, 7, and 8 of this QACCP tool are quite simiaHACCP steps about monitoring system,
verification procedures, and documentatiwhich are required to support apprape control
function Lastly, it ends with finding points for improvement. Improvement is fruitful since it
covers the way to increase productivity audtomersatisfaction, reduce cost, aachievehigher
quality levels (Luning and Marcelis, 2009).

1.2 Focus of the research

1.2.1Type of sustainable packaging

Driven by environmental issuespwadaysfood/ beverageompaniestogether with packaging
industries havereduced the use @bnventionalpackaging materials and developed alternatives
(Peelmaret al.,2016;Petersert al.,1999). One of them is bibased materiaBio-basednaterial

is defined asa material made wholly or partly from renewable resourdgscovidou and
Gerassimidou, 201&torz and Vorlop, 2013t is an emerging trend as a solution for conventional
plastics, which isnowadaysnade from 99% petrochemical origiklolenveldet al, 2015. As
research and development grow,-besed material is now used to pack various food products:
fruit and vegetables, bread, dairy products, herbs and spices, organic cereals, beverages, etc
(Peelmanet al., 2016; Molenveld et al, 2015. According to Molenweld et al. (2015), br
beveragesas an examplebio-based materialmay include cartonwith bio-based plastitayers

and cap

Furthermorea study by lacovidou and Gerassimidou (2018) predicted that the use-lodded
materialsincreases by 2020, with the total production rises from 2.05 million metric tons in 2017
to 2.44 million metric tons in 2022 (European Bioplastics, 20IBgrefore, it is interesting to
study more about this prospective material, in the scope of foodagiagk quality, and
sustainability.




1.2.2Type of beverage

Bio-basedmaterialis a novelsubstancehat is continuasly developed by institutes, fopdnd
packaging industries for beneficial utilizatiofhere are stila few producttypespackaged with
this materialin the marketBeverages is also one af area of biebased packaging application
(Molenveldet al, 2015. Alvarez and PascalR011) indicated that ithe UK, a British company
innovated a milk packaging consisted of cardbaadpolylactic acid (PLA) as bibased material
from corn starchin 2015, Tetrapak also launched beverage packaging with-pobjiethylene
(PE) coatingas a substitutefor plastics Molenveld et al, 2015. Meanwhile, Pepsi and its
competitor, CocaColare growing to massively produce plant bottles (conventional plastic bottles
with 30-100% bio-based content insidé)r their softdrinks productgStorz and Vorlop, 2013).
Reflecting m these cited phenomena, the use of this materiabssibleand of various kinds.
Therefore the wide-ranging type ofon-alcoholic beverages is selectddr initial researchfo
studythetypical quality problems associated with sustainable packaging adoption.

1.2.3Quiality attributes

Quiality attributes which are concretely divided into intrinsic and extringice required in

identifying CQP. Intrinsic quality attributes are-nuilt with physi@l products, including sensory

(odor, color, taste) and shdiffe (freshnesskeepability) (Luning and Marcelis, 2009ince these

attributes are perceptibleand can be considered repreggptic onsumer s 6 sati sf ac
products (Imm, Heo, Choi, and Kang, 20Lépng and Oey, 201Alvarez, 20®), the focus will

be on these two groups.

1.2.4Quality deviations

Deviation can be called as nononformance (Kotrat al., 2018). Quality deviationmears any
nontconformance with theguality specificationsthat are possible t@ccur to the product.
Concerning sensory attributes, the qgiffexentd ty de:
with odor, color, and tasteDeteriomtion associated with microbiological (spoilage/
microorganism outbreaks)chemical (norenzymatic browning, oxidation), and physical
(migration of compoundsare theexamples of quality deviations thate related to shelfife
attributes(Luning and Marelis, 2009) and relevant for beverages.

1.2.5Type of industry

Regarding shelfife as one ofthe quality attribute to be observed, it is important to focus the
researchon the packaged beverage industriefich mostly manufacture products with longer
sheltlife compared to food service industriggstaurant, cateringEven though food service
industries are starting the trend of sustainable packaging earlier by usibgse plates, cups,
and spoons fatheirmeals it is unlikely to include thern this researchConsumers will consume
the foods as soon as possijlde there is almost melatedconcerrabout sheHif e.
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1.2.6Processes in the industry

Quiality deviations are possible to happemlinsteps of product manufacturing. However, as the
packaging materials will have direct contact with food starting from the packaging process, merely
the packaging process, storage, and distribution will be concerned

1.2.7Technological and managerial fetors

The technological and managerial factadsich are further determineake derived from food

quality relationship by Luning and Marcelis (2009) that includes food and human behavior. Food
behavior is related to food dynamics (product composition, reazgctivities, growthate of
microorganisms) and technological conditionstefnperature, equipment design/ layout,
equipment, storage conditions, packaging concepts). Human behavior is dependent on human
dynamics (people perceptions, interest, and/ortudti influencing decisiemaking) and
administrative conditions (procedures, job descriptions, information sysiifrtkle T-M factors

found are considered as QPs.

1.2.8CQP

Thereis more than one definition of CQP. van der Spiegel and Vollebergt (2008) stated that CQP
is a step in the process which control is needed to avoid or reduce quality loss to an acceptable
level in the final product received by the consuméieanwhile, Al (2012) defined CQP a&
factor(s)/ point(s)/ step(s) in processes where variation/ deviation in product and/or process may
havea decisive influencen final quality attributes which is undesirable and/ or permandtur

this research, the definitionegis the one from Ali (2012rurthermore, it is demarcated that this
research will be focusedntil CQP is identified (ste@-5 of QACCP in Figure 1)The starting

point is step 2 (process analysis) instead of step 1 (supply chain) because the research will focus
on manufacturing steps (compaleyel perspective), especially frafme packaging process.

1.3 Researchobjective

Based on the undesirable iagis on society,here is an increased environmental concern
regarding packaging (Clark, 2018The global trend shows that consumers prefer more
environmentallyfriendly products, eveon foods(Ramoset al, 2016 Storz and Vorlop, 2033
There ardood companiesvhich arecurrentlyrealizing this condition and struggling in reducing
ecological footprird caused bytheir businessCompany commitments towards sustainable
packaging are clearly stated in the websites, to communicate to consumers,f rtiesh o
mentioninga period between 2020 a2025 as the deadlin®lolenveldet al, 2015 Storz and
Vorlop, 2013) Corresponding with this issuéhet objective of this research is ¢gain insight
concening possible quality deviationsalong with technological and managerial factors
influencing sensory and shdife quality attributesand CQR in beverages packaged with bio
based materialto help food/ beverage companies dealing with adoption of sustainable
packaging

1.3.1Generalresearchquestion
What arethe CQPsof packaged beveragesth bio-basednaterial®

11



1.3.2Specificresearchquestions

1. What are the possible quality deviationspackaged beverages with Hiased materials
regarding sensory and shéfe quality attribute®

2. What are the technological and managerial fadtdlgencing sensory and shdife quality
attributes opackaged beverages with Hhased materials?

3. What arehe CQR of packaged beveragesth bio-basel material®

1.4 Reseech approach

Dealing with biebased packaging for beverages, which guate anew area of researcthe initial
approach taken was investigating the quality aspects of beverages in conventional packaging (part
A). It was done by applying stepR2QACCP until the CQPs were determined. The research was
then continued with identifying CQPs of beverages inldaieed packaginfpart B) beginning

with finding the functional properties of blmased materials, especially biagtics, that were
graduallyused as beverage containers.

CQPs of beverages in conventional packagahgng with the functional properties of Hiased
materials for beverage packagingere searched usiranin-depth literature review method with
the hdp of critical appraisal formWeb of Scienceand Scopuswere usedas primary sourceso
find relevantstudies.Supposedhe informationobtainedfrom thosetwo sourcesvasconsidered
not sufficientsuitable additional search strategiesvia Science Direct were carried out.
Furthermorethis studyalsoreliedon aninterviewmethodto gaininformation.Specifically,these
methodsaimedto verify the resultsfrom literatureanalysisaswell asto getadditionalinsights
including the implementationprocessof bio-basedpackagingin the related companies.The
expertscould be representativefrom beveragecompanieshat were alreadyusing alternative
materialsfor their products,in this case,plastics from renewableresourcesand the beverage
packagingcompaniesvhich alsoproducedsustainablgackaging.

Dataobtainedrom partA andpartB werecombinedandanalyzedto beableto solvethe specific
researchguestionsl-3. In detail with respectto QACCP steps after analyzing the results,the
possiblequality deviations(step3B), technologicaland manageriafactorsaffecting the quality
attributesof beveragegstep4), andthe CQPs(step5) wereexpectedo be answered.

12



2 Resarch methodology

This chapter discusses thpproach andnethodsusedto answer all specific research questions
mentioned in chapter The flowchart below displays the approach to be able to get information
to answer each specific research questidhsonsists of two partsA) CQPs of beverages in
conventional packaging anB) CQPs of beverages in bmmsed packaging, including the
functional properties of bidased materials for beverage packagihbere are two research
methods usedamely literature review and expert intervieesplained in the following section.

Ve N Adpplication of steps 5 of Van der Spiegel QACCP
' | tool using literature review:

AProcess activities (step 2)
Part A: CQPs of beverages in  Adentification of quality attributes (step 3A) and
conventional packaging possible quality deviations (step 3B)
Adentification of T/M factors influencing quality
| attributes (step 4)
\ ADetermination of CQPs (step 5)

/

e ™~ AFinding functional properties of bisased materials

’ for beverage packaging (using literature review)

AGaining information related to beverages in-bio
based packaging by expert interviews (verifying the
results obtained from step 3B, 4, and 5 of part A +
getting additional insight)

AResult analysis (combination between part A and B

| A determining CQPs of beverages in-bigsed

\ r packaging) /

Part B: CQPs of beverages i
bio-based packaging

Figure 2. Flowchart of the main research approach

2.1 Literature review

The lterature review was conducted to find information related toAvamdB. This literature
review aimedo gain scientific insight regarding the QACCP stepapplied tobeverages with
conventional packagin@artA) and(ii) functional properties of bibased materials for beverage
packagingpartB). In general, the core research activities related to literature reveeg:

2.1.1Formulation of inclusion and exclusion ateria
For all results obtained, only publications in English and publish&8982019wereconsidered.
Thespecificinclusion and exclusion criteri@ereshown inTable 1

13



Table 1. Inclusion and exclusion criteria
No | What to search? | Inclusion and exclusion criteria
Part A: CQPs of beverages in conventional packaging
Packaging process of beverages, if possible until stg
Inclusion | and distribution, but especially mention primary
packaging process (bottling/ packing/ filling).
Process activities The exact fermentation/ extraction process, treatmer
(step 2) beverage industry wastewater, chemical reaction
Exclusion| processthe production process of packaging materia
beverage recycling process, andlgsis related to
energy used for producing beverages.
Sensory and shelife attributes of noralcoholic
Inclusion | beverages together with changes/ defects/ deviation
Quality attributes and deteriorations related to beverages.

possible quality Quiality attributes and deviations thie whole form of

deviations beverage ingredients (coffee beans, tea leaves, fruit

(step 3A & 3B) Exclusion| dry beverages or water, chemical analysis of volatile
and nonvolatile compounds in beverag@nd structure
modifications.

Factors irmilk andproduction steps (from packaging
process until distribution) that influence sensory and
sheltlife quality attributes, either from product

Technological/ Inclusion | properties/ technological conditions (T factors) or
managerial factors human dynamics/ administrative conditions (M facto
3 influencing quality For M fadors, relevant findings1 association with
attributes and CQPs beverages aracluded.

(step 4 and 5) Effect/ influence of plant diseases, information recei
by consumers, growing locations, maturity stages,
additives, fortification, and advanced ntirermal
preservation technigues on milk and juice quality.
Part B: Functional properties of bio-based materials for beverage packaging
Functional properties of bibased materials used for
packing foodand beverages.

Bio-based materials for Detail production process/ synthesis, the chemical
beverage packaging structures, the application for building/automotive/

things other than food and beveraged life cycle

assessment (LCA) related to these materials.

Exclusion

Inclusion

Exclusion

2.1.2Development of search strategies

The combination ofarious and isple keywords along with filters werelisted to be able to
maximize the chance of obtaining relevant referen&dsuncation namely asterisk (*)helped
replacemultiple characters. A question mark (?) as on¢hefwildcards,wasused as well to
replace zero and one characfBne quotatio ma r k waé dppliedto gdarch for the exact
phraseBool ean oper aitoANDEmat ©ND T OwadiRklnded. Theodetail
search strategies were displayed in Apperdix




2.1.3ldentification of relevant publications

The keywords formulatedlereexecuted irthedatabase aheWeb of Science and Scop®&nce

many publications mentioned more technological factors, additional search strategies using
Science Direct were conducted, only for managerial fackanstimeefficiency, all publications
obtained using the formulated keywordare screenetbased orinclusion and exclusion criteria

If the publication title wasonsidered appropriate, the abstraesvead twice Suppose that the
abstractvasassumeahot containng adequate information, the full texts fraheintroduction up

to conclusionwere scanned Then the publications were critically anagd usinga critical
appraisal fornfor relevancy.The results of search strategies were also presented in Apgendix
wherehits reflecedall resultsappearedrom the databases.

2.1.4Analysis of relevant publications

Publicationsvereanalyzedwith the help ofacritical appraisaform, as shown in Table. Zritical
appraisawasstared from general information (asking the title of the study, aim, type of study,
and type of beverage discussed) then continued with the parts represestiig topics.The
critical appraisal table containing the specific/ important information fromaetgwblications
could be seen in Appendix B.

Table 2. Critical appraisal form
No. | Questions | Short answer | Detailed answer
Part A. General information
1. | What s the aim(s)?
2. | What is the type of study used? Empirical/ review
3. | What type of beverage is discussed?
Part B. Process activities of packaged beverages
4. | What are the process activities of packag
beverages described in the paper?

5. | Is it forabeverage using conventionhlb- Conventional/ bie
based packaging? based

6. | Is there any detaitstep fromthe Yes/no
packaging process unthiedistribution
mentioned?

Part C1. Quality attributes of packaged beverages

7. | Which quality attribute(s) is mentioned? | Appearance/ flavour/
texture/ sheHife
Part C2. Possible quality deviations in packaged beveragiasedto quality attributes
8. | What are deviations (from quality
attributes) that revealed from the paper?
9. | Which type ofdeterioration is relevant?
10. | Which quality attribute(s) is affected? Appearance/ flavour/
texture/ sheHife
Part D. Technemanagerial factors influencing quality attributes

11. | Which factor thatnfluencing sensory and
sheltlife quality attributes are mentioned?
12. | Is it atechnological/ managerial factor? M
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No. Questions Short answer Detailed answer
13. | In which process activity does the factor
influence quality attribute(s)?

14. | Which quality attribute(s) is affected? Appearance/ flavour/
texture/ sheHife

Part E. CQP

15. | Is variation in quality attributes acceptabls Yes/no
for consumers?

16. | Is the variation in quality attributes Yes/no

irreversible?
Part F. (Functional properties of) bibased materials for beverage packaging
17. | Whichbio-based material is discussed?
18. | What are the functional properties/ other
characteristics of this material?

2.2 Expert interviews

The expert interviewasa methodusedfor supporting parB. The expert interviewaimed to get
information regardingl) the implementation of bibased packaging in milk/ juice compar(g)
the biecbased materials used for product packagarg (3)quality aspects of product packaged
with bio-based packaginghich could help to verify the resultdtained from the literature review
The detai of expert interviewsveredescribed in the following sections.

2.2.1ldentification of experts

For data collectionthe experts who participated fhe intervieve were those who fulfiéd two
criteriasuch as(1) workingin the milk or juice companies which are currently using tnased
materialdor product packagingr at thebeverageackaging industrieat leasthreeyears; @) the
expertso6 | cabbedettetb prodpctqualitynand/or packagingor the experts were
involved in the biebased packaging implementation project from quality or packaging side

In total, 35 companiefiave been contacted via persobelkedIn, company email and phone,
company messageiboxerdased social media (Facebook, Instagram), and visit the office.
The details were 19 milk/ dairy companies, 12 juice companies, and 4 packaging companies.
Luckily, 7 experts were willing to participate because the topicimiasestingfor them and they

were curious about the results. Mainbhoneand Skypecalls were used to conduct interviews.
Other experts suggestednritten interviewto give information due to their full scheduleor

better understanding, followp questions andomments were sent to the expedsd they
clarified vague answers obtained from filedquestionnaireThe job position of the participating
expertsand how the interview was conductedre presentedelow.
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Table 3. Job position of the experts and the detailheinterview conducted

Expert Job position Type of company Type of
interview
Expert A | Packaging Development Manage Written
ExpertB Sustainabld’ackaging Written
Development Manager Milk company
ExpertC Packaging Support Officer Phone call
ExpertD QESH Manager Written
ExpertE QA/QC Manager Juice company Phone call
ExpertF QA Specialist Phone call
ExpertG Sustainability Director Beverage packaging compar,  Skype call

2.2.2Design ofthe interview questions

The interviewbegn by asking general questions abatei nt er vi eweeods
experience with bibased packaging. Wasthen continued withhreemain parts: part A the
implementation of bidased packaging in milk/ juice company, pait e biocbased materials
used for product packaging, and part roduct quality with biebased packagingd set of

interview questiongvaspresented in AppendiR.

2.2.3Interview procedure

The formulation ofthe interview procedurevasinspired bya publication byO6 1 ear y

j

ob

o)

(200 :

Firstly, the conversatiomas started withexpressing gratitude for the cooperation, asking
permission for recordin@ shortintroduction focusg on the overview of research topic, the aims

(verifying answers from literature review and getting additional practical informatiowasaiot

initially thought) the duration, the structure of the interview, ended with confirmation from the

interviewees whether thewere clear enough or not. Thiaterview was followed by asking
interview questionsvhichwerementionedn section2.2.2. The procedure aheinterview could

be seen in Appendix E.

2.2.4Content/ data analysis
During theinterviews, the results were summarizekt the end of each answer, the summary was

confirmed to the experts. When the experts agreed upon the summary, it wesnsidereds
the processed data. After the interview session, the recordings (raw data) were {cstamesl

again to check there was no important information left out.

For the questionnaisessent to the experts, the filled formswerereviewed twiceand the unclear
answers were clarified again to them via email. This happ2detimesuntil the answers were

assumed clear and reasonable enoldta from all experts were displayed together in an

overview table(see Table 8)It was thenwritten in the chapter ofresults and discussisras

reported data to show the patteamd additional insights gained through the intergiew
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3 Results anddiscussions

This chapter presents the results and discussibipsrt A which focuses on finding CQPs in
beverages with conventional packaging (using literature review) and part B about functional
properties of bicbased materials for beverage packaging and the deG@Ps (using literature
review and expert interviews method).

3.1 Part A (CQPs of beverages in conventional packaging)

3.1.1Process activities of beverageéstep 2)

The search for process activities of beveragesluding packaging process, storage, and
distribution from two databasg®sulted in a total of 814 publications. After checking all the titles
and abstractswhether the publications met inclusion and exclusion criteria, 109 publications
obtained. From the analysis of these publications, 12 publications were found relevant after
removing the duplicates. From 12atddpublicatiors, it was found that 2 were bockaptes and

10 were empirical studieAll relevantpublications discusseddlsteps of processing various types

of beverages (for instanguilk, juices, anddrinks with the addition of other main ingredients
(curd, whey, hibiscus, peanut, pine nut, and yipagkaged with conventional packaginmpstly
mentioned the processistageuntil storage3 publications explained the filling process in detail.

Primary
packaging
o Flash Filling and Secondary T
Mixing pasteurization sealing packaging el SR
OR
Filling and In-pack
sealing pasteurization

Figure 3. Process activities of beverages
(adapted fromAndrace et al.,2019;Barbaet al.,2017 Monteiroet al, 2017; Pasvanka, Varzakaand

Proestos2017 Manfredi and Vignali, 2015AhmadianKouchaksaraelyaridi, Varidi, andPourazarang,
2014 ReyesDe-Corcuera, Goodricischneider, BarringegndLanderosUrbing, 2014; Singh,
Khemariya,andRai, 2014 Bertolini, Bottani, Vignali andVolpi, 2013 Singh, Jha, SinglrandSingh
2012 Deshpande, ChinnaandPhillips, 2008 LeeandRhee,2003)

As shown inFigure 3, the beverage processing starts with mixing/ blending all ingredients, heat
treatment after obefore primary packaging, secondary packaging, storagel distribution.
Beverage processing and packaging is aimed to satisfy consumers by providing desited g
beverages in a convenient size. The detail steps of the process depend on the microbiological
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characteristics of the raw and packaging materials along with the ingredients used, whether the
product is added sugar, preservatives, etc., aneskeda or not.

After treatments for special raw materials, all ingredients are mixed in a batchlrtenkext
process could béeat treatmentflash pasteurizationor filling then continued with ipack
pasteurization (the heating process is done after the product is packaged and/Aeaiad et
al., 2019; Barba et al., 2017 Monteiro et al, 2017; Pasvankaet al, 2017 Ahmadian
Kouchaksaraest al, 2014 ReyesDe-Corcuereet al, 2014 Singh et al, 2014 Singhet al, 2012
Deshpandet al, 2008 Lee andRhee,2003) The core concept giroductpasteurizations, the
batch of product will be heated and storedfiaed temperatue andtime to reduce the
microbiological level to an acceptable lewss that the product is shedfable (Manfredi and
Vignali, 2015).

Filling is a process when the liquid products trteeir primary packagingramely glass, plastic,
or multi-layered carton boXPasvankaet al., 2017) It can be done with and without heat
depending on product characteristiesl proposed shelife. According to Manfredi and Vignali
(2015),hot and aseptic filling can redug@crobial growth and contamination risks since the hot
temperature is involvedin hot filling, the drinks are héfilled at a temperature between-82°C,
capped, and then cooled dowmaseptic filling, firsf the container and product will be sterilized
separately, and then the cold product will be filled to the packaging, closed, and seatediia
environmentPasvankat al, 2017 ReyesDe-Corcuereet al.,2014) Aseptic filling isconsidered
better in preserving product quality since the heat treatment for products (approximately at 100
11(°C) is applied only for 08,5 minutesRPasvankat al.,2017).Formill -seal (FFS) is another
aseptic filling systenused foralaminated/ multilayer cartof.he packaging will be formed first,
then filledwith beverageand sealed continuoys(ReyesDe-Corcueraet al.,2014;Bertolini et

al., 2013).

Completed sealing process leads to the secondary packaging mocksas labeling, coding,
packing in a box/ cartoning, and palletizing (Manfredi and Vignali, 2@h8)storage in finished
goods warehouse before sold to consumers. Depending on produamttehistics, products are
stored and distributed at ambient temperature or in chilled condition.

3.1.2 Quality attributes and possible quality deviations in beverages (step 3)

A total of 838 publications were obtained from 6 search strategies applied for two databases. Based
on exclusion criteria, publications talking about other forms of beverages (for instance, milk
powder, coffee beans, tea leaves, etc.), water, and quafipaifvith the addition of beverages

(e.g. quality characteristics of smoked beef with lemon juice) were removed when quick checking
the titles. 145 documents were further amatiyand after removing the duplicate publicati@s,
relevant publications werused to help giving information regarding quality attributes and possible
quality deviations in beverages (sS&A and 3B).
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Quiality attributes of beverages (step 3A)

Using the critical appraisal form, froBY relevant publications, Z2publications (1 bok chaptey

2 review papers,£Lempirical studies) were relevant for writing quality attributes of beverages.
Different types of beveragesuch as juices, milk, coffee, and jtegere the focus of the studies.
Beverage quality attributes revealed from those papers were: a) appearance, including color; b)
flavor (related to aroma and taste); c) texture; and d)-feelf

Table 4. Quality attributes of bevages

Quality
attributes
Appearance | Colour, turbidity, homogesity, brightness
Bitterness, sweetness, sourness/ acidity, astringency, fruitiness, @lama/

Details

Flavor .
(volatile compounds)
Texture Mouthfeel, aftertaste, thicknessgscosity/ density, sandiness, cleanliness,
creaminess
Shelflife Stability, freshness (no staleness, rancidity, microbial growth)

Regarding sensory and shbté aspects, four identified quality attributes and the components are
displayed inTable 3. Based on literature analysis, for beverages, appearance and flavor are
considered as thkeading quality aspects. It is because those quality attribuiéisinfluence

c 0 n s u pneferencé andcceptability of productEissa, Yasag Bareh,lbranm, andMansour,
2018Skoczyl as, Korus, TabaszewE&wkeadlekalik agsam, and
andAkyildiz, 2017, Tomadoni, Cassani, Viacava, MoreigamdPonce, 201,/TastanandBaysal

2015 Laaksonen, Makila, Tahvonen, Kalliand Yang, 2013 Ratnasooriya, Rupasinghand
Jamieson, 2010LopezNicolas, AndretSevilla, CarboneiBarrachina,and Garéa-Carmona

2009). Furthermore, besidéake attributes mentioned earligthe high quality of milk depends on
texturalcharacteristis sich as pleasant mouthfeel and clean aftertaste (Alvarez, 2009). Sensory
and sheHife quality are correlated because defectissensory aspects will positively reduce
product sheHife (Tomadoniet al.,2017. Hereis the explanation compiled concerning quality
attributes o4 types of beverages.

Juice

As various fruitsare possible to be processed as juice, the color of the juice depends a lot on the
fruit flesh (Aishah, Hannahand Alyani, 201§. For example, the color dfie carrot and orange

juice is orange, while strawberry juice tea®d color. It is the pigment compounds that play a role

in juice color, such as lycopene in guava juice, carotenoids in carrot quiegthocyanins in
pomegraate juice Chen,Bi, Guo, Xing,and Che, 2019 Aishahet al, 2016 and Tastanand

Baysal 2015.

Juice flavor, described as taste and aroma, is also various with regpeciiral taste ansimell
of the fruit (aaksonenet al., 2013. Specifically about the aroma, main components are
contributing to the specific juice aroma as cited froopezNicolaset al (2009) R-farnesene
(greenherbaceouanmild swee), 1-butanol (lightfruity, cheesy, hexylacetate (sweet fruity), butyl

20

S



acetate fesh, applelike, fruity), and hexanal (graske, green,fruity). Regarding the taste,
phenolic compounds are responsible for astringency and bitterness, and sweet and sawe taste
dependat on the balance betwa sugar and acid contdiitemalatheet al.,2018 Laaksoneret

al., 2013 Ratnasooriyeaet al, 2010).However, it is common that for marketing purposes, fruit
juices are diluted with water and sweeteners so that the bitterness, astringency, and sourness can
be masked resulting in higher consumer acceptafityconsequently, the original flavor of the

juice may be alteredE{ssaet al, 2018 Laaksoneret al.,2013.

Besides filtration, the addition of pulp and breakdown of pectin molecules are the reason why
juiceshave aclear or cloudyappeaanceasthose componentscrease turbidityGhenet al, 2019
TastanandBaysal, 2015Rodrigoet al, 2003. In addition, pulp amount and pectin content also
contribute to juice viscosityThe more pulp and pectin, the more viscous the juice will be
(Hemalatheet al.,2018 Hurtadoet al, 2017 Laaksoneret al.,2013.

With respect to shelife attributes, low pH properties of the juieee beneficial as it does not
support the growth of pathogen bactertavrendilek, Celik, Agcamand Akyildiz, 2017).
However, acietolerantmicroorganisms like yeasésmd moldscan stil grow and may cause cheesy
and butteryoff-flavor and marmalade flavor along with changes in taste due to fermentation
(Hurtadoet al., 2017).

Milk

Milk color is white to offyellow, depending on fat carotene contéhlvarez, 2009. In soymilk,
because of higher soy composition, it may have cream cBldarinwa, Aruna, Adejuyitan,
Akintayo, andLawal, 2018) However,the milk color is not limited toa whitish color Milk can

be brown, pink, yellow, or sometimes green according to the flavati@della Luciaet al,

2016) Suspended fat along with proteins and minerals plays a role iropalkity(Alvarez, 2009,

while casein in milk can influence milk viscositg (4 | a tKawinii ,i , VSi&klawliinlovidar
andRakin,2014). In terms of textural attributes, milk is considetedavea good quality if it is

not very heavy/ dense so that it can be poured easily. When iink, djood milk has no slimy

and greasy aftertaste (Alvarez, 20@9w mlk has a typical flavor prae since it contaianatural
compounds. Additionally hie lactose content and milk minerals lead stightly sweet and salty
taste on milk(Alvarez, 2009) For soymilk, the typical flavor which maybe not preferred by a
group of consumers can be modified by adding fruit extract, sweeteners, anuaasamaromas
K-1er, G ¢, nagMemeli, 2CY. Miarabial growth in milk is the main factor adfs
sheltlife reduction.Microorganisms can cause barny and shrimpy flavor along with creaminess
(Martin et al.,2016 Wiking, Frgst, LarserandNielsen, 2002

Coffee

Coffee is usually dark browas a result afhe roasting process. The roasting is also a reason why
coffeehas a robust bitter taste typicaifyit is not added with sugar or milldaduezaVila, Paz

de PenaandCid, 2007. Moreover, coffee leaves a chateristic aftertaste. The viscosity of coffee

21



will be different depending on the coffee kinBgrtrandet al.(2012)andRibeiro, Augusto, Salva,
andFerreira(2012)revealed thathearoma of coffee is the most important among other properties
since the volatile compounds of coffee can indicate its character and quality. Taste (sweetness and
acidity), which also helps to determine coffee quality, depends on phosphoric, malic, and citric
acid (related to sucrose conterit)d u k andK | B ma 8). C@féeldrink, which is sometimes

liquid or more viscous, is still considered in a good shielfwhen it is free from fermented, musty,
woody, earthy, and pungent odéinQduezaet al, 2007). The dtertaste, bitterness, and astringency

of coffeeincrease during storag&reuml, Majchrzak, PloederdndKoenig, 2013)

Tea

Tea quality is determined by sensory attributes such as color, flavor (taste, aroma), and overall
appearance (Zhet al.,2019). As known for black tea, the formation of coladu® to theaflavins

and thearubigins pigments. Theaflavins are orange and bright, and thearubigins-thrasvred

color. Besides color, these pigments influence the mouthfeel and flavor of tea as well. Theaflavins
are responsible for astringency while th#agins give thick sensation when drinking tea

(Kar adaj , Av andQzcekka281§poj | u,

Possible quality deviations (step 3B)

From 37 relevant publications for steBA and 3B, $ were considered suitable since they
discussed quality deviations. In detail, 11 empirical studies mentioned possible quality deviations
happen in juice, and for milk, there were 5 publications (1 b@pter 1 review, 3 empirical
papers). Since all refences obtained talked about milk and juices, for the next steps, the research
was scrutinized to two types of beverggesnely milk and juices.

Table 5. Possible guality deviations oatad in milk and juice

Possiblequality Type of Beverages : :
deviations deterioration | Milk | Juices Quality attributes affected
Enzymatic browning Biochemical - V Appearance
Nonenzymatic browning :
(NEB)/ Maillard reaction Chemical V V Appearance, flavor, shélife
Oxidation Chemical V V Appearance, flavor, shélife
Microbial spoilage Microbiological | V Vv Appearance, fI_avor, texture,
shéf-life
Degradation of Biochemical,
9 chemical, V \/ Appearance, flavor
compounds : . .
microbiological

As shown inTable 4 NEB, oxidation, degradation of compoundand microbial spoilage are
common possible quality deviations oo®a in milk and juices affecting all quality aspsect
Enzymatic browing is also likely to happen in juices, mostly due to temperature abuse and
enzyme activities resulting in the changes of appearance and flavor. By nature, enzymatic
browning is one athebiochemical reactions as it involves enzynvéesereagshe Maillard reaction

is a typcal chemical deviation besides oxidatidrne microbial spoilageis a distinct form of
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microbiological deterioration. Last but not ledeedegradation of compounds is very complax (
combination of chemical, biochemical, and microbial deviatiotaRing into account various
degradatio causes. Overall, the possible quality deviations in milk and juices with conventional
packaging will lower the product qualjtywhich consumers perceive agiscolorationoff-
color/color change, offlavor/off-odar, and teture changeThe findings concerning possible
quality deviations are described in the following paragraphs.

Nonenzymatic and enzymatic browning

Non-enzymatic browning (NEB) or Maillard reaction is mostly reported among all relevant
publications. NEB is a complex chemical reaction between reducing sugars and amino acids
forming brown polymersnamely furfural and5-hydroxymethylfurfural (8HMF) (Agcam,
Akyildiz, and Evrendilek, 201,8Chia, Rosnah, and Noranizan, 20Ealade, BabalolaAkinyemi,

and Ogunlade, 2004).

NEB usually happensith heat processing or lengthy storage tiligqamet al., 2016;Gonzalez,
Vegara, Marti, Valeroand Saura, 2015Li, Miao, and Jiang, 2009 NEB leads to color
deterioration in the productsicludingmilk andjuices(Evrendileket al.,2017;Chiaet al, 2012;
Alvarez, 2009Li et al, 2009 Faladeet al.,2004). According to Faladet al.,2004, offflavors

also may happen due to NEB. case of juices containing ascorbic acid like mango and citrus
juice, with the influence of oxygen and light, the ascorbic acid will be oxidized and degraded
resulting in browning and flavor change as its degradation cassbeiated with NEBAgcamet

al., 2016; Chieet al, 2012 Faladeet al.,2004.

Besides NEB, browning can lmaused by activities of enzymes contained suchoaghenol
oxidase (PPO) and peroxidase (POByrendileket al.,2017 Li et al, 2009. It is an agreement
with a previous study conducted by Camieitial. (2012) stating thathe enzymatic browning
process caused lemon, apple, and peach fjoidecrease their bright color.

Oxidation

Oxidation occurs when food/ beverage compounds react with oxygen, even though it may be
induced by light temperatureand catalysts/ enzymeEkyendileket al., 2017 Huvaere and
Skibsted, 2015Chiaet al, 2012. Oxidation of sensitive compoundsntained in milk and juice

such as lipids, proteins, ascorbic acid, and carotenoids (color pigments) reduces the freshness as it
influence discoloratiomnd the formation of offlavor (Silvaet al.,2016 Huvaere and Skibsted,
2015;Chiaet al., 2012. Commonoff-flavor due to oxidations associated with metallic, burnt,
medicinal, and activated sunlight flavor that can be perceived by consumers as stale (Alvarez,
2009).

Microbial spoilage

Bacteria, yeasts, and molds mlagrm productquality attributes as they influence appearance,
flavor, and texture resulting ithe reduction of shelife (Tomadoniet al.,2017 Martin et al.,
2016; Bajwa and Mittal, 2015) When these microorganisms grow, they will release enzymes
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(amylases, protsas, angectinases break down the sugar structures, causinglteration in
total soluble solids. The products of fermentation (acids and gases) reduces the pH level as well
(Agcamet al, 2016 Bajwa and Mittal, 2015Chiaet al, 2012.

Milk is vulnerable to microbiological deterioration since it has high water activity and nutritional
value Martin et al.,2016. In milk, microbial spoilage is commoniglated to pospasteurization
contamination by psychrotolerantGram-negative bacteriasuch asPseudomonasspp. or
microorganisms that survive pasteurization such as ¢asitive bacteriaNlartin et al., 2016;
Bajwa and Mittal, 2015; Alvarez, 20R9%or juice, its low pH and high acid content properties
normally protect the product frothe growth of microorganisms (Silvet al.,2016;Chiaet al,
2012. On the other hand, fruit juice ®ill at risk of spoilage causday osmophilic andacid
resistant microorganisniike molds andyeasts $accharomyces cerevisjagnce low pH in fruit
juice is their optimal condition to gro(®ilvaet al.,2016;Chiaet al, 2012.

Degradation of compounds

During storage, the sensory quality may change dtleetdegradation of compounds. A study by
A study byWiking et al (2002 indicated that lipolysis and proteolysis are twdhe essential
deterioration in milkand these kinds of degradation lower the shifelf Concerningunstable fat
characteristicsvarious treatments in milk lead to free fatty acid formateausing offflavor.
Meanwhile, protein ishaturalto be degraded because tbe activities of micr@rganisms or
plasminplasminogen (autoproteolysis).

Nonethelessthe amino acid in milk also can be degraded by light exposure (Alvarez, 2009). It
produced methional, dimethyl disulfidend trisulfide resulting in offflavors related to stdr

(fishy, typical cabbage aroma) (Huvaere and Skibsted, 2015). Speaking of fluitgggments

that contribute to juice color are found to be very sensitive. Pigments like anthocyanins tend to
experience degratan during processing and storage time leading to color change (Tastan and
Baysal, 2015).

Compounds degradation is a complex reaction becaube wfany possible factors involving. It
may be the result of microbial growth, but mostly due to enzwattévities like in proteolysis,
lipolysis (called biochemical reactionggnd fluctuation in processing and storage conditions
(chemical reactions).

3.1.3 M factors influencing quality attributes of milk and juices (step 4)

In the first searcha total of 886 publications appeared whapplying search strategies forM
factors influencing quality attributes of milk and juices. Screening on the total hits (publication
titles and also abstracts when the titles were appropriate) resulted in 169 refeydreésther
analyed. Duplications were removedndthe final relevant publications obtained so far were 29
in total consisting of 1 bookhapter 3 review papers, and 25 empirical articl&nce he
managerial factor found from the literature waw/ (only 1), additional search strategies for
managerial factors were formulateith the help ofinother database: Science Dirbetsides Web
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of Science and Scopusrom443total hits,6 relevantpublicationswereobtainedafter critically
analyzing 43 publications and they were all book chapte®verall, in total 35 publications were
discussing technological and managerial factors.

Technological factors

From 35 relevant publications9 #vere about technological factq5 empirical studies, 3 review
papers, 1 book chapten)ight, the temperature of filling, pasteurization, and storage, time of
pasteurization and storage, oxygen, microbial load, and packaging materials were the 9
techndogical factors identified from literature analysis.

Light
Light contributes to variation in color, flavor (taste, aroma), and textural attributes, especially
during storageNlartin et al.,2016 Tobolkovéet al, 2013 Intawiwa et al.,201Q0 Kontominas,

2010; KaratapanisBadeka, Riganakos, Savvaidad Kontominas,2006 Conrad, Davidson,
Mulholland, Britt andYada,2005 Mestdagh,De Meulenaer, De Clippeleer, Devliegheaad
Huyghebaert2005). As shown in Figure 4the total color differenceof juice stored inlight
conditionswas significantlyhigher than the juicstored in dark conditionsecause of thhigher
pigment destructionlpbolkovaet al, 2013. Light-induced offflavours are various, ranging from
burnt, oxidized, stale taste to rancid odalso dependingn the packaging materials used
(Intawiwatet al.,201Q Karatapani®t al.,2006. When there is a sufficient amount of light, it can
penetrate to the packaging material and trigger the product compounds tocddoonyl
compounds (hexanal, pentanal, heptanal) and dimedisgifide resulting in deterioration
(Karatapani®t al.,20086. It is also in line with the experiment conducted\bgrtin et al. (2016
reporting that in a short time (around 4 hours), LED light exposure can reduce the flavor quality
of the milk bya mechanism of oxidation and @®-point scale, the consumer liking score may
decrease 0,5 poinAccording toKaratapani®t al. (2006 andMestdaghet al. (2005, packaging

with light barrier, typically multilayers with pigmented/ opaque inner layer, was considered
adequae to keep the product from photooxidation, compared to clear, UV filter, abth@ng
materials 5

- —®— Darkness

4 -o- Day light § Q,E'*-—--;_@
,"l‘w |

(o]
I

Total colour difference AE [a.u.]

0 40 80 120 160 200
Time of storage [d]

Figure4.Tot al col or diehpplejuice ancserage tpte at candtantgeimperature’C=7
and different light conditions
(Tobolkovaet al.,2013)
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Pasteurization temperature

Different types ofiquid products undergo flash pasteurization right after the filling and sealing
process are done. Pasteurization here aims to inactive enzymes that contribute to deterioration and
kill microorganisms either in products or the packaging materials (Kontemti0). From
literature analysis, it is found that the temperature of pasteurization influences sensory and shelf
life quality attributes of the products byleast 2Znechanisms (Wang, Zhan, Zhang, and Xi, 2018;
HajarAzhai, Shahruddin,and Rahim, 2018 Kunitake, Ditchfield, Silva,and Petrus, 2014
Bhattacherjee, Tandon, DikshetndKumar, 2011)Primarily, the NEB values will increase as the
effect of the Maillard reaction. Asa consequence, the juice will have browny darker color
(decrease in lighess, increase in yellowness and rednes&jaf-Azhai et al.,, 2018;
Bhattacherjeet al.,2011). Other than NEB/ Maillard reaction, color changes can be induced by
peroxidase enzyme, which is activated by thermal treatrdemitakeet al.,2014). Furthermore,

a higher degree of pasteurization temperature would lead titagtirs like the warmedover or
overcooked taste and loss of natural aroma (due to the decline of ester compoundst(#ang
2018;Fang, Zhang, SuandSun, 2005 In the case of milk, excess of temperature may lead to
denaturation of proteins along with caramelization of la¢tzmesing undesirable milk texture and
mouthfeel (Kontominas, 2010).

Pasteurization time

Paseurization time is always correlated wittmperature. Longer time of pasteurization in specific
temperature is not appropriate since it may give changes in texture, flavor, and color attributes
(more viscous, caramelized/ burnt/ oxeoked/ warmeaver taste and aroma and darker color)

just the same as higher pasteurization temperature in specific titaem@kar, Ghoshand
Gangopadhyay 2011, Kontominas, 2010 Additionally, it is proven that with the same
pasteurization temperature (@), a slighly longer time of berry juice pasteurization contributed

to a higher decrease of anthocyanin level (a pigment which is responsible for red color in berry
fruits): 30s (4% decrease) compared to 60s (9% decrease) (Weber and Larsen, 2017). Therefore, a
combinaion between time and temperature of pasteurization (optimal conditions) should be
reached.

Filling temperature

A study bySiegmund, DerlerandPfannhausef2004)indicated that filling temperature could be

a reason for flavor variations in beverageshis taselarge variant fruit juicesapplespranges,
lemons, grapefruits, pineapples, passion frugpricots, bananas, peaches, and mangoes
Compared to aseptic filling for carton packagittig hot filling process resulted in the higher
concentrations of compounds named dimethylsulfide and furancarboxaldehyde, a degradation
product of sulur and ascorbic acid, respectively, in products packaged with glass bottles.
Furancarboxaldehydéested as an indicator for hdatated juices, plaa partlysignificantrole

in causing offflavors experienced by the juices such as loss of fruity taste along with the formation
of burnt, stale, and oxidized aroma.

26



Storagedistribution temperature

During storageand transportatigrihe increasing tempaiurenegativelyaffects appearance, taste,
odor, and texture of milk and juice drinkd/drsotVall, Laaksonen,and Yang, 2019
Kaddumukasa, Imathiu, MathaemdNakavuma, 201;Bhattacherjeet al.,2011; BeltranP e r e z
Lopez, LopaadC aNMibomled §, B g EstewecHnigola,a&Rodrigza®d®®&drigo,
2005 Sharma, KaushakndSharma2004 SimonandHansen, 2001 MarsolVall et al. (2019
founded that volatile components and aroma attributes of blackcurrantrgnecaisied constant in
refrigerated temperature®@) compared to ambient temperature®(@5 It was because theeat
generated changés 4 main odotactive compositionswvhich wee responsible for blackcurrant
aroma perceptiorFigure 5displays the differences between color, taste, and aroma of mango
juices concerningstorage temperature and timdigher storage temperature acceleratesityual
attribute variations due to degradation edsentialcompounds such as pigments, phenolic
compounds, and essential oiBliyeira, Ramos, MinimandChaves2012 Esteveet al.,2005.
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Figure 5. The kehavior of theflavor and color scores of whole mango juices stored %, 238C, 45C
(Oliveiraet al.,2012)

Storagedistribution time

Within storagedistributiontime, many inevitable reactions may occur. The reactions can be from
external conditions or induced by the compound inside the product itself with the influence of
packaging usd (Oliveiraet al.,2012 GliguemandBirlouezAragon,2005 Sharmaetal., 2004).
Moreover, inthecase of juices and milk, gradually ascorbic acid will degrade, protein denaturation
and Maillard reaction may slowly develop affecting color, texture, and flavor (taste and aroma)
(GliguemandBirlouezAragon,2005 BurdurluandKaradeniz, 2008 For instance, regardless of
storage temperature, in 9 months, the lemon juice wouditbsormal color due to the rise of
NEB-related compounds (furfural, hydroxymethylfurfural). The components contributing to the
taste ad aroma like phenols, ascorbic acid, amino acids, and total sugars experienced a consistent
decrease as wellSharmaet al., 2009. Lastly, more prolongedcontact between packaging
materials and the product probably incresasee chance of migration and/ or scalping
(Kontominas, 2010).

Microbial load
One of the technological factors found is microbial load of the product, either from contamination
(unhygienc processes, machines, packaging material, and personnel behavior) or microflora
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which survive pasteurizatiorM@rtin, Boor, and Wiedmann,2018 Kaddumukasaet al., 2017

Chavan, Chavan, KhedkagndJana, 2011Karmakaret al.,2011 Kontominas,2010. Spoilage

by microorganisms tends to cause biodeterioration leading to unacceptable color, texture, and
flavor profile. In aparticularcondition, microorganismsanproduce acids and gases influencing

thepr oduct 6 s nat udetliorating thevcolar, along with exepolysaccharides and

gel so that the consistency will be slimy and ropy/ thidkrtin et al.,2018 Chavan et al.,2011).

Thi s bi odeterioration fi4fa(Khddumukaesau a.e2017 t he p |
Kontominas, 2010SimonandHansen, 2001 ¥igure6 implies that regardless the storage and

pasteurization temperatutiene, microbes cargrow with the support o sufficient amount of
oxygen and/ or nutrients.

Microbial content of sugarcane juice pasteurized Microbial count of sugarcane juice pasteurized

at 80°C, 85°C, 90°C, 95°C for 2 min and stored at 90°C for different time interval and stored
at 25°C and 4°C at 49C
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Figure 6. The nicrobial load of sugarcane juice in various storage and pasteurizatictetimperature
(Karmakaret al.,2011)

Oxygen

Besides light, the presence of oxygen in the headspace of the packaging or because of packaging
permeability is also important ascibntributes taxidation and lower theolor and flavoquality.

In addition, oxygen is beneficial for aerobic spoilage microorganism&skedomonaspp.It is
undoubtety influenced bythepackaging material used. Normalfgesh and desirable color, taste,

and aromaare likely to be achieved by the prodiubat usesmultilayer packaging(carton,
polyethylene, cardboard, aluminum faijce plastic and aluminum have a sufficient gas barrier
(Kontominas, 2010Beltranet al.,2008).

Packaging material

Packaging material plays a big role in limitimgpterioration concerning sensory and shitdf
quality attributesNlin, Zhang,andYang 201Z Intawiwatet al.,2010; Kontominas, 201Beltran

et al.,2008; Karatapanist al.,2006; Moyssiadet al.,2004; Zygoureet al.,2004;Gliguemand
BirlouezAragon, 2005 Mestdadp et al.,2005) It is a barrier between the product and external
conditions. To protect milk and juices from deviations, at least the packaging should give sufficient
barrier to light, oxygen and should not be reactive ddrattion to prevent migration and/ or
scalping (Kontominas, 201eltranet al. (2008) compared the influence of different packaging
materialsonthe sheHlife of orange juices. Transpent PET bottles and packed cartons consisting
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of different functionalayers were used. Throughout storage, slifelfof the juice in PET bottles

was shorter than the cartomdin, Zhang,andYang @011 conducted another study focusing on
packaging thickness. Packaging with a thicker wall limits thgger to transfer to the orange
juice, so the decrease of color and flavor and microbial spoilage may be minimized. Regarding the
material itself, the nature of packaging materials (polaiiehydrophobicity) affects the
migration phenomenon as well (Kontominas, @01n Figure 11, it carbe seen that during
storagethe different combination of packaging materials results in different taste and aroma of
milk.

Packaging material® Score®/comments
Days of storage at 4°C

0 1 3 5 7
Clear glass bottle 54" 5% 3.5%Slightly stale 3.0%/Slight oxidized flavour 1.8°/Oxidized flavour
Clear PET bottle 5% 44" 3.3%Plastic taste 2.5°/Plastic taste, oxidized flavour 1.1°/Plastic taste, oxidized flavour
Pigmented PET bottle 5% 4.5 35 2.7¢/Plastic taste, oxidized flavour 1.2°/Plastic taste, oxidized flavour
3-Layer pigmented, coextruded HDPE bottle 5* 5% 5% 4.1* 2.9%/Stale
Monolayer pigmented HDPE bottle 5% 58 43P 3.4%/Slightly stale 2.9%/Stale
Coated paperboard carton 5450 4.6° 3.6°/Slightly stale 3.1%/Stale, fruity

Figure 7. Flavour evaluation of pasteurized milk packaged in various containers during stor¥ge at 4
3HDPE = highdensity polyethylene, PET = polyethylene terephthatilemerical scale of scoring: very
good =5, good = 4, fair = 3, poor = 2, very poor = 1, unfit for consumptiorkar@tapani«t al.,2006).

Managerial factors

From 35 relevant publicationg,were aboutmanageriafactors 6 book chaptes and 1 review
article). Procedures, production along with storage and distribution control, and compliance to
procedures and quality standards were thedageriafactors idetified from literature analysis.

Procedures

Detail procedures in the manufacturing plant can help the operators perform better as they will
know how to do their jobs correctly and what should be the fddihe gob along with the reasons.
For example, taeal with posjpasteurization contamination (PPC) that causes produfiaodfrs,
detail cleaning and sanitation procedures/ protocols are needed by the emm@syeewmllyfor
the foodcontact surfacesUnclear procedures lead to incorremmincentration of cleaning
chemicals used, even inappropriate cleaning mettesdiltingin biofilms, the worst caséartin

et al.,2018 MartinezGonzales and Castillo, 201®roceduregor the maintenancef production
machinesshould be providedas well (Dudeja and Singh, 20170verall clear and detalil
procedures will support the production contiad it is recommended for food manufacturing
units to establish a period of monitoring to check the relevancy and effecti@etsga and
Singh, 2017)

Production control
Control ontheprocess and product parameters are the parts of production control. With respect to
the packaging process, temperature control, as an example of process parameter control, is applied
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to pasteurizéon, filling, and sealing. Control on product parameters includes determination of
physicochemical and sensorial product properties by sampling in each crucial step such as pH,
Brix, viscosity, gelation, titratable acidity, essential oils/ pulp/ fat curdéong with appearance,
texture, taste, and aroma as the main sensory quality attributes of milk and juicese{/hdil

2019; Berk, 2016; Shan, 2016). &1QC team conducts those routine control activitiss
discussed by Shan (2006),dang production controkhe QC team is also responsible for regular
inspection related to operators atiek environment since there is an inevitable contact with
products.

Storagedistribution control

Managerial controlafter the finished goods are ready to be stored and distributed are related to
product handling, temperature control, and humidity control if necessary since those points
contribute to product degradation or contaminatisad(l et al.,2019;Baruffaldi, Accorsi, Santi,
Manzini, and Pilati, 2019; Dudeja and Singh, 2017; Marti@enzales and Castillo, 2016; Shan,
2016. Regarding product handlinghe conveyances and bulk containers that contact with the
products should be controlled to minimithe risk of contaminating food and packaging (made
from inert materials, easy to be cleaned or disinfected). During storage and transport, the products
should be placed in the conditions that can protect them from direct sunlight, rain, dust, dirt, and
collision. The separation between two or more different products considering their properties
(toxic, harmful, corrosive, odorous) is also needed to be taken into acCoudgjd and Singh,

2017; Shan, 2016).

The temperature and humidity control are the sviy set the external conditions for products
(Baruffaldi et al.,2019; Dudeja and Singh, 2017; Shan, 20Bgyuffaldi et al. (2019) in their
publication indicated that inappropriate temperature and humidity irreversibly and unacceptably
change the quality attributes of packaged finished goods dbhedegradation of compounds and
microbial spoilage. Furthermoregmpanies neet keep records of tempeuat and humidity for
tracking and tramg, along with monitoring purposeSiian, 2016).

Complianceof employees

To achievebetter product quality, food processing companies need to develop complete and
understandable procedures based on quality standards applied by those companies, such as ISO,
HACCP, GMP, GHP, etc. The quality standards and company procedures are nornoalbced

to the employees througthe company training.One of the training aims ito impart
responsibilities to maintain product quality among all employedil et al.,2019) Compliance

with quality standards and procedures is essential as it i$ fom@aof responsibiliy that can be

done by the employeeStherwise there are product deviations/ discrepancies and defects during
or after manufacturing processes. For example, if the operators do not comply with product
handling SOPs, the products mbg leaked due to collision or have different aromas as the
separation zones are disregaddRelated to GHP, inadequate handwashing supported with
unhygienic personal behaviors has a bigger chance of microbial contamination to the products
However thetraining itself is considered not effective for ensuring compliance of employees. The
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help of CCTV, sensors, strict monitoring by senior operators and punishanergguired(Aadil
et al.,2019;Dudeja and Singh, 2017).

3.1.4CQPs (step 5)

As shown inTable 5 all technological and managerial factors (QPs) identified from step 4 are
considered as CQPs. Minor changes in those QPs lead to possible quality deviations nesulting
unacceptable and irreversible quality attributes. instance, ypa mechanism of noenzymatic
browning due to temperature abuse during filling/ storage, the product will change its color and
flavor, and it cannot be returned to the original condition. Another example is microbial
deterioration caused by microorganismside theproductcompoundedwith the influence of
temperature and oxygen that results in viscous, slimy juice/ milkafighy smell and bad taste.

It is clear that the changes are permanent and surely cannot be tolerated by the consumers.

Table 6. Identification of CQPs (based dimeliterature review)

Technological/ managerial factors | T/M Irreversible Unacceptable for CQP?
(QPs) consumers
Light T V V Yes
Pasteurization temperature T V V Yes
Pasteurization time T V V Yes
Filling temperature T V V Yes
Storagedistributiontemperature T V Vv Yes
Storagedistributiontime T V V Yes
Microbial load T V V Yes
Oxygen T V V Yes
Packaging material T V V Yes
Procedures M V V Yes
Production control M vV Vv Yes
Storagedistribution control M V V Yes
Complianceof employees M V V Yes
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3.1.5 Conceptual framework

Figure 8. Conceptual framework of CQPs in milk and juices with conventional packaging (results of literature analysis)
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