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TOPICALITY OF THE RESEARCH

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 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
sauerkaut 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 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. A technology has been developed for obtaining innovative ingredients in
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.

APPROBATION OF THE SCIENTIFIC WORK

The research results are summarised and published in five scientific
publications indexed in Scopus or Web of Science databases and reported
at 8 international scientific conferences / Promocijas darba pétijuma rezultati
publiceti piecos zinatniskos rakstos, kuri indekséti Scopus vai Web of Science
datu bazes un prezentéti 8 zindtniskas konferencés.

Publication indexed in international citation database SCOPUS and
Web of Science / Publikacijas, kuras indeksétas starptautiskajas datu bazés
SCOPUS un Web of Science:

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/foods12010019

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,
vol. 76(1) (2022), p. 96-102. https://doi.org/10.2478/prolas-2022-0015
Jansone L., Kampuse S., Kruma Z., Lidums I. (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

Results have been presented at eight international scientific conferences in
Latvia, Lithuania, Switzerland, Greece, / Petijuma rezultati prezentéti 8
konferenceés.

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).

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).

Jansone L., Kampuse S., Kruma Z., Lidums 1. (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).

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).

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 prezentdcija).

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

Jansone L., Kampuse S., Krima 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).

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).
The results of the research work have been presented in PhD courses /
Promocijas darba rezultati prezenteéti doktorantu izglitojoSos kursos:

1. “Valorisation of vegetal waste and by-products: An eminent source of
natural bioactive ingredients”, 09.12.-11.12.2020., Tartu, Igaunija.

2. “Sustainable Nordic and Baltic Food — Technologies, Quality, and Health”,
28.04.-1.05.2019., Jelgava, Latvija.

The results have been presented at the “Vidzeme Innovation Week 2022” and
the international food fair “Riga Food 2020” / Promocijas darba petijuma
rezultati prezenteti “‘Vidzemes inovaciju nedela 2022 un starptautiskaja
partikas izstade “Riga Food 2020”

The development of the doctoral thesis was partly financed by:

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

e The doctoral studies grant "Transition to the new doctoral funding model
at the Latvia University of Life Sciences and Technologies” Contract No.
8.2.2.0/20/1/001.
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MATERIALS AND METHODS

Time and location of the research

Experimental work was conducted during the time period from 2018 to
2023 in scientific laboratories of the Latvia University of Life Sciences and
Technologies. “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 in 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.



Description of used materials

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). Sauerkraut
juice from the same varieties ‘Selma’, ‘Ramkila’ and ‘Kiloplons’ and fresh
cabbage were delivered in November 2018, August 2019, November 2020.

Structure of the research

The research work was carried out in four stages (Table 1.)

Table 1/ 1. tabula.
The research stages / Pétijuma posmi

Stage / Description / Raksturojums
Posms

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 Skirnes 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.

Skabétu kapostu sulas koncentrésanas tehnologiju izvertéjums. Tris
koncentrésanas tehnologijas
Evaluation of technologies for dehydrated sauerkraut juice
production by spray-drying

Stage 3/ Horizontal and vertical spry-dryers, the selection of carriers.
3.posms Skabétu kapostu sulas dehidrésanas tehnologiju izvértéjums
izsmidzinasanas kalté. Horizontalas un vertikalas izsmidzinasanas

kaltes un neséjvielu izvéle.

Application of concentrated and dehydrated sauerkraut juice in

food

Stage 4/ Tests of application in oil and sour cream experimental dressings, bread

4. posms and meat products

Koncentrétas un dehidrétas skabétu kapostu sulas pielietojums partika

- ellas un kréjuma mercés, maizé un galas izstradajumos

Stage 1/
1.posms

Stage 2/
2.posms

In the Stage 1, white cabbage and sauerkraut juice of three varieties ‘Selma’,
‘Ramkila’ and ‘Kiloplons’, in three periods of time were analysed. Moisture
content, total phenol content, antiradical activity, ascorbic acid content, and



microbiological analyses were carried out for fresh cabbage and fresh cabbage
juice, additionally, pH and salt content for sauerkraut juice were determined.

In the Stage 2. comparison and evaluation of available evaporation
technologies — rotary vacuum (R), falling film (FF) and open kettle (OD)
evaporation - were carried out. Moisture content, pH, salt content, total soluble
solids, total phenol content, antiradical activity, ascorbic acid, and
microbiological analyses were carried out for concentrated sauerkraut juice
(CSJ). Additionally, for FF concentrated sauerkraut juice before storage, total
sugar profile, minerals, nutrition and energy value and nitrates were determined.

In the Stage 3. comparison and evaluation of spray-drying technologies —
horizontal and vertical — were carried out. Moisture content, salt content, total
phenol content, antiradical activity, volatile compounds, ascorbic acid, and
microbiological analyses were carried out for dehydrated sauerkraut juice (DSJ).
Additionally, for DSJ spray-dried with starch solution, nutrition and energy
value, total sugar profile, minerals and vitamin C were determined.

In the Stage 4. CSJ and DSJ were tested in food applications. Tests on
experimental and industrial scale bread and meat samples were carried out. For
bread and meat samples moisture content, total phenol content, antiradical
activity, volatile compounds and sensory evaluation was analysed. Also, sensory
evaluation of experimental dressing samples with sour cream and olive oil were
carried out and volatile compounds were determined.

Methods used in the research
Methods of analyses applied in the research are summarised in Table 2.

Table 2/ 2. tabula
Standards and methods used for analysis / Analizém izmantotie standarti un

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

1. Moisture / Mitrums 1SO 939:2021

2. Salt content / Sals saturs Mohr’s method

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

4, Total soluble solids / Skistosa ISO 2173:2003

sausna
. pH/pH I1SO 1842:1991
6. Volatile compounds / Gaistosie Gas chromatography method (GC) /
savienojumi Gazes hromatografijas metode




Continuation of Table 2.
2. tabulas turpinajums

No. / Analytical parameters /
N.p.k. Ana);ftiskiep parametri Method or standard /
Metode vai standarts
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 1SO 5983-1:2005/ Singleton
fenoli
10. DPPHe antiradical activity / Spectrophotometricaly (X. Liu et
DPPH-* antiradikala aktivitate al., 2007) / Spektrofotometriski
11. ABTS" Antiradical activity / Spectrophotometricaly (Re et al.,
ABTS™ antiradikala aktivitate 1999) / Spektrofotometriski
12. Free phenolic compounds / Brivie HPLC-ESI-TQ-MS
fenolu savienojumi
13. Organic acids / Organiskas skabes HPLC method / AESH metode
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. Il 12.01.2015
16. Fat content / Tauku saturs PB - 286 ed. | 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 / 1ISO 4833-1:2013
Mikroorganismu kopskaits, KVV g!
21. Lactic acid bacteria, CFU g! / LVS I1SO 15214 :1998
Pienskabes baktérijas KVV g™’
Energy value / Energétiska vertiba
22. Regulation (EC) No./ 1169/2011

Energy value / Energetiska vertiba

ES Regula Nr. 1169/2011
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Continuation of Table 2.
2.tabulas turpinajums

No. / Analytical parameters /

N.p.k. Analitiskie parametri Method or standard /

Metode vai standarts

Sensory analyses / Sensora analize

23. 5-punktu hedoniska skala / 5-point

hedonic scale
24. Characteristic methods / 1SO 4121_:2003

s 1SO 8586:2012
Raksturojosas metodes

ISO 11136:2014

Evaluation of bioaccessibility / Biopieejamibas izvértesana

25. In vitro analyses / AnalizéSana in
vitro apstakjos Minekus et.al.2014

Statistical analyses

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. Analyses 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 map was used for evaluation of concentration methods.
Correlation analyses were performed to evaluate relationship between
parameters. Figures and tables were created and the obtained data was calculated
on MS Excel for Windows 2019 software.

RESULTS AND DISSCUSSION

1. Fresh cabbage and sauerkraut juice characteristics

The analyses of the 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 the for
variety ‘Ramkila’. Detailed analyses of fresh cabbage and cabbage juice,
harvested in 2018, are presented in Table 3. The dispersion of results compiled
in Fig.1., from the mentioned three periods of time (2018 — 2020) when the
cabbage was delivered. The objective to obtain the following results was to
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gather initial data on fresh cabbage for the purpose of comparison with sauerkraut
juice and the resulting products.

Table 3/ 3. tabula

Ascorbic acid and total phenol content in fresh cabbage and fresh
cabbage juice, harvest year 2018 /
Askorbinskabes un kopeéjo fenolu saturs svaigos kapostos un kapostu sula,
2018. razas gads

Parameters/ Raditaji, mg 100 g DW

Ascorbic acid / Askorbinskabe

Total phenol content/
Kopéjais fenolu saturs

Cabbage Fresh cabbage Fresh
variety/ Fresh juice / Svaigu cabbage/ F_rgsh cabl_)age
_ cabbage/ _ S° juice/ Svaigu
Kapostu Svaigi kaposti kapostu sula Svaigi kapostu sula
Skirne kaposti
579.32+ 809.71 + 305.07 £ 1900.00 +
‘Selma’ 11.21bA 5.333A 11.43bB 13.26aA
‘Kiloplons 546.77 £ 522.62 325.88 1314.17 +
’ 10.82aB 3.51bB 16.51bB 10.02aB
493.11 + 511.78 £ 385.36 1278.69 +
‘Ramkila’ 13.14bC 3.14aB 10.69bA 11.94aB

*DW — dry weight/ sausha

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 biitiskas (p<0,05) atSkiribas starp svaigo kapostu sulu un
svaigiem kapostiem (t-tests), bet lielie burti uzrada biitiskas atskiribas starp Skirnem (ANOVA)

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., 2020a). The highest
content of ascorbic acid was determined in variety ‘Selma’ cabbages and cabbage
juice.

There is a great variation in bioactive compounds that is dependent on variety
of white cabbage, time of harvest and storage, as shown in Figure 1. Ascorbic
acid is highly influenced by many factors — 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 variety ‘Selma’.
In November 2020 corresponding to 2746 mg 100 g-1, and, the minimum —
267 mg 100 g%, was in April 2021. Since the range of the data is very vast, the
median of variety ‘Selma’ is 808 and ‘Kiloplons’ 526 mg 100 g,

12
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Fig. 1. Variation of the results of ascorbic acid, TPC and antiradical
activity in fresh cabbage juice in harvesting years 2018 — 2020 / 1. att.
Askorbinskabes, kopéjo fenolu un antiradikalds aktivitates rezultatu izkliede
svaigu kapostu suld no 2018. — 2020. razas gadam
A — Ascorbic acid / Askorbinskabe; B — Total phenol content / Kopéjo fenolu saturs;
C- Antiradical activity by DPPH / DPPH antiradikala aktivitate; D - Antiradical
activity by ABTS*/ ABTS* antiradikala aktivitate

White cabbage is also 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 etal., 2011; Samec et al., 2017)
as described before. The TPC results in our study is similar to ascorbic acid.
The maximum and minimum of TPC was in 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 1.

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 variety ‘Kiloplons’ — 49 and 8 mg TE 100 g*accordingly.
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Characteristics of sauerkraut juice

Variations of ascorbic acid content is variety dependant 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.

It is also observed by Draskovic et.al. (Draskovi¢ Berger et al., 2020a) that
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 fermented cabbage juice is variety and climatic conditions dependant.

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 4.

Table 4 / 4. tabula
Ascorbic acid and total phenol content in sauerkraut juice, harvest year 2018 /
Askorbinskabes un kopéjo fenolu saturs skabétu kapostu suld, 2018. razas gada

Cabbage Parameters / Raditaji, mg 100 g! DW
variety / L

_ Ascorbic acid / - Total phenol content /
Kapostu o % . %
o Askorbinskabe Kopéjais fenolu saturs
Skirne
‘Selma’ 672.39 £ 15.51a 117% 1814.72 £ 8.33b 14%
“Kiloplons’ 670.99 + 8.12a 128% 1781.56 £6.11c 136%
‘Ramkila’ 591.87 £5.51b 116% 2002.87 £ 13.43a 157%

Values with different letters are significantly different (p<0.05).

* Diferences in percentages for tested parameters between fresh cabbage juice and
sauerkraut juice / Parbaudito parametru procentualas atskirtbas starp svaigu un
skabetu kapostu sulu

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
(Draskovié¢ Berger et al., 2020).

Ciska and collegues (2005) have investigated that fermentation process
increases TPC compared to fresh cabbage. Lactic acid fermentation can elevate
the TPC (total phenolic 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, etal., 2022). However, Hallman et.al., (2017b) in their studies have come
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across quite the opposite observation — that the lactic acid fermentation decreases
the total polyphenol content in final product — sauerkraut. The process depends
on the composition of LAB microbiome (Tlais, Kanwal, et al., 2022). The results,
shown in Figure 2. 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).
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Fig. 2. Variation of the results of ascorbic acid, TPC and antiradical
activity in sauerkraut juice in harvesting years
2018 — 2020 / 2.att. Askorbinskabes, kopéjo fenolu un antiradikalas
aktivitates rezultatu izkliede skabetu kapostu suld no 2018. — 2020. razas
gadam
A — Ascorbic acid / Askorbinskabe; B — Total phenol content / Kopgjo fenolu saturs;
C — Antiradical activity by DPPH / DPPH antiradikala aktivitate; D - Antiradical
activity by ABTS+ / ABTS+ antiradikala aktivitate
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Also, as Kusznierewicz et al. (2008) have come to 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).

In total, there were 13 profiles of free polyphenols represented in industrial
sample of sauerkraut juice, extracted ion chromatogram (EIC) in MRM mode.

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 (Pefias et al., 2017b; Samec & Salopek-Sondi, 2019; Ciska et al.,
2021).

2. Production of concentrated sauerkraut juice

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).

Freshly collected sauerkraut juice, from three different varieties, was
concentrated on rotary vacuum evaporator, in January 2020, to obtain strongly
flavoured concentrate. TSS in sauerkraut juice ranged from 7.66 to 9.58 °Brix
with the highest value in 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. Rotary vacuum
evaporation significantly (p<0.05) increased antiradical activity by DPPH and
ABTS* methods in varieties ‘Selma’ and ‘Kiloplons’, as shown in Table 5. 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 oxidizing
enzymes, as is stated by Alizadeh et al. (2020).

The content of lactic acid bacteria (LAB) in Sauerkraut juice and CSJ is
variety dependent.
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Table 5. /5. tabula
Changes in TPC and antiradical activity in concentrated sauerkraut juice
via rotary vacuum evaporator, harvest year 2019 / Kopejo fenolu satura un
antiradikalas aktivitates izmainas rotacijas vakuuma iekarta koncentreta
skabétu kapostu sula, 2019. razas gada

Cabbage Parameters/ Raditdji, mg TE 100 g DW
Zarlew/ Total phenol
apostu content/ opk 9 K
Skirne Kopéjais & brPH " ABTS ’

fenolu saturs
29038+  ns* 1750+ 111 39.74+ 112

‘Selma’ 11.10a * 0.22a % 4.79a %
‘Kiloplo 246.06 + 115 16.49 + 110 37.03 114
ns’ 12.34b % 0.32b % 2.23a %

‘Ramkila 207.81 + 14.60 + 32.05+
? 8.50c n.s. 0.18c n.s. 3.17b n.s.

TPC - Total phenolic content, mg GAE 100 g !

* Diferences in percentages for tested parameters between sauerkraut juice and
concentrate/ Parbaudito parametru procentualas atSkiribas starp skabetu kapostu sulu un
koncentratu

**n.s. —not significant / nav biitisks

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.

FF CSJ is an industrial sample of harvest year 2019. It was evaporated on
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.

The analysed parameters of concentrated sauerkraut juice (CSJ) of industrial
sample, FF, before and after storage, and also OD evaporation results are
displayed in Table 6.

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.

FF evaporation is suitable for conserving heat-sensitive compounds,
however, TPC, ascorbic acid content and antiradical activity by DPPH is
significantly higher in OD CSJ.
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Table 6 / 6. tabula
Physicochemical parameters of concentrated sauerkraut juice, DW /
Koncentretas skabetu kapostu sulas fizikali kimiskie parametri, sausna

Falling film evaporator / Kritosas pléves
ietvaice Open kettle /

Parameters /

Parametri Before storage / After st_orage / Averta tipa
. s Pec katls
Pirms uzglabasanas e
uzglabasanas
pH/pH 3.92 +0.06a 3.86 +0.04a 3.90 + 0.02a

Soluble solids / 343+0.02a  34.74+0.02a

Skistosa sausna, Brix 17.9+£0.02b
Total phenols /

Kopéjie fenoli, mg 32240+ 12.69b  34220+8.89 560.76 +11.51a
GAE 100 g!

DPPH / DPPH, mg

TE 100 g 19.46 £ 0.36b 14.43 £ 0.22¢ 3139+ 1.21a
ABTS*/ ABTS*, mg

TE 100 g 19.01 £ 0.54a 17.31 £0.51b 16.82 £ 0.63b
Ascorbic acid /

Askorbinskabe, mg 110.0 £ 4.34b 26.66 +2.47c 156.18 £ 5.62a
100 g

Lactic acid bacteria /
Pienskabes baktérijas,

CFUg? 4.6 x 10%a 1.2 x 10%b 4.4 x 10%
Total plate count /

Kopéjais

mikroorganismu

skaits, CFU g! 3.8 x10% 1.6 x 10% 4.0 x 10%

Values with different letters are significantly different (p<0.05)

These significant differences can be explained by different harvest year 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. Vitamin C, before the storage was 110 mg 100 g-1, determined by
HPLC (high-performance liquid chromatography). After the storage, ascorbic
acid, was determined titrametrically and was 26.6 mg 100 g-1, estimating only
one of biologically active forms of vitamin C (Radenkovs et al., 2020).

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.
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Concentrated sauerkraut juice containe carbohydrates as the main nutrient,
followed by high ash content, including various minerals. Nutritional value of
concentrated sauerkraut juice is summarized in Table 7.

Table 7 /7. tabula
Energy value and chemical composition of concentrated sauerkraut juice
via falling film (FF) evaporation / Kritosas pléves ietvaicé koncentrétas
skabetu kapostu sulas enrgétiska vértiba un kimiskais sastavs

Nutritional RDI*
porametrs paramer O el
100 g
Energy vallfe ! Energétiska keal 75 2000
vertiba
Carbohydrates / Oglhidrati g 13.0 2609
- including sugars / ieskaitot g 75 90g
cukurus
Glucose / Glikoze g 55 -
Fructose / Fruktoze g 15 -
Maltose / Maltoze g 0.2 -
Galactose / Galaktoze g 0.3 -
- dietary fiber / skiedrvielas g 1.1 -
Protein / Olbaltumvielas g 5.3 509
Fat / Tauki g <0.1 704
Ash / Pelnvielas g 9.42 -
Salt / Sals g 6.33 69
Minerals / Mineralvielas
Magnesium / Magnijs mg 67.80 375mg
Copper / Vars ng 113.62 1mg
Potassium / Kalijs mg 1358.32 2000 mg
Calcium / Kalcijs mg 238.34 800mg
Iron / Dzelzs ng 1137.34 14 mg
Nitrates / Nitrati
Nitrates as NaNOs mg 151.01 -
Nitrates as NOs~ mg 110.22 -

*RDI — Recommended Daily Intake / leteicama dienas deva

The ash content in CSJ is 9.42 g, thus it contains a variety of minerals like
Mg, Cu, K, Ca, Fe as shown in Table 6. In comparison, fresh cabbage contains
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200 — 300 mg 100 g* and fermented cabbage - 700 — 800 mg 100 g minerals
(Khanna, 2018). 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.

The study investigated three evaporation techniques — rotary vacuum, falling
film and open kettle evaporation, to obtain concentrated sauerkraut juice (CSJ).
Rotaru vacuum evaporation was carried out from three different sauerkraut juice
varieties. The comparison of acquired concentrate is reflected in Figure 3.
Samples FF BS/FF AS (Faling film evaporation before storage and after storage
for 6 months) and OD are an industrial sample, and posses a higher amount of
TPC as well as juice was concentrated from different crops in different harvest
years.

101

Cotumn Z Score

FF BS
FF AS
- Rotary ‘Selma’

Rotary ‘Ramkila’

Rotary “Kiloplons’

Open kettle

0
@ g
1= [

DPPH
ABTS

Fig.3. TPC and antiradical activity in concentrated sauerkraut juice, DW /
3. att. Kopéjo fenolu saturs un antiradikald aktivitate koncentreta skabétu
kapostu suld
TSS - total soluble solids / skistosa sausna
TPC - Total phenolic content / kopéjo fenolu saturs, mg GAE 100 g
DPPH; 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.3.6.) in varieties 'Selma’ and 'Kiloplons'. LAB counts
were highest in 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.3.6.) compared to open kettle evaporation (bright red in Fig.3.6.),
but lower levels of total phenol compounds (TPC) and antiradical activity by
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DPPH. Storage caused a decrease in antiradical activity, ascorbic acid, 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).

3. Production of dehydrated sauerkraut juice

Horizontaly spray-dried sauerkraut juice, industrial sample

For the horizontal spray-drying of sauerkraut juice, Different maltodextrin
(with a dextrose equivalent DE 7-13) concentrations (0, 5, and 10 %) were used
and CaCOs was added to neutralise pH, as explained in Table 8.

Table 8/ 8. tabula
Horizontally spray-dried sample abbreviations and amount of
maltodextrin and calcium carbonate used / Horizontalas izsmidzindasanas
kalté iegiito paraugu apziméjumi un lietoto piedevu koncentracija

Concentration of addition / Sample / Paraugs
Piedevas koncentracija

1MD10 2MD10 3MD5 4MDO

Maltodextrin on total mass /

Maltodekstrins uz kopejo masu, % 10 10 5 0
Calcium carbonate / Kalcija karbonats,
CaCOzg'L 5 3 5 5

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 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), shown in Figure 4., and antiradical activity in DSJ and found a
moderate to strong correlation between them, indicating that TPC reflects
antiradical activity.
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Fig. 4. TPC of horizontally spray-dried sauerkraut juice, DW / 4. att.
Horizontald izsmidzindasanas kalté dehidretas skabétu kapostu sulas kopéjo
fenolu saturs, sausnd
Values with different letters are significantly different (p<0.05)

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.

Vertically spray-dried sauerkraut juice

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 pasteurized 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.

Water extraction was used to determine TPC and antiradical activity for
vertically spray-dried sauerkraut juice with different carrying agents (Table 9).
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
(Krishnaiah et al., 2014).

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%,
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Table 9/ 9. tabula

TPC and antiradical activity of verticaly dehydrated sauerkraut juice /
Vertikala izsmidzinasanas kalté dehidretas skabétu kapostu sulas kopéjo fenolu saturs
un antiradikald aktivitate

Dehydrated Parameters / Raditaji, mg 100 g”' DW
sauerkraut juice Total phenol
/ content/
Dehidreta skabétu Kopéjais fenolu
kapostu sula saturs DPPH* ABTS
PJ SS 284.48 +6.01b 2212+ 141a 19.37 £1.61d
PJ MD 259.89 +3.12¢ 19.62 +£0.22¢ 1831 +1.21d
Selma SS 363.46 +5.99a 22.68 £0.25a 24.17+£0.79¢
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

‘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. The nutritional characteristics of vertically spray-dried sauerkraut juice
(DSJ) is given in Table 10.

Table 10/ 10. tabula
Energy value and chemical parameters of vertically spray-dried
sauerkraut juice, / Vertikala izsmidzinasanas kalté dehidrétas skabétu
kapostu sulas energétiska vertiba un kimiskais sastavs

DSJ / Dehidreéta

Parameters / Parametri _Un.lt /_ skabetu kapostu sula,
Mervieniba
100 g
Energy value / Energetiska vértiba 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
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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
mineral nutrients, as shown in Table 9. 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 11.

Table 11/11. tabula
Mineral content and vitamin C in dehydrated sauerkraut juice and daily
reference intake / Mineralvielu un C vitamina saturs dehidreta skabetu
kapostu sula un ieteicama dienas deva

3 -
Minerals (mg) / 15 % of the nutrient reference

Mineralvielas mg 100 g ! DRI* values / 15% no ieteiucamas
dienas devas
Magnesium / Magnijs 88,7 375 56.2
Manganese / Mangans 11 2 0.3
Coper / Vars 0.1 1 0.15
Potassium / Kalijs 1457 2000 300
Calcium / Kalcijs 296.8 800 120
Iron / Dzelzs 15 14 2.1
Vltamm_C / 98 80 12
C vitamins

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 - 98 mg 100 g.

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 5.
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Fig. 5. The percentage of volatile compound peak areas in sauerkraut and
dehydrated sauerkraut juice, % / 5. att. Gaistoso savienojumu
procentudlais daudzums skabeétos kapostos un dehidreéta skabétu kapostu sula.
%

SJ — sauerkraut juice / skabetu kapostu sula; DSJ — dehydrated sauerkraut
juice / dehidréta skabétu kapostu sula

Sauerkraut juice and its products contain various volatile compounds that
contribute to their distinct flavour and aroma, acetic acid with a sour and allyl
isothiocyanate with a pungent taste of mustard, horseradish and wasabi being
the most common. Isothiocyanates, the metabolized products of glucosinolates,
are the prime sources of the characteristic flavour of Brassica vegetables.
Carvone with a caraway and spearmint-like odour 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.
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4. Sauerkraut juice products in food applications

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.

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 6.

Overall liking / Kopéja patiks: Texture / Struktiira
6 6
5 5
T

4 4

2 2

1 1

0 0

Taste / Garsa Aroma / Smarza

6 6

5 5 °

4 4

3 3

2 @ 2 o e °

! 1

0 0
1 Pork belly, control / Ciikgalas krfitina, kontrole ®Pork belly / Ciikgalas kefitina, 10% CSJ Park belly / Ciikgalas krfitina, 20% CSJ
B Minced Meat, control / Malta gala, kontrole ~ WMinced meat / Malta gala, 5% CST Minced meat / Malta gala, 10% CST

Fig. 6. Hedonic evaluation of the experimental meat samples — pork belly
and minced meat / 6. att. Eksperimentalo galas paraugu, ciikgalas kriitinas
un maltds gajas,
vertésana péc hedoniskas skalas
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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 tenderized and
aromatized the experimental meat samples.

No other research was carried out for these products in 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.

Experimental dressing samples

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 mouthfeel in the experimental samples with olive
oil. Sample abbreviations and the amount of NaCl and DSJ used in the
experimental dressing samples with olive oil and sour cream is described in
Table 12.

Table 12/ 12. 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 / Merces Abbreviation / NacCl, e I?Jis\;]af:rl]tt DSJ,
veids Satsindjums g100 g? d o g100 g
g100g!

Experimental samples 00cC 2.0 - -
with 001 - 2.0 16.7
olive oil / Eksperimentalie 002 - 15 125
mércu paraugi ar olivellu 003 _ 1.0 8.3

Experimental samples SC 08 - .
with 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.
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Based on these findings, maximum amount of 2.0 g 100 g™! NaCl (OOC;
001) was used in the experimental samples with olive oil and then the amount
was reduced to 1.5 (002); 1 (0O03) 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'. 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. 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,
RATA - rate-all-that-apply taste and aftertaste intensity tests were carried out.

Experimental dressing samples with olive oil

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 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, O03. Also, the sour taste is intense
followed by bitter and garlic. The intensity of aftertaste fades. Bitter taste lingers
longer in the control sample OOC, while salty and spicy lingers in the samples
with DSJ.

The overall liking among the samples is highest in the 002 samples — with
slightly reduced salt amount.

Acetic acid with sour odour was the most predominant volatile compound
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 odor of the samples is grassy, leafy green, with a slight sweetness
and fruity sharpness.
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Experimental dressing samples with sour cream

Sour and salty tastes were identified by the most participants in the samples
with sour cream. 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. A radar chart in Figure 7 displays the intensity (the sum of rated points
from 1 to 5) of the 11 taste attributes in the experimental dressings with sour
cream. 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.

------- SCC SC1 —— SC2 SC3
Sweet / Salds (T)*
Vinegar / Etikis (AT)* 4.0 Sweet / Salds (AT)*
Vinegar / Etikis (T)* Sour / Skabs (T)*
Cottage cheese / 3.0 : o
Biezpiens (AT)* Sour / Skabs (AT)
Cottage cheese / Z. A e s
Biezpiens (T)* ( \\/ \ Salty /Sals (T)
Mayonnaise / Majonéze — A'Q 7 “1x
(AT)* / ", / Salty / Sals (AT)
ise / Mai / .7 0.0 = i
_ . .
Mayonnaise *Majoneze N4 .:" Bitter / Ragts (T)*
(M \ 2% | Pl
he - WY
Yogurt / Jogurts (AT)* ; - \| Bitter / Riigts (AT)*
Yogurt / Jogurts (T)* Spicy / Pikants (T)*

Cabbage / Kaposts Spicy/ Pikants (AT)

Cabbg@;‘r) Kaposts (T)* Garlic / Kiploks (T)*
Garlic / Kiploks(AT)*

Fig. 7. The intensity of taste (T) and aftertaste (AT) attributes in the experimental
samples with sour cream/ 7. att. Garsas (T) un pécgarsas (AT) intensitate
eksperimentalajos paraugos ar skabo krejumu
*reperesent significant differences (p< 0.05)
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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. 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 OO2, 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, as shown in Figure 8 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.
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Olive oil samples / Paraugi ar Sour cream samples / Paraugi ar

olivellu skabo krgjumu

Fig. 8. Overall liking of the experimental dressing samples / 8 att.
Eksperimentalo mercu paraugu kopéja patiksana

OOC — experimental dressing sample with olive oil, control / eksperimentalais paraugs
ar olivellu, kontrole; 001, 002, O03 - experimental dressing sample with olive oil and

different dehydrated sauerkraut juice concentration / eksperimentalais paraugs ar

olivellu 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
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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.

Dehydrated sauerkraut juice (DSJ) in bread and meat applications and their
bioaccessibility

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.

For further use in the text, abbreviations for the samples were made, and
are described in Table 13

Table 13/ 13. tabula
The list of experimental bread and meat samples and abbreviations /
Maizes un galas paraugu apziméjumi un lietotie saisinajumi

Sample / Paraugs Abbreviation /
Saisinajums
Bread control sample / Maizes paraugs, kontrole Bread C
Bread with dehydrated sauerkraut juice / Maizes Bread DSJ
paraugs ar dehidrétu skabétu kapostu sulu
Meat control sample / Galas paraugs, kontrole Meat C
Meat with dehydrated sauerkraut juice / Galas Meat DSJ
paraugs ar dehidrétu skabetu kapostu sulu

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, obtained 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, 2020). In this
study, supplementing wheat bread with DSJ increases the TPC content in the
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sample, thus the food matrix provided suitable conditions for the release (or
interaction) of the compounds.

Although the TPC was higher in the Bread DSJ, the bioaccessibility index
BAC, 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).

There were 9 volatile compounds detected in the bread samples, 8 of them
exceeded 5 % and are shown in Figure 9. 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 odor and it was higher with the DSJ
addition., 29.15 % and 33, 60 %, accordingly. A very distinct nuance — a
caraway-like odor — 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 5116 33.60 1149  20.07  6.396.8 78 RsHHNA)

Bread C 2,83 29.15 60  27.02 24.13 N1s1.54.92
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. 9. The percentage of volatile compound peak areas in the bread
samples, % / 9. att. Gaistosie savienojumi 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.
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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 DSJ in the meat samples had a significant
increase (p<0.01) on the TPC. The TPC content in the meat DSJ sample was
61.21 = 1.03 mg 100 g-1 GAE, DW and antiradical activity by ABTS+ 5.72 +
0.17 mg TE 100 7', 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) have studied, that 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 10. 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 odor, 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 aromatic and volatile oil-of-almond aroma, also furfural with
almond like odor and n-decanoic acid with rancid, unpleasant odor, 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 odor found in the
meat sample.
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® Undecanoic acid / Undekanskabe

Fig. 10. The percentage of volatile compound peak areas in the meat
samples, % / 10.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 different trend
was observed.

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
sample with added DSJ. It could be explained by traditional cooking and serving
of meat with sauerkraut and these tastes are pairing for Latvian consumer and
be acceptable and highly evaluated. Therefore, meat products could be
perspective for application of DSJ in food.

CONCLUSIONS

1. 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.

2. Sauerkraut juice contains minerals (potassium, calcium, iron etc), sugars, salt
(0.75 g 100 g'}), lactic acid bacteria and is a valuable raw material. To enable
its use in food applications, it is essential to reduce its moisture content.

3. 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
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rotary vacuum evaporated concentrated sauerkraut juice contains higher
lactic acid bacteria count.

4. Concentrated sauerkraut juice produced by falling film evaporation contain
minerals, such as potassium (1358 mg 100 g), calcium (238 mg 100 g}),
iron (1137ug 100 g'1), as well as vitamin C (110 mg 100g 1), sugars, and is a
source of NaCl (6.33 g 100 g'1).

5. Dehydrated sauerkraut juice can be dried in a horizontal spray-dryer without
carrier agent while maintaining high total phenolic content, antiradical
activity and lactic acid bacteria count.

6. Starch solution (sauerkraut juice:starch solution - 50:75) is suitable carrying
agent for production of vertically spray-dried sauerkraut juice that contains
phenol compounds, vitamin C (98 mg 100 g*), minerals, such as potassium
(1457 mg 100 g1, calcium (297 mg 100 g1), iron (1.5 mg 100 g1, as well
as vitamin C (98 mg 100g 1), sugars, and is a source of NaCl
(1.05 g 100 gh).

7. 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.

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.

9. Insensory 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.

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.

PETIJUMA AKTUALITATE

Galvinkaposti (Brassica oleracea L. var. capitata) jau izsenis ir bijusi vieni
no pieejamakajiem un audzetakajiem darzeniem gan Latvija, gan pasaulé. Tos
plasi patéré gan svaiga veida, gan termiski apstradatus (Martinez et al., 2020).
Viens no izplatitakajiem kapostu parstrades produktiem ir skabé&ti kaposti.
Skabésanas procesa, pienskabes bakteriju ietekmé veidojas pienskabe, mainas
kapostu kimiskais sastavs, ka rezultata tiek iegiiti skabeti kaposti, bagati ar
uzturvielam - vitaminiem, mineralvielam, organiskajam skabém un
Skiedrvielam (Tlais et al., 2022). Skabétu kapostu razosanas procesa izdalas lidz
pat 30% sulas, kas arT ir vertigs dazadu bioaktivo savienojumu un organismam
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labveligas mikrofloras avots. Fas€Sanas un realizacijas rezultata dala §is sulas

paliek neizmantota un uzskatita par atkritumproduktu. P&tfjums par skab&tu

kapostu sulas strat€gisku izmantoSanu dotu ieguldijumu ilgtsp&jigai
bezatlikumu tehnologijai parstrades uznémumos, raditu produktus ar augstu
pievienoto vértibu.

P&tnieciska hipotéze - izstradatas dehidrétas un koncentrétas skabétu kapostu
sulas ir piemerotas lietoSanai partikas produktos.

Promocijas darba hipoteze tika pieradita ar etram tézém.

1. Kapostu fizikali kimiskais sastavs ir atkarigs no skirnes un ietekmé skabgtu
kapostu sastavu

2. Skabetu kapostu sulas koncentréSana ir piemérota tehnologija bioaktivo
savienojumu saglabasanai.

3. Izsmidzinasanas kalté$anas metode un nes€jviela ietekm& dehidrétas
skabetu kapostu sulas fizikali kimisko sastavu.

4. Dehidréta un koncentréta skabétu kapostu sula ietekmeé salatu méréu, maizes
un galas izstradajumu kvalitates raditajus.

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

Darba mérku sasniegSanai izvirziti $adi p&tnieciskie uzdevumi.

1. Analiz&t kapostu un skab&tu kapostu sulas kvalitates parametru izmainas
atkariba no Skirnes un razas gada.

2. Novertét ar dazadam ietvaic€Sanas tehnologijam iegiitas skabétu kapostu
sulas kvalitates raditajus.

3. Izveleties piemérotas nes€jvielas horizontalajai un  vertikalajai
izsmidzinasanas kaltei un novértét to ietekmi uz dehidrétas skabétu kapostu
sulas kvalitati.

4. Analizét dehidrétas un koncentrétas skabétu kapostu sulas ietekmi uz salatu
mercém, maizes un galas kvalitates Tpasibam.

Promocijas darba novitate.

1. Pirmo reizi ir veikts detalizets skabo kapostu sulas kvalitates novertgjums
un tas izmantots jaunu produktu radiSana.

2. lzstradata tehnologija inovativu izejvielu iegtsanai partikas riipnieciba -
dehidréta un koncentréta skabo kapostu sula.

Tautsaimniecibas nozime.

1. Tehnologiskie risingjumi skabétu kapostu sulu produktu izstradei raditu
ilgtspgjigu lauksaimniecibas resursu izmantoSanu, samazinot atkritumu
daudzumu, izmantojot blakusproduktus.

2. Pétfjuma izstradatie produkti lautu razotajiem paplaSinat precu klastu ar
jauniem, inovativiem risinajumiem.
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ZINATNISKA DARBA APROBACIJA

P&tijuma rezultati ir public@ti piecos zinatniskajos izdevumos, ieskaitot tris
publikacijas, kas indeksgtas starptautiskas cit€Sanas datubazeés SCOPUS un
Web of Science, un par tiem zinots astonas starptautiskajas konference€s
(publikaciju un prezentaciju sarakstus skatit 4.- 5.1pp.).

MATERIALI UN METODES

Pétijuma laiks un vieta

Zinatniskais darbs darbs tika izstradats laika perioda no 2018. lidz
2023. gadam Latvijas Biozinatnu un tehnologiju universitates Partikas
tehnologijas fakultates Procesu un iekartu laboratorija, Zinatniskaja
laboratorija, Miltu un konditorejas izstradajumu laboratorija, Mikrobiologijas
zinatniskaja laboratorija, Sensoras veértéSanas laboratorija, Auglu un darzenu
parstrades pilotrazotng, Biotehnologiju laboratorija un Dabas vielu kimijas
zinatniskaja laboratorija.

Materialu raksturojums

Baltie galvinkaposti tika izaudz&ti un novakti SIA “Dimdini Agro”
Gulbenes novada Lizuma pagasta, 2018.,2019. un 2020. gada. Zinatniskaja
darba tika analiz&tas trTs Skirnu ‘Selma’, ‘Kiloplons’ un ‘Ramkila’ svaigu un
skabé&tu kapostu sulas.

Pétijuma struktiira

Pétnieciskais darbs strukturéts ¢etros posmos (skatit 1. tabulu).

1. posma tika analizEtas tris Skirnu svaigu un skabetu kapostu sulas,
novaktas dazados razas gados. Izverteta Skirnes un razas gada ietekme uz
kapostu kvalitati.

2. posma skab&tu kapostu sula tika iekoncentréta un tika izmantotas tris
dazadas tehnologijas - rotacijas vakuuma, krito$as pléves un atvérta tipa katla
iekartas. Rotacijas vakuuma ietvaicé tika analizétas trTs Skirnes ‘Selma’,
‘Kiloplons’ un ‘Ramkila’. Kritos$as pléves un atvérta tipa katla tika koncentréts
ripnieciskais paraugs — razosana veidojusies skab&tu kapostu sula no dazadam
Skirném.

3. posma skabétu kapostu sula tika dehidréta izsmidzinasanas tipa kaltes —
horizontala un vertikala. Horizontala tipa kalté tika dehidréts roipnieciskais
paraugs, vertikala izsmidzinasanas kalté tika dehidrétas divas Skirnes ‘Selma’
un ‘Kiloplons’.

4. posma iegiitie skabetu kapostu sulas produkti — dehidrats un koncentrats
— tika test&ti partikas produktos — eksperiméntalajas salatu merces ar oltvellu un
skabo kr&jumu, ka ar1 izvertgjot to ietekmi uz maizes un galas kvalitati.
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Pétijumos izmantoto analiZzu metoZu raksturojums

Izmantotas metodes fizikalo, kimisko, mikrobiologisko un sensoro
parametru noteiksSanai, apkopotas 2. tabula.

Datu matematiska apstrade

Rezultati tiek izteikti ka vidgja aritmétiska vertiba + standartnovirze. Datu
butiskums starp ieglitajiem paraugiem tiek raksturots ka nozimigs pie p<0,05
un tika noteikts ar t-testu, salidzinot divus paraugus sensoraja veérté$ana. Lai
novertetu parbaudito faktoru ietekmi un noteiktu atskiribas starp paraugiem,
tika izmantota dispersijas analize (ANOVA) un Tukey tests. lekoncentrésanas
metozu noverteéSanai tika izmantota klasteru analize un raditaju intensivitate
krasu kart€. Ar korelacijas analizi tika novertéta saistiba starp parametriem.
Tika izveidoti att€li un tabulas un iegtitie dati aprekinati programma MS Excel
for Windows 2019.

REZULTATI UN DISKUSIJA

1. Svaigu kapostu un skabétu kapostu sulas
raksturojums

ST posma mérkis bija iegiit sakotngjos datus par svaigu kapostu $kirnes un
razas gada ietekmi uz kapostu fizikali kimiskiem raditajiem, lai salidzinatu ar
skabetu kapostu sulu un iegiitajiem produktiem Svaigu kapostu fizikali
kimiskas analizes veiktas trTs laika periodos — 2018. gada decembrT; 2020. gada
novembrT un 2021. gada aprili divam Skirném ‘Selma’ un ‘Kiloplons’ un
2018. gada decembrT — skirnei ‘Ramkila’. 3. tabula apkopoti 2018. razas gada
novakto svaigu kapostu un kapostu sulas rezultati. Visu tris razas gadu rezultatu
izkliede apkopota 1. attela. Rezultati liecina ka, kapostu $kirne, razas gads un
uzglabasana ietekmé bioaktivo vielu saturu.

Baltie galvinkaposti ir bagatigs askorbinsk@bes avots un var nodro$inat
ikdienas C vitamina devu: 75-90 mg (Zhao et al., 2020a). Visaugstakais un
viszemakais askorbinskabes saturs noteikts Skirnes ‘Selma’ kapostos un
kapostu sula, ar plasu datu izkliedi. 2020. gada novembrT askorbinskabes saturs
kapostos bija 2746 mg 100 91, bet minimalais 2021. aprili - 267 mg 100 g™
Skirnes "Selma" mediana bija 808 mg 100 g, bet "Kiloplons" mediana bija
526 mg 100 g%,

Tadi faktori ka Skirne, klimatiskie apstakli, kukaini, vegetacijas stadija,
uzglabasana un apstrade péc novaksanas ietekmé askorbinskabes saturu
kapostos.

Baltie galvinkaposti ir bagatigs fenolu savienojumu avots. Un tomer, ari
fenolu savienojumu (TPC) Tpa$ibas un daudzumu ietekmé vairaki faktori (Aires
et al, 2011; Samec et al., 2017). Sini pétjuma TPC rezultati ir lidzigi
askorbinskabei. Maksimalais un minimalais TPC bija skirnei 'Selma' 2018. gada
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decembrT, kas atbilst 1936 mg GAE 100 g un 578 mg GAE 100 g™ 2021. gada
aprill. Vidgja vertiba ir 1627 un 1301 mg GAE uz 100 g™ attiecigi Selma' un
'Kiloplons'. Saskana ar ieprieksgjiem dazadu zinatnieku pétfjumiem TPC
svarstas no 8,7 Iidz 153,3 mg GAE 100 g-! FW (Aires et al., 2011; Moreb et al.,
2020) un ir §1 petijuma rezultatu diapazona, ka paradits 1. attela.

Nav biutiskas medianas atskiribas (p>0,05) starp Skirném un DPPHe
antiradikalas aktivitates analizu laiku, tacu ir lielas atSkiribas iegiitajos ABTS*
rezultatos. Vislielaka un ar1 vismazaka aktivitate bija Skirnei ‘Kiloplons’ —
attiecigi 49 un 8 mg TE 100 g-'.

Skabétu kapostu sula

Askorbinskabes saturu skab&tos kapostos ietekmé kimisko savienojumu
fermentativo reakciju daudzveidiba, ka aprakstfjusi Vagners un Rimbahs
(2009). Tomér Thakur et.al. (2017), ir izp&tfjusi, ka askorbinskabes saturs
fermentacijas procesa palielinas lidz 21. dienai, bet péc tam pakapeniski
samazinas un to neietekme Skirne.

To noveéro ari Draskoviés u.c. (Draskovi¢ Berger et al., 2020a), ka pats
fermentacijas process var palielinat askorbinskabes saturu, lai gan péc ta
askorbinskabes zudums var sasniegt 40% un, ka, askorbinskabes saturu skab&tu
kapostu sula ietekmé $kirne un klimatiskie apstakli.

Petijuma iegtie rezultati rada ieverojamas atSkiribas starp razas gadiem, bet
Skirnei nav biitiskas ietekmes. Ka arT askorbinskabes satura atskiribas svaigos
un skabetos kapostos un augSanas vai zuduma % fermentacijas procesa
paraditas 4. tabula.

Askorbinskabes lTmena paaugstindsanos var saistit ar diviem faktoriem:
pirmkart, mikroorganismu aktivitati fermentacijas procesa un, otrkart,
antioksidanta savienojuma askorbigéna sadali$anos skaba videé (Draskovi¢
Berger et al., 2020).

Ciska un kolégi (2005) ir izpetijusi, ka fermentacijas process palielina
kopgjo fenolu saturu (TPC) salidzinajuma ar svaigiem kapostiem. Pienskaba
fermentacija var paaugstinat izejvielu TPC. Tas var notikt divos veidos -
fermentacijas procesa tick sagrautas augu Stinu sieninas, kas lauj savienojumiem
izdalities no vakuolam, Kur tie galvenokart atrodas, vai fermentativi parvérSot
glikozidus aglikona forma (Paramithotis et al., 2022; Tlais, Lemos Junior, et al.,
2022). Tacu Hallman u.c., (2017b) savos pétfjumos ir saskaruSies ar gluzi
pretéju novérojumu — pienskabas fermentacijas rezultata samazinas kopgjais
polifenolu saturs galaproduktda — skabgtos kapostos. So procesu ietekmé
pienskabo baktériju (LAB) mikrobioma sastavs (Tlais, Kanwal, et al., 2022).
Lidzigi ka Kusznierewicz u.c., (2008) ir nonakusi pie secindgjuma, ka
antiradikala aktivitate sakotngji palielinds kapostu sasmalcinaSanas laika,
gatavojot spontani raudz&tus skabetus kapostus. Tomér pienskabo bakteriju
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biosintézes vai fenola savienojumu sadaliSanas metabolisma celi nav pilniba
izpéetiti (Rodriguez et al., 2009). Rezultati, kas paraditi 2. attela, atbilst tiem, kas
pieejami literatira, noradot, ka TPC saturu ietekmé daudzi faktori un ka
fermentacija var veicinat to satura samazina$anos vai palielinaganos. (Ozer &
Kalkan Yildirim, 2019).

Kopuma skabeétu kapostu sulas riipnieciskaja parauga, ekstrah&ta jonu
hromatogramma (EIC) MRM rezima, bija parstaveti 13 brivo polifenolu profili.

Augstakie smailes laukumi bija neohlorogénskabei, hlorogénskabei,
vanilinam un kofeinskabei, ka arT gallskabei, protokatehinskabei, siringskabei,
sinapinskabei, luteolinam, O-glikozidam, kvercetinam un ramnetinam. legttie
rezultati saskan ar literatiiru, tom&r p&tjjumos ir vienispratis, ka ir daudzi faktori,
kas ietekmé galvinkapostu un skabé&to kapostu polifenolu struktiiru un 1pasibas
(Pefias et al., 2017b; Samec & Salopek-Sondi, 2019; Ciska et al. al., 2021).

2. Koncentrétas skabétu kapostu sulas ieguve

Koncentréetas skab&tu kapostu sulas (CSJ) iegiiSanai p&tnieciskaja darba tika
pielietoti trTs ietvaic€Sanas pan€mieni, proti — rotacijas vakuumietvaice (R),
kritosas pleves ietvaice (FF) un ietvaice atverta tipa katla (OD).

2020. gada janvar tika koncentréta skab&tu kapostu sula no tris dazadam
Skirném - 'Selma’, 'Kiloplons' un 'Ramkila’ - izmantojot rotacijas vakuuma
ietvaici, lai iegiitu aromatiz&tu koncentratu. Kopgja skistosa sausna (TSS)
skabétu kapostu sula bija 7,66 lidz 9,58 °Brix robeZzas, ar visaugstako vértibu
Skirnes 'Kiloplons' sula. Saja parauga ari sals saturs bija visaugstakais.
Koncentrésanas procesa mitrums tika samazinats, un gala TSS bija 28,52 lidz
32,14 °Brix. Rotacijas vakuuma ietvaice buatiski (p<0,05) paaugstinaja
antiradikalo aktivitati ar DPPH un ABTS* (5.tab.) metodém $kirném ‘Selma’
un ‘Kiloplons’. Rezultatus var izskaidrot ar sakotngjo izejvielas bioaktivo vielu
sastavu.

Potencialie mehanismi, kas saistiti ar fenola savienojumu termisko
sadaliSanos, var but saistitu fenolu savienojumu atbrivoSanas, augstas
molekulmasas fenolu depolimerizacija, fenola savienojumu oksidacija un
sadali$anas oksid€joso enzimu ietekmg, ka norada Alizadeh et al. (2020).

Pienskabes baktériju (LAB) saturs skab&to kapostu sula un koncentréta
skabétu kapostu sula ir atkarigs no skirnes.

KiTtosas pléves (FF) un atvérta tipa katla (OD) ietvaices tika izvél&tas, jo tas
bija brivi pieejamas un sniegtu ieskatu riipnieciski pieejamas ietvaicéSanas
iekartas/tehnologijas un to salidzinasana.

Krtosas pleves ietvaicé (FF) koncentréta skabétu kapostu sula (CSJ) ir
2019. razas gada rupnieciskais paraugs. Tas tika ietvaicéts 2020. gada februart
un analiz&ts 2020. gada marta, ka arT péc uzglabasanas 4 + 2 °C temperatira
2020. gada septembri. Atverta tipa katla (OD) ietvaiceta skab&tu kapostu sula ir
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2020. gada razas gada riipnieciskais paraugs. Tas tika ietvaicéts un analiz&ts
uzreiz pec razas novaksanas un fermentacijas, 2020. gada septembri.

Ripnieciska parauga FF (CSJ) noteiktie raditaji un rezultati pirms un p&c
uzglabasanas, ka arT OD CSJ ietvaices rezultati ir att€loti 6. tabula.

pH rezultatos starp FF un OD koncentrétu skab&tu kapostu sulu nebija
bitiskas atSkiribas (p<0,05), savukart TSS kritosas pléves ietvaicé koncentrata
skabetu kapostu sula bija divreiz augstaks neka atverta tipa katla parauga.

FF ietvaice ir piemérota termojutigu savienojumu saglabasanai, tomér TPC,
askorbinskabes saturs un DPPH antiradikala aktivitate ir ieverojami augstaka
OD CSJ. Sis biitiskas atskiribas skaidrojamas ar atikirigo razas gadu un visiem
razu ietekm&joSajiem faktoriem, ka arT iepriek§ minéto ietvaices laiku. Arl
kopgjais fenolu saturs (TPC) daZados sulu koncentratos darbojas atSkirigi.
Uzglabasana izraisfja ievérojamu antioksidantu aktivitates samazinasanos, bet
TPC izmainas bija nenozimigas. C vitamins pirms uzglabaSanas bija 110 mg
100 g%, noteikts ar HPLC (augstas izSkirtsp&jas Skidruma hromatografu). Péc
uzglabasanas askorbinskabe tika noteikta titrametriski un bija 26,6 mg 100 g™,
novertgjot tikai vienu no biologiski aktivajam C vitamina formam (Radenkovs
etal., 2020).

Uzturvertibai FF CSJ izvelets, pamatojoties uz ieprieksgjiem rezultatiem, jo
ta bija piemérota sulas koncentréSanas tehnologija ar isu ietvaices laiku un
augstako TSS.

Koncentréta skab&tu kapostu sula satur oglhidratus ka galveno uzturvielu,
kam seko augsts pelnu saturs, tostarp dazadas mineralvielas. Koncentrétas
skabétu kapostu sulas uzturvértiba ir apkopota 7. tabula.

Pelnu saturs CSJ ir 9,42 g, tatad tas satur dazadas mineralvielas, pieméram,
Mg, Cu, K, Ca, Fe, ka paradits 6. tabula. Salidzinajumam, svaigos kapostos ir
200 — 300 mg 100 g* un skabétos kapostos - 700 — 800 mg 100 g* mineralvielas
(Khanna, 2018). Augsta sals satura d&] 6,33 g 100 g, saskana ar ES regulam
(EK) Nr. 1924/2006) CSJ var izmantot partikas produktos, lai aizstatu sali.

Rotacijas vakuuma ietvaice butiski paaugstinaja ABTS™ (zala krasa 3. att.)
antiradikalo aktivitati $kirn€m 'Selma' un 'Kiloplons'. Vislielakais pienskabo
bakteriju (LAB) skaits bija Skirnes 'Selma' paraugos. Tika konstatéts, ka kritosas
pléves (FF) ietvaice rada koncentratu ar divreiz lielaku TSS saturu (tumsi zala
krasa 3. att€la), salidzinot ar ietvaici atverta tipa katla (spilgti sarkana krasa
3. attela), bet ar zemaku kop&jo fenolu savienojumu (TPC) un DPPH
antiradikalo aktivitati. UzglabaSana izraisija antiradikalas aktivitates,
askorbinskabes un pienskabes baktériju (LAB) skaita samazinasanos FF CSJ,
bet TPC saglabajas stabils. Pétijums liecina, ka rezultatu atSkiribas varétu but
saistitas ar dazadiem razas gadiem un apstrades laikiem.

Tika konstatéts, ka CSJ ir askorbinskabes un fenola savienojumu, ari
mineralvielu, visvairak kalija, kalcija un magnija avots. To var izmantot ka
vertigu izejvielu inovativiem partikas produktiem un arT ka sals aizstaj&ju.
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Koncentrétu sulu glabasanas laiks atskiras atkariba no izejvielam un ir no viena
gada I1dz trim gadiem (Salehi, 2020).

3. Dehidrétas skabétu kapostu sulas ieguve

Horizontala izsmidzinaSanas kalteé dehidréta skabétu kapostu sula,
ripnieciskais paraugs

Skabétu kapostu sulas dehidrésanai horizontalaja izsmidzinasanas kalte tika
izmantotas dazadas maltodekstrina (ar dekstrozes ekvivalentu DE 7-13)
koncentracijas (0, 5 un 10 %), un pH neitralizacijai tika pievienots CaCO3, ka
paskaidrots 8. tabula.

Horizontali izsmidzinata skab&tu kapostu sula (DSJ) NaCl saturs bija
robezas no 8,70 lidz 14,31 g 100 g!, un produktu potenciali varétu izmantot ka
sals aizstajeju. Maltodekstrina (MD) klatbiitne ietekmgja DSJ mitruma saturu
un Skidibu, bet MD tika uzskatits par piem&rotu turpmakai izmantoSanai
partikas razosana. Maltodekstrina koncentracija ietekmé&ja ar1 dehidrétas
skabetu kapostu sulas organisko skabju profilu, un galvenas identificétas
organiskas skabes bija skabenskabe, pienskabe, etikskabe un hininskabe.
Petfjuma tika izmantotas divas ekstrakcijas metodes, lai noteiktu kopgjo fenola
saturu (TPC), kas paradits 4. att€la, un antiradikalo aktivitati DSJ, un tika
konstatéta mérena vai spéciga korelacija starp tam, kas norada, ka TPC
atspogulo antiradikalo aktivitati.

Vertikala izsmidzinasanas kalté dehidréta skab&tu kapostu sula

Pétjjuma mérkis bija atrast optimalos kaltéSanas parametrus sulas
dehidrésanai vertikala izsmidzinasanas kalté. Tika parbauditi dazadi kaltésanas
parametri un nesgjvielas, izmantojot gan riipniecisko paraugu, gan divu Skirnu
‘Selma’ un ‘Kiloplons’ skab&tu kapostu sula un dazadas cietes Skiduma
attiecibas sulu. Rezultati paradija, ka attieciba 75:50 (cietes Skidums pret
skabetu kapostu sulu) bija optimala sulas dehidrésanai.

Udens ekstrakcija tika izmantota, lai noteiktu TPC un antiradikalo aktivitati
vertikali izsmidzinatai DSJ ar dazadam nesg€jvielam (9. tabula). DSJ paraugiem,
dehidrgjot ar cietes $kidumu, bija augstaka TPC un antiradikalas aktivitate
salidzinot ar paraugiem, kas dehidréti ar maltodekstrina un cietes $kiduma
maisijumu. Maltodekstrins var saistities ar antioksidantiem, ka rezultata tie
klast mazak efektivi (Krishnaiah et al., 2014).

DSJ paraugos izmantojot tikai cietes §kidumu ka nesgjvielu, mitruma saturs
ir lielaks, kas var ietekmét stabilitati un bioaktivo savienojumu saturu. DSJ satur
ieverojamu daudzumu mineralvielu, it Tpasi kaliju un vitaminus. C vitamina
zudumi p&c izsmidzinasanas procesa ir nelieli un paraugos palika 98 mg 100 g
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1. Pelnu saturs DSJ ir 15,28 g 100 g%, un tadg&jadi ir plass mineralvielu klasts,
ka paradits 10. tabula. Dalgji NaCl saturs veicina pelnu daudzumu DSJ. DSJ
nevar uzskatit par ikdienas garSvielu, tomér ta sastava esoSo mineralvielu
daudzums ir ievérojams. Vitaminu un mineralvielu ikdienas atsauces devas
(DRI) saskana ar ES regulu 1169/2011 ir noraditas 11. tabula. Ka arf produktu
var uzskatit par bagatu ar uzturvielam, ja tas satur vismaz 15% uzturvielu
atsauces devu uz 100 g. Tas nozimé, ka $T produkta porcija ievérojami veicinatu
cilveka ikdienas uzturvielu vajadzibas. Kalijs, kas ir visizplatitakais DSJ
elements, kopa ar manganu un kalciju nodrosinaja lielako devu ikdienas uztura.

Skirnei ‘Selma’ tika konstatéts vislielakais pienskabes baktériju (LAB)
skaits skabetu kapostu sula, un pat pec dehidréSanas izsmidzinasanas kalte ta
saglabaja vislielako LAB skaitu.

Vertikali izsmidzinot dehidrétas skab&tu kapostu sulas (DSJ) energétiska
vertiba un kimiskais sastavs ir apkopota 10. tabula. Energétiska vertiba un
oglhidratu saturs DSJ, ieskaitot cukurus, glikozi, fruktozi un maltozi, var tikt
izskaidrots ar cietes sadaliSanos temperatiiras ietekmé izsmidzina$anas procesa,
ka ar cukura dabisko klatbitni skabétu kapostu sula (Araujo-Silva et al., 2018).

Skabeétu kapostu sulai un dehidrétai skab&tu kapostu sulai tika noteikts
gaistoSo vielu profils, un rezultati, kas parsniedz 5% no gaistoSo savienojumu
satura, paraditi 5. attgla.

Skabétu kapostu sula un tas produkti satur dazadus gaisto$0s savienojumus,
kas veicina to garSu un aromatu, visizplatitaka ir etikskabe ar skabu un
alilizotiocianatu ar asu sinepju, marrutku un vasabi garSu. Izotiocianati,
glikozinolatu metabolizétie produkti, ir galvenie Brassica darzeniem raksturigas
garSas avoti. Karvons ar kimen&m un piparmétrai [idzigu smarzu un benzoskabe
bija savienojumi ar augstako pika laukumu attiecigi skabo kapostu sula un
dehidréta skabo kapostu sula.

4. Skabetu kapostu sulas produktu izmantoSana partika

Latvijas Biozinatnu un Tehnologiju universitaté tika veikti daudzveidigi
testi, lai atrastu atbilstosu skab&tu kapostu sulas produktu pielietojumu partika.
Eksperimentos tika parbauditi skab&tu kapostu sulas produkti (dehidréta DSJ un
koncentréta CSJ skabétu kapostu sula) dazados partikas produktos, pieméram,
sausajos zupu maisijumos, zupas pasta, galas marinadé, maltaja gala, tomatu
sula un biezpiena. Rezultati paradija, ka eksperimentali sagatavotajiem
sausajiem zupu maisijumiem ir riigta un pliekana garsa, savukart zupas pasta ar
koncentrétu skabétu kapostu sulu bija garSiga un varétu tikt attistiti turpmaki
pétijumi Eksperimenti ar tomatu sulu un biezpienu deva pliekanu gar$u, jo $o
produktu skabums parmpem skab&tu kapostu sulas produktu skabumu.
Koncentrétas skabetu kapostu sulas izmantosana galas un maltas galas marinade
padarija galas paraugus mikstakus un aromatiskus. Ar1, garSvielu maisjjumu ar
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dehidrétu skabé&tu kapostu sulu izmantoSana galai, fiT kartupeliem vai Cipsiem
Skiet potencials risinajums turpmakiem pétfjumiem un iesp&amai projektu
attTstibai.

Koncentrétas skabétu kapostu sulas izmanto$ana ciikgalas pavéderes un
maltas galas marinadé padarija eksperimentalo paraugu galu mikstu, suligu un
aromatisku. Lai noskaidrotu galas paraugu kopgjo patikSanu, gar$as, smarzas un
tekstliras preferences, tika veikta piecu punktu hedoniska skalas sensora
novertésana, un rezultati paraditi 6. attela.

Citi petijumi par Siem produktiem $aja posma netika veikti.

Kopgja patika eksperimentalajiem galas paraugiem, ctkgalas veders un
malta gala tika novertéta visaugstak, pievienojot 10% CSJ. Art garSas izvéles,
aromats un tekstiira Sajos paraugos tika noverteti visaugstak.

Eksperimentalie salatu méréu paraugi

Dehidréta skabétu kapostu sula (DSJ) tika testéta partika ka sals alternativa
un tas iespgjama samazinasana eksperimentalajas salatu mérc€s ar olivellu un
skabo kr&jumu. Ne sals, ne DSJ neskist ella, radot saluma sajiitu muté paraugos
ar olivellu.

Eksperimentalajos paraugos ar olivellu un skabo kr&jumu lietotais sals un
dehidrata daudzums un paraugu apzimgjumi ir aprakstiti 12. tabula.

Sals saturs eksperimentalajos paraugos izvelets, balstoties uz tirgus izp&ti
par lidzigam, komerciali pieejamam salatu me&rcém. Pamatojoties uz $o izpéti,
eksperimentalajos paraugos ar olivellu tika izmantots maksimalais daudzums
2,0 g 100 g NaCl (OOC; OOl), un tika samazinats Iidz 1,5 g (002);
19100 g* (O03). Maksimalais sals daudzums skaba kr&juma paraugos bija
0,8 g 100 g' NaCl (SCC; SCl) un samazinats Iidz 0,5 (SC2);
0,2 (SC3)g 100 g'. Lai izvairitos no iespgjamas mijiedarbibas ar citam
sastavdalam, eksperimentalas mérces tika pagatavotas, izmantojot tikai
dehidrétu skabgtu kapostu sulu un olivellu vai skabo krgjumu. Eksperimentalo
salatu mércu apraksto$aja sensoraja vert€juma tika minétas vai identificétas 11
garSas: salda, sala, skaba, rigta, pikanta, kiploku, kapostu, jogurta, majonezes,
biezpiena un etika. Balstoties uz min&tajam 11 garsam, tika veikti RATA —
noverte visu, kas attiecas uz garsas un pécgarsas intensitati (rate-all-that-apply).

Eksperimentalie salatu mércéu paraugi ar olivellu

63% dalibnieku identific&ja salu garSu kontroles parauga (OOC), 2% sals,
bet 80% to pasu identificgja parauga OO]1 ar sals ekvivalentu 2%, savukart 70%,
73% dalibnieki atpazina $o garSu paraugos ar samazinatu sals daudzumu (002,
003) - kas ir ievérojami lielaks dalibnieku skaits, salidzinot ar kontroles
paraugu. Tas varétu but skaidrojams ar to, ka ne sals, ne dehidréta skabétu
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kapostu sula neskist ella un ir itka iekapsuléta taukos (Noort et al., 2012) un
iz8kist tikai saskaré ar siekalam, veidojot "salo punktu” (Beck et al., 2021).
Tomér, DSJ, ar vairak garsas Tpatnibam, rada bagatigu garsu profilu (Gaudette
et al., 2019). OO1 parauga kiploku garsu identificgja 43% dalibnieku, bet 37%
to paSu identificgja paraugos 002, O03. Salas garsas intensitati par spécigaku
atzina paraugos ar ar dehidrétu skabétu kapostu sulu - OO1 (sals ekvivalents)
un ar samazinatu NaCl daudzumu paraugos OO2 un OQ3. Intensiva ir arl
skabena gar$a, kam seko rigta un kiploku gar$a. P&cgarSas intensitate izztd.
Riigta garsa ilgak saglabajas kontroles parauga OOC, savukart sala un pikanta
saglabajas paraugos ar DSJ. OO2 paraugs, ar nedaudz samazinatu sals
daudzumu, kopgja patiksana tika novertets visaugstak.

Gaisto§0 savienojumu izveért&juma, etikskabe ar skabu aromatu bija
domingjosa DSJ paraugos, attiecigi samazinoties lidz ar pievienota dehidrata
daudzumu. Dehidrétas skabétu kapostu sulas pievieno$ana samazina gaisto$o
savienojumu smailes laukumus un ir ievérojami mazaki neka kontroles parauga,
kas varétu bt pozitivi, specifiska kapostu aromata dél. Kontroles parauga ir visi
gaistosie savienojumi, kas raksturigi lielakajai dalai olivellu (Ogras et al., 2018).
Kopuma paraugu aromats ir zalaugu, zalu lapu, ar nelielu salduma un auglu
asumu.

Eksperimentalie salatu mércu paraugi ar skabo kréjumu

Skaba krejuma paraugos skaba un sala garSa tika atzimé&tas visvairak.
Kontroles (SCC) un sals ekvivalenta (SC1) paraugos vienadi tika novertétas gan
sala, gan skaba garSa. Visi paraugi tika novertéti ka jogurtam lidzigi, bet SC1
un SC2 paraugos tika identificéta majonézes garSa. Interesanti, ka ari paraugos
ar skabo kr&jumu tika konstatéta kiploku garsSa, tapat ka olivellas parauga, ar
lielako dehidrétas skabétu kapostu sulas piedevu.

11 garsu un pecgarsu intensitate eksperimentalajas mérces ar skabo krgjumu
apkopotas radara diagramma 7. attéla (noveértéto punktu summa no 1 lidz 5).

Visintensivaka garSa ir SC1 parauga ar vislielako dehidrétas skabéto kapostu
sulas daudzumu, kura dominé ne tikai skaba un sala garsa, bet ari kiploku,
majonézesS un jogurta. Visi paraugi (iznemot kontroles SCC) ir pagatavoti ar
skabo kr&jumu un DSJ. Pargjos paraugos butiskas atskiribas garsas intensitate
nav novérotas, un veido skabu, salu, jogurta un majonézes garSas nianses, it
1pasi SC3 parauga.

Eksperimentalo méréu paraugu kopéja patikSana

Sensora vert§juma kopgja patikSana gan starp ellas, gan skaba kr&uma
paraugiem tika novérotas butiskas (p<0,05) atSkiribas. So paraugu patika tika
verteta no 1 lidz 5: 1 - 1pasi nepatik; 5 - patik visvairak. Visvairak patika
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olivellas paraugi OO1 un O02 DSJ sals ekvivalentu 2% un 1,5%, bet paraugs
ar samazinatu sals daudzumu (OO3 - 1,0% sals ekvivalents) patika vairak neka
kontrolparaugs, bet bez biitiskam atskirtbam, ka paradits 8. attéla. Starp skaba
kr&juma paraugiem bija bitiskas (p<0,05) atskiribas. SC1 nebija vert§juma 5
(tapat ka lielaka dala), un kopuma starp paraugiem ar DSJ vairumam dalibnieku
Sie paraugi patika vismazak, kas varétu bt izskaidrojams ar to spécigo garSas
intensitati. Paraugs SC3 (samazinats sals daudzums ar vismazako DSJ) patika
tikpat labi ka SCI1. Tas vargtu biit izskaidrojams ar gluzi pret€ju iemeslu —
nepietickamas garSas intensitates dél. Tomér vid&ja patika abos paraugos tika
noverteta ar vairak neka 3, salidzinot ar SCC. Visvairak patika SC2 ar 0,5% sals
Neskatoties uz pievienota DSJ ka sals ekvivalenta daudzumu, visi paraugi
patika vairak neka SCC, kas lauj secinat, ka skab&tu kapostu sulas pulveri varétu
izmantot ka alternativu salim.

Dehidréta skabétu kapostu sula maizes un galas produktos un to
biologiska pieejamiba

Lai izpétitu eksperimentdlo maizes un galas paraugu kopg€jo fenolu
savienojumu (TPC) faktisko biologisko pieejamibu, tie tika paklauti in vitro
kunga-zarnu trakta gremosanas simulacijas sisteémai.

Turpmakai izmantoSanai teksta tika izveidoti paraugu saisinajumi, kas
aprakstiti 13. tabula.

Eksperimentalie maizes paraugi

S1 pétijuma mérkis bija novértét, vai dehidrétas skabétu kapostu sulas
pievienoSana ietekm& maizes kvalitati un var palielinat bioaktivo savienojumu
saturu un biopieejamibu kvieSu maizé. Iegiitie rezultati liecina ka dehidrétas
skabétu kapostu sulas pievino$ana bitiski ietekmé kopgjo fenolu saturu kviesu
maiz&. TPC saturs un ABTS" antiradikala aktivitate Bread DSJ parauga ir
attiecigi par 66% un 56% augstaka. Jau ieprieks zinots, ka miltu izstradajumiem
pievienotie augu materiali un partikas razoSanas blakusprodukti palielina TPC
un antiradikalo aktivitati (Ahmed & Abozed, 2015; Tomsone, 2020). Miisu
pétijuma kvieSu maizes papildinasana ar DSJ palielina TPC saturu parauga,
tadgjadi partikas matrica nodroSinaja piemerotus apstaklus savienojumu
izdaliSanai (vai mijiedarbibai).

Lai gan TPC bija augstaks Bread DSJ parauga, biologiskas pieejamibas
indekss BAC ir augstaks Bread C parauga un ir 1,10, savukart Bread DSJ
paraugad tas ir 0,65. Tas norada, ka kvieSu maizes fenolu savienojumu
biopieejamiba ir biologiski pieejama, tomér DSJ iekapsuléSana ar nesgjvielu var
mijiedarboties ar citiem savienojumiem, veidojot nesagremojamus
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savienojumus un neaizsargda TPC no agresivas kunga vides (Tomsone etal.,
2020).

Maizes paraugos tika konstateti 9 gaistoSie savienojumi, no tiem
8 parsniedza 5% un ir paraditi 9. attéla. Heksanals neparsniedza 1%, tapec Saja
petijuma tas nav apskatits. Vislielakais smailes laukums bija benzaldehidam,
kas sniedza gaistoSas mandelu ellas smarzu, un tas bija augstaks, pievienojot
dehidrétu skabétu kapostu sulu, attiecigi 29,15% un 33,60%. Loti izteikta nianse
— kimeném l1dzigs aromats — maizes parauga ar dehidrétu skabetu kapostu sulu.
SIA “Dimdini” (Latvija) skab&tu kapostu razoSanas procesa pievieno 1%
kimenu, un Sis gaistoSais savienojums ir tik stiprs, ka saglabajas kaltéSana ar
izsmidzinaganu un maizes cep$anas procesa. Svaigi ceptai kvieSu maizei bez
pievienotam kimen€m vai dehidrétu skab&tu kapostu sulu izcel rozém lidzigu
aromatu.

Maizes paraugiem Bread C un Bread DSJ (ar dehidrétu skabo kapostu sulu)
tika veikts sensorais novertéjums. 52 dalibnieki tika aicinati noveértét vispargjo
patiku, strukttiru, gar§u un aromatu 5 ballu hedoniskaja skala. Bread C un Bread
DSJ paraugumkopgja patika bitiskas atSkiribas netika novérotas, abi paraugi ir
vienlidz patikami, ka arT netika nov@rotas bitiskas atSkiribas struktiira, gar$a un
aromata.

Eksperimentalie galas paraugi

Augu izcelsmes sastavdalu pievieno$ana nodrosina kop&jo fenolu saturu
(TPC) galas produktos, un to ietekm& ari galas sagatavoSanas metode,
piem@ram, malSana un termiska apstrade. Fenolu iesp&jama mijiedarbiba ar
galas kimisko sastavu, lipidiem, olbaltumvielam un polisaharidiem, var
ietekm@t to ekstrah&jamibu no paraugiem. (Cheng et al., 2018).

Petijuma dehidrétas skab&tu kapostu sulas pievienoSana galas paraugos
ieveérojami papildinaja (p <0, 01) TPC. TPC saturs Meat DSJ parauga bija
61,21 + 1,03 mg 100 gt GAE, DW un ABTS* antiradikala aktivitate 5,72 + 0,17
mg TE 1007, DW.

Meat DSJ parauga kopgjo fenolu satura biologiskas pieejamibas indekss ir
ievérojami augstaks par 1, un tadgjadi savienojumi ir pieejami absorbcijai.
Olbaltumvielu un fenola savienojumu kombinacija var ietekmé&t TPC biologisko
pieejamibu, un to ietekmé specifiska savienojumu mijiedarbiba (Draijer et al.,
2016.; Miedzianka et al., 2022). Ka petijis Nagars (2023), izskidusa skabekla
limenis zarnu fazé un zults veicina biologiskas pieejamibas samazina$anos —
skabekla triikums palielina polifenolu biopieejamibu.

Galas paraugos konstateti 8 gaistosie savienojumi. 7 no tiem parsniedza 5%
un ir paraditi 10. attéla. Meat C parauga smailes laukumi bija heksanals, kas
galvenokart veidojas, oksid&joties linolskabei (Jiang et al., 2022), un 3-
furaldehids, iegiistot auglainu, zalas zales, mandelu un gaisto$as mandelu ellas
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aromatu. Augstakie Meat DSJ parauga maksimumi bija benzaldehids, kam
raksturigs grauzd@tu zemesriekstu aromats, un benzilspirts, kas sniedz vieglu
gaistoSu mandelu ellas aromatu. Furfurols ar mandelu smarzu un n-dekanskabe
ar sasmakusu, nepatikamu aromatu, kas parsvaré veidojas lipidu hidrolizes un
oksidésanas procesa (Jiang et al., 2022). GaistoSos savienojumus gala ietekmé
gatavosanas laiks un temperatiira, ka ar1 dazadas reakcijas procesa laika
(piem@ram, Maillard reakcija) un virkne baribas vielu noardisanas (Jiang et al.,
2022). Galas parauga netika konstatéts kimenu aromats.

Galas paraugos tika veikts sensorais novert€jums, lidzigi ka ieprieks
aprakstits maizes paraugos, izmantojot hedonisko skalu. Dehidrétas skabétu
kapostu sulas specifiska aromata un garSas pasibu dél bija lietderigi noteikt
kontroles un DSJ parauga atskiribas un dehidrétas skab&tu kapostu sulas
ietekmi. Maizes paraugos statistika neuzradija butiskas atSkiribas starp
paraugiem, bet galas paraugiem tika novérota atskiriga tendence.

Paraugu struktiira (p<0,05) biitiskas atskiribas netika konstatétas, savukart
paraugu kopgja gar$a, garsa un aromata tika noteiktas bitiskas atkiribas
(p>0,05), un visos gadijumos augstaks vertéjums bija paraugam ar pievienotu
DSJ. Tas skaidrojams ar tradicionalo galas gatavosanu un pasniegSanu ar
skabetiem kapostiem, un, Latvijas paterétadjam §Is garSas ir pienemamas,
pazistamas un augstu novertetas. Tap&c dehidréta skabetu kapostu sulas vargtu
bt perspektiva pielietosanai galas produktos.

SECINAJUMI

1. Skabgtu kapostu sulas sastavu ietekmé izmantoto balto kapostu Skirne un
razas gads, un TPC, antiradikalas aktivitates un askorbinskabes rezultatu
izkliede ir nozimiga.

2. Skabétu kapostu sula satur mineralvielas (kaliju, kalciju, dzelzi u.c.),
cukurus, sali (0,75 g 100 gt), pienskabes bakterijas un ir uzskatama ka vertiga
izejviela. Lai to var€tu izmantot partikas nozar€, ir bitiski samazinat sulas
mitruma saturu.

3. Ietvaices tehnologija ietekmé koncentrétas skab&tu kapostu sulas fizikali
Kimiskas Tpasibas. Kritosas pléves un atverta tipa katla iztvaicéta sula satur
lielaku kopgjo fenolu un askorbinskabes saturu, savukart rotacijas vakuuma
ietvaicéta sula satur lielaku pienskabes baktériju skaitu.

4. Kiitosas pléves ietvaice koncentréta skabétu kapostu sula satur mineralvielas,
pieméram, kaliju (1358 mg 100 g*), kalciju (238 mg 100 g1), dzelzi (1137
pg 100 g, ka ar1 C vitaminu (110 mg 100 g), cukurus un ir NaCl (6,33 g
100 g!) avots.

5. Dehidrétu skabetu kapostu sulu ir iesp&ams izkaltet horizontala
izsmidzinasanas kaltg bez nesgjvielas saglabajot augstu uzturvertibu, kopgjo
fenolu daudzumu, antiradikalo aktivitati un pienskabes bakterijas.

48



Cietes skidums (50:75) ir piemé@rota nesgjviela dehidrétas skab&tu kapostu
sulas iegiliSanai vertikalaja izsmidzinasanas kalte. Dehidrats satur fenola
savienojumus, C vitaminu (98 mg 100 g'1), mineralvielas, pieméram, kaliju
(1457 mg 100 g%, kalciju (297 mg 100 g2), dzelzi (1,5 mg 100 g2), ka ari C
vitaminu (98 mg 100 g'1), cukurus, un ir NaCl avots (1,05 g 100 g).

. Eksperimentalo salatu meér¢u sensoraja RATA novertéSana, patéretaji
atzim&ja papildus garSas, piemeram, kiploku, jogurta un majonézes, un
paraugi, ar samazinatu sals ekvivalentu (ar dehidr&tu skab&tu kapostu sulu)
saglabaja lidzvertigi salu sajitu.

. Dehidrétas skabétu kapostu sulas pievienoSana maizeS paraugiem
paaugstinaja to kop&jo fenolu saturu un antiradikalo aktivitati. Sensorais
novert§jums neatklaja nekadas butiskas atSkiribas. Dehidrétas skabétu
kapostu sulas pievieno$ana nepalielingja $o savienojumu biologisko
pieejamibu

Galas paraugu sensoraja vert€Sana, pievienojot gan dehidrétu, gan
koncentrétu skabo kapostu sulu, tika iegiiti augstaki vert€jumi attieciba uz
kopgjo garSu, garsu, tekstiiru un garSu. Dehidrétas skabétu kapostu sulas
pievienoSana galas paraugiem palielinaja to antiradikalo aktivitati.

10. Petijuma rezultati dal€ji apstiprina hipotézi. Dehidréta un koncentréta

skabetu kapostu sula ir piemerota lietoSanai partika, tacu sensoras pasibas ne
vienmer ir pienemamas.
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