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PREFACE EXECUTIVE BOOK FOR THE 10*
AGROPARISTECH FIPDes PROMOTION

INTRODUCTION

SA for giving me the privilege and honor of writing the pref- A
ace to the executive summaries of the MSc. FIPDes theses. :

agro-industrial career at Danone Fresh Products, my main AT
objective is now to pass on to you - future owners of this in- * 1
dustry and this research - to - | hope - enlighten you andz'\:\"

perhaps, inspire you with my experience, my feelings, my ‘
convictions, my successes and failures. i

You are lucky, because in the last 10 years, we have entered a real food revolution.

MAJOR CONSUMER TRENDS

This means that instead of slightly improving what has been created and produced since
the last war, when the food industry was really born, the consumer is leading us on very
new paths, full of conscience, full of meaning, rejecting artificiality, seeking authenticity,
transparency and true health through food.

OUR DIET TO ENHANCE OUR BIRTH HEALTH POTENTIAL

We are all born with a genetic heritage, which has given us the possibility to live our
lives in certain conditions : in addition to that, WE often have the choice to take care of
and improve - or not - this potential thanks to many factors, living iviti
etc...

Among these, our choices on food, water and air, the only 3
have a significant impact on the quality and potential of our
tively; and among these 3 elements, food is perhaps, the
most, to improve or reduce this potential of life.

3 MISSIONS: FEED HUMANITY, PRESERVE HUMAN AND EART

Tomorrow, in 2050, there will be 9 billion of us on our planet (as a
half a billion of us 300 years ago!!!).

were
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As professionals in the food industry, we are faced with 3 main missions:

- TO FEED, (associated with a notion of quantity) these 9 billion people knowing that 2/3
of the demographic growth will come from Asia and Africa.

- PRESERVE THE HEALTH of these PEOPLE (associated with a notion of quality): HYPOC-

RATE, as well as many of his predecessors in "traditional Chinese medicine" or local
medicine, understood very early that food was our first medicine,

- And to reach these two first objectives, we have no other choice than to PRESERVE OUR
PLANET, so that it continues to NOURISH us in quantity and in quality.

Thus, we see here that to nourish the will of the human being, which is, since the dawn
of time, to develop, to learn, to explore, to improve, we cannot dissociate it from the
destinies of the food and the earth.

Taking care of people through food, taking care of their health potential and that of the
earth, is inseparable if we want to create a virtuous future;

LANDING ON THE LINK BETWEEN AGRICULTURE-FOOD-INDUSTRY and CONSUMERS

If we transpose these words closer to our daily life, we come to link Agriculture - food-
industry and consumers.

Is one of these three more important than the others? | don't think so, we can think that
they are deeply interdependent.

MUST BE ADAPTED TO THE CONSUMER TO BE ADOPTED BY HIM

However, | would appreciate a focus on the consumer, as they have the ultimate power
of choice and are, may be, the ones, subtly driving the equation.

The consumer will not eat what you invent because you invented it!

We have to be aware that in some cases, we mix what is new for the
is new for the company: many mistakes have been made to i 0 be
more sophisticated than what was presented the previous time
to correctly target the conscious and unconscious expectation

An innovation must make the consumer's life easier and m
them meaning, build their identity (tell me what you eat, etc.
their expectations to be ADOPTED.

EMPATHY TO BE ADAPTED

The real way to win this bet is to LISTEN, to OBSERVE, to UNDERSTAND the consumer be-
fore putting a single piece of project on the table: what are the criterias that count in his

eyes, in his heart, the criteria in which you will invest the best of your professional
skills?
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What are, on the contrary, the criteria on which you should not invest, even if they seem
great or technically brilliant: it doesn't matter, the consumer doesn't care about tech-
nical issues or about exceptional technical level of this product.

Get out from your research center, take your bicycle, go to his home, to his real life and
listen to him, very carefully.

WHAT IS AN INNOVATION?

As it was described by Chip HEATH in a very good book “Ces idées qui collent”, an inno-
vation to last must be “Simple, Credible, Concrete, slightly Unexpected, should tell a
Story and reveal Emotion”.

We must also consider that in any system, to change is to take a risk or to renounce the
past: for a company but also for a consumer. | am convinced that if we exceed 50% of
innovation in the field of consumer food, if the consumer is not able to find the refer-
ence points he knows in relation to other types of food, other types of consumption, he
will be afraid and forget.

PREFER PULLED THAN PUSHED BUSINESS MODELS

Therefore, many food (or non-food) companies have generally pushed their products
and services across countries, sometimes experiencing successes, and other times, fac-
ing big failures.

There are many reasons for this.

Food remains an emotional behavior, we should not impose our models, our products,
but look at the history of local food, of eating habits, of foods meanings, and draw in-
spiration from local sources.

We should use our knowledge to improve from this understanding, the quality, the per-
ception, the taste, the use of a new food or bring new values (convenience, nutrition,
food safety) to the ancestral local dishes they are used to.

This is what we could call a "pulled" model (based on consum
in a way, opposed to the "pushed" (business) model, often pra

CURRENT CONSUMER VALUES ON FOOD

The equation to create a food in our countries does not see€
globally the values of consumers tend towards "good taste, c
simplicity (of recipe, of understanding), sense, low transformatio
gradable packaging, why not organic, balance between animal and ve ources, lo-
cal, fair trade and short channels".

It seems so simple, but it is sometimes so complex to get out of our own (business)
habits.
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WITH TIME AND BUDGET TENSION

Two other important factors are becoming more prominent in consumer choice: time
pressure (where, when to eat) and a shrinking budget for food, versus being connected,
for example.

BIODIVERSE FOODS FOR A HARMONIOUS DIET OF OUR EMOTIONS AND THE NEEDS
OF OUR BODY

After talking about our emotion (preferences, values, convenience), we should talk
about our body's needs through innovation, as emotion and body are inseparable and
will impact each other.

If we look in the rearview mirror of our dietary transitions, over the last 250,000 years,
our diet has of course gone through cycles of domination, but the pendulum has always
swung back to central and balanced positions of coexistence between animal and plant
foods, especially with the recent (10,000 years ago) entry of cereals in our diet.

Because we, HOMO SAPIANS, are bio-diverse, because of our history, our cultures, our
religions, our diets, we are chemically bio-diverse (genetics, hormones, organ structure
etc.).

We therefore need this biochemical diversity through food (amino acids, fats, minerals,
vitamins, fibers, etc.).

But we are also very bio-diverse at the biological level, that of our own ecology, and |
would take as an example only our microbiota.

Our microbiota, you know, those 3 kg or 100,000 billion bacteria, which inhabit our in-
testinal tract, are, as we have recently learned, nervously and hormonally linked to our
brain.

Our microbiota has a major impact, on the metabolization of our food of course, but al-
SO oh our immune system, our regulatory systems and even our em s been
perfectly demonstrated recently.

In exchange for these services, our microbiota needs t
"cajoleries" are simply the food biodiversity that we offer it to

Let's look at the blog that our grandmothers have been keeping
passed on these thoughtful gestures to us in the phrase " you nee
diet " Seems simple, right??!!
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What was implied, even if they were not familiar with the concept of microbiota was that
“you need to have a balanced diet...to feed all your gut biodiversity, in a balanced way”.

So, feeding ourselves and bringing health through food to homo sapiens without taking
advantage of this food biodiversity that is offered to us would be a nonsense that would
slowly eat away at humanity.

These considerations may seem simple, but when we are asked to create an innovation,
in @ company that makes ice cream, or snacks, or sodas, how do we conceive this re-
spect for the needs of the body in terms of biodiversity, how do we respect the initial
and probably local chemical and biological diversity of these people?

What responsibility do we take when we propose foods that are, chemically (additives
for example) or biologically, UFOs in their food history?

Be sure that we take, at that moment, a responsibility as a food industry. Every time we
innovate, we vote to preserve, improve or erode the health potential of our consumers.

To link to another responsibility we have as a food industry, as Emmanuel FABER said,
"every time we eat or drink, we vote for the world we want: tomorrow's world for our
health, tomorrow's world for our earth.”

CREATE VALUE FOR THE CONSUMER and FOR OUR EARTH AT THE SAME TIME

Every year, we ask our earth to produce 4 times the weight of our humanity in food +
30% for the wasted part. This is where the link that we must str en the
evolution of agriculture and the evolution of food, by asking our ;

- Impact of animal and plant sources on the earth ? : i
sumption of CO? and water, but let's not forget the im
installed, the food habits, the pleasure of food diversity.

- How can we orient our food towards the best return between en from
the earth (animal and vegetal) and what is returned to our body. In short, what is
the best recipe, with 3 ingredients, between "organoleptic, nutritional and ecologi-
cal impact"? A question of long term type of yield.
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- Why don't we think about more efficient cultivation and breeding schemes, as
practiced today in organic agriculture or permaculture, but on a larger scale, as
the surface of arable land in the world is not very extensible?

- Food is the emotional expression of who we are; the tastes, colors, textures and
commensality of our food are also part of our culture: how can we continue to
build our human biodiversity by impoverishing the biodiversity of what we con-
sume?

-And finally, how to recreate an indestructible link between agriculture and food,
perceived as two independent worlds for many of our children?

CONCLUSION

We are entering a new paradigm of a more responsible humanity: more responsible for
how food and beverages will impact our life potential, more responsible for respecting
the original choices of consumers, more responsible for how everything that is created,
will impact the sustainability of our planet.

The materialism created from the 20th century onwards has led to individualism. Indi-
vidualism has made us forget the stakes of humanity and the earth: the time is over
now.

Humanity and the future of the earth are back on the front of the stage, on a interde-
pendent between our way of life, the human beings and our home, the earth, which
feeds us and gives us this necessary quality of water and air.

jons,
e,

You were born with this issue, you will be the future leaders of ¢
maybe governments. Life on earth is a cycle: | am sure you wil
sufficiently open-minded to lead the future towards a virtuous

Be proud, be confident in yourselves and in your ability to be t -
adigm, you will make it!

FIPDes is such a training platform, which gives you skills, a way to work together, to im-
agine together, by gathering all the issues we are facing.

FIPDes has given you the freedom to never forget to combine knowledge and scientific
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rigor with your emotions, your intuitions, your vision of the future: keep this balance as
the most beautiful gift given to you, because life is made of rational and irrational inter-
twined, inseparable ways to make humanity progress.

Very soon, you will enter the active life with an opportunity that others could not seize: |
wish you all, sincerely, the best.

Francois COLOMBAN
Food Design Director - Danone
14th June 2021

And never forget =) :

« Quoi que tu réves d’entreprendre, commence-le. L’audace a du génie, du pouvoir,
de la magie. »

“Whatever you dream of undertaking, start it. Boldness has genius, power and
magic.”

- Johann Wolfgang von Goethe
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larauzet@gmail.com

Profile in a nutshell:

. BSc in Chemical Engineer-
ing, University of Cape
Town (UCT, South Africa)

. MSc in Food Innovation and
Product Design (FIPDes),
specialising in Healthy Food
Design (AgroParisTech
(France), TU Dublin (Ireland)
& UNINA (Italy))

Interests:

Plant-based, Innovative & Healthy

Food Product Design, Cooking,

Drawing, Travelling, Cinema, Sing-

ing, Languages, Running, Boulder-

ing & Yoga

Master Thesis hosting lab/

company:

The KraftHeinz Company (KHC)

International R&D Centre,

Nijmegen, The Netherlands

Master Thesis tutor :

Prof. Paola VITAGLIONE

Larissa VALERIO JUNCO

Tomato pomace (TP), the waste stream gen-
erated by the tomato processing industry
and consisting mostly of peels and seeds, is
currently used primarily as animal feed and
fertiliser. It shows great potential as a re-
newable ingredient and there is growing in-
terest in its valorisation within the food in-
dustry due to its valuable macro-, micro-
nutrient and bioactive content as well as its
thickening capacity as a functional powder.

This project aimed to investigate the possi-
bility of valorising TP from agro-industrial
waste streams by developing value-added
product formulations with varying tomato
pomace powder (TPP) content. TP was trans-
formed via mild drying and grinding to pro-
duce a functional and homogeneous ingre-
dient that was incorporated into tomato
ketchup. The new formulations underwent
sensory, physico-chemical and nutritional
analyses.

Two TK formulations were developed (1%
peel and 1% whole valorised TPP below
0.200 mm) with sensory differences close to
zero when compared with a TK reference.
Off-flavour was the major limitation. TKs
met target specifications such as viscosity,
colour and pH and reduced production
costs. However, they did not unlock health
or nutrition claims, but contained 2.0-2.1 g
fibre/100 g TK, which is 1.4-fold higher
than the reference product, thereby improv-
ing the product’s nutritional and tomato
content.

The TPP-added TK developed is promising
but its obtention process must be optimised
to reduce bioactive content degradation for
a more comparable, sensorily pleasing and
nutritionally rich value-added TK.

Confidential topic
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Physico-

chemical Characteristics and their
relation with glycemic index.

William BAIDOO
GHANA
williambaidoo6@gmail.com

Profile in a nutshell:

. MSc. Food Innovation and
Product Design (FIPDes)
with specialization in Food
Design and Engineering,
AgroParisTech (France), TU
Dublin (Ireland).

° BSc. Nutrition and Food Sci-
ence, University of Ghana
(Ghana)

Interests:

Food chemistry, physicochemistry,
chemical risk assesment , food
safety

Master Thesis hosting lab/
company:

UMR SayFood, GEPRO, AgroParis-
Tech (Massy, France)

Master Thesis tutors:
Dr. Olga DAVIDENKO
Dr. Anne SAINT-EVE

Introduction

There are considerable reports on the prev-
alence of childhood obesity across many
countries (Bae & Choi, 2021). Between 1976
and 2016, global obesity increased by three
-fold (Abarca-Gémez et al., 2017). The Euro-
pean Union project STOP (Science and Tech-
nology in Childhood Obesity Policy), is fo-
cused on curbing childhood obesity. One of
the axis chosen to tackle this issue is to re-
engineer cookies to improve their nutrition-
al profile and glycemic indices, while con-
sidering other important factors such as its
texture. This is because foods with lower
glycemic indices have been reported to slow
down postprandial glucose spike (Roberts,
2003). Sweet biscuits are important contrib-
utors of unhealthy diet composed of high
calories, and subjected to ultra-processing
(Costa et al., 2018; Forde et al., 2020; Hall
et al., 2019). Cookies in particular are ener-
gy dense and play an important role of add-
ed sugar intake among childrens’ diet
(Afeiche et al., 2018; Denney et al., 2017).
In this frame, cookies were chosen as the
target food in this study.

Jenkins et al. (1980) introduced the concept
of glycemic index (Gl), to explain the effect
of carbohydrates on postprandial blood glu-
cose level. The higher the postprandial
blood glucose levels after consuming a par-
ticular food, the greater the glycemic index
of that food. Foods with Gl of >70, < 55,
and between 56 - 69 are classified as high,
low and medium glycemic index foods re-
spectively (Brouns et al., 2005; Augustin et
al.,, 2015). Glycemic index can be deter-
mined by in vivo or in vitro methods. How-
ever, due to ethical issues and other incon-
veniences involved in using human subjects,
in vitro methods are have been used more
in literature (Lucas-Gonzalez et al., 2018).
In vitro methods for



determining glycemic index can be dynamic
or static (Minekus et al., 2014). static models
have been widely used in in vitro assays be-
cause of its simplicity and comparatively low
associated cost (Wickham et al., 2009). There
are many protocols for determining carbohy-
drate hydrolysis and glycemic index of foods
in vitro. However, most of the protocols used
are those from Gofi et al. (1997), Englyst et
al. (1992), and the INFOGEST protocol by
Minekus et al.(2014). The type of food matrix
influences the choice the appropriate multi-
step enzyme hydrolysis.

Raw materials, processes and physicochemical
state of macromolecules after processing,
greatly influences the digestion and glycemic
indices of foods (Singh et al., 2010). Hence, it
is important to use a reliable method to study
the impact of these factors on glycemic index.

Research objectives

This study was a subset of a PhD work, which
was focused on improving nutritional quality
of cookies while maintaining desirable physi-
cochemical and sensorial properties. Twenty
eight cookies were developed based on learn-
ings from previous work. Then the carbohy-
drate digestibility indices and some physico-
chemical properties of these cookies , and
their possible relations with the formulation
levers were assessed. (figure 1).

.
Reformulated cookies G

i Physicochemical characterization

Digestibility studies i
Selection of an invitro protocol i Maisture analysis

& setting parameters l

¢ i Microscopy
In vitro hydrolysis of | | l
reformulated cookies !
Texture measurements.
- Rapidly available glucose i )
- Sowly available glucose H Water holding capacity
» - Glycemic glucose
- Glycemic index ! ]

9% Hvdrolysis
Rheology of simulated bolus

Figure 1: Study strategy
Methodology

Multi-step enzymatic in-vitro hydrolysis for
estimation of carbohydrate digestibility
(fig.2)

In vitro hydrolysis was adapted from Englyst
et al. (1992), Englyst et al. (2018), Englyst et
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al. (2000), Freitas & Le Feunteun, (2019) and
Schuchardt et al. (2016).

Oral Digestion x

l cookics

+0.1M Sodium acctate
buffer, invertase

+0.1mL heat-stable a-

Grinding of

pepsin, 0.05M HCI, guar
gum (10mL)

Gastric
Digestion
30min, 37°C

OO,

amylase, boil for 1 Smins

+7M KOH, 10mL chill
for 30mins

+0.25M sodium acetate solution
(10mL)

2509N|3 [L10], UOLIRUNSH

J

Take ImL

amyloglucosidase, CaCl,,

©="0

tPancreatin, invertase, ‘

+0.5M acetic acid
(10mL), AMG (0.2mL)

Dilute -
aliquot

T
Incubate at 70°C, 30
mins
+40mL distilled water

120min, 37°C

Glucose
measurement

Intestinal Digestion

AUC, GI, Digestion
Kinetics, RAG, SAG,
Available glucose, total
glucose

Boil
[99£1°C
for Smins]

Figre2 : Summary of hydrolysis protocol
Estimation of parameters of hydrolysis

The predicted glycemic index (pGl) was calcu-
lated as using equations 1 (Alongi et al.,
2019; Jenkins et al., 1981).

GI AUC (120 minutes) of test food (iLe cookies)

- - — x 100
AUC (120 minutes) of test food (e bread)

Rapidly available glucose (RAG), slowly availa-
ble glucose (SAG) and available glucose were
estimated according to the method proposed
by (Englyst & Hudson, 1996).

RAG = Glucose released after 20 minutes of
digestion

Available glucose = Glucose released after 120
minutes of digestion

SAG = Available glucose - RAG
Cookies’ Physicochemical characterization
Microscopy: state of starch in cookies

The state of starch was studied using a light
microscope. Starch granules were identified



by the presence of Maltese cross in the gran-
ules (Xiao et al., 2020). Scaling and image
analysis was done using the Image) software.

Moisture content

About 0.5g of ground sample (cookies or
bread) was dried for 18 hours at 103°C in an
oven (EM10, Chopin, France). The sample was
then placed in a desiccator for 1 hour before
weighing (Upadhyay et al. 2017). The mois-
ture content was determined as:

) MW —-MD
4o Moisture content = leﬂﬂ

MW= mass (g) of the ground cookie before oven, MD=
mass (g) of the dried cookie sample

Texture analysis

The texture properties of the cookies were
studied by a three point bending test using a
Texture Analyser (Stable Microsys-
tems,Surrey,UK). In order to compare products
with each other, the stress (or) (equation 3)
and strain (er) (equation 4) were calculated,
thus making it possible to avoid dimensional
variations (Baltsavias et al., 1997).

3xXF,. %L )
O = oIz BN/mP) o equation 3
e 6 x hx y,{I (9T v equation 4

L?

L = the distance or the span length between the 2 fixed uprights of the plane on
which the cookie rests (m) ; | = width of the cookie (m) ; h = height of the cookie (m) ;
F = force (N) ; Fr = breaking force (N) ; Y = deviation (m)or distance ; yr = distance
rupture (m)

Measurement of glucose in samples

The glucose was measured using Megazyme D
-Glucose Assay Kit (Product code K-GLUC), ac-
cording to the instructions of the manufactur-
er. The glucose was expressed as percentage
glucose per dry mass of sample.

Statistical analysis

Statistical analysis was done using XLSTAT
(version 2021.2.2). Error bars in graphs are
standard division of the values. Comparison
of means were done using one-way ANOVA
followed by Tukey’s honestly significance dif-
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ferent (HSD) test, and student t-test.

Correlations between formulation parameters,
digestibility indices and textural properties
were done Principal Component Analysis
(PCA). All analysis were done at significance
level of a.=0.05.

Results and discussion

Glycemic index of the reformulated cookies

The glycemic indices for the reformulated
cookies which were analyzed in this study are
shown in figure 9. The pGl of the reformulat-
ed cookies ranged from 53 to 45. Based on
the classification of foods according to their
Gls, all the reformulated cookies fall within
the category of low glycemic index foods,
which are foods having Gls of < 55 (Brouns et
al., 2005a).

55 abc abed
f_*_\ ]
’—}‘—\ T cde de
50 2
g 50 Sf T P 4948 48 ,—k—\48 y= /—Aﬁ
< 47
2
: I fErEgeyes
I I
£ i
=
[C)

okies 29

oooooooooooooooooooooooooooo
uuuuuuuuuuuuuuuuuuuuuuuuuuuuu

Figure 3: Glycemic indices of 28 reformulated cookies produced
for the study (3 replication each)

Bars having different letters are statistically different

(p<0.0001, a =0.005).

Foster-Powell et al. (2002) published the gly-
cemic indices of over 750 foods in the
“international table of glycemic index and gly-
cemic load values”. With reference to the ta-
ble, the majority of the cookies had medium
to high glycemic indices (between 51 to 71).
In vivo digestibility studies conducted by
Garsetti et al. (2005) showed that, the mean
Gl of various plain white flour cookies was
57+8, whereas Englyst et al. (2003) reported
that Gl of chocolate biscuits including cookies
is between 51 to 65. Based on these values, it
can be said that, the ingredients and process
alterations was effective in ensuring a low Gl
of the reformulated cookies.



Effect of formulation of various digestibility
indices

The effect of formulation parameters on the
various digestibility indices cookies was ana-
lyzed using PCA. Principal components F1 and
F2 explains about 82% of the information
(figure 4).

Biplot (axes F1 and F2: 81.94 %)

08

F2(22.81 %)
~

.
0 B

F1(50.13 %)

= Active variables = Supplementary variables

Figure 4: PCA biplot showing interaction between formulation
parameters and hydrolysis indices

It can be observed that RAG and SAG are nega-
tively correlated, implying that cookies that
have a higher proportion of RAG would have a
lower SAG. This observation has been seen ear-
lier in figure 10. We can also tell from the plot
that the glycemic index of cookies is not neces-
sarily influenced by the total glucose in the
cookies but rather the available glucose and the
degree at which it is hydrolyzed. This is be-
cause not all the glucose that is present in a
food matrix is released for absorption during
digestion Englyst et al. (1992). For example,
glucose form resistant starch may not be avail-
able during enzymatic hydrolysis (Englyst et al.
1996). Another interesting observation that was
found is the correlation between oat bran and
SAG (r=0.5 , p=0.003). Thus, the SAG increases
with the proportion of oat bran in the formula-
tion, which is associated with reducing glyce-
mic glucose and Gl. The interaction between
the influence of SAG and oat bran, and its posi-
tive effect in reducing the Gl of cookies could
be linked to the fiber present in oat bran. Nu-
merous studies have shown that, the soluble
fiber (1 — 3)(1 — 4)-B-d-glucan in oat bran con-

Page 19

tributes to reducing glycemic response of
foods (Hallfrisch & Behall, 2000; Makeldinen
et al., 2007; Panahi et al., 2007). An earlier
study conducted by Dunaif & Schneeman
(1981), reported that the presence of fiber
reduces the activity of pancreatic a-amylase.

Conclusion

This study showed the possibility to reformu-
late healthier cookies with an improved nutri-
tional profile and lower glycemic indices. The
in vitro protocol adapted and used in this
study to predict glycemic index is suitable
for cookies (and any type of biscuit). This
would be an interesting tool that could be
utilized in the process of cookies innovation
or reformulation to make healthier products,
with positive impact on health and obesity
relevant factors. Also, the impact of formula-
tion on the digestibility of reformulated
cookies has been established. With oat bran
fiber positively influencing the release of glu-
cose in cookies during in vitro digestion.
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This research aims to validate a new measur-
ing technique of Dough Gas Retention (DGR)
called Gas Trap. The Gas Trap is designed to
be adapted into a Risograph, which is a known
methodology to measure Dough Gas Produc-
tion (DGP) through pressure measurements.
The performance evaluation of the Gas Trap
was done by comparing the DGR results with a
Dynamic Dough Volume (DDV) analysis. Addi-
tionally, an exploratory study considering dif-
ferent families of enzymes was carried out to
evaluate the effect that they have on the DGR
using the Gas Trap. Some fungal and bacterial
enzymes tested had a positive effect on DGR.
On the other hand, some bacterial enzymes
can either be neutral or have a negative effect
on the DGR depending on the dosage. The re-
sults of the enzymes apply to the raw materi-
als, formulation, and process established for
this study. To further validate, different types
of flours should be considered, and more rep-
etitions should be done using diverse batches
of enzymes. By means of the exploratory en-
zymatic study, it was concluded that the Gas
Trap allows the differentiation of DGR among
samples.
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Potential bioaccessibility of N-
‘ Acylphosphatidylethanolamines,

N-acylethanolamines and endocan-
nabinoids in food: an in vitro diges-
tion study

Introduction: Endocannabinoids (ECs), N-
acylethanolamines (NAEs) and their phos-
Heather BROWNE phorylated precursors (NAPEs) are part of
the endocannabinoid system that is in-
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Masters thesis tutor: Prof. Paola
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and industrially produced foods;

e To subject those foods to a static
model of in vitro digestion by adapt-
ing the protocol to the specific pur-
poses of the study;

To assess the content of NAPEs, NAEs
and ECs in foods before and upon
digestion in order to evaluate the im-
pact of a ‘simulated’ digestion across
the gastrointestinal phases.




Methods:

Seven industrially produced and commonly con-
sumed foods were selected. These included
walnuts, tomatoes, tuna, dark chocolate, chick-
pea, wholegrain and refined wheat bread. Each
food was subjected to a simulated human di-
gestion in vitro using an internationally recog-
nised protocol, INFOGEST. During digestion,
gastric and intestinal samples were separated
into the bioaccessible fraction and fraction re-
sistant to digestion to understand their physio-
logical role. Content of NAPEs, NAEs and ECs in
the foods before and after salivary, gastric, and
intestinal digestion was assessed by liquid
chromatography-high resolution mass spec-
trometry (LC-HRMS) analysis.

Results:

NAEs and ECs were found to be more bioacces-
sible across digestion, from salivary to small
intestinal digestion. NAPEs were found to be
more abundant than NAEs, consistent with the
literature, but with largely opposing behaviour
to NAEs.

As food is rarely consumed individually and, to
translate this study’s findings practically, aver-
age serving sizes were selected for each food
sample to investigate the amount of NAPEs and
NAEs which could be provided in a potential
meal (figure 1). Simulated meal options pro-
vided 1570-1560 mg NAPEs, 750-770 pg NAEs
and 827ug ECs. These levels are much higher
than those referenced in the literature for a
chemically extracted, undigested simulated
meal®.
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Bioaccessibility of 11APEs in a meal
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Figure 1: Content of NAPEs (mg/serving) and
NAEs (ug/serving) in a meal and food serving
size representing the bioaccessible fraction (A)
bioaccessible NAPEs, (B) bioaccessible NAEs. Da-
ta are expressed as means +SD pg with intesti-
nal supernatants (bioaccessible portion) adjust-
ed to fresh weight values and calculated per av-
erage serving size within a meal. Letters indicate
differences across the foods for NAEs and NAPEs
with p<0.05. A one-way ANOVA with Tukey post
hoc analysis was conducted across the foods to
highlight significant differences between food
servings.

Wholegrain bread contained the highest
concentration of NAPEs and NAEs reaching
the colon in a standard meal serving, poten-
tially implicating dietary fibre as an encap-
sulating agent, delaying release across di-
gestion.

For individual NAEs, walnuts provided the
highest concentrations across the foods of
SEA (1.3 to 8-folds more) and PEA (4 to 18.6
-folds more). Further, a serving of chocolate
contained the highest bioaccessible NAPEs
(1.3 to 8-folds) and OEA (1.6 to 16.3-folds),
at concentrations for OEA likely able to bind
to GPR119 and PPAR-a receptors. LEA was
the most abundant in refined wheat and
wholegrain bread, and at levels potentially
able to bind to GPR119 receptors and PPAR-
a for OEA. The only endocannabinoid found
was 2-arachidonoylglycerol in tuna and was
bioaccessible in large quantities in a meal
serving, while a significant amount was
available to enter the colon.



Conclusions:

The findings showed in general, ECs, NAEs and
NAPEs were present at levels much higher in
processed foods than in fresh foods previously
reported. Further, digestion increased the bio-
accessibility of NAEs and ECs, largely in the
small intestine where absorption takes place.
Endocannabinoids were found in the only ani-
mal-based product consistent with previous re-
search. While it is likely that nutrition and phys-
io-chemical properties of food may affect con-
centration levels of these compounds within
foods, other mechanisms such as compound
inhibitors, enzymes and the digestive environ-
ment may impact their release across digestion.
Finally, a simulated meal from this study may
provide sufficient levels of these compounds
for receptor activation, and thus allow for their
physiological effects in vivo.
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Development And Characterization
Of A Plant-based Meat Analogue

Using An Innovative Texturization
Technology For Fiber Synthesis

The technological hurdles of the current plant-
based meat analogues processing techniques,
mainly extrusion, have limited the develop-
ment of whole cuts like chicken and fish fil-
lets. This study highlighted the opportunity in
using an alternative technology for the design
of vegan fish fillets to respond to the rising
environmental and consumers safety concerns
associated with increased seafood consump-
tion. Most currently marketed plant-based
seafood products fail in mimicking the fibrous
structure of fish muscles as they either con-
sist of minced products or gel-based ones.
The results of this study expanded the
knowledge around a not-yet-commercialized
technology for its ability in creating fish-like
fibers and texture. Several formulation and
process parameters in commercial soy and
pea protein isolate slurries were tweaked to
generate matrices with different structure and
texture properties. Figure 1, provides an ex-
ample of a soy-based slurry before and after
texturization. Changes in protein interactions
at a slurry level were tracked using viscoelas-
tic measurements while finished products
were characterized with a texture profile anal-
ysis, fibrous degree and moisture content de-
termination. Steamed cod fish flakes were
used as a reference for texture comparison.

Figure 1. From a slurry to a meat-like fibrous matrix

Various blends showed potential for their ap-
plication in designing fish analogues as matri-
ces were found to be anisotropic. However,
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further recipe and process improvements
need to be made to get closer to the fish tex-
ture targets.
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The discoloration of polyethylene
obtained from chemical separation
of laminates: Investigating additives
and other potential causes

Introduction & purpose

In Europe, 40% of plastic materials produced
are used for packaging (Kaiser, Schmid and
Schlummer, 2017), while the global replace-
ment of virgin polymer feedstock with recy-
cled plastics from both mechanical and
chemical recycling is projected to double in
ten years (Brooks, 2021). Polymer recycling is
therefore not only a sustainable pathway, but
also an economic choice for packaging com-
panies.

Tetra Pak’s aseptic cartons mainly consist of
paperboard, aluminum (Al) foil, and polymer
laminated together. The paper fiber is easily
recovered during recycling, leaving behind
the remainder mixed material of polymers
and aluminum, known as PolyAl. In Europe,
PolyAl from used beverage cartons (UBCs) is
mostly incinerated for energy recovery or re-
cycled as composite materials in a lesser ex-
tent.

The separation of PolyAl, through either
chemical or mechanical recycling, is techni-
cally feasible as it further extends the circu-
larity of the material. Interestingly, an undi-
agnosed green discoloration was observed in
the PE fraction recovered from PolyAl after re-
processing (Figure 1). The phenomenon re-
mains little known or studied in academia,
typically attributed to residual ink when en-
countered (Diop, Lavoie and Huneault, 2016).
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Figure 1 Plastic from the PE fraction of PolyAl delaminated
with formic acid (Diop, Lavoie and Huneault, 2016)

As PolyAl separation is being commercialized in
Europe in recent years, the green discoloration
is receiving more attention due its potential im-
pact on the end-product pricing. This study
aims to explore the potential causes of the
green discoloration in the context of mechanical
recycling and discuss the impact of the phe-
nomenon.

Methodology

The study synthesizes the findings from a re-
view of existing literature, stakeholder inter-
views, and laboratory analysis. The former two
were conducted to identify potential causes of
the discoloration throughout the base PE materi-
als’ lifetime, in stages of base materials, con-
verting and packaging processes, and recycling
processes.

The experimental analysis involved two stages.
In the first stage, an external laboratory (EL) an-
alyzed separated films from the recycling
stream manually sorted based on colors; their
thermal-oxidative stabilities were evaluated us-
ing differential scanning calorimetry (DSC) and
oxidation induction temperature (dynamic OIT),
while color measurements were conducted for
each color fraction compounded with virgin ma-
terials with colorimetry (L*a*b*, AE, RGB). This
established the hypothesis for the second stage
of the experimental analysis, done by the au-
thor, to compare several polymer grades used
by Tetra Pak (all metallocene PE, also known as
mPE) with varying suppliers and additives. The
base polymers were treated through an oven

Page 28

aging process (250°C, 6 minutes), after
which their respective discolorations were
assessed through colorimetry (L*a*b*, AE).

Results and discussion

Potential causes and impacts

Through literature review and interviews, res-
idues from the metallocene catalyst, phenolic
antioxidants (AOs) and acid scavengers in
additives, oxidation during extrusion melt-
ing, ozone treatment, peroxide bath, impuri-
ties, and oxidation during delamination were
identified as the potential contributors to the
discoloration.

Through the interview, a European recycler
disclosed that discolored recycled PE experi-
enced lower market prices than its colorless
counterpart (Recycler E, 2021). The removal
of the discoloration could therefore contrib-
ute to improving the value of the material, if
out-balancing research and implementation
costs.

Analysis of recycled films

EL’s experimental analysis suggested that
the green discoloration was a combination of
yellow and grey, and the thermo-oxidation of
AOs producing yellow species may be the
root cause for a yellow discoloration. The
contribution of ink in the discoloration was
likely small, given the close proximity of col-
ors between the recycled PE granules (mixed
colors) and the colorless separated films af-
ter oven treatment that imitated the re-
processing conditions.



Figure 2. Left to right: human color feeling, and
color composition by L*a*b*; top to bottom:
recycled granules, colorless fraction of separat-
ed films after oven treatment

Comparison of base polymers

The comparison of different PE grades further
investigated the discoloration effects of differ-
ent additives, mainly involving phenolic AOs
and the acid scavenger calcium stearate. For
each sample, the discoloration was calculated
for the overall color difference before and after
oven aging (AE), as well as differences of L*
(light vs. dark), a* (red vs. green), and b*
(yellow vs. blue). The data is shown in Figure 3.
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Figure 3. Discoloration (AE) of samples Al to E.
For each sample, the leftmost bar represents
overall discoloration, followed by discolorations
in the directions of darkening, greening, and
yellowing from left to right.
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The colorimetry demonstrated that the over-
all discoloration was led by yellowing. The
samples without additives showed yellow dis-
coloration, likely from the presence of resid-
ual metallocene catalysts (Epacher, Krohnke
and Pukanszky, 2000; Hoang et al., 2006);
the AOs were able to protect against this dis-
coloration, although further treatment may
result in aforementioned AO discoloration;
calcium (Ca) stearate was linked to more ad-
vanced yellow discoloration when used with
AOs, In line with existing research (Hoang et
al., 2004). Nevertheless, the use of phenolic
AOs is necessary to protect the mPE from
thermal-oxidative degradation (Internal Mate-
rial Specialist, 2021).

Conclusion

The green discoloration in recycled PE from
chemical delamination of carton packages is
a complex phenomenon. The study con-
cludes that the choice of additives is a poten-
tial root cause amongst others, such as resi-
dues of impurities. While the study focused
on the additives, future studies concerning
other possible causes and the impact of dif-
ferent PolyAl recycling methods are recom-
mended. In the search for resolution, alterna-
tive AOs with lower discoloring potentials
and other PolyAl separation methods should
be explored.

References

Kaiser, K., Schmid, M. and Schlummer, M.
(2017). Recycling of Polymer-Based Multilayer
Packaging: A Review. Recycling, 3(1), p.

Brooks, B. (2021). Recycled Plastics Market
Becoming More Liquid and Globalized as De-
mand Soars | S&P Global Platts. [online]
Spglobal.com. Available at: https://
www.spglobal.com/platts/en/market-
insights/blogs/petrochemicals/031121-
recycled-plastics-global-market- commoditi-
zation-standards-pricing

Diop, C.L.K., Lavoie, J.-M. and Huneault, M.A.
(2016). Separation and Reuse of Multilayer



Food Packaging in Cellulose Reinforced Polyeth-
ylene Composites. Waste and Biomass Valoriza-
tion, 8(1), pp.85-93.

Epacher, E., Krohnke, C. and Pukanszky, B.
(2000). Effect of Catalyst Residues on the Chain
Structure and Properties of a Phillips Type Poly-
ethylen. Polymer Engineering & Science, 40(6),
pp.1458-1468.

Hoang, E.M., Allen, N.S., Liauw, C.M., Fontan, E.
and Lafuente, P. (2006). The thermo- oxidative
Degradation of Metallocene polyethylenes: Part
2: Thermal Oxidation in the Melt State. Polymer
Degradation and Stability, 91(6), pp.1363-
1372.

Hoang, E.M., Liauw, C.M., Allen, N.S., Fontan, E.
and Lafuente, P. (2004). Effect of Additive Inter-
actions on the thermo-oxidative Stabilization of
a Film Grade Metallocene LLDPE. Journal of Vi-
nyl and Additive Technology, 10(3), pp.149-
156.

Recycler E (2021). Interview with Recycler E.
F e b .
Internal Material Specialist (2021). Interview
and Meetings with Tetra Pak’s Internal Material
Specialist. Feb.

Page 30



Roisin Gallagher
Ireland
roisingall21@gmail.com

Profile in a nutshell:

MSc. Food Innovation and Product
Design (FIPDes) with specialisation
in Healthy Food Design UNINA
(Italy)

BSc (hons) Human Nutrition and
Dietetics. Trinity College & TU
Dublin, Ireland

Interests:

Cookbooks, sea swimming, pho-
tography, the first coffee of the
day, people watching, fresh air,
sourdough bread with EVOO,
champagne and my dog Freddie!

Master Thesis hosting lab/
company:

UNINA, Napoli
Master Thesis tutor :

Prof. Prof Francesco Caracciolo
& Dr Maria Raimondo

Page 31

Eating the ‘inedible’. An extended
theory of planned behaviour looking
at consumption of the perceived in-
edible parts of fruits and vegetables
in Ireland and ltaly.

Introduction

1/3 of all food produced in the world
is thrown away, with fruits and vegetables
accounting for the most waste (FAO, 2017).
Up to 55 % of fruits and vegetables pro-
duced are destined for the bin(Gustavsson
et al., 2011). The United Nations sustaina-
bility goals aims to reduce food waste by a
half by 2030, they also aim to reduce food
poverty, promote healthy diets and ensure
food security globally (UN, 2017). Given the
predicted population growth there will
simply not be enough food.

Food based dietary guidelines (FBDG)
continuously recommended consumers to
eat more fruits and vegetables despite
them being the most wasted food group.
Research has shown that adequate con-
sumption of fruits and vegetables is protec-
tive against a number of chronic diseases,
cancers and mental health disorders(Aune
et al., 2017).

The perceived inedible parts (PIPs) of
fruits and vegetables refers to the stalks,
leaves, peels and seeds of fruits and vege-
tables. The PIPs of fruits and vegetables are
therefore seldomly; consumed, recommend-
ed or visible in validated nutritional data-
bases. This research postulates that the
PIPs of fruits and vegetables have the po-
tential to reduce food waste, reduce dietary
related disease and deaths and address the
problem of food security. This proposed
research aims to explore the factors that
influence the consumption of the PIPs of
fruits and vegetables in Ireland and Italy.



Research objectives

. The primary aim was a quantitative
analysis of consumer behaviour to-
wards consuming the PIPs of fruits and
vegetables using a conceptual model in
Italy and Ireland.

. A secondary aim, was conducting a pre-
liminary literary analysis on the PIPs of
selected fruits and vegetables. This
analysis considered the PIPs from (i)
nutritional perspective (ii) food waste
perspective.

Methodology

The nutritional and food waste analy-
sis was conducted based on infor-
mation available from validated nutritional
databases (where available) and previous lit-
erature. An estimated micronutrient analysis
was conducted on the following fruits and
vegetables: broccoli (stalk & leaf), cauliflow-
er (stalk & leaf), carrot (green tops), mush-
room (stalk), apple (peel) and kiwi (peel).
From a food waste perspective, the composi-
tion of the PIPs of the selected fruits and
vegetables was estimated. For example what
% of broccoli is made up of stalk and leaf.

An online survey was conducted and
divided into three sections. The first section
comprised questions regarding the selected
PIPs of fruits and vegetables. Consumer’s
were shown images of the PIPs of and asked
if they (i) perceived them to be edible (ii)
regularly consumed them.

The second part of the survey, con-
tained a list of statements following a vali-
dated framework: The Theory of Planned Be-
haviour (TPB) in relation to the PIPs. These
statements explored the classic TPB con-
cepts: intention, attitudes, social norms and
perceived behavioural control. Four addition-
al contructs were also explored: edibility
knowledge, ‘stated’ behaviour, perceived
health benefits and sustainability benefits.
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Statistical analysis was conducted
on the TPB model using partial-least
squares structural equation modelling
(PLS- SEM).

Results and discussions

Findings from the preliminary analy-
sis found that the PIPs of the selected
fruits and vegetables had a rich nutritional
profile, in most cases superior than the
commonly consumed parts. The leaves
proved to be the most nutritious in terms
of vitamin C, antioxidants, iron and other
micronutrients. The stalks contained a rich
source of fibre and the peel contained fi-
bre, antioxidants and polyphenols. Their
lack of visibility in nutritional databases
showed how seldomly they are considered
for their valuable nutritional content. The
proportion of fruits and vegetables that
were made up of a PIP ranged from 10 —
54%. In the case of broccoli, an estimated
54 % of the vegetable was made of PIPs
(stalk & leaf). Highlighting the impact con-
suming all parts of this vegetable could
have on food waste.

Table 1. Summary of the preliminary research

ey

PIP of fruits &
s
Broccoli stalk

Vitamin C, lutein (carotenoid), fibre, 20-27 %

polyphenols

Lutein, calcium, manganese, iron, vitamin E, ¢
Broceoli feaf K, B carotene, polyphenols and anticxidants 20-47 %

Total Est 54 %

Caulifiower stalk  Fibre (cellulose) 12%
Cavliflower leaf o oroin fibre, calcium, iron, B caroteneand 24 %

vitamin C Total Est 34 %
Carrot tops Protein, vitamin C, calcium, phosphorous,

iron, polyphenol and antioxidants Est22%
Mushroom stalk  Vitamin D and fibre (8 glucans) Est25-33%
Apple peel Antioxidants, anthocyanins (polyphenols),

flavonoids, fibre Est10%
Kiwi peel Fibre, vitamin E, folate and antioxidants Est 25-28%

'Liu et al,, 2019, ?Inteli, 2014, *Goneim et al., 2011, “Card-
well et al,, 2018, °Lata et al., 2009, ¢ Richardson et al., 2019.

Findings from this preliminary research
could be transferred to the PIPs of other
fruits and vegetables such as beetroot



leaves, butternut squash peel and strawber-
ry tops.

The consumption of the PIPs of fruits
and vegetables was extremely varied. Per-
ception of edibility did not positively corre-
late with consumption. Indicating that there
are a number of barriers to consuming the
PIPs of fruits and vegetables. in the case of
carrot tops 44 % of respondents consider
them to be edible but only 2.6 % regularly
consumed them.

120
Perception of edibility & consumption (%)

100

80
60
40
) I I
0

BroccoliStalk Broccoli Leaf Cauliflower  Cauliflower CarrotTops Mushroom  Apple Peel Kiwi Peel
Stalk Leaf Stalk

W Participants who consider it edible (%) Participants who regularly consume it (%)

Table 2. Perception of edibility & consumption of the
PIPs of fruits and vegetables

The total sample size was n = 659
(Ireland = 405, Italy = 255). The main charac-
teristics of the sample was mainly women
(78%), young (50% are under 34 years), re-
side in Ireland (61%), have a high income (51
% earn > €2000 per month). Approximately
half of the sample has an educational or pro-
fessional background related to food or food
production.

It was found that the consumption of
the PIPs of fruits and vegetables was higher
in women compared to men, those between
the age 55 and 74 years and those with a
food related background. This also reflects
the literature whereby women are often
found to waste less food and to be more sus-
tainable in their mindset and actions when
compared with men (Von Haartman et al.,
2017). There was no difference noted be-
tween incomes and countries.
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Results from the structural model,
show that attitude, social norms and per-
ceived behavioural control influence con-
sumption of the PIPs of fruits and vegeta-
bles, with intention presenting as the
strongest predictor of behaviour (B=
0.425). Of all the constructs, attitude was
found to have the strongest impact on in-
tention to consume the PIPs of fruits and
vegetables (B= 0.580), followed by per-
ceived behavioural control and subjective
norms but to a lesser degree. The results
also show that edibility knowledge, per-
ceived sustainability and health benefits
have a positive and significant impact on
attitudes towards the PIPs of fruits and
vegetables. There was no overall statisti-
cal difference noted between Ireland and
Italy.

Figure 1. Structural model output.
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‘Notes: Significant relationships are marked by bold ar-
rows, and non-significant relationships by dotted line ar-
rows (*p < 0.05; **p < 0.01; *** p < 0.001).

The results from the structural model con-
firm all the proposed relationships are ac-
cepted. It proves to be a useful framework
that has value in investigating consumer
intentions and behaviours towards con-
suming the PIPs of fruits and vegetables.
Based on the presented correlations it
shows that in order to influence behaviour
it is important to focus on people’s atti-
tudes considering the strongest correla-
tion was found between attitudes and in-
tentions.



Recommendations

1. Revision of existing nutritional databases
to include the PIPs of fruits and vegetables.

2. Food waste campaigns targeting younger
people and males.

3. Information on the PIPs of fruits and veg-
etables (food labels, recipes, educational cur-
riculum).

4. Creation of innovative products by the
food industry using the PIPs of fruits and
vegetables i.e. kiwi peel flour.

Conclusion

This novel research has shown that
an extended TPB model is an effective frame-
work to explore the consumption of the PIPs
of fruits and vegetables. The PIPs of fruits
and vegetables are extremely nutritious com-
modities. Their consumption would have the
potential to contribute towards preventing
dietary related diseases and significantly re-
duce food waste.
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Introduction

Camelina (Camelina sativa L.), is an ancient
oil crop original from the Middle East and
grown in European countries and Russia and
belongs to the Cruciferae (Brassicaceae,
mustard) (Zanetti et al., 2021). The main
interest in camelina is related to the fact
that it is a low-input crop that grows well in
semiarid regions and in soils of low fertility,
competing favourably with other plants and
being tolerant to insects and weeds. Due to
these features and high resistance to low
temperatures, it is an attractive plant for
sustainable agriculture (Ratusz et al., 2016).

Camelina seeds are rich in protein (40 wt%)
and oil (35-40 wt%) (Belayneh et al., 2015).
The oil extracted has high nutrition value as
it contains high levels of polyunsaturated
fatty acids (PUFA) (50- 60 wt%), with omega-
3 (w-3) accounting for 35-40 wt% of the to-
tal composition, being 10 times richer in
these acids than many other vegetal oils,
and omega-6 (w-6) for 15-20 wt% (Imbrea et
al., 2011). In comparison with other vegeta-
ble oils, camelina oil is rich in natural anti-
oxidant tocopherols (760 mg/kg oil) and
phytosterols (up to 6500 mg/kg oil), which
are health promoting minor lipid com-
pounds (Belayneh et al., 2018) and could
prevent PUFA oxidation and inactivate pho-
tooxidation as well as having radical scav-
enging activity.

Camelina oil has drawn the attention of the
food industry, as it could give nutritional
and therefore commercial advantages over
the currently available alpha linolenic acid-
rich plant oils (such us flaxseed and linseed
oils), considering the consumer’s demand
for healthier foods (Goyal et al., 2015).



The incorporation of w-3, vitamin E and other
fat-soluble ingredients into food matrices can
be easier in the form of stable emulsions than
in bulk oil, since they are dispersed throughout
food products as droplet particles, avoiding
physical separation from the aqueous phase
during storage. The preparation of emulsions
that are gravitationally and oxidatively stable
over a time period (e.g., few days, weeks,
months or years) requires the incorporation of
substances known as stabilisers, which are of
practical use in the food industry (Goyal et al.,
2015).

Oleaginous seeds, store their lipids in the form
of triacylglycerols in systems called oil bodies.
The properties of oil bodies have generated a
lot of industrial interest to incorporate them in
oil-in-water emulsions, due to their significant
stability against physical and chemical stresses,
conferring gravitational stability through ab-
sorption at the oil-water interface, either indi-
vidually or in combination with other stabilisers
(Ishii et al., 2017; Nikiforidis, 2019; Abdullah,
Weiss and Zhang, 2020). The singularity of the
structure is based on their strong outer mem-
brane made up of phospholipids and proteins
(Ding et al., 2020).

The oil body system has been described as a
natural emulsion that grants stability against
coalescence and lipid oxidation (Nikiforidis,
2019).

Research objectives

Formulate stable emulsions with camelina oil
and oil bodies extracted from camelina seeds.

Evaluate the impact of common emulsifiers and
camelina oil bodies when mixing with the ingre-
dients of the formulation and provide a com-
parison on their performance.

Explore the emulsifying properties of oil bodies
from camelina seeds.

Assess the influence of external conditions on
these emulsions and stability over time of the
obtained emulsions.
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Methodology

Oil-in-water (o/w) emulsions systems com-
posed of camelina oil 30 (wt%), an aqueous
phase supplemented with xanthan gum
(0.3% (wt%) of the aqueous phase) and potas-
sium sorbate 0.2% (wt%), and soy lecithin
0.55 (wt%), whey proteins 1 (wt%) or camelina
oil bodies 0.55 (wt%) or 1 (wt%) as emulsifi-
ers were developed. The emulsion systems
were evaluated under an accelerated shelf-
life study over 13 days at 45°C (steady condi-
tions) to better understand the effect of pH
(3.5, 5.5 and 7.5) on the stabilising mecha-
nisms of the emulsifiers. The emulsions were
characterised by measuring viscosity and
particle size distribution and their gravita-
tional stability was qualitatively assessed by
visual observation and light backscattering
profiles. The development of oxidation was
tracked by monitoring the consumption of
oxygen, the production of lipid hydroperox-
ides and aldehydes and the stability of to-
copherols. A Multi-factor ANOVA (General
Lineal Model) and Tukey pairwise comparison
test (confidence interval 95%) were applied to
determine significant differences between
the samples for the all the markers.

Results and discussions
Physicochemical Stability Assessment

In many emulsions, the stability against
droplet aggregation is due to the presence of
a charged interface that generates a strong
electrostatic repulsion (McClements & Jafari,
2017). Then, most emulsions stabilised with
proteins are very sensitive to high tempera-
tures and changes in the pH, which influence
these electrostatic interactions against drop-
let aggregation (ultimately leading to coales-
cence). The stability of these emulsions
against aggregation and coalescence in a mi-
cro-ordered scale was evaluated depending
on a relative particle size change over time.

Figure 1 displays the average diameter in vol-
ume of the droplets was calculated as the
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maximum value of the highest peak for the par-  structures were observed in the micrograph
ticle size distribution and plotted as a function for whey protein-stabilised emulsion in Fig-

of time for each emulsion at pH 3.5. ure 2. At this pH there is a much more homo-
geneous size distribution between the three
Y4346 emulsions stabilised by lecithin and whey

"""""""""""""""""""""""""""" y = 0.0253x + 84885 protein, with no significant difference for av-

erage oil droplet diameters (p=1).

y = 0.7671x + 36.992

Particle size D {(pm)

Stabiliser: whey proteins/pH 3.5 Stabiliser: whey proteins/pH 5.5

U
Days of accelerated shelf life
Stabiliser: soy lecithin Stabiliser. whey proteins Stabiliser: soy lecithin + whey proteins el
Stabiliser: oll badies 13
Figure 1. Average particle size of camelina (o/w) emulsions - : I~ 4}__ et i
at pH 3.5 over thirteen days of the accelerated shelf-life ) .

study, linear trend from values expressed as the mean value
+ standard deviation calculated based on three repetitions.

Figure 2. Micrographs for emulsions stabilised with whey
proteins at pH 3.5 (left) and pH 5.5 (right) with scale bars =
50pm.

No change of particle size happened during the

accelerated shelf-life study for any sample, with ~ What is interesting about the oil bodies is
a trend line slope of almost zero. Then, there is  that when they are dispersed in an aqueous
a good resistance to coalescence for all emul- media, they represent a natural emulsion
sions, since the diameter of the main popula- system themselves. At that point, an electro-
tion of oil droplets can be considered as con- static connection already exists between
stant over time regardless the emulsifier charged phospholipids and the basic amino
(p>0.05). acids of the oleosin protein, keeping its hy-
drophilic part in a flat arrangement towards
the oil body, covering the surface instead of
being extended into the aqueous phase. This
arrangement is likely to persist over a wide
range of acidic pH values due to the low pKa
value of the phosphate group on the phos-
pholipids (White et al., 2008).

Having the same oil fraction and emulsification
process, lecithin-stabilised emulsions were ex-
pected to have the smallest particle size, fol-
lowed by native whey proteins and denatured
proteins and then, oil bodies. This hypothesis
was confirmed by the particle size of the emul-
sions obtained, in which whey proteins and oil
bodies at low concentration were larger than
with lecithins and oil bodies at high concentra- Oxidation Stability Assessment

tion. Emulsions containing unsaturated lipids,

In the emulsification process of the samples, such as camelina oil, can be susceptible to
the adjustment of the pH was done adding a  oxidation reactions when exposed to heat,
solution of hydrochloric acid (1 mol/L) on the light or metal ions (such as iron and copper)
aqueous phases containing whey proteins, and (Ahmed et al., 2016).

during this process, a precipitation of proteins
was observed, perhaps, as a result of the de-
crease of the pH, passing throughout the isoe-
lectric point, in which they can denature and
exhibit larger size (McClements & Jafari, 2017).
Unlike pH 3.5, at pH 5.5 no denatured protein

The percentage of oxygen in the bulk of the
emulsions was tracked from day zero until
day thirteen and is shown in Figure 3. The
oxygen percentage in all samples decreased
from about 21% to values close to 0%, after
two to six days.



Diaiys of sccaleratid sl Bl

Figure 3. Oxygen partial pressure (normalized values) in the
bulk of camelina (o/w) emulsions over thirteen days of the
accelerated shelf-life study.

The immediate consumption of oxygen that
could be via unsaturated fatty acids present in
the lipid phase, is in line with the increase in
hydroperoxides for all samples. As discussed
by Berton-Carabin et al., (2014), some studies
have shown that the creation of oil-water inter-
face could favour the contact between unsatu-
rated lipids and prooxidant compounds dis-
solved in the aqueous phase. Besides, the emul-
sification process itself could promote oxida-
tion through incorporation of oxygen or over-
heating when high shear stress is applied.

All emulsions showed similar behaviour in that
their peroxide and p-anisidine value significant-
ly increased on time (after 13 days) (p<0.05),
showing that primary and secondary oxidation
reactions took place from the production time
and over their shelf-life. However, the oxidation
stage relatively low. The presence of antioxi-
dant compounds naturally present in non-
refined camelina oil and camelina oil bodies,
such as tocopherols, carotenoids and phenolic
compounds could block the generation of hy-
droperoxides and aldehydes through various
chemical mechanisms, including quenching of
free radicals by electron transfer or hydrogen
donation, and metal chelation (Berton-Carabin
et al., 2014).

Some of the possible explanations for oxidation
phenomena are exposed below:

At pH 3.5, the denaturation of proteins men-
tioned above (Figure 2) could interfere in their
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organization at the interface and therefore to
the exchanges with the aqueous phase, pos-
sibly exposing the lipid phase to pro-
oxidants compounds, triggering oxidation
reactions that could continue during aging.
Also, the proteins have a very high net posi-
tive charge and their antioxidant activity
might be reduced or inhibited, by affecting
mechanisms such as the chelation of metallic
ions or the free radical scavenging by nega-
tively charged residues as cysteyl, methionyl,
tryptophanyl, and tyrosyl (Pernin et al.,
2019).

At pH 5.5, the neutral charge can limit the
antioxidant activity of whey proteins ex-
plained before. However, in combination with
a surfactant like soy lecithin, they might
compete for the interface, leaving part of the
unadsorbed proteic emulsifier in the aque-
ous phase, in which it is more soluble and,
where it can strongly interact with water-
soluble reagents such as free radicals and
metal ions, exhibiting in a better way its anti-
oxidant properties, preventing or delaying
primary oxidation reactions (Berton-Carabin
et al., 2014).

At pH 7.5, the negatively charge droplets
could attract positively charged transition
metals onto the surface, which are known to
accelerate lipid oxidation reactions by hydro-
gen abstraction and peroxide decomposition,
resulting in the formation of free radicals
(Osborn-Barnes and Akoh, 2003).

Conclusions

The results indicated that pH has a strong
influence on the stability mechanisms of pro-
tein-stabilised emulsions. Emulsions stabi-
lized only with oil bodies remained gravita-
tionally stable over time at a pH of 3.5 com-
pared to emulsions including whey protein,
which was attributed to the presence of a
strongly pre-stabilised phospholipid/protein
interface.

All camelina oil-in-water emulsions exhibited
excellent stability against coalescence and
presented an extended resistance to oxida-
tion regardless pH condition or emulsifier.



References

Abdullah, Weiss, J. and Zhang, H. (2020)
‘Recent advances in the composition, extraction
and food applications of plant-derived oleo-
somes’, Trends in Food Science and Technolo-
gy, 106(October), pp. 322-332. doi: 10.1016/
j.tifs.2020.10.0209.

Ahmed, M. et al. (2016) ‘Oxidation of
Lipids in Foods’, Sarhad Journal of Agriculture,
32(3), pp. 230-238. doi: 10.17582/
journal.sja/2016.32.3.230.238.

Belayneh, H. D., Wehling, R. L., Cahoon,
E., & Ciftci, O. N. (2015). Extraction of omega-3
-rich oil from Camelina sativa seed using super-
critical carbon dioxide. Journal of Supercritical
Fluids, 104, 153-159. https://
doi.org/10.1016/j.supflu.2015.06.002.

Belayneh, H. D., Wehling, R. L., Cahoon,
E., & Ciftci, O. N. (2018). Lipid composition and
emulsifying properties of Camelina sativa seed
lecithin. Food Chemistry, 242(August 2017),
139-146. https://doi.org/10.1016/
j.foodchem.2017.08.082.

Berton-Carabin, C. C., Ropers, M., & Ge-
not, C. (2014). Lipid Oxidation in Oil-in-Water
Emulsions: Involvement of the Interfacial Layer.
https://doi.org/10.1111/1541-4337.12097.

Ding, J. et al. (2020) ‘Thermally treated
soya bean oleosomes: the changes in their sta-
bility and associated proteins’, International
Journal of Food Science and Technology, 55(1),
pp. 229-238. doi: 10.1111/ijfs.14266.

Goyal, A., Sharma, V., Upadhyay, N.,
Singh, A. K., Arora, S., Lal, D., & Sabikhi, L.
(2015). Development of stable flaxseed oil
emulsions as a potential delivery system of w-3
fatty acids. Journal of Food Science and Tech-
nology, 52(7), 4256-4265.  https://
doi.org/10.1007/s13197-014-1370-2.

Imbrea, F., Jurcoane, S., Hilmajan, H. V.,
Duda, M., & Botos, L. (2011). Camelina sativa: A
new source of vegetal oils. Romanian Biotech-
nological Letters, 16(3), 6263-6270.

Ishii, T. et al. (2017) ‘Interfacial and
emulsifying properties of crude and purified
soybean oil bodies’, Food Structure, 12, pp. 64
-72. doi: 10.1016/j.foostr.2016.12.005.

Page 39

McClements, D. J. and Jafari, S. M.
(2017) ‘Improving emulsion formation, stabi-
lity and performance using mixed emulsi-
fiers: A review’, Advances in Colloid and In-
terface Science, 251, pp. 55-79. doi:
10.1016/j.€is.2017.12.001.

Nikiforidis, C. V. (2019). Structure and
functions of oleosomes (oil bodies). Ad-
vances in Colloid and Interface Science, 274,
102039. https://doi.org/10.1016/
j.cis.2019.102039.

Osborn-Barnes, H. T. and Akoh, C. C.
(2003) ‘Copper-Catalyzed Oxidation of a
Structured Lipid-Based Emulsion Containing r
-Tocopherol and Citric Acid: Influence of pH
and NaCl’. doi: 10.1021/jf0261553.

Pernin, A. et al. (2019) ‘Lipid Oxida-
tion in Oil-in-Water Emulsions Rich in Omega-
3: Effect of Aqueous Phase Viscosity, Emulsi-
fiers, and Antioxidants’, European Journal of
Lipid Science and Technology, 121(9). doi:
10.1002/ejlt.201800462.

Ratusz, K., Popis, Edyta, Hanna, Zyt-
kiewicz, C.-_, & Wroniak, Matgorzata. (2016).
Oxidative stability of camelina (Camelina sa-
tiva L.) oil using pressure differential scan-
ning calorimetry and Rancimat method. Jour-
nal of Thermal Analysis and Calorimetry,
126. https://doi.org/10.1007/s10973-016-
5642-0.

White, D. A. et al. (2008) ‘Sunflower-
seed oil body emulsions: Rheology and stabi-
lity assessment of a natural emulsion’, Food
Hydrocolloids, 22(7), pp. 1224-1232. doi:
10.1016/j.foodhyd.2007.07.004.

Zanetti, F., Alberghini, B., Marjanovi¢
Jeromela, A., Grahovac, N., Rajkovi¢, D., Ki-
provski, B., & Monti, A. (2021). Camelina, an
ancient oilseed crop actively contributing to
the rural renaissance in Europe. A review.
Agronomy for Sustainable Development, 41
(1).  https://doi.org/10.1007/s13593-020-
00663-y.



Page 40

Development and examination of

‘ liquid plant-based young child for-
mulae; from prototyping to product
concepts

Irineos Georgiou
CYPRUS
georgioure@gmail.com

Profile in a nutshell:
. MSc. Food Innovation and
Product Design

. BSc. Food Science and Tech-
nology

. Diploma in Culinary Arts

. Certification in professional

cheese-making

Interests:

Professional: New product Devel-
opment with a focus on sustaina-
bility

Personal: Music, food travelling,
exploring quirky bars and cafes

Master Thesis hosting company:

Confidential

Master Thesis tutor :
Juscelino Tovar

Introduction

Young children show rapid growth and de-
velopment as their height and weight are
increased by approximately 25 and 50 per-
cent, respectively (WHO, 2009).

Young child formulae (YCF) had been devel-
oped as an alternative to breast milk for en-
suring adequate nutrient intake to young
children during the transition period from
breastfeeding to weaning. Such formulae
are commonly made of dairy ingredients,
such as milk proteins, and lactose, fortified
with essential nutrients (Eussen et al., 2015,
Zhang et al., 2020).

Today’s nutrition trends are to a great ex-
tent shifting towards the consumption of
plant-based (PB) foods. Vegan, vegetarian
and flexitarian populations are showing a
constant growth over the years (Wunsch,
2020).

By default, parents following plant-sourced
diets are interested in introducing these di-
ets to their children. Despite that, PB prod-
ucts intended to young children are hardly
available on the market. Products like PB
milks intended to adults do not satisfy the
nutritional criteria for a young child, and
can set a child’s health in risk (R. Mangels &
Driggers, 2012).

Research objectives

. Development of liquid PB YCF by fol-
lowing a prototyping method.

. Examination of consumer behaviour,
and nutritional, functional, physico-
chemical, and sensorial properties.

. Creation of product concepts, and sug-
gestion of packaging and labelling so-
lutions.



Methodology
Selection of raw materials

Each category of raw materials; proteins, carbo-
hydrates, lipids, and flavours were initially se-
lected based on the ingredients’ commercial
availability.

Further evaluation was done on safety and qual-
ity by following the company’s criteria for in-
gredients of the specific age group.

Moreover, nutritional quality and techno-
functional suitability for YCF were ensured by
obtaining information from the supplier and
previous internal studies.

Lastly, the raw materials were examined by
consumers on their perception for facilitating
their final selection.

Recipe design and development

Recipes were designed using the company’s
internal software for ensuring nutritional com-
pliance for the target consumer group.

Three pilot-scale trials, and one kitchen-scale
trial were performed as explained in the follow-
ing sections.

Proteins - Trial 1

Trial 1 had as scope the examination of differ-
ent protein blends and the selection of the
most desired ones.

Seven samples were prepared using 11 differ-
ent protein blends, as demonstrated in Table 1.
All samples contained a standard carbohydrate,
a standard oil blend, and a complex of miner-
als.

Table 1 Samples’ number and protein composition

Sample  Protein composition

1.0 Legume 1, Cereal 1, Cereal 2
1.2 Legume 1, Legume 2

1.4 Legume 1, Seed 1, Cereal 2
1.5 Legume 3, Legume 4, Cereal 2
1.6 Legume 5, Seed 2

1.7 Legume 2, Pseudocereal 1

2.0 Legume 1, Cereal 3
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Carbohydrates - Trial 2

The purpose of Trial 2 was the examination
of different carbohydrates, aiming to the
identification of raw materials with improved
nutritional and sensorial properties, and with
higher consumer acceptance compared to
the current raw material used.

Five samples were prepared with different
carbohydrate sources, as it can be seen in
Table 2. All of the samples contained a
standard protein and oil blend, and a com-
plex of minerals.

Table 2 Samples’ number and carbohydrate composi-
tion

Sample Carbohydrate composition
2.0 Control carbohydrate

2.1 Liquid cereal carbohydrate
2.2 Whole cereal carbohydrate
2.3 Root carbohydrate

2.4 Legume carbohydrate

Lipids - Trial 3

Trial 3 was carried out to evaluate different
lipids, aiming to the identification of raw ma-
terials with improved nutritional and sensori-
al properties, and with higher consumer ac-
ceptance compared to the current raw mate-
rial used.

Three samples with different lipid sources
were prepared, as shown in Table 3. All sam-
ples contained a standard protein blend, a
standard carbohydrate, and a complex of
minerals.

Table 3 Samples’ number and lipid composition

Sample Lipid composition
2.0 Seed oil 1

2.5 Nut oil

3.0 Seed oil 2




Flavours - Trial 4

Trial 4 had as purpose the evaluation of fla-
vours’ sensorial attributes when infused in the
samples of Trial 1. Trial 4 was performed in a
form of a workshop at the company’s Design
Kitchen.

Table 4 Samples’ number, and their protein and flavour
composition

Sam- Protein composi- Flavour composition
ple tion
4.1 Legume 1, Seed 1, Flavour 1
Cereal 2
4.2 Legume 1, Cereal 1, Flavour 2

Cereal 2

4.3 Legume 5, Seed 2 Flavour 3 & Flavour 4

4.4 Legume 1, Legume 2  Flavour 5, Flavour 6 &

Flavour 7
4.5 Legume 1, Legume 2  Flavour 8
4.6 Legume 1, Cereal 1 Flavour 9
4.7 Legume 1, Cereal 1 Flavour 10

4.8 Legume 3, Legume Flavour 11 & Flavour
4, Cereal 2 12

Analyses

Examination on physicochemical and functional
properties included visual assessment, heat sta-
bility, pH, calcium ion activity, viscosity, parti-
cle size distribution, and optical microstruc-
ture.

Sensorial attributes, consumer perception, and
nutritional properties; protein digestibility-
corrected amino acid score (PDCAAS), and dex-
trose equivalent (DE) were also evaluated.

The physicochemical analyses were done after
homogenization, after heat treatment, and after
four weeks of storage at 25 ‘C, and 37 °C, as
accelerated shelf-life.

Trial 4 was not examined for physicochemical
properties as the samples were produced at a
kitchen scale.

Product concepts, packaging and labelling
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Simultaneous activities were involved in the
project for obtaining information and assist
in the creation of different product concepts,
as well as packaging and labelling solutions.

Following from the results of the four trials,
a brainstorming session took place, in which
the selected raw materials were assigned to a
product concept.

Results and discussion
Proteins - Trial 1

All samples showed similar physicochemical
results, therefore, the selection of the sam-
ples was done based on the PDCAAS value,
the consumer perception, and the sensory
analysis. The samples can be seen in Figure

Figure 1 Visual appearance of Trial 1 samples.

The selected samples were 1.4 and 2.0. Sam-
ple 1.4 was selected as it had received the
most acceptable sensorial characteristics, as
well as a high PDCAAS value (0.95).

Sample 2.0 had shown acceptable physico-
chemical and sensorial characteristics, as
well as the highest PDCAAS value (1). The
latter sample’s ingredients familiarity and
perception added an advantage to the sam-
ple, which facilitated its selection.

Carbohydrates - Trial 2

Sample 2.1 exhibited the lowest sedimenta-
tion along with the control sample and had
shown decreased aggregation under the mi-
croscope, due to the carbohydrate’s liquid
nature. The sample was therefore selected
for further examination.

Sample 2.4 showed somewhat increased ag-
gregation compared to some of the other
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samples. Despite that, the rest of the results Table 5 Product concepts and their composition.

were considered acceptable, which lead to the

sample’s further examination. Product Protein Carbohy- Lipid Flavours
o con- drate
In addition to the above, both of the samples cept

showed good organoleptic properties. Moreo- "Concept Legume 1, Liquid Nut i

ver, the coherent origin of the ingredients was 1-A Cereal 3 Cereal oil

considered as beneficial in terms of labelling carbohy-

and consumer acceptance. drate

Despite this, considerations on the two sam- ﬁ:(fngcept I{:Z?:;?z]’ l(‘:isrl;isl gliTt Flavour 1

ples’ labelling should be taken into account, as carbohy- E:g:gz:g

concerns may arise from the consumers due to drate

the unfamiliarity of the ingredient’s form or Concept Legumel, |egume Seed  Flavour 4

controversial perception. 2-A Seeds 1, carbohy-  20il  Flavour §
Cereal 2 drate

Lipids - Trial 3 Flavour 3

The samples showed similar physicochemical g?ngcept EESS;”?,]’ Ic‘:?;'on;e_ ?e;? Flavour 6

and sensorial results. Additionally, as all three Cereal 2 grte E:zzgz:g

oils were positively perceived by the consum- Concept Legume 1

ers, it was concluded that all samples may be 5. Seeds 1, 'c-zfg‘oms_ ?egicl' E:aV°“r9

used for further examination. Cereal2  grate o

Flavours - Trial 4 Flavour

The organoleptic properties of Samples 4.2, I]:I]avourZ

4.3, 4.4, 4.5, 4.7, and 4.8 received a positive

feedback, thus the botanicals included in the
samples were selected for further examination.

L

Overall, the addition flavours increased the vis- &
cosity of the samples, which contributed to the $ER B biced poie
improvement of watery attributes identified in &
some of the samples of the previous trials. Ad- )
ditionally, the flavours masked certain unde-

sired attributes observed in some samples of 100% planit-based mil..
the previous trials. et

Product concepts, packaging and labelling

Through the insights obtained from the differ- ;@’) M,
ent activities, and based on the results of the '

four trials, different product concepts were for-
mulated Figure 2 Example of the products’ packaging and label-

ling.

Each concept was aligned with the selected raw
materials of the four trials. The different con-

cepts and their composition can be seen in Ta-
ble 5. This study aimed to the prototyping develop-

ment of liquid plant-based young child for-
mulae at a pilot scale, by examining various
macronutrients and ingredients, including
proteins, carbohydrates, lipids, and flavours.

Conclusion

Furthermore, packaging and labelling sugges-
tions were designed, as it can be seen at the
examples in Figure 2.



The samples were examined for their sensorial,
functional and physicochemical properties, nu-
tritional compliance, and consumer perception.
Based on the results, the ingredients with the
most promising results were determined.

Different product concepts were then formulat-
ed, and packaging and labelling solutions for
each concept were suggested.

This study suggests the development and ex-
amination of the final recipes as they were de-
signhed for each product concept, and upon
complete nutritional composition. In this way,
the products’ final composition can be adjusted
and optimized, for the products to proceed to
factory scale development.
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The frying industry constantly looks for
ways to increase the number of frying cycles
of their frying oils before having to replace
them with the fresh ones for economic rea-
sons. Tert-butylhydroquinone (TBHQ) has
been used for this purpose, especially by
potato crisp manufacturers, due to its effi-
ciency, stability, wide availability and low
cost. However, with the increasing demand
from end consumers of healthier and more
natural food products, the industry is trying
to shift to more natural solutions. The cur-
rent study aimed to replace TBHQ with a
natural plant extract (NPE) alone, or blended
with another NPE or synthetic antioxidants
during the deep-frying of potato crisps. The
analyses included are physical, chemical
and organoleptic. Results showed that
blends of NPEs and NPE-synthetic antioxi-
dants outperformed the NPE alone. The two
best performing blends could increase the
number of frying cycles by 33% and 9% re-
spectively when compared to TBHQ. Slight
foaming and discolouration of the oil were
observed in these two formulations, howev-
er, the physical nor organoleptic qualities of
the fried products remained unaffected.
Finding natural sources of these comple-
mentary synthetic antioxidants would allow
a better consumer acceptance. Carry-over
rule applies (Reg (EU) 1333/2008 Article 18
(1)), so no declaration on the final fried
products is required.
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Introduction

The changing lifestyle of consumers has
driven them to increase the importance of
the convenience factor when shopping for
meals (Chen, 2013). According to Euromoni-
tor International (2021), an increase of 8.6%
in this category sales was observed in 2020
compared to the previous year. In Sweden,
this sector is forecasted to grow 9% in the
following vyears, of which chilled ready
meals are projected to have the strongest
growth (Euromonitor International, 2020).
Nevertheless, the latter will also increase
the environmental impact and the green-
house gases (GHG) generation, as chilled
ready meals have been found to generate
more GHG than home-prepared meals
(Schmidt Rivera, Espinoza Orias and Aza-
pagic, 2014). At the moment, 26% of the
global GHG emissions are accounted to the
food sector, from which 18% correspond to
the supply chain (Ritchie and Roser, 2020).
In order to achieve Europe's 2030 climate
ambitions of reducing 55% GHG emissions
(European Commission, 2020), the negative
environmental impact of these products
should be addressed and reduced.

In this context, strategies have been previ-
ously presented to address this issue. Con-
sidering the role of food packaging and the
product’s supply chain has been identified
to be crucial to craft a holistic solution. It is
well known that including logistic require-
ments in the packaging design process
brings benefits to the food companies
(Garcia-Arca, Prado-Prado and Gonzalez-
Portela Garrido, 2014; Molina-Besch and
Palsson, 2020), and it has been studied to
some extent. However, fewer insights on
the opportunities and challenges



for food packaging companies in applying this
principle are currently available.

Research objectives

The purpose of the thesis is to explore the op-
portunities and challenges of including logistic
requirements in the packaging development
process at a packaging company to reduce the
indirect environmental impact of chilled ready
meals’ packaging.

To accomplish the aim, the following research
questions (RQs) must be addressed:

1. How does Micvac's packaging design affects
the environmental impact along the supply
chain?

2. What requirements are currently considered
during the tray design process at Micvac?

3. How can logistic requirements be included in
the packaging development process to improve
transport efficiency?

Methodology

The research was framed as an exploratory
case study with qualitative and quantitative da-
ta gathering. The study has three main compo-
nents, each of which addressed a research
question and used defined tools:

1. Environmental impact in the supply chain
-Supply chain mapping for a selected product

-Carbon footprint estimation of packaging ma-
terial, transport, waste handling, and material
handling

-Evaluation of the impact of the tray design

2. Packaging development process and portfo-
lio evaluation

-Packaging design process mapping
-ldentifications of requirements currently used
-Volume fill rate calculations of trays in crates

3. Logistic requirements to improve transport
efficiency

-Analysis of requirement to be implemented
-ldentification of opportunities and challenges
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A literature review and a database search
were used for secondary research. Interviews
with key actors, questionnaires, observation
during visits and experiments (CAD model-
ling and Physical samples) were conducted as
part of primary research.

Results and discussions

Environmental impact in the supply chain

A simplified scheme of Micvac’s supply chain
can be observed in Figure 1.

u- Q
Scandiflex Faerch Plast Micvac

Sealing film supplier Tray supplier | | Valve supplier |

l =
ICA Sverige ICA Supermarket
Distribution Center Store Retailer Consumer

Lantménnen
Food manufacturer
| Renova |

Waste handler

Fti & Svenskplastatervinning
Plastic packaging recycling

Figure 1. Simplified scheme of Micvac’s supply chain.

The primary packages are manually packed
to reusable crates and piled up in pallets at
the food manufacturer stage. The tray di-
mensions determine the maximum number
of trays that can fit. Nevertheless, the retail’s
distribution centre has requirements on the
amount the crates should contain based on
the smallest store format. The latter limits
the control the food manufacturer has on in-
creasing the fill rate of the secondary pack-
ages. The packaging system configurations
used can be observed in Figure 2.

X
Crates in a roller container

Trays in a crate Crates in a pallet

Figure 2. Packaging system used for transporting ready
meal trays produced with Micvac technology



The carbon footprint of the food product,
packaging material, transportation, material
handling, and waste handling were estimated.
The CO,e emissions from material handling was
considered to be very low compared to the oth-
er factors due to Sweden’s energy Matrix. The
results can be observed in Figure 3.

\5%
3%

4%

88%

Food » Packaging material = Transport = Waste handling

Figure 3. Carbon footprint of different factors for a 400 g
ready meal

From a food packaging company perspective,
there is no control on the carbon footprint of
the ingredients used for producing the ready
meal. Packaging material and waste handling
are related, as they are co-dependent. As the
main focus of the study was to include logistic
requirements in the design process, the
transport aspect was analysed in more detail.
The results of the distribution of the emissions
along the supply chain can be observed in Fig-
ure 4.

100.0%
81.7%
80.0%

60.0%

40.0%

20.0% 15.1%

0.0% 0.3% 2.8%
0.0%

Percentage carbon footprint
contribution to the transportation
factor

Tray Supplier - Valve Supplier-  Film Supplier - Food Distribution
Food Food Food manufacturer-  Center-Retail
manufacturer manufacturer manufacturer Distribution store
Center

Section of the transport route in the supply chain
Figure 4. Carbon footprint percentage contribution at differ-
ent transport routes along the supply chain
Transport companies oversee choosing the
transport mode based on the customer’s need
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and internal availability, limiting the actor's
control for the service. However, this could
have a positive effect as transport companies
can help avoid air being transported by plan-
ning and allocating co-distribution when
needed.

The packaging development process and
portfolio evaluation

Micvac currently uses a funnel model for in-
novation and technological project. The re-
guirements that Micvac currently considers
during the tray design process include pro-
duction, product, and customer require-
ments. There is an intention to include envi-
ronmental requirements due to consumers'
requests, a consequence of the increasing
awareness. The main constraints on getting
new trays models into the market are finan-
cial, as small customers cannot invest in new
moulds. However, there is a potential for de-
signing based on consumer needs.

The current fill rates of the Micvac portfolio
vary from 25-38%. There are opportunities
for increasing the fill rate of the current
Micvac trays. As an example, it was shown
that for the Oval 300 g tray there is a 44% of
the void space that could be avoided if
changes in the handles are made. This is de-
picted in Figure 5 and 6. Figure 5 shows the
current situation and evidenced the void
space inside the crate, while Figure 6 shows
the potential improvements in changes in the
tray handles are made.

Figure 5. Cross section cut (middle of the crate) of tray Sam-
ple B in a crate Sample Y where the green area shows the
void space, and the red line shows the maximum height to
allow stacking.



Volume Fill rate: 33% a7'%
Trays per pallet: 576 876
Carbon footprint per tray: 15.17 gCO2e 10.25 gCO2e

Figure 6. a) Before and b) After tray design if logistic re-
quirements are included in the design process

Increasing the volume fill rate shows that lower
GHG emission per kilogram of meal transported
can be achieved. Even small increases have an
overall impact. There is an opportunity of re-
ducing the environmental impact if the fill rates
of the current packages are increased.

Logistic reguirements to improve transport effi-

ciency

Within logistic requirements, transport, stor-
age, and material handling requirements were
taken into consideration for the evaluation. The
study resolved that transport requirements are
the most relevant to consider as par of logistic
requirements during the packaging design, and
that they should be included the increase vol-
ume fill rate and reduce the negative environ-
mental impact.

The main opportunities and challenges of in-
cluding the requirements in the design process
at Micvac are presented in Table 1.

Table 1. Summary of opportunities and challenges identi-
fied.

Opportunities Challenges

-Obtain information relat-
ed to the order size and
projection from the retail-
er in Sweden and in other
markets

-Test the new design to be
sure that the new model
does not reduce function-
ality for the consumers

-Reduce the carbon footprint
caused by transportation by
increasing the fill rate

-Increase the fill rate by reduc-
ing the empty volumes caused
by the handles

Improve relationships with ac-
tors in the supply chain, such as
retailers, to optimize for appor-
tionment and increase fill rate
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Conclusion

The carbon footprint of transporting the
ready meal from the food manufacturer to
the retailer has the highest percentage con-
tribution to the overall transportation im-
pact.At the moment, the company only con-
siders production, product, and customer
requirements.

There is an opportunity for reducing the en-
vironmental impact by including transport
requirements in the design process.

Considering the best apportionment for the
retailer is key to achieve a high fill rate in
practice, which involves collaboration be-
tween actors in the supply chain.
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New Product Development for Plant
Based Beverage from Baobab Fruit

Introduction

Baobab tree is primarily found in South Afri-
ca and known as the upside-down tree. Bao-
bab fruit pulp, seeds, leaves, flowers, roots,
and barks are edible and have numerous
biological properties including antimicrobi-
al, anti-malarial, diarrhoea,
anaemia, asthma, antiviral, anti-oxidant
and anti-inflammatory activities
amongst others (Rahul et al., 2015). Baobab
dried fruit pulp is very rich in dietary fiber
(=50g/100g), pectin (=25g/100g), and low
in fat and calorie. Moreover, it is also rich in
vitamin C (= 100mg/100g). Additionally, It
is a good source of «calcium
(=317mg/100g), iron (=5.9mg/100g) and
magnesium (=148mg/100g) as com-
pared to other fruits (PhytoTrade Africa,
2009).

Research objectives

e To develop the liquid baobab base from
baobab fruit, which is suitable for bever-
age application.

e To reduce the viscosity of liquid baobab
base by enzyme treatment.

e To formulate the recipes for plant-based
beverages (Baobab-Oat beverages).



e To carry out the sensory evaluation for Bao-
bab-Oat beverages.

Methodology

Development of Liquid Baobab Base

Three formulations of liquid baobab base (30-

32%, 35-37%, 40-42% by weight of baobab fruit)
were developed. The Baobab fruit (pulp +
seed) was weighed, the boiling water was add-
ed and stirred with the agitator at temperature
75 - 90 °C in the water bath, at speed 200 rpm
for 45 minutes. Then, the mixture was
brought to filtration and the liquid baobab
base was obtained.

Enzyme Treatment on Liquid Baobab Base

The base with the highest dry matter and
better nutritional composition was subjected to
pectinase enzyme treatment (0.05%, 0.07%,
0.1%) to reduce its viscosity. The base was
heated to 50 - 60 °C in the water bath, then the
pectinase enzyme was slowly dropped into the
base and stirred with the agitator at speed 200
rom for 2 hours. After the enzyme treat-
ment, the base was immediately removed from
the hot water bath into ice bath at 5 °C for 30
minutes to deactivate the enzyme activity
and the liquid baobab base with the pectinase
enzyme treatment was obtained.

Formulation of Plant-Based Beverage (Baobab
-Oat Beverages)

The enzyme-treated liquid baobab base
showing the best viscosity and pH was se-

lected as a base to mix with other ingre-
dients to produce three plant-based bever-
ages: Blueberry, Mango, and Apple Cinna-

mon. All the ingredients were weighed and
stirred well with the agitator at ambient tem-
perature 20-25 °C, at 200rpm, for 10 minutes.
Then, the mixtures were homogenized
with the hand Bamix for 1 minute. After
that, the mixtures were further carried out
the pasteurization at 78-95 'C for 2
minutes using the microwave heater. The Bao-
bab-Oat beverages were obtained. The
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three beverages underwent physicochemical
and nutritional analysis as well as a sensory
test with thirty-seven panellists using
ANOVA analysis by SPSS  programme.

Results and discussion
Liquid Baobab Base (LBB)

Table 1. the pH of LBB (3.3, 3.3, 3.2) was
slightly decreased with the increasing
amount of baobab fruit (30-32%, 35-37%, 40-
42%) (p<0.05). On the other hand, the
highest dry matter was seen in LBB produced
from baobab fruit 40-42% (16.3%) (p<0.05).
Meanwhile, the viscosity of LBB was dramati-
cally increased (53.83 mPa, 10863 mPa,
54430 mPa) when the amount of baobab
fruit was increased (30-32%, 35-37%, 40-
42%) (p<0.05). This can be explained that,
when the amount of baobab fruit was
increased, the dry matter in the suspension
was higher and the baobab fruit fibre ab-
sorbed and bonded with all the free water in
the system that resulted in increasing the
viscosity in the system.

Table 1. pH, dry matter, and viscosity of the three
liquid baobab bases (LBB) produced from different percent-
ages of baobab fruit (30-32%, 35-37%, 40-42%).

LBB LBB 30-32% LBB 35-37% LBB 40-42%
pH 3.3 +0.01 3.3 +£0.01 3.2+0.03
Dry

Matter 12.3+£0.1 13.8+£0.3 16.3 £ 0.1
(%)

Viscosity
5383 +28.9 10863 +15.3 54430 + 69.3
(mPa)

Enzyme Treatment on Liquid Baobab Base

Figure 1. the data indicates that the pH of
liquid baobab base (3.2, 3.1, 3.1) was slight-
ly decreased after increasing the amount of
pectinase 0.05%, 0.07%, 0.1% (p<0.05).
The pectinase enzyme treatment decreased
the pH value of the LBB and made the LBB
become more acidic due to the increasing
amount of galacturonic acid content result-



ing from the pectin polymer hydrolysis into
monomer form named galacturonic acid by the
pectinase (Berutu et al., 2017).

pH of LBB
4.0
3.5
3.2 32 -
5 3.0
2.5
2.0
No Enzyme  Pectinase 0.05% Pectinase 0.07% Pectinase 0.1%

LBB

Figure 1. pH of liquid baobab base with the different amounts of
pectinase enzyme treatment (0%, 0.05%, 0.07%, 0.1%).

Figure 2. the data shows that the viscosity of
the LBB was dramatically dropped down after
the pectinase enzyme treatment (p<0.05). The
enzyme-treated LBB with pectinase 0.05%
showed very low viscosity (1564 mPa)
compared to the untreated LBB (54430 mPa),
which is 97.1% of viscosity reduction. This can
be explained that upon the enzyme treatment,
degradation of pectin leads to a reduction of
water holding capacity and consequently free
water was released to the system thus re-
ducing the viscosity of the liquid baobab base
(Anurag Singh, 2012). However, in this study
the viscosity of the liquid baobab base was not
reduced much more after increasing the Pecti-
nase to 0.07% and 0.1%.

Viscosity of LBB
60000 54430
45000
©
o
E
>30000
=
w
o
Q
2
= 15000
1564 1558 1557
0
No Enzyme Pectinase Pectinase Pectinase
0.05% 0.07% 0.1%

LBB

Figure 2. Viscosity of liquid baobab base with the different
amounts of pectinase enzyme treatment (0%,
0.05%, 0.07%, 0.1%).
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Plant-Based (Baobab-Oat

Beverages)

Figure 3. for the Color of the products
(p<0.05), Blueberry flavor obtained the
highest degree of liking, followed by the
Mango and Apple Cinnamon Flavor. For the
Odor of the products (p<0.05), Mango flavor
obtained the lowest degree of liking. For the
Mouthfeel (p<0.05), Sourness (p=0.05), and
Sweetness(p>0.05) of the products, Apple
Cinnamon Flavor obtained the highest de-
gree of liking, followed by the Mango Flavor
and Blueberry Flavor. For the Overall Taste
(p=0.05) and Overall Acceptance (p=0.05),
Apple Cinnamon Flavor obtained the highest
degree of liking among all.

Beverages

Sensory Evaluation of Baobab-Oat Beverages

—Blucberry Mango —Apple Cinnamon  ---High Sensory Acceptability

Color
8

Overall Acceptance Odor

Overall Taste Mouthfeel

Sweetness Sourness

Figure 3. Sensory evaluation of Baobab-Oat beverages with
the three different formulations. Data indicate the score on a
9-point hedonic scale.

Table 2. P-value from the means of the assessment from 37
panellists on sensory of the three Baobab-Oat beverages using
One-way ANOVA analysis.

Baobab Oat Beverag-

as P-value
Color <0.05
Odor <0.05
Mouthfeel <0.05
Sourness 20.05
Sweetness >0.05
Overall Taste >0.05
Overall Acceptance >0.05



Product Nutritional Analysis

Table 3. all the three Baobab-Oat beverages are
claimed “Source in Fiber” in accordance with
Regulation (EC) No 1924/2006.

Table 3. presents the nutritional values in 100 ml of Blueberry,
Mango, and Apple Cinnamon Baobab-Oat beverages.

Nutritional Value

Apple
Blueberry Mango .
(Per 100ml) Cinnamon
Energy (kcal) 49.1 50.4 49.8
Fat (g) 0.1 0.1 0.1
Carbohydrate (g) 10.0 10.5 10.2
Fiber (g) 3.6 3.7 3.7
Protein (g) 0.4 0.4 0.3
Iron (mg) 1.1 1.1 1.2
Conclusion
In  conclusion, the liquid baobab base
produced from Baobab fruit 40-42%

(LBB 40-42%) showed the best properties for the
beverage application due to it obtained the
highest dry matter content and nutritional val-
ues. However, its viscosity was a bit high, but it
could be reduced by the enzyme treatment.
Furthermore, the liquid baobab base with
0.05% pectinase enzyme treatment provided
the optimal pH value considering the balance
sour taste of the finished products, and the op-
timal viscosity considering the texture of
finished products. On the other hand, among
all the three formulated Baobab-Oat Beverages,
the Apple Cinnamon Baobab-Oat beverage ob-
tained the highest degree of liking or sensory
acceptability for the overall taste and overall
acceptance. Additionally, all the three Baobab-
Oat beverages are claimed “Source in Fiber” in
accordance with Regulation (EC) No
1924/2006.
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Introduction and Background

Reducing the environmental impact from
packaging has become a highlight in both
consumers and industrial interest. The pa-
perboard from virgin fibres is commonly
used in the folding carton packaging across
various type of products, including health
care products (Robertson, 2012). The smok-
ing cessation product in the European mar-
ket was selected in this study where the
standard secondary packaging is virgin fi-
bre. It provides the premium perception to
the product value yet less circulates the fi-
bre economy. Paper packaging is well-
known for its recyclability and seen as one
of the most environmentally friendly materi-
als. After the paperboard folding carton
serves the end-consumer purpose, it be-
comes post-consumer wastes (Yardley,
2019). To reduce the environmental impact
from using virgin fibre paperboard and es-
calate the paper circular economy, using
post-consumer recycled (PCR) materials be-
comes more popular. As part of the devel-
opment process, new materials need to be
evaluated by different stakeholders to see
their potential before implementation. The
initiative started as a sustainability project
(Ellen MacArthur Foundation, 2020); howev-
er, the other aspects of desirability, viability
and feasibility, need to be considered.
Therefore, to study PCR materials, this mas-
ter’s thesis aims to investigate the suitable
PCR material for folding cartons.

Research objectives

The focus of this study is divided into the
following objectives



1. Explore consumer’s perception towards
the post-consumer recycled paper material in
folding cartons.

2. Assess the post-consumer recycled pa-
per material properties compared with current
folding carton requirements.

Methodology
Qualitative consumer research

The aim is to explore respondents’ underlying
motivations, attitudes, and feelings on the PCR
folding cartons. As it is a one-on-one interview,
the method is semi-structured, which would en-
hance the opportunity to probe more topics
and get more insight from fewer respondents.
Ten respondents of smoking cessation prod-
ucts of mixed genders, and sustainability atti-
tudes participated in the interview. Two PCR
folding carton samples, which differ in colour
(grey and brown), were involved in the inter-
view. They were compared with the current
packaging to test perception and acceptance.

Material evaluation

A comprehensive assessment of PCR materials
was conducted based on the four aspects: De-
sirability, Viability, Feasibility and Sustainabil-
ity. Each element involved a specific subject re-
lated to PCR materials. Information was provid-
ed by suppliers and experts in the company.
The result was analysed by using all four as-
pects together to have a holistic view.

Result and discussion

The consumer research compared two post-
consumer recycled packaging to the current
virgin fibre packaging where the results
showed that respondents expected the brand
to use sustainable packaging and were willing
to sacrify their usual aesthetic preferences for
more sustainable options. However, the sus-
tainability is less of a key purchase driver than
the product efficacy in the smoking cessation
product The same trend also shows in the per-
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sonal care products (O’Rourke and Ringer,
2015). Consumers perceived the colours of
two PCR materials differently. Whilst the
brown sample was preferred as associated
with a natural and sustainable product, the
grey sample received a range of perceptions
from a cheap material to similar to the cur-
rent packaging. It can be assumed that the
PCR brown pack is unlikely to have an ad-
verse impact on the brand image. The result
suggested to use sustainability claims and
messaging about PCR materials on a package
to prevent misunderstanding and boost
brand image.

Current Pack PCR Grey
(cw) Pack (CG)

PCR Brown
Pack (CB)

RTINS

= —_—

Figure 1: Samples for the consumer re-
search

Feasibility plays an important role in the near
future implementation. The evaluation and
comparison of six PCR materials to the cur-
rent packaging suggested that potential PCR
paperboards should have the higher gram-
mage and thickness to maintain packaging
integrity due to the inferior qualities of recy-
cled fibres (Iggesund, 2019). At the point of
writing, there is no clear regulation of recy-
cled paperboard as secondary packaging ma-
terial in the EU. The most concern issue re-
garding safety is the mineral oil migration
from recycled materials (Biedermann,
Uematsu and Grob, 2011). Therefore, a com-
bination of standards and certifications were
used to evaluate the product safety. The de-
mand of PCR material is rising, material avail-
ability hinders the progress which could af-
fect the business viability. Finally, two post-
consumer recycled materials were suggested
for future testing in the actual production
based on the four dimensions evaluation.



PCR type
(Virgin + Recycled or
100% recycled)

LS5

Fully coated top side Double coating

Current
(Virgin fibres)

Bleached chemical pulp PIW or Virgin fibre

Bleached chemical pulp _

Bleached chemical pulp PCR + Internal broke

Light coated reverse side PCR (Grey colour)

Figure 2: Structure comparison of the current
and PCR type paperboards

Conclusions

The outcome of this study can be used in the
smoking cessation and other similar products
to better develop sustainable packaging. Also,
evaluation criteria provide more information on
how to compare packaging materials in a holis-
tic view. With the uncertainty of regulations, the
use of PCR materials as secondary packaging
should be closely monitored. On this basis, the
balances between each dimension and stake-
holder requirements should be taken into ac-
count when developing sustainable packaging.
Trade-offs between each option should be con-
sidered accordingly.
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Introduction

The land and water used to produce raw in-
gredients and for the processing plants are
the major contributors to greenhouse gas
emissions, making for about 20-30% of the
total environmental footprint of private con-
sumption [1]. When food is not consumed
but wasted, the footprint of food production
and consumption is magnified. According to
Food and Agriculture Organization of the
United Nations (FAO), only two thirds of the
food that is produced for humans is in the
end consumed, at a global level [2]. It is es-
timated that 88 = 14 Mt of food loss or
waste are produced within the European Un-
ion annually [3], which carry the environ-
mental impacts of the up-stream stages of
the supply chain but also the emissions
from food disposal. Food loss and waste
have a social impact as well, taking into
consideration the estimated increase of the
population by 2050 and the high prevalence
of hunger and hidden hunger globally. The
concept of upcycling seems like a promising
solution to this challenge, as it defines a
process in which materials that are already
used or otherwise wasted are converted into
new products with an added value, follow-
ing the values of circular economy.

Four different ingredients that were discard-
ed by the producers were used in this pro-
ject. Apple (Malus domestica) can be found
in the market all year long and it was the
third most consumed fruit in 2019 [4]. The
fruit has a high nutritional value, with die-
tary fibre, polyphenols and vitamins to be
the main major classes of the potentially
beneficial compounds that it contains [5-7].
Cellulose and part of the hemicelluloses
comprise the main insoluble fibre in apples,
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while pectic polysaccharides and water-soluble
hemicelluloses account for the main part of the
soluble fibre. Pectic polysaccharides have been
correlated with numerous protective effects on
human health, such as increasing satiety, main-
taining normal cholesterol levels and glycae-
mia, as well as impacting the composition of
the gut microbiota[8-11]. Apples also exert an-
tioxidant activity due to its content in chloro-
genic acids, quercetin, epicatechin and antho-
cyanins[12,13]. Sadly, 300 g of apple are dis-
carded along the food chain for every kg con-
sumed [14].

Yacon (Smallanthus sonchifolius) is a plant orig-
inating from Andes but also cultivated in Eu-
rope. The distinctive characteristic of yacon
compared to other edible roots is that its car-
bohydrates are stored in the form of inulin and
fructooligosaccharides (FOS) instead of starch
[15,16]. Inulin has been shown to affect lipid
metabolism, while FOS can regulate the produc-
tion of gastrointestinal peptides that are related
to the homeostasis of glucagon and gastric
emptying and exert a prebiotic effect [17-19].

The third ingredient used in this thesis was egg
white, which is known for its exceptional essen-
tial amino acid profile and the high digestibility
of its proteins. The main protein present in egg
white is ovalbumin, the gold standard protein
in terms of biological value [20-22]. The con-
sumption of protein has generally been corre-
lated with muscle mass growth and mainte-
nance. The egg white as an ingredient has also
many functional properties, such as gelling,
foaming and emulsifying [23]. In the communi-
ty of Aveiro, Portugal, more than 200 tonnes of
Ovos Moles de Aveiro, a dessert with Protected
Geographical Indication (PGI) status are pro-
duced, yielding to more than 3 tonnes of egg
white discarded per year.

The final ingredient were “herbal distillates”,
otherwise called “herbal waters” or “hydrosols”,
a liquid by-product from herb stems that were
discarded by the producers and were used to
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make essential oils, Hydrosols can be safely
used in the food industry and they exert anti-
microbial, antioxidant and flavouring proper-
ties. The particular herbs used in this study
were winter savory (Satureja montana) and
lemongrass (Cymbopogon citratus) [24,25].

Aim of the Thesis

The aim of this work was to valorise these
different otherwise wasted ingredients, while
investigating the optimum combinations or,
in other words, the synergisms from a for-
mulation perspective. The new products de-
veloped aimed to be palatable, nutritious and
safe for consumption, following the trend of
minimally processed foods and “clean label”
products.

Materials and Methods

The first stage of this thesis comprised of
idea brainstorming, which along with a mar-
ket research and an extended literature re-
view yielded the final concepts. Apples, ya-
con, egg white and herb stems were sourced
from local producers towards making a
smoothie-like beverage as well as a bakery
product that resembles the Italian grissini.
After numerous kitchen-scale trials, the final
optimised prototypes in terms of formulation
and texture were characterised following
three main pillars: the chemical composition,
the microbiological quality as well as some
sensory parameters. In the frame of the
chemical composition ash, moisture, total
and free carbohydrates as well as proteins
were determined, while mesophilic bacteria,
yeasts and moulds, total coliforms, E. coli,
Salmonella spp. and Shigella spp. were
counted in terms of microbiological quality.
The pH was also measured, as well as the
colour, the texture profile and the volatiles in
the headspace of the samples. Statistical
analyses (non-parametric tests) were per-
formed to investigate the significant differ-
ences among key comparisons.



Results and Discussion

Smoothie

The smoothie prototype contained 40% egg
white, as well as apple puree, yacon and
lemongrass water. The production process was
quite complex due to the many ingredients of
the matrix. The heat treatment consisted of two
steps: one first step pasteurisation of the plant
ingredients at 95 °C for 30 seconds, followed
by the addition of the egg white and a second
pasteurisation at 60 °C for 3.5 minutes. The fi-
nal product has a high nutritional value, provid-
ing more energy than fruit-only and dairy bev-
erages, while it was found to contain more non-
digestible polysaccharides. The smoothie con-
tains around 27 g of protein, almost reaching
the 30 g optimum protein intake threshold per
meal for muscle anabolism [26]. The prototype
was in general hard to benchmark due to its
unique nutritional profile, while a 100 g serving
size is highly recommended. The 2-step pas-
teurised prototype was stable for at least 7
days stored at 4 °C. The heat treatment did not
affect the pH. The heat treatment affected the
colour of the smoothie, with the pasteurised
one to be less brown, more clear and greener,
indicating the deactivation of the polyphenol
oxidase enzymes that are responsible for enzy-
matic browning. The texture profile of the
smoothie was evaluated by a backwards extru-
sion analysis, and it was compared with two
fruit-only beverages. The prototype was quite
heterogeneous, while it differed significantly in
terms of firmness and in a lower extent in
terms of cohesiveness (Figure 1). The differ-
ences in the texture compared to the fruit bev-
erages could be attributed to the higher fibre
and protein content, as well as to the pectin-
ovalbumin coacervates that might be present in
this matrix [27]. A headspace volatile analysis
was performed in unpasteurised and pasteur-
ised samples, served at 6 and 25 °C. This ex-
periment showed that the egg volatiles were
not present in the headspace of none of the
samples, as most of the compounds (such as
neral and geranial) originate from the
lemongrass water. There was observed an ef-
fect of the serving temperature and the heat
treatment of the intensity of the volatiles, with
it being higher when the beverage was unpas-

Page 60

teurised and served in room temperature.

FORCE (N)

TIME (s)

——5MOOTHIE
COMMERCIAL APPLE JUICE WITH PULP
COMMERCIAL FRUIT SMOOTHIE

Figure 1: Texture profile analysis for the developed
smoothie, as well as a commercial fruit smoothie
and a commercial apple juice with pulp

Grissini

The final grissini prototype contained 25% of
egg white, as well as equal amounts of yacon
and apple flour and winter savory water. The
leavening agent used was sourdough, which
was left to ferment the dough for 12 hours in
total. The nutritional value of the developed
grissini was found to be quite comparable to
the commercial control, as well as to grissini
found in the literature, especially in terms of
energy [28]. The grissini was higher in total
carbohydrates, which included the non-
digestible polysaccharides. The free sugars
content was expected to be higher, due to
the yacon and apple enrichment. In terms of
protein, the grissini provided with around 11
g per 100 g, which was similar to the other
two products. However, the protein quality in
the prototype is expected to be higher, due
to the egg white content. The grissini were
found to be stable for at least 12 days stored
in ambient temperature. The texture profile
analysis was performed via compression test-
ing on the developed grissini at the day of
production, the grissini 12 days after produc-
tion, as well as a commercial grissini prod-
uct. The results showed that the grissini get
significantly harder to break along their shelf
-life, while they differed in terms of hardness
to the commercial control.



The analysis of the volatile compounds in the
headspace of the grissini showed that most of
the aroma, like furfural, is coming from the
Maillard reaction which takes place during the
baking of the product. The second most abun-
dant volatile was carvacrol, the main compound
of winter savory water. Acetic acid (from the
sourdough), but also benzaldehyde (from egg
white) were detected.

Figure 2: Texture profile analysis for the developed
grissini at the day of production and 12 days after pro-
duction, as well as to a commercial grissini

Conclusions

The main conclusion of this study was about
the feasibility of developing such products that
combine all these different otherwise wasted
materials. Both prototypes developed were safe
for consumption, had a satisfactory shelf-life as
well as a good nutritional profile. The texture
profile for both cases was quite different than
the commercial products, but a sensory testing
should be performed in the future to conclude
whether these different textures would be ac-
cepted or not by the consumers. Finally, the
herbal waters seemed to contribute remarkably
to the flavour of both beverage and baked
product.
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Introduction

A juice is defined as a heterogeneous
suspension of disintegrated insoluble pulp
particles in a continuous serum solution
that is rich in soluble compounds like sug-
ars, salts, acids and minerals (Dahdouh et
al., 2016). The perception of quality of fruit-
based beverages varies, but a sediment or
phase separation is viewed as a product de-
fect (Beveridge, 2002). Reducing pulp sedi-
mentation through mechanical treatment
could improve consumer acceptability and
eliminate the need for adding hydrocolloids
in juice matrices, which has several logistic
and economic implications (Rojas et al.,
2016). High Pressure Homogenization (HPH)
can rupture plant tissue into particles with
different morphological properties and mi-
crostructures, giving them particular rheo-
logical and functional properties (Moelants
et al., 2014), which in turn make possible
the generation of a wide range of textures
in aqueous systems (Redgwell et al., 2008).
This highlights the potential of using plant
cells as structuring elements to texturize
foods in a more natural way (Lopez-Sanchez
et al., 2011).

Research objectives

This study has the objective of gain-
ing a more thorough understanding of the
process-related structuring mechanisms
that govern the physical properties of apri-
cot juices, in a more global attempt to tex-
turize and stabilize juices in a natural way.
In other terms, it is to answer the following
global question: is it possible to stabilize a
fruit juice without additives?



Methodology

Juice formulation & processing

11.5 £0.23 °Brix apricot juices were obtained
by diluting a 20.4 +0.2 "Brix commercial puree
in distilled water and adding sucrose under
gentle magnetic stirring (Table 1). The average
pH of the juices was 3.485 +£0.06. The aliquots
of apricot juice were introduced into the equip-
ment at 20°C and cooled after treatment at 4°C
until analyses were carried out. Three pressure
levels were applied: 0, 35 and 70 MPa.

Puree | Sucrose Distilled Table 1. Juice
(W%) (W%) Water (w%) |formulation
20 8.5 71.5

40 4 56

60 0 40

Physicochemical characterization

Pulp content The amount of pulp was obtained
by centrifuging 30g of juice at 5000g for 2
hours at 20°C. The serum was collected for dry
matter and rheological analyses. %Pulp=Weight
pulp / Weight juice x100.

Dry matter 3g of juice or serum were weighed
on an aluminum cup and dried in an oven at
105°C for 8 hours until a constant weight was
reached. %DM = Weight dry matter/Weight ini-
tial juicex 100.

Particle size & shape The particle size distri-
bution of the samples was acquired via laser
diffraction (granulometry) and microstructures
observations were made with a 10X objective
lens in phase contrast.

Rheological characterization

Flow curve a logarithmic shear rate ramp was
applied from 1 to 250 s-1 for a duration of 6.5
minutes. The data were fitted to the Ostwald-
de-Waele model o=k. (y) ", allowing to obtain
the consistency and flow behavior indices.

Strain sweep a strain ranging from 0.01 to
150% was applied at constant frequency (10
rad/s), measuring 22 points, after 5 minutes of
resting time. Average values for the storage (G’)
and loss (G”) moduli were taken in the linear
viscoelastic region (LVR).
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Physical stability

Sedimentation Pulp sedimentation was eval-
uated via image analysis (ImageJ software),
by comparing sample tubes stored at 4 and
20°C at day 0 and day 7. Sl= sediment height
at D_/ total liquid height at D .

Experimental design & statistical analysis

In order to evaluate the effect of homogeni-
zation pressure (factor 1) and puree content
(factor 2) on the behavior of the beverages, a
32 full factorial design was set-up. A total of
11 samples were produced, including the
center point which was repeated an addition-
al two times. Significance was determined at
95% confidence level (p-value <0.05) and the
guadratic model was postulated.

Results and discussion

The effect of pressure on composition

45%
40% r
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30% I l
25%

Pulp (%)

20%
15%
10%

5% 1
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0 MPa 35 MPa 70 MPa

Figure 1. The evolution of pulp content with pressure. Differ-
ent letters indicate significant differences (p<0.05).

The pulp content more than doubled for all
samples, with no significant difference dis-
cernable between 35 and 70 MPa. The pulp
content typically varies with the shape, size
and amount of particles in the sample
(Espinosa-Munioz et al.,, 2013) and the in-
crease in the pulp content with pressure
across all samples confirms the effect of
pressure on particle morphology and hence
the packing or volume occupied by the parti-
cles post-centrifugation (Leverrier et al.,
2016).



The effect of pressure on structure
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Figure 2. The effect of pressure on the particle size distribution
(PSD) and microstructure of a 60% puree apricot juice.

The mean particle size of the juice made
with 60% puree is halved, decreasing signifi-
cantly from 165 +0.52um at 0 MPa to 73
+0.91uym at 70 MPa (p=0.00). The PSD curves
shifted to the left (Figure 2), indicating the
generation of smaller particles at the expense
of mechanically disrupted larger ones. The re-
duction in d (0.1) particle diameter was more
pronounced between 0 and 35 MPa than be-
tween 35 and 70 MPa, which may support the
hypothesis related to the asymptotic behavior
of HPH caused by the physical limitation of the
equipment in providing the higher shear re-
quired to disrupt smaller particles (Leite et al.,
2014). In the control samples, individual or
clusters of large intact cells are discernable,
along with some cell fragments. Homogeniza-
tion breaks cell fragments and releases cell
content into the dispersed phase (Salehi, 2020)
resulting in smaller cell clusters and a larger
number of cell fragments (Augusto, Ibarz, et
al., 2012; Day et al.,, 2010; Lopez-Sanchez,
Svelander, et al., 2011).
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After homogenization, a few smaller individ-
ual cells as well as cell ghosts are still visible
but the sample mainly consists of a continu-
um of dispersed ruptured cell wall materials
and membranes that are interconnected with
some voids in between. Particle aggregation
into a network is suggested to be brought by
an increased surface area of the suspended
particles which is implicated in enhancing
particle-particle interactions and driving
more pronounced rheological properties like
viscosity (P. E. D. Augusto, lbarz, et al.,
2012).

The effect of pressure on rheology

1000 |
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100

1 10 100
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Figure 3. The effect of pressure on the viscosity of a 60% pu-
ree apricot juice

Compared to the non-homogenized
samples (0 MPa), all the treated apricot juices
presented higher viscosities over the entire
range of shear rates (Figure 3), highlighting
the viscosity-enhancing effect of HPH. The
apricot juice’s flow behavior was well-
described using the Ostwald de Waele or
power law model (R>> 0.98), and pressure
was demonstrated to improve the consisten-
cy (K) and reduce the flow-behavior index (n).
The smaller particles post-HPH mean a larger
surface area (for the same volume fraction), a
lower mean distance between the particles
(Rao, 2010) and consequently higher particle
-particle interactions (Yoo & Rao, 1994),
which explains the higher viscosities
(Augusto et al., 2013).
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Figure 4. Yield stress values for a 60% puree apricot juice at 0
and 35 MPa.

The sample exhibited the typical behavior of a
weak gel at constant frequency and at low
strain (<10%), with G’ consistently higher than
G”. Applying a 35 MPa pressure led to 183%
escalation in G’ for the 60% puree juice, again
with a less pronounced increase occurring bet-
ween 35 and 70 MPa. The increase in the G’ va-
lue after a single HPH pass is attributed to en-
hanced suspended solid interactions induced
by particle size reduction (Augusto et al.,
2013), and particle shape changes (Dahdouh et
al., 2015), whereby irregular broken cells have
a higher tendency to build structure in rest con-
ditions (Moelants, Cardinaels, et al., 2013).
When the strain is increased, G’ decreases while
G” starts to increase, going beyond a cross-over
point where G” is higher than G’ and the disper-
sion flows. This yield stress suggests that the
sample possesses a network structure that re-
quires a given stress for flow to occur
(Moelants et al., 2014), and the values for yield
stress increase with pressure (Figure 4). The
network structure is a result of small particles
aggregating, dictated by electrostatic and van
der Waals forces at low shear rates (Genovese
et al., 2007).

The weak gel structure is not only di-
rectly implicated in physical stability, but is also
a sought-after juice property because it allows
the product to remain pourable.
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The effect of pressure on physical stability
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Figure 5. Schematic representation of pulp particle behavior
with time before (top) and after (bottom) HPH treatment.

None of the homogenized samples
showed any pulp sedimentation after 7 days
of storage at 4°C. This not only confirms the
ability of apricot cell wall network structures
to withstand sedimentation during storage
but also validates HPH as a promising tool in
juice stabilization (Kubo et al., 2013; Redg-
well et al., 2008), linking its particle size re-
duction capacity to greater stability.

The effect of pulp content on rheological
properties and physical stability
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Figure 6. G’ as a function of pulp content

The pulp content represents the interaction
of the two factors (pressure and puree con-
tent) and is shown to significantly influence
the G’, yield stress, consistency index and
viscosity.



It was possible to model those rheological para-
meters as a quadratic function of the pulp per-
centage, with R? regression values always
higher than 0.92 (Figure 6). The elastic modu-
lus, yield stress, viscosity and consistency in-
dex increased when the pulp content increased,
consistent with the results elaborated so far
revolving around network formation post-HPH
and its role in driving the rheological behavior.
The set of rheological parameters that were
modeled is closely linked to product texture
and physical stability over time. Higher juice
viscosity and viscoelastic moduli brought by
smaller particle sizes have been suggested to
govern physical stability (Augusto, Falguera, et
al., 2012; Salehi, 2020).

Conclusion

Irrespective of the puree content, the
pressure-induced physicochemical and structur-
al changes intensified particle interactions, al-
lowing them to reorganize into a network struc-
ture. This structure confers the characteristic
weak gel behavior to the juices, which consists
of an elevated elastic modulus and a yield
stress, essential to ensure physical stability
over time. In that way, processing can be con-
sidered as a method to control, predict and tai-
lor the texture and stability of plant particle-
based matrices (Espinosa et al., 2011). The
findings underlined pin down the two funda-
mental levers for the formulation of innovative
clean-label products with a broad spectrum of
textures: HPH as a tool to bring desirable struc-
tural changes to pulpy juice systems, and plant
cell walls as structuring materials (Christiaens
et al., 2016). Their versatility could lead to in-
novative applications.
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Introduction

Minced meat was considered as one of top
ten waste in the supermarkets’ meat depart-
ment in Sweden (Erikson, 2015). For five
years, Swedish minced meat contributed to
8.6 tonnes in-store waste, whilst imported
minced meat contributed to 2.7 tonnes in-
store waste. The facts imply that the solu-
tion to curb meat loss and waste is needed,
as a pathway towards sustainability develop-
ment.

Packaging contributes to curb meat waste,
as it is designed with ‘fit-for-purpose’
across the supply chain. It also becomes a
communication medium to assist consum-
ers who want to make better-informed
choices (European Commission, 2011).
However, studies found that the consumers’
lack of understanding of the date label
caused the unnecessary wasted food. Meat
product was discarded in the consumers
hands, and more than 50% of them rea-
soned because it had passed the printed
shelf-life date (Hanssen and Magaller, 2013).
Therefore, dynamically predicted shelf-life
(DPSL) label is developed to give more accu-
rate food shelf-life than printed static shelf-
life, thus curbing meat waste can be
achieved. Studies related to DPSL label have
been established for more than twenty years
(Kerry and Butler, 2008; Lydekaityte and
Tambo, 2020), nonetheless studies related
to the DPSL label and perceptible infor-
mation obtained by the consumers are
scarce.

Research objectives

According to the problem, this research



aims to identify the critical factors to design a
DPSL label for minced meat consumers, as well
as to design and assess the label with the con-
sumers. Therefore, two research questions
(RQs) are defined:

RQ 1. What are the critical factors to design a
DPSL label in minced meat product for consum-
ers?

RQ 2. How do consumers perceive the infor-
mation from a DPSL label in minced meat prod-
uct?

Methodology

The research used a qualitative approach com-
prised by three stages, which were insight min-
ing, DPSL label development, and usability test.
In the stage 1, the insight mining was conduct-
ed by exploring the critical factors from two
different perspectives: (1) minced meat con-
sumers, and (2) experts, which are design ex-
pert, food safety expert, and supply chain ex-
pert. In-depth interviews were conducted online
through Zoom software, recorded, and tran-
scribed in a modified verbatim with Office365
transcription and manual editing shortly after.
The most insightful quotations were highlight-
ed manually, then the content was then sum-
marised into insights to design the personas
according to Cooper et al. (2014) and the criti-
cal factors.

In the stage 2, DPSL label designs were devel-
oped according to the personas and the critical
factors from the stage 1. Three designs were
chosen for the first usability test. The label de-
signs were modified according to the consum-
ers’ feedback, then three new design proto-
types were presented for the second usability
test.

In the stage 3, the first usability test simulated
first moment of truth (FMOT) and second mo-
ment of truth (SMOT) scenarios to the consum-
ers (Stephens, 2016). The second usability test
was conducted to assess the response of the
participants towards the improvement of the
prototype. In-depth follow-up interviews were
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conducted at the usability laboratory, record-
ed, and transcribed in a modified verbatim.
Notes were also taken during the usability
test to highlight the insights and attitudes
from the consumers regarding the labelled
packaging. Those insights were compiled
about how the consumers perceived the in-
formation from a DPSL label in minced meat
product.

Results and discussions

From the interview with consumers and ex-
perts in stage 1, three personas were devel-
oped, which were autopilot consumer, stead-
fast consumer, and cautious explorative con-
sumer. The autopilot consumers tended to
feel satisfied with the current status quo of
the label design, and they did the shopping
decision by habitual activities unconsciously.
The steadfast consumers showed the tenden-
cy to believe in their personal perspective,
thus they set an established pattern and is
less open to a new change in the label. The
cautious explorative consumer showed a
deeper interaction to the minced meat label,
they invested more time to understand the
information provided in the label.

The finding of three personas led to four crit-
ical factors, which are (1) sustainability com-
munication; (2) detailed information; (3) size
and dimension; and (4) quick decision-
making support. The sustainability communi-
cation is related to cautious explorative con-
sumers, who are more aware of sustainability
issues. Detailed information is related to the
steadfast and cautious explorative consum-
ers, who demand for more information to
trust the DPSL label. Size and dimension, as
well as quick decision-making support are
related to autopilot consumers, who demand
the label to be not intrusive to their current
habits. The three personas and four critical
factors were considered in the development
of DPSL label design. Later the perceptible
information gained by the personas was ex-



plored in the FMOT and SMOT scenarios of the
usability test.

In the usability test, the personas perceived the
information from a DPSL label in minced meat
product by two different approaches, which
were sustainability and meat freshness. The
sustainability impression is related more to
cautious explorative consumers, while the meat
freshness is related more to steadfast and auto-
pilot consumers. The sustainability impression
was perceived by the ‘too good to waste’ title
and the green-blue border line colour. However,
the meat freshness impression was perceived
by the ‘check the meat freshness here’ title and
the orange-red-blue border line colour.

Furthermore, the DPSL label size of 7cm x 4 cm
was perceived just right and proportional to dif-
ferent sizes of the minced meat package. The
circle symbol was perceived as a clear and sci-
entific symbol for the consumers, hence it did
not lead to confusion. The explanatory text
‘meat freshness changes the colour inside the
circle’ was perceived short, and it mentioned
the two elements, which were the location of
the colour, and the change of the colour. These
two elements were fundamental and should be
kept along the language modification.

The indicator text of ‘fresh-still good-spoiled’
was perceived short and positive by the con-
sumers. The QR code benefited for the cautious
explorative consumers to get an access for
more information about the DPSL label. Hence,
the final DPSL label designs are depicted below.

TOO GOOD TO WASTE

Meat freshness changes the colour inside the circle

FRESH oy
joRC]
STILL GOOD

@ SPOILED

O innascentia

Figure 1. Final
DPSL label designs

CHECK THE MEAT
FRESHNESS HERE

Meat freshness changes the colour inside the circle

FRESH o4
STILL GOOD B
@ SPOILED

& innoscentia
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Conclusion

There are four critical factors identified to
answer RQ 1, which are (1) sustainability
communication; (2) size and dimension; (3)
detailed information; and (4) quick decision-
making support. Consumers perceive the in-
formation from a DPSL label in minced meat
product differently in FMOT and SMOT sce-
narios. In FMOT scenario, three critical fac-
tors which are sustainability communication,
size and dimension, and quick decision-
making support are more related to the gro-
cery behaviour of the consumers. The DPSL
label should be self-explanatory thus the
consumers can understand the information
within a limited time when shopping. In
SMOT scenario, the critical factor of detailed
information is more related to the storing,
use, and disposal behaviour of the consum-
ers. Therefore, DPSL label should not con-
fuse the consumers by providing appropriate
information about the meat freshness, thus
they could take a correct action as a re-
sponse from it.

Recommendation for company

The consumers perceive the information
from a DPSL label in minced meat product by
two different approaches, which are sustaina-
bility and meat freshness. Different design
attributes support each approach separately.
Having a sustainability impression may be
ineffective if the consumers will not under-
stand how the DPSL label works, due to the
unclear message from the DPSL label. There-
fore, focusing on the meat freshness impres-
sion may be better to introduce a new DPSL
technology in the market to the consumers,
rather than sustainability.

Furthermore, a DPSL label size of 7cm x 4
cm is recommended to be the size for fur-
ther design development from this research,
and to place the DPSL label on the top left of
the minced meat packaging. It is essential to
not modify two elements in the explanatory
text, which are the location of the colour,
and the change of the colour.



One recommended explanatory text from this
research is ‘the colour inside the circle will
change according to the meat freshness’. The
indicator text of ‘fresh-still good-spoiled’ was
perceived short by the consumers, and it added
a positive impression rather than ‘fresh-alright-
spoiled’ text.

Recommendation for further research

Further qualitative research with more partici-
pants is recommended to be conducted. An on-
site grocery and home observation could be
conducted to reduce social desirability bias,
and the study using eye tracking could be con-
ducted to confirm the consumers’ perceptible
information gained from this research with
quantitative data. Lastly, further study related
to the consumer behaviour to discard edible
food product that has passed the ‘best before’
date of minimum durability can be conducted
for a better understanding related to this issue.
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Yoghurt is a nutritionally dense and highly
consumed food commodity. Several studies
have been made concerning the optimisation
of ingredients and the condition of processes
involved to produce good quality yoghurt.
However, the production process also con-
tains shear, high pressure, and temperature
which are known to impact starch functional-
ity negatively. Therefore, it was hypothesised
that starch addition separately in the form of
a slurry into the yoghurt white mass could
allow better starch functionalisation.

In the current study, modified and clean la-
bel starch functionality was optimised by
studying the impact of starch concentration,
homogenisation pressure, pasteurisation
temperature, and holding time on the viscos-
ity of the starch slurry. The response surface
modelling showed that starch concentration,
homogenisation pressure, their interaction
and exponential effects had a significant im-
pact on the viscosity of the modified starch
slurry, but pasteurisation temperature and
holding time did not produce a significant
effect. On the other hand, Clean label starch
slurry was significantly impacted by starch
concentration, homogenisation pressure,
their exponential effects and interactions like
starch concentration with homogenisation
pressure and homogenisation pressure with
pasteurisation temperature. This knowledge
of slurry characteristics was then implement-
ed in stirred yoghurt production, which al-
lowed a 10% reduction of starch without sig-
nificant impact on rheology, visible syneresis
and sensory characteristics of the stirred yo-
ghurt.
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ing Baking

The Electrical Resistance Oven (ERO) is a de-
vice that works on the principle of ohmic
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Thermal Validation of Alternative
Preservation Technologies

The increase in consumer’s awareness
of the health benefits and risks associated
with food consumption has challenged the
food industry to reinvent itself and investi-
gate new processes and ingredients to tailor
better products. Nowadays, heat is widely
used to increase the shelf-life of products at
the expense of its freshness. However, fresh-
ness plays a fundamental role in consumer’s
perception wherein less heat-processed prod-
ucts are perceived to be healthier. Hence, al-
ternatives to traditional heat treatment tech-
nologies are gaining more and more space.
These technologies take advantage of differ-
ent heating mechanisms to maintain the sen-
sory and nutritional characteristics of food
products at higher levels. However, one of the
main challenges when implementing such
technologies is their thermal validation to as-
sure that the microbial lethality is achieved,
and the product can be considered safe. In
this light, the present master’s thesis aimed
to evaluate the effectiveness of a protocol put
in place to validate an alternative preservation
technology in comparison to traditional heat
treatment.

Three different methodologies were
tested using food models that mimic the
physicochemical characteristics of real food
particles undergoing heat treatment. Results
showed a potential application of the estab-
lished protocol to thermally validate the new
preservation technology. The insights ob-
tained during this master’s thesis provided
one more solid block for paving the journey
to successfully implement the alternative
preservation technology.
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Introduction

E-commerce has been growing in the past
decade. Globally, the value is predicted to
rise from $2.3 trillion in 2017 to $4.9 tril-
lion in 2021 (Sabanoglu, 2020). Although
increase the consumer’s convenience, com-
pared to the traditional in-store shopping, E-
commerce produces 70-85% more CO, emis-
sion (Escursell, et.al., 2020). The adverse
environmental impacts of E-commerce are
mainly due to the extra packaging use and
the last-mile delivery service (Manerba, et
al., 2018).

Research objectives

This thesis project was initiated to respond
to the emerging trend of E-commerce, along
with the potential environmental impacts
from its packaging. As a collaboration pro-
ject between Lund University and Tetra Pak,
this thesis project addressed three research
questions:

1. What are the factors that trigger specific
packaging requisites in E-commerce
which are different from the current
packaging solutions?

2. How should the packaging for liquid
products be designed to fulfil the prod-
uct, the logistics, and the consumer re-
quirements in E-commerce channels?

3. For Tetra Pak, what should be consid-
ered to fulfil the gaps between the cur-
rent portfolio and the expected packag-
ing requirements in E-commerce?

As delimitations; 1) only three categories of
products were evaluated for the product re-
quirements analysis (fruit juices, dairy milk,
and plant-based dairy alternatives (PBDA)),



and 2) although the basic packaging require-
ments in E-commerce summarised in this thesis
might potentially be generally applicable, it is
worth to note that the information sources
were mainly from the European Union (EU),
America, and Asia Pacific (APAC), with majority
from Sweden and Indonesia.

Methodology

In order to answer the research questions, liter-
ature review and semi-structured interviews
were conducted; followed by data analysis us-
ing open coding, axial coding, and selective
coding.

The sixteen interviewees were divided into
three categories; 1) Tetra Pak’s employees, 2) E
-commerce players, and 3) producer which
owns its internal E-commerce. Tetra Pak’s em-
ployees were interviewed to understand the
current state of E-commerce packaging devel-
opment, the customers’ expectations of the
packaging performance, and how this research
could contribute to the on-going development
projects. E-commerce players both from Indo-
nesia and Sweden were interviewed to under-
stand their supply chain models, the challenges
within food and beverage products, the current
packaging specification, and how packaging
could further support their online businesses.
Finally, the interviews with a food and beverage
manufacturer in Indonesia, which also owns its
internal E-commerce, were aimed to understand
the supply chain, the challenges, the current
packaging specification, and the products dif-
ferentiation in different channels. The inter-
viewees were also asked how they foresee the
possibility of having different packaging types
for online and offline channels.

Results and discussions

From the studies, factors that trigger specific
packaging requisites in E-commerce are 1) the
higher number of handling and touch points in
the online channels compared to brick and
mortar (B&M), 2) the package breakdown that
could happen in the intermediate point of the
supply chain, leaving the products free from
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the original transport packaging, thus trans-
ported as individual packs, 3) unstandard-
ized packaging configuration during
transport (e.g. horizontal, diagonal, etc.).

Currently, most packaging is developed for
B&M and therefore might not be strong
enough to endure the rough distribution
scheme of E-commerce. Nevertheless, these
needs are predicted to be only applicable for
the pure players with centralised fulfilment
centres, not for the E-grocers or omnichannel
players with micro-fulfilment centres which
have almost similar supply chain with B&M.

Combining the results of the literature re-
views and the interviews, the summary of
packaging requirements in E-commerce is
depicted in Figure 1.

General

Protection
- Product protection
- Extra mechanical protection

Affordability Sustainability

- Benefit must outweigh the - Optimised material use

investment - Recyclable

- Affordable by consumers

+ E-commerce players & Producers

Logistics Marketing & communication

- Fitto the system: manual & - First purchase decision is not
automated (e.g. shape, size) dependent on packaging

- Easy and fast handling - Re-purchase decision is influenced by
(minimum unpacking/ repacking) the after-purchase experiences (e.g

- Flexibility & mass customisation protection, packaging performance)

- Track & trace

+ Consumer

Consistency & availability
- Similar product quality
anytime, anywhere

Convenience

Functionality
= - Effortless, easy to unpack

Maintain the current
functionality

- Consider unattended home
delivery

Figure 1. Summary of packaging requirements in E-
commerce

Tetra Pak has already had strong building
blocks to fulfil the packaging requirements
in E-commerce, particularly 1) the brick
shape which supports logistics efficiency, 2)
the wide range of portfolio that supports
both ambient and cold distribution, and 3)
the use of sustainable materials. Neverthe-
less, the protruding features, such as caps,
may reduce the mechanical properties of
packaging, and thus might be a challenge to
survive in E-commerce distribution scheme.

There are several packaging innovation ideas
that might be interesting to explore. The
first idea is designing sustainable packaging
for E-commerce by replacing the aluminium



foil layer and removing the promotional attrib-
utes from the packaging. The second idea is to
modify the mechanical properties of either pri-
mary or secondary packaging to promote pack-
aging survival in the rough distribution scheme.
The third idea is to redefine the group packs in
E-commerce. For instance, instead of having a
bulky box with 24 portion packs inside, it
might be interesting to have 4-6 portion packs
per box, excluding the needs of unpacking and
repacking in the fulfilment centres.

When designing the packaging for E-commerce,
it is essential to take into account the system in
the E-commerce players as well as the geo-
graphical insights. This is due to the fact that
different players and different regions might
apply different ways of packing and handling
goods. The success of defining just the right
packaging solution for E-commerce might con-
tribute to the actualisation of the 12th United
Nations-Sustainable Development Goal, Respon-
sible Consumption and Production.

Conclusion

1. The need for more robust packaging is iden-
tified in E-commerce, especially in the pure
players, due to the higher number of touch
points, the early package breakdown, and
the unstandardized package configuration
throughout the supply chain. However, this
need might not be applicable to the omni-
channel players which have almost similar
supply chains with brick and mortar.

2. The new solution should maintain the prod-
uct protection feature, while being low cost
and sustainable. The package no longer
needs the promotional attributes to enhance
the first purchase decision, but it may pro-
mote the repurchase decision through great
after-purchase experiences.

3. Tetra Pak has already had some potential
building blocks, including the brick packag-
ing shape, the paper-based packaging mate-
rials, the aseptic packaging, the packages
for chilled products, as well as the technolo-
gy of track and trace and digital printing in
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its packing solution. For the future inno-
vation, it would be interesting to evaluate
the pros and cons of innovating the pri-
mary or secondary packages, redefining
the concept of group packs, as well as in-
cluding the geographical insights.

Recommendations and Future Research

In order to develop an effective packaging
solution for E-commerce, there are several
recommendations that might be worth to
consider. Firstly, since there is no one solu-
tion that fits for all, it is important to focus
on a potential target market by analysing the
consumer’s choice of purchasing channels.
Offering a breakthrough innovation to a new
market area, such as meal subscription mod-
el, could also be a point of interest. Second-
ly, it is also important to consider the geo-
graphical insights to understand the drivers
of purchase and re-purchase. Thirdly, under-
standing the needs is mandatory to define
the right solution. In this case, the packaging
manufacturer shall carefully select what
properties shall be kept and which properties
must be changed. The decision shall take in-
to account not only the current system in the
E-commerce players, but also the future de-
velopment strategy, especially related to the
last-mile logistics.

For further research, more literature reviews,
and interviews are highly suggested to cap-
ture different needs among actors and pro-
ject the suitable solution. It is recommended
to include more actors in the supply chain,
for instance the end consumers, the packag-
ing suppliers, and the transport providers.
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Study of an integrated fermenta-
tion/membrane-based solvent ex-
traction process for the production
of 2-phenylethanol

Introduction: 2-Phenlyethanol (2-PE), a
higher aromatic alcohol having a rose-like
odour, is the second most industrially used
aroma compound (Rodriguez-Romero et al.,
2020). 2-PE can be produced by microbial
fermentation via the Ehrlich pathway, which
uses the amino acid L-phenylalanine (L-phe)
as the precursor. This process is considered
natural, it is also selective and environmen-
tally friendly (Chreptowicz & Mierzejewska,
2018). This biotechnological process suffers
growth inhibition of microorganisms due to
2-PE  accumulation in the medium
(Etschmann et al., 2005). To overcome this,
the use of the In-Situ Product Recovery
(ISPR) technique of membrane-based liquid-
liquid extraction using an organic solvent
can be used to extract the 2-PE periodically,
before it reaches its limit of inhibition (Qian
et al., 2019). This strategy involves the cou-
pling of the fermentation and the extraction
system using a membrane contactor, lead-
ing to an increase in the efficiency of 2-PE
production. However, in this extraction pro-
cess, the organic solvents used are known
to cause toxicity to the microorganisms
(Marinova & Yankov, 2009). In the fermenta-
tion part, it has been identified that the
presence of other nitrogen sources apart
from the amino acid precursor leads to
competition with the Ehrlich pathway
(Etschmann et al., 2005). Taking the above
into account, this study focuses on improv-
ing the integrated process for 2-PE produc-
tion and extraction, mainly focusing on
membrane-based solvent extraction. The
main objectives of the study were as fol-
lows:

. To understand the effect of different
solvents’ toxicity and shear stress
caused by the extraction system.

. To improve the fermentation media by
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decreasing other sources of nitrogen for
increasing the productivity of 2-PE.

. To evaluate the selected conditions for
membrane-based solvent extraction cou-
pled to fermentation system.

Methodology:

Solvent toxicity studies: Solvent saturated
aqueous phases were prepared using selected
solvents, comprising of esters of different chain
lengths and a higher alcohol, and brought in
contact with the cells. Double staining followed
by flow cytometry analysis was performed at
set time points to determine the effect of sol-
vents on the cell membrane integrity. To this
end, the number of enzymatically active, al-
tered and dead cells was estimated in the popu-
lation. The ratio of enzymatically active cells in
the sample vs control gives the survival ratio.
Then, the Excess Mortality Rate (EMR) is calcu-
lated by using the following equation:

X X

e—EMR.{‘

X" Xg'

Where X is the number of enzymatically active
cells in the aqueous phase saturated with sol-
vent.

X* is the number of enzymatically active cells in
the control.

X, / X,* is the ratio of enzymatically active cells
at time t0 (survival ratio).

t is time and EMR is Excess Mortality Rate which
represents the cell mortality due to the experi-
mental setting, in this case, solvent toxicity.

In addition, one solvent was selected to deter-
mine the effect of toxicity on younger cells.

Mechanical stress due to circulation in the
membrane contactor: The cells were brought
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in contact with the membrane system at two
shear stress conditions, i.e. moderate and
high, by setting the fibres inlet pressure at
0.5 bar and 1.5 bar, respectively. The same
experiment was repeated in younger cells.
Similar to above, flow cytometry analysis was
performed at set time points to determine
the effect of shear stress.

Comparison between Yeast Peptone Dex-
trose Medium (YPD) and ShimFessel medi-
ums in bioreactor conditions: Two different
media were prepared, namely YPD and Shim-
Fessel, using the same amount of L-phe. Bio-
reactors were set up and flow cytometry
analysis was performed to determine the
number of cells and High- Performance Lig-
uid Chromatography (HPLC) analysis was per-
formed to calculate 2-PE concentration.

Comparison of different media formula-
tions to reduce other nitrogen sources be-
sides L-phe and improve productivity: Sev-
en media compositions were prepared in
flasks. Flow cytometry and spectrophotome-
try were used to determine the number of
cells and optical density, these values were
correlated with dry mass weight, to calculate
biomass. HPLC measurements to calculate 2-
PE, glucose and ethanol concentration and
Liquid chromatography-mass spectrometry
(LC-MS) measurements were performed to
obtain L-phe concentration.

Results and discussion:

Solvent toxicity studies: The impact of four
preselected solvents namely oleyl alcohol,
butyl acetate, hexyl acetate and hexyl butyr-
ate on the physiological state of yeast cells
harvested at 14 hours were studied using
double staining technique in flow cytometry.
From the survival ratio and EMR values in
Graph 1, we can see that hexyl butyrate and
oleyl alcohol showed very low toxicity and
butyl acetate showed high toxicity and the
effect of toxicity was seen to increase with
time. It is known that younger cells are more



fragile, thus, the effect of solvent toxicity was

higher when younger cells were used to study

the solvent toxicity with butyl acetate.
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hour for the younger cells and older cells ex-
posed to moderate and high shear stress
conditions. n =1
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Thus, both the organic solvents used for ex-
traction and the circulation in the membrane
contactor can cause stress on the microor-
ganism, which might lead to a detrimental
pffect on the growth of cells and productivity
of 2-PE. For younger cells, the effect of these
stress factors is more drastic. This infor-
mation will help us select the right time to
start the coupling between the extraction
system with the bioreactor.

Graph 1: Survival ratio calculated as a function
of time for the cells in aqueous phases saturat-
ed with solvents (butyl acetate, oleyl alcohol,

hexyl acetate, hexyl butyrate). Excess Mortality

Rate is represented in
number of repetitions.

-1
. h represents the

Mechanical stress due to circulation in the
membrane contactor: From the survival ratio
in Graph 2, we can conclude that the mem-
brane-based system leads to a shear stress ef-
fect and the effect is higher on younger cells as
they are more fragile. Also, increasing the time
of circulation lead to intensification of this ef-

fect.
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Graph 2: The survival ratio calculated at every

Comparison between Yeast Extract Pep-
tone Dextrose (YPD) and ShimFessel medi-
ums in bioreactor conditions: 2-PE, which is
a product of the Ehrlich pathway, predomi-
nates only when the main nitrogen sources
are represented by the amino acids
(Etschmann et al., 2005). Thus, a different
medium called ShimFessel, which is a semi-
defined medium that has a lower nitrogen
content was compared to the classical YPD, a
rich fermentation medium. Even though the
growth of cells in the two media were quite
close, the amount of 2-PE produced was
higher in the ShimFessel medium, proving
that decreasing the source of nitrogen other
than L-phe in the fermentation medium leads
to an increase in 2-PE production.

The membrane-based solvent extraction pro-
cess (MBSE), in-situ product removal (ISPR)
technique was used to extract this 2-PE from
the fermentation medium. Thus, coupling
experiments were performed using Shim-
Fessel media and oleyl alcohol as the extract-
ing solvent. Even with the effect of solvent
toxicity and shear stress due to the integrat-
ed MBSE system, 2-PE production was higher
in the coupled system as compared to the
control. Also, after one extraction, the cells
continue producing 2-PE as 2-PE does not
reach its threshold to show an inhibitory ef-
fect, thus the cumulative 2-PE produced is
much higher than control (Graph 3). There-
fore, the ISPR technique not only minimizes



the loss of the product by degradation and
evaporation, but also improves the yield of the
product (Freeman et. al, 1993).
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when younger cells are used. Thus, the effect

of solvent and
the membrane

mechanical stress caused by
-based extraction system is

less intense when cells are older, such as at
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From the bioreactor experiments, we can

conclude that,
gen contefit in

firstly, decreasing the nitro-
the fermentation media, i.e.

optirlgpjfg)r ShimFessel rather than YPD, im-

proves product

ivity and vyield. Secondly, the

MBSE system hielps recover almost the com-

the microorgan

f 2-PE from the bioreactor and
isms continue the production

of 2-PE after the extraction. Whereas in the

case of control, which is not integrated with

are MBSEsystem, the 2-PE concentration does
£

Graph 3: 2-PE concentration in a bioreactor un-
der normal fermentation conditions i.e. non-
coupled vs. extractive fermentation (coupled
with MBSE). Solvent oleyl alcohol used for ex-
traction in the coupled system. The line is
only used to improve visual legibility.

Comparison of different media formulations
to reduce other nitrogen sources and im-
prove productivity: The experiments helped to
conclude that, firstly, yeast extract is essential
for 2-PE production, secondly, reduction of am-
monium sulphate to half and or reduction of
half of the yeast extract seems to form better
media formulations, as they lead to improve-
ment in yield and productivity. Plus, decreasing
these compounds in the media will result in a
decrease in the cost of the final formulation.

Conclusion: Solvent toxicity studies suggested
that some solvents are more toxic than others
like butyl acetate shows high toxicity while hex-
yl acetate, hexyl butyrate and oleyl alcohol do
not. Also, the effect of solvent toxicity increas-
es as the age of the cells decreases, as younger
cells are more fragile. In addition, testing the
mechanical stress caused by the circulation of
the cells in the integrated system suggested
that this system causes shear stress on the
cells and the intensity of this stress increases

not-change—after a certain point, suggesting

that the cells
point in these

cannot produce 2-PE after a
conditions. Finally, studying

different compositions of fermentation me-
dia by adjusting the concentration of ammo-
nium sulphate and yeast extract provides in-
teresting insights like, firstly, some amount
of yeast extract is essential for growth and
production of 2-PE. Secondly, the fermenta-

tion media can

be further improved by reduc-

ing these two sources of nitrogen which will
also lead to overall cost reduction of the me-

dia.

In recent years

the consumer's demands for

more natural food additives has seen an in-
credible rise. Thus, using these biotechno-
logical processes for sourcing bio-based aro-

ma and flavour
vative but also

compounds is not only inno-
the need of the hour. These

processes are natural, selective, environmen-
tally friendly and also economical. Aided by

in-situ product

recovery techniques, like

membrane-based solvent extraction system,
to recover aroma compounds like 2-PE and
prevent product inhibition while improving
yield and productivity of the processes,
makes this process a desirable option.
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In the recent years, the increased awareness
of consumers on health and nutrition had
rapidly put pressure in the food industry to
meet the market demands. Consumers are
now adapting into healthier diets and pref-
erence to food made with natural ingredi-
ents. Therefore, the use of chemical pre-
servatives started to have a negative image
leading companies to start developing food
products made with natural ingredients for
“cleaner” labels. Moreover, with the reduc-
tion of salt and sugar, products become
more prone to spoilage and contamination,
consequently decreasing microbial stability.
In low pH products, pathogenic microorgan-
isms are not of major concern but rather
spoilage microorganisms, such as yeasts
and lactic acid bacteria. In this light, compa-
nies started to invest more on research and
development of natural preservatives. How-
ever, one of the major challenges the indus-
try is now facing is finding the natural pre-
servative that works with their product
lines, cost-effective, exhibit similar microbi-
al stability as chemical preservatives, and
with minimal sensory impact. In this study,
the efficacy of natural preservatives for mi-
crobial stability against lactic acid bacteria
and/or yeasts applied in different food ma-
trices were explored through challenge
tests, in parallel with analytical analysis and
sensory evaluation. Results of the study
highlighted the importance of understand-
ing that the effectivity of the natural pre-
servatives is greatly influenced by the ingre-
dient variability, nature of the food matrix,
presence of other preservatives or com-
pounds, and processing parameters.
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Introduction

Tetra Pak aims to achieve four strategies by
the year 2030 - Deliver food safety and the
best quality; Lead the sustainability transfor-
mation; Integrate and optimize customer op-
erations; Innovate for customer growth. Pres-
ently, Tetra Pak has sold more than 190 bil-
lion packages in 2019 (Tetra Laval, 2020),
out of which carton packages constitute the
most and are used for various food and bev-
erage products.

New packaging materials (NPM) are constant-
ly being researched based on customer
needs and sustainability.

A wide range of carton packages (mostly
aseptic) are offered by Tetra Pak in various
shapes and sizes along with consideration of
consumer convenience, optimal shelf life and
easy opening. Composite aseptic carton
packages are constituted of paperboard, alu-
minium (Al) and plastic layers (Zhang et al.,
2014).

First layer
Seals in the liguid

Adhesion layer

Aluminum foil
Oxygen, flavor and
light barrier

Adhesion layer

Paper
For stability and strength

////H

Top layer
Protects against
outside moisture

Figure 1: Layer composition of aspetic cartons

The material used in cartons must possess
good barrier against oxygen, water and light.
In terms of adhesion, the layers must not on-
ly be adhered well but also requires it to be
easily re-cyclable by separating the layers.



The limitations in the recycling industry to recy-
cle the laminates, especially Al and PE layers,
makes it tedious to separate these into ele-
mental components due to strong adhesion be-
tween them (Zhang et al., 2014). Even after be-
ing separated, there is limited infrastructure
and market for a material that contains both Al
and PE.

Tetra Pak’s ambition is to deliver a package
that contributes to low carbon circular economy
(Sustainable-packages, n.d). Hence a value
proposition was made aiming to improve the
recyclability, further increase the renewability,
and deliver a lower carbon footprint of the
overall beverage carton. In this direction, Tetra
Pak is working on new packaging materials
which aims to decrease the amount of alumini-
um and polymer and increase the amount of
fibre. Hence, as an alternative, they are looking
into metallized surfaces and its adhesion to PE.

Research objectives

To find out how moisture sensitivity and tem-
perature levels over time affect adhesion mech-
anisms by performing qualitative & quantitative
measurements. Also, to study the influence of
moisture and temperature on oxygen transmis-
sion rate (OTR) and water vapor transmission
rate (WVTR).

Methodology

The methodology used consists of experi-
mental analysis done on NPM for which three
different tests were performed - testing the ad-
hesion between the Al & LDPE layer (Adhesion
test), and oxygen transmission rate (OTR) & wa-
ter vapor transmission rate (WVTR). All the tests
were performed on flat packaging material and
at different temperature and relative humidity
(RH) levels. Five packaging material (PM) vari-
ants were also provided for the tests with dif-
ferent coatings and two different blend types
were used - blend type A consisting of two dif-
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ferent components and blend type B consist-
ing of two layers of the same component.

Adhesion test

In the test method of NPM, it is important to
note that all the measurements must be per-
formed in a laboratory with controlled cli-
mate (23°/50% RH). The evaluation was per-
formed in two steps - Quantitative evaluation
by peel test using a tensile tester and Quali-
tative evaluation by visual grading of amount
metallization on peel arm after peel test.

For the quantitative evaluation, 180° Peel test
was used for NPM and was performed using
the tensile tester. The evaluation was per-
formed by grading the samples by visually
observing the amount of metallization stuck
on the peel arm after the peel test. The grad-
ing scale ranges from 0 to 6 indicating differ-
ent percentages of metallization on the peel
arm.

OTR

For NPM, the samples were conditioned at
23°/50%RH, 23°/80%RH and 35°/80%RH. The
samples were cut out depending on the cell
size of Ox-Tran instrument used. The sam-
ples were placed in the test cell and depend-
ing on the parameters set, measurements
were taken until the transmission rate had
reached the equilibrium. The built-in soft-
ware calculates the individual OTR results of
the measured samples automatically. The
environmental conditions along with the
number of samples and mean values were
also reported.

WVTR

The test method developed for NPM is called
‘Weight loss method’ which is based on grav-
imetric measurement of WVTR through a flat
sample like films or packaging materials. The
typical chosen conditions are 50°/95%RH.
Usually, the test is carried on for one to two
weeks depending on the type of the sample.



Data analysis

To analyze the large amount of data obtained
from the tests, statistical analysis was per-
formed. Since the OTR and WVTR tests had
lesser samples, analysis was done by plotting
suitable graphs using Microsoft excel.

Results and discussions

Adhesion test: Individual value plot

Peel force M/m
-
L]
-

Time AR A AR A AR A
BT R SRV R B A
"o e & F &

Figure 2: Individual value plot indicating the levels of
delamination in the NPM

This plot helped to provide information on the
variability of the data. The different coloured
dots represent the grades 0-6 for 5 replicates
of each PM variant. From the plot it can be seen
that grade 6 is the most common grade ob-
tained for the variants especially at 35°/80%.
Grade 0 was obtained mostly for the variant PM
10806 at 23°/50%. PM 10802 at 23°/50% had
more of grade 1. The rest of the variants had

Main Effects Plot for Peel force (ANOVA)

PM Time Temp WBRH Delam. grade

B

]

Mean paal forca (MN/m)
5 B

g

TS
. .

50
gﬁfﬁﬁa‘lnbh bl &) & & G LAD kb

Figure 3: ANOVA showing the main effects of five factors on
mean peel force

grades varying between grades 2-5.
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Further the data was analysed statistically by
performing ANOVA. This plot helped to show
the relationship between mean peel force
and several other factors.

OTR

The packaging material must be able to pro-
vide an adequate oxygen barrier and must be
able to maintain a low oxygen concentration
inside the packages. The evaluation showed
that the OTR values at 23°/50% and 23°/80%
for NPM variants were higher (ranging be-
tween 1.5-8 times) when compared to the
values of the reference material.

OTR (cc/m?/24h)

Reference 10624 - Blend A 10626 - Blend A 10806 - Blend A 10802 - Blend B 10809 - Blend B

m23°/50% =23°/80% 35°/80%

Figure 4: Comparison of OTR values between the 5 variants and
reference at different temp./RH

WVTR

As shown in the figure, the weight loss value
obtained for NPM material was 6-8 times
higher than the reference value. Lower value
refers that the water transmission rate
through the material is less which means
better moisture protection.

WVTR (g/m2/24h)

10624 - Blend A 10626 - Blend A 10806 - Blend A 10802 -Blend B 10809 - Blend B

m50°/95%

Reference

Figure 5: Comparison of WVTR values between 5 variants
and reference



Conclusion

All the three objectives of the research were
linked to studying the influence of moisture
and temperature on the key parameters of the
material. Limited information about the studied
phenomena cited therein made it quite difficult
to understand certain material properties and
the influence of moisture and temperature on
them. However, the experimental analysis re-
vealed that the temperature and moisture had
an influence on adhesion and barrier properties
of the laminates.

References

Ashter, S. A. (2014). Mechanics of Materials. In
Thermoforming of Single and Multilayer Lami-
nates (pp. 123-145). Elsevier. https://
doi.org/10.1016/B978-1-4557-3172-5.00006-2

Awalekar, Y. J., Takalkar, A. S., & Shinde, S. S.
(2018). Investigation of Peel Resistance of Ad-
hesives Materials : A Review Investigation of
Peel Resistance of Adhesives Materials : A Re-
view. Proceedings of Engineering and Technolo-
gy Innovation, 10(November), 19-28.

Barrier properties of film. (n.d.). Flexifoilpack-
aging. Retrieved May 28, 2021, from http://
www.flexifoilpackaging.com/barrier-properties-
films#:~:text=Barrier Properties of Films Mate-
rial.

Beth newart. (2019, June). Tetra Pak responds
to sustainability shifts with renewable packag-
ing. Beverage Daily. Retrieved May 9, 2021
from https://www.beveragedaily.com/
Article/2019/06/17/Tetra-Pak-responds-to-
sustainability-shifts-with-renewable-packaging

Com-Ten Industries. (n.d.). Peel strength. Re-
trieved May 3, 2021, from https://www.com-
ten.com/define-peel-strength.html

Gotz, A., Wani, A. A., Langowski, H. C., &
Wunderlich, J. (2014). Food Technologies: Asep-
tic Packaging. Encyclopedia of Food Safety, 3,
124-134. https://doi.org/10.1016/B978-0-12-
378612-8.00274-2

Page 88

Jesdinszki, M., Struller, C., Rodler, N., Blon-
din, D., Cassio, V., Kucukpinar, E., & Lan-
gowski, H. C. (2012). Evaluation of adhesion
strength between thin aluminum layer and
poly(ethylene terephthalate) substrate by
peel tests - A practical approach for the pack-
aging industry. Journal of Adhesion Science
and Technology, 26(20-21), 2357-2380.
https://
doi.org/10.1163/156856111X599508

Kerry, J. (2012). Aluminium foil packaging.
Packaging Technology, 163-177. https://
doi.org/10.1533/9780857095701.2.163

Khwaldia, K., Arab-Tehrany, E., & Desobry, S.
(2010). Biopolymer Coatings on Paper Pack-
aging Materials. Comprehensive Reviews in
Food Science and Food Safety, 9(1), 82-91.
https://doi.org/10.1111/j.1541-
4337.2009.00095.x

Kjellgren, H. (2005). Barrier properties of
greaseproof paper Barrier properties of
greaseproof paper. ISBN 91-85335-57-6

Lantech. (201 8). Blown vs cast film. https://
www.lantech.com/r2/blog/blown-vs-cast-how
-is-stretch-film-made/

Madeira, D. M. F., Vieira, O., Pinheiro, L. A., &
De Melo Carvalho, B. (2018). Correlation be-
tween Surface Energy and Adhesion Force of
Polyethylene/Paperboard: A Predictive Tool
for Quality Control in Laminated Packaging.
International Journal of Chemical Engineer-
ing, 2018. https://
doi.org/10.1155/2018/2709037

Metallized PET films. (n.d.). Alfipa. Retrieved
May 27, 2021, from https://alfipa.com/
products/aluminum-foil-metalized-pet-film/

Natalie Jacewickz. (2018). In The Recycling
World, Why Are Some Cartons Such A Prob-
lem? NPR. https://www.npr.org/sections/
thesalt/2018/03/09/591568093/in-the-
recycling-world-why-are-some-cartons-such-a-
problem?t=1621239796299

Packaging, I. I. of. (2016). Aseptic packaging
system. Plastics for Food Packaging, March,



‘ Page 89

309-323.

Polyprint- OTR. (n.d.). Oxygen transmission
rate. Retrieved April 12, 2021, from https://
www.polyprint.com/understanding-
filmproperties/flexographic-otr/

Polyprint- WVTR. (n.d.). Water vapor transmis-
sion rate Retrieved April 12, 2021, from
https://www.polyprint.com/understanding-film-
properties/flexographic-wvtr/

Popelka, A., Krupa, I., Novak, I., Al-Maadeed, M.
A. S. A., & Ouederni, M. (2017). Improvement of
aluminum/polyethylene adhesion through coro-
na discharge. Journal of Physics D: Applied Phy-
sics, 50(3). https://doi.org/10.1088/1361-
6463/50/3/035204

Rezaei, J., Papakonstantinou, A., Tavasszy, L.,
Pesch, U., & Kana, A. (2019). Sustainable pro-
duct-package design in a food supply chain: A
multi-criteria life cycle approach. Packaging
Technology and Science, 32(2), 85-101.
https://doi.org/10.1002/pts.2418

StoraEnso. (2005). Paperboard Guide. Sustai-
nable packages. (n.d.). Retrieved March 22,
2021, from https://www.tetrapak.com/
solutions/packaging

Tetra Brik aseptic. (n.d.). Retreived March 26,
2021 from https://www.tetrapak.com/
solutions/packaging/packages/tetra-brik-
aseptic#tetra-brik-aseptic-benefits

Tetra Laval 2019-2020 (Vol. 27, Issue 3) year-
2020. Retreived March 15, 2021 from https://
www.tetralaval.com/about-tetra-laval

Tutak, D., Keskin, B., Abubakr, S., & Fleming, P.
D. (2019). Water Vapor Permeability ( Wvtr ) of
Packaging Cartons in Water Vapor Permeab I L |
Ty (Wvtr ) of Packag | Ng Cartons | N Extreme
Hot. January, 1-7.



Banana
Exploring its feasibility as bioplastic

Page 90

by-products in Thailand:

feedstock for food packaging

RATCHADETCH
TERMPITIPONG

THAILAND

ratchadetch.t@gmail.com

Profile in a nutshell:

MSc. Food Innovation and
Product Design (FIPDes)
with specialization in Food
Packaging Design & Logis-
tics, AgroParisTech
(France), TU Dublin
(Ireland), Lund University
(Sweden)

BSc. Food Science and Tech-

nology, Mahidol University
International Collage
(Thailand)

Interests:
Food, Product development,
Design, Innovation, Travel

Master Thesis hosting lab/
company:

Lund University

Master Thesis tutor :
Marit Beckeman
Karla Marie Batingan Paredes

Introduction

Studies have claimed that carbon dioxide
(CO,) is one of the greenhouse gases that
causes global warming. Plastic, a low cost and
high-performance fossil-based polymer, has
been used worldwide and is one of the main
contributors to greenhouse gas emission.

Many countries have made attempts to initi-
ate the curb of plastic production and
consumption. In European and other
developed countries, most of the plastic
wastes are sorted, recycled, and incinerated
for energy recovery (Gironi and Piemonte,
2011; WWF, 2019). While among Asian
countries including many developing
countries with greater numbers of population
and high consumption demand, more than
50% of plastics wastes were mismanaged
leading to plastic-related pollution (Geyer et
al., 2017). In the context of Thailand, there is
also a call to reduce the usage of plastics and
to increase the demand for bioplastic as an
alternative to fossil-based plastic. The
government has launched several policies in
cooperation with major business firms to ban
single-use plastics and to promote research
and development of sustainable innovations
(Vassanadumrongdee and Marks, 2020).
These protocols can be seen to comply with
many of the United Nations (UN) - Sustainable
Development Goals (SDGs).

Thailand is also known as an agricultural
country; the agricultural sector contributes
9.9% of the country’s GDP (FAO, 2021). The
country has exported almost 200 billion eu-
ros of agricultural goods in 2020 (OPS, 2021).
Banana is one of the top five exported fresh
fruits of the country with 1.12 million tonnes



produced in 2019. On the downside, banana
generates a lot of organic wastes, as only the
fruit - which accounts for 12% of the whole
plants (Sakharkar, S., 2019), while the rests are
discarded. In addition, there are studies related
to value addition of the banana
by-products including being utilized as a raw
material for bioplastic production.

This leads to the approach of this study to
understand the value chain and to investigate
the operational feasibility of utilizing
by-products obtained from banana cultivation
as an alternative raw material for bioplastic pro-
duction in Thailand.

Research objectives

To be able to analyze the feasibility of
utilizing banana by-products in bioplastic
industry, the main task is to capture the broad
picture of banana cultivation, bioplastic
production value chain, and the involved stake-
holders. The main purpose of this study is
therefore:

To explore the operational feasibility of
utilizing banana cultivation by-products as
an alternative raw material in bioplastic pro-
duction, replacing bio-based feedstock that is
otherwise used as food in Thailand.

To gain a deeper understanding in the topic of
interest, the following research questions (RQs)
were asked:

1. Who are the stakeholders involved in the
banana cultivation value chain and the
bioplastic value chain?

2. What are the by-products obtained from
banana cultivation and how are they
handled?

3. How can the banana by-products be used
in the bioplastic industry as an alternative to
the current bio-based feedstock?

4. What are the barriers and success factors
in using banana by-products to produce
bioplastic that can be used as food
packaging in Thailand?
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Methodology

The research following the interpretivism
philosophy by using an inductive approach, is
aimed to report the findings based on
knowledge of those who have experienced.
The research begins with a purpose instead of
a hypothesis. (Dudovskiy, 2018; Mills and
Birks, 2014). This exploratory research helps
improve understanding of the situations and
provides new set of data and insights. The
approach started from the secondary research
to obtain a general background on bioplastic,
banana cultivation, and the situation of both
industries in Thailand and global scale.
Further steps were aimed to explore more
details with the identified stakeholders
through qualitative interviews, guided by a
semi-structured questionnaire. The
information is reviewed, coded, categorized,
and analyzed which later developed into a
finding of this study (Mills and Birks, 2014).
The information that were unable to obtain
from the interview was complemented by the
study of literatures, reports, and publications.

Results and discussions
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industries



There were eight function stages together with
direct stakeholders, supporters, and
influencers, identified as shown in Figure 1.
After harvesting for the fruits, except for the
small portion of banana trunks and leaves from
specific strains of banana that goes
towards traditional utilization, e.g., food and
food wraps, religious activities, and animal
feeds, the rest of the wastes were unused and
discarded to landfill. The government sector
together with other identified players play an
important role in supporting and influencing
stakeholders in the value chain throughout the
idea of wusing banana by-products for
bioplastic industry and initiating an evaluation
of its feasibility. There is no evidence that
banana by-products have crossed over for
utilization in the bioplastic industry, at least,

not beyond preliminary research activity.
However, the stage of extraction,
transformation, and R&D could be a

connecting point to link between the value
chain of banana cultivation and bioplastic.
Moreover, by looking into examples of how oth-
er biomass feedstock like cassava and
sugarcane have been used, we can have some
references of how to potentially introduce
banana waste into the bioplastic value chain.

DRIVERS

T * Legislative supports
IMI - Education and training
Government
<m. I ° Solutions for by-products utilization
(zﬁl * Response to government policy and
Producers consumer’s demand

ENABLERS
* Trend of sustainability.

contumer  * Demand for sustainable solutions

4

Raw material

* Insufficient current biomass feedstock.

* Reduction of biomass production

* Increase in banana production

« Utilization of waste instead of food source

FRICTIONS

‘ * Lack of supportive legislation.

ﬁ * Limited access to proper supports

Government

9

Raw material

¢ Uncertain supply of raw materials.

* Cost competition with existing materials
* Material properties and applications

* Alternative applications

* Lack of access to technology

Technological

[TURNERS % No turner identified ]

Table 1. Summary of DEFT Analysis
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DEFT was used as a tool to analyze the
operational feasibility of utilizing banana
by-products in Thai bioplastic industry.
There are drivers from the government sec-
tors through policies and strategies in sup-
porting the utilization of bio-based and bio-
plastic products, as well as the upstream
sides of producers and manufacturers acting
i n
response to the government’s plan and
market needs. The drivers receive supports
from the two enablers which are the consum-
er factors from the trend of sustainability
and demands for more sustainable solutions.
The other enabler is the raw material factor
from the mismatch of biomass where the de-
mand is greater than rate of supply, reduc-
tion in the main biomass feedstock produc-
t i o n , t h e
increase in the cultivation, and conflicts over
the food supply chain, which make the bana-
na by-products could potentially be an alter-
native of interest as it is a waste which could
b e
utilized into something valuable.

On the other hand, there are some obstacles
that may negatively affect the feasibility,
such as lack of proper support in legislation,
education, and training from the government
sectors. This makes a big impact on the
feasibility of the approach, as the by-product
from banana is not currently in the focus of
the government. More time is needed for the
new legislation to support the utilization of
new materials. Other obstacles from the raw
material side include insufficient and
inconsistent supply of the raw materials and
competitions with existing or other bio-
based alternatives in terms of cost and limi-
tations from the material properties and ap-

plications. Other alternative agricultural
wastes like rice straw, corn cob, and applica-
t i o n s . O t h e r

alternative agricultural wastes like rice straw,
corn cob, and sugarcane bagasse seems to
be more attractive in the aspect of supply, as
well as research and production technology.



Conclusion

The value chain was mapped following the
approach of Saunders et al (2019). The direct
and in-direct stakeholders, as well as their
relationships were identified. According to the
study of the possibility in utilizing
by-products obtained by Banana cultivation,
most parts of the plant can be used. Where cel-
lulose as a major component found in the by-
products could potentially be used as a second-
generation feedstock for bioplastic production.
With the aim to explore the
operational feasibility of the approach, DEFT
was used. It revealed that cellulose extracted
from banana by-products could potentially be
used as a second-generation feedstock.
However, considering all the success and
barrier factors identified in this study, it is
therefore concluded that utilizing banana
by-products in Thailand as bioplastic feedstock
could be possible but might not likely to hap-
pen in the near future.
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This study focused on the effect of Dry Heat
Treatment (DHT) on wheat flour functionali-
ties. DHT is known to cause a denaturation
of the proteins located at the starch gran-
ules surface resulting in improved or new
flour functionalities for baking applications.
In particular, a facilitation of starch gelatini-
zation and a “surface-active” functionality
due to the increase in the starch granules
hydrophobicity (Pickering effect) were re-
ported. In this project, the temperature and
time of the DHT process ranged from 108
to 150 'C and from 10 to 40 min, respec-
tively. A third parameter kept confidential
was also explored. The flour functionalities
were benchmarked in the case of a high ra-
tio cake (i.e. sponge cake in which the sug-
ar / flour ratio is higher than 1) with a focus
on its volume and the collapse of its struc-
ture after baking and cooling. The DHT
flour was used at 10% and 100% substitu-
tion rates in order to evaluate extreme cas-
es. DHT flours have shown enhanced func-
tionalities compared to the standard one
that are suitable for a clean label high ratio
sponge cake. The recipe and the baking
conditions also appeared as important level-
lers in terms of final quality of the cake. The
DHT flour could be used in different food
matrices as a clean label functional product,
representing great value in the clean label
context.

Confidential topic.
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