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1. INTRODUCTION

LAB are weltknown for their fastidious nutritional requirements that can differ between both
species and straing €usink andMolenaar, 2017)Since nitrogen sources form a significant
part of theaveragecostof the medium folLAB cultivation, thereare continuousittempts to
replace them with loveost food byproducts or agricultural wastes (Hayek et al., 20R8)ato
proteinconcentrate isre such alternativeourceof plant protein. Potato proteins are extracted
during potato starch production and are associated with severalpeatibting and beneficial
technefunctional progrties (Levy et al., 202Waglay and Karboun2016). However,everal
studies showed that potato -pyoducts or potato extracts coutwt completely replace
expensive nitrogen sources (Liu et al., 2005).

Screeningeneficialmicroorganismsor their suitability in plandbased food products is crucial
since a mismatch between a substrate and microbial culture might result ibilowass yield

(Guo and Yang, 2015%cientific and industrial stakeholdeae particularly interested LAB
isolated from nofdairy foods due to their complewetabolic profile, unique flavotforming
abilities and potential utilization as starter culturegloreover, several studies have
demonstrated that LAB isolatestiginally from the same sourc&regoing to be a optimal
starter culture fomdustrialfermentation of similar products (Jini et al., 2011). Still, the vast
majority of plantbased fermented food products are still made with yogurt LABestzultures
(Levy et al., 2021Montemurroet al, 202]).

Plantbased yogutlike food products have beemtensively explored in recent years as a result
of the growing demand for dairy alternativeshich is driven by health, ethicaland
environmental concerns (Montemurro et al., 20Zangyu et al.,, 2009 Despite efforts,
producers of dairy alternativesntinue to encounter considerable issues related to appearance,
textural properties, unbalanced nutritional profded the presence of antinuwitial factors
(Pontonio and Rizzello, 202YVeber et al., 2021 Additionally, improving flavour ofplant
based milk alternatives is crucial forproduct development. Besides nutritional and
biopreservation effects, fermentationlb4B generatea diverse range of aromatic compounds
giving food products distinct flavours and aromidsigiaet al., 2020Magala et al., 2015). Yet,
there is a lack of knowledge regarding the sensory properties of fermented food products based

on potato proteins.



The aim of this thesis was to develop innovative fermented potato pbateéd dairy
alternatives Therefore several growth media will be formulated for the selection of
microorganisms capable ofilizing potato protein as a sole source of nitrodéitroorganisns

will be isolated from planbased foods/wastes or industrial side strearntis WAB strains
isolated from potato wastes expected to have more competitive metabolic capacities that will
support their growth. A diverse group of LAB strains will be tested in fermentation experiments.
After the final selection, potataroteinbasedyogurtlike food products will be developedhe
sensory properties of thenovel fermented food produatsll be evaluated by highly trained

sensory panel



2. THEORETICAL PART

2.1 GROWTH REQUIREMENTS OF AB

LAB are a heterogesous group ofbacteria that are generally described as ¢pasitive,
nonsporingmicroaerophilic or anaerobmocci coccobacillj or rods They are characterized

by the production ofactic acid asa significant end product during the fermentation of
carbohydrategDe Vuyst and Leroy, 20@. Additionally, they are considereaks fastidious
bacteria thatequirea rich, complexgrowthmedum (Hayek et al., 201 ®DjeghriHocine et al.,
2006). Optimization of the LAB growth medium is challengingince their nutritional
requirements can vary widely depending on the species anddéferentstrains of the same
species De Filippis et al., 2020 LAB cultivation medum usually require severalnitrogen
sourceqsuch as peptone, yeast extract, beef extract, or ytutgin) carbohydrates (simple
sugars such as dextrose, sucrose, maltose, or [gatieerals (mainly MA" and Mg in trace
amount$, and bufferingagents (such as sodium acetate andodiumglycerophosphate)
Generally, LAB havepecific amino acidnd vitamin auxotrophies. Thegjrowthonarich and
complex mediumis basedon particular auxotrophies that arassociated withtheir
microenvironmen{Wegkamp et al2009)

Since LAB need a plethora of growth factors, nitrogen sources provwiididing blocks for
amino acids, peptideproteins, ribaucleic acid, minerals and vitamingHayek et al., 2019).
Also, LAB have a very limited capacity to synthesize amino acids from inorganic nitrogen
sourca which is why they depend on amino acids from tleg@nic nitrogen sources (Hayek
and Ibrahim, 2013)Although they are considered auxotrophic for several amino atids,
considered that some residual genetic material for biosynthesis is still present since mutagenesis
can makesome lactobadli prototrophic (Hébertet al., 2004). While some amino acids can
promote growthit is important to remember thatherscan show inhibitory effects on the
growth of certain LABstrains. For example, cysteine, arginine, histidamel serine suppressed
growth in several lactobacilli in a concentratidepen@nt mannemwith higherconcentrations
showing strongesuppressioifSuzuki et al., 2014).

Minerals have a key role in micrialb growth and can be used to optimize and control LAB
enzymatic activity Essential metal ions assist bacteria in a variety of ways: as enzyme
activators or cofactors, in membrane transport, and as components of molecules or structural
complexes(Hayek am Ibrahim, 2013). LAB require manganese for growth and metabolic

activity. It is a key element in protecting some LAB from endogenous oxygen adichis



responsible for catalytic scavenging of, @hich is required for anaerobic growth (Hayek et
al., 2019). Likewise, magnesium can enhance the growth and improve survival of LAB and is
usually added to LAB cultivation magn. It is also considered the only essential oligoelement
for certain LAB strains in a chemically defined medium (Hayek et al., ;28&9ert et al.,
2004).

Regarding vitamins, it is considered that individual strains need from one to four vitamins to
achieve normal growtfHayek and Ibrahim, 2013Fenerally, vitamins have a catalytic role in

the cellsas coenzyme components or as enzypnosthetic groupgHébertet al., 2004a)
Although requirements vary among LAB strains, pantothenic acid, riboflaaih nicotinic

acid are essential for most strains. However, some vitamins can be essential for certain strains,
while others use them aimulatory factors (Hayek and Ibrahim, 2013).

The pH value of a cultivation madn has a vital effect on the metabolic activity of LAB (Hayek
and Ibrahim, 2013). Furthermore, buffering agents are required in LAB cultivationimai

help maintain thelg at optimum levels because of lactic ggrdduction during bacteria growth
(Hayek et al., 2019). In most cases, pH.dfebuld inhibit or significantly hinder LAB growth

rate (Hayek and Ibrahim, 2013).

And finally, surfactants such as Tween 80 andiatcan be used to protect LAB cells against
harsh conditions, improve their growth and enhance nutrient upkddkgek et al., 2019;
Ibrahim et al., 2009). By supplementing LAB cultivation mediwith Tween 80, oleic acid is
incorporated into the cell membrane and later converted into cyclopropane fatty acids. This
protects LAB strains from difficult environmental conditions such as low pH, oxygen effects
and extreme temperatures. Tween alsosh&lpgecovery ability, bile tolerancand metabolic
activity of LAB strains (Hayek and Ibrahim, 2013).

2.2. OPTIMIZATION OF GROWTH MEDIUM

The evaluation of selective LAB meain has been a topic of interest for many years. Among
other specialized medi®RS and M17 remain particularly useful for a variety of LAB strains
(DjeghriHocine et al., 2006). However, a variety of commonly available agricultural wastes,
such as crop residues, woody materialsd food byproducts are being explored for LAB
cultivation due to their potential economic and environmental advaniagesAGomez et al.,
2020 Wang et al., 2015). These materials can be usethétic acid LA) and beneficial
compounds production, cell mass productmmas an alternative to developvaost medim
(Hayek et al., 2019).



2.2.1.Modifying nitrogen sources

Standard medilike MRS and M17 always contain expensive nitrogen sources (different
peptones, tryptone, beef extract, yeast extract) that make a noteworthy portionuoh cueds.
Hence, thee havebeen many attempts to replace these expensive nitrogen sources with other
low-costoptionssuch as food byroducts and agricultural wastéspezGomezet al., 202).
Mixtures of yeast and potato extracts, spent cabbage juice, pineapglgue, corn steep
liquor, and sweet potatoes aseme of the tested alternatives made to be used as a LAB
cultivation medim (Hayek et al., 2013)Compared tacultivation in MRS, after growth in
alternative media LAB strainsave oftenshownsimilar LA production, biomasgields and

cell viability improvement (Hayek et al., 2019). Yet, to achieve growth levels in MRS,
alternative lowcost nitrogen sources often had to be suppléadewith external nitrogen
sources (Hayek et al., 2013u et al., 2005). Sometimes, a small supplementation of external
nitrogen sources led to a significant improvement in LAB growth and functionality (Hayek et
al., 2019). In general, multiple nitrog@mmponents are preferably used to optimize LAB
growth even in standard medn. One of the nitrogen sources often used to supplement
alternative lowcost mediim is yeast extractAlthough less expensive than peptones, yeast
extract still makes a significapiortion of medim $ cost. Therefore, implementing suitable
alternatives is attractivélowever limitations arethat using alternative nitrogen sources led to

a decrease ibA production otthe need in increasing tivecubation period (Altaf et al., 200

On the other hand, corn steep lig@annot only completely replace yeast extract as a source
of nitrogen but also help improueA production when combined with additional beneficial
medum components (Yu et al., 2008). Additionally, both peptone arabtyextract were
completely replaceavith wheat bran, red lentil flouand bake§ yeast (Altaf et al., 2Q0).
Further, horse bean extract was utilized as a nitrogen source instead of peptones and meat
extract in a cultivation medium, and it proved tcshéable for growth of all tested LAB strains
(Djeghri-Hocine et al., 2006).

2.22. Modifying carbohydrate sources

Although LAB are capable of using most sugars asurce of carbon and energy, glucose is
still considered preferred sourcef mostLAB (Kim et al., 2009).The ability of LAB species
or even strains to ferment different sugarsiesrwhich may affect their growth and



functionality (Hayek and Ibrahim, 2013). For instance, in a study assessing the mode of
carbohydrate metabolism by LAB brothcontaining glucose, fructose, maltpaad sucrose,
Pediococcus pentosacewsuld not ferment sucrose buactobacillus breviscould only
ferment maltose (Paramithiotis et al., 20(howing the preferred sugaubstratenakes it

easier to achieve optimal growth and metabolic actofithe LAB strain(Hayek and Ibrahim,
2013).

Several LAB strains have both amylolytic doél production capacityl A is usually produced

from substrates containing refined sugars which are relatively expensive. Utilizing starch, a
readily available and less expensive substrate, is considered an attractive alternative (Altaf et
al., 2007). Additionail, incorporating fooejrade components into the medium can further

boost productivity while lowering expenses (Boontun et al., 2021).

Some species of LAB appear to have adapted to-pkesed habitats, where sucrose is typically
the mostabundantcarbohydate source (Prechtl et al., 2018). Sucrose is a widely available
disaccharidesasily available througfood-grade sources (Boontun et al., 2022) particular
interestis the synthesisof exopolysaccharidéEPS) e.g dextran from sucrose by LABRhat
express enzymes for sucrose metabolism (Prechtl et al., 2018). The majtatstaifacillus
spp. seem to have at least one, if modtiple, pathways for sucrose metabolism. Sometimes
sucrose is one dhehighly preferred subsaites, as evidenced by the existence of two or more
different routes of its metabolisnGénzleand Follador, 2012). For example, sucrose was
selected as the most casdtective carbon source for boBifidobacterium animalisubsp.
lactisandL. reuterisince it facilitated bacterial growth that was comparable tothat grown

on glucose (Boatun et al., 2021). Alsahe growth ofL. plantarumcultivated infood-grade
MRS-based medium containing table sugar (sucresesimilar to that observed in MRS

medum (Sawatari et al., 2006).

2.2 3. Utilization of potato in modified growth medium

Potatoresidueshave beerrecognzed as promisingaw materialsfor fermentation medim
because otheir availability and composition Kot et al.,2020). The use ofpotatowasteas
medium componenteduces the total production coskéowever potato extract coulehot
completely replacéheyeast extractrom thegrowth medumfor LAB. In some casespartial

substitution of yeast extract with potato extraets beneficial but variedepending orstrains

6



andthe sources ofeast extract. This wad economicnterest sincehe use osome types of
potato extractsan impact the reduction 4D %in cost (Gaudeau et al., 2002). Studies have
also reportedhe use ofpotato tubers unacceptable for food processing because of their size or
damage by bruising or diseasdistardedpotatoes) as a substrate for the simultaneous
production of nisin antdA. Despite the fact cull potato hydrolysate alone doot support the
production of LA and nisin, ihas been shown to have potenivélen supplemented with corn
steep solid andoybeanpeptone (Liu et al.2005). On top of that, liquid potato wastes from
potato chips processing industry have been used asitonat source for the production of
LA. Similarly, potato peel as a source of carlt@s been showasprominent inthe production

of highly active and sté amylolytic, cellulolyti¢ and ligninolytic enzymegot et al., 2020)
Finally, sweet potato ntBum that was not supplemented with external nitrogen soshosged
only 1 to 2 logCFU mL*lower bacterial populationf Lactobacillusstrainsthan MRS.Yet,
when sweet potato medium was supplementigidl 4 g L of beef extract and ¢ L™ of yeast
extract, there was similar growth aadomewhat higher bacterial population than MRS.
compare, lte authors also found that supplementing their experimental medium gyitr 8f

beef extract and § L™ of yeast esract resulted in no significant differendéhis means sweet
potato medium containing less than 50 % of the nitrogen content of &dRI8 use as an

alternative to MRS fokactobacilluscultivation (Hayek et al., 2013)

2.3. SCREENINGOF MICROBIAL CULTURE

Traditionally, fermentatioms a natural process carried ontdifferentLAB fermentedfoods
whose autochthonous microbial populations consistmixed cultureof yeasts, bacterjand

fungi. Today,LAB, bacili, and yeastsespeciallySaccharomyes are the most widely used
microbes in terms of plasitased fermentation. They are proven to possegabolic features

that improve nutritional and/or sensory properties (Tangyu et al., 2019). LAB have been
particularly popular tdoe useal in food productsdue to theGenerally Recognized as Safe
(GRAYS) status and arecluded in theQualified Presumption of Safe({QP9 list (EFSA,
2021;Peyer et al., 2016). Some of them have already been used hbatmat fermented dairy
substitutes, such &s delbrueckii, S. thermophilus, L. delbruedabsp bulgaricus, B. longum

or L. rhamnosugMasiéet al., 2020). In general, thvariety of fermented foods is determined

by the type of substrates and microbes used in the fermentation process (El Youssef et al.,

2020). Therefore, many authors have studied the influence of roulede fermentation to



enhance product quality as auk®f their synergistic effects% HID QR Y LU HAMeD O
understood example smutualistic cooperation betwe&itreptococcus thermophilandL.
delbrueckii subsp.bulgaricus during yogurt fermentationYet, these strains might not be
optimal touse to ferment plaftased materialddartensson et al. (200@sted different strains

in an oatbased beverage and found that samples fermentedSwitermophilusand L.
bulgaricus had low consumer acceptance, whereas samples fermented Lettb.
mesateroideshad pleasant flavours and a pleasant taste. On top of that, the data comparing the
impact of mono vs mixedulture fermentation in plafitased milk alternatives on growth,
nutrient value, anthutrient and mineral availability, bioactive compounds and sensory values
has been conflicting (Tangyu et al.,, 2019). In regards to sensory values, it seems that
monoculture fermentation is as efficient as migetiure fermentation in decreasing the content

of n-hexanal and 4mexanol but mixedculture fermentation could be more successful in

producing preferred flavour enhancers (Tangyu et al., 2019).

2.3.1 Unconventional sources of LAB

Much attention has been paid to unconventional sources used to isokatendiffAB strains
ZLWK SRWHQWLDO EHQHILFLDO KHDOWK RU {kaeEn$Hd, RQDO S
2018). Strains isolated from unconventional soyrsash as raw fruits and vegetahlean
produce bioactive metabolites that help imprtwvenutritional value and sensory profile of

food productsMoreover, some of the strains showed antimicrobial capacity which points to
their use as biopreservatives in food prod(@etmental et al., 2021). There has also been a lot

of interest in LAB isolatedrom nondairy products because of their diverse metabolic profile,
distinctive flavar-forming capabilitiesanda possibility for use as starter cultures (Teneva
Angelova and Beshkova, 2015). LAB grow fast under moderately acidic and anaerobic
conditions making them welbuited for growth in fruit or vegetableased foods (Fessard and
Remize, 2019). Many studies have also tried isolating LAB from different food processing
wastes. For instance, several LAB with proteolytic, lipolydied antibacterial piperties were
isolated from various freshwater fish wastes (Jini et al., 2011). Also, dairy industries have been
increasingly interested in LAB isolated from ndairy sourcs like decaying plant materials
since they want to expand their culture collectamal take advantage of existing biodiversity
(Smid and Kleerebezem, 2014).

Not all yogurt starter cultures can fully utilize the components in soymilkifatitere is a

mismatch between the substrate and microbial cultwweuld resulin alower specifc growth



rate of microorganissiandconsequenthglower acidificationof microenvirament(Guo and

Yang, 2015)Also, a comparison of the genetic diversity of two dairy strains and one plant
derivedLc. lactisstrain revealed thahultiple genes required fagrowth in plant materialare

not present irdairy speciegWegkamp et al., 2009This could be evident in a study using
horse bean extract as a replacement for standard nitrogen sources (peptones, meat extract) in
multiple cultivation media. While themeda supportedhe growth of all tested strains, it was
more efficient for the growth of strains isolated from plant materials comparedo those
derived frommilk or human faece This difference was attributed by the authors to thetp

origin of the nitrogersupplementation, which resulted in greater growth than that observed on
MRS medium (DjeghrHocine et al., 2006 5everal studies have found LAB isokhfeom the

same source, as opposed to LisBlatedfrom other sources, assapperiorstarter culture for
fermentation of comparable products (Jini et al., 20L&)add to that, the use of strains from
unconventional sources in fermented food might decrease the fermentation time and improve
the food products' characteristics sashcreating a specific flavour (Pimental et al., 2021). In

a study where a strain was isolated from spontaneous coffee fermentatiorn;spemifia
volatile compounds were increased during the coffee bean fermentation process which
contributed to the prodtion of highquality coffee. In the end, the coffee beverage had
enhanced sensory qualities because of stroAgarilla” and ¥loral “ aromas (Pereira et al.,
2015). Another study isolated, identifiednd analyed different LAB from herbs. Some
lactococcand lactobacilli they've found had better growth in a wide pH and temperature range
and a high acid production. These strains tlgpotential of one day becoming starter cultures

for new fermented products (Tenesxagelova and Beshkova015.

2.3.2. Safety aspect oficrobial culture use in food products

Before microorganisms are allowed to be used as food or feed in the European market, EFSA
(European Food and Safety Authority) evaluates their safety. They have introduced a concept
of QPS wheh is supposed to avoid long and unnecessary inquiries into the safety of
microorganisnsthat are known to be safe (EFSA, 2021). That is a generic harmapigezhch

for risk assessment that is somewhat similar to the GRAS assegstd&#. While microbal

food cultures with a long history of consumption in the EU do not undergo a full safety
assessment, others require-prarket approval that involves a safety assessment by European
legislation (Herody et al., 2010). One of the requirements for théoiiytaf a microorganism

for QPS status is an unambaupsly defined taxonomy. For microorganisms that hetdeen



traditionally used in food, this implies the need for experimental data on the genetics of the
taxonomic unit (Sybesma et al., 2006). Tim&ans a strain could be excluded from the QPS list

if its taxonomic identity cannot be defined with current data which doesn't necessarily mean the
strain is unsafe in food products (Herody et al., 2010). Other requirements are kn@hledtge

the history of use, clinical aspects and industrial applications, safety concerns (possible
presence of virulence that can contribute to their pathogeniitg)enduse. By tlesecriteria,
microorganisms such &nterococcus faeciuandEscherichia colhave not yebeen granted

QPS status (Herman et al., 2019). If a manufacturer wants to use a microbial culture that hasn't
been granted QPS status, they must do alogsase safety evaluation by strain and/or by
application purpose (Herody et al., 2010).

Moreover, there are LAB species that are resistant to certain antibiotics. For example,
LeuconostoandEnterococcuspecies are known to be vancomypasistant (Ino et al., 2016).

The presence of virulence features in microorganisms utilized in food fermentatiad e
avoided (Bourdichon et al., 201Z)jlowever, many bacterial specisach asLactobacillus
strainscarry intrinsic resistance which meansistinherent to their species. That type of
resistance is considered to have a minimal potential for hoalzgptead, unlike acquired
resistance that has a high potential for lateral spidacbdy et al., 2010)till, even if strains

belong to species with a long history of use, those that present unwanted properties should be
subjected to a risk assessmdduifrdichon et al., 2012).

2.4.SENSORY PROFILEDOF NON-DAIRY MILK ALTERNATIVES

Consumer demand for natairy milk substittes witha high acceptance rate and functionality
is increasingas a shift towards a more plamased diet that might help to increase food
production sustainability and reduce environmental imflaety et al., 2021Nionelli et al,
2014). Figure 1 describesequenttechnical, nutritionaland sensorguality critaia of plant

based dairy alternatige
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Figure 1. A visual representation showing the quality criteria of plzaed milk alternatives

(Tangyu et al., 2019)

Although plantbased milk alternatives are designed to imitate animal milk in terms of color

and texture, they frequently carry unpleasantflaffours (Tangyu et al., 2019). To start with,
raw cereals commonly have low levels of organoteiy active compunds which can give
WKHP D %4 Ha Qnpleasant odour and flavour. Additionalhey contain particular

phenolic compounds that contribute to their bitterness and astringency which leads to a poor
DFFHSWDQFH UDWH DQG QHJDWLYHO\ LQIOXHQFHV FRQVXPF

Similar challenge can also be noticed iegumes. For example, peas carry undesirable notes
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GHVFULEHG DV SEHDQUNRIWHHRIUPKIALG™ ZKLFK OLPLWV WK
off-flavour compounds are likely a product of a combination of inherent pea flavours and
flavours produced durg harvesting, processingnd storage (El Youssef et al., 2020).
However, plant materials do possess components like soluble fiber that can improve both the
texture and the mouthfeel of the products, but it is often the case that the insoluble particles
create a thin mouthfeel and a chalky, sandy texture. Besides, some bioactive compounds such

as isoflavonoids can be linked to an objectionable aftertaste (Tangyu et al., 2019). In some
cases, lipid oxidation can contribute to an unwanted aftertaste. Irt-based drink, volatile
compounds produced through lipid oxidation, such as hexanal, perdadatome carbonyl
compounds led to a ranelitke unpleasant aftertaste. Furthermore, the presence otlaig

hydroxy fatty acids caused bitter afbtes in oaflavour Masiaet al., 2020 Nionelli et al,

2014). Oxidation of plant lipids can generate volatile compoundsHitexanoland rhexanal

WKDW DUH PDLQO\ UHVSRQVLEOH IRU D W\Shded @ik HDU WK
alternatives (Tangyu et.aR019). Furthermore, these limited techanctional properties, off

flavour, and colour can often require the need of stabilizers, that have been indicated to have
negative health effects or be negatively seen by consumers (Levy et al., 2021). Toecensum
favorable organoleptic properties are dominating over sustainability or health concerns. In the
HQG PHHWLQJ FRQVXPHUYYV H[SHFWDWLRQV E\ LPSURYLQJ
developing a successful plao@sed milk alternative produdtiésiaet al., 2020).

2.4.1.0Optimization of ermentatiorfor improved sensory profile

Fermentation has traditionally been used to naturally enhance and fortify a food substrate,
removing the need for additives or preservatii&sting LA fermentation nutrients in raw
materialaregeneratd toa variety of antimicrobial compounds including organic gaitsnly

LA, carbon dioxide, ethanol, bacteriogiaad other metabolites (Levy et al., 2021). It has been
found to improve protein digebility, enhance bioavailability of minerals and other
micronutrients, reduce or remove antinutritional factarsd prolong shelf life (Peyer et al.,
2016 Nionelli et al. 2014). It has also been used for centuries as a method to improve
organoleptic propdies (El Youssef et al., 2020). LAB can produce a diverse range of aromatic
compounds, creating fermented products with distinct flavours and aromas originated from the
breakdown of the primary macronutrients in the food matrix. Additionally, some LakB c
generate EPSThese compounds are known to enhance the texture of fermented products by
increasing their viscosity and improving their stabilitjasiaet al., 2020). As a result, many
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plantbased fermented foods are made with microbial communities dtieeito potential

synergistic effects in helping to improve the quality of fermented products (El Youssef et al.,

2020). Previous studies have shown thaA fermentation has reduced unpleasant

3 JUHHQ EHDQ\" GHVFULSWRUVERR@StFIW B020;Vafyys et B, SUR W H |
DQG WKH 3VR BlavwolEHTDsQybeaR ilk. Moreover, a pldrdsed yogurt that

satisfied organoleptic needs of consumers was produced with soy and coconut milk (Kosterina

et al., 2020).

Texture and mouthfeel atbutes are crucial factors in overall food acceptability (Greis et al.,
2020). As the structure of food changes during mastication due to oral processing and chemical
breakdown, it makes texture perception of seolid food gels a dynamic process. In gom
cases, food texture and mouthfeel can even result in food averGogs €t al., 2020De
Lavergne et al., 2015). thecase of dairy yogurts, sensations of creaminess and thickness have
been preferred (Greis et al., 20Zhtmann et al., 2000 Starch and starefelated products

have sometimes been used in dairy yogurts to provide stabilibe final product (Luallen,

2004). Interestingly, they have also been found to improve creaminess perception as thickening
agents. It has been suggesteal thiternative structural components like starch particles may
add to the thickness and smoothness which correlates with creaminess in some studies (Greis
et al, 2020).

Although no definitive conclusion has been reached, the most widely cited compounds
responsible for adding preferred flavour to dairy yogurt&eacetaldehyde, diacetyl, acetoin

and 2butanone. lis important to keep these metabolites in acceptameentrationssince

some volatile compounds can contribute to undesirable flavours, particularly when the product
is improperly stored (Chen et al., 2017). Additionally, in plaa$ed dairy alternatives, acetone
and ethanol are also very important for sepgroperties (Montemurro et al., 2021).the

case of nordairy alternatives, the levels of ethanol, diacetyl, acetoin, acetaldeimgiacetone

have been significantly differing based on the nature of plant material used. For example,
acetone levels Jruity *, apple flavour) were significantly higher in soy samples and ethanol
levels were significantly higher in coconut samples (llasial., 2020). Several compounds
containing four carbon atoms are found to be responsible for the characteristioyoart

in fermented dairy products, as well as its bdiitex flavour. Theseinclude diacetyl, acetojn

and 2,3butanediol (Chen et al., 2017). During cereased fermentation, for instance, diacetyl

is released which gives a buttersceli€ke aroma Tangyuet al, 2019). Acetoin is the reduced
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form of diacetyl with a much milder flavour compared to diacetyl. However, acetoin is
important for contributing to the mild creamy flavour and for lowering the strong aroma of
diaceyl. 2,3butanediol is the dced form of acetoin and it has a small contribution to the
creamy or buttery flavour of fermented products (Chen et al.,; B&yér et al., 2016). Further,
acetaldehyde has been characterized as having a sfiroiityy,” (green apples) taste with sweet
undertones that has been shown to positively contributing to high acceptance of some plant
based alternatives (Peyer et al., 2018y, although not usually linked with yogurt's aroma
profile, isa crucial component of the overall flavour profile (Pontoeical., 2020)In LAB,
amino acids have a critical function as flavéoimming substrate Aside from having their own
flavour (sweet, bitter, sturous, umami), amino acids serve as a substrate for Maillards
reactions, which can produce organolepticaltyive carbonyl compounds, heterocyclasd

melanoidins (Peyer et al., 2016).

2.5. UTILIZATION OF POTATO BY-PRODUCTS

Potatoesfolanum tuberosum DUH D YLWDO FURS IRU IHHGLQJ WKH ZR
a major role in the human dibecause of their low price, lefat content, good source of
carbohydratg high-quality proteirs, fiber, and vitamins (Kim et al., 2012). It has been
estimated that 260 % of raw potato products are discharged as waste, which poses a serious
disposal conern for the potato industry. As a result, potato wastes have been investigated as a
source of acetone, butanol, ethamaold ethanol production and as a substrate for yeast, vitamin
B12, LA, xanthanand pullulan production blgiotechnologicamethods (Samlyzadeh et al.,

2017 Zhang et al., 2007). Furthermore, potato peel was®éen used as a source of natural
antioxidants for slowing down lipid oxidation in mackerel and meat. Potato starch waste ha
been used in a combination with concentrated re@egfar making functional fermented
beverages (Saeedyzadeh et al., 2017).

Regardless of their low protein content of less than 2 %, potato proteins have been recognized
by some authors to be nutritionally equivalent to lysozyme, egg white protein (Waglay a
Karboune, 2016). In comparison to other vegetable ptpotato proteins are found to be

more digestible, solubjeand nourishing. Besides, potato proteins are a source of lysine and
have not been considered an alleogyising food which makes thendacent alternative for
preventingwheatallergies (Hussain et al., 2021). Among several associated health benefits of
potato proteins, there are also some functional qualities being reported such as emulsification

and foaming abilities (Levy et al., 202%aglay and Karboune, 2016). As a result, potato
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proteins have been recently gaining popularity in the food industry (Hussain et al., 2021). As
large amourg of potatoes are used to make potato starch, potato protein isolate is extracted
from by-product pdato juice after starch removal. This extraction is required to help mitigate
both the economic effect as well as high polluting capacity of starch induspmptyict (Levy

et al., 2021).

2.6.PLANT-BASED YOGURT-LIKE PRODUCT DEVELOPMENT

Plantbased ygurtlike products are typically made by fermenting aqueous extracts from soy,
cereals, legumes, oilseeds, etc (Grasso et al., 2020). Althoughrthpyocessenh a similar
wayto traditional yogurmaking, their fermentation time is often longer and they have a lower
protein content. Additionally, the acidification of plardased proteins commonly results in a
weak gel formation and phase separation which requiresdidfieonof hydrocolloids (Sim et

al., 2020) Attempts have been made to solve this obstaclesing novel technologies, namely
(ultra) highpressure homogenizatiohhis technology could increase the protein content and
physical stability of yogurlike productsbutits influence on the sensory profile is not yet well
understood (Levy et al., 2021). Also, thareonly a few studies where a pressimduced non

soy plant proteirbased emulsion gel was created and further compared to dairy yogurts (Sim
et al., 20D).

Another common approach the food industry is using a combination of gelling agesush

as natural gums, starchesd proteins to create a gslpe product with a desirable texture.
Further, it was shown that the presence of agar and rice s@s@nhmportant impact on the
rheological properties of yogulike products (Grasso et al., 2020). Another study showed that
the addition of 2 % kudzu starch an8 @6 lecithin led to better texture and stability of yogurt

like products during storage. POVR GLGQTW DIIHFW WK H-liké &t ODY R X
(Kosterina et al., 2020).

Figure2 summarizedhe standard and new biotechnologiogtionsin the production of plant

based yoguttike food product
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Figure 2. Flow chart of yoguHike production protoco{Montemurro et a}.2021)

Fermentation time and temperature tends to significantly vary for fermented dairy substitutes.
For example, white kidney bedrased beverage was fermented &t@Tor 24 hours(Kosterina
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et al., 2020), chickpebased beverage was fermented at@#r 16 hours (Wang et al., 2018)

and coconut milk beverage was fermented for 48 hours where the optimal temperature was
determined to be around -3% °C (Mauro and Gai@, 2019). In conventionaairy yogurts,

the fermentation of cow milk lasts until the pH lower thah i4 reached and the final LAB
density is higher than 8 leggCFUmL™. Because of the differences in protein and carbohydrate
content (lack of lactose), availability in micronahts and possible inhibiting compounds (such

as polyphenols), there are alterations in the fermentation process of dairy substitutes
(Montemurro et a).2021).

There's been several yoglike products created where some type of oil imasrporated. For
example, in a study creating a potato protein isddaed yogurlike product, an emulsion was
formed after 3 % of sunflower oil has been incorporated to th&gaied solution (Levy et al.,
2021). Another study analgd the influencef oil addition on the physical properties of several
plantbased yogurts based on different protein sources. Except for mung bean protein and pea
protein, where gel strength increased with included oil, all plant protein samples showed no
changes in viseelastic characteristics after a small amount of sunflower oil was added. The
authors proposed the difference in proteintein and protenfipid interactions among plant
proteirs asanexplanatiorfor these variations in viscoelastic properties (Sim.e2820).Other
authorssuggest the use of bovine milk fat globule in plaased alternatiwesince it is an
important contributor to the creaminess, textaral flavour of dairy products. In the erlde

fat phase of dairy alternatives is usually aith@ded through different oils or fabrication of fat
globules from plant sources (Dhankhar and Kundu, 2021).

One of the simplest, most convenigntd least timeonsuming techniques of food preservation

is freezing (Foote, 2016). Frozen yogurt is a damgduct available globally and is perceived

as a healthier alternative compared to conventional ice cream. It is often produced with low
acidity, which is a change from the high acidity of frozen yogurts in the late 1970s (Davidson
et al., 2000). It combies the pleasant sensory qualities of a frozen dessert with nutritional
advantages such as reduced fat content and the presence of viable (potentially probiotic)
bacteria (Skryplonek et al., 2019). However, the freezing process and storage can pose a
challenge forthe viability of LAB cells since the frozen yogurt environment is not optimal for
their survival (Davidson et al., 2000).

Non-dairy alternatives tend to be unstable during both manufacturing and storage. Some of the
most common problems are phaseparation and spoilage on letggm storage. Since
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consumers prefer clean labels, the exclusion of stabilizers is a preferable solution (Dhankhar
and Kundu, 2021).

Even though there are many phkatsed frozen yogutike products on the market, theresha

been a lack of studies dedicated to this category ofdagy products. For instance, several
nondairy frozen yogurtike products by Yogurtland contain traditional yogurt cultures such as

S thermophilusandL. delbrueckiisubsp bulgaricus but also a mixture of other cultures such
asL. casej L. rhamnosusand Bifidobacteriumsubsp Additionally, they contain stabilizers
emulsifiers (vegetable monodiglycerides, guar gum, carrageamahgaramel color (Fleming,
2020).
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3. EXPERIMENTAL PART

3.1 MATERIALS

3.1.1. Instruments
The following instruments were used in this work:

x Convection oven (Rational Combi Steamer, Type CCM, Landsberg am Lech, Germany)

X iCinac instrument (Alliancénstruments, Frepillon, France)

X Autoclave (Systec \Series, Holm & Halby, Bregndby, Denmark)

X pHmeter GHY HQ & R P EditlenVaedo, Columbus, Ohio, USA)

X pH test strips (Macherepagel GmbH & Co.KG , Diuren, Germany)

X Magnetic stirrer (Variomag monotheridplm & Halby, Brandby, Denmajk

X Analytical and technical scale (Mettler Toledo, Columbus, Ohio, USA)

X Spectrophotometer (Novaspec Visible, Biochrom, Cambridge, UK)

x Centrifuge (Eppendorf, Hamburg, Germany)

x Optical binoctlar microscope (Nikon Eclipse, Tokyo, Japan)

x Tabletop electronic electronic colony countestgart Digital Colony Counter with
1Q/OQ Documents; 90 to 230 V, 50/60 HzoleParmer, Vernon Hills, Illinois, USA)

X Laminar flow cabinet

x Fume hood

x Laboratoryconsumables red cap and blue cap flasks, beakers, pipettes, pipette tips,
inoculation loops, Eppendorf tubes, petri dishes, sterile nitrile gloves, microflex nitrile
gloves, forceps, laboratory thermometer, laboratory funnel, graduated gliasers,
laboratory stainless steel spatulas and spoons, test tubes, test tube racks, microscope

glass slides

3.1.2. Microorganisms

A collection of 119 differenstrains included different strainsloAB and nonLAB, yeast, and
fungi. Of these 65 straiis werefrom DTU strain collection grovidedby PhD Claus Heiner
BangBerthelsenpndselected based on bioinformatanalysisThe dher 54 strains belonged

to KMC Kartoffelmelcentralen Denmark(provided by PhD Mathias GrevePoulsen). The
plantbasedisolation sourcesncludedjuice of potato flour which is lefin pipes for several
months or from the bottom of the ventilation tank, juice of fresh or old pulp of potato flour
storedoutside potato on the surfa@é or inside a rotten potato pile, and damaged seed potatoes.
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The drains were storedt-80 °C in a preferred nutrient broth medium supplemented with 30

% or 15 % glycerol (v/v). All strains used in this thesis are shown in the Supplements.

3.1.3. Chenuals

The chemicals used wepirchasedrom SigmaAldrich Corporation (St. Louis, Missouri,
USA), Oxoid Inc (Ogdensburg, New York, USA), Merck & Co. (Kenilworth, New Jersey,
USA), BD BiosciencegSan Jose, CalifornjdJSA) and SSI DiagnosticaHfllerad, Denmark).
Table 1 includes all chemicals and media used in this thediable 2 contains the composition
of potato protein concentrate used (Protafy)

Table 1. List of chemicalsand mediaused

Name Purity Producer
Magnesium sulfate 99.5 % Merck
heptahydrate
D-(+)-Glucose . SigmaAldrich
Manganese (ll) sulfate hydrate SigmaAldrich
di-Potassium hydrogen . Merck
phosphate
Agar bacteriological (no. 1)  Purified Oxoid
Tween Tween® 80t 20HLF DBROMG - SigmaAldrich
Polysorbate 80 (primarily linoleic,

palmitic, and stearic acids
Sodium acetate . SigmaAldrich
D-(+)-Maltose monohydrate SigmaAldrich
(from potato)
D(+)-Saccharose (Sucrose) SigmaAldrich
Starch, soluble SigmaAldrich
%' %DFWRE \HDVW BD Biosciences
%DFWRE 3URWHR BD Biosciences
%DFWRE 7U\SWRQ BD Biosciences

Sodium hydroxide
Hydrochloric acid

MRS medium (broth, agar) SSI Diagnostica
M17 medium (broth, agar) SSI Diagnostica
Blood medium (agar) SSI Diagnostica
LB medium (agar) SSI Diagnostica
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Table 2. Composition of potato protein concentraedtafy)

Compounds Protafy
Energy 1575 kJ / 371 kcal
Total fat/ of which saturated 249/16¢g

Carbohydrate/of which sugars 1.8g/0g

Dietary fiber 6.4¢
Protein 839
Salt 01g

Protafy (KMC, Brande, Denmark) is a foegrade potato protein concentrate from heat/acid
precipitation KMC Food (KMC, Brande, Denmark) is a foegrade potato protein concentrate
from nondenatuing extraction that has a protein content of 85 % (Kjaldhax 6.25).A more

detailed composition is currently unavailable.

Food-grade ingredientsusedto make final produstwere produced by Mamone (Denmark)

and they include:

x Potato flour that contains potato starch as sole ingredient (Kartoffelmel)
X White sugar (Sukker)

X Baking powder (Natron)
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3.2 METHODS

3.2.1 Whole genome sequencing (WGS)

WGS was performedbr strain identification ando canpare the results with the results of
Matrix-assisted laser desorption ionization tiofdlight mass spectrometrfMALDI -TOF

MS) identification The sequences were assé&dband the contigs of each strain were stored

in a FASTA database format. The sequences were annotated using RAST and stored in a
GenBank formatgyrB anddnaAgenes were used as phylogenetic markers. A phylogenetic tree
showing the phylogenetic distances between the strains basggrase beta subunwas

created. The phylogenetic tree included the matching database sequences. Only the most

important resultsra shown.

3.22. Experimental media developmaearid strain selection

Overall, 15 different experimentalcultivation media weredevelopedto selectthe most
promising strais and to optinze the composition of food matesused for fermented product
developmentFor the purpose of strain selection, the developed media contsiaedard
MRS/M17components such geast extracsodium acetate, twee80, dipotassium hydrogen
phosphateandminerals together with a modifieghrimary protein and/ocarbon source in
optimized amountsThe most pomising strainsvereconsidered to be those capable of using
potato protein as a primary source of nitrogen and potentially starch as a source of carbon.
Growthwas monitored on agar plates after 48 h incubation at 30 °C, determinidguhe
mLfor selected straing:or food product development, a literature review was diynesing

() 6 $ IQPSdatabaseo determine strains safely applied in food produstsdification rates

for certain strains were recorded in experimental broth mEdrathe purpose of food matrix
optimization, foodgrade ingredients and their content was determiDely. the most important

results are shown.

3.22.1. Development of Potato protein glucdden foodgrade complex media Control

medium

All of the components, excluding agar, were weighted in a total of 1 L volume eQ\viater

and stirred using a magnetic stirrer. After the pH was adjusted to 7.4 with NaOH and HCI, 500

22



mL of media were placed in 1 L glass bottles because KMC Food 8wWedhfoaming
properties, particularly when heated. After autoclaving,ntieelia werestored at 4 °C in the
cold room. Before using agar media to make plates, the medeheated for 45 minutes at
95-100°C. They were then put in a water bath for 30 nesuo cool down to around 48
before use.

Both agar and broth media were creatédter optimizing the media composition, the
components of the developsatdia are shown itable3.

Table 3. Compositionof modified cultivation media with potatprotein concentratasthe
primary nitrogen sourcand composition of control mediadditionally, agar mediawere

created containing5g L™ of agar

Protafy 1 KMC Food 3.0 Potato control
Medium composition (per brothmedum brothmedum broth medum
L)
Glucose solution 20 % 50 mL 50 mL 50 mL
(sterile filtered)
Potato protein concentrate 25 g Protafy 25 g KMC Food /
Y east extract 0.025¢ 0.025¢ 0.025¢
Sodium acetate 19 19 19
Tween80 1mL 1mL 1mL
Dipotassium hydrogen 29 29 29
phosphate
Magnesium sulate 0.2¢g 0.2g 0.2g
heptahydrate
Manganese stiate 0.05¢ 0.05¢g 0.05¢
monohydrate
pH before autoclaving 7.4 7.4 7.4

3.22.2. Development of Peptone staftton foodgrade complex media + Control medium

Peptone starch medium, M) water was heated to around 50 °C before adding starch and
stirred with a magnetic stirrer until it was dissolved. The rest of the components (excluding
agar) were put in a 1 L glass cylinder containing i@Qiliwater. The pH oPeptone starch
medium,was adjusteavith NaOH and HCI only after the solution reached room temperature.
The pH was adjusted to 7.4 and medexreput in 1 L glass bottles that contained agar and
autoclaved. After autoclaving, the mediarestored at 4 °Gn the cold room.
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Before using, Peptone starch mediar@heated for 135 minutes at-9®0 °C and Peptone
glucose media @reheated for 45 minutes at-9®0°C. Peptone starch medigrealso shaken
every 45 minutes to dissolve the starch. They were pém a water bath for 30 minutes to
cool down to around 4%C before useComposition of the developed media is showtalrle

4.

Table 4. Composition of the xperimental media used treate agar plates awmétermineif
selected strains can be utilizedviodified cultivation mediavith carbon source being prinmigr

starchcompared to the carbon source being primarily glucose (used as control)

Peptone starch Peptone glucose
Medium composition (per L) agar medim agar medum
Glucose solution 20 %sterile / 50 mL
filtered)
Starch 209 /
Bacto Proteose Peptone 10 g 10g
Bacto Tryptone 109 109
Y east extract 0.025¢ 0.025¢
Sodium acetate 1lg 1lg
Tween80 1mL 1mL
Dipotassium hydrogen phosphate 29 29
Magnesium sulate heptahydrate 0.2¢g 0.2¢g
Manganese sidiate monohydrate 0.05¢ 0.05¢
Agar 159 159
pH before autoclaving 7.4 7.4

3.22.3. Development of Peptone maltose and Peptone su@xuse foodgrade complex

media

All of the components (exlcuding agar) were put in a 1 L glass cylinder containingMili
water. All media were stirred using a magnetic stirrer. The pH was adjusted with NaOH and
HCl to 7.4 and media @reput in 1 L glass bottles that contained agara and then auéatl

After autoclaving, the mediaevestored at 4 °GComposition of the developed media is shown

in tableb.
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Table 5. Composition of the xperimental media used tweate agar plates amtktermine

alternativecarbon sourcethatselected strains nadtilize in a modified cultivation media

Peptone maltose Peptone sucrose
Medium composition (per L) agar medim agar medim
Maltose monohydrate 10.45¢ /
Sucrose / 10g
Bacto Proteose Peptone 10g 10g
Bacto Tryptone 10g 10 g
Y east extract 0.025¢ 0.025¢
Sodium acetate 19 1lg
Tween80 1mL 1mL
Dipotassium hydrogen phosphate 29 29
Magnesium sulate heptahydrate 0.2¢g 0.2¢g
Manganese sidiate monohydrate 0.05¢g 0.05¢
Agar 159 159
pH before autoclaving 7.4 7.4

3.22.4. Development of Potato protein sta®on food-grade simple media

Mili -Q water was heated to around 50 °C before adding starch. Starch was added slowly into
the heated water and stirred with a magnetic stirrer until it was dissolved. The thkst of
components were put in a 1 L glass cylinder containing®livater. They were stirred using

a magnetic stirreKMC Food starch media also required additional manual stirring to dissolve
pH was adjusted only after the solution reached room temperdtue pH was adjusted 7.4

and500 mL ofmedia vereput in 1 L glass bottkebecause KMC Food starch medium showed
foaming properties, particularly when heatétlese were then autoclaved. After autoclaving,

the media werestored at 4 °C

Composition 6the developed media is showntable6.
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Table 6. Composition of the xperimental media used to determiaeidification rates in
modified cultivation media containing solely potato protein as protein source and starch as

carbon source

Protafy starch KMC Food starch
Medium composition (per L) broth medum broth medum
Protafy 509 /
KMC Food / 50¢g
Starch 209 20 g
pH before autoclaving 7.4 7.4

3.22.5. Development of Potato protein starch sucrdéen(food-grade) simplemedia

Mili -Q water was heated to around 50 °C before adding starch. Starch was added slowly into
the heated water and stirred with a magnetic stirrer until it was dissolved. The rest of the
components were put in a 1 L glass cylincantaining MilkQ water. They were stirred using

a magnetic stirreKMC Food starch media also required additional manual stirring to dissolve

pH was adjusted only after the solution reached room temperature. The pH was adjusted to 7.4
with NaOH and HCIAfterwards, 500 mL oimedia vereput in 1 L glass bottkebecause KMC

Food starch medium showed foaming properties, particularly when h@dteske were then
autoclaved. After autoclaving, the mediarestored at 4 °C in the cold room.

Before using, botmedia were heated to 9®0°C for around 1 hour and shaken. KMC Food
starch media had to be additionally heated for another hour, stirred and shaken to dissolve.

Composition of the developed media is showtalrie?.

Table 7. Composition of the xperimental media used to determiaeidification rates in
modified cultivation media containing solely potato protein as protein source and starch with
the addition of sucrose as carbon sources

Protafy starch sucrose KMC Food starch

sucrose
Medium composition (per L) brothmedum brothmedum
Protafy 509 /
KMC Food / 5049
Starch 209 209
Sucrose 10 g 10g
pH before autoclaving 7.4 7.4
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3.22.6. Development dbod matrixes(Food-grade

Food matrixes were created with utensils and glassware that are exclusively used for sensory
analysis. Tap water wameated to around 50 °C before adding starch. Starch was added slowly
into the heated watevhile being stirred with a stirring raghtil it dissolved Afterwards, other
components were added with additional stirring. 500 mioad matrixeswereput in 1 L glass

bottles because KMC Food showed foaming properties, particularly when h&dtese were
thenautoclavedAfter autoclaving, théood matrixeswverestored at 4 °C in the cold room.

Before use, both media were heated to Dr around 1 hour and shaken. KMC Fauodtrix

had to be additionally heated for another hour, stirred and shaken to dissolve. Afterwards, their
pH was adjusted using baking soda with pH test strips to be approximateélpposition of

the developefbod matrixeds shown intable8.

Table 8. Composition of the gperimentafood matrixesised tacreate novel fermented yogurt

like food products

Composiion (per food matr food matr
Protafy 509 /
KMC Food / 5049
Starch 209 20 ¢
Sugar 10g 10g

To check forpresence offeast contaminatiom the fermented KMC Foodnatrix, LB and
blood agar plates were inoculated with a loogitithe foodmatrix fermented by a mixed
culture ofLc. lactissubspcremoris(16.3 MRS 30 andLc. lactissubsplactis (16.1 M17RT)
using a fowway streaking techniquénoculated agarlates were incubated at 3C for 48
hoursto check the yeagjrowth. Additionally,decimaldilutions (10°, 108, 107) were made
andthe presence of the yeast cellascheckedwith an optical mtroscope.

3.23. Fermentation conditions folon food-grade samples

Fermentation was conductedseveral non foodirade media, includingotato protein glucose
complex medigProtafy 1 and KMC Food 3.0), Potato protein starch simple media and Potato
protein starch sucrose simple medernightbacterialculture wasnoculatedin MRS/M17

+ 0.5 % glucose media and incubated8@tC for24 hours. Théacteriakells were cemifuged
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for 15 minutes at 3220 x g af@ and washed with physiologicasolution (0.9 ¥0NaCl) twice.

Cell growth wasnonitoredby measuring the optical density at 600 nm (OD60Be samples
were inoculated with 1 % of the microbial cultuFermentatia wascarried outat 30 °Cin
different intervals Acidification of the samplesvas followed with an iCinac instrumertb
measurethe pH, oxidationreduction potential and temperature at the same poiats
continuously for every minute. Initially, iCicaprobes were disinfected using 70 % ethanol
alcohol and calibrated using buffergodf 4 and7. Probes were inserted into the samples before

fermentation took place.

3.24. Fermentation conditions fémod-grade samples

Additionally, fermentation was conducted time developed food matrixed % of inoculum
waspropagatedn Protafy and KMC Foodnatrixesat 30 °C for24 hoursFermentation was
carried outat 30 °C for 41 hours a convection overpH was previously measad with iCinac

for 41 hoursAt the end of fermentation, the samples were cooled down to room temperature

andthereafterstored inafreezer forapproximatelytwo weeks before the sensory analysis.

3.2.5. &nsory analysis

As textual properties in novefood categories have a crucial role in consumer acceptance,
sensoryanalysisof potatebased yogu#tike products vas performedPreliminary sensory
analysis of 4 fermenteldrotafybased (KMC)products(P1- P8) was performed by a panel of

10 trained asssors. The samples were evaluated in duplicates, in a randomized order. Samples
were kept at30 °C for 2 weeks before the analysis took placdthawedon the day of the
tasting. After defrosting, they were keptl&®&°C until serving.The first sessiongereused to
develop a series of wasdor attributes to describe the sensory characteristics describing the
odour of the samples.

The ®nsory laboratory fulfilled the national standards and guidelines for the design and
construction ogensory assessment rooms (ISO 8589, 2010; ISO 8586, 2014; NMKL Procedure
No. 6, 2016)Noise leves werekept to a minimum; lighting was real daylight according to ISO
standard (ISO 8589, 2010) with an intensity of G600 LUX m-2; the room wasnaintaired
odourfree by higher air pressure in the room than outside so the airflow is from inside the room
and out. The temperature was kept constant at 20 °C. All equipment used for the sensory

analysis was kept absolutely free of any odour or tAdtpanelmembers hdipassed a test of
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their capability to use their senses and to express the response. According to ISZD8496
ISO 8586, 20141SO 3972, 201, and ISO/CD 13300, 2006he tests contaed training in
detection and recognition of tastes and @dpsensitivity, ranking and/or triangle tests of basic

tastes, odour, textyrand appearances tests well as scale and product training.
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4. RESULTS AND DISCUSSION

4.1. DEVELOPMENTOF EXPERIMENTAL MEDIA

Thereis aconstant globaheed to eorient the food system a more sustainable directiofhis
has driven efforts to explagtiternative noranimal sources of food protein and functional food
ingredientssuch as potatderived peptides (Yesiltas et al., 202Iherefore the purpose of
this thesis was to develop potato proteased yogurlike products to be applied as an
alternati\e to dairyyogurts.The final goal is to contribute to the effottsreinforce the use of

potatoes as a sustainable food source.

To this date, only a few studies developed petmeed food products that would serve as
fermented dairy alternatives (Levy et al., 2034eedyzadeh et al., 201I[f) this contextpnly

a few studies used nestarter LAB strains isolated from plabased sorces to develop novel
products Bansal et al., 2016)nitially, to develop novelyogurtlike products, the most
promising mono or mixed cultures had to be seletttexighthe optimization of aappropriate
nutrient medium.119 differentmicrobial strairs, mostly belonging to LAB speciesyere
screenedn this thesis To be able to select these strains ahdracterize their nutritional
requirements several experimental media had to designed For designing @a optimal
production mediumthe most suitable fermentation conditioegch aspH, tenperature,
agitation speednd the appropriate medium componamttuding carborandnitrogen source

were defined and optimized accordinglyTherefore after strain selection a yogurilike
produdion protocol had to be created which included the duration of fermentation, temperature
during fermentation, method of storing the products, ingrediantxjuantities of ingredients

used Finally, challenges regarding potential yeast contaminadizth axonomyhad to be
resolved.This also considered preliminary sensory analysis of developed products by a trained
sensory paneDue to a high number of straitsstedin this thesis, theesults related to the
mostpromising straingre presentedtinally 4 different straind:c. lactissubspcremoris(16.3

MRS 30),Lc. lactissubsp.lactis (16.1 M17 RT),Leuc. pseudomesenteroid®), andLeuc.
mesenteroidesubsp.mesenteroide§2.2 M17 30) were selected based on the use of@otat

protein as the sole nitrogen source and considering their QPS status.
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A total of 15 different experimental cultivation media wedeveloped. Wen analyzing the
utilization of potato protein, complex experimental media contained only 1 % of glucdse as t
main carbohydrate source, as opposed to 2 % of glucose commonly included in MRS medium
or experimental media with adjusted nitrogen content (Pathak and Martirosyan, 2012).
However, a lower amount was successfully utilized in other studies (Djdghime et al.,

2006). Furthermore, when analyzing the utilization of alternative carbon sources such as
maltoseandsucrose, the same percentage was used to make it comparable. But when analyzing
the utilization of starch as a carbon source, 2 % was used duweer conversion rate of
starch by most microorganisms used in this thesis. The amounts of magnesium sulfate,
dipotassium hydrogen phosphate, and tween 80 was as same as contained in most commercial
MRS media (Hayek et al., 2019). A slightly higher amioaf manganese sulfate was used since

it has been reported to stimulate growth of certain LAB, mainly heterofermentative lactobacilli
(Rabe and Hillier, 2003). The amount of sodium acetate was lowered from the standard 5 to

only 1 gL? as it can negatiVg influence LA production (Klongklaew et al., 2021).

Additionally, the amount of yeast extract was significantly lowered to only 0.025 g from the
standard % g L. This was done since yeast extract is one of the main sources of essential
vitamins, butalso most commonly used source of nitrogen in LA fermentation process
(Michalczyk et al., 2021). Thus, the amount of yeast extract was significantly minimized to
promote the use of potato protein as a nitrogen source, but a very low amount was still left t
be a source of necessary vitamins. The appereance of developed experimental media agar plates
is show in figure 3,while developed experimental media with examples after fermentation
was conducted are shownfajure 4 Before autoclaving, pH was adjusted to 7.4. This was
done because the high temperatures of autoclaving would cause a pH drop which would make
the find pH approximately 6.5. This value was very similar to the final pH of commercial MRS
broths (Hayek et al., 2019). However, pH level at and/or lower than 6.0 would not have been
accepted due to the observed limitations of LA production at lower pH lesler{li et al.,

2015).
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Figure 3. Developednutrient agar media inoculated with several strairiacluding Leuc.
pseudomesenteroid€s02), Lc. lactissubsplactis (215), Lc. lactissubsplactis (337) Leuc.
mesenteroidesubsp.mesenteroide3.1 M17 30) Lc. lactissubsp.cremoris(16.3 MRS 30)
Lc. lactissubsplactis (16.1 M17 RT) Leuc.mesenteroidesubsp mesenteroidefl7.1 MRS
RT), Leuc. mesenteroidesubsp.mesenteroide$2.2 M17 30) Leuc. mesenteroidesibsp.
mesenteroide®1.1 MRS 30)L. plantarum22.1 M17 RT)andLeuc. pseudomesenteroides
(5.2 M17 30)

Potato control KMC Food Protafy 1
medium 3.0 medium , medium Protafy 1 |
before before - before medium after KMC Food
fermentation | fermentation | fermentation { fermentation | 3.0medium
/- e : after
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Figure 4. Developed media after auaving andoefore fermentatiofthe right side of
figure) and he observed difference in texture and colour between KMC Food 3.0 and Protafy

1 media after fermentatiqithe left side of figure)

4.2 WGS

MALDI-TOF MS is a sophisticated analytic technique often usmd tie microbial
identification (Rychert, 2019). Howevanherent similarities betweanicroorganisms and a
limited number of spectra in the database can lead to gisorimination between species
resulting inmisidentification.This omission can be owehelmed with additional testing. Since
genus and/or species of several strains used in this thesis were incorrectly identified by this
technique, WGS analysis was used for their reclassificationedver, WGS can be used for
phylogenetic tree analysis. &ie is an advantage of using this technique since large numbers
of genetic characteristics spread throughout whole genomes can create very accurate
phylogenies, especially for closely related clonal populations (He, 2015). A phylogenetic tree

of several stins used in this thesis is showrfigure5.

Figure 5. A phylogenetic tree showing the phylogenetic distances between the strains based on

gyrase beta subunitith the bolded strains used in the final food product development
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4.3. STRAIN SELECTION

Although initially some yeast and fungi strains were intended to be analyzed for food product
development, the microbial collectiorcluded119 straiis, mostlyfrom LAB generaThe main
selectioncriterion was that thetrain was granted the QPS statusrderto be ircludedin the
sensory testing of developed products. However, not all studiesptkatously used
microorganisms in food product developméritowed this criterion. For example, peanut
based yogu#tike product was developed and testedabgensory panel usirg. faecalis a

strain that has yet to be granted the QPS s{@assal et al., 2016). To use such a strain, a
producer would have to do a safety evaluation before applying it to food products (Herody et
al., 2010).

In general, the llity to transform raw materials intiactic acidrapidly and effectively with

low nutritional requirements is an importardit for an industrial LABstarter culture This is
partially because rapid acidification of thdogratelimits the undesirablenicroorganisms that

can caus@roduct spoilage. Moreover, it is necessary for the final aroma, teanadlavour

of the product (Akabanda et al., 2014). However, acidification and fermentation of plant
proteins commonly lead to protein destabilization which results in weak gel formation and
phase separation during storage (Montemurro et al.,)2@2il, as mentioned before, the
optimization of texture is usually solved by structuring agents or by different pragessin
methods. Finally, the starter cultud®sen for fermented dairy alternatives produdbesides
providing rapid acidification that als@revents contaminatiorshould carry out sufficient
proteolysis that contributes to nutritional and sensory qualities, potentially enhance texture
through EPS production, and survive at high cell density in storage conditions (Montemurro et
al., 2021) After monitoring of the growth in developed medium and elimination of the strains
without QPS status the microbial collection was reduced to 12 stfdins, experiments were
conducted to analyze acidification ratesselectedstrainsincluding Leuc. mesedrroides
subspmesenteroide.1 M17 30, Lc. lactissubspcremoris(16.3 MRS 30, Lc. lactissubsp.

lactis (16.1 M17 RT), Leuc. mesenteroidesubsp.mesenteroide¢l7.1 MRS R7, Leuc.
mesenteroidesubsp.mesenteroide@.2 M17 30, Leuc.mesenteroidesubsp.mesenteroides

(21.1 MRS 30, L. plantarum(22.1 M17 R, Leuc. pseudomesenteroid@s2 M17 30, L.
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versmoldensi€l9.2 MRS 30, Leuc. pseudomesenteroid8§), P. pentosaceud 6.2 M17 30,
andLc. lactis(215 (figure6-figure9).

a)

b)
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Figure 6. Acidification rates ofdifferent LAB strains ira) Protafy 1 mediuni) in KMC Food
3.0 medium during the period of 18 hours at 30 °C

Although Protafy 1 and KMC Food 3.0 media only differ in potato protein concentrate used,
the acidification rates of strains tested are notably diffgfenire 6).After growth in KMC

Food 3.0 medium, most strains have reached pH levels below or apatelyis.5 after 18

hours with some of them seemed to have reached a plateau. Strains in Protafy 1 medium have
not reached the levels of 4.5 and were still acidifying even after 18 hours. The promising result
wasthat the appgrance of KMC Food 3.0 mediunitar fermentation wasoticed to bgogurt

like and smooth, but the consistency of Protafy 1 medium after fermentation could be described
as two separated phases with visible precipitat®milarly, Levy et al. (2021) used potato
protein extract to devep a dairyfree yogurtlike fermented product. In their study,
fermentation was conducted for 16 hours at 37 °C by yogurt LAB starter cultures which resulted
in pH values 4.44 + 0.07. Althought shortened fermentation time compared to the results of this
work, Levy et al. (2021) used a potato protein isolate (90.5 % protein content), commercial
yogurt LAB starter cultures, a higher temperature, and different processing methods. Still, their
results are somewhat similar to the acidification rates of selsctgds achieved in KMC Food

3.0.

In parallel, the strain growth was monitored by tleermination bCFU mL? (table 9) and
measurement of OD600 nm. OD600 nm of overnight cultures prepared with MRS or M17
media supplemented with 0.5 % glucose was measured before every fermentation experiment.
These measurements were used as a confirmation of growth in MRS/M17 mediaandtwe

indicative of growth in experimental media which is why they were not included.
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Table 9. Bacterial count expressed @sU mL* (xSD) for selected LAB strains in Protafy 1
and KMC Food 3.0 media after 48 hours of incubation at 30 °C
Protafy 1 medium  KMC Food 3.0 Potato control

LAB strain medium medium
CFU mL* (£SD)

Leuc. mesenteroidesubsp. 3 x 10 (+0.8165) 6.1x 10 No growth
mesenteroide$3.1M17 30) (x0.7454)

Lc. lactissubsp.cremoris(16.3 3 x 1¢(+0.8292) 2.12x 10 No growth
MRS 30) (£0.7483)

Leuc. mesenteroidesubsp. 1.58 x 16(+0.4714) 3.7x10 No growth
mesenteroide$l7.1 MRS RT) (x0.3727)

Lc. lactissubsp lactis (16.1 M17 8.2 x 10 (+0.4330) 4.4x10 No growth
RT) (+0.8806)

L. versmoldensi€19.2 MRS 30 9.2 x 10 (+0.8660) 6.2 x 10 No growth
(+0.7638)

*Strain identification wagdeteminedby MALDI -TOF MS

As was to be expecteteuc. mesenteroidessibsp mesenteroide§3.1 M17 30)andLc. lactis
subsplactis (16.1 M17RT) strains showed modest growth on Protafy 1 and KMC Food 3.0
agar plates10’ CFU mL?) (table 9) Also, these strains showetbw acidification ratesn

Protafy 1medium sincghe minimal pH levehfter 18 hours of acidifyingeachedby Leuc.
mesenteroidesubsp.mesenteroide€3.1 M17 30)andLc. lactissubsplactis (16.1 M17 RT)
were5.61 and5.53 respectivelyfigure 6) After all, strains used are natarter LAB isolated

from plantbased sowes and potato protein concentrate has not been confirmed as an adequate
LAB nitrogen source. However, certain strains such@adactissubsp.cremoris(16.3 MRS

30 ) have been shown as promising straito be used in potato protebased fermented foods
based on their acidification ratesboth Protafy {pH=4.79)andKMC Food 3.0 mediunfpH

= 4.26) after 18 hours of acidifyin(figure6) together witttheir CFUmL*count (LC? in Protafy

1 mediun) (table9). A study investigatingd.c. lactismetabolism and gene expression during
growth on plant tissues has shown that certain strains areasggted for growth on plant
materials and have particular characteristics that are important foriaised food anéeed
fermentations (Golomb and Marco, 2015). According to comparative genomics regearch,
lactisspecies actually evolved in connection with plants, and individuals of this species adapted
to the dairy niche as a result of anthropogenic pressures.idxddiy, plantisolatedLc. lactis

have a higher genetic potential than their d&ofated counterparts, as evidenced by traits such

as the ability to utilize a wider range of carbohydrates, particularly those derived from plants,
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increased biosynthetmapacity for nonribosomal peptides, and fewer amino acid auxotrophies
(Siezen et al., 2011).

Interestingly, strairL. vermoldensig19.2 MRS 30 ) has showacceptablggrowth in both
Profaty 1 and KMC Food 3.0 agar platas shown intable 9 (10’ CFU mL™%) but poor
acidification ratan both Protafy 1 (pH 6.07) and KMC Food 3.0 medium (pH%72) after

18 hours of acidifying(figure 6). However, WGSafterwardsreveded that the strain was
incorrectly identified by MALDITOF ID, and since its taxonomic identification was not

confirmed it was eliminated from further studies.

Figure 7. Acidification rates of certain strains in Protafy 1 medideterminedwith iCinac

instrumenturing the 41 hours at 30 °C

To reach the similar acidification rates as after inoculation in KMC Fooch8dium,strains
inoculatedn Protafy 1Ineeded a longer incubation time of 41 hafreermentation at 30 °C to
reach pH levis of 4.3 and3.93 respectively. These levelsvereachieved onlyy 2 strains
tested L. pseudomesentoeroidg¥) andLc. lactissubspcremoris(16.3 MRS 30)figure7).

The potato protein concentraterotafyis a form of an insoluble potato proteioncentrate
which could explain the precipitation and a slower acidification rate since it might be more
difficult to utilize as a nitrogen source. Potato protein is often extracted by heat/acid

precipitation, which causes protein denaturation. MoreovetaRris a protein extract from
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heat/acid precipitation, while KMC Foqubtato protein concentraig a protein extract from
nontdenaturing extraction. It was reported that the protein content in both raw potato fruit juice
and nordenatured protein extrawas significantly higher than what was shown for heat/acid
extracted protein. However, potato protein fractions called patatins are found to be significantly
enriched in the heat/acptecipitated protein extracts compared to -denatured protein
extrads (GarciaMoreno et al., 2020). Nevertheless, patatin proteins coagulate in an acidic
environment and have a low denaturation temperad%5 °C). Additionally, the application

of thermally coagulated potato proteins in food manufacturing is limiteel,td their poor
solubility, at times excessive glycoalkaloids concentrations, and undesirable organoleptic
SUR SHUW L HMiedziaNk4d RO QS3ill, more researdtas to be&lone on potato protein
utilization by different_AB.
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Figure 8. Acidification rates ofLAB strains ina) Protafy starch simple mediuor b) KMC

Food starch simple medium during the period of 12 hours at 30 °C

According to the results shown figure 8 a) and b) starch cannot besed aghe solecarbm
sourceby examined_AB. Only slight acidification wa®bservedn a coculture of 4 strains
when bothmediawere supplemented with 0.5 % glucasl Protafy starch mediumt is
possible thatLc. lactis(215) contributed to better acidification compared to stiainlactis
subspcremoris(16.3 MRS 30pnlone {igure8). However, pH levels still havot even reached

the value of 6 after 12 hours of fermentation. Additionally, on Peptone starch agar plates, the
was no or poor growtlof all LAB strains tested. That confirmed the need to include an
alternative carbon sourd¢er thegrowth of LAB. Previousresearch hashown that some LAB
strains are capable of converting potato starch and potato residuetAntwy direct
fermentation (Smerilli et al., 2015). There are a lot of amylolytic LAB available, particularly in
cerealbased fermented foods. However, many of them do not meet the criteria for efficient
starch fermentation intbtA. Also, the screening forugable amylolytic LAB is both time
consuming and difficult (Petrova and Petrov, 2012). Further, certain strains capable of direct
conversion of starch tbA such a<. faeciumor Geobacillus stearothermophilae not on a

QPS list which was a selectionterion of this thesis (Smerilli et al., 2015). Consequentially,

in plantbased dairy alternatives production, starch is often utilized as a gelling agent, not

necessarily as a source of nutrients for the cultures used (Grasso et al., 2020).

41



b)

Figure 9. Acidification rates of certain strains a) Protafy starch sucrose mediub) KMC

Food starch sucrose medium during the period of 41 hours at 30 °C
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The media used ifigure9 a) and b)vere createthy addingonly potato protein concentrate (5

%), starch (2 %), and sucrose (1 %). Additionally, overnight culture was developed in these
media as opposed to MRS/M17 supplemented with 0.5 % glucose which have been used
previously. This was done since sensory testogired the use of only foegrade ingredients

which included eliminating the use of MRS/M17 media. All this probably contributed to slower
acidification rates shown by the strains. However, it can be seen that supplementation with 1 %
sucrose made an imngant difference compared to media with starch ssl@carbon source.

That was expected, as sucrasea common nutrient fotAB that affectsbacteral activity

during fermentation. Aftethe degradation cucrose intd.A during fermentation, vegetable
SURWHLQ FRDJXODWHY GXH WR D GHFUHDVH LQ WKH S+ YI
forming a thick texture. Furthermore, sucrose addition of 8 % and 12 % showed a significant
increase in the LAB population of butterfly pea yogurt, comparedetaddition of 0 % and 4

% (Suharman et al., 20219ucroseis preferredover maltose as an alternative carbon source
because it is one of the most cefficient carbon sources and is widely available (Boontun et

al., 2021).

It can also be seen that autnghg of simple media caused a smaller dropH compared to
autoclaving complex medidigure 9) To make it more comparable, imod matrixpH was
adjusted after autoclaving to be approximately 6.5 in both media.

It was noticed that certain mixed cultures reached a lower pH compared to monociigfures (

9). Theuseof mixed culturess desirablesince synergistieffectson the fermentatio process

and the ultimate product qualican be achievedin application of the&eombination of strains
FDQ VWLPXODWH HDFK RWKHUTV JURZWK DFLG SURGXFWLR
et al., 2019). Members of the microbial consortium comnaiaichrough metabolite or
molecular signals exchange and there appears tdis&riautionof metabolic activitieamong
includedstrains Moreover, when compared with monocultures, complex microbial consortia
conduct more complicated activities (versst)land endure more environmental fluctuation
(robustness) (Smid and Lacroix, 2012). Althotigétype of interactiormamongmixed cultures

in this thesisis not known it can be suggestethat it is mutualistic or commensalic
relationship For instance a welkknown example ofcommensafim in cheese ighe one
between proteaseegative and proteagmsitive variants ofc. lactisstarter culturegrhere the
proteasepositive variants supply the preg=negative ones with peptides and amino acids
(Smid and Lacroix, 2012).
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Finally, 4 LAB strains werselectedor applicationin product developmerftable D). Strains
were incubated at 3 for 48 hours in MRS/M17 agar plates supplemented wil®glucose
before useFor the fermatationof final food products, 1 LAB monoculture and 3 LAB mixed

cultures that are shown table 11 were used

Table 10. List of 4 LAB strains used in the final product developreerd their identification
by WGS All bacterial strains were stored as stock cultnr®@0 % (v/v) glycerol at80 °C

WGS identification Strain label Medium Origin
Leuc. 96 MRS + Q5 % Potato
pseudomesenteroides glucose
Lc. lactissubsp. 16.3 MRS 30, MRS +05 % | Potato from inside a rotten pota
cremoris glucose pile
Leuc.mesenteroides | 2.2 M17_30 M17 + 05 % Juice of potato flour which is lef
subspmesenteroides glucose in pipes for several months
Lc. lactissubsplactis | 16.1 M17 RT| M17 +05% Potato from inside a rotten pota
glucose pile

Table 11. LAB moncculture ofLc. lactissubspcremoris(16.3 MRS 30 andcombinations of
the straingised infinal food-gradeproduct development
Product Bacterial culture Food matrix
Product 1 Lc. lactissubspcremoris(16.3 MRS 30 KMC food
Product 2 Lc. lactis subsp. cremoris (16.3 MRS 30 + Leuc.
pseudomesenteroidé3t)
Product 3 Lc. lactis subsp.cremoris(16.3 MRS 30 + Lc. lactis subsp.
lactis (16.1 M17 RT)
Product 4 Lc. lactissubspcremoris(16.3 MRS 30+ Leuc. mesenteroide
subspmesenteroidef.2 M17 30)
Product 5 Lc. lactissubspcremoris(16.3 MRS 30 Protafy
Product 6 Lc. lactis subsp. cremoris (16.3 MRS 30 + Leuc.
pseudomesenteroid€36)
Product 7 Lc. lactis subsp.cremoris(16.3 MRS 30 + Lc. lactis subsp.
lactis (16.1 M17 RT)
Product 8 Lc. lactissubspcremoris(16.3 MRS 30+ Leuc. mesenteroide
subspmesenteroide@.2 M17 30)
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Due toan empiricallyknownissueof yeast contaminatigiKMC Food matrix fermented by a

mixed cultureof Lc. lactissubsp.cremoris(16.3 MRS 3) andLc. lactissubsp.lactis (16.1

M17 RT) were checked for the presence of the yeast cells by analy&iB and blood agar
platesand incubated for 48 hours at 8D (figure 10). Yeasts are heterotrophic organisms that
preferably metabolize sugars that are primarily converted to ethanol and carbon dioxide, but
depending on the species can utilize use amino and organic acids, polyols, alcohols, fatty acids,
and other substances (Tafand Suzzi, 2016). Although there was a yéilstsmell and taste

of these samples, no yeast cells were found observed under an optical microscope. Cells

observed were cocci and rgtlaped bacilli, and were most likely LAB.

Figure 10. Foodgrade KMC Bod medium fermented ey mxed culture ofLc. lactissubsp.
cremoris(16.3 MRS 30 andLc. lactissubsplactis (16.1 M17 RT) inoculated orblood agar
plates and incubated for 48 hours at@0

44. SENSORY ANALYSIS

Only Protafybased samples wetested due to a suspicion of yeast contamination in KMC

Foodbased samples two panel sessiong\dditionally, a preliminary sensory analysis was

performed due to a possible contaminating strain found by WA8ough WKH VWUDLQV

identities confirmedha the applied strains asafeand that the contamination is absdahe
sensory analysis could not haveencontinued because it was unknown if fbed samples
were still safesince their storagevas prolongeddue to the contamination issu€bhe

appeaance of developed potato protdiasedfood-grade innovative productsan be seen in
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figure 11l Duringthesessiontheexpert sensory panel has developezispeified vocabulary

which is presented itable .

Figure 11. Protafy(5 %)-based sampldermented by monamr mixednon-startel.AB cultures
Lc. lactissubsp.cremoris(16.3 MRS 30, Leuc. pseudomesenteroid@®8), Lc. lactissubsp.
lactis(16.1 M17 RT) andLeuc. mesenteroidesibspmesenteroide®.2 M17 30) beingtested

by the assessoadter defreezing

Table 12. Vocabulary determined by the assessors after tastingfathddgrade innovative

productsa) in their first sessiob) in their second session

a)
SMELL TASTE TEXTURE
Cereal Cardboard Sandy
Fermented, sharp Water(like in a spring or a Dividedinto phases
Coconut fountain) Lumpy
Sweet Sweet Fluffy lumps
Cardboard Cereal Viscous
Acidic Flour Separated
Essence of almond/ Beerporridge Astringent
synthetic Essence of almondinthetic
Boiled cold potatoes

b)
SMELL TASTE TEXTURE
Sweet Sweet Sandy
Cereal Cereal Softfluffy lumps
Fermented Fermented Viscous
Essence of almond Essence of almond Separated
(artificial sweet) (artificial sweet) Astringent

Other things

Other things
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LAB may influence the flavour of fermented foods in a variety of ways depending on the
compositionof raw material. For example, LAB significantly affected the sensory quality of

lupine EDVHG GDLU\ DQDORJXHV E\ GHFUHDVLQJ 3EHWMQ\" QRW
strainrdependent, with some strains resulting in products with too much acidity and sourness
(Laaksonen et al., 2021). Other studies that were investigating sensory propertiestudgsant
fermented food products developed a somewhat similarlyoubagy like intable 2, including
S3DVWULQJHQF\" 3SRZGHU\ FKDON\" DQG 3VPRRWKQHVV"™ $V
very unripe fruit and it indicates the samples dries out the mbiakidet al., 2020). It is also

related to an increased lewval acetaldehyde that results in an astringentflaffour yogurt

(Chen et al., 2017). In a study that was comparing fermentation of soy, oat, and coconut
samples, the latter showed a lower perception of astringency. This is because soy and oat are
dryer aml rougher raw materials with a lower fat content than coconut samples. Their high
levels of polyphenols could have additionally contributed to the astringency and/or bitterness
perception Masiaet al., 2020;Peyer et al., 2016). Also, sweet, lemon, andr saste were

reported in all three platitased samples, but with no significant differerMagiet al., 2020).

However, most studies are conducted on legume or deasal dairy alternative beverages, so

the vocabulary does tend to differ. For instannea pedbased beverage that was fermented

ZLWK D PLIHG FXOWXUH RI /$% DQG \HDVWV WKH SDQHOL
SOHJXPLQRXV" B2EHHU \HDVW  DQG 3VSDUNOLQJ" (O <RXVVH

Some LAB are able to enhance the viscosity af@d substrate by producing polysaccharides
with high molecular weighEPSare produced by polymerizing sugar subunits and can be made
of repeatedugarsubunits or two or more different subunits (Peyer et al., 2016). However, EPS
production was not meared in this thesis sids impact onthe sensory properties of the
productsis to be assese&ince Lc. lactis subsp.cremorisis one of the strains extensively
studial for EPSproducing capabilitieene can assume that there is potential that it impacts the
texture of the innovative products developed in this widtkstefaoui et al., 2014). Besides
viscosity, EPSoroducing strains could have contributed to the improvement of other textural,
sensory, atritional, and functional characteristics of the yodike products (Montemurro et

al., 2021). Moreover, in a study evaluating chemical, rheological, and sensory properties of 6
commercial planbased yogurts and dairy yogurt, pkgised yogurts hadsamilar texture and
sensory properties to a dairy yogurt. However, pba#ted yogurts contained hydrocolloids
which significantly influenced the textural properties of these products, including firmness,

consistency, cohesivenessm, and index of viscdaithis study, both soy and coconut yogurts
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were appreciated as the dairy yogurt (Grasso et al., 2020). Another study found that almond
based probiotic beverage was the most similar to probiotic milk beverages in terms of
appearance, consistency, flavaexture and overall acceptability out of all tested plaased

samples (He and Hekmat, 2015pme of the words that were used to describe the texture of
VDPSOHYV ZHUH 3VHSDUDWHG ™ DQG 3vVDQG\" 7KLV ZDV H[SHEF
like alternatives comparable to that of dairy yogurts is both expensive anadd¢inseming due

to the many factors that need to be considered. There is usually a lower amount of proteins in
plantbased matxres, they have different coagulation properties and tlseamost always a

need for the addition of structuring agents and emulsifiers (Montemurro et al., 2021).

7KH VPHOO DQG WDVWH RI WKH SURGXFWV ZHUH GHVFULLI
SIHUPHQWHG ™ DQG 3HVVHQFH RI DipterRdpeGélativily commdnKkad 1L UV W
plantbased yogutOLNH SURGXFWYV 3HVVHQFH RI DOPRQG”™ RU 3DU\
off-flavour molecule responsible for such a description could-bex2nal (also described as
SWHWODRNH™ 3JUHHQ JUYDhatYas Bedn faunXilin-other ploatsed beverages (El

Youssef et al., 2020). However, there are several other aldehydes that could be responsible such

as furfural, benzaldehyde, orBHWK\OEXWDQDO &KHQ HW DO 8
somewhat delida buttery smell due to its particular aroma profile, plaeded alternatives

often present unique aroma profiles depending on the protein source used (Grossmann et al.,
2021).

Besides analysis perimed in this thesjsadditional analysis methods implented for
evaluation of developed fermented food products in future studies are desirable. Rheological
and viscoelastic properties analysis, measurement of creaminess and lightness, texture profile
analysisand particle size distribution would supponther characteration of fermented food
products. Additionally, the fatty acid and amino acid composition of developed products would
be of importance. Sensory evaluation could have included a consumer panel. Different
processing methods could have beepliad such as ultraigh-pressure homogenization or

new ingredients or additives could have been included which could improve the nutritional and
sensory qualities of developed products. Finally, it would have been interesting to include yeast
or nontLAB strains into a mixed culture used for developing fermented products and compare

results.
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5. CONCLUSIONS

1. Among 119 tested straingl strains granted with the QPS statusre able to utilize
potato protein as their primary sourcendfogenin media containing only 0.0 L
of yeast extract as a secondary nitrogen soltoaeof thetested straimwereable to

utilize starch as primary carborsource

2. Nonfood grade media for cultivation and fegdade matsies forproduct development,
both with potato protein concentrate, have been developed to select the most promising

strains for the fermentation proses

3. Innovative ptab proteinbased yoguftike products were produced by the eidiot
fermentation carried at03’C during 41 hoursdy inoculation of two differenprotein
matrixes containingpotato protein cecentrates starch and sucrose withonc or
mixednon-starterlLAB culturesLc. lactissubspcremoris Lc. lactissubsplactis, Leuc.
pseudomesenteroidemdLeuc. mesenteroidesibspmesenteroidesall isolated from

potatebased sources.
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7. SUPPLEMENTS:

Supplement 1.Table B andtable X4 contain the identities of every strain used in this thesis

Table 13. Identification of 65 strains from the DTU strain collection (byurtesy of PhIEClaus
Heiner BangBerthelsen) that were selected based on a bioinformatic analysis and used in this
thess. MRS and M17 agar plates used for plating were supplemented with 0.5 % glucose.

MALDI -TOF ID Number Ogﬁﬂ'sm Plated on Temperature Origin
E. durans 1 LAB M17 30 °C Sourdough
E.faecium 5 LAB M17 30 °C Sourdough
E. faecium 6 LAB M17 30°C Sourdough
E. durans 14 LAB M17 30°C Sourdough
E. durans 16 LAB M17 30°C Sourdough
E. durans 18 LAB M17 30°C Sourdough
E. faecium 60 LAB M17 30°C Sourdough
E. durans 63 LAB M17 30°C Sourdough
E. durans 64 LAB M17 30°C Sourdough
Lc. lactis 80 LAB MRS 30°C Raspberry




Leuc. pseudomesenteroidg 96 LAB MRS 30°C Potato
Rhodotorula mucilaginosa 98 Yeast MRS 30°C Potato
Leuc. pseudomesenteroide 99 LAB MRS 30°C Apple
Rhodotorula mucilaginosa 100 Yeast MRS 30°C Dill
Leuc.pseudomesenteroide 102 LAB MRS 30°C Pumpkin
P. pentosaceus 103 LAB MRS 30°C Pumpkin
Leuc. mesenteroides 115 LAB M17 30°C Currant
Lysinibacillus fusiformis 119 Bacteria M17 30°C Beetroot
E. durans 120 LAB M17 30°C Jerusalem artichokeg
E. casseliflavus 160 LAB M17 30 °C Pisum Lollandske
raisins
E. casseliflavus 161 LAB M17 30°C Pisum Lollandske
raisins
E. casseliflavus 164 LAB M17 (-MRS) 30 °C PiS“Ta'i‘Sci’:";‘”ds"e
E. casseliflavus 165 LAB M17 30°C Petroselinum crispur
E. casseliflavus 166 LAB M17 30°C Petroselinum crispur
E. casseliflavus 168 LAB M17 30°C Beta vulgarissp, D
E. casseliflavus 175 LAB M17 30°C carotazﬁﬁggl v
E. casseliflavus 176 LAB M17 30°C Beta vulgarissp, C
E. casseliflavus 177 LAB M17 30°C Daucus

carotasubsp sativus




E. casseliflavus 178 LAB M17 30°C Camtazﬁggg; s
Leuc. pseudomesenteroidg 180 LAB MRS 30°C Beta vulgarissp, A
Leuc. pseudomesenteroide 181 LAB MRS 30°C Betavulgarissp, A
Leuc. pseudomesenteroidg 182 LAB MRS 30°C Beta vulgarissp, A

Leuc. mesenteroides 200 LAB MRS/M17 30°C sea rocket
Leuc. pseudomesenteroide 202 LAB MRS/M17 30 °C sea rocket

Lc. lactissubsplactis 215 LAB M17 30°C elderberry
Leuc. pseudomesenteroide 227 LAB MRS/M17 30 °C beach cochlearia
Leuc. pseudomesenteroide 228 LAB MRS 30 °C beach cochlearia

Leuc. mesenteroides 239 LAB MRS 30°C sea rocket

Leuc. mesenteroides 240 LAB MRS/M17 30°C beachcochlearia
Leuc. pseudomesenteroide 313 LAB MRS 30°C Beta vulgarissp, A
Leuc. pseudomesenteroide 314 LAB M17 30°C Dancus carotué\
Leuc. pseudomesenteroide 322 LAB ;gtr:/,\r;lglé 30°C EranWtii:LssttI;Irzwer
Leuc.pseudomesenteroidey 323 LAB ;I;itrgn\r;lli:lzlé 30°C Ivy leaf

Lc. lactissubsplactis 337 LAB M17 30°C Sourdough

Lc. lactis 338 LAB 0 30°C 0

Leuc. pseudomesenteroide 339 LAB 0 30°C 0




E. casseliflavus 398 LAB M17 30°C Petroselinum crispum
E. casseliflavus 400 LAB M17 30°C Pisum Lollandske
raisins
E. casseliflavus 404 LAB M17 30°C unknown
E. casseliflavus 422 LAB M17 30°C Daucus
carotasubsp sativus
E. casseliflavus 423 LAB M17 30°C Daucus
carotasubsp sativus
not reliableidentification 429 0 MRS 30°C unknown
E. casseliflavus 434 LAB MRS/M17 30 °C Sourdough
Carnobacterium o Blackthorn Prunus
maltaromaticum 476 LAB M17 30°C spinosa
Bacillus mycoides 503 Bacteria 0 30°C Beech tree leaves
. Skim milk o
Enterobacter cloacae 520 Bacteria plate/M17 30 °C Kleebeplante
Lysinibacillus sphaericus 529 Bacteria M17 30 °C Cc_)mmon Juniper
(Juniperus commur)is
Bacillus pumilus 530 Bacteria M17 30°C Cqmmon Juniper |
(Juniperus commur)is
Bacillus simplex 531 Bacteria M17 30°C Cc_)mmon Juniper
(Juniperus commun)is
Staphylococcus hominis 533 Bacteria M17 30°C English Yew Taxus
baccatg
Rahnella aquatilis 544 Bacteria M17 30°C Dictyota dichotoma
Serratia plymuthica 545 Bacteria M17 30°C Dictyota dichotoma
Carnobacterium 546 LAB M17 30°C Dictyota dichotoma
maltaromaticum
not reliable identification 567 0 0 30°C 0




Trichosporon loubieri 576 Fungi MRS 30°C Brewers spent grain

Table 14. Identity of 54 strains from KMC (by Mathias Gref®ulsen) that were used in this

thesis. MRS and M17 agar plates used for plating were supplemented with 0.5 % glucose.

Organism Plated o
MALDI -TOF ID Number Temperature Origin Storage
group on
Juice of
potato flour | Sample stored
) which is left | with 30 % (v/v)
L. brevis 1.1_MRS_RT LAB MRS RT o
in pipes for | glycerol at-80
several °C.
months.
Juice of
potato flour | Sample stored
which is left | with 30 % (v/v)
L. plantarum 2.2 MRS_RT LAB MRS RT o
in pipes for | glycerol at-80
several °C.
months.
Juice of
potato flour | Sample stored
L. plantarumsubsp. which is left | with 30 % (v/v)
) 1.3_MRS_RT LAB MRS RT o
argentoratensis in pipes for | glycerol at-80
several °C.
months.
Juice of
potato flour | Sample stored
) ) which is left | with 30 % (v/v)
L. sakeisubspsakei 2.1_MRS_RT LAB MRS RT o
in pipes for | glycerol at-80
several °C.
months.
Juice of
Sample stored
potato flour )
with 30 %(v/v)
P. pentosaceus 3.2 MRS _RT LAB MRS RT from bottom
o glycerol at-80
of ventilation
°C.
tank
Fresh pulp of| Sample stored
L. plantarum 5.3_MRS_RT LAB MRS RT .
potato flour | with 30 % (v/v)




stored

glycerol at-80

outside °C.
Old pulp of Sample stored
potato flour | with 30 % (v/v)
P. pentosaceus 7.2_ MRS_RT LAB MRS RT
stored glycerol at-80
outside °C.
Potato on the| Sample stored
] surface of a | with 30 % (v/v)
L. sakei 15.2 MRS_RT LAB MRS RT
rotten potato | glycerol at-80
pile. °C.
Potato on the| Sample stored
Leuc. mesenteroides surface of a | with 30 % (v/v)
) 15.1 MRS_RT LAB MRS RT
subspmesenteroides rotten potato | glycerol at-80
pile. °C.
Potato on the| Sample stored
) ) surface of a | with 30 %(v/v)
L. sakeisubspsakei | 14.2_ MRS_RT LAB MRS RT
rotten potato | glycerol at-80
pile. °C.
Potato from | Sample stored
) insidea with 30 % (v/v)
L. brevis 16.2_ MRS_RT LAB MRS RT
rotten potato | glycerol at-80
pile. °C.
Potato from | Sample stored
Leuc. mesenteroides insidea with 30 % (v/v)
) 17.1_MRS_RT LAB MRS RT
subspmesenteroides rotten potato | glycerol at-80
pile. °C.
Potato from | Sample stored
insidea with 30 % (v/v)
L. curvatus 17.3 MRS_RT LAB MRS RT
rotten potato | glycerol at-80
pile. °C.
Potato from | Sample stored
insidea with 30 % (v/v)
L. plantarum 17.2_MRS_RT LAB MRS RT
rotten potato | glycerol at-80
pile. °C.
Juice of
potato flour | Sample stored
) . which is left | with 30 % (v/v)
L. hilgardii 1.2_M17_RT LAB M17 RT o
in pipes for | glycerol at-80
several °C.
months.
] Sample stored
Juice of )
] with 30 % (v/v)
Leuc. citreum 42 _M17_RT LAB M17 RT potato flour

from bottom

glycerol at-80
°C.




of ventilation

tank.

Fresh pulp of
potato flour

Sample stored
with 30 % (v/v)

Leuc. citreum 5.1_M17_RT LAB M17 RT
stored glycerol at-80
outside °C.
Old pulp of Sample stored
) . potato flour | with 30 % (v/v)
L. sakeisubspsakei 7.3_M17_RT LAB M17 RT
stored glycerol at-80
outside °C.
Sample stored
) Fresh pulp of| with 30 % (v/v)
Lc. lactis 9.2_M17_RT LAB M17 RT
potato flour. | glycerol at-80
°C.
Sample stored
] Fresh pulp of| with 30 % (v/v)
Leuc. citreum 9.3 M17_RT LAB M17 RT
potato flour. | glycerol at-80
°C.
Sample stored
) Old pulp of | with 30 % (v/v)
Lc. lactis 12.3_M17_RT LAB M17 RT
potato flour. | glycerol at-80
°C.
Potato on the| Sample stored
B surface of a | with 30 % (v/v)
E. mundtii 15.2_M17_RT LAB M17 RT
rotten potato | glycerol at-80
pile. °C.
Potato from | Sample stored
Carnobacterium insidea with 30 % (v/v)
. 16.2_M17_RT LAB M17 RT
divergens rotten potato | glycerol at-80
pile. °C.
Potato from | Sample stored
) insidea with 30 % (v/v)
E. casseliflavus 18.2_M17_RT LAB M17 RT
rotten potato | glycerol at-80
pile. °C.
Lc. lactissubsp.
. Potato from | Sample stored
cremoris Later o )
. - insidea with 30 % (v/v)
identified ad_c. 16.1_M17_RT LAB M17 RT
] ] rotten potato | glycerol at-80
lactis subsplactisby )
pile. °C.
WGS)
Clostridium
) Sample stored
bifermentangLater .
] -~ Damaged | with 30 % (v/v)
identified as 19.3 M17_RT LAB M17 RT

Lacticaseibacillus

saniviri)

seed potatoeg

glycerol at-80
°C.




Sample stored

identified ad_c.

insidea

o Damaged | with 30 % (v/v)
E. italicus 21.3_M17_RT LAB M17 RT
seed potatoes glycerol at-80
°C.

Leuc. mesenteroides Sample stored
) Daucus )
subspcremoris with 30 % (v/v)

) . 22.1_M17_RT LAB M17 RT carotasubsp
(Later identified a%.. ] glycerol at-80
sativus
plantarum) °C.
Juice of
potato flour | Sample stored
) . which is left | with 30 % (v/v)
L. alimentarius 1.2 MRS_30 LAB MRS 30°C o
in pipes for | glycerol at-80
several °C.
months.
Juice of
potato flour | Sample stored
) which is left | with 30 % (v/v)
L. sakei 2.2_MRS_30 LAB MRS 30°C o
in pipes for | glycerol at-80
several °C.
months.
Juice of
Sample stored
potato flour )
with 30 % (v/v)
L. plantarum 4.1 MRS _30 LAB MRS 30°C from bottom
o glycerol at-80
of ventilation
°C.
tank
Old pulp of | Sample stored
] potato flour | with 30 % (v/v)
L. sakei 7.1_MRS_30 LAB MRS 30°C
stored glycerol at-80
outside °C.
Sample stored
Old pulp of | with 30 % (v/v)
L. fermentum 10.2_MRS_30 LAB MRS 30°C
potato flour. | glycerol at-80
°C.
Sample stored
Lc. lactissubsp. Old pulp of | with 30 % (v/v)
. 12.2_MRS_30 LAB MRS 30°C
cremoris potato flour. | glycerol at-80
°C.
Sample stored
Lc. lactissubsp. Old pulp of | with 30 % (v/v)
12.3_MRS_30 LAB MRS 30 °C
lactis potato flour. | glycerol at-80
°C.
L. paracasesubsp.
] Potato from | Sample stored
paracaseiLater 16.3_MRS_30 LAB MRS 30°C

with 30 % (v/v)




lactis subsp.
cremorisby WG9

rotten potato
pile.

glycerol at-80
°C.

Potato from

Sample stored

L. plantarumsubsp. insidea with 30 % (v/v)
. 17.2_MRS_30 LAB MRS 30°C
argentoratensis rotten potato | glycerol at-80
pile. °C.
Sample stored
) Damaged | with 30 % (v/v)
L. versmoldensis 19.2_ MRS_30 LAB MRS 30°C
seed potatoes glycerol at-80
°C.
Sample stored
Damaged | with 30 % (v/v)
L. curvatus 20.1_MRS_30 LAB MRS 30°C
seed potatoeg glycerol at-80
°C.
Sample stored
Lc. lactissubsp. Damaged | with 30 % (v/v)
. 20.2_MRS_30 LAB MRS 30°C
hordniae seed potatoeg glycerol at-80
°C.
Leuc.mesenteroides
subspdextranicum Sample stored
(Later identified as Damaged | with 30 % (v/v)
. 21.1_MRS_30 LAB MRS 30°C
Leuc. mesenteroides seed potatoeg glycerol at-80
subsp. °C.
mesenteroidgs
Sample stored
Leuc. mesenteroides Damaged | with 30 % (v/v)
) 24.3_MRS_30 LAB MRS 30°C
subspmesenteroides seed potatoeg glycerol at-80
°C.
] Juice of
Leuc. citreunLater
) -~ potato flour | Sample stored
identified ad_euc. o )
_ which is left | with 30 % (v/v)
mesenteroidesubsp. 2.2_M17_30 LAB M17 30°C o
] in pipes for | glycerol at-80
mesenteroidely
several °C.
WGS)
months
Lc. lactis(Later Juice of
. o Sample stored
identified ad_euc. potato flour )
. with 30 % (v/v)
mesenteroidesubsp.| 3.1_M17_30 LAB M17 30 °C from bottom
] o glycerol at-80
mesenteroidely of ventilation oc
WGS) tank '
P. pentosaceuf ater Fresh pulp of| Sample stored
identified ad_euc. potato flour | with 30 % (v/v)
5.2_M17_30 LAB M17 30°C

pseudomesenteroide
by WGS)

stored

outside

glycerol at-80
°C.




L. plantarumsubsp.

Old pulp of
potato flour

Sample stored
with 30 % (v/v)

. 7.3_M17_30 LAB M17 30°C
argentoratensis stored glycerol at-80
outside °C.
Leuc. citreunLater
] -~ Old pulp of | Sample stored
identified ad_euc. )
) potato flour | with 30 % (v/v)
mesenteroidesubsp. 7.2_M17_30 LAB M17 30°C
. stored glycerol at-80
mesenteroidely i
outside °C.
WGS)
Old pulp of Sample stored
Carnobacterium potato flour | with 30 % (v/v)
. 8.3_M17_30 LAB M17 30°C
maltaromaticum stored glycerol at-80
outside °C.
Sample stored
Lc. lactissubsp. Fresh pulp of| with 30 % (v/v)
. 9.3 M17_30 LAB M17 30°C
lactis potato flour. | glycerol at-80
°C.
Sample stored
. Old pulp of | with 30 % (v/v)
Leuc. citreum 10.2_M17_30 LAB M17 30°C
potato flour. | glycerol at-80
°C.
Potato on the| Sample stored
) surface of a | with 30 % (v/v)
E. casseliflavus 15.1_M17_30 LAB M17 30°C
rotten potato | glycerol at-80
pile. °C.
Leuc.mesenteroides
. Potato from | Sample stored
subspdextranicum o )
. . inside a with 30 % (v/v)
(Later identified as. 16.2_M17_30 LAB M17 30°C
rotten potato | glycerol at-80
pentosaceuby .
pile. °C.
WGS)
Potato from | Sample stored
. inside a with 30 % (v/v)
E. mundtii 17.4_M17_30 LAB M17 30°C
rotten potato | glycerol at-80
pile. °C.
Sample stored
Lc. lactissubsp. with 30 % (v/v)
4.4 M17_30 LAB M17 30°C Potato.

tructae

glycerol at-80
°C.
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