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ANNOTATION

Experimental work was carried out in Latvia University of Life Sciences and
Technologies, Faculty of Food Technology: scientific laboratory, laboratory of microbiology,
biotechnology laboratory, pilot plant for fruit and vegetable processing, laboratory of
equipment and processes and chemistry department. Analytical work was also carried out in
collaboration with laboratory group J.S. Hamilton. Horizontal spray-drying was carried out in
Tecoma Drying Technology SRL, Italy.

The hypothesis of the present work — developed dehydrated and concentrated sauerkraut
juice is suitable for application in foods.

The hypothesis was confirmed by the following thesis.

1. Physico chemical composition of white cabbage is variety dependant and it affects the
composition of sauerkraut

2. Concentration of sauerkraut juice is a suitable technology to obtain a product with high
bioactive compound and mineral content.

3. Spray-drying method and carrier agent influence physico chemical composition of
dehydrated sauerkraut juice.

4. Dehydrated and concentrated sauerkraut juice affects quality parameters of salad
dressings, bread and meat products.

The aim of the present work - to develop dehydrated and concentrated sauerkraut juice
and evaluate their quality parameters.

To achieve the aim, following tasks have been designated.

1. To analyse the variation in the quality parameters of cabbage and sauerkraut juice
depending on variety and harvest year.

2. To evaluate quality parameters of concentrated sauerkraut juice produced by different
evaporation technologies.

3. To select appropriate carrier agents for horizontal and vertical spray-drying, evaluating
their influence on dehydrated sauerkraut juice quality.

4. To evaluate the effect of dehydrated and concentrated sauerkraut juice on salad
dressings, bread and meat quality attributes.

The work is structured into three chapters.

Chapter 1. The theoretical review of the literature describes the characteristics of fresh
and fermented cabbage and factors that influence their physicochemical properties. It provides
information on the fermentation process. Discusses evaporation methods and encapsulation via
spray drying. The review also examines the use of plant-based products in food applications,
their sensory characteristics and volatile compounds. Additionally, the review explores in vitro
digestion and bioaccessibility of sauerkraut juice and its products.

Chapter 2. Description of materials and methods used in this study.

Chapter 3. Summarises the results of research on the physicochemical properties of fresh
cabbage and sauerkraut juices. It also investigates the effects of different evaporation
technologies on the physicochemical properties of sauerkraut juice, and examines the use of
horizontally and vertically spray-dried sauerkraut juice with various carrier agents and
concentrations. The study also explores the potential applications of sauerkraut juice products
in salad dressings, bread, and meat, and evaluates volatile compounds and sensory
characteristics. Additionally, the study analyses the bioaccessibility after digestion in vitro.

The thesis is written in English and consists of 137 pages, 31 tables and 40 figures, 194
literature sources and 2 appendixes.

This study was supported by:

e The European Innovation Partnership for Agricultural Productivity and Sustainability
Working Group Cooperation project 18-00-A01612-000020 and

e ESF project Nr. 8.2.2.0/20/1/001/TOPIC ES32—*“Latvia University of Life Sciences
and Technologies transition to the new doctoral funding model”.



ANOTACIIA

Pettjumi veikti Latvijas Biozinatnu un Tehnologiju universitates, Partikas Tehnologijas
fakultate: zinatniskaja laboratorija, auglu un darzenu parstrades pilotraZzotn&, procesu un iekartu
laboratorija, mikrobiologijas laboratorija, biotehnologijas laboratorija un Kimijas katedra.
Analitiskais darbs tika veikts ari sadarbiba ar laboratoriju J.S. Hamiltons. KaltéSana ar
horizontalas izsmidzinasanas kalti tika veikta Tecoma Drying Technology SRL, Italija.

Pétnieciska hipotéze — izstradatas dehidrétas un koncentrétas skabeétu kapostu sulas ir
piemerotas lietosanai partikas produktos.

Promocijas darba hipotéze tika pieradita ar ¢etram tezem.

1. Kapostu fizikali kimiskais sastavs ir atkarigs no skirnes un ietekmé skab&tu kapostu
sastavu.

2. Skabétu kapostu sulas koncentrés$ana ir piemérota tehnologija bioaktivo savienojumu
saglabasanai.

3. Izsmidzinasanas kalt€Sanas metode un nes¢jviela ietekmé dehidrétas skab&tu kapostu
sulas fizikali kimisko sastavu.

4. Dehidréta un koncentréta skabetu kapostu sula ietekme salatu meércu, maizes un galas
izstradajumu kvalitates raditajus.

Promocijas darba meérkis - izstradat dehidrétu un koncentrétu skab&tu kapostu sulu un
novertét to kvalitates raditajus.

Darba mérku sasnieg8$anai izvirziti $adi pétnieciskie uzdevumi.

1. Analizet svaigu un skabétu kapostu sulas kvalitates parametru izmainas atkariba no
Skirnes un razas gada.

2. Noveértet ar dazadam ietvaicéSanas tehnologijam iegiitas skab&tu kapostu sulas
kvalitates raditajus.

3. Izveleties piem&rotas nesgjvielas horizontalajai un vertikalajai izsmidzinaSanas kaltei
un novertet to ietekmi uz dehidrétas skabétu kapostu sulas kvalitati.

4. Analizet dehidrétas un koncentrétas skab&tu kapostu sulas ietekmi uz salatu mercém,
maizes un galas kvalitates TpaSibam.

Darbs strukturgts tris nodalas.

1. nodala. Teorétiskais literatliras parskats apraksta svaigu un skabétu kapostu sulas
fizikali kimiskas 1pasibas un to ietekm&josos faktorus. Tas sniedz informaciju par fermentacijas
procesu. Izverté koncentréSanas metodes — ietvaici, iekapsuléSanu ar izsmidzinasanas kaltem
un nesgjvielam. Parskata izvertéts augu blakus produktu pielietojums partikas produktos.
Sniedz informaciju par sensoro noveértésanu un sagremosanu kunga-zarnu trakta simulacijas
sisteéma.

2. nodala. P&tijuma izmantoto materialu un metozu apraksts.

3. nodala. Pé&tijums apkopo rezultatus par svaigu un skab&tu kapostu sulas fizikali
Kimiskajam ipasibam. Tapat tiek pétita dazadu ietvaices tehnologiju ietekme uz skabétu kapostu
sulas fizikali kimiskajam ipasibam, ka ar1 tiek izskatita skab&tu kapostu sulas kalt€Sana
horizontala un vertikala izsmidzinaSanas kalté ar dazadam nes€jvielam un to koncentracijam.
P&tijums arT péta potencialo skabé&tu kapostu sulas produktu izmantosanu salatu mércés, maize
un galas produktos. Izveérte gaistoSos savienojumus un sensoras 1pasibas. Turklat pétijums
analiz€ skabétu kapostu sulas produktu biopieejamibu péc sagremosanas in Vitro.

P&tnieciskais darbs ir uzrakstits anglu valoda uz 125 lapam, ieskaitot 40 att€lus, 31 tabulu
un 194 literatiiras avotus un divus pielikumus.

Petijums veikts ar “Eiropas Inovaciju partneribas lauksaimniecibas razigumam un
ilgtspejigas lauksaimniecibas raziguma un ilgtsp€jigas darba grupu projekta stenoSanai” un
Zinatnes un projektu attistibas centra / ESF projekti ZPAC / téma ES32 - "LBTU pareja uz
jauno doktorantiiras finanséSanas modeli" ESF projekta Nr. 8.2.2.0/20/1/001, atbalstu.
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ZINATNISKA DARBA APROBACIJA

The results of this doctoral thesis are published in 5 scientific articles indexed in Scopus
or Web of Science databases and presented at 8 international scientific conferences. /
Promocijas darba pétijuma rezultati publiceti 5 zinatniskajos rakstos, kuri indekséti Scopus un
Web of Science datu bazés un prezenteti 8 zinatniskajas konferencés.

Publication indexed in databases SCOPUS or Web of Science / Publikacijas, kuras
indeksetas datu bazes SCOPUS vai Web of Science.

Scientific journals / Zinatniskajos izdevumos:

Jansone L., Kruma Z., Majore K., Kampuse S. (2023) Dehydrated sauerkraut juice in
bread and meat applications and bioaccessibility of total phenol compounds after in vitro
gastrointestinal digestion. Applied sciences, 13(5), 3358; https://doi.org/10.3390/app13053358

Jansone L., Kruma Z., Straumite E. (2023) Evaluation of chemical and sensory
characteristics of sauerkraut juice powder and its application in food. Foods, 12(1), 19;
https://doi.org/10.3390/fo0ds12010019

Jansone L., Kampuse S., Kruma Z., Lidums I. (2022) Quality parameters of horizontally
spray-dried fermented cabbage juice. Proceedings of the Latvian Academy of Sciences. Section
B. Natural, Exact and Applied Sciences, wvol. 76(1) (2022), p. 96-102.
https://doi.org/10.2478/prolas-2022-0015

Conference proceedings / Konferendcu rakstu krajums

Jansone L., Kampuse S., Kruma Z., Lidums 1. (2021). Evaluation of physical and
chemical composition of concentrated fermented cabbage juice. Proceedings of Research for
Rural Development 2021: annual 27th International scientific conference proceedings, Jelgava,
Latvia, May 12-13, 2021 / Latvia University of Life Sciences and Technologies. Jelgava,
Vol.36, P. 84-89. https://doi.org/ 10.22616/rrd.27.2021.012

Jansone L., Kampuse S. (2019). Comparison of chemical composition of fresh and
fermented cabbage juice. Proceedings of 13th Baltic conference on food science and technology
"Food. Nutrition. Well-Being”, Jelgava, Latvia, May 2—3, 2019 / Latvia University of Life
Sciences and Technologies. Jelgava: LLU, P. 160-164.
https://doi.org/10.22616/FoodBalt.2019.028



https://doi.org/10.3390/foods12010019
https://doi.org/10.2478/prolas-2022-0015
https://doi.org/10.22616/FoodBalt.2019.028

Results are presented at 8 international scientific conferences / Pétijuma rezultati
prezenteti 8 konferences.

1. Jansone L., Kruma Z., Kampuse S. (2022). Dehydrated and concentrated sauerkraut
juice in food and cosmetics applications. 15th Baltic conference on food science and
technology “Food R&D in the Baltics and Beyond” FoodBalt - 2022, Kaunas, Lithuania,
Sept. 26-27, 2022 (oral presentation / mutiska prezentacija).

2. Jansone L., Kampuse S., Kruma Z. (2021). Evaluation of physical and chemical
composition of fresh, fermented and dehydrated fermented cabbage juice. 35th EFFoST
International Conference “Healthy Individuals, Resilient Communities, and Global
Food Security”, Lausanne, Switzerland, Nov. 1-4, 2021 (poster presentation / stenda
referats).

3. Jansone L., Kampuse S., Kruma Z., Lidums I. (2021). Characterization of physical and
chemical composition of concentrated fermented cabbage juice. Annual International
Scientific Conference “Research for Rural Development”, Jelgava, Latvia, May 12-14,
2022 (oral presentation / mutiska prezentacija).

4. Jansone L., Kampuse S., Kruma Z. (2020). Sauerkraut juice powder chemical and
physical properties. 11th International conference Biosystems Engineering: Tartu,
Estonia, May 6-8, 2020 (poster presentation / stenda referats).

5. Jansone L., Kampuse S., Krima Z., Lidums I. (2020). Characterization of the quality
parameters of dehydrated fermented cabbage juice. 3rd International Conference
“Nutrition and Health”, Riga, Latvia, Dec. 9-11, 2020 (oral presentation / mutiska
prezentacija).

6. Jansone L., Krima Z. (2020). Innovations in the processing of sauerkraut juice.
European Green Course for Bioeconomic Development, Jelgava, Latvia, Dec. 17, 2020,
(oral presentation / mutiska prezentacija).

7. Jansone L., Kampuse S., Kriima Z. (2020). Effect of vacuum evaporation on chemical
composition and physical parameters of fermented cabbage juice. 4th International
Food, Nutrition and Bioprocess Technology conference; Virtual, Oct. 17, 2020 (oral
presentation / mutiska prezentacija).

8. Jansone L., Kampuse S. (2019). Comparison of chemical composition of fresh and
fermented cabbage juice. FoodBalt 2019: 13th Baltic conference on food science and
technology “Food. Nutrition. Well-Being”, Jelgava, May 2—-3, 2019 (oral presentation /
mutiska prezentacija).
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INTRODUCTION

White cabbage (Brassica oleracea L. var. capitata) has long been one of the most
accessible and cultivated vegetables in Latvia and worldwide. They are widely consumed both
fresh and in cooked meals (Martinez et al., 2020). However, one of the most common products
in white cabbage processing is sauerkraut. In the process of fermentation, lactic acid is formed
under the influence of lactic acid bacteria. The chemical composition of cabbage changes,
resulting in sauerkraut that is rich in nutrients - vitamins, minerals, organic acids and fibre,
modulating health properties (Tlais et al., 2022). During the production of sauerkraut, juice is
released almost immediately after the addition of salt, and can sum up to 30% till the end of the
process. However, it is also a valuable source of various bioactive compounds and functional
metabolites. In the process of packaging and retail, a part of this valuable juice remains unused
and is considered as a waste. The research into development of new technologies and the value-
added sauerkraut juice would contribute to sustainable, residue - free technology in processing
as well as create high value-added products.

The hypothesis of the present work — developed dehydrated and concentrated sauerkraut
juice is suitable for application in foods.
The aim of the present work - to develop dehydrated and concentrated sauerkraut juice
and evaluate their quality parameters.
To achieve the aim, following tasks have been designated.
1. Toanalyse the variation in the quality parameters of cabbage and sauerkraut juice depending
on variety and harvest year.
2. To evaluate quality parameters of concentrated sauerkraut juice produced by different
evaporation technologies.
3. Toselect appropriate carrier agents for horizontal and vertical spray-drying, evaluating their
influence on dehydrated sauerkraut juice quality.
4. To evaluate the effect of dehydrated and concentrated sauerkraut juice on salad dressings,
bread and meat quality atributes.
Novelty and scientific significance.
1. For the first time detailed evaluation of sauerkraut juice quality has been conducted and it
has been used in the creation of new products.
2. Atechnology has been developed for obtaining innovative ingredients in the food industry -
dehydrated and concentrated sauerkraut juice.
Economic significance.
1. Technological solutions for development of sauerkraut juice products would create a
sustainable use of agricultural resources, reducing waste by exploiting by-products.
2. The products developed in the study would allow manufacturers to expand the product
range with new, innovative solutions.
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1. REVIEW OF LITERATURE / LITERATURAS APSKATS
1.1. The characterisation of white cabbage / Galvinkapostu raksturojums

The history of Brassica oleracea subsp. oleracea reaches as far as 3000 BC (Roland et
al., 2018.) . It has been consumed by various groups of society: from Caesar, Aristotle to seamen
and slaves (Samec et al., 2017), mainly because of its health-promoting benefits - anti-
cancerogenic, anti-inflammatory and anti-oxidative potential (Kusznierewicz, Bartoszek, et al.,
2008; Kusznierewicz et al., 2010; Moreb et al.,, 2020) to treat gastrointestinal issues,
inflammation, gout, diarrhoea and detoxifying the body.

The taxonomy of white cabbage is as follows: family Brassicaceae, genus Brassica,
species oleracea, variety capitata. It is a multi-layered-green-leaf head that grows on a stem.
There is a great variation among the cultivars ranging in size (0.5 — 4kg), shape (round to
conical), colour (green to pale green to almost white), texture (softer to harder) (Singh et al.,
2006).

Researchers that have worked on investigating cabbage (Brassica oleracea L. var.
capitata) start their research stating that cabbage is “one of the most important vegetables grown
worldwide” (Balkaya et al., 2005; Citak & Sonmez, 2010; Hallmann et al., 2017; Samec et al.,
2017; Moreb et al., 2020; Wermter et al., 2020; Kumar et al., 2022) due to their availability,
cheapness and consumer preferences (Kusznierewicz, Bartoszek, et al., 2008b).

Although Brassicas are cool weather crops, they are known and grown worldwide in
various climatic conditions. In the year 2019 Brassicas were grown in 2.45 million hectares
around the world with a production crop being more than 70 million tonnes (average yield
almost 3 t ha™'). Average consumption in Poland and Sweden is 6.3 kg per person, annually
(Moreb et al., 2020). Most crops are harvested in China, India and Russia (FAOSTAT?Y). In
Latvia in year 2021 cabbage was grown in 1.4 thousand hectares with a crop of 41 900 tons?
(Table 1.1.).

Table 1.1/1.1. tabula
Cabbage sown area, crop and average yield in Latvia in 2018 — 2021 /
Kapostu sejumu platiba, kopraza un videja raziba Latvija no 2018 — 2021 gadam

Year / Gads
Parameter / Raditajs 2018 2019 2020 2021
Sown area, thousand ha / Sejumu platiba tikstha 1.8 1.9 1.6 14
Crop, thousand tons / Kopraza titkst. tonnu 46.8 53.2 43.0 41.9

Average yield, cnt ha™' / Vidéja raZiba cnt ha™ 254.0 286.0 272.0  296.0

Despite their presumably easy cultivation, there are many factors that influence plant’s
metabolism, thus chemical composition and taste (Bjorkman et al., 2011). The factors
influencing cabbage metabolism are compiled in Fig 1.1.

L FAOSTAT, Production/Yield quantities of cabbages in the World [online] [viewed on 07. March 2023].
Retrieved from https://www.fao.org/faostat/#dataQC

2 Lauksaimniecibas kultliraugu s€jumu platiba, kopraza un vid&ja raziba - kulttraugi, raditajs un laika
periods [online] [viewed on 07. March 2023]. Retrieved from https://data.stat.gov.lv
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Jabeen & Kosson et al., 2017; Samec et al., 2017; Kovalikova et al., 2019; Chadha, 2021)

Various scientists (Aires et al., 2011; Samec et al., 2017) are explaining the climate impact
on chemical composition of Brassica vegetables. Abiotic factors refer to non-living factors that
can influence the growth and development of cabbage. Examples of abiotic factors include
temperature, water availability, soil type, and nutrient availability. Biotic factors refer to living
organisms that can influence the growth and development of cabbage. Examples of biotic
factors include pests, diseases, and microorganisms (Kovalikovaetal., 2019). Agronomic factors
are related to the management practices that are used to grow cabbage. These include irrigation,
fertilisation, and crop rotation. For example, proper irrigation can help ensure that the cabbage
plants have adequate water to grow and develop, which can help increase their overall nutrient
content (Jabeen & Chadha, 2021). Similarly, fertilisation practices can influence the levels of
nitrogen, phosphorus, and potassium in cabbage. Crop rotation can also influence the nutrient
content of cabbage by reducing the build-up of soil-borne diseases and pests. Kosson and
colleagues (2017) have determined the effect of fertilisers on the chemical composition of white
cabbage and have detected differences in ascorbic acid, fructose and glucose contents (Kosson
et al., 2017). Even though organic fertilising with compost and manure contains less available
nitrogen and plants grow more slowly, the cabbage contains more bioactive compounds than
conventional ones (Hallmann et al., 2017a). Nitrogen, phosphorus and potassium are important
for formation and the quality of the cabbage head (Citak & Sonmez, 2010). Also, as investigated
by Kusnierewicz et.al. (2008), the water stress can be related to increased synthesis of sugars
and amino acids which partake in biosynthesis of glucosinolates (GLS) and thus higher content
of GLS may contribute to higher level of antioxidative potential (Kusznierewicz, Smiechowska,
et al., 2008). As well as the time of harvest influence the level of bioactive compounds — the
autumn crop has been exposed to
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sunlight longer thus affecting synthesis of phytochemicals (Kusznierewicz, Bartoszek, et al.,
2008b; Moreb et al., 2020).

Though all of the above-mentioned factors influence physicochemical composition of the
cabbage, the exact amounts of specific compounds cannot be definitively stated. The results
have been determined in different times, regions, crops etc., so there are possibilities in
variation, as shown in Table 1.2.

Table 1.2./1.2. tabula
Physicochemical parameters of fresh cabbage? / Svaigu kapostu fizikali kimiskie
raditaji (Kusznierewicz, et al., 2008; Kusznierewicz et al., 2010; Moreb et al., 2020)

White cabbage /

1 —1
Parameters / Parametri, 100 g Baltie galvinkaposti (Brassica oleracea)

pH 59-6.3
Soluble solids / Skistosa sausna, °Brix 5.7-85
Moisture / Mitrums, % 92 -94
Total phenols / Kopéjie fenoli, mg GAE, FW 40.2 -595
Vitamin C / C vitamins, mg 135-517
Vitamin A/ A vitamins, pg 31-98
Vitamin K/ K vitamins, pg 74-176
Energy value / Energétiska vértiba, kcal 24— 36
Glucose / Glikoze, ¢ 1.7-35
Fructose / Fruktoze, g 14-22
Dietary fibre / Skiedrvielas, g 25-34
Protein / Olbaltumvielas, g 09-24
Fat / Tauki, g 0.1-0.2
Ash / Pelnvielas, g 0.53-0.70
Magnesium / Magnijs, mg 12-13
Potassium / Kalijs, mg 170 — 304
Iron / Dzelzs, mg 04-05
Calcium / Kalcijs, mg 40 — 46

Fresh cabbage has a moisture content of approximately 93%, low in calories, protein, and
fat content. There is a moderate amount of carbohydrates in fresh cabbage, including fructose,
glucose and traces of sucrose, soluble and insoluble fibre (Rodriguez-Amaya, 2015). As Moreb
and colleagues (2020) have reviewed, cruciferous vegetables contain all essential amino acids
- valine, lysine, isoleucine, leucine, methionine, tryptophan, phenylalanine, threonine and
histidine.

There is a considerable variation in vitamin C in fresh cabbage, from 13.5to 51.7 mg 100
g (Samec et al., 2017; Moreb et al., 2020) and vitamin A 31 to 98 pg 100 g, vitamin K 76 ug
100 g. It is also a valuable source of minerals such as calcium, potassium, magnesium, and
trace elements — manganese (Mn), iron (Fe), zinc (Zn), copper (Cu), selenium (Se) (Harbaum-
Piayda et al., 2016; Moreb et al., 2020). White cabbage also contains phenol compounds
including polyphenols and flavonoids (Kusznierewicz, Bartoszek, et al., 2008b).

White cabbage and Brassicas vegetables in general are the most abundant plants with
glucosinolates — water soluble, sulphur containing bioactive substances identified with pungent
mustard aroma (Avato & Argentieri, 2015; Samec et al,, 2017; Kumar et al., 2022).
Glucosinolates are released, when the cabbage is treated mechanically, by cutting, chopping or
chewing and the cell walls are broken, resulting in GLS hydrolyses by the enzyme myrosinase

3 FoodData Central, cabbage raw [online] [viewed on 21. January 2023]. Retrieved from
https://fdc.nal.usda.gov/fdc-app.html#/food-details/169975/nutrients
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(EC 3.2.3.1%). The bioactive metabolites of this hydrolysis are isothiocyanates, thiocyanates,
nitriles, epithionitriles or oxazolidine-2-thiones (Ghawi et al., 2012; Wermter et al., 2020)
derived from predominant GLS, sinigrin and glucobrassicin (Ciska et al., 2021). Their
concentration in white cabbage is particularly high in the inner leaves (Zhao et al., 2020). The
chemical structure of GLS consists of a sulfonated oxime group linked to glucose and an alkyl,
aralkyl or indolyl side chain (the side chain R varies) (Prieto et al., 2019). The high amount of
glucosinolates cited in literature is due to more than 200 side — chains (R) identified (Clarke,
2010; Prieto et al., 2019). The basic chemical structure and hydrolysis of glucosinolate is shown

in Fig.1.2.
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Fig.1.2. Glucosinolate chemical structure and hydrolyses /
1.2. att. Glikozinolata kimiska struktira un hidrolize (Clarke 2010; Prieto et al.,2019)

Kusznierewicz and colleagues (2008) have concluded that high content of GLS in
cabbage can also go along with higher levels of antioxidants. In the review by Dr D.B. Clarke
(2010) epidemiological evidence indicates that glucosinolates and their metabolic products of
Brassicas vegetables have chemoprotective effects on tumours.

Chemical composition and bioactive components may even differ in plants of the same
cultivar, grown under the same conditions, or even in just one individual cabbage head. Sugars
and glucosinolates increase closer to the core however antioxidant capacity is higher closer to
the outer leaves (Aires et al., 2011; Kosson et al., 2017; Zhao et al., 2020).

Previous studies of factors influencing chemical composition of white cabbage are done
in different conditions, years, countries, therefore it may be difficult to come to one exclusive
conclusion. As well as all the mentioned factors influence the chemical and physical
composition of fermented cabbage, known as sauerkraut.

1.2. Characterization of the fermentation process and sauerkraut /
Fermentdacijas procesa un skabétu kapostu raksturojums

Derived from Latin “fermentum”, fermentation means ‘“natural decomposition process
which involves chemical transformation of complex organic substances into simpler
compounds by the action of intrinsic organic catalysts generated by microorganisms”
(Steinkraus, 1983; Xiang et al., 2019). The outcome of these microbiological changes is

4 EC — Enzyme Commission number, ENZYME - Enzyme nomenclature database [online]
[viewed on 07. March 2023]. Retrieved from https://enzyme.expasy.org/EC/3.2.1.147
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improved nutritional value, sensory quality with unique textures and flavours, and health
promoting properties with increased digestibility of fermented products (Xiang et al., 2019;
Rastogi et al., 2022).

Fermentation, as a preservation method, has been used in human history since ancient
times (Gruszecki et al., 2022). Food groups that are being fermented world wide include dairy,
cereal, fish, meat, tea, with more than 3500 products. Also, a variety of vegetables such as
fermented soy beans — Japanese ‘miso’, ‘nato’, Indonesian ‘tempeh’, cucumbers, mushrooms,
olives, turnips, eggplants, garlic etc are being fermented (Rastogi et al., 2022). But cabbage is
the most commonly fermented vegetable - Chinese Pao Cai, Korean ‘kimchi’ (Xiang et al.,
2019; Torres et al., 2020) as well as sauerkraut - one of the most popular condiment in Central
and Eastern Europe and also in the United States and Asia (Ozer & Kalkan Yildirim, 2019; Di
Cagno et al., 2021).

Fermented products are a healthy condiment and are regaining popularity nowadays due
to increased nutritional and functional properties, extended shelf-life and sensory qualities
(Ozer & Kalkan Yildirim, 2019; Di Cagno et al., 2021). Also, the rising demand in current
circumstances, for efficient utilisation of agro wastes (Xiang et al., 2019).

The term ‘sauerkraut’ originates from a German language, meaning ‘sour cabbage’.
Traditional process to produce sauerkraut is via spontaneous fermentation that relies on
indigenous lactic acid bacteria (LAB) (Beganovi¢ et al., 2014), naturally occurring on cabbage
leaves (Penas et al., 2010; Satora et al., 2021). Spontaneous fermentation is also influenced by
many factors — salt concentration and temperature being the most consequential, but also
vegetable freshness and natural microflora, fermentation time and salt (NaCl) type affect the
result of sauerkraut (Ozer & Kalkan Yildirim, 2019).

The process of fermentation is divided into several steps. The outer leaves of the fresh
cabbage heads are trimmed off and the core is removed. The cleaned head is then shredded into
0.7 — 2.5 mm strips and mixed with 1 - 2% salt. The amount of NaCl added differs by cultural
features and market preference. Chinese sauerkraut, the records of which reaches 3000 years
ago from the Zhou Dynasty, considers a low salt concentration of 2 —10% (Xiong et al., 2016)
via fermentation in brine. The Netherlands markets sauerkraut with 5% NaCl (Wolkers-
Rooijackers et al., 2013). The taste preferences of sauerkraut in Latvia is with
1.5 — 1.8% salt concentration, and addition of caraway seeds. It is common to add shredded
carrots and sometimes cranberries or even pieces of apple in the fermentation process. Though
research states that 1 — 2% of salt concentration is optimum to inhibit undesirable microflora
yet keeping LAB (lactic acid bacteria) active (Man, 2007; Fan et al., 2015). Though, a study
states that 0.5% has a better effect on ascorbigen activation, which is precursor of glucobrassicin
(Penas et al., 2010; Xiong et al., 2016). The addition of salt withdraws juice in the plasmolysis
from the shredded cabbage tissues thus creating a satisfactory environment for LAB
development (Fan et al., 2015). Salt ions acts as enzyme activators or deactivators, depending
upon its concentration (Zhang et al., 2022).

The expelled cabbage juice is rich in fermentable sugars and nutrients that are valuable
for LAB growth and activity (Fan et al., 2015). The outcome of the glucose catabolism results
in pyruvate and source of adenosine triphosphate energy (ATP). One glucose molecule
generates two pyruvic acid molecules, two molecules of ATP and two nicotinamide adenine
dinucleotide and hydrogen molecules (NADH). In the anaerobic lactic acid fermentation,
performed by LAB, pyruvate is transformed to lactic acid and during the process regenerates
NAD", allowing to make ATP in low oxygen conditions (Di Cagno et al., 2013; Erten et al.,
2015; Chaudhry & Varacallo, 2018).

The fermentation of cabbage usually starts with the application of heterofermentative
cocci Leuconostoc mesenteroides that, under optimal temperature, i.e., 18 — 22 °C for
4 —7 days, begin to produce lactic acid (Fan et al., 2015). During further fermentation, spoilage
microorganisms' inhibition occurs due to the accumulation of lactic acid. Carbon dioxide
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production favourably affects anaerobiosis, as stated by Xiang (Xiang et al., 2019). It has been
reported that L. mesenteroides enhances the flavour of sauerkraut (Ozer & Kalkan, 2019).

In excess of lactic acid, the catalytic activity of L. mesenteroides considerably reduces,
eventually leading to its inhibition. From this time more acid tolerant lactobacilli (Lactobacillus
plantarum, Lactobacillus brevis) and Pediococus cerevisiae continue the fermentation process
(Xiong et al., 2012).

LAB metabolites change the chemical, biological and sensory properties of fermented
products (Xiang et al., 2019) resulting in a completely different product.

Since ancient times, people have believed that sauerkraut is beneficial to their health
because of the high amount of nutrients it contains (Gruszecki et al., 2022; Rastogi et al., 2022).
Sauerkraut contains phenolic compounds and glucosinolates (Pefias et al., 2017b), organic
acids, with lactic acid being predominant, also acetic, citric and malic acids, sugars — glucose,
fructose. It is a source of vitamins, especially vitamin C that ranges from 14.7 — 75 mg 100 g
FW (Martinez-Villaluenga et al., 2009; USDA Nutrient Data Laboratory) and minerals like
sodium (661 mg 100 g™), calcium (30 mg 100 g'), potassium (170 mg 100 g™') (Pefias et al.,
2017a). But, meanwhile, a formation of biogenic amines, like tyramine and histamine also take
place during fermentation, and have a negative effect on human health (Satora et al., 2021).

The taste and flavour of fermented food is the primary factor of sensory qualities and is
usually the deciding factor of acceptance by consumers (Major et al., 2022). These
characteristics are influenced by variety, amount of salt used in the fermentation, fermentation
and storage conditions. Although sauerkraut is sensory complex, its basic sensory qualities are
characterised by appearance (colour and gloss), texture (hardiness and crunchiness) (Major et
al., 2022). The amount of salt used in the fermentation process has a significant impact on
texture and appearance on sauerkraut - crunchiness decreases as the salinity increases (Satora
et al., 2021). The aroma of sauerkraut is characterised by strong or weak pungent aroma,
off-flavour or typical fermented aroma, vegetable-specific and sulphur notes (Satora et al.,
2021). As Martinez-Villaluenga et.al. (2020) have investigated, the distinctive sulphur-like
flavour of sauerkraut is a sign of high quality, which is derived from glucosinolates present in
fermented cabbage.

A specific sauerkraut flavour forms during fermentation and is affected by LAB strains
and their potential to metabolise certain lipids, amino acids, glucosinolates, etc. (Wieczorek &
Drabinska, 2022). Alcohols and sulphur compounds, the hydrolysis products of glucosinolates
- isothiocyanates, thiocyanates and nitriles, and their metabolites are the most numerous groups
of aromatic compounds (Major et al., 2022), that form the specific sauerkraut aroma, as well as

esters, aldehydes, ketones and many others (Major et al., 2022). Isothiocyanates form pungent
aroma and are also beneficial from a nutritional perspective, exhibiting anticancer properties
and chronic disease prevention (Pefias et al., 2012; Palliyaguru et al., 2018.; Ciska et al., 2021).
Penas has investigated that fermentation of white cabbage caused five different volatile
compound formation, in degradation of GLS — iberin, iberin nitrile, allyl cyanide and allyl
isothiocyanate, that were not present in raw cabbage. Allyl isothiocyanate, is an abundant
volatile in sauerkraut, derived from sinigrin, with a pungent taste of mustard, horseradish and
wasabi.

There were more than 60 volatile compounds identified in the sauerkraut, obtained from
different cabbage varieties, (Satora et al., 2021) that distinguish specific sauerkraut organoleptic
attributes. Just like chemical and physical parameters are affected by different factors, so the
composition of volatile compounds is influenced by the choice of variety, fermentation
conditions, such as temperature and NaCl concentration, as well as duration and temperature of
storage etc ((Pefias et al., 2012; Satora et al., 2021; Major et al., 2022). Also, commercially
available sauerkrauts had significantly different and decreased amount of volatile compounds
(Major et al., 2022).

Volatile compounds are organic compounds that have higher vapour pressure and emit as
gaseous from solids or liquids at ambient temperature. As all organic compounds, they contain
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carbon and also elements like hydrogen, oxygen, sulphur, bromine and some others (Anand et
al., 2014). Volatile organic compounds are alcohols, ethers, esters, aldehydes, aromatic
hydrocarbons etc.

Early findings (Hang et al., 1972) agree with the information given from the sauerkraut
producers today — there are ~ 30% of sauerkraut juice left as a by-product from the production
process. There are quite a few studies on sauerkraut — chemical composition, bioactive
compounds, sensory quality etc., yet little or no studies are done on sauerkraut juice that is
released in the fermentation process, still rich in valuable and beneficial compounds (Jansone
& Kampuse, 2019).

Therefore, the research on sustainable solutions for preservation and utilisation of the
sauerkraut juice must be done. To concentrate the juice via evaporation or dehydrate via spray
— drying may be a solution.

1.3. Description of evaporation and dehydration methods /
letvaices un kalteSanas metodes apraksts

Evaporation process prolongs the shelf life of the liquid by reducing water activity thus
increasing microbiological stability of the product (Sabanci & Icier, 2017). There are
economical advantages as well, like packaging, storage and transportation (Salehi, 2020), since
the volume of the liquid is significantly reduced. Evaporation changes compositional features,
like consistency, by concentration of soluble solids, and enchanted flavour (Adnan et al., 2018).
Thus, the more juice is concentrated the less it resembles the original product (Adnan et al.,
2018).

Fruit juices are the major category for concentration due to their seasonality, vulnerability
and short shelf-life and orange and apple juices comprise the largest segment (Adnan et al.,
2018). The level of total soluble solids of most fruit juice concentrates is between 20 — 30 Brix®
(Adnan et al., 2018). FAO® has developed a standard that defines that a Brix level of a fruit
juice concentrate is at least 50% higher than a reconstituted juice made from the same fruit.
There are scarce studies on concentrated vegetable juices, since they store well, though tomato
juice is being concentrated to increase lycopene content (Alaei et al., 2022), also influence of
beetroot juice concentration on betalain content (Bazaria & Kumar, 2020). Though there are
commercial companies offering carrot and beetroot juice concentrate with 60 Brix°.

To the best of our knowledge, there are no studies on concentration of sauerkraut juice.

For industry requirements there are various techniques and methods to achieve a
concentrated product via evaporation with desirable characteristics and outcome (Adnan et al.,
2018; Subhabrata & Gargi, 2020).

Evaporator types can be classified as follows (Subhabrata & Gargi, 2020):

> by heating method — direct or indirect; type of heat transfer surface — plate or tubular;
> by mode of operation — batch or continuous.

The continuous flow apparatus has a diverse variation by the nature of liquid circulation
over heating surface (Subhabrata & Gargi, 2020):

> natural circulation, usually in a short tube, horizontal, vertical or basket type;
» forced circulation — boiling in a tube or submerged type;
> film type, also divided by the movement of the film, usually in a long tube:
climbing film
falling film
climbing-falling film
wiped film.

O O O O

5 FAO General standard for fruit juices and nectars (codex stan 247-2005) [online] [viewed on 23. March
2023]. Retrieved from https://www.fao.org/fao-who-codexalimentariusproxy
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In a falling film evaporator, the liquid/juice flows by gravity as thin film on the inside of
heated vertical tubes and the steam on the outside (Subhabrata & Gargi, 2020). This liquid
forms a thin film only on the heat transfer surface and does not occupy the entire tube cross-
section, resulting in a short contact time with the heating surface®. It should be distributed
evenly around the tubes not to form spots and clots. Falling film evaporators are suitable for
heat-sensitive liquids, because this process ensures low, below 90°C, temperature regimes and
residence time (Adnan et al., 2018; Gong et al., 2020). The schematic operation of a falling film
evaporator is depicted in Fig 1.3.

Liquid inlet distribution /
Skidruma iepliides sadale

—

Evaporator tubes /
Iztvaicétaja caurules

Steam inlet/ ___, .| i

Tvaika Ieplide ‘ Vapour - liquid seperator /
Tvaika - skidruma seperators

= D
U — Vapour / Tvaiks

v

Evaporated liquid - concentrate /
Iztvaicétais Skidrums - koncentrats

Steam condensate /
Tvaika kondensats

Fig. 1.3. A schematic description of a falling film evaporator /
1.3. att. Kritosas pléves ietvaices iekartas shematisks attelojums (Subhabrata R; Gargi, 2020)

In a rotary vacuum evaporation, the evaporation chamber rotates in a water bath under a
vacuum pressure that is applied during the process. The evaporation process is influenced by
reduced pressure, speed of revolutions, and a temperature below 50°C, that allow to preserve
biologically active compounds, like total phenols, organic acids etc. (Bazaria & Kumar, n.d.;
Editors et al., 2020; Elik et al., n.d.)

Dehydration by spray-drying — an atomizer device converts a liquid sample into small
droplets, which, being in contact with hot air, lose their moisture and form dry solid particles
(Barbosa & Teixeira, 2017a). It is the most common and oldest technology used for
microencapsulation — in order to protect core material (the material inside the microcapsule) a
protective coating (also known as wall material, carrier agents, shell, coating) is used
(Gharsallaoui et al. 2007) and microcapsules are formed - a small sphere with a uniform wall
around it.

The first patent documented on the use of spray-drying dates back to 1872 (Barbosa &
Teixeira, 2017a) and nowadays is the most economic drying technique used by the food industry
for the production of food powders (Shishir & Chen, 2017).

Spray-drying comprises three steps: 1) homogenization of feed liquid by an atomizer; 2)
drying of liquid droplets by a hot gas carrier to achieve the evaporation; 3) and collection of dry
particles in a cyclone (Ozkan et al., 2019). The spray-drying schematic process is shown in Fig.
1.4.

® GEA — Falling film evaporators [online] [viewed on 21. January 2023]. Retrieved from
https://www.gea.com/en/products/evaporators-crystallizers/evaporator-plants/falling-film-evaporator.jsp
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Fig. 1.4. Schematic description of vertical spray-drying process /
1.4. att. Vertikalas izsmidzinasanas kaltes shematisks attélojums (Shishir & Chen, 2017)

In short, the process is compiled in a spray tower, usually a cylindrical apparatus and a
core material is sprayed by a nozzle from the top by an atomizing device. Atomization is a very
important stage in the drying process. The principal function of an atomizer is to create a
maximum surface area of the core feed to optimise the heat-mass transfer for effective and
efficient drying (Gharsallaoui et al. 2007; Shishir & Chen, 2017). The higher the energy
delivered, the smaller is the size of droplets achieved. The physical properties of spray-dried
products are influenced by atomization pressure (Shishir & Chen, 2017a). In this process, the
sprayed particles are exposed to hot air and the drying process or evaporation starts. The
moisture from the droplets evaporates by the means of hot air and dry particles are formed
(Barbosa & Teixeira, 2017). The air (gas) inlet is located on the side and creates a swirl flow
(Biick, 2018). The dry particles are then separated from the hot air flow in the cyclone and
collected in a collecting unit (Shishir & Chen, 2017). The characteristics of the final product —
dried particles — are influenced by all the spray-drying process factors — hot air temperature and
flow rate, feed flow rate, pressure and nozzle configuration (diameter), type and concentration
of the carrier agent (Ozkan et al., 2019).

The core materials to be spray-dried can be classified in two main groups: sticky and non-
sticky materials (Krishnaiah et al., 2014). There are no difficulties met when spray-drying non-
sticky products. On the contrary, the sticky ones are challenging. Mostly those are fruit and
vegetable juices with low pH. Their behaviour manifests as sticking to the dryer’s walls,
retaining syrup-like consistency or forming unwanted agglomerates. It is due to the presence of
sugars and organic acid rich compounds, like sucrose, fructose, glucose, citric acid, malic acid,
which have low molecular weight compounds with low glass transition temperatures (Tg)
(Shishir & Chen, 2017). “Glass transition temperature is the temperature range where polymer
substrate changes from a rigid glassy material to a soft (not melted) material, and is usually
measured in terms of the stiffness or modulus” (Becker & Locascio, 2002). However, this issue
can be solved by homogenising the core and the carrier agent. The carrier agent usually has a
high molecular weight and thus higher glass transition temperature. The carrier agent forms an
external layer on the drying particle and changes the stickiness of its surface (Barbosa &
Teixeira, 2017) as shown in Fig. 1.5.
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Fig. 1.5. Schematic description on encapsulating /
1.5. att. lekapsulesanas shematisks attelojums

There is a variety of carrier agents used in spray drying: 1) starch and its derivatives, like
maltodextrins and dextrins; 2) gums, like gum arabic and karaya gum; 3) cellulose and
4) proteins like soy and whey proteins and sodium caseinate (Pordevi¢ et al., 2016).

The choice of carrier agent is crucial and depends on the core material properties and the
desired result of dehydrant.

Sauerkraut juice can be considered as a complex multicomponent system with sugars and
organic acids.

Spray-drying proved to be efficient technique to encapsulate blueberry polyphenols in
protein as a core material (Correia et al., 2017), however Araujo-Diaz et.al. (2017) observed
that spray-drying blueberry juice with inulin presented the lowest content of antioxidants,
compared to the sample spray-dried with maltodextrin. However, spray-drying fermented
beetroot juice with maltodextrin did not protect betacyanins and betaxanthins.

Maltodextrin is the most commonly used carrier due to its low cost and protection of
bioactive compounds of the core material from the impact of high temperature during spray-
drying (Araujo-Diaz et al., 2017; A. M. Ribeiro et al., 2020). It consists of D — glucose units,
that are primarily linked with a (1—4) glycosidic bonds and is with variable dextrose equivalent
from 3 to 20 (Teo et al., 2021). Gums are most suitable for encapsulating vitamins (Ribeiro et
al., 2020). Alginates are mostly suitable for drug encapsulation (Wardhani et al., 2021). Proteins
are amphiphilic and are suitable for hydrophobic core material encapsulation (Ribeiro et al.,
2020). According to Ballesteros et.al. (2017), maltodextrin is pre-eminent to encapsulate
phenolic compounds, flavonoids and antioxidant activity in spent coffee grounds against gum
Arabic.

The use of a carrier agent offers two benefits to the spray - drying of sticky core materials
— it facilitates the process and serves as a coating for the dried particles, protecting them from
chemical degradation and allowing for better control of their reaction to environmental changes
such as temperature, pH, light and humidity (Pordevi¢ et al., 2016). Additionally, the carrier
agent can protect heat-sensitive compounds during the drying process and may preserve
antioxidant properties and nutritional value (Barbosa & Teixeira, 2017b). Different types of
carrier agents may be combined to achieve the desired encapsulation outcome.

Therefore, it is very essential to choose the right carrier agent, or their combination, for
the core material to be dried well, protected and have sufficient release times and solubility.

1.4. Application of plant-based ingredients for enrichment of food /
Augu izcelsmes izejvielu izmantosana partikas bagatinasanai
1.4.1. Functional plant-based ingredients / Funkcionaldas augu izcelsmes izejvielas

Functional properties of fermented vegetable juices are combined with several benefits,
such as probiotics, vitamins, minerals and bioactive compounds (Coskun, 2017; Janiszewska-
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Turak et al., 2022). However, in fermented beetroot juice, as observed by Janiszewska-Turak
spray-drying does not always conform to the standards for lactic acid bacteria (LAB) count, to
qualify as probiotics (Janiszewska-Turak et al., 2022). Also, for functional properties,

development of new plant-based food ingredients is receiving tremendous attention from
researchers to ensure not only physicochemical features, but also enhance the health-promoting
benefits of the final product (Marcillo-Parra et al., 2021; Carpentieri et al., 2022). For example,

to extract bioactive compounds from citrus peel (Wedamulla et al., 2022), agri-food by-
products to enrich pasta (Carpentieri et al., 2022), or microencapsulation of extracted
compounds from broccoli stalks, cauliflower and cabbage leaves (Marcillo-Parra et al., 2021).
There are numerous studies on utilisation of by-products meanwhile enhancing the
functional properties of food products. The beneficial effect of various plant-based additives in
bread and meat applications have been investigated before, like Moringa peregrina seed husk
in wheat bread (Sardabi et al., 2021), melon peel juice powder (Gomez-Garcia et al., 2022),
enriched wheat bread with quinoa leaves powder (Gawlik-Dziki et al., 2009), bread enriched
with mushrooms (Y. Liu et al., 2022), kale and pak choi (Klopsch et al., 2019) quinoa flour,
nettle leaves (Purovi¢ et al., 2020), green coffee, berries, lyophilized pomegranate peel in
minced beef (Zhang et al., 2022), cabbage powder in mutton patties (Malav et al., 2015) and
many others. Wheat bread, and also minced meat, are some of the staple foods in most parts of
the world (Gawlik-Dziki et al., 2009) with a familiar and neutral taste. Enrichment of such foods
with functional properties — vitamins, minerals, probiotics or fibre would gain the most benefit,
because of the vast consumption (Wieca et al., 2016).

1.4.2. Salt alternatives in food applications / Sals alternativa partikas produktos

The awareness of diseases caused by high consumption of salt (NaCl) is rising, but, due
to its functional properties scientists are working on alternatives and possibilities to reduce it in
production processes. Though the use of NaCl improves texture (Tan et al., 2020), amplifies
taste characteristics (Azeredo et al., 2021), ensures microbiological safety (Inguglia et al.,
2018b) and other functionalities in foods. According to World Health Organization and
European Food Safety Association, EU it is recommended not to exceed more than 5 grams of
NaCl per day (Sodium Intake for Adults and Children) However, most often, salt consumption
is exceeded in hidden form by consuming semi-finished products, such as sausages, smoked
meat, cheese, bread, snacks (Beck et al., 2021; Sun et al., 2021) and even salad dressings (Sun
et al., 2021) where NaCl varies from 1 - 2.3 g 100 g™.

There are numerous researches done on salt reduction and alternative solutions in food
applications, like the particle size of salt — saltier mouth feel is perceived with the decreased
particle size (Vinitha et al., 2020), encapsulation (for controlled release), substitutes (substitutes
NaCl), replacers (replaces Na*). The complexity of salty taste has been investigated already in
1898, and according to early analyses of Bartoshuk (Bartoshuk, 1980) the taste of salt consists
of the tastes of its components — Na* stimulates taste buds while CI” boosts the salty taste having
no taste of its own. Inguglia et al. state that NaCl is the saltiest and pure-taste from salts available
(Inguglia et al., 2018a; Kilcast & den Ridder, 2007). Mostly we perceive salty taste by the taste
buds in the oral mucosa on our tongue (Vinitha et al., 2020).

The most common salt (NaCl) replacer is potassium chloride (KCI) (Kilcast & den
Ridder, 2007; Tan et al., 2020; Zhang et al., 2020) but also calcium chloride (CaCly),
magnesium chloride (MgCl.) and ammonium chloride (NH4Cl) have been tested ((Raseta et al.,
2018)Inguglia et al., 2018a). Though it’s not granted in all the food applications, giving off-
flavour or bitter, metallic taste and not performing required processing and quality parameters,
done by NaCl. A different method to reduce salt is to encapsulate it in order for it to dissolve
only in mouth in the contact with saliva to ensure the sensory profile (Noort et al., n.d.). Salt,
encapsulated in fat, releases the taste only in the mouth by inhomogeneous distribution, creating
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‘salty spots’ described as Taste contrast technology and thus characterises these samples as
saltier (Beck et al., 2021; Gaudette et al., 2019; Noort et al., n.d.).

Another salt substitute is notoriously known monosodium glutamate (MSG) (Inguglia et
al., 2018a) delivering an umami taste that can “modulate sweet, enhance salty and suppress
bitter taste simultaneously” (Wang et al., 2020) and can make the reduced-salt food palatable
with a more pleasant taste, opulent intensity and softer mouthfeel. Umami attributes naturally
occur in some of the traditional foods, usually fermented animal- or plant-based, protein
consisting, products (Gaudette et al., 2019; Wang et al., 2020).

There are studies done on seaweed as a salt substitute in food applications, but sensory
qualities set the limitations (Gullén et al., 2021; Véliz et al., 2022; Vilar et al., 2020). Sauerkraut
juice, used in this study is obtained from sauerkraut fermented with 1.7% of NaCl. Therefore,
obtained products dehydrated and concentrated sauerkraut juice were tested in food applications
substituting salt. To the best of our knowledge, there is no studies done before on using
sauerkraut juice, DSJ or CSJ as a salt substitute.

Based on previous studies of literature, it is necessary to investigate sauerkraut juice
products in food aplications and their beneficial properties.

1.4.3. Methods for evaluation of food enriched with plant based ingerdients /
Ar augu izcelsmes sastavdalam bagatinatas partikas novértesanas metodes

Sensory evaluation methods

Common taste characteristics of sauerkraut are sour, sweet, salty, bitter, spicy and off
taste (Major et al., 2022; Satora et al., 2021). Sauerkraut is widely used not only as a side dish,
but is also valued as a flavour enhancer, and therefore is appreciated for its sensory
characteristics (Major et al., 2022).

However, to the best of our knowledge, sensory evaluation for the sauerkraut juice
application in food has not been carried out.

There are two cluster methods in sensory methodology — analytical and consumer
methods. The analytical methods use expert groups to collect information about the product,
whereas the consumer method is a subjective evaluation of the product (“Overview of
Applicable Sensory Evaluation Techniques,” 2017).

The most common consumer method, amongst others, is hedonic scaling, or affective
responses (Cardello & Jaeger, 2010), method developed in the United States Armed Forces to
measure the food preferences of US soldiers (“Overview of Applicable Sensory Evaluation
Techniques,” 2017). It is a bipolar scale that surveys the emotional reaction or the perception
of the product, with like and dislike on each end, and neutral in the middle, and measures the
sensation magnitude (Cardello & Jaeger, 2010). A hedonic scaling of consumer perception is
widely used in bread and meat sensory evaluation of taste, texture, aroma and overall liking
(Fayaz et al., 2021; Lobo & Ferreira, 2021; Martins et al., 2021), in particular to evaluate salt
reduction and/or partially substituting ingredients with more functional options.

Rate-all-that-apply (RATA) and check-all-that-apply (CATA) is another sensory
evaluation method. It is based on the list of terms or attributes, presented to the panellists and
they are asked to check all those that apply to the sample (Vidal et al., 2018). In RATA
test/question, panellists are asked to indicate if the terms or attributes apply to the sample, and
if so, to rate the intensity using a 3 to 5 - point structured scale. The list of terms or attributes,
used in RATA or CATA, is based on previous, analytical research (Ares et al., 2014). There
are several descriptive methods to determine the list of attributes used in sensory evaluation
(Garcia-Gomez et al., 2022). In a free-choice profiling, an expert group characterised the sample
using any words to evaluate sensory profile (Williams & Langron’, 1984), a method particularly
significant to understand the perception and description of a new, innovative product.
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Evaluation of products in vitro

In light of the health-promoting properties of fermented foods, in vitro experiments were
conducted to assess the bioaccessibility of sauerkraut juice and its derivatives. The impact of
sauerkraut juice was examined in vitro using commonplace food items such as minced meat
and wheat bread, which is a ubiquitous and neutral-tasting staple in most regions of the world
(Gawlik-Dziki et al., 2009; Y. Liu et al., 2022). Foods enriched with functional properties, such
as sauerkraut juice, would be particularly advantageous due to their widespread consumption
(Wieca et al., 2016).

Notwithstanding the potential benefits of plant-based bioactive compounds, their
susceptibility to degradation under environmental conditions and instability in the harsh gastric
environment can limit their therapeutic potential. To mitigate these challenges, spray-drying
technology can be employed to encapsulate the core material with a protective wall material,
thereby preserving the bioactive compounds from premature degradation and facilitating their
controlled release (Jafari et al., 2023; D. Zhang et al., 2022). Encapsulation has been shown to
be effective in enhancing the release of polyphenols from encapsulated fruit juices, resulting in
a positive impact on simulated gastrointestinal tract conditions (Jafari et al., 2023).

The bioaccessibility (BAC) of bioactive compounds can be evaluated by simulating the
gastrointestinal tract (GIT) to assess their release from a substance and subsequent availability
for absorption (Mackie et al., 2020; Minekus et al., 2014). BAC is typically determined by
comparing the concentration of bioactive compounds before and after passage through the GIT
(Jakubczyk et al., 2021). Recent research has highlighted the nutritional value of DSJ (Jansone
et al., 2022), underscoring the potential benefits of incorporating this ingredient into food
products and subjecting it to in vitro testing to explore its health-promoting properties as a
functional ingredient.

A controlled simulated gastrointestinal digestion in vitro has been developed in order to
understand what kind of changes food undergoes after ingestion. In vivo, or human clinical
studies, is the ‘golden standard’ to assess and evaluate bioavailability and bioaccessibility of
micro- and macronutrients; however, they are challenging because of the ethical, financial and
technical issues (Li et al., 2019; Xavier & Mariutti, 2021). Besides, every individual is different
with its unique microbiome and thus, the obtained results are with poor repeatability. Therefore,
studies in vitro that mimic human gastrointestinal digestion, are widely used (Li et al., 2019).

Simulated gastrointestinal digestion usually consists of oral, gastric and small intestinal
phases, recreating biochemical conditions — temperature, pH, enzymes, bile salts as well as
parameters like duration of each digestion step, amount and kind of enzymes, agitation speed
and amount of food sample, as shown in Figure 1.6. (Li et al., 2019; Minekus et al., 2014).
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* Mix food with SSF / Partiku samaisa ar imitetu

Oral Phase / siekalu Skidumu
Perorala faze « Include CaCl; and salivary amilase / Pievieno CaCl,

un siekalu amilazi
*2 min, 37 °C, pH7

*Mix oral bolus with SGF / Peroralas fazes masai

Gastric phase / plevieno imitétu kunga Skidumu
Kunga faze + Add CaCl,, pepsin and HCI / Pievieno CaCl,,

pepsinu un HCI
*2h, 37°C,pH 3

*Mix gastric cheme with SIF / Kunga hémam
pievieno imitetu zarnu Skidumu

+ Add bile,CaCl., pancreatin un NaOH / Pievieno
Zulti, CaCly, pankreatinu un NaOH

«2h, 37°C,pH 7

Intestinal phase /
Tievo zarnu faze

Fig. 1.6. Scheme of simulated gastrointestinal digestion. SSF — simulated saliva
fluid; SGF — simulated gastric fluid; SIF — simulated intestinal fluid /
1.6. att. Imitétas gremoSanas sistémas in Vitro, darbibas shema

In the oral phase, a simulated salivary solution (SSF), is mixed with 1 to 5 grams of food
and simultaneously minced and stirred to mimic the chewing activity in the mouth. The phase
is recommended to be 2 minutes long at 37 °C (Minekus et al., 2014).

In the gastric phase, a simulated gastric fluid (SGF) is added to the oral bolus along with
porcine pepsin, CaCl, and HCI, to reduce pH to 3. The duration of this phase is recommended
at 2 hours at 37 °C with a continuous easy mixing during digestion (Minekus et al., 2014).

In the intestinal phase, a simulated intestinal fluid (SIF) is added to the gastric cheme,
along with bile, pancreatin, CaCl2. NaOH is added to neutralise pH to 7. The duration of this
phase is recommended at 2 hours at 37 °C, with a continuous easy mixing (Minekus et al.,
2014).

After all the digestion phases, the samples are transferred into plastic zip lock bags and
frozen to terminate the enzymatic reaction.

Summary of literature review / Literatiiras apskata kopsavilkums

White cabbage, Brassica oleracea subsp. oleracea, is globally important vegetable due
to its availability, cheapness, and consumer preferences.

There are various factors that can influence the chemical and nutrient composition of
white cabbage - abiotic, biotic and agronomic practice. Therefore, the exact amounts of specific
compounds cannot be definitively stated due to variations in results from different times,
regions, and crops.

In general, white cabbage is low in calories, protein and fat content, moderate
carbohydrate content, and essential amino acids. It is a valuable source of vitamins such as
vitamin C, vitamin A, and vitamin K, minerals such as calcium, potassium, and magnesium,
and trace elements such as manganese, iron, zinc, copper, and selenium. Additionally, it
contains polyphenols and flavonoids. The most abundant bioactive substances in white cabbage
are glucosinolates.

Fermentation is a natural process that involves the chemical breakdown of complex
organic substances into simpler compounds by microorganisms, resulting in improved
nutritional value, sensory quality, and health-promoting properties of the final product. The
traditional process of producing sauerkraut, relies on spontaneous fermentation with indigenous
lactic acid bacteria present on cabbage leaves and is influenced by factors such as salt
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concentration and type, temperature, vegetable freshness, natural microflora and fermentation
time.

Sauerkraut contains organic acids, sugars, vitamins, minerals, and phenolic compounds.
The taste and flavour of sauerkraut are influenced by factors such as the variety, amount of salt
used, and fermentation and storage conditions. LAB strains and their metabolism of lipids,
amino acids, and glucosinolates also play a role in the formation of the specific sauerkraut
flavour. The aroma of sauerkraut is characterised by pungent, fermented, vegetable-specific,
and sulphur notes. The breakdown of glucosinolates during fermentation also produces
isothiocyanates, which are responsible for the pungent aroma of sauerkraut and have nutritional
benefits such as exhibiting anticancer properties and chronic disease prevention.

Sauerkraut juice, a by-product of the fermentation process, is rich in valuable compounds,
but little research has been done on its utilisation. To address this, sustainable solutions for
preserving and utilising sauerkraut juice, such as evaporation or spray-drying, need to be
explored.

The evaporation process is used to prolong the shelf life of liquids by reducing water
activity and increasing microbiological stability. This also reduces packaging, storage, and
transportation costs. Fruit juices are the major category for concentration, however vegetable
juices have been less studied. There are various techniques and methods available to achieve a
concentrated product with desirable characteristics and outcome.

Spray-drying is a common technology used for dehydration and microencapsulation in
the food industry. It involves converting a liquid sample into small droplets using an atomizer,
which are then dried by hot air to form dry solid particles. Sticky materials, such as sauerkraut
juice, can be challenging to spray-dry, but this issue can be solved by homogenising the core
and carrier agent. The carrier agent usually has a higher molecular weight and forms an external
layer on the drying particle to change the stickiness of its surface.

There is ongoing research on alternatives to reduce salt (NaCl) in food production since
its consumption exceeds recommended limits causing health risks. Potassium chloride (KCI) is
the most common salt (NaCl) replacer, but also seaweed has been studied as a salt substitute,
however, sensory qualities have limitations. Sauerkraut juice has not been studied before as a
salt substitute but was tested in food applications by dehydrating and concentrating it.

The health-promoting properties of sauerkraut juice and its derivatives as functional
ingredients in food products can be investigated through in vitro simulation of the
gastrointestinal tract to evaluate their bioaccessibility and potential health benefits.

Baltais galvinkaposts, Brassica oleracea subsp. oleracea, ir nozimigs darzenis visa
pasaulé, pateicoties ta pieejamibai, patéréetaju velmem un zemajai cenai.

Galvinkapostu fizikali kimisko un uzturvielu sastavu var ietekmeét dazadi faktori —
abiotiskie, biotiskie un agronomiska prakse. Tapéc konkretu savienojumu precizu daudzumu
nevar noteikt, jo rezultati atskirsies, veicot analizes dazados laikos, regionos un dazadam
razam.

Kopuma baltais galvinkaposts ir ar zemu kaloriju, olbaltumvielu un tauku daudzumu,
mérenu oglhidratu saturu un neaizvietojamam aminoskabém. Tas ir veértigs vitaminu,
pieméram, C vitamina, A un K vitaminu, mineralvielu, pieméram, kalcija, kalija un magnija,
un mikroelementu, pieméram, mangana, dzelzs, cinka, vara un selena avots. Turklat tas satur
polifenolus un flavonoidus, un visvairak sastopamas bioaktivas vielas ir glikozinolati.

Fermentacija ir dabisks process, kas mikroorganismu darbibas ietekmé sadala sarezgitas
organiskas vielas vienkarsakos savienojumos, ka rezultata uzlabojas gala produkta
uzturvértiba, veselibu veicinosas un garsas ipasibas. Uz kapostu lapam esosas pienskabes
baktérijas nodrosina tradicionali skabétu kapostu razoSanas procesu, ko dévé par spontano
fermentdciju, un to ietekmé tadi faktori ka sals koncentrdcija un veids, temperatiira, darzenu
svaigums, dabiska mikroflora un fermentacijas laiks.

Skabéti kaposti satur organiskas skabes, cukurus, vitaminus, mineralvielas un fenola
savienojumus. Skabétu kapostu garsu un aromatu ietekmé tadi faktori ka Skirne, sals
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koncentracija, ka ari fermentacijas un uzglabasanas apstakli. Specifisko skabétu kapostu garsu
veido pienskabes baktériju un lipidu, aminoskabju un glikozinolatu metabolisms. Skabétu
kapostu aromats ir ass, raudzets, darzeniem raksturigs un ar séram raksturigam niansém.
Glikozinolatu sadaliSanas fermentacijas laika rada ari izotiocianatus, kas nodrosina skabetu
kapostu aso aromatu un paaugstina to uzturvértibu, nodrosinot pretvéza ipasibas un hronisku
slimibu profilaksi.

Skabétu kapostu sula, kas ir fermentacijas procesa blakusprodukts, ir bagata ar vertigiem
savienojumiem, tacu par tas izmantoSanu it maz pétijjumu. Lai to risinatu, ir jaizpéta ilgtspéjigi
risindjumi, ka ietvaice vai kaltesana izsmidzinot, skabétu kdapostu sulas konservesanai un
talakai izmantosanai.

Iztvaikosanas procesu izmanto, lai paildzindtu Skidrumu glabdsanas laiku, samazinot
idens aktivitati un palielinot mikrobiologisko stabilitati. Tas art samazina iepakojuma,
uzglabasanas un transportesanas izmaksas. Aug/u sulas ir galvena koncentrésanas Kategorija,
savukart darzenu sulas ir mazak petitas. Lali iegiitu koncentrétu produktu ar velamam ipastbam
un iznakumu, ir pieejamas dazadas metodes un tehnologijas.

Izsmidzinasana ir ierasta tehnologija, Ko izmanto dehidratacijai un mikroiekapsulesanai
partikas ripnieciba. Tas ietver skidra parauga parversanu nelielos pilienos, izmantojot atomu,
ko péc tam kalté ar karstu gaisu, lai veidotu sausas, cietas dalinas. Lipigus Skidrumus,
pieméram, skabétu kapostu sulu, var bit izaicinosi dehidret, tomér tas ir risinams,
homogenizéjot izejmaterialu un neséjvielu. Neséjvielas ir ar lieldku molekulmasu un tas veido
kapsulu - izZiistosas dalinas arejo slani, lai mainitu tas virsmas lipigumu.

Peétijumi par alternativam sals (NaCl) samazindsanas iespéjam partikas razosand ir
nerimstosi, jo ta paterins parsniedz ieteicamas robezas, kas apdraud veselibu. Kalija hlorids
(KCl) ir visbiezak sastopamais sals (NaCl) aizstajéjs, bet art juras alges ir pétitas ka sals
alternativa, tomer Seit ir ierobezojumi sensoro ipasibu del. Skabétu kapostu sula lidz sim nav
pétita ka sals aizvietotdjs, tapéc to dehidréjot un koncentréjot, iegiitie produkti tika testeti
partikas produktos.

Skabétu kapostu sulas un tas produktu veselibu veicinosas ipasibas var izpétit, simuléjot
kunga-zarnu trakta darbibu in vitro, lai novértétu to biologisko pieejamibu un iespéjamos
ieguvumus veselibai.
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2. MATERIALS AND METHODS / MATERIALI UN METODES

2.1. Time and place of the research / Peétjumu laiks un vieta

Experimental work was carried out during the time period from 2018 to 2023 in scientific

and industrial institutions.

In Latvia University of Life Sciences and Technologies, Faculty of Food Technology

following experimental work was carried out.

VV VY

In the technological process and equipment laboratory - sauerkraut juice was
concentrated and spray-dried.

In the scientific laboratory - volatile and phenolic compounds, antioxidant activity, pH,
dry matter and moisture content were analysed.

In the flour and confectionery laboratory, bread samples were prepared.

In the scientific laboratory of microbiology, enumeration of microorganisms.

In the sensory laboratory, sensory evaluation of the bread and meat, olive oil and sour
cream samples.

In the fruit and vegetable processing pilot plant, product samples were prepared.

In the biotechnology laboratory in vitro gastrointestinal digestion was carried out.

In the department of chemistry, in the scientific laboratory of the chemistry of natural
substances, organic acid content was determined.

In the department of Smart Technologies, polyphenols in sauerkraut juice and its
products were identified.

“J.C. Hamilton” Baltic Ltd. Laboratory provided analyses of micro and macro nutrients.
“Dimdini” Ltd — fermentation of sauerkraut under industrial conditions, concentration
of sauerkraut juice.

Horizontal spray-drying Tecoma Drying Technology SRL, Italy.

Industrial trial for dehydrated and concentrated sauerkraut juice application in bread and
meat products in “Flora” Ltd and “Margret” Ltd.

2.2. Description of materials / Materialu raksturojums

Three varieties of fresh white cabbage (Brassica oleracea var. capitata) ‘Selma’,

‘Ramkila’ and ‘Kiloplons’ were grown in the test fields of farming company “Dimdini Agro”
Ltd (Gulbenes district, Lizums parish). The usual agricultural practice is hoisting and weeding
once in a season. Soil is loamy. Fertilization: N (nitrogen), P20s (phosphorus), K20 (potassium)
and calcium-ammonium nitrate. Vegetation period for varieties ‘Selma’ and ‘Kiloplons’ is 135
days. Average annual air temperature and total precipitation of Gulbene district’ in the period
from 2015 to 2021 is shown in Fig.2.1. According to Latvian Environmental Geology and
Meteorology Center, climatic conditions in 2020 were warm and sunny (7% below the norm),
however 2018 was the driest year in meteorological history (32% below the norm). According
to Chandra -Hioe and Moreb, dry, sunny and warm climatic conditions promotes biosynthesis
of antioxidans (Chandra-Hioe et al., 2017; Moreb et al., 2020) also water stress can be related
to synthesis of bioactive compounds (Kusznierewicz, Bartoszek, et al., 2008a; Bjorkman et al.,

2011).

" Latvijas vides geologijas un meteorologijas centrs. [online] [vieved on 23. March 2023]. Retrieved from

https://klimats.meteo.lv/pasvaldibu_apskati/novads/gulbenes_novads/
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Fig. 2.1. Average annual air temperature and total precipitation of Gulbene
district in the period from 2015 to 2021 /
2.1. att. Gulbenes novada gada vidéja gaisa temperatiira un kopéjais nokrisnu
daudzums laika posma no 2015. lidz 2021. gadam

Sauerkraut juice from the same varieties ‘Selma’, ‘Ramkila’ and ‘Kiloplons’, was
obtained from production company “Dimdini” Ltd. Fresh cabbage and sauerkraut juice was
delivered in November 2018, August 2019, November 2020. Due to a large variation of tested
samples and materials used, description of materials is added after each descriptive stage.

2.3. Research structure / Péttjuma struktiira

Research has been carried out in several stages that are represented in Figure 2.2 and all
are discussed in detail below.
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VARIATION OF FRESH CABBAGE AND SAUERKRAUT JUICE\
QUALITY DEPENDING ON VARIETY AND HARVEST YEAR
» Three cabbage varieties, harvested in 2018 — 2020, and sauerkraut juices
analysed.
Svaigu kapostu un skabetu kapostu sulas kvalitates izmainas atkariba no
%g_ §la§’nes un razas gada. Tris Skirnu kaposti, kas novakti 2018.-2020.gada,
= un to skabétu kapostu sulas analizétas.

EVALUATION OF TECHNOLOGIES FOR CONCENTRATED )
SAUERKRAUT JUICE PRODUCTION

» Three concentration technologies.

Stage 2/
2-DOSHIS S RV kapostu sulas koncentrésanas tehnologiju izvertejums. T @

- ‘..
koncentréesanas fphnnlngl]ﬂc

EVALUATION OF TECHNOLOGIES FOR DEHYDRATED \
SAUERKRAUT JUICE PRODUCTION BY SPRAY-DRYING

» Horizontal and vertical spry-dryers, the selection of carriers.

Stage 3/
3.posms

Skabétu kapostu sulas dehidrésanas tehnologiju izvértejums izsmidzinasanas
kalté. Horizontalas un vertikalas izsmidzinasanas kaltes un neséjvielu
izvele. j

APPLICATION OF CONCENTRATED AND DEHYDRATED
SAUERKRAUT JUICE IN FOOD

« Tests of application in oil and sour cream experimental dressings, bread

Stage 4/ and meat products

4.posms

dretas

Z, 2%

Koncentrétas un dehi skabetu kapostu sulas pielietojums partika -

Fig. 2.2. The research stages /
2.2. att. Petijuma posmi

Further characterization of stages is presented below.
2.3.1. Stage 1 - Fresh cabbage and sauerkraut juice characteristics /
1. posms - Svaigu un skabetu kapostu sulas raksturojums

The aim of the first stage was to analyse the raw material — white cabbage and
subsequently, the juice of the sauerkraut of the same raw material. The following steps, shown
in Figure 2.3. were taken to accomplish the first stage.
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‘Selma’ ‘Kiloplons® | Ramkila’ Analytical parameters /

2018; 2019, 2018; 2018 Analitiskie parametri
2020 2019; e moisture / mitrums;
2020 e soluble solids / skistosa sausna
e salt/ sals
Fresh cabbage / Svaigi kaposti *pH/pH

o total phenols / kopéjie fenoli;
e antiradical activity / antiradikala
aktivitate,
e ascorbic acid / askorbinskabe;
e lactic acid bacteria / pienskabes
Sauerkraut juice / Skabétu kapostu sula bakterijas;
etotal plate count [/ kopéjais
mikroorganismu skaits

Fresh cabbage juice / Svaigu kapostu sula

e total sugar profile / kopéjie cukuri
Industrial sample / Ripnieciskais paraugs efree phenol compounds / brivie
fenolu savienojumi
e minerals, nutrition and energy value
| mineralvielas, uztur- un
energétiska vértiba
e nitrates / nitrati

Fig. 2.3. Structure of research stage 1 - Characteristics of fresh and sauerkraut
juice of different varieties and harvest years /
2.3. att. Pétijuma 1. posma struktiira - Dazadu Skirnu un raZas gadu svaigu un skabetu
kapostu sulas raksturojums

White cabbage was grown in the test fields of “Dimdini Agro” Ltd in 2018.,2019.,2020.
Itis located in Lizuma parish, Gulbene district and is a family owned company. “Dimdini Agro”
Ltd is one of the largest vegetable growing and processing companies in the Baltic States,
specialising in growing cabbage since 1992. Varieties were chosen for the project (Nr.18-00-
A01612-000020) based on their quality and agrotechnical condition. However, the ‘Ramkila’
variety was grown in 2018 only and was excluded from further cultivation and research.

Three cabbage heads from each variety ‘Selma’, ‘Kiloplons’, ‘Ramkila’ were used in the
experiments. The bruised, outer leaves from the cabbage heads were removed and a segment
(3—5 cm wide) from each head was cut out from top to bottom including middle, the core was
removed. For analyses of fresh cabbage, pieces of each segment, cut lengthwise, were minced
with a hand blender MultiQuick 5 Vario (Braun GmbH, Germany). For the analyses of fresh
cabbage juice, it was extracted from the pieces of each segment, with a masticating slow juicer
Easyline, Villa - Verucchio model ELCJE620323M.

Sauerkraut juice from the fermented cabbage of the same varieties was delivered at the
same time in 1 L bottles and stored in the refrigerator at 4 + 1 °C for 5 days. “Dimdini” Ltd
ferments cabbage in a traditional way — shredding cabbage, mixing with 1.7% salt, 2% shredded
carrot and 1% caraway seeds, sealed and let to ferment for 5 days at + 16 — 20 °C. Then stored
at 3.8 £ 0.01 °C.

Moisture content, total phenol content, antiradical activity and ascorbic acid content, and
microbiological analyses were carried out for fresh cabbage and fresh cabbage juice.

Moisture content, pH, salt content, total phenol content, antiradical activity, ascorbic
acid, volatile compounds and microbiological analyses were carried out for sauerkraut juice.
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2.3.2. Stage 2 - Production of concentrated sauerkraut juice /
2. posms - Koncentretas skabétu kapostu sulas ieguve

The aim of the second stage was to compare and evaluate available evaporation
technologies. The following steps, shown in Figure 2.4. were taken to accomplish this stage.

Evaporation on Evaporationinan Evaporation on
falling film open kettle / rotary vacuum
evaporator / letvaice letvaice atverta tipa evaporator/
ar kritosas pleves katla, letvaice ar
iekartu rotacijas vakuuma
Industrial sample Industrial sample ‘Selma’;
| Industrialais | Industrialais “Kiloplons’;
paraugs, harvest paraugs, harvest ‘Ramkila’,
year / razas gads year / razas gads harvest year /
2019 2020 razas gads 2019

Analvtical parameters / Analitiskie parametri

moisture / mitrums; total phenols / kopéjie fenoli; antiradical activity /
antiradikala aktivitate; ascorbic acid / askorbinskabe; titratable acids / titréjamas
skabes; lactic acid bacteria count/ pienskabes bakteriju skaits, total plate count /
kopéjais mikroorganismu skaits; pH; soluble solids / skistosa sausna

Additionally, for FF before storage / Papildus FF pirms uzglabasanas
total sugar profile / kopéjie cukuri
minerals, nutrition and energy value / mineralvielas, uztur- un energetiska vertiba
nitrates / nitrati

Fig. 2.4. Structure of research stage 2 - Production of concentrated sauerkraut juice /
2.4. att. Peétijuma 2. posma struktiira - Skabetu kapostu sulas koncentrata ieguve

Evaporation on rotary vacuum evaporator / letvaice ar rotacijas vakuuma iekartu

The concentration of sauerkraut juice was carried out on laboratory scale rotary
evaporator Heidolph Laborota 4000 Efficient. Fig. 2.5.

Fig. 2.5. Rotary evaporator Heidolph Laborota 4000 Efficient /
2.5. att. Rotacijas ietvaicétajs Heidolph Laborota 4000 Efficient
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Sauerkraut juice of varieties ‘Selma’, ‘Ramkila’, ‘Kiloplons’ were delivered and
evaporated in January 2020. The initial and final soluble solids for sauerkraut juice were
determined with digital refractometer DR301 — 95 (ISO 2173: 2003). Refractometer is
calibrated with deionized water before measurement. The scheme of evaporation process is
shown in Fig. 2.6.

Sauerkraut juice / Skabétu kapostu sula
volume / tilpums 600 ml

Rotary - vacuum evaporation / Rotacijas vakuumietvaicesana
the time of evaporation / ietvaicesanas ilgums 4 h
evaporation temperature / ietvaicésanas temperatiira 45 °C
60 rpm / apgr. min!

60 — 70 mbar

Y

Concentrated sauerkraut juice / Koncentreta skabetu kapostu sula

Fig. 2.6. The process of rotary vacuum evaporation of concentrated sauerkraut juice
juice /
2.6. att. Skabétu kapostu sulas ietvaicésanas norise rotacijas vakuuma ietvaicé

The concentration to approx. 30 °Brix was chosen according to industrial equipment in
“Smiltenes piens” Ltd (Smiltene, Latvia), that technical specification suggested 30 — 35 °Brix.
For the concentrated sauerkraut juice total phenol content, antiradical activity, titratable
acids, pH, soluble solids, and microbial analyses (total plate and lactic acid bacteria count) were
carried out.

A falling film evaporation / Krito$as pléves ietvaice

Sauerkraut juice was also evaporated on a falling film evaporator FF2000 Pilot with
temperature in calandria 68 °C and in separator 62 °C. Capacity 1460 kg h ~*. 2000 L of
sauerkraut juice from different varieties, an industrial sample (a juice collected from the
production of sauerkraut, no specific variety), was delivered to a production plant “Smiltenes
piens” Ltd (Smiltene, Latvia) on February, 2020. The juice was evaporated to 34.3 °Brix, then
cooled down, filled in polyethylene bags and stored in the refrigerator at 4 £ 1 °C.

The juice, concentrated on a falling film evaporator, was analysed in two periods of time
— March 2020 and, after 6 months of storage at 4+2 °C, in September 2020.

For the obtained concentrated sauerkraut juice moisture content, pH, total soluble solids,
total phenol content, antiradical activity by DPPHes and ABTS", ascorbic acid, total sugars,
nutrition and energy value, minerals and nitrates were determined and microbiological (lactic
acid bacteria, total plate count) analyses were carried out.

Evaporation in an open kettle / letvaice atverta tipa katla

Evaporation was carried out in “Dimdini” Ltd premises in an open kettle, in September
2020. 100 L of sauerkraut juice from different varieties (an industrial sample) was evaporated
at 100 °C and the obtained concentrate was 17.9 °Brix. It was then cooled down, refrigerated at
4 +2 °C and delivered in 1 L bottles for analyses.
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2.3.3. Stage 3 - Production of dehydrated sauerkraut juice /
3. posms - Dehidrétas skabétu kapostu sulas ieguve

The aim of the third stage was to compare and evaluate spray-drying technologies. The
following steps, shown in Figure 2.7. were taken to accomplish this stage.

Horizontal spray dryer / Vertical spray dryer / Vertikala
Vertikala izsmidzinasanas izsmidzinasanas kalte

Maltodextrin / Industrial sample / ‘Selma’

- Industrialais paraugs, "Kiloolons
Maliodekstrins harvest year / razas gads pons, 5
0%:; 5%; 10% 2021-22 harvest year / razas

gads 2021-22

Starch solution /
Cietes skidums
Maltodextrin /
Maltodekstrins

Trial tests for drying
parameters and carrier /
Kaltes parametru un
neséjvielas
izmeginajuma testi

Industrial sample /
Industrialais paraugs,
harvest year / razas gads
2018

Analytical parameters / Analitiskie parametri Additionally, for DSJ with ss /
o moisture / mitrums: Papildus DSJ ar cietes skidumu
e total phenol content / kopéjo fenolu saturs; * Nutrition and energy value,

e antiradical activity / antiradikala aktivitate; total sugar profile / Uztur-un

e lactic acid bacteria count/ pienskabes baktériju skaits;|| energetiska vertiba, kopejie
e total plate count / kopéjais mikroorganismu skaits cukuri

e volatile compounds / gaistosie savienojumi *Minerals, vitamin C /-
mineralvielas, C vitamins

Fig. 2.7. Structure of research stage 3 - production of dehydrated sauerkraut juice /
2.7. att. Pétijuma 3. posma struktiira, dehidretas skabétu kapostu sulas ieguve

For the horizontal spray-drying of sauerkraut juice, a 200 L barrel of industrial sample,
from a cabbage production plant “Dimdini” was collected after producing sauerkraut by a
classic technology used in the fermentation, and delivered to Tecoma Drying Technology SRL
in 2018. It was spray dried in a horizontal spray dryer Gatedryer Turbo 150 GGI FB PT
(Maranello, Italy)) with an expected hourly input of + 15 kg h™t inlet/outlet temperature 160/75
°C, and expected evaporation capacity 135 kg h™l. Different maltodextrin (with a dextrose
equivalent DE 7-13) concentrations (0, 5, and 10 %) were used and CaCOz was added to
neutralise pH, as explained in Table 2.1. After spray-drying, the samples were kept in sealed
plastic containers, in the dark at 22 +1 °C temperature.

For a laboratory-scale vertical spray-drying, preliminary work was done with an industrial
sample to determine the most suitable carrier agent and drying parameters for sauerkraut juice
in order to avoid stickiness and forming of caramelised agglomerates. Various maltodextrin
(DE 12 — 16) concentrations (5%; 10%; 20%) according to dry weight of sauerkraut juice were
tested. Also, different carrier agents, like inulin, polydextrose, dextrose, their combination and
concentrations were tested.
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Table 2.1./ 2.1. tabula
Horizontally spray-dried sample abbreviations and amount of maltodextrin and calcium
carbonate used / Horizontalas izsmidzinasanas kalté iegiito paraugu apzimejumi un lietoto
piedevu koncentracija

Concentration of addition / Sample / Paraugs
Piedevas koncentracija

iMD10 2MD10 3MD5  4MDO

Maltodextrin on total mass /

Maltodekstrins uz kopéjo masu, % 10 10 5 0
Calcium carbonate / Kalcija karbonats,
CaCOsgtL 5 3 5 5

As well as various temperature regimes (130 — 180 °C outlet), feed flow rate and
aspiration capacity were examined. The conducted experiments proved to be abortive resulting
in sticky, not collectible dehydrate, as seen in Fig. 2.8.

. R

Fig. 2.8. Vertically spray-dried sauerkraut juice with maltodextrin
2.8. att. Vertikala izsmidzinasanas kalté kaltéta skabétu kapostu sula ar maltodekstrinu

Alternative method with hydrolysed potato starch (Chempur Starch soluble pure p.a.) was
carried out. 20 g of starch and 400 g of deionized water was heated at 90 + 2 °C for 30 min and
left overnight at room temperature as described by L. Tomsone (2020). Starch solution of
concentration 1:20 (deionized water) was used.

Sauerkraut juice was mixed with starch solution and/or maltodextrin according to the
design described in Fig. 2.9. and homogenised throughout the drying process on a magnetic
stirrer.

The mixture was fed into warmed up Biichi Mini Spray Dryer B — 290 (Biichi, Flawil,
Switzerland) with the feed rate 35 mL min!, Inlet and outlet temperatures for drying with starch
solution 140°C and 60°C, and for drying with starch solution and maltodextrin combination
150°C and 70°C, accordingly, spray gas flow 35 L h ~'. The dried samples were collected and
stored in plastic bags in a desiccator.
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Sauerkraut juice, variety ‘Selma’ and ‘Kiloplons’ /
Skabétu kapostu sula, skirne ‘Selma’ un ‘Kiloplons’

U U

50 g starch solution
+ 50 g sauerkraut juice
+ 3 g maltodextrin /
50 g cietes skidums + 50 g skabetu kapostu
sula + 3 g maltodekstrins

75 g starch solution
+ 50 g sauerkraut juice /
75 g cietes skidums + 50 g skabeétu
kapostu sula

1 I
Inlet temperature 140 °C Inlet t 150 °C
Outlet 60 °C Outlet 70 °C
Aspirator 65 % Aspirator 70 %
Flow 35 Flow 35
Pump30Lh. Pump30Lh.
T U
Physical, chemical and microbiological parameters / Fikali - kimiskie un mikrobiologiskie
raditaji

Fig. 2.9. The design of dehydration of sauerkraut juice /
2.9. att. Dehidrétas skabétu kapostu sulas ieguve

2.3.4. Stage 4 - Sauerkraut juice products in food applications /
4. posms - Skabétu kapostu sulas produktu pielietojums partika

Trial tests for sauerkraut juice products in food applications

Dehydrated (DSJ) and concentrated (CSJ) sauerkraut juice was tested in industrial scale
food applications. The use of DSJ and CSJ was tested in crisp breads containing rye and full
grain oat flours, sesame, pumpkin, and sunflower seeds, as well as in rye and wheat flour
moulded breads with seeds. Additionally, CSJ was tested in sausages, fresh and smoked meat
products. A summary of the sauerkraut juice products used in the bread and meat test trials is

presented in Table 2.2.

Table 2.2./2.2. tabula
Dehydrated (DSJ) and concentrated (CSJ) sauerkraut juice quantities in industrial
preparation of bread and meat test trials / Dehidretas (DSJ) un koncentretas (CSJ) skabétu

kapostu sulas daudzums, gatavojot maizes un galas izméginajuma testus

Bakery / Maiznica ‘Flora’ DSJ, % CSJ, %
Moulded bread / Veidnpu maize 0.6 2

Crisp bread / Sausmaizites 1 3-4

Rye bread / Rudzu maize 2-3
Meat productior] compa}ny/ Ga,laf parstrades CSJ. %

uzneémums ‘Margaret

Fresh sausage / Kupati 01-2
Boiled sausage / Varitas desas 01-2
Fresh meat for grilling / Sasliks 01-1
Semi-dried meat / Puszavéta gala 01-4
Smoked meat / Kipinata gala 0.1-5
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These tests were carried out in the bakery ‘Flora’ Ltd (Krimulda district, Latvia) and meat
production company ‘Margret’ Ltd (Jekabpils, Latvia). The control samples used for the test
trials were the company's own recipes and were not included in the thesis.

In Latvia University of Life Sciences and Technologies, various tests were conducted to
determine suitable applications of concentrated and dehydrated sauerkraut juice in food. As part
of testing process, dry soup mixes were experimentally prepared, including borsch, traditional
sauerkraut soup, and miso soup. For the borsch mix with DSJ, dried and milled carrots, leeks,
red beetroot, garlic, parsley, and spices were used. In the experiments, the vegetable mix to DSJ
ratio was 3:1. However, soup mixes with DSJ were found to have a bitter and somewhat flat
flavour, resulting in a decision to discontinue further studies. Soup pastes were prepared also
with CSJ, dried vegetables, spices and herbs of different concentrations and the vegetable mix
to CSJ ratio was 1:3. It was found that soup pastes with concentrated sauerkraut juice (CSJ)
have potential for further investigation.

CSJ was also tested in experimental meat applications using pork belly and minced pork.
The pork belly was prepared using two different concentrations of CSJ, specifically 10% and
20%, while the minced pork was prepared with 5% and 10% CSJ. Pork belly samples were
baked in the preheated rotary oven (Sveba Dahlen, Fristad, Sweden) at 200 + 3°C for 45
minutes, while minced meat samples were baked for 15 minutes. A five-point scale hedonic
sensory evaluation was conducted on the experimental meat samples.

Sauerkraut juice products in food applications

The aim of the fourth stage was to test dehydrated sauerkraut juice in food applications —
experimental dressings and in bread and meat products. The following steps, shown in Figure
2.10. were taken to accomplish this stage.

Experimental dressing samples /
Eksperimentalie mércu paraugi

Bread and meat samples /
Maizes un galas paraugi

OOC - control, salt SCC - control, salt Bread C - Meat C -
2%, / kontroles 0.8%, kontroles control / maizes | control/galas
paraugs paraugs kontroles kontroles
001 — DSJ, salt SC1 — DSJ salt eqv. / paraugs paraugs
equivalent. 2%, / sals ekvivalents 0.8% Bread DSJ Meat DSJ
sals ekvivalents
002 —DSJ, salteqv. / | SC2 — DSJ, salt eqv. / Bioaccessibility index of total phenol
sals ekvivalents 1.5% | sals ekvivalents 0.5% content and antiradical activity after
003 - DSJ, salteqv. / | SC3 — DSJ, salt eqv. / digestion in vitro / biopieejamibas

sals ekvivalents 1%

sals ekvivalents 0.2%

index péc sagremosanas in vitro

simuldcijas iekarta

For bread and meat samples: moisture / mitrums, total phenols / kopéjie fenoli, antiradical
activity by DPPHe and ABTS" / antiradikala aktivitate

Volatile compounds / gaistosie savienojumi

Sensory evaluation / sensora véertésana

Fig. 2.10. Structure of research stage 4 - Sauerkraut juice products in food applications /
2.10. att. Pétijuma 4. posma raksturojums - Skabétu kapostu sulas produktu pielietojums
partika
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Experimental dressing sample preparation

DSJ was tested in food application as a salt alternative. For experimental dressings with
olive oil and with sour cream, commercially available salad dressings were compared, to
determine salt content and list of ingredients. Due to market research, the most common
dressings available are salad dressings based on olive oil and creamy garlic sauces.
Commercially available dressings that were compared in this study were: Oak'a Burger garden
salad dressing (Dormers Ltd., Latvia), Oak'a Burger balsamic salad dressing (Dormers Ltd.,
Latvia), Kraft balsamic vinaigrette (Kraft Heinz Foods Company,USA), Spilva vegetable
dressing (Orkla Foods Latvia Ltd., Latvia), Spilva lemon/olive oil dressing (Orkla Foods Latvia
Ltd., Latvia), and garlic sauces Heinz (Kraft Heinz Foods Company, USA), Spilva (Orkla Foods
Latvia Ltd., Latvia), Hellman’s (Unilever, USA), Taste Me (Sanitex Ltd, Latvia), Kitchen
masters ( UAB Kédainiy Konservy Fabrikas, Lithuania). In total 5 oil-based and 5 cream-based
dressings were analysed. The amount of salt in experimental dressings was chosen based on
research of commercially available dressings and reduced in the following samples as is
described in Table 2.3.

Table 2.3./2.3. tabula

The amount of NaCl and DSJ used in the experimental dressing samples and their
abbreviations /
Paraugos lietotais sals un dehidrata daudzums un paraugu apzimejumi

Type of dressing / Abbreviation/ NacCl, eqlE)isilzz;llltt g DSJ,
Meérces veids Saisinajums g1l00g! 100 g* 'Y gl00gt
. . 00C 2.0 - -
Experimental samples V_Vl.th 001 - 50 16.7
OII_VE‘V oil /Eksperlme_ntalle 002 - 15 125
mércu paraugi ar olivellu 003 - 10 83
Experimental samples with SC 0.8 - -
sour cream / SC1 - 0.8 6.7
Eksperimentalie mércu SC2 - 0.5 4.2
paraugi ar skabo kréjumu SC3 - 0.2 1.7

The salt content in the experimental samples was chosen based on the market research on
similar, commercially available products — dressings. Based on these findings, maximum
amount of 2.0 g 100 g! NaCl (OOC; O01) was used in the experimental samples with olive oil
and then the amount was reduced to 1.5 (002); 1 (O03) g 100 g! and maximum amount of
0.8 g 100 g* NaCl (SCC; SC1) in sour cream samples were used and reduced to 0.5 (SC2); 0.2
(SC3) g 100 g

For dehydrated sauerkraut juice, salt equivalent was calculated as 2 grams of salt in a
control sample, multiplied by 100 g and divided by 12 grams salt in 100 g DSJ.

2x100

Salt equivalent = (2.1.)

Experimental dressings were prepared using “Fratelli Mantova” olive oil, “Artiomsol”
fine salt, and “Rimi” sour cream with 20% fat content.

Sensory evaluation

Sensory evaluation was carried out in two steps. In step one, a descriptive test was
conducted in a 10-person expert group to determine taste profile, sensory attributes and salinity
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level of the samples (Vidal et al., 2018). Experts were asked to write down any certain taste and
aftertaste they recognize in the samples.

In step two, based on the results of the descriptive test, an intensity test Rata (rate-all-
that-apply) was conducted. 30 consumers, willing to try the samples, aged 18 — 64 took part in
the sensory evaluation. 80% were female, but 83% aged 18 — 25. Panellists were asked to
distinguish any taste characteristics in the experimental dressing samples and rate the intensity
in 1 (not intense) to 5 (very intense) scale (Meyners et al., 2016). Samples were marked with 3-
digit numbers, served in a 30 ml transparent plastic container along with crisp bread pieces and
water to cleanse the palate.

Dehydrated sauerkraut juice in bread and meat applications
Preparation of experimental bread samples

For the bread samples wheat flour “Kviesu milti Dobele ekstra” (Dobeles Dzirnavnieks,
Latvia), a fine salt “Artiomsol” (Ukraine), sugar “Dansukker Jelgavas” (Nordic Sugar,
Lithuania), yeast “Saf instant” (Lesaffre, France) was used and it was made according to the
following formulation: 1% salt, 2% sugar, 3% yeast and 60% water added to the necessary
amount of flour to knead a dough. All the ingredients were placed in a spiral type dough mixer
KM400 (Kenwood Havant, Hampshire, UK) and kneaded for 7 minutes, let to rest for 10
minutes, formed in a baguette-like loaf, and proofed for 45 minutes in a proofing cabinet Sveba
Dahlen (Sveba Dahlen AB, Fristadt, Sweden) at 35 + 5 °C and 80% humidity. The loaves were
then baked in a preheated rotary oven (Sveba Dahlen, Fristad, Sweden) at 200 + 3°C for 17
minutes, and then cooled down to room temperature for further analysis. For the sample with DSJ
— 1% NaCl and 2% of sugar were substituted with 10% of dehydrated sauerkraut juice.

Preparation of experimental meat samples

The minced pork meat was purchased from a local shop for the meat samples. The control
sample was made using meat, and no salt or spices were added. For the experimental sample,
9% of dehydrated sauerkraut juice was added. For both samples, the meat was kneaded, formed
into long, sausage-like loaves and then baked in the preheated rotary oven (Sveba Dahlen,
Fristad, Sweden) at 200 + 3°C for 15 minutes.

Samples and abbreviations

For further use in the text, abbreviations for the samples were made, and are described in
Table 2.4.

For all of the bread and meat samples, total phenol content, antiradical activity, volatile
compounds, sensory evaluation and simulated digestion in vitro was carried out.

Table 2.4./2.4. tabula
The list of experimental bread and meat samples and abbreviations /
Maizes un galas paraugu apziméjumi un lietotie sazsinajumi

Sample / Paraugs Abbreviation /

Saisinajums

Bread control sample / Maizes paraugs, kontrole Bread C
Bread with dehydrated sauerkraut juice / Maizes paraugs ar Bread DSJ

dehidrétu skabétu kapostu sulu
Meat control sample / Galas paraugs, kontrole Meat C
Meat with dehydrated sauerkraut juice / Meat DSJ
Galas paraugs ar dehidrétu skabétu kapostu sulu

43



Sensory evaluation

For the evaluation of bread and meat samples, a 5-point hedonic scale (1 — not particularly
like and 5- like the most) for consumer preferences was used. Overall liking, structure, taste and
aroma of the bread and meat samples were evaluated. 52 consumers, willing to try the samples,
took part in the sensory evaluation. 38% of the consumers were 25 years old or older, and 17%
were male. Consumers were allowed to taste the samples multiple times in order to distinguish
the differences between the samples. Drinking water to cleanse the palate was offered to the
participants.

2.4. Methods and standards for analytical parameters /
Analitisko parametru noteikSanas metodes un standarti

For raw material — fresh cabbage and sauerkraut juice, and the obtained samples of
concentrated (CSJ) and dehydrated (DSJ) sauerkraut juice, physical, chemical and
microbiological analysis, shown in Table 2.5., were carried out.

Moisture content was determined gravimetrically, samples were dried (Universal Oven
UF55, Memmert, Germany) at 105 £ 1 °C till constant weight according to standard ISO
939:2021.

Salt content was measured according to standard ISO 1738:2004, by titration as
described in Mohr’s method: determination of chloride, expressed as sodium chloride. Silver
nitrate solution and potassium chromate as indicators were used (Deniz Korkmaz, 2012). To
determine salt content in dehydrated sauerkraut juice, the dehydrant was diluted in deionized
water and sodium chloride was calculated. For evaporated sauerkraut juice 5 mL of concentrate
was titrated with AgNOs and sodium chloride was calculated.

Table 2.5./2.5. tabula
Methods and standards for determination of analytical parameters /
Analitisko parametru noteiksanas metodes un standarti

No. / Analytical parameters / Analitiskie Method or standard /
N.p.k. parametri Metode vai standarts
Physicochemical parameters/ Fizikali kimiskie raditaji

1. Moisture / Mitrums ISO 939:2021

2. Salt content / Sals saturs Mohr’s method

3. Solubility in water / Skidiba iideni Jafari et al., 2017

4. Total soluble solids / Skistosa sausna ISO 2173:2003

5. pH / pH ISO 1842:1991

6. Volatile compounds / Gas chromatography method (GC)
GaistoSie savienojumi | Gazes hromatografijas metode

7. Vitamin C / C vitamins PB-135/HPLC ed. Il of 15.09.2015

8. Ascorbic acid / Askorbinskabe Seglina 2007

9. Total phenol content / Kopéjie fenoli ISO 5983-1:2005/ Singleton

10. DPPH- antiradical activity / DPPH Spectrophotometricaly (X. Liu et
antiradikala aktivitate al., 2007) / Spektrofotometriski

11. ABTS" Antiradical activity / ABTS" Spectrophotometricaly (Re et al.,
antiradikala aktivitate 1999) / Spektrofotometriski

12. Free phenolic compounds / HPLC-ESI-TQ-MS

Brivie fenolu savienojumi
13. Organic acids / Organiskas skabes HPLC method / AESH metode
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Continuation of table 2.5.
2.5. tabulas turpinajums

No. / Analytical parameters / Method or standard /
N.p.k. Analitiskie parametri Metode vai standarts
12. Protein (N*6,25) / Olbaltumvielas PB - 116 ed. 11 30.06.2014
13. Dietary fiber / Skiedrvielas AOAC 991.43:1994
14, . PN -A-75101-08:1990 + Az
Ash content / Pelnvielas 1:2002 /1ISO2171: 2010
15. Minerals / Mineralvielas PB-223/ICP, ed. 11 12.01.2015
16. Fat content / Tauku saturs PB - 286 ed. 1 26.09.2014
17. . . Enzymatic - spectrophotometric/
Sugars profile / Cukuru profils Enzimatiski - spektrofotometriski
18. Sodium / Natrijs PB-318/FAAS, ed. | of 27.07.2015
19. Nitrates / Nitrati PN-A-75112:1992
Microbiological parameters / Mikrobiologiskie raditaji
20. Total plate count, CFU g/ ISO 4833-1:2013
Mikroorganismu kopskaits, KVV g
21. Lactic acid bacteria, CFU g! / LVS ISO 15214 :1998
Pienskabes baktéerijas KVV g™
Energy value / Energetiska vertiba
22. L Regulation (EC) No. / 1169/2011
Energy value / Energetiska vértiba ES Regula Nr. 1169/2011
Sensory analyses / Sensora analize
23. 5-point hedonic scale /
5-punktu hedoniska skala ISO 11136:2014
24. Characteristic methods / ISO 4121:2003
Raksturojosas metodes ISO 8586:2012
Evaluation of bioaccessibility / Biopieejamibas izvértésana
25. In vitro analyses / _
Analizesana in Vitro apstakjos Minekus et.al.2014

Solubility in water for dehydrated sauerkraut juice was determined gravimetrically as
described by Kuck & Norefa (2016) — 1 g of dehydrated sauerkraut juice was stirred (magnetic
stirrer) with a 30 ml of deionized water for 30 min, then transferred into a centrifuge tube and
centrifuged at 3500 rpm for 6 min 20 mL centrifuged solutions were transferred to a petri dish
and dried at 105 £ 1 °C to a constant weight. The solubility was expressed as the initial weight
minus the final weight, divided by the initial weight, as shown in equation 2.2.

. initial weight — final weight
Solubility (%) = x 100 (2.2)
initial weight

Total soluble solids (°Brix) was measured using standard method ISO 2173: 003 on a
digital refractometer Refracto 30GS (Mettler Toledo, Japan) with a measurement error +0.1%.
Refractometer is calibrated with deionized water before measurement.
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pH was measured applying standard method LVS ISO 1842:1991on pH — metre Jenway
3510 (Baroworld Scientific Ltd, UK) with a measurement error of pH + 0.001. The pH metre
is calibrated with calibration solutions pH 7.00 and pH 4.00.

Volatile compounds. Volatile compounds were determined for sauerkraut juice,
dehydrated sauerkraut juice, experimental dressing samples with olive oil and with sour cream,
for bread and meat samples.

A solid-phase microextraction (SPME) technique was used (Galoburda et al., 2020) to
determine volatile compounds. 5 g of sauerkraut juice, experimental dressing samples, bread
and meat samples and 0.5 g of DSJ were were placed in a 20 mL glass vial, rubber sealed and
closed with a cork, heated and stirred for 10 min at 35 + 2°C to equilibrate headspace and 30
min with CarboxenTM/Polydimethylsiloxane (CAR/PDMS) fibre (Supelco Inc., Bellefonte,
PA, USA) at 40 = 2°C to extract volatiles. During this stage, the volatile compounds were
absorbed on the fibre. The volatile compounds from the fibre were thermally desorbed in the
GH/MS injector. The separation of volatiles was performed on an Elite-wax (PerkinElmer, Inc,
USA) capillary column (60 m x 0.25 mm I.D., polyethylene glycol coating thickness 0.25 um).
GC-MS analyses was performed with the following parameters: initial temperature 40 + 0.1°C,
held for 7 min, then temperature was increased to 160 £ 0.1°C, with a rate of 6 + 0.1°C min,
then it was increased to 210 = 0.1°C at a rate of 10 + 0.1°C min™! and held at this temperature
for 15 min The mass spectrometer in electron impact ionisation mode was set at 70 eV as the
electron energy while the ion temperature was set to 250°C and the inlet temperature was sert
to 250 £ 0.1°C. Injections were performed in split mode (2:1) and He (helium) was used as a
carrier gas at a constant flow of 1 mL min-1; in full scan mode — m/z 40-300. Solid-phase
microextraction (SPME) technique was used. The obtained compound data was identified using
mass spectral library Nist98.

Total phenol content and antiradical activity. Determination of total phenol content has
been done using widely applied spectrophotometric analyses proposed by Singleton et al.
(1999). In addition, the antiradical activity of extracts obtained using solvent extraction with
acidified aqueous ethanol solution was analysed according to the procedure described by Gouw
etal. (2017).

Water extracts were prepared by stirring 1 g of dehydrated sauerkraut juice and 20 mL
deionized water on a magnetic stirrer for 2 h as described in previous studies (Jansone et al.,
2022).

Acidified ethanol extracts were prepared by mixing 2 g of DSJ and 30 mL of 60% ethanol
acidified with 1% glacial acetic acid, extracted in ultrasonic water bath YJ5120-1 (Oubo Dental)
at 35 KhZ, 20 + 1 for 20 min, then centrifuged (Gouw et al., 2017).

For fresh cabbage, sauerkraut juice and concentrated sauerkraut juice, extracts were
prepared as follows: 3.5 g minced fresh cabbage, 10 mL SJ, 5 g CSJ were added to 20 mL of
ethanol/deionized water (80:20) and stirred on a magnetic stirrer for 2 h, then filtered. Total
phenol content was determined as described by Singleton et.al. (Singleton et al., 1999) with
some modifications. Briefly, to 0.5 mL sample extract 2.5 mL Folin — Ciocalteu reagent (diluted
ten times with distilled water) was added. After 5 min, 2 mL 7.5% Na.COs was added and left
at room temperature to react for 30 min The absorption was measured on a laboratory
spectrophotometer JENWAY 6300 (Baroworld Scientific Ltd., UK.) at 765 nm. The results
were then expressed by dry weight, GAE.

Determination of antiradical activity by DPPHe, a method described by Thaipong (2006)
with modifications. Briefly 0.004 g of 2,2-diphenyl 1-picrylhydrazyl was diluted with 96%
ethanol to reach the absorption of 1.000 + 0.02 at 517 nm. 3.5 mL of this stock solution was
then mixed with 0.5 mL of sample extract and left to react in the dark for 30 min The absorption
was measured spectrophotometrically. Results are expressed as mg Trolox equivalent (TE) 100
g, dry weight (Priecina & Karklina, 2014).

Determination of antiradical activity by ABTS", a method described by Rokayya et.al
(2013) with some modifications. For the stock solution 2,2 -azinobis-(3- ethylbenzothiazoline-
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6 sulphonate) was diluted in phosphate buffered saline PBS then oxidised with potassium
persulphate and left to react overnight. The absorption of 0.800+0.030 at 734 nm was set. A
solution of 0.05 mL sample extract and 5 mL pre-prepared stock solution was mixed and left to
react for 10 min, and absorption was measured spectrophotometrically. Results are expressed
as mg Trolox equivalent (TE) 100 g%, dry weight (Kruma et al., 2016).

Extraction of free phenolics was done by either solid-liquid or liquid-liquid extraction
according to the procedure described by Gonzales et al., (2014) with modifications. Briefly, 1 ¢
of each sample in triplicate was placed in 15 mL conical centrifuge tubes (Sarstedt AG & Co.
KG, Niimbrecht, Germany), and 5 mL acidified 100% MeOH (1.0% HCOOH v/v) was added.
Then, the obtained mixture was subjected to 1 min intensive Vortexing using the “ZX3” vortex
mixer (Velp® Scientifica, Usmate Velate, Italy), followed by centrifugation at 8700x g for 10
minat4.0+1°Cina “Hermle Z 36 HK” centrifuge (Hermle Labortechnik, GmbH, Wehingen,
Germany). After centrifugation, the top organic layer was separated and collected. Afterwards,
the extraction procedure was repeated thrice using 80% acidified MeOH (1.0% HCOOH v/v)
as an extraction solvent. Finally, the resulting fraction (15 mL) was evaporated using a
“Laborota 4002 rotary evaporator (Heidolph, Swabia, Germany) at 45 °C. The dry residues
were then reconstituted in 2 mL 80% acidified MeOH (1.0% HCOOH v/v) and filtered through
a polytetrafluoroethylene hydrophobic (PTFE) membrane filter with a pore size of 0.20 um.
The HPLC-ESI-TQ-MS/MS analytical conditions for phenolics were carried out using a
Shimadzu series Nexera UC SFC-SFE-LC system (Tokyo, Japan) coupled to TQ-MS-8050
(Tokyo, Japan) with an electrospray ionisation interface (ESI). All phenolics were observed in
the programmed and optimised multiple reaction monitoring (MRM) mode.

Organic acids were conducted on a high-performance liquid chromatography (HPLC)
“Shimadzu LC-20 Prominence” equipped with a UV/Vis detector (DAD SPD-M20A), pump
system, gradients A - Acetonnitrile; B — 0.05M KH2PO4 monitored at 210 nm, column Alltech
C18 (4.6 mm x 250 mm), flow rate 1.25 mL min™, at 35 °C (Tomsone et al., 2020; Jansone et
al., 2022). Organic acids were calculated according to equation 2.3.

) ] volume of sample X concentration of acid
Organic acid = x 100 (2.3)
mass of the sample

Ascorbic acid — for fresh and sauerkraut juices an iodometric titration method was used
(Seglina, 2007; College of Science Safety). Briefly, 10 mL of juice was added to 100 mL
6% H.C204 (oxalic acid) and mixed with a blender for 1 minute and then filtered. 2 mL of
1% starch solution was added to 10 mL of filtrate and titrated with 0.05 M iodine solution till
the colour is persistent for 30 seconds. The results were calculated according to equation 2.3

IV sample

Ascorbic acid = 5000 X (2.4.)

m XV standart

Where: 5000 — coefficient;

V sample — the amount of iodine solution used for the titration of 10 mL of the sample;

V standard — the amount of iodine solution used for the titration of 25 mL standard solution;

m — the amount of sample used,;

For DSJ and CSJ, a HPLC method was applied.

For microbiological analyses samples of 1 g of dehydrated and 10 g of concentrated
sauerkraut juice, 10 g of fresh and 10 g of sauerkraut juice were diluted in 90 mL sterile saline
(0.85% NaCl) and homogenised with a stomacher (Bagmixer Interscience, Bois Arpents F.) for
1 min at speed 8 using internal filter bags (Jansone et al., 2021). For bacterial growth obtained
filtrate was plated on Petri dishes with selected medium (Scharlau). The description and
parameters are described in Table 2.6. Enumeration was carried out on an Acolyte 7510 colony
counter (SYN, Synbiosis, England).

47



Table 2.6. / 2.6. tabula
Microbiological test parameters / Mikrobiologisko analizu parametri

Reference
Parameter and agar / Medium/ number / Incubation /
Parametrs un barotne Barotne References Inkubdcija
numurs
Total plate count / PCA (Plate 01-161-500 30°C; 48 h
Kopéjais mikroorganismu skaits Count Agar)

Lactic acid bacteria / MRS agar 01-135-500 37°C;72h
Pienskabes baktérijas

In vitro digestion method

A standardised static in vitro digestion method, described by Minekus (Minekus et al.,
2014) was used in the study for the SJ, DSJ, bread and meat samples. It was performed in a
model environment of the gastrointestinal tract (GIT) — a bio-reactor Multifors 2 (Infors-HT,
Switzerland) in which digestibility and transit of digestive medium is simulated. The process is
controlled by a computer program Iris 6 Parallel bioprocess Control Software (Infors-HT,
Switzerland). 30 g of the sauerkraut juice, bread and meat samples and 1 g of DSJ were placed
in the bioreactor with a pH and temperature control, simulated saliva fluid (SSF) is then added
and kept for 2 minutes at 37 °C. The transition to the stomach is simulated by introducing the
simulated gastric fluid (SGF), which consists of a concentrated electrolyte solution, the enzyme
pepsin, CaCl, and deionized H20. Gastric acid secretion was simulated by adding 1 M HCI and
adjusting pH to 3.0 = 0.2. Digestibility in the stomach is simulated for 2 hours. Next the stomach
content is neutralised to pH 7.0 + 0.2 by adding 1 M NaHCOs3 and simulated intestinal fluid
(SIF), which consists of a concentrated electrolyte solution, enzymes (trypsin, chymotrypsin,
a-amylase, lipase), bile salts, CaCl, and deionized H-O, thus simulating the transit to the
duodenum. Digestibility in the small intestine was simulated for 2 hours. After the digestion
process, the content is frozen to terminate the process of further hydrolysis.

The bioaccessibility index (BAC) was calculated using the following equation (Quatrin
et al., 2020):
CAD
BAC = — (25)
CBD
Where: CAD — the TPC and antiradical activity after gastrointestinal digestion;
CBD - the TPC and antiradical activity in the samples before digestion.

The bioaccessibility index was calculated for SJ, DSJ, bread and meat samples.

2.5. Statistical analyses / Datu matematiska apstrade

The results are shown as the mean value + standard deviation. Significant differences are
considered as significant at p<0.05 among the acquired samples and were determined by a t-
test when two samples were compared in the sensory tests. Analysis of variance (ANOVA) and
Tukey’s test is used to evaluate the effect of tested factors and to determine differences among
the samples. Cluster analyses and heat maps were used for evaluation of concentration methods.
Correlation analyses were performed to evaluate relationships between parameters. Figures and
tables were created and the obtained data was calculated on MS Excel for Windows 2019
software.
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3. RESULTS AND DISCUSSION / REZULTATI UN DISKUSIJA

The results section summarises the results during the experiments and provides a
scientific discussion.

3.1. Fresh cabbage and sauerkraut juice characteristics /
Svaigu un skabétu kapostu sulas raksturojums

The analyses of physicochemical properties of fresh cabbage heads were carried out in
three periods of time — December 2018; November 2020 and April 2021 for two varieties
‘Selma’ and ‘Kiloplons’ and in December 2018 for the variety ‘Ramkila’. The varieties for the
project were selected based on their quality and agrotechnical condition, and a decision was
made not to continue growing the ‘Ramkila’ variety, therefore no further studies are being
conducted. The objective of obtaining the following results was to gather initial data on fresh
cabbage for the purpose of comparison with sauerkraut juice and the resulting products. The
detailed results in this section are presented from the year 2018, and the dispersion of results
compiled (Figure 3.2. and 3.3.) from the mentioned three periods of time (2018 — 2020) when
the cabbage was delivered.

Organoleptic differences were noticed among the varieties. ‘Selma’ was with firm, large
(5 -6 kg) and pale green heads. ‘Kiloplons’ was lighter (3-4 kg), not so firm, green head, while
‘Ramkila’ (5-6 kg) had almost white, very firm head. Though ‘Ramkila’ had spoiled leaves
from outside and within, as seen in Fig. 3.1., which caused significant losses in the production.
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Fié. 3.1. Cabbage variety ‘Selma’ (A), ‘Kiloplons’ (B) and ‘Ramkila’ (C) heads /
3.1. att. Skirnes ‘Selma’ (4), ‘Kiloplons’ (B) un ‘Ramkila’ (C) kaposti

The images are taken after the harvest 2018, at the time of delivery to Latvia University of Life Sciences and
Technologies for analyses / Fotografijas tika uznemtas 2018. gada pec razas novaksanas un kapostgalvinu
piegades uz Latvijas Biozinatnu un Tehnologiju Universitati turpmakam analizém

The chemical composition of fresh cabbage juice varied among tested varieties. The biotic
and abiotic conditions can explain the main differences between selected varieties during the
vegetation period that influenced the accumulation of antioxidants and other compounds
involved in regulating the metabolic activity of cabbage. In particular, the phenolic compounds
with hydroxyl groups ensure antioxidant activity against environmental stress factors (Thakur
et al., 2017; Kovalikova et al., 2019). In the Table 3.1. analyses of fresh cabbage and cabbage
juice, harvested in 2018, are presented.

White cabbage is known to be a rich source of ascorbic acid and can provide the daily
requirements for vitamin C: 75 — 90® mg (Zhao et al., 2020).

8 Vitamin C, average daily recommended amounts [online] [viewed on 21. January 2023]. Retrieved from
https://ods.od.nih.gov/factsheets/VitaminC-Consumer/
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Table 3.1./ 3.1. tabula
Ascorbic acid and total phenol content in fresh cabbage and fresh cabbage juice,
harvest year 2018 /
Askorbinskabes un kopejo fenolu saturs svaigos kapostos un kapostu sula, 2018. razas gads

Parameters/ Raditaji, mg 100 g* DW

s o Total phenol content/
Ascorbic acid / Askorbinskabe Kopéjais fenolu saturs

Cabbage Fresh cabbage

variety/ Fresh cabbage/  juice/Svaigu  Fresh cabbage/ erliz /cg\?ak;age
Kapostu Svaigi kaposti kapostu sula Svaigi kaposti ;{- g
Skirne apostu sula

‘Selma’ 579.32+£11.21bA  809.71+5.33aA  305.07 + 11.43bB  1900.00 + 13.26aA

‘Kiloplons’  546.77 + 10.82aB =~ 522.62 + 3.51bB  325.88 + 16.51bB  1314.17 + 10.02aB
‘Ramkila’ 493.11+13.14bC  511.78+3.14aB  385.36 + 10.69bA  1278.69 + 11.94aB

*DW — dry weight/ sausna

Different lowercase letters show significant (p<0.05) differences between fresh cabbage juice and fresh cabbage
(t-test), whereas upper case letters show significant differences between varieties (ANOVA) / Dazadi mazie burti
uzrada bitiskas (p<0,05) atSkiribas starp svaigo kapostu sulu un svaigiem kapostiem (t-tests), bet lielie burti
uzrada butiskas atskirtbas starp Skirném (ANOVA)

The highest content of ascorbic acid was determined in the variety ‘Selma’ cabbages and
cabbage juice. Our experimental results regarding vitamin C content are consistent with those
reported by Zhao, Kovalikova etc. (2019; 2020). Specifically, our results, expressed as ascorbic
acid content per fresh weight, fell within the range of 31 to 49 mg 100 g . According to USDA®
nutrient database the standard amount of vitamin C in white cabbage is 36,6 mg 100 g'. There
is a variation in ascorbic acid content studied previously by different authors, ranging from as
low as 9 to 80 mg 100 g ' FW (Park et al., 2014; Xu et al., 2020; Zhao et al., 2020). All the
various factors mentioned before (Fig.1.1.) influence ascorbic acid content — abiotic conditions,
cultivar, soil, maturity (Park et al., 2014), climate controlled or conventional storage etc. There
can even be variations of ascorbic acid content in different leaf layers of one head, decreasing
towards inner layers, and is variety and climatic conditions dependant, as investigated by Zhao
and colleagues (2020a). The content of ascorbic acid also increased in the outer leaves of white
cabbage, that were exposed to biotic stress caused by insect attack, as well as increased enzyme
activity in the wounded areas (Kovalikova et al., 2019). So, the more outer cabbage leaves are
taken away, the less vitamin C and antioxidants there will be left in the cabbage head (Zhao et
al., 2020a).

According to obtained data, it is seen that the concentration of TPC in the extracts
obtained from fresh cabbage varied in the range from 305.07 to 385.36 mg 100 g~' DW, with
variety ‘Selma’ having the lowest value and variety ‘Ramkila’ the highest.

It has been reported that plants exposed to environmental biotic and abiotic stress factors
such as extreme temperatures, UV radiation, drought, etc., demonstrate relatively higher content
of phenolic compounds. The primer function of phenolics is to protect plants against these
factors by scavenging free radicals such as reactive oxygen (ROS) and nitrogen (RNS) species
(Chowdhary et al., 2021).

According to those mentioned above, it is assumed that cabbage of the variety ‘Ramkila’
was exposed to some of such factors during growing or postharvest handling that perhaps
triggered synthesis and the accumulation of phenolic. However, opposite results on TPC were

® FoodData Central, cabbage raw [online] [viewed on 1. June 2022]. Retrieved from
https://fdc.nal.usda.gov/fdc-app.html#/food-details/169975/nutrients
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obtained for extracts recovered from fresh cabbage juice. The highest concentration of TPC was
found in the cabbage variety ‘Selma’, while the lowest was in ‘Ramkila’ (Cvetkovi¢ et al., 2019;
Kovalikova et al., 2019; Zhao et al., 2020). Paramithiotis et al., observed that TPC in fermented
vegetables was higher in the juice compared to that in the pulp portion (2022). Scientists agree
that stressed plants express more antioxidant activity and produce phenolic compounds to grow
resistance against external conditions, like insects, for example (Kovalikova et al., 2019).

Antiradical activity by DPPH-« assay is not significantly different (p >0.05) between tested
varieties, but significantly higher activity (p<0.05) was observed in fresh cabbage juice (Table
3.2.). However, opposite results were obtained regarding ABTS™ values, where statistically
higher antiradical activity was observed in the extracts recovered from fresh cabbage, in
particular the variety ‘Ramkila’while the lowest for ‘Selma’. Observed ABTS™ values strongly
correlate (r = 0.95) with TPC values indicating a relationship between phenolic compounds and
antiradical scavenging activity. Relatively lower values obtained using the DPPHe method
imply its less effectiveness in estimating the antiradical activity of aqueous extracts rich in polar
compounds such as phenolics. The advantage of DPPHe* radical scavenging activity has been
widely documented for hydrophobic systems such as fat-soluble vitamins (tocopherols,
tocotrienols), fatty acids, and sterols (Balciunaitiene et al., 2022).

Table 3.2./ 3.2. tabula
Antiradical activity in fresh cabbage and its juice, 2018 harvest year /
Antiradikala aktivitate svaigos kapostos un to sula, 2018. razas gada

Parameters/ Raditaji, mg TE 100 g* DW

Antiradical activity by DPPHe/ Antiradical activity by ABTS*/
Antiradikala aktivitate Antiradikala aktivitate

Cabbage

variety/  Fresh cabbage/  Fresh cabbage

Kapostu Svaigi kaposti juice/ Svaigu juice/ Svaigu
Skirne kapostu sula kapostu sula

‘Selma’ 25.06 + 2.01bA 4833+ 1.72aA 9675 + 7.39aA 25 46 + 1.88bA

‘Kiloplons’ 24.26 + 1.53bA  49.26 +£3.61aA 100.69 + 8.91aAB  18.24 + 0.93bB
‘Ramkila®> 25.74+£2.17bA 4799+ 129 A  116.44+9.183A 18.26 + 1.06bB

Fresh cabbage/ Fresh cabbage

Svaigi kaposti

*DW — dry weight/ sausna

Different lowercase letters show significant (p <0.05) differences between fresh cabbage juice and fresh cabbage
(t-test), whereas upper case letters show significant differences between varieties (ANOVA) / Dazadi mazie burti
uzrada bitiskas (p<0,05) atskirtbas starp svaigo kapostu sulu un svaigiem kapostiem (t-tests), bet lielie burti
uzrada butiskas atskiribas starp skirnem (ANOVA)

Antiradical activity determined by DPPHe method in fresh cabbage juice had no
statistically significant differences (p>0.05) among varieties. Zhao et al. have investigated that
antioxidant content in the cabbage heads decreases from the outer leaves, that posse’s stronger
antioxidant activity, towards the core and can decrease up to 70% of the capacity (Zhao et al.,
2020).

There is a great variation in bioactive compounds that is dependent on the variety of white
cabbage, time of harvest and storage, as shown in Figure 3.2.

Ascorbic acid is highly influenced by all the factors mentioned before — variety, climatic
conditions, insects, maturity stage, postharvest handling and processing.

There is a great variation in the results of our study, that could be influenced by a set of
circumstances. The maximum and minimum amount of ascorbic acid was in the variety
‘Selma’. In November 2020 corresponding to 2746 mg 100 g*!, and, the minimum —
267 mg 100 g, was in April 2021. Since the range of the data is very vast, the median of the
variety ‘Selma’ is 808 and ‘Kiloplons’ 526 mg 100 g.
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Fig. 3.2. Variation of the results of ascorbic acid, TPC and antiradical activity in fresh
cabbage juice in harvesting years 2018 — 2020 /3.2.att. Askorbinskabes, kopejo fenolu un

antiradikalas aktivitates rezultatu izkliede svaigu kapostu sula no 2018. — 2020. razas gadam
A — Ascorbic acid / Askorbinskabe,; B — Total phenol content / Kopéjo fenolu saturs; C- Antiradical activity
by DPPHe / DPPH- antiradikala aktivitate; D - Antiradical activity by ABTS" / ABTS* antiradikala aktivitate

White cabbage is also an objective of investigation due to abundance in phenolic
compounds. And again, the characteristics and amount of the phenolic compounds is influenced
by many factors (Aires et al., 2011; Samec et al., 2017) as described before (Fig.1.1.). The TPC
results in our study are similar to ascorbic acid. The maximum and minimum of TPC was in the
variety ‘Selma’ in December 2018 corresponding to 1936 mg GAE 100 g™ and 578 mg GAE
100 g* in April 2021. The median is 1627 and 1301 mg GAE 100 g for ‘Selma’ and
‘Kiloplons’, respectively. The TPC, according to previous studies by different scientists
fluctuates from 8.7 to 153.3 mg GAE 100 g FW (Aires et al., 2011; Moreb et al., 2020) and is
in the range of our findings as seen in Figure 3.2.B.

There are no significant median differences (p>0.05) between varieties and the time of
analyses in antiradical activity by DPPHe, however, there is a great variation in the obtained
results by ABTS™. The highest and also the least activity was for the variety ‘Kiloplons’ —
49 and 8 mg TE 100 g accordingly.

Characteristics of sauerkraut juice

The enzymes produced by microorganisms lead to the conversion of complex organic
compounds such as sugars, present in fresh cabbage, into simpler compounds which is
accompanied by the formation of a unique tangy taste typical for sauerkraut. The fermentation
process results in improved organoleptic and nutritional quality that makes sauerkraut different
from raw cabbage (Draskovi¢ Berger et al., 2020). The physiological properties of cabbage
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tissue can be affected by processing parameters, which can result in the accumulation of
secondary metabolites such as phenolic compounds. This may be a contributing factor to the
initial increase in antioxidant activity observed in cabbage samples during the fermentation
process (Draskovi¢ Berger et al., 2020). Yet there are scarce reports done so far on how
characteristics of raw material (cabbage) affect sensory and chemical composition on
sauerkraut (Thakur et al., 2017; Satora et al., 2021).

Results show significant variation among the years, not significant among varieties. As
well as variation among ascorbic acid content in fresh and fermented cabbage, and the % of
growth or loss in the fermentation process is shown in Table 3.3 and 3.4.

Variations of ascorbic acid content are variety dependent due to chemical compound
enzymatic reactions as described by Wagner and Rimbach (2009). However, Thakur et.al.
(2017), have investigated that ascorbic acid increases till day 21 in the fermentation process,
after that it gradually decreases and is not influenced by variety.

Table 3.3./3.3. tabula
Ascorbic acid and total phenol content in sauerkraut juice, harvest year 2018 /
Askorbinskabes un kopejo fenolu saturs skabétu kapostu sula, 2018. razas gada

Cabbage Parameters / Raditaji, mg 100 g* DW

variety / Ascorbic acid / 0p* Total phenol content / o
Kapostu skirne  Askorbinskabe 0 Kopéjais fenolu saturs 0
‘Selma’ 672.39 +£ 15.51a 117% 1814.72 £ 8.33b 14%
‘Kiloplons’ 670.99 + 8.12a 128% 1781.56 + 6.11c 1 36%
‘Ramkila’ 591.87 +£5.51b 116% 2002.87 + 13.43a 157%

Values with different letters are significantly different / vértibas ar atskirigiem burtiem, norada biitiskas atskiribas,
(p<0.05).

* Differences in percentages for tested parameters between fresh cabbage juice and sauerkraut juice / Parbaudito
parametru procentudlds atskiribas starp svaigu un skabétu kapostu sulu

It is also observed by DraSkovic et.al. (2020) that the fermentation process itself may
increase ascorbic acid content, though after the fermentation process the loss of ascorbic acid
may reach 40%. Ascorbic acid content in sauerkraut juice is variety and climatic conditions
dependant.

The rise in ascorbic acid levels can be attributed to two factors: firstly, the activity of
microorganisms during the fermentation process and secondly, the breakdown of the
antioxidant compound ascorbigen in an acidic environment (Draskovi¢ Berger et al., 2020).

Table 3.4./ 3.4. tabula
Antiradical activity in sauerkraut juice, 2018 harvest year/
Antiradikala aktivitate skabétu kapostu sula, 2018. razas gada

Cabbage _ Parameters/ Raditaji, mg TE 100 g DW
variety/
Kapostu DPPH-* %** ABTS %
Skirne
‘Selma’ 94.77 + 7.41a 196% 6.59 +0.70b 174%
‘Kiloplons’ 74.36 + 6.42b 151% 11.36 £ 0.92a 138%
‘Ramkila’ 69.34 + 4.08b 144% 7.18 £0.53b 161%

Values with different letters are significantly different / vérsibas ar atskirigiem burtiem, norada biitiskas atskiribas
(p<0.05)

** Differences in percentages for tested parameters between fresh cabbage juice and sauerkraut juice / Parbaudito
parametru procentualas atSkiribas starp svaigu un skab&tu kapostu sulu

Ciska and colleagues (2005) have investigated that the fermentation process increases
TPC compared to fresh cabbage. Lactic acid fermentation can elevate the TPC (total phenolic
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content) of raw materials by either causing the breakdown of the cell wall of plant cells, which
allows for their release from the vacuole where they are primarily located, or by enzymatically
converting their glycosides into their aglycone form (Paramithiotis et al., 2022; Tlais, Lemos
Junior, et al., 2022). However, Hallman et.al., (2017b) in their studies have come across quite
the opposite observation — that the lactic acid fermentation decreases the total polyphenol
content in the final product — sauerkraut. The process depends on the composition of LAB
microbiome (Tlais, Kanwal, et al., 2022). Also, as Kusznierewicz et al. (2008) have come to
the conclusion that antiradical activity initially increases during wounding or shredding, when
preparing spontaneously fermented sauerkraut. However, metabolic pathways of biosynthesis
or degradation of phenolic compounds by lactic acid bacteria have not been completely
described (Rodriguez et al., 2009). The results, shown in Figure 3.3. are consistent with those
available in the literature, indicating that the content of TPC is many factors-dependent and that
the fermentation can contribute either to the reduction or increase of their content (Ozer &
Kalkan Yildirim, 2019).

B seima [ Kiloplons

A B
4500 4500
= 4000 4000
;ﬁ < En 3500
S 3500 =B 5
-~ E f{‘: _
= & 3000 £ 57, 300
g E o 32 2500
s 2500 23S
2y £ S 2000
‘5§ 2000 235%
2= & Q1500
< = 1500 - i
= - R,
= e Q 1000
S 1000 e S
O O
C D
100 100
3 90 - 9
U~y S
2= o 80 2= s g
] I
= Z ; 70 = E= 70
ot Z R )
S5 55=
—_ X 50 — 2 850
Zq E SK B
= & 40 g = 4 40
« 2 "E &~ 8
=) = S =
=B e .2
2 10 < T q
0 0

Fig. 3.3. Variation of the results of ascorbic acid, TPC and antiradical activity in
sauerkraut juice in harvesting years 2018 - 2020
3.3.att. Askorbinskabes, kopéjo fenolu un antiradikalas aktivitates rezultatu izkliede

skabétu kapostu sula no 2018. — 2020. razas gadam
A — Ascorbic acid / Askorbinskabe; B — Total phenol content / Kopéjo fenolu saturs; C — Antiradical activity
by DPPHe / DPPH- antiradikala aktivitate; D - Antiradical activity by ABTS* / ABTS* antiradikala aktivitate
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There is a great variation in ascorbic acid content in sauerkraut juice, just like in the fresh
cabbage. The minimum and maximum values, comparing the two varieties, is in variety
“Kiloplons’ and is 269.1 mg 100 g* in April 2021 and 3991.25 mg 100 g* in November 2020,
accordingly. However, the median (a dash in graphic bars) for ascorbic acid content in both
varieties ‘Selma’ and ‘Kiloplons’ is absolutely the same and is 715 mg 100 g*. Also, the TPC
minimum and maximum is in variety ‘Kiloplons’, the minimum is in April 2021 and is 704.4
and maximum in December 2018 — 1860.07 mg GAE 100 g and there were significant
differences in median — 1583.45 and 1739.35 mg GAE 100 g! for ‘Selma’ and ‘Kiloplons’
respectively. Most of the studies in literature are done on sauerkraut but very little on sauerkraut
juice. TPC in sauerkraut varies from 108.7 — 438.3 mg GAE 100 g !, FW (Ozer & Kalkan
Yildirim, 2019). Hallman et.al., (2017a) is one of the few that has investigated sauerkraut juice,
particularly a study on fertilisation effect on fresh cabbage and sauerkraut chemical
composition. Obtained results on total polyphenol content vary from 5.39 to 9.05 mg GAE 100
g 1, FW, (different years, different cultivation systems — organic and conventional). Hallman
also have found out that the highest polyphenol content was in the control sample without any
fertilisation. Farmers have reported that during dry summers, fertilisation may not be as
efficient, which could be one possible explanation for why the total plate count was highest in
2018, a year characterised by a very dry summer, according to our study.

Antiradical activity in sauerkraut is also greatly influenced by many factors, such as
temperature, pH, fermentation time and process, as well as the solvent used for extraction (Ozer
& Kalkan Yildirim, 2019). Zhao et.al., (2020) found that the outer leaves of cabbage exhibit
stronger antiradical activity by ABTS* compared to the inner leaves, indicating a variation in
antioxidant potential within the vegetable. Antiradical activity done by ABTS * and DPPH-
methods is shown in Figure 3.3.C; D. However, Kusznierewicz and colleagues have come to
conclusion that fermentation process does not always increase antiradical activity and ascorbic
acid content (Kusznierewicz, Smiechowska, et al., 2008) that agrees with our findings. On the
other hand, Hallmann states that chemical and physical processes in the production of
sauerkraut results in higher antiradical activity (Hallmann et al., 2017a). As Ozer et al., (2019)
in his study concludes, that in the initial phases of fermentation, the antioxidant activity in
various fermented cabbage products saw an increase, but as the process progressed, it eventually
decreased. These results are consistent with the impact of fermentation duration on antioxidant
activity. According to the results obtained (Fig. 3.3.), there was no statistically significant
difference between the median DPPHe antiradical activity values of the two varieties. However,
significantly higher antiradical activity was observed in fermented cabbage harvested in 2018.
Perhaps dry and warm summers were the main factors influencing the accumulation of bioactive
compounds responsible for the radical scavenging activity.

In total, there were 13 profiles of free polyphenols represented in an industrial sample of
sauerkraut juice, as shown in Fig 3.4., extracted ion chromatogram (EIC) in MRM mode.
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Fig. 3.4. Free polyphenol profile in industrial sample of sauerkraut juice /
3.4.att. Brivie polifenolu savienojumi ripnieciska parauga skabetu kapostu sula
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The highest peak areas were for neochlorogenic acid, chlorogenic acid, vanillin and
caffeic acid, but also gallic acid, protocatechinic acid, syringic acid, sinapic acid, luteolin, O-
glucoside, quercetin and rhamnetin. The obtained results are consistent with the literature,
however, the studies agree that there are many factors that impact the structure and properties
of polyphenols in white cabbage and sauerkraut (Peiias et al., 2017b; Samec & Salopek-Sondi,
2019; Ciska et al., 2021).

As the study showed significant variation in the obtained results, an energy value and
chemical composition of an industrial sample of sauerkraut juice, harvest year 2019, was
determined and is shown in Table 3.5. It confirms the low value of calories, protein, fat and
moderate amount of minerals and sugars.

Table 3.5./ 3.5. tabula
Energy value and chemical composition of sauerkraut juice industrial sample, FW
harvest year 2019 /
Skabétu kapostu sulas enrgétiska véertiba un kimiskais sastavs, riipnieciskais paraugs,
2019. razas gads

Parameters / Parametri Unit/ Nutritional value /
Mervieniba Uzturvertiba, 100 g
Energy valtfe { Energeétiska keal 5
vertiba
Carbohydrates / Oglhidrati g 1.1
- including sugars / ieskaitot 06
cukurus g '
Glucose / Glikoze g 0.4
Fructose / Fruktoze g <0.2
Maltose / Maltoze g <0.2
Galactose / Galaktoze g <0.2
- dietary fibre / skiedrvielas g <05
Protein / Olbaltumvielas g 0.4
Fat / Tauki g <0.1
Ash / Pelnvielas g 1.02
Salt / Sals g 0.75
Minerals / Mineralvielas
Magnesium / Magnijs mg 0.088
Copper / Vars mg 0.0025
Potassium / Kalijs mg 91.2
Calcium / Kalcijs mg 17.3
Iron / Dzelzs mg 0.098
Nitrates / Nitrati
Nitrates as NaNOs mg 15.8
Nitrates as NOs~ mg 115

Sauerkraut juice may not always be a source of lactic acid bacteria, as seen in our results,
Figure 3.5. It depends on variety and carbohydrate content in the cabbage head itself. LAB,
along with other microorganisms present in sauerkraut, utilise the reduced sugars found in
sauerkraut to fuel their own growth and reproduction during metabolism (Y. Liu et al., 2023).
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Fig. 3.5. Lactic acid bacteria and total plate count in sauerkraut juice /
3.5. att. Pienskabes baktériju un kopeéjais mikroorganismu skaits skabétu kapostu sula

The highest CFU for LAB and total plate count were detected in variety ‘Selma’ 2.3 x
10° CFU g and “Kiloplons’ 1.8 x 10° CFU g, in comparison to variety ‘Ramkila’ 0.2 x 10*
CFU g1, where the count was significantly reduced. There are diverse observations in literature,
for the variety “Varadzin’, the LAB count reached 9.0 x 10° c¢fu mI™ on 18" day of fermentation
(Beganovic¢ et al., 2014). However, for varieties ‘Storema’ and ‘Lennox’, the highest count of
2.2 x 108 CFU g* was on day 5 and maintained high till the 9" day of fermentation (Palani et
al., 2016). But declined to 1.4 x 10% CFU count after 56 days of storage. FAO° stipulates that
for a product to be considered beneficial for health, it must contain at least 10° CFU g viable
probiotic cells in the product throughout its shelf-life and can withstand the harsh environment
of the stomach.

Summary of Chapter 3.1./ 3.1. Nodalas kopsavilkums

The results of the physicochemical properties of fresh cabbage juice and sauerkraut juice
of three varieties (‘Selma,” ‘Kiloplons,” un ‘Ramkila’) were obtained in three periods of time -
from December 2018 till April 2021. In harvest year 2018, ‘Selma’ cabbage had the highest
concentration of ascorbic acid, total phenol content and antiradical activity measured by DPPH
assay in fresh cabbage juice. However, the same indicators were the lowest in April 2021,
harvest year 2020.

Variations in ascorbic acid content in fresh and fermented cabbage are variety-dependent,
and the fermentation process itself may increase ascorbic acid content, but the loss of ascorbic
acid after fermentation can reach 40%.

The study found that there is a large variation in ascorbic acid and total phenol content in
sauerkraut juice, with the highest values observed in November 2020 and December 2018. The
study also found that there was no statistically significant difference in the antiradical activity
of two different varieties of sauerkraut juice, but significantly higher antiradical activity was
observed in sauerkraut, produced by cabbage harvested in 2018.

The highest lactic acid bacteria and total plate count were detected in varieties ‘Selma’
and ‘Kiloplons’.

Tris skirnu (‘Selma,” ‘Kiloplons,” un ‘Ramkila’) svaigu un skabétu kapostu sulas fizikali
kimisko ipastbu rezultati iegiiti tris laika periodos - no 2018. gada decembra lidz 2021. gada
aprilim. 2018. razas gada, skirnes ‘Selma’ svaigu kapostu sula bija vislielaka askorbinskabes

10 Probiotics in food, Health and nutritional properties [online] [viewed on 8.06.2022] Retrieved from
https://www.fao.org/3/a0512e/a0512e.pdf
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koncentrdcija, kopéjo fenolu saturs un DPPH antiradikala aktivitate. Tomer tie pasi raditaji
bija viszemakie 2020. gada razai, analizeti 2021. gada aprili.

Skirne ietekmé askorbinskabes satura varidcijas svaigos un skabétos kdapostos, un
fermentdcijas process var to palielinat, bet ari askorbinskabes zudumi péc fermentacijas var
sasniegt 40%. Pétijuma tika konstatéts, ka askorbinskabes un kopéjo fenolu saturs skabétu
kapostu suld ir Joti mainigs, un visaugstakie raditaji tika novéroti attiecigi 2020. gada novembrt
un 2018. gada decembri. Pétijumd ari konstatéts, ka nav statistiski nozimigas atskiribas
antiradikalaja aktivitate divu dazadu skirnu skabétu kapostu sulas, bet ievéerojami lielaka
antiradikala aktivitate noverota 2018. gada razas skabétajos kapostos.

Augstakais pienskabes baktérijas un kopéjais mikroorganismu skaits konstatéts Skirném
‘Selma’ un ‘Kiloplons’.

3.2. Comparison of concentrated sauerkraut juice technologies /
Koncentretas skabétu kapostu sulas ieguves tehnologiju salidzindjums

There were three evaporation techniques applied in experimental work to obtain
concentrated sauerkraut juice (CSJ), namely — rotary vacuum evaporation (R), falling film
evaporation (FF) and open kettle evaporation (OD).

3.2.1. Concentrated sauerkraut juice via rotary vacuum evaporation /
Rotacijas vakuuma ietvaicé koncentréta skabeétu kapostu sula

Freshly collected sauerkraut juice, from three different varieties, was concentrated on
rotary vacuum evaporator, in January 2020, to obtain strongly flavoured concentrate. Overall
characteristics of fermented and evaporated sauerkraut juice is shown in Table 3.6.

TSS in sauerkraut juice ranged from 7.66 to 9.58 °Brix with the highest value in the
variety ‘Kiloplons’ sauerkraut juice, and also salt content was the highest in that sample.
Concentration resulted in reduction of moisture and final TSS was from 28.52 to 32.14 °Brix.
The highest TSS was in the variety ‘Ramkila’ concentrated sauerkraut juice (CSJ), and it also
explains the highest salt content.

Table 3.6./3.6. tabula
Characteristics of sauerkraut juice and concentrated sauerkraut juice via rotary
vacuum evaporator, harvest year 2019 / Skabétu kapostu sulas un rotdacijas vakuuma
iekarta koncentratas skabétu kapostu sulas raksturojums, 2019. razas gads

_ TSS. © Brix / Sod_ium Titratable acid
Variety/  Sample/ .Sv‘k’l'st0§d chloride, % oH _ cpntent/

Skirne Paraugs sausna Natrija Titrejamo skabju
hlorids saturs, g 100 g*

‘Selma’ Juice 8.06+0.25d 1.76+0.08e 3.75+0.0la 1.04 £ 0.02c
CSJ* 29.52+052b 3.82+0.39c 3.74+0.0la 3.44 +£0.01a

‘Kiloplons’  Juice 9.58+041c 252+0.01d 3.74+0.0la 1.06 + 0.01c
CSJ 28.52+0.71b 4.42+0.05b 3.71+0.00a 3.13+0.15b

‘Ramkila’ Juice 7.66+0.31d 1.72+0.03e 3.72+0.01a 0.92 +0.02d
CSJ 32.14+0.82a 5.02+0.02a 3.63+0.01b 3.32+0.12ab

Values with different letters are significantly different / vertibas ar atskirigiem burtiem, norada batiskas atSkiribas
(p<0.05).

*CSJ — concentrated sauerkraut juice / koncentréta skabétu kapostu sula

For tested samples during production added salt concentration was 1.7%, and results showed

their distribution proportionally between juice and cabbages. Yang et al. (2023), have
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investigated the mass transfer kinetics in Kimchi during osmotic dehydration and states that
white/hard and leafy parts, as well as moisture and soluble solids content impact the dispersion
of salt in the final product. pH differences were insignificant, except the variety ‘Ramkila’ CSJ
has lower pH. Significant differences for titratable acidity was determined only between the
varieties ‘Selma’ and ‘Kiloplons’ CSJ.

TPC, antiradical activity of CSJ and changes during concentration process are presented
in Table 3.7. The highest TPC and antiradical activity by DPPHe was determined in the variety
‘Selma’ CSJ. During concentration, significant (p<0.05) decreases of TPC were determined
only in variety ‘Kilaplons’ CSJ.

Table 3.7./3.7. tabula

Changes in TPC and antiradical activity in concentrated sauerkraut juice via rotary

vacuum evaporator, harvest year 2019 / Kopéjo fenolu satura un antiradikalas aktivitates
izmainas rotacijas vakuuma iekarta koncentréta skabétu kapostu sula, 2019. razas gada

Cabbage Parameters/ Raditaji, mg TE 100 g* DW

variety/ Total phenol

Rapostu content/ oix DpPH. % ABTS %
Skirne Kopeéjais

fenolu saturs
‘Selma’ 290.38+11.10a n.s** 1750+ 0.22a 111%  39.74 +£4.79 112%
‘Kiloplons’ 246.06+12.34b  |15%  16.49+0.32b 110%  37.03+ 2.23a 114%
‘Ramkila’ 207.81 + 8.50c n.s. 14.60 + 0.18c n.s. 32.05+3.17b n.s.

TPC - Total phenolic content / kopejo fenolu saturs, mg GAE 100 g !

* Diferences in percentages for tested parameters between sauerkraut juice and concentrate/ Parbaudito parametru
procentualds atskiribas starp skabétu kapostu sulu un koncentratu

**n.s. —not significant / nav bitisks

Rotary vacuum evaporation significantly (p<0.05) increased antiradical activity by
DPPH- and ABTS™ methods in varieties ‘Selma’ and ‘Kiloplons’. The results can be explained
by the composition of the initial sample. Potential mechanisms implicated in the thermal
breakdown of phenolic compounds consist of the liberation of phenolic compounds that were
previously attached, the depolymerization of high molecular weight phenolics, the oxidation of
phenolic compounds, and decomposition by oxidising enzymes, as is stated by Alizadeh et al.
(2020). The content of lactic acid bacteria (LAB) in Sauerkraut juice and CSJ is variety
dependent (Fig. 3.6.).

Colony forming units /

Lactic acid bacteria / Pienskabes Total plate count / Kopéjais
. baktérijas = S mikroorganismu skaits
é 6 f e d g =2 6 e A
— c - = e d
5 b 2R 5 ° 2
> 4 ) 4
g o 3 =] 3
wm g 2 c I
—8§ 0 g3 :
RS} [<] <] [<}] <] @@ € I
> LL o = o = o = oy @ @ @
5 O 3 £ 3 £ 3 2 S 3 g & & &€ & £
= s g = g = 5 ] 3 £ 3 £ 3 &
S g g 3 S S 3 3 3
g 3 3 e s3 5 g S
X _ 8 o = 8 S S

Selma Kiloplons Ramkila Selma Kiloplons Ramkila

Fig. 3.6. Lactic acid bacteria and total plate count in concentrated sauerkraut juice via
rotary vacuum evaporation /
3.6.att. Pienskabes bakteriju un kopéjais mikroorganismu skaits rotacijas vakuuma ietvaicé
koncentréta skabeétu kapostu suld
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Variety ‘Selma’ samples showed sufficient numbers of bacteria (sauerkraut juice -
2,3x10° LAB count and concentrated sauerkraut juice - 2,15x10° CFU g LAB count).
Variety ‘Ramkila’ sauerkraut juice initially contained a lower amount of total plate count
bacteria (2,6 x10* CFU g) and thus also lactic acid bacteria ranging from 2,3x103 in
sauerkraut juice to 5,5x10° CFU g* in concentrate.

Concentrated sauerkraut juice is a source of biologically active compounds, and can be
used as a valuable raw material for innovative food products.

3.2.2. Concentrated sauerkraut juice via falling film and open kettle evaporation /
Kritosdas pléves ietvaice un atvérta tipa katla koncentréta skabetu kapostu sula

Falling film (FF) and open kettle (OD) evaporation was chosen because they were readily
available and would provide an insight into industrially available evaporation equipment
/technologies and their comparison.

The principles of falling film evaporator: the juice or liquid to be concentrated is
distributed at the top of heating tubes letting flow down the inside of the tube walls as a thin
film. The liquid is partially evaporated due to external heating of the heating tubes, enhanced
by the parallel, downward flow of the vapour formed (Gong et al., 2020).

The analysed parameters of concentrated sauerkraut juice (CSJ) of industrial sample,
before and after storage, and also open kettle evaporation results are displayed in Table 3.8.

FF CSJ is an industrial sample of harvest year 2019. It was evaporated in February 2020,
and analysed in March 2020 and, after storage at 4 £+ 2 °C, in September 2020. OD CSJ is an
industrial sample of harvest year 2020. It was evaporated and analysed right after harvest and
fermentation, in September 2020.

Table 3.8./ 3.8. tabula
Physicochemical parameters of concentrated sauerkraut juice, DW /
Koncentrétas skabetu kapostu sulas fizikali kimiskie raditaji, sausna

Falling film evaporator /
Kritosas pléves ietvaice

. Open kettle /

Parameters / Parametri BeforPeifrtT?Srage / After storage / Atvérta tipa katls
—y Pec uzglabasanas
uzglabasanas

pH / pH 3.92 +0.06a 3.86 + 0.04a 3.90 £ 0.02a
EchiI)L(Jble solids / Skistosa sausha, 343+ 0.02a 34.74 4 0.02a 704 002
Total phenols / Kopéjie fenoli,
mg GAE 100 g 322.40+12.69b 342.20 + 8.89b 560.76 + 11.51a
Togan | PPPHs mTE 194640360 1443022 3139+ 1213
ABTS*/ABTS", mg TE 100 g 19.01 + 0.54a 17.31+0.51b 16.82 +0.63b
Ascorbic acid / Askorbinskabe,
mg 100 5" 110.0 + 4.34b 26.66 + 2.47¢ 156.18 + 5.62a
Lactic acid bacteria/
Pienskabes baktérijas, CFU gt 4.6 x 10%a 1.2 X 10b 4.4 x 10%
Total plate count / Kopéjais
mikroorganismu skaits, CFU g 3.8 X 10% 1.6 x 10°a 4.0 X 10%

Values with different letters are significantly different / vertibas ar atskirigiem burtiem, nordada bitiskas atSkiritbas
(p<0.05)

While there was no significant difference (p<0.05) in pH between FF and OD
concentrated sauerkraut juice, the TSS in the falling film concentrate was twice as high as in
the open kettle sample. It was found that neither pH nor soluble solids were significantly

60



affected by storage even after 6 months. pH of the CSJ was from 3.92 + 0.06 at the beginning
of this experiment to 3.86 + 0.04 after 6 months. The initial pH of sauerkraut juice usually is
3.4-38.

FF evaporation is suitable for conserving heat-sensitive compounds, however, TPC,
ascorbic acid content and antiradical activity by DPPHe is significantly higher in OD CSJ. These
significant differences can be explained by different harvest years and all the factors influencing
the crop, as well as the time of evaporation, mentioned earlier. Also, TPC acts differently in
various juice concentrates. Storage caused significant reduction of antioxidant activity, but
changes in TPC were insignificant (see table 3.8). Yang et al. (2020) have investigated the
variation of TPC of dark fruit juices during storage and observed that TPC decreases at the first
stages of storage, but over the time it increases again, assuming formation of different
compounds. However, a few studies suggest that phenolic compounds remain stable and do not
diminish in concentration throughout preservation (X. Yang et al., 2020).

Vitamin C, before the storage was 110 mg 100 g, determined by HPLC (high-
performance liquid chromatography). After the storage, ascorbic acid was determined
titrimetrically and was 26.6 mg 100 g, estimating only one of biologically active forms of
vitamin C (Radenkovs et al., 2020). Dehydroascorbic acid is the second of two biologically
active forms of vitamin C and, due to limitations in the analysis method, it was not determined
to compare the content of vitamin C in FF CSJ after the storage.

Antiradical activity by DPPHe was 19.46 + 0.36 mg TE 100 g? after the evaporation
process, and it decreased to 14.43 = 0.22 mg TE 100 g after storage. There were fluctuations
observed during storage in antiradical activity by DPPHe in oranges (Arena et al., 2001). The
antiradical activity in black mulberry juice concentrate also decreased during storage and was
influenced by many factors, like storage time, temperature and composition of the product
(Dincer et al., 2016). The loss of ascorbic acid may have a contribution to decrease of antiradical
activity (X. Yang et al., 2020). Antiradical activity by ABTS results were 19.01 £ 0.54 mg TE
100 g at the beginning of the experiment and 17.31 = 0.51 mg TE 100 g™ after storage.

There is notable microbiological activity in concentrated sauerkraut juice during storage
— decrease in lactic acid bacteria and significant increase in total plate count cfu. The viability
and activity of microorganisms is influenced by many factors, such as pH, temperature, water
activity etc. (Yang et al., 2020). Sauerkraut and its juice are considered a valuable source of
lactic acid bacteria (LAB) (Yang et al., 2020) therefore survival of LAB during concentration
process and storage impact was investigated. The LAB count after the evaporation process was
4.6 x 10* CFU g but it decreased after 6 months of storage and was 1.2 x 10* CFU g*. Total
plate count acted quite the opposite being 3.8 x 10* CFU g™* after evaporation and 1.6 x 10°
CFU g after storage period.

For nutritional value FF CSJ was chosen, based on previous results, as it was suitable
technology for concentration of juice with short evaporation time and highest TSS.

Concentrated sauerkraut juice contains carbohydrates as the main nutrient, followed by
high ash content, including various minerals. Nutritional value of concentrated sauerkraut juice
Is summarised in Table 3.9.

As it is mentioned by other authors, the concentration of total sugars in sauerkraut samples
varies from 0.3 to 1.7% wet weight, glucose being < 1 (Hughes & Lindsay, 1985). The sugar
(glucose, fructose, sucrose) content varies in sauerkraut and its juice due to metabolic and
microbiological activity (Xiong et al., 2016).

Due to high salt content, 6.33 g 100 g}, according to EU regulations (EC) No 1924/2006)
CSJ can be used in food applications to substitute salt. Concentrated sauerkraut juice contains
a variety of minerals, just like fresh cabbage, and the fermentation process may even increase
the mineral content (Ifesan et al., 2014).

The ash content in concentrated sauerkraut juice is 9.42 g, thus it contains a variety of minerals
like Mg, Cu, K, Ca, Fe as shown in Table 3.8. In comparison, fresh cabbage contains 200 — 300
mg 100 g and fermented cabbage - 700 — 800 mg 100 g* minerals (Khanna, 2018). The role
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of minerals in human nutrition and metabolism is essential (Mensink et al., 2013), but the
amount of potassium in this concentrate is noticeable, also iron, calcium, magnesium. It is the
main cation in intracellular fluid and ensures cell function (Healthcare Research). Potassium is
involved in regulating blood pressure, reduction of kidney stones and cardiovascular diseases*
(Hmelak Gorenjak & Cencic, 2013).

Table 3.9./3.9. tabula
Energy value and chemical composition of concentrated sauerkraut juice via falling film
(FF) evaporation /
Kritosas pléves ietvaicé koncentrétas skabétu kapostu sulas enrgétiska vértiba un kimiskais

sastavs
Parameters / Parametri _Unjt /_ NutritiEJn_aI value / RDI*
Meérvieniba Uzturvertiba, 100 g
Energy Vallfe { Energetiska keal 75 2000
vertiba
Carbohydrates / Oglhidrati g 13.0 260 g
- including sugars / ieskaitot 90¢g
cukurus g [
Glucose / Glikoze g 55 -
Fructose / Fruktoze g 15 -
Maltose / Maltoze g 0.2 -
Galactose / Galaktoze g 0.3 -
- dietary fibre / skiedrvielas g 1.1 -
Protein / Olbaltumvielas g 53 50¢
Fat / Tauki g <0.1 709
Ash / Pelnvielas g 9.42 -
Salt/ Sals g 6.33 64
Minerals / Mineralvielas
Magnesium / Magnijs mg 67.80 375 mg
Copper / Vars ng 113.62 1 mg
Potassium / Kalijs mg 1358.32 2000 mg
Calcium / Kalcijs mg 238.34 800mg
Iron / Dzelzs ng 1137.34 14 mg
Nitrates / Nitrati
Nitrates as NaNO:s mg 151.01 -
Nitrates as NOs~ mg 110.22 -

*RDI — Recommended Daily Intake / leteicama dienas deva

Brassicaceae (rocket, mustard as well as cabbage) vegetables are considered as nitrate
accumulating sources like many green leafy vegetables, and there is a large variation in
concentration which is influenced by many factors. The nitrate concentration in leafy vegetables
is regulated by the European Commission (Commission, 2010) and the nitrate content is
considered as very low if it is below 200 mg 100 g fresh weight (Hmelak Gorenjak & Cencic,
2013). The nitrate content in concentrated sauerkraut juice is considered as low with no harmful
impact on health, according to WHO (World Health Organisation). Since the concentrated
sauerkraut juice is a condiment, not a regular provision, it is not regarded as a source of minerals
for daily intake.

Center for Disease Prevention and Control / Slimibu profilakses un kontroles centrs
12 Regulation of Cabinet of Minister Nr. 461, Requirements for food quality schemes, their implementation,
operation, monitoring and control procedures
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The open kettle technology was not further analysed, since it was time and energy
consuming, the maximum of total soluble solids reached 18 °Brix, which had a potential of
higher microbiological activity during storage and shorter storage time in general.

Summary of Chapter 3.2. / 3.2. nodalas kopsavilkums

The study investigated three evaporation techniques — rotary vacuum, falling film and
open Kkettle evaporation, to obtain concentrated sauerkraut juice (CSJ). Rotary vacuum
evaporation was carried out from three different sauerkraut juice varieties. The comparison of
acquired concentrate is reflected in Figure 3.7. Samples FF BS/FF AS (Falling film evaporation
before storage and after storage for 6 months) and OD are an industrial sample, and possess a
higher amount of TPC as well as they were concentrated from different crops in different
harvest years.

-1.0 1
Column Z-Score

5FF BS

4 FFAS

1Rotary ‘Selma’

3Rotary ‘Ramkila’

2Rotary ‘Kiloplons’

6 Open kettle

2} O b o
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ABTS

Fig.3.7. TPC and antiradical activity in concentrated sauerkraut juice, DW /

3.7. att. Kopejo fenolu saturs un antiradikala aktivitate koncentreta skabétu kapostu sula
TSS — total soluble solids / skistosa sausna
TPC - Total phenolic content / kopéjo fenolu saturs, mg GAE 100 g !
DPPHe.; ABTS" - Antiradical activity / antiradikala aktivitate, mg TE 100 g
*DW — dry weight / sausna

Rotary vacuum evaporation significantly increased antiradical activity by ABTS" (green
colour in Fig.3.7.) in varieties 'Selma’ and 'Kiloplons'. LAB counts were highest in the variety
‘Selma’ samples. Falling film (FF) evaporation was found to produce a concentrate with twice
the TSS (total soluble solids) (dark green colour in Fig.3.7.) compared to open kettle
evaporation (bright red in Fig.3.7.), but lower levels of total phenol compounds (TPC) and
antiradical activity by DPPHe. Storage caused a decrease in antiradical activity, ascorbic acid,
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and lactic acid bacteria (LAB) count in FF CSJ, but TPC remained stable. The study suggests
that the differences in results could be attributed to different harvest years and processing times.
CSJ was found to be a source of ascorbic acid and phenol compounds, also minerals,
potassium being the most abundant, iron, calcium, magnesium. It can be used as a valuable raw
material for innovative food products or as a substitute for salt. Shelf life of concentrated juices
vary depending on raw materials and are from one year to three years (Salehi, 2020).

Petijuma izpétija tris ietvaices tehnikas — rotéjoso vakuuma, kritosas pléves un atklata
tipa katla ietvaicéSanu, iegiistot koncentrétu skabétu kapostu sulu (CSJ). Rotejosa vakuuma
ietvaicé tika pétitas atskiribas sulai, iegiitai N0 tris kapostu Skirném. legiita koncentrata
salidzinajums ir atspogulots 3.6. attela. Paraugi FF BS/FF AS (kristosas pléves ietvaice pirms
uzglabasanas un pec 6 ménesu uzglabasanas) un OD ir ripnieciskie paraugi, un uzrada lielaku
kopéjo fenolu saturu. Tie ir skabeti un sula koncentréta dazados gados un no dazadam razam.
Rotdcijas vakuumietvaice biitiski palielinaja antiradikalo aktivitati 'Selma’ un 'Kiloplons'
Skirnes sulam. Pienskabes baktériju (LAB) skaits visaugstakais bija Skirnes 'Selma’ sulas
paraugos. Tika konstateéts, ka kritosas pléves (FF) iztvaikoSana rada koncentratu ar divas reizes
lielaku kopéjo skistoso sausnu (TSS), salidzinot ar rezultatiem atvérta tipa katla ietvaicé, bet
kopejo fenolu savienojumi (TPC) un DPPH antiradikalad aktivitate ir biutiski zemdka.
Uzglabasanas rezultata samazindjas antiradikala aktivitate, askorbinskabe un LAB skaits FF
CSJ, bet TPC palika stabils. Pétijums liecina, ka rezultatu atSkiribas varétu attiecinat uz
dazadiem razas gadiem un parstrades laikiem.

Tika konstatets, ka CSJ ir askorbinskabes, fenolu savienojumu un mineralvielu avots. CSJ
ir ievérojama kalija koncentracija, bet satur art dzelzi, kalciju un magniju. To var izmantot ka
vertigu izejvielu, izstraddjot novatoriskus partikas produktus, vai izmantot ka sals aizstajéju.
Koncentrétu sulu uzglabasanas aiks ir atkarigs no to izejvielam un parasti ir no viena lidz trim
gadiem (Salehi, 2020).

3.3. Development of dehydrated sauerkraut juice /
Dehidretas skabeétu kapostu sulas izstrade

3.3.1. Results on horizontally spray-dried sauerkraut juice /
Horizontala izsmidzinaSanas kalté iegiito rezultatu parskats

Overall characteristics of horizontally spray-dried sauerkraut juice (DSJ) is compiled in
Table 3.10. Horizontal spray-drying was selected based on research performed by Lidums 1.,
(Production and quality of dehydrated rye bread kvass / Dehidréta rudzu maizes kvasa ieguve
un kvalitate, 2018.) as a prospective technology for heat sensitive products.

The amount of NaCl in the horizontally spray-dried samples (Fig 3.10) with different
maltodextrin (MD) concentrations ranged from 8.70 g 100 g! in the samples with 10% MD to
14.31 g 100 g in the samples with no MD additive. Following the EU regulations (EU science
HUB, Health promotion and disease prevention), the observed value of NaCl in sauerkraut juice
obtained by horizontal spray drying approach is considered high. Therefore, the developed
product could represent a potential application in the food industry as a salt substitute.
According to Latvian legislation®® the final content of additional salt in meat products is 1.25 g
per 100 g, and therefore the powder without coating agent could be added up to 9%, if
acceptable for other quality parameters.

Moisture content is influenced by MD presence, samples without carrier agent contain
more moisture, as is observed in asparagus and sweet potato powders (Fabra et al., 2011,
Siccama et al., 2021). Solubility of DSJ in water is considered as good (high solubility > 97%)
(Largo Avila et al., 2015) ranging from 81.74 to 82.80%. In comparison, the solubility of litchi

13 Regulation of Cabinet of Minister Nr. 461, Requirements for food quality schemes, their implementation,
operation, monitoring and control procedures
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juice powder was found to be 68.11 (Kalita et al., 2018). Based on these parameters, MD had
an acceptable effect on DSJ and thus was considered to be suitable for further use in food
production.

There was a significant effect (see Table 3.10) of MD concentration on titratable acidity,
showing the highest value for the sample 4MDO.

Table 3.10./ 3.10. tabula
Physicochemical parameters of horizontally spray-dried sauerkraut juice, DW /
Horizontala izsmidzinasanas kalté dehidrétas skabétu kapostu sulas fizikali kimiskie raditaji,

sausna
Dehydrated .
sauerkraut Moisture Solubility in Tg(;zti?;le MD /
juice NaCl, % content. % _ Wwater, % Titréjamais CaC03_
Dehidréta Sals, % M'trumé o Skidiba udent, b concentration/
skabetu : ' 70 % sha umi, Koncentracija
kapostu sula g100g
1MD10 8.70+0.34c 5.08+0.28b 81.74+0.66a 0.35+0.11b 10/5
2MD10 893+0.07c 530+0.23b 82.76+0.82a 0.36+0.07b 10/3
3MD5 12.23+0.18b 7.04+0.02a 82.80+0.21a 0.38 +0.09b 5/5
AMDO 1431 +0.07a 7.03+0.14a 82.57+054a 0.44 +0.09a 0/5

Values with different letters are significantly different / vertibas ar atskirigiem burtiem, nordada bitiskas atSkiribas
(p<0.05)

There were two extraction methods used in our study to determine total phenol content
and antiradical activity in dehydrated sauerkraut juice. Extraction in water was chosen since the
future use of dehydrated juice is planned to be in food production (bread, meat), hence dilution
in water. Due to previous findings by Gouw et.al. (Gouw et al., 2017) an acidified ethanol
extraction in an ultrasonic water bath was also used to compare extraction efficiency and
observe changes of phenolic compounds and antiradical activity. The comparison of TPC
results is shown in Figure 3.8. and antiradical activity in Table 3.11.

Statistically significant differences in total phenolic content (TPC) were observed when
comparing different extraction methods.

700
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400 e . d ¢
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1MD10 2MD10 3MD5 4MDO
Samples / Paraugi

o

TPC, mg GAE 100 g
o

mWater / Udens  ® Acidified ethanol US / Paskabinats etanols

Fig. 3.8. TPC of horizontally spray-dried sauerkraut juice, DW /
3.8. att. Horizontald izsmidzinasanas kalté dehidrétas skabétu kapostu sulas kopéjo fenolu
saturs, sausnd
Values with different letters are significantly different / vertibas ar atskirigiem burtiem, norada bitiskas
atskiribas (p<0.05)
1MD10 — 10% maltodextrin, CaCO35g* L; 2MD10 — 10% maltodextrin, CaCO3 3 g* L
3MD10 — 5% maltodextrin, CaCO3 5 g* L; 4MD10 — 0% maltodextrin, CaCO3; 5 g* L
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The sample with 0% and 5% of MD addition showed the greatest difference. The highest
TPC was found in the 4MDO water extraction, while the lowest was observed in the sample
2MD10, which contained 10% MD and CaCOs at a concentration of 3 g L for water extraction.
As found by Shishir and Chen (2017) carrier agents may not always preserve TPC and free
radical scavenging activity, as observed by the lower TPC in samples with higher MD amounts
—1MD10 AND 2MD10 (Table 3.11.).

Table 3.11./ 3.11. tabula
Antiradical activity of horizontally dehydrated sauerkraut juice /
Horizontala izsmidzinasanas kalté dehidrétas skabétu kapostu sulas kopéjo fenolu saturs un
antiradikala aktivitate, mg TE 100 g

DPPH- ABTS
Sample / Acidified ethanol e
Paraugs  Water / Udens US / Paskabinats |\Water | Udens ACIdI_ﬂ?d_EthanOI us/
Paskabinats etanols US
etanols US
1MD10 12.72 +0.31d 34.55+0.78b | 13.30 + 0.52d 17.18 £ 0.43c
2MD10 12.17+0.38d 3420+ 0.48b | 12.65 + 0.76d 17.77 £ 0.49¢c
3MD5 14.14 £ 0.18c 35.55+0.33b | 13.16 = 0.64d 18.97 + 0.58b
4AMDO 14.64 + 0.06¢ 38.50 £0.50a | 17.85+0.43c 26.43 + 0.65a
Values with different letters are significantly different / vértibas ar atskirigiem burtiem, norada bitiskas
atskiribas (p<0.05)

DPPHe; ABTS - Antiradical activity / antiradikala aktivitate
1MD10 - 10% maltodextrin, CaCO3 5g* L; 2MD10 — 10% maltodextrin, CaCO3z 3 g L
3MD10 - 5% maltodextrin, CaCOs 5 g L; 4MD10 — 0% maltodextrin, CaCOs 5 g L

The results show moderate (r = 0.67 for DPPHe) to strong correlation (r = 0.93 ABTS")
between the applied methods, and total phenol concentration was also significantly correlated
with antiradical activity (r = 0.83-0.89), which indicates that TPC reflects antiradical activity

Antiradical activity extracted by acidified ethanol is significantly higher (p<0,05) than
water extraction. Our study showed a significant effect (p<0.05) of maltodextrin on TPC using
both extraction methods. In the samples with no MD added, the phenol content was
596 + 7.43 mgl100 gt DW in water extracts and 563 + 3.12 mg GAE 100 g* DW in acidified
ethanol extracts. In sample 2MD10 the total phenol content was 254.74 + 4.78 mg GAE 100 g
! in water extracts and 262.77 + 2.62 mg GAE 100 g™t DW in acidified ethanol extracts. The
concentration of carrier agents is compound sensitive — increased MD content may decrease in
active compound content (Krishnaiah et al., 2014).

Organic acid content in dehydrated sauerkraut juice is affected by maltodextrin
concentration. In total 6 organic acids were identified in dehydrant. Four major ones being
oxalic, lactic, acetic and quinic acids, shown in Fig. 3.9. Malic and ascorbic acids were present
in negligible amounts.
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Fig. 3.9. Organic acid content in horizontally dehydrated sauerkraut juice, g 100 g™*, FW/
3.9. att. Horizontala izsmidzinasanas kalté dehidrétas skabétu kapostu sulas organisko skabju

profils, g 100 g™ produkta
1MD10 — 10% maltodextrin, CaCO3 5g* L; 2MD10 — 10% maltodextrin, CaCO3 3 g L
3MD10 — 5% maltodextrin, CaCO3 5 g L; 4MD10 — 0% maltodextrin, CaCO3 5 g* L

Like all other chemical compositions, also organic acid profile can be influenced by many
factors like state of raw material, fermentation process, microorganism absence and many
others (Shukla et al., 2010; Jansone et al., 2022). While oxalic and ascorbic acids are naturally
present in fresh cabbage, lactic, acetic and, some others, are formed during fermentation process
(Draskovi¢ Berger et al., 2020a; Jansone et al., 2022). Organic acids formed via metabolism of
large molecular mass compounds influence the taste and aroma of fermented products (Shukla

et al., 2010). The intake of oxalic acid in European diets was estimated to be in the range of 5
mg to 500 mg per day, seasonally exceeding 1000 mg per day**. Oxalic acid occurs in green
leafy vegetables, consumed during the growing season. In our study, concentration of oxalic

acid was 1.24 g (MD10) to 2.18 g (MDO) 100 g* and theoretical intake with DSJ is insignificant.

In order to determine the benefits of spray-drying sauerkraut juice, we tested the viability
of microorganisms in DSJ, in relation to addition of maltodextrin. According to FAO/ WHO
(2006) a functional food with a probiotic potential should reach at least 10’ CFU g. In our
study, dehydrated sauerkraut juice did not meet this standard, Figure 3.10. There was a major
impact of maltodextrin in our samples on bacterial counts, with a range from 8.9 x 10° CFU in
MD1 to 4.2 x 10* CFU in MDO samples. Similar results were reported for kefir powder (Teijeiro
etal., 2018).

14 The European Agency for the Evaluation of Medicinal Products Veterinary Medicines and Inspections
committee for veterinary medicinal products oxalic acid summary report, 2003
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Lactic acid bacteria / Pienskabes Total plate count/ Kopéjais
baktérijas mikroorganismu skaits
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Fig. 3.10. Lactic acid bacteria and total plate count cfu in dehydrated sauerkraut juice
via horizontal spray-dry
3.10. att. Pienskdbes baktériju un kopéjais mikroorganismu skaits kv horizontala
izsmidzinasanas kalté dehidréta skabetu kapostu sula

A combination of effects influences the viability of microorganisms — heat, mechanical
stress, pre- and post-processing, the use of coating agents, storage (Lira de Medeiros et al.,
2014; Dianawati et al., 2016; Kalita et al., 2018; Teijeiro et al., 2018) observed that cell viability
decreased during storage using MD as a coating agent — the survival of L. plantarum decreased
significantly in litchi juice powder, spray-dried with MD, compared to MD — pectin and MD —
fructo-oligosacharide as coating agents. However, Medeiros et al. (2014) and Teijeiro et.al.
(2018) observed that survival of lactic acid bacteria (LAB) was better when spray-dried with a
coating agent and maltodextrin had the best effect. This is in contrast with our study, where
samples with 5% and 0% of MD addition show better survival of LAB. There was a strong
(0.98) correlation between LAB and total plate count. Kalita et. al. (2018) also observed that
pH of around 4 had less severe effect on probiotics than pH 2. Teijero (2018) stated that for
kefir powder the combination of whey permeate and maltodextrin and neutral pH (7) resulted
in better lactic acid bacteria survival, and suggested that the acidic conditions during
dehydration of kefir-derived LAB was the main factor affecting their survival.

3.3.2. Results on vertically spray-dried sauerkraut juice/
Vertikala izsmidzinaSanas kalté iegiito rezultatu parskats

There are some limitations on horizontal spray-drying due to large quantities and tight
possibilities of changing drying parameters. In order to find the optimal drying parameters for
dehydrating juice on vertical spray-dryer, an industrial sample of pasteurised juice (PJ)
produced by “Dimdini” Ltd was spray-dried variong in MD concentrations and temperature.
The initial temperature regimes and MD concentrations were chosen according to horizontally
spray-dried samples. These tests were abortive. Successful parameters used in horizontal spray-
dryer did not work on vertical spray-dryer. The size of the drying equipment is one of the main
factors to obtain a successful result. Different drying parameters and carrier agents were tested
and are describe in Table 3.12.
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Table 3.12. / 3.12. tabula

Drying parameters and carrier agents tested for vertically spray-drying of sauerkraut
juice/ Vertikala izsmidzinaSanas kalté testétie kaltes parametri un neséjvielas, kaltéjot

skabetu kapostu sulu

N\, .4‘,:‘ o
\ B ol
%

Carrier agent/ Neséjviela

Drying parameters/
kaltésanas parametri

Res u..Iﬂt/ijﬁdkums

10% wet wight (ww)
Maltodextrin (MD), dextrose
equivalent (DE) 10-14 /
10% maltodekstrins no kopéjas
masas, dekstrozes ekvivalents

I.t 135 °C, aspirator 75%,
pump 15%, flow 55 mm
(tested various
parameters) / aspirators
75%, sitknis 15%, pliisma

Sticky powder /
lipigs pulveris

10-14 55 mm (dazadas
parametru varidcijas)
+ CaCOs L.t. 135 °C, aspirator Not possible to dry /
75%, pump 15%, flow 55 nav iespéjams izkaltet
+CaCl, + NaOH L.t. 135 °C, aspirator Extremely salty / [oti sals

75%, pump 15%, flow 55

+CaClz + NaOH + 5%MD

L.t. 135 °C, aspirator
75%, pump 15%, flow 55

Crystalized agglomerates /
kristalizéti aglomerati

5% inulin / inulins
10% inulin / inulins

I.t. 140 °C, aspirator
80%, pump 15%, flow 25

Sticks to the dryer walls /
lip pie kaltes sienam

5% inulin / inulins + 5%
dextrose / dekstroze

L.t. 160 °C, aspirator
90%, pump 55%, flow 45

Did not obtain — sticky mass
on the wall /
neieguva, lipiga masa pie
kaltes sienam

20% dextrose / dekstroze

I.t. 140 °C, aspirator
80%, pump 30%, flow 40

Did not obtain — sticky mass
on the wall /
neieguva, lipiga masa pie
kaltes sienam

5% MD + 5% polydextrose /
polidekstroze (PD)
(various concentrations /
dazadas

koncentracijas 5% MD +2.5%
PD; 2.5% MD +5% PD)

L.t. 180 °C, aspirator
50%, pump 20%, flow 45

Carrier agent is spray dried,
juice sticks to walls,
encapsulation segregates /
iekapsulésana neveiksmiga,
neséjviela izkaltejas, sula

pielip pie kaltes sienam

5% Polidextrose / polidekstroze
+5% inulin / inulins

I.t. 180 °C, aspirator
90%, pump 35%, flow 45

Sticks to the dryer walls /
lip pie kaltes sienam
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Continuation of the table 3.12. /

3.12. tabulas turpinajums

Carrier agent/ Nesejviela

Drying parameters/
kaltésanas parametri

Result/ znakums

10% Polidextrose / polidekstroze

L.t. 180 °C, aspirator
90%, pump 35%, flow 40

Hard, granular, crystallised
outcome /
cietu granulu pulveris

Starch solution (1:20) various
proportions / cietes Skidums
dazadas koncentrdcijas

Various parameters

Jam-like consistency /
ievarijumam lidziga
konsistence

1-part juice / sula + 1.5 parts
starch solution (1:20) /
cietes skidums

L.t. 150 °C, aspirator
70%, pump 30%, flow 35

Granular-like powder /
graudains pulveris

1 part juice / sula + 1. part starch
solution (1:20) / cietes skidums +
0.6 part MD

L.t. 150 °C, aspirator
70%, pump 30%, flow 35

Powder-like consistency /
pulvera konsistence

1 part juice/sula + 1.5 parts
starch solution (1:20)/
cietes skidums

I.t. 140 °C, aspirator
65%, pump 25%, flow
35

A dehydrated sauerkraut
juice / dehidréta skabétu
kapostu sula

*1.t — inlet air temperature / ieejosa gaisa temperatiira

Due to previous studies, (Kalita et al., 2018; Teijeiro et al., 2018) CaCos, NaOH and
CaCl, were added to the matrix to neutralise pH, that would avoid the stickiness and jam-like
consistency. The obtained results, neutralising sauerkraut juice were not satisfactory and further

experiments were not carried out.

Various high molecular carbohydrates were chosen due to their high glass transition
temperature (Tg) to avoid sticky mass on the dryer’s walls (Krishnaiah et al., 2014).

Starch solution and a mixture of starch solution and maltodextrin were used to obtain
dehydrated sauerkraut juice. The description of samples and proportions is given in Table 3.13.
Inlet/outlet temperatures 150/70-74 °C, feed flow rate 35 mL min'.

Table 3.13. / 3.13. tabula

Description of sample preparation for vertical spray drying /
Paraugu sagatavosanas parametri vertikalai izsmidzinasanas kaltei

Proportion: TSS, ° Brix/
Sample / solution/ juice,g  Maltodextrin / Skistosd
Paraugs Proporcija: Maltodekstrins sausna
Skidums [ sula, ¢ (DE 10-14), g
Juice with
starch solution/
Sula ar cietes skidumu ~ PJ SS 75/50 — 6.70
Juice with starch
solution; maltodekstrin /
Sula ar cietes skidumu un
maltodekstrinu PJMD 50/50 3.00 10.00

As previously explained, experimental work was conducted to test various ratios of starch
solution to sauerkraut juice for the dehydration process. The results showed that a ratio of 75:50
(starch solution to sauerkraut juice) was optimal, resulting in dehydrated sauerkraut juice. When
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all the parameters were clear and dehydrated sauerkraut juice was obtained, sauerkraut juice of
two varieties ‘Selma’ and ‘Kiloplons’ were then spray-dried.

Overall characteristics of dehydrated sauerkraut juice (DSJ) of two varieties and industrial
sample (PJ), spray-dried with different carrier agents, is presented in Table 3.14.

Table 3.14. / 3.14. tabula
Physicochemical parameters of vertically dehydrated sauerkraut juice /
Vertikala izsmidzinasanas kalté dehidrétas skabétu kapostu sulas fizikali kimiskie raditaji

s au[gﬁlggggﬁ}i?c e/ Moisture Solubility in water,
Dehidréta skabetu NaCl, % Sals, % content, % ) %
- Mitrums, % Skidiba uident, %
kapostu sula ’
PJ SS 8.83 £ 0.14c 6.99 + 0.54c 88.62 +0.26a
PJ MD 8.45+0.17c 7.29 +£0.15¢ 88.48 + 0.42a
Selma SS 11.70 £ 0.16a 11.38 +£0.32a 87.80 £ 0.31a
Kiloplons SS 12.05+0.16a 11.82 +1.03a 88.30 £ 0.71a
Selma MD 9.93+0.03b 9.65+0.41b 87.22 +0.88a
Kiloplons MD 9.83 +0.08b 9.44 £0.17b 87.71 £ 0.02a

Values with different letters are significantly different / vertibas ar atskirigiem burtiem, nordda bitiskas atSkiribas
(p<0.05).

SS — starch solution / cietes Skidums, MD — maltodextrin / maltodekstrins, PJ — industrial sample / ripnieciskais
paraugs

There are significant differences (p<0.05) among the physicochemical parameters of the
samples. Salt content was found to be lower in the samples dried with MD additive and can be
attributed to higher TSS. These samples posses a smaller moisture content as well. Also, there
are substantial differences - samples with starch solution are making caramelised agglomerates,
Fig. 3.11. All of the samples have good water solubility.

There are insignificant differences in physicochemical parameters, but variation in

composition of carrier agents is acceptable and can be suitable in applications in various
food technologies.

T R

Fig. 3.11. Dehydrated sauerkraut juice on a vertical spray-dryer; (A) samples dried with
starch solution and (B) starch solution and maltodextrin additive /
3.11. att. Vertikala izsmidzinasanas kalte iegiita skabétu kapostu sula. A — ar cietes skidumu,
B — ar cietes skidumu un maltodekstrinu

To determine TPC and antiradical activity water extraction was used for these samples.
There are differences in results when encapsulating sauerkraut juice with starch solution and
mixture of maltodextrin and starch solution. TPC and antiradical activity by DPPHe is higher
in the samples spray-dried with starch solution thus TPC is better preserved. The stability of
total phenolic concentration and antiradical activity is affected by the choice of the coating
agent and spray drying technique. For the retention of heat sensitive compounds, the inlet and
outlet temperature are of great importance (Fang & Bhandari, 2011). Previous studies (Kha et
al.,2010; Fang & Bhandari, 2011; Krishnaiah et al., 2014) have suggested that the optimum
parameters for spray-drying process to preserve TPC and antiradical activity is outlet
temperature 120 °C and 10% (wet weight) maltodextrin.
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Comparison of TPC and antiradical activity of vertically dehydrated juice is given in
Table 3.15.

Table 3.15./ 3.15. tabula
TPC and antiradical activity of vertically dehydrated sauerkraut juice /
Vertikala izsmidzinasanas kalté dehidrétas skabétu kapostu sulas kopéjo fenolu saturs un
antiradikala aktivitate

Dehydrated Parameters / Raditdji, mg 100 g™ DW
sauerkraut juice/

Dehidréta skabetu  Total phenol content/

kapostu sula Kopéjais fenolu saturs DPPHe* ABTS
PJ SS 284.48 + 6.01b 22.12+1.41a 19.37 +1.61d
PJMD 259.89 £3.12¢ 19.62 = 0.22¢ 18.31 +£1.21d
Selma SS 363.46 +5.99a 22.68 +0.25a 24.17+0.79¢c
Kiloplons SS 359.54 £7.77a 22.62 +0.15a 39.02 + 2.03b
Selma MD 295.43 + 6.42b 21.09+£0.17b 68.28 + 1.46a
Kiloplons MD 298.21 +5.76b 21.01 £0.27b 63.44 +2.13a

Total phenoalic content / kopéjo fenolu saturs, mg GAE 100 g
*DPPHe; ABTS* - Antiradical activity / antiradikala aktivitate, mg TE 100 g
Values with different letters are significantly different / vertibas ar atskirigiem burtiem, norada bitiskas atSkiribas

(p<0.05).
SS — starch solution / cietes Skidums, MD — maltodextrin / maltodekstrins, PJ — industrial sample / ripnieciskais

paraugs

Increased MD concentration results in decrease of total antioxidant activity because MD
can bind to the antioxidants in the juice during the drying process, causing them to become less
available and therefore less effective (Krishnaiah et al., 2014). Feed flow affects antioxidant
compounds and moderate flow (7.5 ml min't) can promote antioxidant activity (Romano et al.,
2020).

Maltodextrin influence on TPC is seen in all of the dried samples. Drying with a starch
solution, TPC is better preserved. But the moisture content is higher, thus microbiological and
enzymatic activity may occur and change the stability and content of active compounds.
Microbiological activity in dehydrated sauerkraut juice is shown in Figure 3.13.

Lactic acid bacteria / Pienskabes bakterijas

L2 400
S S ' 390
2.3 % 3.80
£ 8. 370
S 3 8 360
oS3 340
SX 330
Selma SS Kiloplons Selma Kiloplons
SS MD MD

Fig. 3.12. Lactic acid bacteria in vertically spray dried sauerkraut juice with different
carrier agents /
3.12. att. Pienskabes baktérijas* vertikala kalté izsmidzinata skabétu kapostu sula

The ‘Selma’ variety showed the highest number of lactic acid bacteria (LAB) in
sauerkraut juice, and even after spray drying, it maintained the highest LAB count. This was
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observed in samples that were sprayed with starch solution alone as well as with a combination
of starch solution and maltodextrin.

Nutritional value of vertically dehydrated sauerkraut juice

The nutritional characteristics of vertically spray-dried sauerkraut juice (DSJ) is given in
Table 3.16. The breakdown of starch during the spray-drying process and the natural presence
of sugars in sauerkraut juice are possible explanation to energy value and carbohydrates content
in DSJ (Araujo-Silva et al., 2018), including sugars glucose, fructose, and maltose

The ash content in DSJ is 15.28 g 100 g, and thus, there is a wide array of minerals, as
shown in Table 3.16.

Table 3.16. / 3.16. tabula
Nutritional value of vertically spray-dried sauerkraut juice, harvest year 2021 / Vertikala
izsmidzinasanas kalté dehidrétas skabétu kapostu sulas uzturvertiba, 2021. razas gads

Unit/ DSJ/ Dehidreéta skabetu

Parameters / Raditdji Meérvieniba kapostu sula, 100 g
Energy value / Energétiska vertiba kcal 294.7
Fat / Tauki g <0.1
Carbohydrates / Oglhidrati g 61.8
- including sugars / tai skaita cukuri
Glucose / Glikoze g 8.7
Fructose / Fruktoze g 4.3
Maltose / Maltoze g 9.8
Total sugars / Kopéjie cukuri g 27.1
- dietary fiber / skiedrvielas g 5.4
Protein / Olbaltumvielas g 6.5
Ash / Pelnvielas g 15.28

The NaCl content in DSJ contributes to the amount of ash, to some content. DSJ may not be
considered an everyday condiment, yet the amount of minerals present in the DSJ is significant.
Daily reference intakes (DRI) for vitamins and minerals, according to EU regulation
1169/2011%° | are presented in Table 3.17.

Table 3.17./3.17. tabula
Mineral content and vitamin C in dehydrated sauerkraut juice and daily reference
intake, harvest year 2021 / Mineralvielu un C vitamina saturs dehidreta skabétu kapostu
sula, 2021. razas gads, un ieteicama dienas deva

5 -
Minerals / 15 9% of the nutrient

o mg 100 g* DRI* reference values / 15% no
Mineralvielas . .
ieteicamds dienas devas

Magnesium / Magnijs 88,7 375 56.2
Manganese / Mangans 11 2 0.3

Copper / Vars 0.1 1 0.15
Potassium / Kalijs 1457 2000 300
Calcium / Kalcijs 296.8 800 120
Iron / Dzelzs 15 14 2.1
Vitamin C/ C vitamins 98 80 12

*- Daily reference intake / leteicama dienas deva

15 Regulation (EU) of the European Parliament and Council No. 1169/2011 on providing information on
food products to consumers
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A product can be considered significantly nutritious if it contains at least 15% of nutrient
reference values per 100 g. This means that a serving of that product would contribute
significantly to a person's daily nutrient needs. Potassium being the most abundant element in
DSJ, contributed most to daily intake, along with manganese and calcium. Despite the
potentially harsh nature of the spray-drying process, a considerable amount of vitamin C
remained in the DSJ sample, with the specific sample containing 98 mg 100 g.

Volatile compounds in sauerkraut juice and dehydrated sauerkraut juice

Sauerkraut juice and its products have a very distinct flavour and aroma that is composed
of various volatile compounds, like aldehydes, alcohols, sulphur compounds, esters, ketones,
terpenes, furans etc. (Rajkumar et al., 2017) and can be metabolised to bioactive compounds,
delivering health promoting benefits (Goff & Klee, 2006). The profile of volatiles was
determined for sauerkraut juice and dehydrated sauerkraut juice and results exceeding 5% of
volatile compound content, are presented in Figure 3.13.

DSJ . 17.70 3.66 1058

0% 20% 40% 60% 80% 100%
m Allyl isotthiocyanate / Alilizotiocianats m Ethanol / Etanols

Acetic acid / Etikskabe ® Benzoic acid / Benzoskabe
® Not identified / Nav identificéts Carvone

m Dimethil sulfide / Dimetilsulfids

Fig. 3.13. The percentage of volatile compound peak areas in sauerkraut and dehydrated
sauerkraut juice, % /
3.13. att. Gaistoso savienojumu procentualais daudzums skabetos kapostos un dehidréta

skabétu kapostu sula, %
SJ — sauerkraut juice / skabetu kapostu sula; DSJ — dehydrated sauerkraut juice / dehidreta skabetu kapostu sula

There were two common compounds in sauerkraut juice before and after spray-drying —
acetic acid with a sour, and allyl isothiocyanate with a pungent taste of mustard, horseradish
and wasabi. The metabolised products of glucosinolates - isothiocyanates are the prime sources
of the characteristic flavour of the Brassica vegetables (Satora et al., 2021; Wieczorek &
Drabinska, 2022). The highest peak area in sauerkraut juice was carvone with a caraway and
spearmint-like odour, while for dehydrated sauerkraut juice it was benzoic acid with a faint,
pleasant odour. Other compounds are characteristic to each of the raw materials.

TPC bioaccessibility of sauerkraut juice and dehydrated sauerkraut juice / TPC
biopieejamiba skabetu kapostu sula un dehidréta skabétu kapostu sula

Bioaccessibility (BAC) is defined as a share of bioactive compounds that is released from
the food matrix and becomes available for absorption after ingestion (Tchabo et al., 2022).
Bioaccessibility of polyphenols is calculated as equality of the analyses after the GIT against
the analyses before GIT. The bioaccessibility is considered as high if the BAC index is higher
than 1 (Wieca et al., 2016).
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For both analysed products — SJ and DSJ, the bioaccessibility index based on antiradical
activity by ABTS" exceeds 1.2 and is considered as high, as shown in Figure 3.14.
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Fig. 3.14. Bioaccessibility index (BAC) of the sauerkraut juice (SJ) and dehydrated
sauer-kraut juice (DSJ) based on TPC and ABTS* scavenging activity after in vitro
digestion /

3.14. att. Skabetu kapostu sulas (SJ) un dehidretas skabétu kapostu sulas (DSJ) biologiskas
pieejamibas indekss (BAC), pamatojoties uz TPC un ABTS* aktivitati péc sagremosanas in
vitro

The bioaccessibility based on TPC is very low for SJ and DSJ and is below 0.2. This can
be explained by the compound interaction with gastric juices and enzymes as well as the carrier
agent or the combination of several, which plays an important role in the release of the phenolic
compounds in the simulated gastrointestinal tract (Jafari et al., 2023).

The bioaccessibility of TPC is complex (Herranz et al., 2019; Tchabo et al., 2022; Igbal
et al., 2023), it is influenced by many factors and depends on a diversity of plant polyphenols,
the interaction of compounds, and demeanor in the digestive system (Cantele et al., 2020.;
Miedzianka et al., 2022) where the gut microbiota’s hydrolytic activity can increase activity
and bioavailability of polyphenols (Tuohy et al., 2012).

Bioaccessibility is also affected by the choice of the carrier agent. Dehydrated sauerkraut
juice was acquired via spray-drying and starch solution was used as a carrier agent. The choice
and combination of carrier agents is crucial, as the desired release of the bioactive compounds,
and the interaction of the food matrix it is applied to (Glube et al., 2013; Draijer et al., 2016).
Not only these, but several more factors influence the bioaccessibility of the TPC. Furthermore,
Cantele (Cantele et al., 2020) have concluded that the absorption of phenols from the solid food
matrices is more challenging, as opposed to liquid matrices, because, first they need to undergo
mechanical, chemical and enzymatic processes, whereas phenols from the liquid matrices are
available straight away.

As Flores (Flores et al., 2013) have investigated in their study about micro-encapsulated
blueberry anthocyanins during in vitro with two types of carrier agents — whey protein and gum
arabic, that most of the whey protein microcapsules phenolic compounds are degraded in the
intestinal digestion, whereas gum arabic, being a complex heteropolysaccharide remains
minimally digested. As well as the stability of total phenol content is higher in the gastric phase
yet it decreases in the small in-testine, because of bile (Igbal et al., 2022) (especially phenolic
acids) or the compounds transform into other compounds during digestion (Gao et al., 2022;
Hurst et al., 2022; Tchabo et al., 2022). Also, encapsulated ascorbic acid in enzyme-hydrolyzed
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starch (Leyva-Lopez et al., 2019) and rutin in debranched lentil starch coating material is
released in the intestinal digestion phase (Ren et al., 2021).

Summary of Chapter 3.3./ 3.3. nodalas kopsavilkums

In the horizontally spray-dried sauerkraut juice (DSJ) NaCl content ranged from 8.70 to
14.31 g 100 g, and the product could potentially be used as a salt substitute. The obtained
results show better total phenol content and antiradical activity in the samples dried with no
carrier agent, also the lactic acid bacteria count is higher in 4MDO samples. The presence of
maltodextrin (MD) affected the moisture content and solubility of DSJ, but MD was considered
suitable for further use in food production. The study used two extraction methods to determine
total phenol content (TPC) and antiradical activity in DSJ and found a moderate to strong
correlation between them, indicating that TPC reflects antiradical activity. The organic acid
profile of sauerkraut juice was also affected by the maltodextrin concentration, with oxalic,
lactic, acetic, and quinic acids being the major organic acids identified.

The study aimed to find the optimal drying parameters for dehydrating juice on a vertical
spray-dryer. Different drying parameters and carriers were tested using pasteurised juice,
sauerkraut juice of two varieties ‘Selma’ and ‘Kiloplons’, and various ratios of starch solution
to sauerkraut juice. The results showed that a ratio of 75:50 (starch solution to sauerkraut juice)
was optimal for dehydrating sauerkraut juice.

The study used water extraction to determine TPC and antiradical activity for vertically
spray-dried sauerkraut juice with different carrying agents. Samples spray-dried with starch
solution showed higher TPC and antiradical activity than those with a mixture of maltodextrin
and starch solution. Maltodextrin can bind to antioxidants, causing them to become less
effective. The moisture content is higher in samples dried with starch solution, which may affect
the stability and content of active compounds. DSJ contains a significant amount of minerals
and vitamins, with potassium being the most abundant. The spray-drying process is gentle for
vitamin C, and the amount remained in the samples was 98 mg 100 g.

Sauerkraut juice and its products contain various volatile compounds that contribute to
their distinct flavour and aroma. Benzoic acid with faint, pleasant odour, acetic acid with a sour,
and allyl isothiocyanate with a pungent taste of mustard, horseradish and wasabi being the most
common. Isothiocyanates, the metabolised products of glucosinolates, are the prime sources of
the characteristic flavour of Brassica vegetables. Carvone and benzoic acid were the
compounds with the highest peak area in sauerkraut juice and dehydrated sauerkraut juice,
respectively.

The bioaccessibility of polyphenols, including those found in sauerkraut juice, is
influenced by factors such as compound interactions with gastric juices and enzymes, the carrier
used, and the presence of gut microbiota. The bioaccessibility of TPC is considered low in
sauerkraut juice, possibly due to these factors. The choice and combination of carriers used to
deliver bioactive compounds is important for achieving desired release and interaction with the
food matrix. The stability of TPC varies during digestion, with some compounds being
transformed into others or degraded. Encapsulation of bioactive compounds in carrier materials
can affect their bioaccessibility and release in the digestive system.

Saja posma skabétu kapostu sula tika kaltéta ar divam kaltésanas tehnologijam —
horizontalo un vertikalo izsmidzinasanas Kalti. Horizontali izsmidzinataja skabétu kapostu sula
(DSJ) NaCl saturs bija robezas no 8,70 lidz 14,31 g 100 g X, un produktu, potenciali, varétu
izmantot ka sals aizstajéju. legiitie rezultati liecina par labaku kopéjo fenolu saturu un
antiradikalo aktivitati paraugos, kas kaltéti bez neséjvielas, art pienskabes baktériju skaits ir
augstaks 4MDO paraugos. Maltodekstrina (MD) klatbitne ietekmeja DSJ mitruma saturu un
Skidibu, tomeér izmeginajuma testi ar DSJ MD izmantosanu partika tika turpinati. Pétijuma tika
izmantotas divas ekstrakcijas metodes, lai noteiktu kopéjo fenolu saturu (TPC) un antiradikalo
aktivitati DSJ, un konstatéja videju lidz spécigu koreldaciju starp tam, noradot, ka TPC
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atspogulo antiradikalo aktivitati. Maltodekstrina koncentracija ietekméja ari skabétu kapostu
sulas organisko skabju profilu. Galvenas identificetdas organiskas skabes bija skabenskabe,
pienskabe, etikskabe un hinskabe.

Petijuma mérkis bija atrast optimalos kaltésanas parametrus skabétu kapostu sulas
dehidrésanai ari vertikald izsmidzinasanas kalte. Dazadi kaltes parametri un neséjvielas tika
testetas, izmantojot industrialo paraugu un divu Skirnu “Selma” un “Kiloplons” skabétu
kapostu sulu. Rezultati liecindja, ka cietes Skidums ka neséjviela un attieciba 75:50 (cietes
Skidums: skabétu kapostu sula) ir optimala, |ai dehidrétu skabétu kapostu sulu. Tika testéts art
cietes Skiduma un MD maistjums ka neséjviela.

Petijuma tika izmantota iidens ekstrakcija, lai noteiktu TPC un antiradikalo aktivitati
vertikali izsmidzinatai skabétu kapostu sulai ar cietes skidumu un cietes skiduma maisijumu ar
MD. Paraugi, kas kalteti ar cietes skidumu, uzrada augstaku TPC un antiradikalo aktivitati,
salidzinot ar tiem, kuri kaltéti ar maltodekstrina un cietes Skiduma maisijumu. Maltodekstrins
var saistities ar antioksidantiem, samazinot to efektivitati. Paraugos, kas kaltéti ar cietes
Skidumu, mitruma saturs ir augstaks, un tas var ietekmét aktivo savienojumu stabilitati un
saturu. DSJ satur ievérojamu mineralvielu un vitaminu daudzumu, un kalijs ir visbagatigakais.
Izsmidzindasanas kaltesana ir bijusi saudziga attieciba uz C vitaminu, Un parauga ir saglabdajies
98 mg 100 g*.

Visbiezak sastopamie gaistoSie savienojumi skabétu kapostu sula un tas produktos, kas
pieskir ipaso aromatu, bija benzoskabe ar vieglu, patikamu smarzu, etikskabe, un
alilizotiocianats ar sivu Sinepju, marrutku un vasabi garsu. Brassica darzenu raksturigo garsu
nodrosina izotiocianati, glikozinolatu metabolizétie produkti. Karvons un benzoskabe bija
savienojumi ar augstako pika laukumu attiecigi skabétu kapostu suld un dehidrata.

Polifenolu biopieejamibu ietekmé tadi faktori ka mijiedarbiba ar kunga sulam un
fermentiem, izmantota neséjviela un zarnu mikrobioms. lespéjams, minéto faktoru del, TPC
biopieejamibu skabetu kapostu suld uzskata par zemu. Izmantoto neséjvielu izvéle un to
kombindcija ir svariga, lai bioaktivo savienojumu piegade pandktu vélamo izdalisanos un
mijiedarbibu ar izejvielu. TPC stabilitate fermentdcijas laika ir atsSkiriga, dazi savienojumi
parveidojas par citiem vai sadalds. Bioaktivo savienojumu iekapsuléSana neséjvield var
ietekmet to biopieejamibu un izdaliSanos gremosanas sistema.

3.4. Sauerkraut juice products in food applications /
Skabétu kapostu sulas produktu izmantoSana partika

There were various tests conducted at the Latvia University of Life Sciences and
Technologies to find appropriate sauerkraut juice product applications in food. The experiments
involved testing the sauerkraut juice in various food products such as dry soup mixes, soup
paste, marinade for meat, minced meat, tomato juice, and cottage cheese. Experiments with
tomato juice and cottage cheese gave a bald taste, as the sourness of these products overwhelms
the sauerkraut juice. However, the use of spice mixes with sauerkraut juice for meat, French
fries, or chips appears to be a promising avenue for future research and possible project
development.

The results showed that the dry soup mixes experimentally prepared had a bitter and flat
flavour, while the soup paste with concentrated sauerkraut juice was tasteful and showed
promise for further research. The use of concentrated sauerkraut juice as marinade for pork
belly and minced meat tenderised and aromatized the experimental meat samples. A five-point
hedonic scale sensory evaluation was carried out, to clarify the overall liking, taste, smell and
texture preferences of the meat samples and results are shown in Figure 3.15.
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Overall liking / Kopéja patiksana Texture / Struktiira

6 6
5 5
S, T B
3 3
2 2
1 1
0 0
Taste / Garsa Aroma / Smarza
6 6
5 5 °
. T B
3 3 *
2 ® 2 e e °
1 1
0 0
m Pork belly, control / Ciikgalas kriitina, kontrole mPork belly / Ciikgalas kriitina, 10% CSJ Pork belly / Cikgalas kriitina, 20% CSJ
B Minced Meat, control / Malta gala, kontrole ~ ®mMinced meat / Malta gala, 5% CSJ Minced meat / Malta gala, 10% CST

Fig. 3.15. Hedonic evaluation of the experimental meat samples — pork belly and
minced meat /
3.15. att. Eksperimentalo galas paraugu, citkgalas kriitinas Uun maltas galas,
vertésana péc hedoniskas skalas

No other research was carried out for these products at this stage.

The overall liking of the experimental meat samples, pork belly and minced meat were
rated the highest with addition of 10% CSJ. Also, the taste preferences, aroma and texture
were rated the highest in these samples.

3.4.1. Experimental salad dressings / Eksperimentalas salatu mérces

Vertically spray-dried sauerkraut juice, variety ‘Kiloplons’ with a starch solution as a
carrier agent, was tested in salad dressings as a salt alternative since NaCl content in DSJ is
12%, and in addition, has sweet and sour taste nuances.

To choose the experimental amount of salt and DSJ, commercially available dressings
were investigated. The variation of salt content is significant, as shown in Table 3.18.

The highest salt content was in ‘Spilva’’s produced salad dressings - 2.2 — 2.6 g 100 g*
and garlic sauce 2 g 100 g%, while ‘Kraft’ balsamic vinaigrette had a 1 g of salt and ‘Heinz’
garlic sauce 1.3 g of salt 100 g*.

Most of the other components were in common in salad dressings and garlic sauces. The
differences between the salad dressings and garlic sauces tested were primarily in the choice of
ingredients, such as sunflower or rapeseed oil, and the inclusion of milk or yogurt powder.
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Table 3.18. / 3.18. tabula
Salt content and energy value in commercially available dressings /
Mazumtirdznieciba pieejamo komercialo mércu energétiska vértiba un sals saturs

With olive oil / Komercialie NacCl, Energy value /
paraugi ar olivellu g100 g™ Energetiska vértiba, kcal
Kraft balsamic vinaigrette 1 219
Oak'a Burger, garden salad 18
dressing ' 167
Oak'a Burger, balsamico dressing 1.8 182
Spilva salad dressing 2.2 30
Spilva lemon/olive oil dressing 2.6 50
With garlic/ Komercialie paraugi NaCl, Energy value /
ar kiploku gl1l00g™ Energétiska vertiba, kcal
Heinz garlic 1.3 371
Hellmann's garlic 15 283
Taste Me garlic 1.9 405
Kitchen masters garlic sauce 1.9 405
Spilva garlic sauce 2 285

The salad dressings consisted of water, vinegar, olive oil (or soybean/canola oil), sugar,
salt, spices, stabilisers, and preservatives, while the garlic sauces contained water, sugar,
sunflower or rapeseed oil, modified maize or starch, egg yolk powder with maltodextrin,
milk/whey/yogurt powder, garlic (at concentrations of 0.5%, 0.7%, or 5%), garlic-chives
mixture (11%), parsley, mustard, chives, vinegar (citric, malic, ascorbic, or lactic acid),
thickeners (xanthan or guar gum), preservatives (potassium sorbate, sorbic acid, or sodium
benzoate), flavourings, and antioxidants.The dispersion of salt and sugar content in
commercially available dressings is shown in Figure 3.16.
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B Salt, garlic sauces / S3ls daudzums kploku mercEs
M Salt, salad dressings / Sals dand=ums salau mecss
B Sugarz, garlic sauces / Culmura daudzums kiploku mérces

Sugars, salad [/ Culora daudeums salatn méerces

Fig. 3.16. Average salt and sugar content in the commercially available salad dressings
and garlic sauces /
3.16. att. Sals un cukura daudzums salatu un kiploku mérces
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To avoid potential interactions with other ingredients, the experimental dressings were
prepared using only dehydrated sauerkraut juice (DSJ) and either olive oil or sour cream. The
DSJ amount used and salt equivalent is described in section 2.3.4. Table 2.3.

In the descriptive sensory evaluation of experimental salad dressings, there were
11 flavours mentioned or identified: sweet, salty, sour, bitter, spicy, garlic, cabbage, yogurt,
mayonnaise, cottage cheese, and vinegar. Based on these 11 taste attributes, a RATA —rate-all-
that-apply taste and aftertaste intensity tests were carried out.

Experimental dressing samples with olive oil / Eksperimentalie paraugi ar alivellu

Frequency of taste attributes

The panels highlighted the prevalence of bitter taste in dressing samples made with the
addition of olive oil (Table 3.19). The bitterness of these samples can be explained by adding

fresh olive (virgin) oil to DSJ with a typical bitter taste due to polyphenols availability (tannins
in particular).

Table 3.19. / 3.19. tabula
Frequency of terms used to describe the taste of dressing sample with olive oil /

Biezak atzimétie termini eksperimentaliem paraugiem ar olivellu

%) ] = 3

Samples /| @ 8 = S 2% % B35 (—fg 3 =
i I o = T = =8 g = B g8
Paraugi, % s & R = & o ~ 73 S = S =

TIAT  TIAT TIAT TIAT  T/IAT  TIAT TIAT

o0oC 80/43  T7/37 83/43 73/63  40/37  23/13 20/3

001 70/53  93/43 100/73 67/77  53/63  73/47 47/30
002 67/37 100/60 97/67 73/57  40/53  50/30 43/30
003 63/50  80/47 93/67 67/47  50/43  37/30 17/23

*T —taste / garsa; AT — aftertaste / pécgarsa
OO0C - experimental dressing sample with olive oil, control / eksperimentalais paraugs ar olivellu, kontrole;
001, 002, 003 - experimental dressing sample with olive oil and different dehydrated sauerkraut juice

concentration / eksperimentalais paraugs ar olivellu un dehidretu skabetu kapostu sulu, daZadas
koncentracijas

Salty taste in the control sample (OOC, 2% of salt) was identified by 63% of participants
yet the same taste was identified by 80% in the sample OO1, with the salt equivalent of 2%,
and in the samples with the reduced amount of salt (002, O03) - 70%, 73%, which is
significantly higher than the control sample. It could be explained that not salt nor DSJ dissolves
in oil and is somewhat encapsulated in fat (Noort et al., 2012) and dissolves only in the contact
with saliva, creating the ‘salty spot’ (Beck et al., 2021), meanwhile, DSJ having more taste
attributes creates an abundant sensory profile (Gaudette et al., 2019). In the OO1 sample garlic
taste was identified by 43% of participants, and 37% in the samples 002, OO3.

The bitter aftertaste remains in the samples OOC and OOL. The salty taste lingers still in
the aftertaste in all of the DSJ samples — more than 43%, while in the control sample 27%, the
encapsulation effect lets salty particles dissolve gradually (Noort et al., 2016).

A radar chart in Figure 3.17. displays the intensity (the sum of rated points from 1 to 5)
of the 11 taste attributes.
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. O0C 001 - --002 003
Sweet / Salds (T)*
Yogurt/ Jogurts (AT)* 4.0 Sweet / Salds (AT)*
Yogurt / Jogurts (T)* 3.0 Sour / Skabs (T)*
20 RS
Cabbage / Kaposts (AT)  PT= Sour / Skabs (AT)
\ o/ . 1\
\. 7 X ~
Cabbage / Kaposts (T)* ol < 00 - V)P Salty / Sals (T)*
N, 1/
Garlic / Kiploks(AT)* N L% Salty / Sal§ (AT)
N 7
N\
Garlic / Kiploks (T)* Bitter / Riigts (T)*
Spicy/ Pikants (AT) Bitter / Ragts (AT)*

Spicy / Pikants (T)*

Fig. 3. 17 The intensity of taste (T) and aftertaste (AT) in the experimental dressing
samples with olive oil / 3.17. att. Garsas (T) un pécgarsas (AT) intensitate eksperimentalajos

paraugos ar olivellu
*represent significant differences (p<0.05)
OOC - experimental dressing sample with olive oil, control / eksperimentalais paraugs ar olivellu, kontrole;
001, 002, 003 - experimental dressing sample with olive oil and different dehydrated sauerkraut juice
concentration / eksperimentalais paraugs ar olivelfu un dehidrétu skabétu kapostu sulu, dazadas koncentracijas

The intensity of salty taste is significantly stronger in the samples with DSJ, though it is
salt equivalent in OO1 and reduced amount of NaCl in samples 002, OO3. Also, the sour taste
is intense followed by bitter and garlic.

The intensity of the aftertaste fades. Bitter taste lingers longer in the control sample OOC,
while salty and spicy lingers in the samples with DSJ.

The transcript of volatile compounds in the experimental dressings with olive oil

There were four chemical groups represented in the samples with olive oil — aldehydes,
esters, alcohols and acids, in total 11 volatile compounds with the highest peak areas, exceeding
5%, are presented Table 3.20.

Acetic acid with sour odour was the most predominant in the samples with DSJ, reducing
accordingly to the amount of added DSJ. The addition of DSJ diminishes the volatile compound
peak areas and are significantly less than in the control sample, which can be favourable because
of the specific cabbage aroma. The control sample presents all the volatile compounds that are
characteristic to most olive oils (Ogras et al., 2018). In general, the odour of the samples is
grassy, leafy green, with a slight sweetness and fruity sharpness.

Table 3.20. / 3.20. tabula.
The transcript of identified volatile compounds in the samples with olive oil, % /
Gaistosie savienojumi un to atsifréejums paraugos ar olivellu, %

Volatile compound / OC 001 002 003 Aromacharacteristics/
GaistoSie savienojumi Aromatu raksturojums
Aldehydes / Aldehidi

2-hexanal / 2- heksanals \12.28 3.69 5.69 4.30 Leaf, green / zalu lapu
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Continuation of the table 3.20.
3.20. tabulas turpinajums
Volatile compound / OC 001 002 003 Aromacharacteristics/
GaistoSie savienojumi Aromatu raksturojums
Benzaldehyde / benzaldehids | 6.49 0.44 1.85 0.82 Almond, burned sugar /
mandelu, dedzinata
cukura

Esters / Esteri

3 hexen-1ol, acetate (E) / 3- 9.88 4.83 6.93 450  Sharp fruity green aroma
heksén-1ols, acetats reminiscent of unripe pear
or banana / ass, negatavu
auglu, bumbieru vai
bananu

Alcohols / Spirti

hexen-1ol / heksen-10ls 6.77 2.90 3.83 1.73 Grassy green aroma /

zalas zales
3,7,11 trimethyl-1-dodecanol - - - 3.21

/3,7,11 trimetil-1-dodecanols
benzyl alcohol / benzillspirts | 17.20  0.73 2.34 1.66 Sweet, flower / salds,

ziedu
ni 11.03 - - -
Acids / Skabes
Acetic acid / etikskabe 1851 8437 7519 50.14 Sour / skabs
Pentanoic acid / pentanskabe | 2.70  0.56 0.39 - Sweet / salds
n-decanoic acid / n- 1.26 0.87 0.85 3.64 Rancid, fat / sasmacis,
dekanskabe taukains

ni — not identified / nav identificéts

OOC —experimental dressing sample with olive oil, control / eksperimentalais paraugs ar olivellu, kontrole; OO1,
002, 003 - experimental dressing sample with olive oil and different dehydrated sauerkraut juice concentration
| eksperimentalais paraugs ar olive/[u un dehidrétu skabétu kapostu sulu, dazadas koncentracijas

Experimental dressing samples with sour cream / Eksperimentalie paraugi ar skabo kréjumu

Frequency of taste attributes

Sour and salty tastes were identified by the most participants in the samples with sour
cream, as shown in Table 21. Salty taste was equally rated in the control sample SCC and
sample with salt equivalent SC1, and so was the sour taste. All of the samples were rated as
yogurt-like and in SC1 and SC2 samples a mayonnaise taste was identified. Interestingly
enough, also in the samples with sour cream a garlic taste was identified, just like in the olive
oil sample, with the highest DSJ addition.

Aftertaste is characterised with the sour taste. The salty taste in the aftertaste is felt
significantly higher in the samples SC1 and SC2. The sweet aftertaste in the control sample is
felt by more participants than in the initial taste.

82



Table 3.21./ 3.21. tabula
Frequency of terms used to describe the taste of dressing sample with sour cream /
Biezak atzimétie termini eksperimentaliem paraugiem ar skabo krejumu
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TIAT TIAT TIAT TIAT TIAT TIAT TI/IAT TI/IAT TI/IAT TIAT TIAT

SCC 50/57 87/67 93/57 27/20 33/30 37/20 27/10 50/33 47/47 30/50 23/0
SC1 67/50 87/70 93/80 30/17 43/27 60/40 43/33 63/50 60/57 43/50 40/13
SC2 60/43 80/63 77/67 30/20 37/23 67/43 47/23 57/40 57/50 40/30 47/7
SC3 73/50 77/63 60/43 27/17 47/27 40/27 33/20 60/40 43/30 43/33 23/3

*T —taste / garsa; AT — aftertaste / pecgarsa

SCC — experimental dressing sample with sour cream, control / eksperimentalais paraugs ar skabo krejumu, kontrole;
SC1, SC2, SC3 - experimental dressing sample with sour cream and different dehydrated sauerkraut juice concentration
| eksperimentalais paraugs ar skabo kréjumu un dehidrétu skabétu kapostu Sulu, dazadas koncentracijas

A radar chart in Figure 3.18. displays the intensity (the sum of rated points from 1 to 5)
of the 11 taste attributes in the experimental dressings with sour cream.

----- SCC SC1 ——SC2 SC3
Sweet / Salds (T)*
Vinegar / Etikis (AT)* 4.0 Sweet / Salds (AT)*
Vinegar / Etikis (T)* Sour / Skabs (T)*
3.0
Cottage cheese /. .- Sour / Skabs (AT)
2.0- S _
Cottage cheese /... A > Salty/ Sals (T)*
g /| NN \ y ! Sals (T)
Lo 5
Mayonnaise / Majonéze. .. //“g = / Salty / Sals (AT)
/ 7 00
Mayonnaise / Majonéze. .. Sox .y Bitter / Rugts (T)*
AR e > 7
N e u i
Yogurt / Jogurts (AT)* - —W \! Bitter / Ragts (AT)*
Yogurt / Jogurts (T)* Spicy / Pikants (T)*
Cabbage / Kaposts (AT) Spicy/ Pikants (AT)
Cabbage / Kaposts (T)* Garlic / Kiploks (T)*

Garlic / Kiploks(AT)*

Fig. 3.18. The intensity of taste (T) and aftertaste (AT) attributes in the experimental
samples with sour cream / 3.18 att. Garsas (T) un pecgarsas (AT) intensitate
eksperimentalajos paraugos ar skabo kréjumu

*represent significant differences (p< 0.05)
SCC — experimental dressing sample with sour cream, control / eksperimentalais paraugs ar skabo kréejumu,
kontrole; SC1, SC2, SC3 - experimental dressing sample with sour cream and different dehydrated sauerkraut juice
concentration / eksperimentalais paraugs ar skabo kréjumu un dehidretu skabétu kapostu sulu, dazadas koncentracijas
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The most intensive taste is in the SC1 sample with the highest DSJ amount, with the
predominant sour and salty tastes but also garlic, mayonnaise and yogurt. All of the samples
(except the control SCC and OOC) are made with sour cream and dehydrated sauerkraut juice.
The intensity of taste in all of the other samples are with no significant differences, representing
sour and salty with a hint of yogurt, especially in the SC3 sample, and mayonnaise.

The aftertaste is not very intense but varies greatly. For SC1 and SC3 samples, the tastes
in the aftertaste are the same — sour, salty, mayonnaise, yogurt and garlic. In the sample SC2,
the garlic taste lingers in the aftertaste. While the control sample SCC with fine salt addition
has a sweet, sour, salty, mayonnaise and cottage cheese aftertaste.

The transcript of volatile compounds in the experimental dressings with sour cream

In total there were 17 volatile compounds identified with the highest peak areas exceeding
5% present in Table 3.22.

Table 3.22. / 3.22. tabula
The transcript of identified volatile compounds in the samples with sour cream, % /
Gaistosie savienojumi un to atsifréjums paraugos ar kréjumu, %

Aroma
SCC SsC1 SC2 SC3 characteristics /
Aromatu raksturojums

Volatile compound /
Gaistosie savienojumi

Aldehydes/ Aldehidi
Ketones / Ketoni

1,1-Dimethyl hydrazine /

1,1-dimetilhidrazins 33.44 27.92
1,4-Difluoro, 1,3-butadiyne Ammonia-like /
/ 1,4-difluors, 1,3-butadiins 3.86 726 419 amonijam lidzigs

Esters / Esteri
3-Hydroxy, 2-butanone /

3-hidroksi, 2-butanons 5.26 2.54
1,3-Dioxol-2-one / Buttery odour /
1,3-dioksol-2-ons 7.99 sviestains aromats
Alcohols / Spirti
Benzyl alcohol / Sweet, flower /
Benzilspirts 1.36 0.34 salds, puku

1,2-Diphenyl-,1,2-
ethanediol/ 1,2-difenil-,1,2-

etandiols 1.63
Acids / Skabes
1-Naphthalenecarboxylic
acid, 8-bromo / Strong lemon odour /
1-naftalinkarbonskabe, Spéciga citrona
8-broms 1.63 smarza
Acetic acid / Etikskabe 4298 3344 4433 27.92 Sour / Skabs

Rancid, cheese, sweet/
Butanoic acid / Butanskabe 18.07 1226 1864 12.70 Sasmacis, siers, salds
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Continuation of the table 3.22.
3.22. tabulas turpinajums

Volatile compound/ SCC SC1 SC2 SC3 Aroma characteristics
Gaistosie savienojumi | Aromatu raksturojums
Sweet, cheese /
Octanoic acid / Oktanskabe 5.98 1.50 2.36 1.58 salds, siers
N-decanoic acid / Rancid, fat /
N-dekanskabe 1.49 1.05 sasmacis, tauki

Waxy, dirty cheese,
cultured dairy /
Vaskains, sierains,
Nonanoic acid / raudzéti piena
Nonanoskabe 1.94 produkti
Heterocyclic compounds /
Heterocikliskie savienojumi
Methyl Arsine dibromide /

Metilarsina dibromids 8.85 Pungent, acid-like
Fishy, amine /
Asa, lidziga
Morpholine / Morfolins 2.37 4.09 skabei,zivs, amins

2-(2-Propenyl)-furan /
2-(2-propenil)furans 5.57
SCC —experimental dressing sample with sour cream, control / eksperimentalais paraugs ar skabo kréejumu,
kontrole; SC1, SC2, SC3 - experimental dressing sample with sour cream and different dehydrated sauerkraut juice
concentration / eksperimentalais paraugs ar skabo kréjumu un dehidretu skabétu kapostu sulu, dazadas
koncentracijas

Overall liking of the experimental dressing samples

There were significant (p<0.05) differences among the samples when rating overall
acceptability, either in oil or sour cream samples, as shown in Figure 3.19. The liking of these
samples was ranked from 1 —5: 1 - do not particularly like; 5 - like the most. The overall liking
of olive oil samples, OO1 and 002, with an DSJ salt equivalent of 2 and 1.5% were liked the
most, and the sample with a reduced amount of salt (OO3 - 1.0% salt equivalent) was liked
more than the control sample, but with no significant differences. There were significant
(p<0.05) differences between the sour cream samples. For SC1, there was no rating of 5 (like
the most), and in total, among the samples with the DSJ, most participants liked these samples
the least, which may be explained by their strong taste intensity. The sample SC3 (reduced
amount of salt with least DSJ) was as liked as SC1.This could be explained by quite the opposite
reason, due to not enough taste intensity. However, the average liking was rated more than 3 in
both samples, compared with SCC. SC2, with a 0.5% salt equivalent, was liked the most, being
described as not too salty and with the most taste variation. Despite the differences in the SJP
salt equivalent, all of the samples were liked more than the SCC, leading to the conclusion that
sauerkraut juice powder could be used as an alternative to salt.
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Fig. 3.19. Overall liking of the experimental dressing samples /

3.19 att. Eksperimentdlo mércu paraugu kopéja patiksana
OOC — experimental dressing sample with olive oil, control / eksperimentalais paraugs ar olivellu, kontrole;
001, 002, 003 - experimental dressing sample with olive oil and different dehydrated sauerkraut juice

concentration / eksperimentalais paraugs ar olivelu un dehidrétu skabétu kapostu sulu, dazadas koncentracijas

SCC - experimental dressing sample with sour cream, control / eksperimentalais paraugs ar skabo kréjumu,
kontrole; SC1, SC2, SC3 - experimental dressing sample with sour cream and different dehydrated sauerkraut
juice concentration / eksperimentalais paraugs ar skabo kréjumu un dehidrétu skabétu kapostu sulu, daZadas

koncentracijas

3.4.2. Dehydrated sauerkraut juice (DSJ) in bread and meat applications and their
bioaccessibility / Skabétu kapostu sulas pulvera pielietojums maizes un galas izstradajumos
un to biopieejamiba

Sauerkraut juice products were tested also in collaboration with the project partners.

Bakery “Flora” — rye bread and crisp bread — both of the sauerkraut products can be used
in bread baking but it’s important to evaluate the inserted amount to maintain the quality. Also,
DSJ can substitute some amount of salt and sugar in the recipe. The results are explained in
Appendix 1.

“Margret” Ltd, have tested concentrated sauerkraut juice in 27 meat products —all of them
were with negative organoleptic properties, causing mouldy surface, sour taste and were with a
shorter best before. The results are explained in Appendix 2.

In order to investigate the actual bioaccessibility of the total phenol compounds (TPC) and
the impact of DSJ to the experimental bread and meat samples, they were subjected to in vitro
gastrointestinal digestion. There are numerous studies on phenolic compound bioaccessibility,
mostly because the compounds are considered as low-bioavailable (Igbal et al., 2022) thus, the
potential health benefits are under discussion (Gao et al., 2022; Igbal et al., 2023).

The bioaccessibility of TPC in wheat-based food matrices is different from that in meat-
based products. Wieca (2016) have confirmed that wheat flour contains bound phenolics that
are easily released during simulated digestion. The studies of meat protein and phenolics action
in vitro are scarce, to the best of our knowledge, but (Rashidinejad et al., 2017) have
investigated that milk proteins bind the phenols and can affect their release due to interaction
between them (Draijer et al., 2016). The TPC is affected differently in GIT, depending on the
food matrix, its physicochemical characteristics, and its composition (Herranz et al., 2019; Igbal
et al., 2023). When testing poultry feed with the addition of lucerne or chicory, the total phenol
content decreased in the gastric phase but increased in the intestinal phase (Igbal et al., 2022).
Also, higher content of bioactive compounds in the food matrix does not always ensure the
same results in and after the GIT (Tomsone, etal., 2020), as well as the accessibility of the
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compounds is influenced by numerous conditions — the complexity of phenolic compounds in
food matrix, metabolic pathway etc. (Herranz et al., 2019; Tchabo et al., 2022).

Experimental bread samples

The aim of this experiment was to evaluate, if the addition of DSJ affects the bread
quality, and can increase the bioactive compound content and the bioaccessibility in the wheat
bread. The results, shown in Table 3.23. represent a significant influence on the total phenol
content by the addition of DSJ to the wheat bread. The TPC content and antiradical activity by
ABTS" in the bread DSJ sample is higher by 66% and 56% accordingly. It has been reported
before that plant materials and food production by-products added to flour products increase
the TPC and antiradical activity (Ahmed & Abozed, 2015; Tomsone, et al., 2020). In our study,
supplementing wheat bread with DSJ increases the TPC content in the sample, thus the food
matrix provides suitable conditions for the release (or interaction) of the compounds.

Table 3.23./3.23. tabula
Total phenol content and antiradical activity by ABTS+ in the bread samples /
Kopéjo fenolu saturs un antiradikala aktivitate maizes paraugos

Parameters / Raditaji Bread C/ Maizes Bread DSJ/
kontroles paraugs Maizes paraugs ar DSJ

TPC, mg 100 g GAE, DW 54.36 +1.33a 82.56 +0.98b

ABTS, mg TE 100 !, DW 4.61 +0.24a 8.23 £ 0.56b

TPC — total phenol content / kopéjais fenolu saturs

ABTS —antiradical activity / antiradikala aktivitate

Values with different letters are significantly different / vertibas ar atskirigiem burtiem nordada bitiskas atSkiribas
(p<0.05)

Although the TPC was higher in the Bread DSJ, the bioaccessibility index BAC,
shown in Figure 3.20. is higher in the Bread C - 1.10 while in the DSJ sample it is 0.65. This
indicates that the bioaccessibility of the phenolic compounds in wheat bread, are highly
bioaccessible, however encapsulation of DSJ may interact with other compounds to form
indigestible compounds and does not protect the TPC from the severe environment of the
stomach (Tomsone, etal., 2020).

1.2 1.10
1.0
P
208 065
S .
= 0.6
S
2 04
g 0 0.29
302 0.16
(a1
- L]
TPC ABTS

m Bread C m Bread DSJ

Fig. 3.20. Bioaccessibility index (BAC) of the bread samples based on TPC and ABTS*
scavenging activity after in vitro digestion /
3.20. att. Maizes paraugu biopieejamibas index (BAC), pamatojoties uz TPC un ABTS™
antiradikalo aktivitati péc sagremosanas kunga-zarnu trakta simuldcijas iekarta
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That is contrary to the bread samples enriched with green coffee (Wieca et al., 2016),
where all of the samples were highly bioaccessible in vitro but the control sample was even
higher than 2. A bioaccessibility score higher than 1 is generally considered as high. The
interactions among food matrix, phenolic compounds and GIT enzymes is still under
investigation (Tchabo et al., 2022).

Volatile compounds in the bread samples

There were 9 volatile compounds detected in the bread samples, 8 of them exceeded 5 %
and are shown in Figure 3.21. Hexanal did not exceed 1% and therefore is not discussed in this
study. The highest peak area was for benzaldehyde, giving volatile oil-of-almond odour and it
was higher with the DSJ addition., 29.15 % and 33, 60 %, accordingly. A very distinct nuance
— a caraway-like odour — in the bread sample with the DSJ addition. There is 1% of caraway
added in the production process of sauerkraut in “Dimdini” Ltd (Latvia), and this volatile
compound is so strong to remain through the spray-drying process and the bread baking. A
freshly baked wheat bread, with no caraway or DSJ added, gives a rose like aroma.

Bread DSJ i 33.60 955 6.79
Bread C 2§88 29.15 W 2702 2413 6.65 J5ERH
0% 20% 40% 60% 80% 100%

3-furaldehyde / 3-furaldehids
Benzaldehyde / Benzaldehids
m 2-cyclohexen-1-one, 2methyl-5-1 / 2-cikloheksén-1-ons, 2-metil-5-1...
m Benzyl alcohol / Benzilspirts
m Phenylethyl alcohol / Feniletilspirts
m n-decanoic acid / n-dekanskabe
Decyltrifluoroacetate / Deciltrifluoracetats
Undecanoic acid / Undekanskabe

Fig. 3.21. The percentage of volatile compound peak areas in the bread samples, % /
3.21. att. Gaistoso savienojumu procentualais daudzums maizes paraugos, %

A sensory evaluation was carried out for bread with dehydrated sauerkraut juice. 52
participants were invited to rate overall liking, structure, taste and aroma on a 5-point hedonic
scale. There are no significant differences in overall liking of Bread C and Bread DSJ, both
samples are equally liked, as well as no significant differences are observed in structure, taste
and aroma, as shown in Figure 3.22.

88



€  Bread DSJ(4.2a) * IS 34.0 i PR
g Bread C (4.32) nE—w— 453 -9.418°
2 Bread DSJ(4.4a) —— 415 “113
= Bread C (4.32) ESSSISE— 56.6 15
= Bread DSJ (4.32) g — 58.5 3:8
= Bread C (4.22) nESSSSSm— 472 182
T 2  Bread DSJ] (4.50) 35.8 W
g= Bread C (4.32) G— 585 3.80
0% 20% 40% 60% 80% 100%
m Like extremely Like moderately
»» Neither like, neither dilkie m Dislike moderately

Fig. 3.22. Hedonic evaluation of the bread samples /

3.22. att. Maizes paraugu vértésana péec hedoniskas skalas
* Values in brackets present the mean value of hedonic evaluation and the same letter along the values shows
that the difference between the means between two samples is not statistically significant.

Other authors discussed that mean in some cases is not representative for hedonic
evaluation due to differences in frequency of evaluations (Wichchukit & O’Mahony, 2015).
Therefore, in Figure 3.20. is presented frequency of each evaluation in percentages and few
trends could be observed. It could be concluded that for overall liking and taste of Bread DSJ
more participants selected evaluation like extremely, 54.7% and 47.2% respectively, and it is
higher compared to Bread C. More people extremely like bread with DSJ. Also, it could be seen
that the aroma of Bread DSJ got 22.6% of evaluation — neither like, nor dislike, showing that
the aroma of sample is not preferable for consumers, compared to Bread C.

Experimental meat samples

The addition of plant-based ingredients provides total phenol content in meat products
and is influenced by the method used to prepare the meat, such as mincing and heat treatment.
Due to the potential interaction of phenols with the meat's chemical composition, which consists
of lipids, proteins, and polysaccharides their extractability from the samples can be affected.
(Cheng et al., 2018). In our study, the addition of DSJ in the meat samples had a significant
impact (p<0.01) of on the TPC. The TPC content in the meat DSJ sample was 61.21 +
1.03 mg 100 g GAE, DW and antiradical activity by ABTS* 5.72 = 0.17 mg TE 100 ', DW.

The bioaccessibility index for TPC of the meat DSJ sample is significantly higher than 1
and thus the compounds are available for absorption. The combination of proteins and phenolic
compounds can affect the bioaccessibility of TPC, and is influenced by the specific compound
interactions (Draijer et al., 2016.; Miedzianka et al., 2022). As Nagar (2023) has studied,
dissolved oxygen levels in the intestinal phase and bile contribute to the decrease in
bioaccessibility - the absence of oxygen increases the bioaccessibility of polyphenols.

Volatile compounds in the meat samples

There were 8 volatile compounds detected in meat samples. 7 of them exceeded 5 % and
are shown in Figure 3.23. The highest peaks for the Meat C sample were hexanal, mostly formed
by oxidation of linoleic acid (Jiang et al., 2022), and 3-furaldehyde, giving fruity, green grass
and almond like odour, also volatile oil-of-almond. The highest peaks in Meat DSJ sample were
benzaldehyde, characterised by a roasted peanut aroma, and benzyl alcohol giving faint
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aromatic and volatile oil-of-almond aroma, also furfural with almond like odour and n-
decanoic acid with rancid, unpleasant odour, mostly formed in the process of lipid hydrolysis
and oxidation (Jiang et al., 2022). Volatile compounds in meat are affected by cooking time and
temperature and different reactions during the process (like Maillard reaction) and a series of
nutrient degradation (Jiang et al., 2022). There is no caraway odour found in the meat sample.

0% 20% 40% 60% 80% 100%
® Hexanal / Heksanals m 3-Furaldehyde / 3-Furaldehids
Furfural / Furfurols B Benzaldehyde / Benzaldehids
® Benzyl alcohol / Benzilspirts n-Decanoic acid / n-dekanskabe

B Undecanoic acid / Undekanskabe

Fig. 3.23. The percentage of volatile compound peak areas in the meat samples, % /
3.23. att. Gaistoso savienojumu procentualais daudzums galas paraugos, %

A sensory evaluation was carried out in the meat samples just like described above in the
bread samples applying the Hedonic scale. Due to DSJ specific aroma and taste properties, it
was useful to distinguish the effect and differences between the control and DSJ sample. In the
bread samples statistics showed no significant differences between samples but for meat
samples a different trend was observed, as shown in Figure 3.24.

4.0

3.9b 40a 428 27 4.3a
- 3.5b
3
2
1
0.0

MeatC Meat MeatC Meat MeatC Meat Meat C Meat
DSJ DSJ DSJ DSJ

Overall liking Structure Taste Aroma

5.0

444 4.3a

o

(@)

Hedonic scale

o

Fig. 3.24. Hedonic evaluation of the meat samples /

3.24. att. Maizes paraugu vertésana péc hedoniskas skalas
The same letter along the values shows that the difference between two samples is not statistically significant
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No significant differences were in the structure (p<0.05) of the samples whereas
significant differences in the overall liking, taste and aroma of the samples (p>0.05) were
determined and in all cases higher evaluation was for samples with added DSJ. It could be
explained by traditional cooking and serving of meat with sauerkraut and these tastes are pairing
for Latvian consumers and be acceptable and highly evaluated. Therefore, meat products could
be prospective for application of DSJ in food.

Summary of Chapter 3.4./ 3.4. nodalas kopsavilkums

Dehydrated sauerkraut juice was tested in food applications as a salt alternative, and its
possible reduction in experimental salad dressings with olive oil and sour cream. Nor salt nor
dehydrated sauerkraut juice dissolves in oil bringing the salty sensation to the mouthfeel in the
experimental samples with olive oil. The overall liking among the samples is highest in the
002 samples — with slightly reduced salt amount.

DSJ dissolves in sour cream and brings not only a salty sensation but also additional tastes
like garlic, yogurt and mayonnaise. The overall liking among the samples is the highest in SC2,
with slightly reduced salt amount. The taste compounds in the samples SC1 and SC3 were
characterised as either too strong or too weak, accordingly.

Overall, experimental samples with DSJ were liked more than the control sample with
salt. This leads to the conclusion that DSJ could be used in salad dressingsa as salt alternative,
reducing the consumed salt amount and enriching the food with minerals and bioactive
compounds.

DSJ enriches bread and meat samples with total phenol content and antiradical activity,
however, high bioactive compound content does not always mean high bioaccessibility of them.
The bioaccessibility of total phenol content in the bread control samples was higher and index
exceeds 1, and is considered as good.

The highest peak of the volatile compounds in the Bread DSJ sample was benzaldehyde
with oil-of almond odour but also caraway -like odour was identified in the Bread DSJ sample.
The highest peaks in Meat DSJ sample is also benzaldehyde with a roasted peanut aroma but
also n-decanoic acid with rancid, unpleasant odour.

In the sensory evaluation, all the samples — bread and meat — with DSJ were preferred or
liked better than the control samples. Therefore, DSJ can be used in food applications exposing
different taste nuances.

Dehidréta skabetu kapostu sula tika testeta partikas produktos ka sals alternativa, un ta
iespéjamais samazindjums eksperimentalajas saldtu mércés ar olivellu un skabo kréjumu. Ne
sals, ne dehidréta skabetu kapostu sula (DSJ) neskist eksperimentalajos paraugos ar e/lu, radot
salu sajiitu mutes dobuma. Sensoraja vertésana kopéja patiksana paraugos visaugstaka bija
002 paraugiem — ar nedaudz samazindatu sals daudzumu.

DSJ izskist skabaja kréjuma un rada ne tikai salu sajiitu, bet ari papildu garsas ka
kiploku, jogurta un majonézes. Vislielaka patika starp paraugiem ir SC2 ar nedaudz samazinatu
sals daudzumu. Garsas savienojumi paraugos SC1 un SC3 tika attiecigi raksturoti ka parak
specigi vai parak vdji. Kopumd eksperimentalie paraugi ar DSJ patika vairdk neka kontroles
paraugs ar sali. Tas liek secinat, ka DSJ varétu izmantot salatu mércés ka sals alternativu,
samazinot patéréta sals daudzumu un bagatinot partiku ar minerdlvielam un bioaktiviem
savienojumiem.

DSJ bagatina maizes un galas paraugus ar kopéjo fenolu saturu un antiradikalo
aktivitati, tomer augsts bioaktivo savienojumu saturs ne vienmér nozimé augstu to
biopieejamibu. Kopéjo fenolu satura biopieejamiba maizes kontroles paraugos bija augstaka
un indekss parsniedz 1, un tiek uzskatits par labu.

Visizteiktakie gaistoSie savienojumi Bread DSJ paraugad bija benzaldehids ar mandelu
ellas smarzu, bet tika konstatets art kimeném lidzigs aromats. Meat DSJ parauga visizteiktakie
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savienojumi bija benzaldehids ar grauzdetu zemesriekstu aromatu, ka ari n-dekanskabe ar
sasmakusu, nepatikamu smaku.

Sensorajd vértejuma visiem paraugiem ar DSJ — maizei un galai — tika dota prieksroka
vai patika labak neka kontroles paraugi. Tapéc DSJ var izmantot partikas produktos, atkldjot
dazadas garsas nianses.
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CONCLUSIONS / SECINAJUMI

. The composition of sauerkraut juice is affected by the variety and harvest year of white
cabbage used and the variation of total phenol content, antiradical activity and ascorbic
acid is significant. / Skabetu kapostu sulas sastavu ietekmé izmantoto balto kapostu Skirne
un razas gads, un TPC, antiradikalas aktivitates un askorbinskabes rezultatu izkliede ir
nozimiga.

. Sauerkraut juice contains minerals (potassium, calcium, iron etc), sugars, salt (0.75 g
100 g1), lactic acid bacteria and is a valuable raw material. To enable its use in food
applications, it is essential to reduce its moisture content. / Skabétu kapostu sula satur
mineralvielas (kaliju, kalciju, dzelzi u.c.), cukurus, sali (0,75 g 100 g*), pienskabes
baktérijas un ir uzskatama ka vértiga izejviela. Lai to varétu izmantot partikas nozare, ir
biitiski samazinat sulas mitruma saturu.

. The evaporation technology affects the physicochemical properties of concentrated
sauerkraut juice. Falling film and open kettle evaporated sauerkraut juice contains
higher total phenol and ascorbic acid content, while rotary vacuum evaporated
concentrated sauerkraut juice contains higher lactic acid bacteria count. / letvaices
tehnologija ietekmé koncentretas skabétu kapostu sulas fizikali kimiskas ipasibas. Kritosas
pléves un atvérta tipa katld iztvaicéta sula satur lielaku kopéjo fenolu un askorbinskabes
saturu, savukart rotacijas vakuumda ietvaicéta sula satur lielaku pienskabes bakteériju skaitu.

. Concentrated sauerkraut juice produced by falling film evaporation contain minerals,
such as potassium (1358 mg 100 g1), calcium (238 mg 100 g1), iron (1137ng 100 g2), as
well as vitamin C (110 mg 100 g 1), sugars, and is a source of NaCl (6.33 g 100 g*?). /
Kritosas pléves ietvaiceé koncentréta skabéetu kapostu sula satur mineralvielas, piemeram,
kaliju (1358 mg 100 g), kalciju (238 mg 100 g%), dzelzi (1137 ug 100 g%), ka ari C vitaminu
(110 mg 100 g 1), cukurus, un ir NaCl (6,33 g 100 g) avots.

. Dehydrated sauerkraut juice can be dried in a horizontal spray-dryer without a carrier
agent while maintaining high total phenolic content, antiradical activity and lactic acid
bacteria count. / Dehidrétu skabetu kapostu sulu ir iespéjams izkaltét horizontala
izsmidzinasanas kalté bez neséjvielas, saglabdjot augstu uzturvertibu, kopéjo fenolu
daudzumu, antiradikalo aktivitati un pienskabes baktérijas.

Starch solution (sauerkraut juice: starch solution - 50:75) is a suitable carrying agent
for the production of vertically spray-dried sauerkraut juice. Dehydrated sauerkraut
juice contains phenol compounds, vitamin C (98 mg 100 91), minerals, such as
potassium (1457 mg 100 g1), calcium (297 mg 100 g?), iron (1.5 mg 100 g1), as well as
vitamin C (98 mg 100 g ), sugars, and is a source of NaCl (1.05 g 100 g). / Cietes
Skidums (50:75) ir piemérota neséjviela dehidrétas skabétu kapostu sulas iegiiSanai
vertikalaja izsmidzinasanas kalte. Dehidréta skabétu kapostu sula satur fenolu
savienojumus, C vitaminu (98 mg 100 g%), mineralvielas, pieméram, kaliju (1457 mg 100 g
1), kalciju (297 mg 100 g?), dzelzi (1,5 mg 100 g?), k@ ari C vitaminu (98 mg 100 g b,
cukurus, un ir NaCl avots (1,05 g 100 g™).

. During the RATA sensory evaluation of salad dressings, containing dehydrated
sauerkraut juice (DSJ), consumers rated additional flavors such as garlic, yogurt, and
mayonnaise and the samples with reduced salt-equivalent maintained an equal salty
sensation. / Eksperimentalo salatu mércu sensoraja RATA novertesana, patéretaji atziméja
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papildus garsas, pieméram, kiploku, jogurta un majonézes, un paraugi ar samazinatu sals
ekvivalentu (ar dehidrétu skabétu kapostu sulu) saglabdja lidzvértigi salu sajiitu.

8. The addition of dehydrated sauerkraut juice to bread samples increased their total
phenol content and antiradical activity, however, did not increase the bioaccessibility
of these compounds Sensory evaluation did not reveal any significant differences
between tested bread samples. / Dehidrétas skabétu kapostu sulas pievienosana maizes
paraugiem paaugstindja to kopéjo fenolu saturu un antiradikalo aktivitati. Sensorais
novertejums neatklaja nekadas biitiskas atskiribas. Dehidrétas skabétu kapostu sulas
pievienosana nepalielinaja So savienojumu biologisko pieejamibu.

9. In sensory evaluations of meat samples, the addition of both - dehydrated and
concentrated sauerkraut juice resulted in higher ratings for overall liking, taste,
texture, and flavour. The addition of dehydrated sauerkraut juice to the meat samples
increased their antiradical activity. / Galas paraugu sensoraja vértésand, pievienojot gan
dehidrétu, gan koncentretu skabo kapostu sulu, tika iegiiti augstaki vértejumi attieciba uz
kopéjo patiksanu, garsu, tekstiru un garsu. Dehidrétas skabétu kapostu sulas pievienosana
galas paraugiem palielinaja to antiradikalo aktivitati.

10. The results of the research partially confirm the hypothesis. Dehydrated and
concentrated sauerkraut juices are suitable for use in food application but sensory
properties are not always acceptable. / Pétijuma rezultati daléji apstiprina hipoteézi.
Dehidréta un koncentréta skabétu kapostu sula ir piemérota lietoSanai partika, tacu
sensords ipasibas ne vienmér ir pienemamas.
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Appendix 1/ 1. Pielikums

Dehydrated and concentrated sauerkraut juice in bread applications / Dehidréta un koncentréta skabetu kapostu sula maizes izstraddajumos

Products /

Produkti

Sauerkraut products
additive / Pievienotais
skabétu kapsotu
produkts, %

Quality evaluations / Kvalitates izvértejums

Moulded bread
with sauerkraut
juice products /
Veidnu maize ar
skabetu kapostu

sulas produktiem

3% sauerkraut juice /
3% skabétu kapostu
sula

The taste of sauerkraut juice is not perceptible. The acidity of the bread is sufficient;
amount of juice could be increased. / Skabeétu kapostu sulas garsa nav jitama. Maizes
skabums pietiekams, sulas daudzumu var palielinat

6% sauerkraut juice /
6% skabétu kapostu
sula

The taste of sauerkraut juice is not perceptible. The acidity of the bread is sufficient;
amount of juice could be increased. / Skabeétu kapostu sulas garsa nav jitama. Maizes
skabums pietiekams, sulas daudzumu var palielinat

0.6% dehydrated
sauerkraut juice / 0.6%
kapostu sulas pulveris

Dehydrated juice easily mixes with other ingredients. Bread taste is good, taste of
sauerkraut juice is not perceptible, acidity is sufficient / Kapostu sulas pulveris viegli
sajaucds ar paréjam sausajam sastavdalam. Maizes garsa laba, kapostu sulas garsa nav
Jjutama skabums pietiekams.

2% sauerkraut juice
concentrate / 2%
koncentreta skabetu
kapsotu sula

Bread taste is good, taste of sauerkraut juice is not perceptible, acidity is sufficient / Maizes
garsa laba, kapostu sulas garsa nav jiitama skabums pietiekams.

3% sauerkraut juice
concentrate / 3%
koncentréta skabétu
kapsotu sula

Bread taste is good, taste of sauerkraut juice is not perceptible, acidity is sufficient. Not
specific benefits of added products / Maizes garsa laba, kapostu sulas garsa nav jiutama
skabums pietiekams. Pievienotam koncentratam nav izteikti pozitivakas ipasibas.




Continuation of the appendix 1./
1. pielikuma turpinajums

Products /
Produkti

Sauerkraut products
additive / Pievienotais
skabétu kapsotu
produkts, %

Quality evaluations / Kvalitates izvértejums

Sausmaizites /

1% dehydrated

The taste of dehydrated sauerkraut juice is not noticeable, could slightly increase its amount

Crisp-bread sauerkraut juice / 1% (due to nutritional value), but so that the specific aroma is not felt and there is no sour taste.
skabetu kapsotu sulas | / Kapostu pulvera garsa nav jitama. Var nedaudz palielinat ta daudzumu (uzturvertibu
pulveris dél), bet ta, lai nebiitu jiitams specifiskais aromdts un nebiitu skaba garsa.

3% concentrated A pronounced taste of concentrated sauerkraut juice is not felt, but it is not recommended to
sauerkraut juice / 3% increase its amount, so that the specific aroma is not felt and there is no sour taste / Izteikta
koncentréta skabétu kapostu sulas garsa nav jiitama, bet palielinat tas daudzumu nav ieteicams, lai nebiitu
kapsotu sula Jjutams specifiskais aromats un nebiitu skaba garsa.

4% concentrated The taste of concentrated sauerkraut juice is slightly noticeable. The breads are also a bit
sauerkraut juice / 4% too salty. Either the amount of salt or the amount of juice should be reduced / Kapostu sulas
koncentréta skabétu garsa ir nedaudz jiitama. Maizites ir ari nedaudz par salu. Ir jasamazina vai nu sals
kapsotu sula daudzums, vai sulas daudzums.

Rye bread with 2% and 3% |e With 2% sauerkraut, the taste of the juice is not noticeable. Bread acidity in dough 4.3, in

concentrated concentrated sauerkraut | bread 4.1, which is a little too little (optimum in dough 4.4-4.8; 4.2-4.5 in bread). / Ar 2%

sauerkrautjuice/ |[juice / 2% un 3% | skabétu kapostu sulas, garsa nav jitama. Maizes skabums mikla 4.3, maizé 4.1, kas ir

Rudzu maize ar koncentréta  skabetu | nedaudz par maz (optimali mikla 4.4-4.8; 4.2-4.5 maizé).

koncentretu skabétu
kapostu sulu

kapsotu sula

¢ With 3%, the taste and smell of sauerkraut juice is slightly noticeable. Acidity in dough
4.5, in bread 4.3, which are optimal. The taste of sauerkraut juice is not pleasant. The
amount of sauerkraut should be reduced to 2.5%. / Ar 3% nedaudz jitama kapostu sulas
garsa un smarza. Maizes skabums mikla 4.5, maizé 4.3, kas ir optimali. Kapostu sulas
garsa nav patikama. Kapostu sulas daudzums jasamazina uz 2.5%.




Appendix 2 / 2. Pielikums

Thermally unprocessed meat products with concentrated sauerkraut juice / Termiski neapstradati galas produkti ar koncentrétu skabétu
kapostu sulu

Product/ | Samples/ Paraugi Apperarance/ | Consistency/ Aroma/ _ .
Produkts CSJ, % IOIOIzskats Konsistenc)é Smarza Colour / Krasa Taste/ Garsa pH
Appropriate / Appropriate / Appropriate / Appropriate / . G
0 itbilotoss ibilotoss Atbilotots Atbilotots Appropriate / Atbilstoss | 5.63
Without Without Without Without Pleasantly sharp / Patikami
0.1 differences/ | differences/ differences / differences / y asap 5.65
Bez izmainam | Bez izmainam Bez izmainam Bez izmainam
Fresh / Svaigs Without Without Without Without p| tv sharp / Patikami
1.0 differences/ | differences/ differences/ differences/ casantly sharp [ Fatikami 5.61
Bez izmainam | Bez izmainam Bez izmainam Bez izmainam asa
Without Without Without Without Pleasantly sharp / Pattkami
Onion 2.0 differences/ | differences/ differences/ differences/ asa 5.55
sausage / Bez izmainam | Bez izmainam Bez izmainam Bez izmainam
Sipoldesa Appropriate/ | Appropriate / Appropriate / Appropriate / . G
i 0 Sibilsios | Atbulstoss Atbibitofs Fitbilatoss Appropriate / Atbilstoss | 4.99
Sticky casing / | Sticky, slimy/ Acidic/ W'thOUt Not evaluated / Netiek
0.1 Linios apvalks | Lipi ot Skab differences/ tot 4,96
After storage / Péc ipigs ap ipiga, glotaina abena Bez izmainam verteta
uzglabasanas Sticky casing / | Sticky, slimy/ Acidic/ V\_/lthout Not evaluated / Netiek
10 Lipigs apvalks | Lipiga, glotaina Skabena dlﬁe.renC?S/ verteta 4.9
TS Bez izmainam
20 Sticky casing/ | Sticky, slimy/ | Distinct acidity Dark red / Not evaluated / Netiek 4.95

Lipigs apvalks

Lipiga, glotaina

[ 1zteikti skaba

Tumsi sarkana

verteta




Continuation of appendix 2 / 2. Pielikuma turpinajums

Product/ | Samples/ Paraugi Apperarance/ | Consistency/ Aroma/ _ .
Produkts CSJ, % Izskats Konsistence Smarza Colour / Krasa Taste/ Garsa pH
Appropriate / Appropriate / Appropriate / Appropriate / . o
0 ibilstoss Hitbilstoss tbiitoss ltbilstoss Appropriate / Atbilstoss | 5.82
Without Without Without Without .
0.1 differences/ | differences/ differences / differences/ Sl 'Ngségurgfgglzaz;y / 5.8
Bez izmainam | Bez izmainam Bez izmainam | Bez izmainam ’
Fresh / Svaigs Without Without Without Without
1.0 differences/ | differences/ differences/ differences/ More salty / Salaka 5.77
Bez izmainam | Bez izmainam Bez izmainam Bez izmainam
Without Without Without Without Salty, acidic taste / Sa/a
2.0 differences/ | differences/ differences/ differences/ S’kdba iooars o 5.75
Sausage / Bez izmainam | Bez izmainam Bez izmainam Bez izmainam piegarsa
Kupati Appropriate / Appropriate / Appropriate / Appropriate / . o
0 Elrt)bilgtois Blrt)bilgtos‘s ElrtJbilFs)tosvs ElrtJbilFs)tosvs Appropriate / Atbilstoss 5.74
Without Without Without Without Salty. acidic taste / Sal
0.1 differences/ | differences/ differences/ differences/ Y, ac . | 044, 5.65
_ Bez izmainam | Bez izmainam Bez izmainam Bez izmainam skaba piegarsa
After storage / Péc - - . .
uzglabasanas .WIthOUt WlthOUt Wlthout Wlthom Salty, acidic taste / Sala
1.0 differences / differences/ differences/ differences/ ’k‘b . L 5.59
Bez izmainam | Bez izmainam Bez izmainam Bez izmainam sraba pregarsa
Without Without Without Without Very salty, acidic poignant
2.0 differences/ | differences/ differences / | differences / taste / Sala, skabi siva 5.54

Bez izmainam

Bez izmainam

Bez izmainam

Bez izmainam

piegarsa




Continuation of appendix 2 / 2. Pielikuma turpinajums

Shashliks with concentrated sauerkraut juice / Sasliki ar koncentrétu skabétu kapostu sulu

Product/ Samples/ | CSJ, | Apperarance/ Consistency / . - .
Produkts Paraugi % lzskats Konsistence Aroma/ Smarza Colour / Krasa Taste / Garsa pH
Appropriate / Appropriate / Appropriate / Appropriate / . o
0 Atbilstoss Atbilstoss Atbilstoss Atbilstoss Appropriate / Atbilstoss 2.1
Without Without Acidic / Skabena Without Characteristic for sauerkraut /
0.1 | differences/Bez | differences/Bez differences / Skabetiem kapostiem 5.05
izmainam izmainam Bez izmainam raksturiga
Fresh / Without Dry, crumbling / Acidic, vinergar / Without Intensive, characteristic for
Svaigs 0.5 | differences/Bez | Sausa, dripposa Skabena, etikaina differences/ sauerkraut / Izteikta skabétiem | 5.02
izmainam Bez izmainam kapostiem raksturiga
Dry/ Sausa Acidic / Skabena Intensive red / Acidic, spicy, intensive
Without Izteikti sarta characteristic for sauerkraut /
1.0 differences / Bez Skabi pikanta, izteikta 5.05
Grilled meat izmainam skabetiem kapostiem
“Klasiskais” / raksturiga
Sasliks Appropriate / Appropriate / Appropriate / Appropriate / . o
"Klasiskais" 0 Atbilstoss Atbilstoss Atbilstoss Atbilstoss Appropriate / Atbilstoss 50
Without Dry / Sausa . . Without . . .
0.1 | differences/Bez Wlthout.dlffgre_nces ! differences / Sharp_er, |_nter_15_|ve,. agetlc / 5.08
. . Bez izmainam . . Asaka, izteiki etikaina
zmainam ’ Bez 1Zmainam ’
After storage Without . - L Intensive characteristic for
| Péc 0.5 | differences/Bez Dry / Sausa Intensive ac idic/ Sartaka/More sauerkraut / Izteikta skabétiem | 5.0
. S Izteikti skabena red o _
uzglabasanas izmainam kapostiem raksturiga
_ Dry, fibbrous, Characteristic for Acidic, intensive characteristic
Without . . for sauerkraut, unpleasant /
. crumbling / Sausa, sauerkraut / Intensive red/ s N
1.0 differences/ Bez g . . _ . o Skabi pikanta, izteikta 498
o Skiedraina, Skabetiem kapostiem Izteikti sarta N ~ .
izmainam _ - skabetiem kapostiem
driiposa raksturiga _ _
raksturiga, nepatikama




Continuation of appendix 2 / 2. Pielikuma turpinajums

Product/ Samples/ | CSJ, | Apperarance/ Consistency / y _ .
Produkts Paraugi % lzskats Konsistence Aroma/ Smarza Colour / Krasa Taste / Garsa pH
Appropriate / Appropriate / Appropriate / Appropriate / . o
0 Atbilstoss Atbilstoss Atbilstoss Atbilstoss Appropriate / Atbilstoss 5.2
Without Without Without differences / | Without Without differences / Bez
0.1 | differences/Bez | differences/Bez Bez izmainam differences/ R 5.62
. .- . .- . .= izmainam
izmainam izmainam Bez izmainam ’
Fresh/ — : -
Svaigs _ Without _ o _Wlthout _ o o
0.5 | differences/Bez Juicy / Suligaka Acidic / Skabena differences/ Lightly acidic / Viegli skabena | 5.39
izmainam Bez izmainam
Without Without
Pork grilled 1.0 | differences/Bez | Juicy/ Suligaka Acidic / Skabena differences/ Acidic, spicy / Skabi pikanta | 5.19
meat in izmainam Bez izmainam
mayonnaise / Appropriate / Appropriate / Appropriate / Appropriate / . o
Citkgalas Sasliks 0 Atbilstoss Atbilstoss Atbilstoss Atbilstoss Appropriate / Atbilstoss 5.15
majonéze Without . . Without
0.1 | differences/Bez Juicy /Suligaka Wlthout.dlffgre_nces / differences/ Spicy / Pikantaka 5.15
) g Bez izmainam Bez i L
After storage Lemasam pmaiam
| Pec . Without Juicy, tender / - .W'thOUt -
o 0.5 | differences/Bez T Acidic / Skabena differences/ Acidic / Skabena 511
uzglabasanas . D Suligaka, mikstaka ) e
zmainam Bez Izmaimam
Without Characteristic to Without Characteristic to s:ilu?r!(raut,
. sauerkraut / . unpleasant / Skabetiem
1.0 | differences/Bez Loosy / Irdena . . differences / A _ 4.86
o Skabétiem kapostiem S kapostiem raksturiga,
zmainam _ Bez izmainam —
’ raksturiga ’ nepatikama




Continuation of appendix 2. / 2. Pielikuma turpinajums

Product/ Samples/ | CSJ, Apperarance / Consistency / . _ .
Produkts Paraugi % 7skats Konsistence Aroma / Smarza Colour / Krasa Taste / Garsa pH
Fresh / Appropriate / Appropriate / Appropriate / Appropriate / . g
Svaigs 0 Atbilstoss Atbilstoss Atbilstoss Atbilstoss Appropriate / Arbilstoss 566
Without Without Without Without . - .
0.1 differences / Bez differences / Bez differences/Bez | differences/Bez Slightly agldlc, gplcy_/ 5.63
. o . L ) L . o Nedaudz skaba, pikantaka
Zmaimnpam zmaimam Izmaimnam zmaimam
Without Without Without Distinct. spicy / Izteiktdk
0.5 differences / Bez Juicy / Suligaka differences/Bez | differences/Bez ’ ?{ yt_kz eHtard, 6,01
izmainam izmainam izmainam prrantara
Without - Without . . s
Crickets/ 1.0 differences/ Bez Juicy / Suligaka D'SF'nft/ differences/ Bez Distinct, P 'Cy/_IZte’kmka’ 5.96
L S Izteiktaka S pikantdka
Grillsparnini izmainam izmainam
After storage . . . .
_ Appropriate / Appropriate / Appropriate / Appropriate / . g
/ Pf ¢ 0 Atbilstoss Atbilstoss Atbilstoss Atbilstoss Appropriate / Atbilstoss 564
uzglabasanas
Without Without Without Without Sliahtly acidic. spicy /
0.1 differences/ Bez differences/ Bez differences/Bez | differences/Bez ghtly acidic, spicy | 5.63
) o . L . S ) L Nedaudz skaba, pikantaka
izmainam izmainam izmainam izmainam
Without - Without . . o
0.5 differences/ Bez Juicy / Suligaka Dlstm?t/ differences/Bez Distinct, P 'Cy/_IZtelkmka’ 5.55
N Izteiktaka N pikantaka
zmainam zmainam
Fres:.h/ Without Slightlv acidic / Without Acidic, slightly unpleasant
Svaigs 1.0 differences / Bez Juicy / Suligaka gntly acid differences / Bez aftertaste / Skabena, 5.45
L Nedaudz skaba S _ _ _ .
izmainam izmainam nepatikama skaba pécgarsa




Continuation of appendix 2. / 2. Pielikuma turpinajums

Boiled meat products with concentrated sauerkraut juice / Variti galas produkti ar koncentrétu skabétu kapostu sulu

Product/ | Samples/ o Consistency / Aroma/ . .
Produkts Paraugi CSJ, % Apperarance / Izskats Konsistence Smara Colour / Krasa Taste / Garsa pH
. o Appropriate / Appropriate / Appropriate / Appropriate /
0 Appropriate / Atbilstoss Atbilstoss Atbilstoss Atbilstoss Atbilstoss 6.14
. . Without Without Without . .
0.1 Wlthout.dlffetre_nces /Bez differences/ differences/ differences / Bez Wlthout.dlffgre_nces ! 6.08
izmainam . .- . .- . .- Bez zmainam
’ Bez izmainam Bez izmainam izmainam
Fresh / Svaigs . . Without - Without . - -
10 Wlthout.dlffgre_nces/ Bez differences / Ac_ldlc/ differences / Bez Slightly aC|_d|c/V|egI| 6.05
izmainam Bez i e Skabena s skaba
ez zZmainam Izmainam
. . Without - Without Salty with acidic taste
Boiled 2.0 Wlthout'dlffgre_nces /Bez differences/ AC_' dic/ differences / Bez | Sala, ar skabu 6.03
q izmainam ST Skabena . - .
octor ’ Bez izmainam izmainam piegarsu
sausage / . . Appropriate / Appropriate / Appropriate / Appropriate /
Varita 0 Appropriate / Atbilstoss Atbilstoss Atbilstoss Atbilstoss Atbilstoss 6.09
Doktora . . Without Without Without . .
desa 0.1 Wlthout.dlffgre_nces/ Bez differences/ differences/ differences/ Bez Wlthout.dlffe.:re_nces / 6.09
zmainam . - . .o . .= Bez izmainam
’ Bez izmainam Bez izmainam izmainam ’
After storage . . Without - Without . - -
| Pac 10 Wlthout.dlffgre_nces/ Bez differences / Ac_ldlc/ differences / Bez Slightly aC|_d|c/V|egI| 6.03
e izmainam N Skabena S skaba
uzglabdsanas Bez izmainam izmainam
Salty, acidic taste,
. . Without - _ Without bitter aftertaste / Sala,
2.0 Wlthout.dlffgre_nces /Bez differences/ Acidic /_ Izteikti differences / Bez ar skabu 5.99
izmainam Bez izmaind skdaba ST . L
€Z izmainam izmainam piegarsu,rigtena

pecgarsa




Continuation of appendix 2. / 2. Pielikuma turpinajums

Product/ | Samples/ o Consistency / Aroma/ - .
Produkts Paraugi CSJ, % Apperarance / Izskats Konsistence Smarsa Colour / Krasa Taste / Garsa pH
. g Appropriate / Appropriate / Appropriate / Appropriate /
0 Appropriate / Atbilstoss Atbilstoss Atbilstoss Atbilstoss Atbilstoss 6.18
. . Without Without Without . .
0.1 W|thout_d|ffgre_nces/ Bez differences / differences / differences/ Bez Wlthout.dlffgre_nces / 6.12
uzmaiwnam . .o . .= . R BEZ zmainam
’ Bez izmainam Bez izmaipam izmainam ’
Fresh / Svaigs . . Without Without Without . .
05 Wlthout'dlffgre_nces/ Bez differences / differences / differences/ Bez Wlthout.dlffgre_nces / 6.12
izmainam . . . D . L Bez izmainam
’ Bez izmainam Bez izmainam izmainam ’
. . Without Without Without Salty, slightly acidic
1.0 W|thout.d|ffgre_nces/ Bez differences / differences / differences / Bez taste / Sala, neliela 6.08
uzmaiwnam . .= . . = . .= — . v
’ Bez izmainam Bez izmainam izmainam skaba piegarsa
Small pork Without Without Without
sausage / 0 Wlthout'dlffgre_nces/ Bez differences/ differences/ differences / Bez Apprgpna}te / 6.13
Citkgalas izmainam S N S Atbilstoss
cTsini ’ Bez izmainam Bez izmainam izmainam
’ . . Without Without Without . .
0.1 Wlthout.dlffgre_nces/ Bez differences / differences / differences / Bez Wlthout.dlffe.:re_nces / 6.05
zmaiwnam . - . .= . .= Bez zmainam
’ Bez izmainam Bez izmainam izmainam ’
After storage ) ’ ’ Slightly more salt
[ Pec Without differences / Bez Without Without Without acid?c ta{t;te / Nedau):j’z
uzglabdasanas 0.5 T differences / differences / differences/Bez i _ 6.03
izmainam . . . . . . salaka, skaba
’ Bez izmainam Bez izmainam izmainam a o
piegarsa
. . Slightly more salty,
Without differences / Bez .W'thOUt Acidic / . Without acidic taste Nedaudz
1.0 . L differences / _ differences/ Bez o - 5.7
izmainam . . Skabena . . salaka, skaba
’ Bez izmainam izmainam ’

piegarsa
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Product
Product/ | Product/ Product/ Product/ Product/ Product/
Produkts Produkts p roélukts Product / Produkts Produkts Produkts Produkts Product / Produkts Produkts
. g Appropriate / Appropriate / Appropriate / Appropriate /
0 Appropriate / Atbilstoss Atbilstoss Atbilstoss Atbilstoss Atbilstoss 6.14
. . Without Without Without . .
0.1 Wlthout.dlffgre_nces/ Bez differences/ differences/ differences / Bez Wlthout'dlffgre_nces / 6.12
izmainam . .o . .- . .- Bez izmainam
’ Bez izmainam Bez izmainam izmainam ’
. . Without Without Without .
Fresh / Svaigs 1.0 Wlthout_dlffgre_nces/Bez differences/ differences/ differences/Bez Slightly more sa Ity / 6.08
izmainam N N L Nedaudz salaka
Bez izmainam Bez izmainam izmainam
Salty, with slightly
Without differences / Bez Without Without Without acidic taste / Sala, ar
2.0 R differences / differences / differences / Bez nelielu skabu pie- 6.06
zmainam . - . .- . P v
Pork ’ Bez izmainam Bez izmainam izmainam garsu,
sausages / nepatikama pécgarsa
Citkgalas . o Appropriate / Appropriate / Appropriate / Appropriate /
sardeles 0 Appropriate / Atbilstoss Atbilstoss Atbilstoss Atbilstoss Atbilstoss 6.20
Without differences / Bez Without Without Without Bez izm Without
0.1 R differences/ differences/ differences/ Bez differences / Bez 6.13
zmainam . - . . . . . .- .-
’ Bez izmainam Bez izmainam izmainam izmainam ainam
After storage . . Without Without Without More salty, weak
/ Péc 10 Wlthout_dlffgre_nces /Bez differences/ differences/ differences/Bez | acidic taste/ Salaka, 6.09
—v zmainam . .- . .- . .= —.. — . v
uzglabasanas ’ Bez izmainam Bez izmainam izmainam vdji skaba piegarsa
Salty, acidic taste,
. . Without Without Without unpleasant aftertaste /
2.0 Wlthout_dlffgre_nces /Bez differences / differences / differences/Bez Sala, ar skabu 6.03
zmainam . . . .- . .- . v
’ Bez izmainam Bez izmainam izmainam piegarsu,

nepatikama pécgarsa
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Product

Product/ Product/ Product/ Product/ Product/ Product/
Produkts Produkts Pr oélukt s Product/ Produkts Produkts Produkts Produkts Product/ Produkts Produkts
. . Appropriate / Appropriate / Appropriate / Appropriate /
0 Appropriate / Atbilstoss Atbilstoss Atbilstoss Atbilstoss Atbilstoss 6.30
Without differences / Bez Without Without Without Bez izm Without
0.1 ) L differences / differences / differences / Bez differences / Bez 6.26
zmaiwnam . . = . .- . .- . .- .-
’ Bez izmainam Bez izmainam izmainam izmainam aipnam
. . . Without Without Without . -
Fresh / Svaigs 1.0 Wlthout_dlffgre_nces/ Bez differences/ differences/ differences/Bez S_Ilghtly_a cidi .taSte! 6.24
izmainam R N S Viegli skaba piegarsa
Bez izmainam Bez izmainam izmainam
. . . . Distinct salty
Pate with . . Without Without Without '
carrots 2.0 Wlthout'dlffgre_nces/ Bez differences / differences / differences / Bez unpleas'an.t afte_rtaste/ 6.19
izmainam . . . . . L [zteikti salaka,
and greens ’ Bez izmainam Bez izmainam izmainam — g .
_ nepatikama pécgarsa
[ Pastéte ar Appropriate / Appropriate / Appropriate / Appropriate /
burkljlr?lem 0 Appropriate / Atbilstoss Atbilstoss Atbilstoss Atbilstoss Atbilstoss 6.30
. . . Without Without Without . .
/ .
Zayumen 0.1 Wlthout'dlffgre_nces/ Bez differences/ differences / differences / Bez Wlthout.dlffe.:re_nces / 6.26
zmainam . - . .= . .- BEZ zmainam
’ Bez izmainam Bez izmainam | izmainam ’
After storage Without Without Without
uz lill;e;anas 1.0 Wlthout.dlffgre_nces/ Bez differences / differences/ differences/ Bez Acidic t&}Ste/‘Fkabena 6.24
& izmauan Bez izmainam Bez izmainam izmainam pregarsa
. . Distinct acid with
. . Without Without :
2.0 Without differences / Bez differences / differences / Darker / Tumsaka poisant aftertaste / 6.24

izmainam

Bez izmainam

Bez izmainam

Izteikti skaba, ar sivu
peécgarsu
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Smoked and dried meat products / Kapinati un Zaveti galas produkti

Product

Samples/

Consistency

/ Paraugi CSJ, | Apperarance / Aroma / Smarza Colour / Krasa Taste / Garsa pH
% / Izskats -
Produkts Konsistence
Appropriate / | Appropriate . . Appropriate / . o
0 Aibilstoss | Asbilsioss Appropriate / Atbilstoss Aibilstoss Appropriate / Atbilstoss 6.13
Without Without
. differences/ | Without differences/ Bez Without differences / Without differences/ Bez
0.1 | differences/ R R R 5.95
o Bez izmainam Bez izmainam izmainam
Bez izmainam LT
izmainam
Smoked -
chicken : < -
; Fresh / . . Slightly acidic, characteristic to
W't.h Svaigs _Wlthout JU'Q_/’ §0ﬁ/ . _ Without differences / sauerkraut, bitter / Nedaudz
garlic/ 1.0 differences / Suligaka, Acidic / Skabena . L _ . _ . 5.90
i ) o~ . Bez izmainam skaba, skabétiem kapostiem
Kipinata Bez izmainam maiga _
. raksturiga
vista ar
kiplokiem - — —
Without Juicy, soft/ _ _ Slightly acidic, characteristic to
. e - - Without differences / sauerkraut / Nedaudz skaba,
2.0 | differences/ Suligaka, Acidic / Skaba T A o - 521
L . Bez izmainam skabétiem kapostiem raksturiga,
Bez izmainam maiga ’ _
’ nedaudz rigta
Appropriate/ | Appropriate . . Appropriate / . o
0 Atbilstoss | Athilstoss Appropriate / Atbilstoss Athilstoss Appropriate / Atbilstoss 5.8
Without Without
After storage . differences/ | Without differences/ Bez Without differences / Without differences/ Bez
_ 0.1 | differences/ R T R 5.79
| Pec ) o Bez izmainam Bez izmainam izmainam
_. Bez izmainam . o ’ ’ ’
uzglabasanas ’ izmainam
Without . . Intensive acid, salty, bitter
4.0 | differences/ | Dry/ Sausa Acidic / Skaba Without differences / aftertaste / Izteikti skaba, sala, ar | 5.39

Bez izmainam

Bez izmainam

sivu, rifgtu peécgarsu
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Samples/ Consistency
E:ggljjkcé/ Paraugi C;‘]’ Ap/plez gak;??ce / Aroma/ Smarza Colour / Krasa Taste / Garsa pH
0 Konsistence
Without Intensive Without differences/ Intensive acid, salty, bitter
6.0 | differences/ | dry/lzteikti Acidic / Skaba Bez izmainam Bez aftertaste / 1zteikti skaba, sala, ar | 5.17
Bez izmaipam sausa izmainam sivu pécgarsu
Appropriate/ | Appropriate . . Appropriate / . g
0 Aibilstoss | Atbilstoss Appropriate / Atbilstoss Aibilstoss Appropriate / Atbilstoss 6.4
Without Without
Smoked . differences/ | Without differences/Bez Without differences / Without differences / Bez
0.1 | differences/ R o B 6.25
pork Be7 ixmaing Bez izmainam Bez izmainam izmainam
ham / Svaigs / Czizmamam |- mainam
Kiapinats Fresh . Without . .
citkoalas Without ' . . Slightly salty, astringent
§k§zl€is 2.0 | differences/ dlffeéences/ Acidic / Skabena Wlthout.dlffe.rep ces/ aftertaste / Nedaudz salaka, siva | 6.02
/ ) . ez Bez izmainam ~ ;
Bez izmainam . . pecgarsa
izmainam
. Without . .
Without . . . Intensive salty, astringent
50 | differences / | ATTerences/ Acidic / Skabena Without differences /| o taste / Izteikti saja, siva | 6.08
€z Bez izmainam

Bez izmainam

izmainam

pécgarsa
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Samples/ Consistency
E:ggt?ﬁtsl Paraugi C;j ’ Ap/plez ';?(;?:(:e / Aroma / Smarza Colour / Krasa Taste / Garsa pH
Konsistence
Appropriate/ | Appropriate . g Appropriate / . g
0 Aibilstoss | Asbilstoss Appropriate / Atbilstoss Aibilstoss Appropriate / Atbilstoss 6.17
Without | WVithout
. differences/ | Without differences/ Bez Without differences / Without differences / Bez
0.1 | differences/ R T R 6.09
) . Bez izmainam Bez izmainam izmainam
Bez izmainam . L ’ ’ ’
After storage ’ izmainam
| Peéc Without Without
Smoked uzglabdsanas 20 | differences / differences/ Acidic / Skabena Wlthout'dlffgre_nces/ Salty, astrlr_1gent_after'5aste/Saja, 567
o Bez Bez izmainam siva pécgarsa
pork ham/ Bez izmainam mainam ’
Kipinats - -
_ Without . . .
citkgalas . Without . . Intensive salty, long astringent
skinkis 50 | differences/ | yiterences / Acidic / Skabena Without differences /| - st rtaste / Izteikti safa, ilgsiosi | 5.35
Bez . o Bez izmainam - - g
. o Bez izmainam ’ siva pecgarsa
zmainam
Without Dense Uneven staining of Intensive salty, acid, astringent,
differences/ L Acidic with rancid notes / muscle tissue / bitter aftertaste / Izteikti sala,
7.0 consistent / - N . T 5.49
Bez _ Skaba, ar sasmakumu Nevienmerigs skaba, ilgstosi siva, riigta
. . Bliva, siksta o0 - y
izmainam muskulaudu krasojums pécgarsa
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Product/ Samples/ | CSJ, Consistency / y _ .
Produkts Paraugi % Apperarance / Izskats Konsistence Aroma/ Smarza Colour / Krasa Taste / Garsa pH
Appropriate / Appropriate / . - Appropriate / . g
0 Asbilstoss Atbilstoss Appropriate / Atbilstoss Atbilstoss Appropriate / Atbilstoss | 6.4
. . Without . . Without . .
01 Wlthout.dlffgre_nces/ differences / Bez Wlthout'dlffefre_nces/ differences / Bez Wlthout'dlffgre_nces/Bez 6.35
Bez izmainam ) L Bez izmainam ) o izmainam
izmainam izmainam
. . Without Without - -
Fres_h / 2.0 W|thout.d|ff§re_nces/ differences/ Bez Acidic / Skabena differences/ Bez AC'd'C_/ Skabena 6.31
Svaigs Bez izmainam mainam mainam Skabena
Sharp, characteristic of
. . . Without sauerkraut, rancid /Asa, Without Acid, astringent
Semi-dried 4.0 Wltgggt.d;fﬁ;gr’;fes/ differences/Bez | raksturiga skabetiem | differences/Bez | aftertaste / Skaba, ar sivu | 6.28
] ‘Ii?‘iii%ea” zma izmainam kapostiem. Ar izmainam pecgarsu
sasmakumu
[ Puszaveta - - -
desa 0 Aﬁ%‘.’lp“%te’ Angc.’lp“"’lte/ Appropriate / Atbilstoss Azplg‘?lpr'&lte/ Appropriate / Atbilstoss | 6.34
"Krakovas" 1stoss toilstoss toilstoss
. Without . . Without .
01 Mold on casnlg/Uz differences / Bez Wlthout.dlffgre_nces/ differences / Bez Notevalu_ateid/Netlek 6.32
apvalka peléjums N Bez izmainam o vertéta
After storage LA — Lzmaram
| Pec Mold on casing / Uz Without Intensive cinnamon Without Not evaluated / Netiek
. 2.0 19 differences / Bez aroma/ lzteikts kanéla differences / Bez _ 6.25
uzglabasanas apvalka pelejums maingm aromdts maingm verteta
OT]I?:ZS?? OluBtzO; Te(l)llki Without Intensive cinnamon Without Not evaluated / Netiek
4.0 . légums lie?d differences / Bez aroma, acidic/ lzteikts differences / Bez ErtEta 6.20
perd izmainam kanéla aromdts, skabena izmainam

daudzuma
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