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PETIJUMA AKTUALITATE

Atbilstosam un pietickamam uzturam cilvéka dzivé ir butiska nozime, ta
galvenais uzdevums ir nodrosinat cilvéka organismu ar uzturvielam, kas
nepiecieSamas kermena funkciju normalai darbibai, lai pasargatu mis no
dazadam saslim$anam un kopuma nodro$inatu atbilstosu dzives kvalitati (Cilla
et al., 2018b).

Gadijumos, kad cilveks psihologisku vai fiziologisku iemeslu dél nespgj
uznpemt nepiecieSamas uzturvielas vai uzpemSanas veids ir neefektivs,
nepiecieSama mediciniska rekomendacija par parenteralas vai enteralas
baroSanas uzsaksanu.

Parenteralaja barosana uzturvielas pacientiem tiek nodotas $kidruma forma,
kas organisma tiek ievaditas izmantojot perifero venu, tas tiesi ievadot asinsritg,
tadgjadi apejot gremosanas sistému un uzturvielu parstradi uzsakot aknas (Jones
et al., 2011; Rozenbergs, 2011). Savukart enterala baroSana ir daudzkart
vienkarsaks process, kas ietver orali lietojamus specialus uztura produktus un
produktus barosanai caur zondi (Weimann et al., 2006). Ipasas digtas partikas
produkti ir §T petijuma galvenais objekts un darba padzilinati tiks apskatita jaunu
produktu baro$anai caur zondi (8kidrie maisijumi) un modific€tas struktiiras
produktu, kas paredzeti disfagijas pacientiem, izstrade.

Nepiecie$amibai p&c speciala uztura var bt dazadi c€loni, tacu ka vienu no
galvenajiem min malnutriciju vai potencialu malnutricijas attistibai. Atseviskas
medictniska rakstura publikacijas arT norada, ka $adas enterala uztura terapijas
tiek rekomendétas cilvékiem pirms un péc operaciju periodos, péc dazadam
fiziskam traumam, kas tieSi apgriitina uztura ,,normalu” uznemsanu, ka ari
onkologijas pacientiem, cilvékiem p&c trieckam, kas var izraisit islaicigus vai
ilgstosus riSanas traucgjumus — disfagiju.

Eiropas riSanas traucgjumu biedriba kopa ar ES Geriatriskas medicinas
biedribu 2016. gada izveidoja zinojumu par orofarengialo disfagiju ka
geriatrisko (vecaka gada gajuma cilvéku apriipe) sindromu. Vinu apkopotaja
informacija izkristalizgjas, ka riSanas trauc€jumi ir loti izplatiti vecaka gada
gajuma cilveékiem, un tas ir saistits ne tikai ar kermena novecosanos, bet art ar
citam  mediciniskim  problémam, neirologiskam  saslim§anam  un
neirodegenerativam slimibam (trieku, Parkinsona slimibu, Alcheimera slimibu
un visam demences formam, sirds mazsp&ju, reimatismu, artritu u.c.), ka art
vispargju vajumu un sarkopéniju. P&c Baijens et al. (2016) apkopotas
informacijas disfagija Eiropa novérojama vismaz 23% vecaka gada gajuma
cilveéku, kas dzivo patstavigi, [1dz 51% stacionaros dzivojoSiem laudim un pat
84% no tiem, kas slimo ar kadu no demences formam vai neirodegenerativam
slimibam.

Latvija komerciali pieejamais IpaSiem mediciniskiem nolikiem paredzgtais
uzturs ir visai vienveidigs un ta klasts nav plaSs, jo viet€jais tirgus ir neliels.
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Komerciali piedavatie produkti ir neatnemama uztura terapijas dala, tacu pedgjo

gadu laika medicinas personalam, ka arT plasakai sabiedribai ir radusas bazas par

to, cik efektiva ir sintétisko uztura elementu lictoSana salidzinajuma ar to
dabigajiem avotiem. Javér§ uzmaniba, ka biitiski lielaka dala So gatavo uztura
formulu satur sintétiskos vitaminus un mineralvielas un praktiski nesatur

Skiedrvielas, kam ir liela nozime pareizai zarnu darbibai.

Kvalitativu un uzturvielam bagatu partikas produktu uznemsanai ir butiska
loma cilvéku atveseloSanas procesa, jo sniedz organismam visu nepiecie$amo
optimalai funkciju nodrosinasanai. Sadu produktu izveide ir atbildigs process, jo
tam ir jasasniedz v€lamais efekts. Tacu paredzet, kada meroga lietotais uzturs
spés nodrosinat ar nepiecieSamo, ir diskutabls jautajums pat cilvékam bez
nopietniem veselibas traucEjumiem. Katra cilvéka gremoSanas sist€ma un
organisma spgja izmantot uznemtas uzturvielas ir unikals process un ta darbibu
ietekme visdazadakie faktori. Tas ir viens no bitiskiem jautajumiem veselibas
apripes joma, kas sarezgl ne tikai apriipes personala darbu, bet var radit
nopietnas komplikacijas pacientu atveselo$anas procesa.

Promocijas darba hipotéze: izmantojot dabigas izcelsmes augu un dzivnieku
valsts izejvielas, ir iesp&jams izveidot produktus, kas nodrosina rekomendétas
uzturvielas ipasas di€tas produktos.

P&tijuma hipotéze aizstavama ar sekojo$am tézeém.

1. No dabigam augu un dzivnieku valsts izejvielam ir iespgjams izveidot caur
zondi lietojamus enteralos produktus un modificétas struktiiras produktus,
kas nodro$inatu pacientiem rekomend@to uzturvielu daudzumu.

2. Produktu apstrade, izmantojot vakuuma un augstspiediena metodes, pozitivi
ietekmé bioaktivo savienojumu saglabaSanos, samazinot to noardiSanas
pakapi un atrumu.

3. Izstradato modificétas struktiiras produktu sagremojamiba in vitro apstaklos
pierada organisma potencialo sp&ju uznemt nepiecieSamas uzturvielas.
Promocijas darba mérkis ir izstradat partikas produktus no augu un dzivnieku

valsts izejvielam cilvékiem ar TpaSas dietas nepieciesamibu.

Darba mérka sasnieg8anai izvirziti §adi uzdevumi:

1. izstradat caur zondi lietojamu enteralo produktu receptiiras no augu un
dzivnieku valsts izejvielam;

2. izstradat modificétas struktiiras produktu receptiiras no augu un dzivnieku
valsts izejvielam;

3. izstradat jaunizveidoto produktu razoSanas tehnologijas, kas maksimali
nodrosinatu to uzturveértibas saglabasanos;

4. parbaudit un izvertet izveleto tehnologiju ietekmi uz produktu kvalitati un
uzglabasanas laiku;

5. izvertet izstradato modificétas struktiiras produktu sagremojamibu in vitro
apstaklos.



Promocijas darba novitate:

e pirmo reizi Latvija ir veikti petijumi par caur zondi lietojamu enteralo
produktu izstradi uz augu un dzivnieku valsts izejvielu bazes;

e pirmo reizi Latvija veikti pétijumi par modificétas struktaras produktu
izstradi uz augu un dzivnieku valsts izejvielu bazes un So produktu parnesi
partikas razotne.

Promocijas darba tautsaimnieciska nozime:

e Tpasiem mediciniskiem noltikiem paredz&tu produktu izstrade Latvija varétu
palidzet attistit parstrades ripniecibu un lauksaimniecibu, nodrosinot jaunas
darba vietas un stimul&jot ekonomiku;

e palidzEtu atvieglot situaciju valsti saisttba ar medicinas un apripgjosa
personala trikumu un specialas €dinasanas nodroSinagjumu medicinas un
apripes iestades;

e paplasinatu Latvijas tirgum pieejamo produktu klastu ar regionali
pazistamam gar$am, tadgjadi ar1 uzlabojot pacientu dzives kvalitati.

Promocijas darba izstrade lidzfinans@ta no $adiem projektiem:

e Pétniecibas programmas ,Zinatniskas kapacitates stiprinasana LLU”,
projekta numurs: A05 — 06, , Ipasas digtas partikas produktu ar paaugstinatu
biopieejamibu izstrade”;

e Projekta Nr.18-00-A01612-000006 ,Inovativas arstnieciskas partikas
izstrade malnutricijas/disfagijas slimniekiem, radot jaunu, nacionali
nozimigu produktu ar augstu pievienoto vertibu”.

ZINATNISKA DARBA APROBACIJA

Petljumu rezultati apkopoti un publicéti 7 zinatniskajos izdevumos, ieskaitot
5 publikacijas, kas indeksétas starptautiskas cité$anas datubazés SCOPUS un Web of
Science, un par tiem zinots 12 starptautiskajas konferences. / The research results
have been summarised and published in 7 scientific journals, including 5
publications indexed in the international citation databases SCOPUS and Web of
Science, and reported at 12 international conferences.

Publikacijas, kas indeksétas starptautiskaja datu bazeé SCOPUS vai Web of
Science / Publications indexed in international citation database SCOPUS or Web
of Science.

1. Ozola L., Kampuse S. (2019) Mineral and bioactive compound content in plant-
based protein-enriched purees. Proceedings of 13" Baltic conference on food
science and technology ,, Food. Nutrition. Well-Being ” and NEEFOOD 2019 5%
North and East European Congress on Food, Jelgava: LLU, p. 149-153. DOI:
10.22616/FoodBalt.2019.020

2. Kampuse S., Kruma Z., Klava D., Ozola L., Galoburda R., Straumite E. (2019)
The evaluation of organically grown apple cultivars for special diet puree
production. Proceedings of 13" Baltic conference on food science and technology


http://www.laukutikls.lv/inovativas-arstnieciskas-partikas-izstrade-malnutricijasdisfagijas-slimniekiem-radot-jaunu-nacionali
http://www.laukutikls.lv/inovativas-arstnieciskas-partikas-izstrade-malnutricijasdisfagijas-slimniekiem-radot-jaunu-nacionali
http://www.laukutikls.lv/inovativas-arstnieciskas-partikas-izstrade-malnutricijasdisfagijas-slimniekiem-radot-jaunu-nacionali

., Food. Nutrition. Well-Being” and NEEFOOD 2019 5" North and East
European Congress on Food, Jelgava: LLU, p.143-148. DOI:
10.22616/FoodBalt.2019.014

Kampuse S., Tomsone, L., Klava D., Ozola L., Galoburda R. (2019) The
influence of processing and storage conditions on quality parameters of pumpkin
puree. Proceedings of 13" Baltic conference on food science and technology
., Food. Nutrition. Well-Being” and NEEFOOD 2019 5% North and East
European Congress on Food, Jelgava: LLU, p.137-142. DOI:
10.22616/FoodBalt.2019.013

Ozola L., Kampuse S. (2017) The effect of vacuum cooking on enteral food made
from fresh and semi-finished ingredients. Research for Rural Development 2017:
annual 23" international scientific conference proceedings, Latvija, Jelgava,
Vol. 1, p. 208-214.

Ozola L., Kampuse S., Galoburda R. (2017) The effect of high-pressure
processing on enteral food made from fresh and semi-finished ingredients.
FoodBalt 2017: 11" Baltic conference on food science and technology ,,Food
Science and Technology in a Changing World”, Latvija, Jelgava: LLU, p. 80-85.
DOI:1022616/foodbalt.2017.008

Publikacijas recenzétos zinatniskajos izdevumos / Publications in peer

reviewed scientific issues:

1.

Ozola L., Kampuse S. (2021) Content of bioactive and mineral compounds in
enteral tube feed products made from plant-based ingredients. Proceedings of
Latvian Academy of Sciences, Section B. (lesniegts/ Submitted).

Kampuse S., Ozola L., Kruma Z., Klava D., Galoburda R., Straumite E., Siksna
I. (2020) Nutritional composition of plant-based texture-modified foods for
dysphagia patients. Proceedings of Latvian Academy of Sciences, Section B.
(lesniegts/ Submitted).

Par rezultatiem zinots 12 starptautiskajas zinatniskajas konferences Latvija,

Lietuva, Niderland€ un Ungarija, ka ar1 starptautiskaja partikas izstade “Riga Food”
2017., 2018., 2019. un 2020. gada, starptautiskaja medicinas izstadé “Medbaltica”
2018. gada. / The results of the research work have been presented at 12
international scientific conferences in Latvia, Lithuania, the Netherlands and
Hungary, as well as in the international food industry fair “Riga Food” in 2017,
2018, 2019, and 2020, international medical fair “Medbaltica” in 2018.

1.

Ozola L., Kampuse S. (2020) Content of bioactive and mineral compounds in
enteral tube feed products made from plant-based ingredients. 3rd International
Conference “Nutrition and Health”, Latvija, Riga, 9.-11. decembris, 2020.
(Mutisks referats / Oral presentation), abstraktu krajums: Latvijas Universitates
Akademiskais apgads, 2020. 69. Ipp.

Kampuse S., Ozola L., Kruma Z., Klava D., Galoburda R., Straumite E. (2020)
Evaluation of plant-based texture-modified foods for dysphagia 3rd International
Conference “Nutrition and Health”, Latvija, Riga, 9.-11. decembris, 2020.
(Mutisks referats / Oral presentation), abstraktu krajums: Latvijas Universitates
Akadémiskais apgads, 2020. 68. Ipp.

Shengjuler D., Galoburda R., Ozola L., Kampuse S. (2019) Rheological
properties of protein improved plant-based purees for oro-pharyngeal dysphagia
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10.

consumption. EFFoST International conference “Sustainable Food Systems —
Performing by Connecting”, Roterdama, Niderlande,
12.-14. novembris, 2019. (Stenda referats / Poster presentation)

Ozola L., Kampuse S. (2019) Mineral and bioactive compound content in plant-
based protein-enriched purees. Proceedings of 13" Baltic conference on food
science and technology ,, Food. Nutrition. Well-Being”’ and NEEFOOD 2019 5%
North and East European Congress on Food, Latvija, Jelgava, 2.-3. maijs, 2019.
(Mutisks referats / Oral presentation), abstraktu krajums: Latvijas
Lauksaimniecibas universitate, Partikas tehnologijas fakultate, Jelgava, 2019.
38. Ipp.

Kampuse S., Tomsone L., Klava D., Ozola L., Galoburda R. (2019) The
influence of processing and storage conditions on quality parameters of pumpkin
puree Proceedings of 13" Baltic conference on food science and technology
.. Food. Nutrition. Well-Being” and NEEFOOD 2019 5" North and East
European Congress on Food, Latvija, Jelgava, 2.—3. maijs, 2019. (Stenda referats
| Poster presentation), abstraktu krajums: Latvijas Lauksaimniecibas
universitate, Partikas tehnologijas fakultate, Jelgava, 2019. 87. Ipp.

Kampuse S., Kruma Z., Klava D., Ozola L., Galoburda R., Straumite E.
(2019)The evaluation of organically grown apple cultivars for special diet puree
production Proceedings of 13" Baltic conference on food science and technology
. Food. Nutrition. Well-Being” and NEEFOOD 2019 5" North and East
European Congress on Food, Latvija, Jelgava, 2.—3. maijs, 2019. (Stenda referats
| Poster presentation), abstraktu krajums: Latvijas Lauksaimniecibas
universitate, Partikas tehnologijas fakultate, Jelgava, 2019. 88. Ipp.

Ozola L., Kampuse S. (2018) The influence of thermal processing technologies
on enteral food shelf-life. International conference of young scientists ,, Young
Scientists for Advance of Agriculture” Division of agricultural and forestry
sciences of the Lithuanian Academy of Sciences, Lietuva, Vilna, 15. novembris,
2018. (Mutisks referats / Oral presentation), abstraktu krajums: Division of
agricultural and forestry sciences of the Lithuania Academy of Sciences, Vilna,
2018. 43. Ipp.

. Ozola L., Kampuse S. (2017) The effect of vacuum cooking on enteral food made

from fresh and semi-finished ingredients. Research for Rural Development 2017:
annual 23" international scientific conference proceedings, Latvija, Jelgava,
17.-19. maijs, 2017. (Mutisks referats / Oral presentation), abstraktu krajums:
Latvijas Lauksaimniecibas universitate, Jelgava, 2017. Vol.1, 208-214. Ipp.
Ozola L., Kampuse S. (2017) Vacuum cooking (cook-vide) as a potential food
processing method for obtaining microbiologically safe products. International
conference of young scientists ,, Young Scientists for Advance of Agriculture”
Division of agricultural and forestry sciences of the Lithuanian Academy of
Sciences, Lietuva, Vilpa, 16.novembris, 2017. (Mutisks referats/ Oral
presentation), abstraktu krajums: Lithuanian Academy of Sciences, Division of
Agricultural and Forestry Sciences, Vilna, 2017. 30. Ipp.

Ozola L., Kampuse S., Galoburda R. (2017) The effect of high-pressure
processing on enteral food made from fresh and semi-finished ingredients.
FoodBalt 2017: 11" Baltic conference on food science and technology ,,Food



Science and Technology in a Changing World”, Latvija, Jelgava, 27. —28. aprilis,
2017 (Mutisks referats / Oral presentation), abstraktu krajums: Latvijas
Lauksaimniecibas universitate, Partikas tehnologijas fakultate, Jelgava, 2017.
46.1pp.

11. Ozola L., Kampuse S. (2017) The evaluation of Jerusalem artichoke (Heliantus
tuberosus L.) puree (preliminary research) EuroFoodChem XIX conference,
Budapest, Hungary, 4.-6. oktobris 2017. (Stenda referats / Poster presentation),
abstraktu krajums: European Association for Chemical and Molecular Sciences,
Division of Food Chemistry, Budapest, 2017. 221. Ipp.

12. Ozola L., Kampuse S., Tomsone L. (2017) The content of bioactive compounds
in pumpkin purée prepared with different production technologies 4th North and
East European Congress on Food, Kauna, Lietuva, 10-13. septembris, 2017.
(Stenda referats / Poster presentation), abstraktu krajums: Kaunas University of
Technology Science, Technology and Business Centre, 2017. 96. Ipp.

MATERIALI UN METODES

Pétijumu laiks un vieta

Eksperimentalais darbs izstradats laika posma no 2016. gada septembra lidz
2021.gada martam Latvijas Lauksaimniecibas universitates Partikas
tehnologijas fakultates laboratorijas, Dabigas partikas razotaja SIA , KEEFA”
razo$anas telpas, uznémuma SIA ,FANEKS” laboratorijas, Latvijas
Universitates Biologijas institata un Partikas drosibas, dzivnieku veselibas un
vides zinatniskaja instittita BIOR.

Materialu raksturojums

Pétfjuma objekti ir laboratorijas apstaklos izveidoti caur zondi lietojami
enteralie produkti un modific&tas struktiiras produkti disfagijas pacientiem ar
palielinatu olbaltumvielu saturu. Produktu izveidé izmantotas dazadas augu un
dzivnieku izcelsmes izejvielas:

o laboratorijas apstaklos iegiitas svaigas sulas (upenu, biesu, kirbju, kapostu,
topinambiiru);

o SIA ,KEEFA” razoti pusfabrikati — sulas, biezsulas un biezeni (upenu
biezsula, biesu sula un biezenis, kirbju sula un biezenis, kapostu sula,
topinambiaru sula un biezenis, aroniju biezsula, burkanu sula un biezenis,
abolu sula un biezenis, smiltsérkSku biezsula, britkklenu biezsula, zemenu
biezsula, avenu biezsula, dz&rvenu biezsula);

e papildus piedevas, kas izmantotas gan laboratorisko paraugu sagatavosSanai,
gan industrialai produktu razoSanai — kartupeli, zirni, kiploki, cukurs, sals,
jodeta sals, mencu aknu ella — Mollers (SIA “Orkla Care”, Latvija), rafinéta
rapSu ella (SIA “Iecavnieks & Co”, Latvija), 35% saldais kr&jums un
kausetais siers (a/s “Smiltenes piens”, Latvija), BIO kanepju proteins — 50%



olbaltumvielas un 20% Skiedrvielas (SIA “Ramans”, Latvija), dazadas
gar$vielas no viet€ja mazumtirdzniecibas tikla;
papildus piedevas laboratoriski gatavotiem produktiem — sausais sikalu
izolats - ESN Iso-Whey Hardcore un sausais sojas olbaltumvielu izolats ESN
Soy-Pro sojas, L-arginina HCI (Fitmart GmbH & Co. KG, Vacija), L-
askorbinskabe (Chempur, Polija);
papildus piedevas industriali razotiem produktiem — sausais stkalu
izolats - NUTRI Whey Isolate (Friesland Campina DMV B.V., Niderlande),
L-arginins (Cambridge Commodities Ltd., Lielbritanija), vitaminu un
mineralvielu sausais pulvera komplekss (SternVitamin GmbG & Co. KG,
Vacija).

1. tabula/ Table 1

Darba lietoto paraugu saisinajumu apraksts /
List of sample abbreviations used in the research

Saisinaums /

Abbreviation Apraksts /Description

Augstspiediena 400 MPa apstradats paraugs, kas izgatavots no
AP_1 pusfabrikatiem. / High pressure processed sample at 400 MPa,
made from semi-finished ingredients.

Augstspiediena 500 MPa apstradats paraugs, kas izgatavots no
AP_2 pusfabrikatiem. / High pressure processed sample at 500 MPa,
made from semi-finished ingredients.

Augstspiediena 600 MPa apstradats paraugs, kas izgatavots no
AP_3 pusfabrikatiem. / High pressure processed sample at 600 MPa,
made from semi-finished ingredients.

Augstspiediena 400 MPa apstradats paraugs, kas izgatavots no
AS_1 svaigam sulam. / High pressure processed sample at 400 MPa,
made from fresh juices.

Augstspiediena 500 MPa apstradats paraugs, kas izgatavots no
AS_2 svaigam sulam. / High pressure processed sample at 500 MPa,
made from fresh juices.

Augstspiediena 600 MPa apstradats paraugs, kas izgatavots no
AS_3 svaigam sulam. / High pressure processed sample at 600 MPa,
made from fresh juices.

D (cipars 1-5)/ Modificétas struktiiras deserta produkta receptira. /
(number 1-5) Dessert recipe of texture modified products.

Kontrole, bez produkta atkartotas termiskas apstrades. /

K Control, without additional thermal treatment of the sample.
KP Kontroles paraugs izgatavots no pusfabrikatiem. /
Control sample prepared from semi-finished ingredients.
Kontroles paraugs izgatavots no svaigam sulam. /
KS o
Control sample prepared from fresh juices.
P1 Pasterizacija 9542 °C, 5 min. / Pasteurisation 95+2 °C, 5 min.
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1. tabulas turpinajums / Continuation of Table 1

Saisinaums / Apraksts /Description
Abbreviation
P2 Pasterizacija 95+2 °C, 20 min. / Pasteurisation 95+2 °C,
20 min.
S (cipars 6-9)/ Modific@tas strukttiras zupas produkta receptira. /
(number 6-9) Soup recipe of texture modified products.
S1 Sterilizacija 105 °C, 20 min. / Sterilisation 105 °C, 20 min.
S2 Sterilizacija 120 °C, 5 min. / Sterilisation 120 °C, 5 min.
Sp (cipars 1-3)/ | Biezena ar paaugstinatu olbaltumvielu saturu receptiira. /
(number 1-3) Protein enriched product recipe.
Vakuuma apstradats (67+2 °C, 0.02 MPa, 15 min) paraugs, kas
VP_1 izgatavots no pusfabrikatiem. / Vacuum cooked (67+2 °C,

0.02 MPa, 15 min) sample, made from semi-finished products.
Vakuuma apstradats (79+2 °C, 0.06 MPa, 15 min) paraugs, kas
VP_2 izgatavots no pusfabrikatiem. / Vacuum cooked (7942 °C,

0.06 MPa, 15 min) sample, made from semi-finished products.
Vakuuma apstradats (6742 °C, 0.02 MPa, 15 min) paraugs, kas
VS_1 izgatavots no svaigam sulam. / Vacuum cooked (67+2 °C,

0.02 MPa, 15 min) sample, made from fresh juices.

Vakuuma apstradats (79+2 °C, 0.06 MPa, 15 min) paraugs, kas
VS_2 izgatavots no svaigam sulam. / Vacuum cooked (79+2 °C,

0.06 MPa, 15 min) sample, made from fresh ingredients.

Z (cipars 1-5)/ Caur zondi lietojamo produktu receptira. /

(number 1-5) Enteral tube feed product recipe.

Citi apziméjumi, kas izmantoti nodala Rezultati un diskusija / Other
abreviations used in the chapter Results and Discussion.

e ! Informacija atbilstosi Komisijas delegétajai regulai (ES) 2016/128. / Data
according to Commission delegated regulation (EU) 2016/128.

e 205 g polinepieatinato taukskabju, izteiktu ka linoleinskabe, bet nekada
gadijuma mazak par 0.5 mg uz 100 kcal. / 0.5 g of polyunsaturated fatty acid
expressed as linoleic acid but in no case less than 0.5 mg per 100 available
kcal.

e 3 Produktiem, kas paredzéti bérniem no 1 Iidz 10 gadu vecumam. / For
products intended for children of 1 to 10 years of age.

e | Norada, ka noteiktais saturs nav sasniedzis minimalo rekomend&to devu. /
Shows that the minimum level of recommended value has not been reached.

e 1 Norada, ka noteiktais saturs parsniedz rekomendéto devu. / Shows that the
maximum level of recommended value has been exceeded.

Pétijuma struktiira
Peétfjumi veikti divas dalas:
e enteralo produktu lietoSanai caur zondi izstrade;
o modificetas struktiiras produktu, lietoSanai disfagijas gadijuma, izstrade.
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Sakotngji ieglits izejmaterials jauno produktu izveidei, pec ta uzsakta jauno
produktu teoretiska un eksperimentala izveide.

Pétnieciskaja darba teorétiskas receptiiras izstradatas, izmantojot
uzturvértibu datubazes atrodamo informaciju par izmantoto auglu, ogu un
darzenu kopgjo uzturvértibu, ka ar vitaminu un mineralvielu sastavu. Papildus
izejvielam, kas izmantotas produktu sagatavoSanai, aprékiniem lietota
informacija, kas noradita uz produkta iepakojuma vai razotaja specifikacija.
Visas receptiras izstradatas uz 100 kcal, un nepiecie$amais vitaminu un
mineralvielu saturs balstits uz 2015. gada ES komisijas delegétaja regula
2016/128 noraditajam prasibam ,,Vitaminu un mineralvielu vertibas IpaSiem
mediciniskiem nolukiem paredzeéta partika, kas nav zidainu uztura vajadzibu
apmierinasanai izstradata partika”.

Informacija par izejvielam kartota speciali izveidota Microsoft Excel matrica,
kura automatiski tiek aprékinats prognozg€jamais uzturvielu apjoms, kur§ péc
nepiecieSamibas tika korigéts, veicot labojumus receptiira, lai sasniegtu tuvako
teorétisko energétisko vertibu un ES regulas 2016/128 noradém atbilstoSos
vitaminu un mineralvielu daudzumus.

Caur zondi lietojamo enteralo produktu izstrade noritgja tris poSmos.

Pirmaja posma izveértéta augstspiediena un vakuuma variSanas (Cook-vide)
rezimu ietekme uz viena produkta lietoSanai caur zondi Z1 kvalitates raditajiem
un uzglabasanas laiku atkariba no izmantota izejvielu veida (svaigas sulas vai
pusfabrikati) (1. att.).

Otraja posma izvertéta pasterizacijas un sterilizacijas ka sekundaro
apstrades reZzimu ietekme uz divu produktu lietoSanai caur zondi Z1 un Z2
kvalitates raditajiem un uzglabasanas laiku (2. att.).

Tresaja posma veikts caur zondi lietojamo produktu izgatavosanas
eksperimentu 2. posma atkartojums, kur produktu varisana veikta industrialos
apstaklos uznémuma SIA ,KEEFA” (3.att.). Eksperimentalajai recepturai
veiktas papildinosas izmainas. Izstradato enteralo caur zondi lietojamo produktu
gala receptiiras apskatamas 2. tabula.

Paraleli caur zondi lietojamo produktu paraugu Z1 un Z2 dalgjai
eksperimentalai sagatavoSanai razo$anas apstaklos, analogi 1. eksperimenta
posmam sastaditas receptiiras Z3, Z4 un Z5, kas sagatavotas un novértétas
laboratorijas apstaklos (4. att.).
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Eksperimentalo caur zondi lietojamo produktu receptaras /

2. tabula/ Table 2

Experimental enteral tube feed product recipes

Izejviela / Ingredient

Receptiras $ifrs un izejvielas ielikums katra receptiira /
Recepie code and amount of added ingredient per recipe

Z1

z2

Z3

Z4

Z5

Upenu biezsula /
Blackcurrant pulp juice

10.00

Biesu sula /
Beetroot juice

51.50

50.00

50.00

50.00

50.00

Kirbju sula /
Pumpkin juice

48.00

41.00

41.00

30.00

Kapostu sula /
Cabbage juice

26.00

25.00

30.00

30.00

30.00

Topinambiiru sula /
Jerusalem artichoke juice

30.00

25.00

27.30

Smiltserksku biezsula/
Sea buckthorn pulp juice

10.00

6.00

Abolu sula /
Apple juice

20.00

30.10

35.00

Aroniju biezsula /
Chokeberry pulp juice

17.00

Burkanu sula /
Carrot juice

40.00

35.00

Briklenu biezsula/
Lingonberry pulp juice

12.00

Zemenu biezsula/
Strawberry pulp juice

19.00

Piena sukalu
olbaltumvielas /
Whey protein

1.80

1.80

1.80

1.80

1.80

Rapsu ella /
Rapeseed oil

1.20

1.20

1.20

1.20

1.20

Mencu aknu ella /
Cod liver oil

0.60

0.60

0.60

0.60

0.60

Jodsals/ lodine salt

0.07

0.07

0.07

0.07

0.07

Askorbinskabe /
Ascorbic acid

0.15

0.15

0.15

0.15

0.15

Kopgéjais produkta
apjoms, g/
Total product volume

169.32

174.82

170.92

170.12

202.82

Apjoma energéetiska
vertiba (aprékinata),
kcal / Energy value of the
volume (calculated), kcal

100.09

100.12

100.01

100.08

100.14
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| Eksperimentala caur zondi lictojama produkta receptiira (Z1) [ Experimental enteral tube feed recipe (Z1)

+ +

‘ Z1 izgatavota no svaigam izejvielam / Z1 prepared from fresh ingredients | ‘ Z1 izgatavota no pusfabrikatiem / Z1 prepared from semi-finished ingredients

* I .l, N
[ Pildizana PA/PE 100 mL pudelés / Filling in PA/PE 100 mL bottles ‘ Pildizana PA/PE 100 mL pudelés /
l l Filling in PA/PE 100 mL botties
v
‘ Apstrade augstspiediend / HPP ‘ [ Kontrole / Control ‘ ‘ VakuumviriSana / CV ‘
v ! ! ! ¥
| 400 MPa; 5 min ‘ | 500 MPa; 5 min ‘ | 600 MPa; 5 min ‘ | 0.02 MPa; 67£2 °C; 15 min ‘ | 0.06 MPa; 79£2°C; 15 min ‘

¥ v
‘ Pildizana PA/PE 100 mL pudelés / Filling in PA/PE 100 mL bottles ‘
v ¥ ¥
A4

v

Nosakamie parametri / Detectable 2. eksperimenta posms (skatit 2. att.) /
parameters 2™stage of experiment (see Fig. 2)
kopéjie karotini / total carotene (TC) * ¥
kopgjie fenoli / total phenal (TP)
DPPH antiradikala aktivitate /
radical scavenging activity (DPPH)
ABTS reducésanas spéja / !

radical reducing power (ABTS) 1—‘ Analizesana / Analysing
kopgjie antociani [ total anthocyvanins (TA)
C vitamins / Vitamin C

titr&jamas skabes / titratable acids

pH: Brix%

mikrobiologiskie raditaji / microbiological
analysis

Analizésana [ Analysing

Uzglab@sana (istabas temperatiird, tiesos saules staros) /

y N - 3. eksperimenta posms (skatit 3., att.) /
Storage (room temperature, direct sunlight)

3" siage of experiment (see Fig. 3)

1. att. Caur zondi lietojamo produktu izstrades 1. posma shéma /
Fig. 1. The 1% stage for enteral tube feed product development
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Experimental enteral tube feed recipes (Z1 and Z2) using semi-finished ingredients

Caur zondi lietojamo produktu eksperimentalds receptiiras (Z1 un Z2), gatavojot no pusfabrikatiem /

15

v

Vakuumvarisana/ CV
0.06 MPa; 79£2 °C; 15 min

v
‘ PildiSana stikla tard / Filling in glass containers ‘
v ¢
| Pasteriziicija / Paseurisation | Kontrole / Conrrol " Sterilizicija / Sterilisation |
| 95:2°C;Smin | | 9542°C; 20 min | | 105°C,20min | | 120°C; Smin |
v v v

Nosakamie parametri / Detectable parameters:
kop&jie karotini / total carotene (TC)

kopéjie fenoli / total phenols (TP)

DPPH antiradikala aktivitite / radical scavenging
activity (DPPH)

ABTS reducésanas speja/

radical reducing power (ABTS)

kop€jie antociani / total anthocyaning (TA)

C vitamins / Vitamin C

titrgjamds skabes / titratable acids

pH: Brix%

mikrobiologiskie raditaji / microbiological analysis

+

4—| Analizésana / Analysing ‘

Uzglabasana (istabas temperatiira) /

Storage (room femperature,
g i

1—| Analizgsana [ Analysing

v

3.eksperimenta posms (skatit 2.4. att.) /

3 stage of experiment (see Fig. 2.4.)

2. att. Caur zondi lietojamo produktu izstrades 2. posma shéma /
Fig. 2. The 2" stage for enteral tube feed product development




Caur zondi lietojamo produktu eksperimentilas receptiiras (Z1 un Z2). izgatavojot no pusfabrikatiem /
Experimental recipes of tube feed product (Z1and Z2) prepared from semi-finished ingredients

'

Vakuumvaridana razofanas apstak|os / Industrial CV

. Homogenizé3ana / | 5| Askorbinskibes pievienosana /

0.05 MPa; 77£3 °C; 15 min Homogenisation Adding of ascorbic acid
| Kontrole / Control [[= ]| Pildi3ana 3 L hag-in-box maisos [ Filling in 3 L bag-in-hox ‘

v

| Parfaséiana stikla tard / Repackaging in glass jars ‘

] | v

‘ Analizgsana [ Analysing | | Pasterizicija / Pasteurisation | | Sterilizicija / Sierilisation |
[ 9ss2ecismin |[ 9522°Ci20min | | 120°C:5 min || 10sec.20min |

| I L i I

Analiz€sana/

Nosakamie parametri / Detectable parameters:

kopéjie karotini / total carotene (TC); kopéjie Nosakimie parametri/

|

fenoli / oral phenols (TP); DPPH antiradikala Analysing Mﬁm
aktivitate / radical scavenging activity (DPPH); ¢ m]_krue‘llemerllu Mt;]rb ent
— — o o mrneral ('I‘HH.]NFHH'( COnken
;EE ﬁ‘;gfa :ﬂ;:ﬁ? :I‘:[;‘:‘(I'::'lﬁln;:;ii?mx Uzglabasana (istabas temperatira} / | | (P; K; Na; Ca; Mg; Fe; Mn;
i S . o Storage (room femperature . . A =i
anthocyanins (TA) C vitamins / Vitamin € S 7 / Z."' C_u' Se): vitaminu saturs /
titrgjamas skabes / fitratable acids: pH: Brix% } vitamin content (E: Kz B :
mikrobiologiskie raduaji / microbiological Analizétana / B:B.B:B:B):
analysis Analysing olbaltumvielu saturs / protein
content

3. att. Caur zondi lietojamo produktu izstrades 3.(a) posma shéma /
Fig. 3. The 3"(a) stage for enteral tube feed product development
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Eksperimentalas caur zondi lietojamo produktu receptiiras (Z3; Z4; Z5), izgatavojot
no pusfabrikatiem / Experimental recipes of enteral tube feed product (£33 Z4; 15)
prepared from semi-finished ingredients

v

Vakuumvirifana / CV (0.06 MPa; 7942 °C; 15 min)

'

Askorbinskiibes pievienosana / Adding of ascorbic acid

!

Faséiana stikla tara / Filling in glass jars

!

Pasterizicija / Pasieurisation (95£2 °C; 20 min)

v

Analizesana / Analysing

v

Nosakamie parametri / Detectable parameters:

kopejie karotini / total carotene (TC); kopEjie fenoli / total phenols
{TP); DPPH antiradikala aktivitate / radical scavanging activity
fDPPH); ABTS reducésanas spgja / radical reducing power
(ABTS): kopgjie antociani / total anthocyanins (T4); C vitamins /
vitamin C; titrgjamas skabes / titratable acids ; pH; Brix%;
mikrobiologiskie raditaji [ microbiological analysis, olbaltumvielu
saturs / profein content, mineralvielu saturs / mineral compound
corient (P2 K: Na; Ca; Mg; Fe: Mn: Zn; Cu; Se)

4. att. Caur zondi lietojamo produktu izstrades 3.(b) posma shéma /
Fig. 4. The 3"(b) stage for enteral tube feed product development

Otra pétijuma dala velfita jaunu modificétas struktiiras produktu izstradei. So
produktu izstrade uzsakta ar receptiru izveidi, kas veikta primari nemot veéra
tadus sensoros raditdajus ka produktu garSutsmarzu, krasu un konsistenci.
Raditaju izveértésanu veica pieredz&jusi eksperti no projekta Nr.18-00-A01612-
000006 LLU darba grupas un citi eksperti no projekta iesaistitajiem sadarbibas
partneriem. Produktu receptiras veidotas uz 100 g produkta, tacu analogi
eksperimentalajiem produktiem lietoSanai caur zondi arT modificgtas strukttiras
produktu receptiru sastavs kontroléts, balstoties uz ES regula 2016/128
noraditajam prasibam ,Vitaminu un mineralvielu vertibas Tpasiem
mediciniskiem nolikiem paredzeta partika, kas nav zidainu uztura vajadzibu
apmierinasanai izstradata partika”. Receptiiras sastaditas analoga matrica ka caur
zondi lietojamo produktu izstrade.

P&c literatiira noraditas informacijas un tirgli pieejamo produktu izpetes
eksperimentalie modifictas struktdras biezeni ir produkti ar palielinatu
olbaltumvielu saturu. Izstradato biezenu ar paaugstinatu olbaltumvielu saturu
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primara termiska apstrade veikta I1dzigi ieprieks€jiem eksperimentiem ar
enteralajiem produktiem lieto$anai caur zondi, un produktu termiskajai apstradei
izvEl&ts viens pasterizacijas rezims 95+2 °C, izturot 20 min. Sagatavoto produktu
receptiiras aplilkojamas 3. tabula. ST pétfjuma posma galvenais mérkis bija
noskaidrot, vai iespgjams izveidot sensori patikamus un piemérotas konsistences
produktus ar augstu olbaltumvielu saturu, ka arT noskaidrot produktu realo

mineralvielu fonu.
3. tabula/ Table 3

Biezenu ar paaugstinatu olbaltumvielu saturu receptiiras /
Protein enriched puree recipes

Receptiiras $ifrs un ielikums /
Izejviela / Ingredients Recipe code and amount
Spl Sp2 Sp3

Smiltsérksku biezsula / Sea buckthorn pulp juice 5.00 - -
Abolu biezenis / Apple puree 25.50 12.00 24.50
Burkanu biezenis / Carrot puree 15.00 19.00 -
Zemenu biezsula / Strawberry pulp juice 13.00 - 13.00
Topinambiiru biezenis / Jerusalem artichoke puree 34.00 - -
Briiklenu biezsula / Lingonberry juice - 16.50 -
Abolu sula / Apple juice - 20.00 -
Bie$u biezenis / Beetroot puree - 25.00 -
Biesu sula / Beetroot juice - - 12.00
Kirbju biezenis / Pumpkin puree - - 28.00
Avenu biezsula / Raspberry pulp juice - - 16.00
Stikalu olbaltumvielu izolats / Whey protein isolate 6.00 6.00 6.00
Mencu aknu ella / Cod liver oil 0.50 0.50 0.50
Cukurs / Sugar 1.00 1.00 -
Kopgjais produkta apjoms, g / Total product volume, g 100 100 100
Apjoma energétiska vértiba (aprékinata), keal /
Energy value of the volume (calculated), kcal 872 7564 59.82

P&c iegiitajiem rezultatiem tika veiktas izmainas produktu receptlirds un
izstradati vél papildus produkti. Kopa $ai pétijuma dalai izveidotas 9 receptiiras
— 5 deserti (D1 Iidz D5) un 4 pamatédieni jeb zupas (S6 lidz S9), receptiiras
apliikojamas 4. tabula. Produktu sagatavosanas un analizé$anas shéma redzama
5. att. Sakotn€ji produkti sagatavoti laboratorija, apstrades reZimi izveleti
balstoties uz pirma pétjjuma dala ieglito informaciju par caur zondi lietojamu
produktu apstradi.

P&c produktu sagatavosanas laboratorija un datu ieguves veiktas izmainas
produktu receptiiras, lai papildus pievienotu vitaminu un mineralvielu
kompleksu, kas nepieciesams produktu sastava uzlabosanai. Sie produkti
sagatavoti industridlos apstaklos, skatit 5. att., un tiem veikts kvalitates
izvertgjums, noteikts vitaminu un mineralvielu sastavs. Siem produktu
paraugiem veikts in vitro izvertgjums un noteikts kopgjais Skiedrvielu,
olbaltumvielu, tauku saturs un aprékinats oglhidratu saturs, ka ari atbilstosi
ieglitajiem datiem aprékinata katra produkta energétiska vertiba. Analiz&tas
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produktu izmainas uzglabasanas laika. Produkti uzglabati istabas temperatiira un
analiz€Sana veikta reizi 4 nedglas.

‘Dazadu izejvielu piemérotibas izvertéjums modificétas struktiiras produktu izstradei /
Evaluation of different raw ingredient suitability for preparation of texture modified foods

v
Tris biezepu ar palielinatu olbaltumvielu saturu (Spl, Sp2 un Sp3) teorétiska un praktiska
izveide un kvalitates izveriejums/ Theoretical and practical development and quality
evaluation of three types of protein enriched puree (Spl, Sp2 and Sp3)

v

"Atskirigu veidu olbaltumvielu pulvera un to koneentricijas piemérotibas izvertgjums
modificétas struktiiras produktu izveidei/ Evaluation of differeni tvpes of protein powder
and their concentration suitability for the development of texture modified foods

'

Devinu jaunu modificétas struktiiras produktu izveide (D1-D5 un $6-59) un kvalitates
parametru izvért&jums / Development of nine new texture modified products (D1-D5
and 8§6-89) and their quality evaluation

v

Jauno modificétas struktiiras produktu receptiiru modifikacija un industriala
sagatavosana, Kvalitdtes parametru izvErigjums un derfguma termina noteiksana /
Modification of recipes and industrial preparation of new texture modified products,
Evalwation of guality parameters and determination of shelf life

In vitro analize / In vitro analysis

“legiitie dati promocijas darba netiek atspoguloti / The obtained data are not reflected in
the doctoral thesis

5. att. Vispareja eksperimentu shéma modificétas struktiiras produktu
izstradei / Fig. 5. Overall experimental scheme of the texture modified product
development

Pétijuma ietvaros veikts ari vairaku izejvielu piemérotibas modificétas
struktiiras produktu izstradei izvert€jums. Precizi dati par iegiitajiem raditajiem
promocijas darba netiek atspoguloti. Izvértéta art dazadu olbaltumvielu pulvera
un to koncentraciju piemérotiba modificétas struktiiras produktu izstradei, iegtita
informacija apkopota D.Sangjuler magistra darba ‘Disfagijas pacientiem
paredz&tu ar proteinu bagatinatu augu valsts izcelsmes biezenu reologiskas
Tpasibas’, kas aizstavéts 2020. gada. Sie posmi 5. att. ieziméti ar at3kirigu shémas
krasojumu, pargja informacija, kas attélota eksperimentu shéma izklastita un
apkopota sekojosas nodalas.
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4, tabula / Table 4

Modificétas struktaras produktu receptaras / Recipies of texture modified products

Izejvielu daudzums katra receptiira, % /
Izejvielas / Ingredients Ingredient content per recipe, %
D1 D2 D3 D4 D5 S6 S7 S8 S9
Avroniju biezsula / Chokeberry pulp juice - - - - 10.00 - - - -
Avenu biezsula / Raspberry pulp juice - - - 17.00 - - - - -
Abolu biezenis / Apple puree 12.00 15.00 - 7.00 16.66 - 3.00 - -
Abolu sula / Apple juice - 10.00 28.00 15.00 23.00 - - - -
Biesu biezenis / Beetroot puree 15.00 - 6.00 4.00 - - 20.00 - -
Bie$u sula / Beetroot juice - - 8.00 - - - 19.70 - -
Briklenu biezsula / Lingonberry pulp juice - - 10.00 - - - - - -
Burkanu biezenis / Carrot puree - 11.00 - 18.00 - - 3.75 12.00 -
Burkanu sula / Carrot juice - - - - - 8.40 - - 15.00
Kartupeli / Potatoes - - - - - 25.00 10.50 15.00 10.66
Kapostu sula / Cabbage juice - - - - - 27.86 25.74 46.06 -
Kramcidoniju biezenis / Japanese quince puree 5.00 - - - - - - - -
Kirbju biezenis / Pumpkin puree - - 29.86 - 20.00 - - - -
Kirbju sula / Pumpkin juice - - - - - 19.00 - - 40.53
Smiltsérksku biezsula / Sea buckthorn pulp juice - 8.00 5.00 - - - - - -
Topinambiiru biezenis / Jerusalem artichoke puree 19.86 26.86 - 24.86 - - - - -
Topinambiiru sula / Jerusalem artichoke juice 20.00 - - - - - - - -
Upenu biezsula / Blackcurrant pulp juice 13.00 - - - - - - - -
Zemenu biezsula / Strawberry pulp juice - 15.00 - - - - - - -
Zirni / Peas - - - - - 4.00 - - -
Citas izejvielas / Other ingredients 15.14 14.14 13.14 14.14 30.34 16.60 17.31 26.94 33.81
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Pétijuma veikto analiZu metodes

Noteikto raditaju analizu metodes apkopotas 5. tabula. Modificétas strukttras
produktiem analizétas arT reologiskas Tpasibas ka stingriba (N), lipigums (N),
konsistence (N s) un viskozitate (Pa s).

5. tabula / Table 5

Produktu un izejvielu analizé$ana izmantotas metodes un standarti /
Methods and standards used for the analysis of products and raw materials

Nr. s aeesss : Metodes un standarti /
/ No Raditaji / Indices Methods and Standards
Kimiskie raditaji / Chemical parameters
.. . (Tlomonex-®abunn and Beiipux,
1. | Kopgjie karotini / Total carotene 1981)
2. | Kopgjie fenoli / Total phenols (Singleton et al., 1999)
Antiradikala aktivitate (DPPH) /
3 Antiradical activity (D(PPH) : (vuetal, 2003)
Reducesanas sp&ja (ABTS) /
4. Antiradical acgvjity((ABng (Reetal,, 1999)
5. | Kopgjie antociani / Total anthocyanins (Fuleki and Francis, 1968)
6. C vitamins / Vitamin C (Seglina, 2007)
7. Titrejamas skabes / Titratable acids 1SO 750:1998
S P metode taukos SkistoSo vitaminu
g, | Taukos SkistoSie vitamini Dy B, K/ noteikSanai / UPLC method for fat
Fat soluble vitamins D,; E; K; S
soluble vitamins
B grupas vitamini - folskabe; pantoténskabe; metode Gident skistoso vitaminu
9. B;; By; Bs; B7/ B complex vitamins folic acid, noteiksanai / UPLC method for water
panthothenic acid B;; By; Bs; B; soluble vitamins
e LC-DAD skidruma hromatografija /
10. | A, D vitamini / Vitamins A, D LC_DAD liquid Chromatoggrapdy
11 B4, By, Bg, D3, E vitamini / Vitamins By, By, LC-FLD skidruma hromatografija /
" | Bg, D3, E LC-FLD liquid chromatography
12. | By vitamins / Vitamin By Nefelometrija / Nephelometry
S Induktivi saistitas plazmas masas
Mineralvielas Zn, Fe, Cr, |, Ca, K, Mg, Mn, - .
13. | Mo, Na, Cu,, Se, Cd / Mineral compounds Zn, spelk:jofcl)tometrlja/ Indu(t:tlvel);
Fe, Cr, I, Ca, K, Mg, Mn, Mo, Na, Cu,, Se, Cd coupled plasma mass spectrometry
(ICP-MS)
14 Mineralvielas Ca, Mg, Fe, Mn, Zn, Cu / Atomabsorhcijas spektrofotometrs /
" | Mineral compounds Ca, Mg, Fe, Mn, Zn, Cu Atomic absorption spectrophotometry
15 Mineralvielas K, Na / Mineral compounds K, Liesmas fotometrija / Flame
" | Na photometry
Kalorimetriski ar amonija molibdatu /
16. | Mineralviela P/ Mineral compound P Calorimetrically with ammonium
molybdate
17. | Mineralviela Se /Mineral compound Se BIOR-T-012-148-2013
18. | Kopgjas skiedrvielas /Total dietary fibre AOAC 985.29
19. | Kopgjas olbaltumvielas / Total proteins 1SO 20483:2013
20. | Kopgjie tauki / Total fat AOAC 920.39
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5. tabulas turpinajums / Continuation of Table 5

Nr./
No

Metodes un standarti /
Methods and Standards
Fizikalie raditaji / Physical parameters

Raditaji / Indices

. . 1SO 6496:1999
21. | Mitrums/ Moisture 1SO 1442:1973
22. | pH 1SO 2917:1999
23. | Skistosa sausna / Soluble solids, Brix% 1SO 2173:2003
Mikrobiologiskie raditaji / Microbiological parameters

Analizgjamo paraugu, suspensiju un
24. | atkaidijumu sagatavoSana / Preparation of 1SO 6887-4:2003
test samples, suspensions and dilutions

Mikroorganismu kopskaits (MAFAm) / Total

25. 1SO 4833-1:2013

plate count
26. | Raugi un pelgjumi / Yeasts and moulds 1SO 21527-1:2008
27. | Pienskabes baktérijas / Lactic acid bacteria 1SO 15214:1998
28, Escher!ch!a col! klatbiitne / Presence of 1SO 7251:2005
Escherichia coli
Sagremojamibas izvértesana / Evaluation of digestability
29, Analiz&$ana in-vitro apstaklos (KZT) / in- (Minekus et al., 2014)

vitro analysis

Datu matematiska apstrade

Datu matematiska apstrade veikta, aprékinot $adus raditajus: vidgjais
aritm&tiskais, standartnovirze. Datu interpretacijai izmantota vienfaktora un
divfaktoru dispersijas analize (ANOV A), veikts Tjukija-Kramera tests, t-tests. Ja
starp faktoriem konstaté mijiedarbibas ietekmi (p<oi.0s), tad var secinat, ka pie
95% ticamibas pastav pétamo faktoru noteiktu lielumu mijiedarbiba.

Darba pétnieciskaja dala attéli un tabulas izveidotas un aprekini veikti ar MS
Excel Windows 2016 programmu.

REZULTATI UN DISKUSIJA

1. Caur zondi lietojamu produktu gatavoSanas
tehnologiju izstrade un izvértéjums

Par promocijas darba meérki tika izvirzits izstradat partikas produktus no augu
un dzivnieku valsts izejvielam cilveékiem ar Tpasas di€tas nepiecieSamibu.
Izstradajot $adus produktus, ir biitiski ne tikai nodro§inat to nekaitigumu cilvéku
veselibai, bet arT izveidot uzturvielam bagatu sastavu. Augli, ogas un darzeni
bagatigi satur visdazadakas uzturvielas, tatu parstrades laika veidojas lieli
zudumi. Ka viens no iesp&jamajiem risinajumiem butu saudzg&josu tehnologiju
izmantosana So produktu gatavosana.
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Enteralie produkti lietoSanai caur zondi nav paredzgti lietoSanai caur muti,
tadel, izstradajot Sos produktus, tadas sensoras ipasibas ka garSa nav bitiskas.
Produktu izveide uzsakta ar receptiru izstradi, kas balstita uz Komisijas
delegétaja regula (ES) 2016/128 (2015) noradito informaciju par nepiecie$amo
vitaminu un mineralvielu saturu Tpasiem mediciniskiem noliikiem paredzetiem
produktiem, kas nav paredz&ti zidainu uzturam.

Veicot primaro datu ieguvi, tika izverteta augstspiediena un vakuuma
variSanas piemeérotiba produktu sagatavosSanai, lidztekus analizgjot divu veidu
izejvielu piem@rotibu $o produktu izstradei (Svaigi spiestas sulas un industriali
sagatavoti pusfabrikati).

Sagatavoto produktu mikrobiologiska kvalitate izverteta, anailzgjot
MAFAm, raugu un pel&juma $unu kopskaitu un E. coli klatbutni. Apstrade
augstspiediena un vakuuma variSana (cook-vide) ka apstrades metodes ir
efektivas mikrobiologiska piesarnojuma samazinasanai. Caur zondi lietojamie
produkti, kas izgatavoti no pusfabrikatiem, izmantojot augstspiediena apstradi,
neparsniedza analiz€to mikroorganismu pielaujamas robezvétibas un bija
piemeroti lietoSanai uztura 4 ned€las péc to izgatavosanas un uzglabaSanas
istabas temperatiira, tiesa saules gaisma. Tacu paraugi, kas izgatavoti no svaigam
sulam, saglabaja savu mikrobiologisko nekaitigumu tikai vienu ned€lu
(6. tabula).

6. tabula / Table 6

MAFAM un raugu $iinu kopskaits caur zondi lietojamo produktu
paraugos, KVV g parauga / Total plate count and yeast cell count in enteral
tube feed samples, CFU g* of sample

Uzglabasanas laiks, dienas / Storage time, days
Paraugs/ Sample 1 | 7 | 12 T 21 | 78
MAFAmM kopskaits / Total plate count
KS 3.3-10% - - - -
AS 1 <10 62 1.1-10? - -
AS 2 <10 59 95 - -
AS_3 <10 36 1.02-10? - -
KP <10 - - - -
AP_1 <10 <10 <10 <10 <10
AP_2 <10 <10 <10 <10 <10
AP_3 <10 <10 <10 <10 <10
Raugu $ianu kopskaits / Yeast cell count

KS 8.4-10? - - - -
AS 1 <10 39 1.09-10? - -
AS_2 <10 375 95 - -
AS 3 <10 36 98.5 - -
KP <10 - - - -
AP_1 <10 <10 <10 <10 <10
AP_2 <10 <10 <10 <10 <10
AP_3 <10 <10 <10 <10 <10
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Paraugi, kas izgatavoti no svaigam sulam, uzradija lielaku biologiski aktivo
savienojumu satura samazinasanos, bet, 1idzigi ka paraugos, kas izgatavoti no
pusfabrikatiem, netika noverotas biitiskas izmainas atkariba no pielietota
spiediena. Tika nov&rots, ka C vitamina, kopgjais karotinu un kopgjais fenolu
saturs caur zondi lietojamos produktos, kas izgatavoti no pusfabrikatiem,
nedaudz palielinajas, palielinoties apstrades spiedienam. Sakotngjie rezultati
liecina, ka p&c augstspiediena apstrades pielietoSanas 400 MPa, 500 MPa un
600 MPa ir iespgjams ieglit mikrobiologiski pienemamus produktus (7. tabula).

7. tabula/ Table 7

Kopgjais karotinu un fenolu saturs caur zondi lietojamos produktos /
Total carotene and phenol content in enteral tube feed products

Paraugs/ UzglabaSanas laiks, dienas / Storage time, days
Sample 1 | 7 | 14 | 21 ] 28

Kopgjais karotinu saturs / Total carotene, mg 100 g*

KS 0.44+0.00 a - - - -

AS 1 0.15+0.01 d 0.20£0.03d | 0.16+0.02 b - -
AS 2 0.18+0.04 cd | 0.16+0.01de | 0.19+0.02 b - -
AS 3 0.21+0.02 ¢ 0.13+0.00e | 0.16+0.02b - -
KP 0.44+0.02 a - - - -
AP_1 0.42+0.02 a 0.44+0.01a | 0.37+0.01a | 0.37+0.02 | 0.24+0.01b
AP 2 0.25+0.01 ¢ 0.38+0.03b | 0.35+0.01a | 0.38+0.01 | 0.32+0.04 a
AP_3 0.35+0.00 b 0.324¢0.00c | 0.34+0.01a | 0.37+0.00 | 0.33+0.00 a

Kopgjais fenolu saturs / Total phenol content, GAE-mg 100 g*!
KS 52.2+4.2 a

38.9+35D - -

48.6+7.4

AS 1 36.1+6.4 b

AS 2 34.6+5.2 b 50.8+7.0 47.3+1.0a - -

AS 3 33.5+4.3b - - - -
KP 49.6+3.2 a - - - -
AP_1 49.2+2.3 a 56.0+4.5 39.9+4.0b | 36.6£2.5 31.1+3.5
AP_2 46.0+2.9 a 54.1+4.1 48.7+3.5a | 33.0+3.9 28.1+3.2
AP_3 46.5+2.3 a 51.3+4.3 47.6+49a | 32.8+3.9 28.6+3.9

* Vertibas, kas apzimétas ar vienu un to pasu burtu, katras kolonnas ietvaros, parada, ka nepastav
butiskas atskiribas starp raditajiem p > 0.05. / Values denoted by the same letter, within each column,
show that there are no significant differences between samples p > 0.05

Iegitie dati par vakuuma variSanas (Cook-vide) ietekmi uz izstradato caur
zondi lietojamo enteralo produktu neuzradija butiskas atskiribas kop&jo fenolu
saturd un antiradikalaja aktivitaté atkariba no izejvielas veida, kas izvéléts
paraugu sagatavoSanai (svaigas sulas vai pusfabrikati), bet caur zondi lietojamos
produktos labak saglabajas karotini un antociani, ja tie tika izgatavoti no
pusfabrikatiem (8. tabula).

Vakuuma variSana ar tai sekojosu karsto pildisanu nebija pietickama, lai
sasniegtu mikrobiologisko nekaitigumu produktos, kas izgatavoti no svaigam
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sulam, bet, izmantojot pusfabrikatus, §ajos produktos analiz&tie mikrobiologiskie
raditaji bija normas robezas 14 dienas.
8. tabula / Table 8

C vitamina, kop€jo karotinu, kopéjo antocianu saturs caur zondi
lietojamos produktos, mg 100 g / Content of vitamin C, total carotene, total
anthocyanins in the enteral tube feed products, mg 100 g*

Uzglabasanas S Kopé¢jie Kopgjie

Fsumge | WS/Sree | v | baroml T | acin Tt
KS 1. diena/day 1 24.99+3.5 0.44+0.00 a 1.504+0.1¢
VS_1 1. diena/day 1 24.11+3.0 0.41+0.01 b 1.59+0.0 e
VS 2 1. diena/day 1 22.29+1.2 0.32+0.01d 1.27+£0.0 f
KP 1. diena/day 1 21.37+1.2 0.43+0.02 a 2.45+0.2 a

1. diena/day 1 19.33+1.1 0.43+0.01a 2.1740.0b
VP 7. diena/ day 7 18.15+2.1 0.374£0.01 c 1.84+0.0c

1. diena/day 1 19.13+1.5 0.44+0.01 a 1.65+0.1d
VP_2 7. diena/day 7 18.24+2.0 0.37+0.01c 1.49+0.0¢

14. diena / day 14 16.25+1.3 0.35+0.00 ¢ 1.41+0.0¢e€

* Vertibas, kas apzimetas ar vienu un to pasu burtu, katras kolonnas ietvaros, parada, ka nepastav
bitiskas atskiribas starp raditajiem p >0.05. / Values denoted by the same letter, within each
column, show that there are no significant differences between samples p > 0.05

Pétfjuma veiktajos eksperimentos iegitais deriguma termins§ nav pietiekams
produkta veiksmigai realizacijai. Izvertgjot bioaktivo savienojumu izmainas,
konstatéts, ka neatkarigi no apstrades metodes bioaktivie savienojumi labak
saglabajas produktos, kas izgatavoti no pusfabrikatiem, neka produktos no svaigi
spiestas sulas.

7-0 3.4
6.0 5.0 T

5.0 -
4.0 -
3.0 -
2.0 -
1.0 -
0.0 -

g 100g of sample

C vitamina satws, g 100 g
produkta / Vitamin C content,

KZ1 P1Z1 P2Z1 S1Z21 S271 KZ2 P1Z2 P272 S1Z2 8272
Paraugs/ Sample
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6. att. C vitamina saturs 2.posma izstradatajos caur zondi lietojamos
enteralajos produktos / Fig. 6. Vitamin C content in enteral tube feed
products developed in the the 2™ stage

Lai pagarinatu izstradato produktu deriguma terminu, tika analiz&ta arT divu
pasterizacijas un sterilizacijas reZimu ietekme uz sagatavotajiem produktiem.
Kaut gan sterilizacija nebija pati saudzgjosaka metode bioaktivo savienojumu
saglabasanai, §1 uzskatama par efektivako metodi produktu deriguma termina
pagarinasanai, jo mikrobiologiskie raditaji bija normas robezas visu testéSanas
laiku — 8 nedélas. Eksperimenta laika konstatéts, ka produktos nesaglabajas
pietiekams C vitamina saturs (6. att.), tade] veiktas izmainas Z1 un Z2 produktu
receptliras. lzveidotas v&l tris receptiras (2.tabula) un sagatavotajiem
produktiem veikta mineralvielu un citu uzturvielu analize, kas aprakstita
nakamaja nodala.

2. Caur zondi lietojamo produktu uzturvielu izvértéjums

Receptiru izstrades laika apstiprinajas, ka augu valsts produktiem tipiski nav
augsta energétiska verttba un nav pietieckams olbaltumvielu saturs. Lai
palielinatu energgtisko vertibu, receptiiras tika papildinatas ar rapSu un mencu
aknu ellu. Lai palielinatu olbaltumvielu saturu produktos, tika izmantots stikalu
izolats, bet C vitamina satura papildinasanai tika pievienota askorbinskabe.

Tika veikta uzturvielu analize sagatavotajos produktos. Salidzinajuma ar
komerciali pieejamajiem produktiem lietoSanai caur zondi, eksperimentali
sagatavotajos produktos joprojam nebija pietiekams olbaltumvielu saturs, kas
neparsniedza 1.7 g 100 kcal? produkta, turpretim komercialie satur vismaz
4 g 100 kcal™. Vizuali novérojot sagatavotos produktus, bija redzama arf izteikta
olbaltumvielu denaturacija pec sterilizacijas, kas tikai palielinatos, ja
pievienotais siikalu izolata daudzums tiktu palielinats. ST veida enterdlajiem
produktiem ir jabit plistoSiem un homoggniem, lai tie varétu caur zondi nonakt
cilveka organisma bez sarezgljumiem. Tadel, lai iegitu $adus produktus, bitu
jaapsver atsevis$ku uztura elementu mikrokapsulacija un produktu sagatavosana
aseptiski, tadg€jadi pagarinot ta deriguma terminu un samazinot uzturvielu
izmainas uzglabasanas laika.

Analizgtais vitaminu saturs Z1 un Z2 produktos paradija, ka tajos ir zems K1
un B grupas vitaminu saturs. E vitamina saturs parbauditajos caur zondi
lietojamos produktos sasniedza vidgju daudzumu saskana ar (ES) regulas
2016/128 ieteicamo maksimalo E vitamina daudzumu (3 mg a-TE 100 kcal?)
(9. tabula). Tomér C vitamina saturs péc ta papildus pievienoSanas vairuma
paraugu nepilnas divas reizes parsniedza maksimalo ieteicamo 22 mg 100 kcal™
saturu.
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Z1 1idz Z5 paraugos konstatéts seléna trikums un ari zems Ca, Cu, Fe, Fe un
Zn saturs, bet mineralvielu K un Mg saturs parsniedza rekomend€tas normas

(10. tabula).

Lai uzlabotu izveidoto produktu sastavu, biitu ieteicams meklet citas
sastavdalas, kas vargtu nodro$inat lielaku triksto$o vitaminu un mineralvielu
saturu vai papildus pievienot vitaminu un / vai mineralvielu kompleksus, lai
nodro§inatu ES regulas 2016/128 ieteicamas veértibas, ka ari samazinat
pievienotas askorbinskabes daudzumu.

9. tabula / Table 9

E vitamina un B grupas vitaminu saturs caur zondi lietojamos produktos /
The content of vitamin E and vitamin B complex in enteral tube feed products

Saturs analizétaljos paraugos, leteicamais saturs /
L. mg 10.0 keal parauga / Recommended content,
Vitamini / Content in analysed samples, mg 100 keal™* (%)
Vitamin mg 100 kcal ! of sample 9
Minimums/ | Maksimums /
Z1 22 Minimum Maximum
E 1.769+0.243 1.836+0.227 0.5 3
B1 0.047+0.010 | | 0.027+0.001 | 0.06 0.5
B2 0.163+0.036 0.102+0.017 0.08 0.5
Bs 0.531+0.131 0.284+0.064 0.15 15
Bs 0.031+0.005 | | 0.018+0.003 | 0.08 0.5
B~ 0.003+0.001 0.004+0.002 0.75-107 7.5-10°3

10. tabula /Table 10

Mineralvielu saturs caur zondi lietojamos produktos /
Mineral compound content in the enteral tube feed products

(%2)

Z § leteicamais daudzums

S & | Daudzums parauga (mg 100 kcal? parauga)/ (mg 100 kecal™?) (%) /

% § Content per sample (mg 100 kcal ™ sample) Recommended clon}ent

2 5 (mg 100 kcal™*) (*)

-

= = 71 7 73 24 25| Minimums/ [ Maksimums/
Minimum Maximum

Ca 345 278 | 38.7 35.9 32.3) 35/50 (3 175/250 (3)

Cu 0.1 0.1 0.1 0.2 0.1 0.06 0.5

Fe 0.8 0.8 0.6 0.7 0.8 0.5 2

K 40411 | 34521 | 385.0 | 3977 | 4201 80 295

Mg |[3691 |[2921 [3921 |3321 |3627 75 25

Mn 0.3 0.3 0.2 0.5 0.2 0.05 0.5

Na 40.2 34.7 65.6 57.7 64.7 30 175

P 36.0 34.8 45.2 30.8 32.6 30 80

Zn 03] 0.3 | 03] 03] |03} 05 15
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Petijuma laika iegita informacija lauj spriest, ka $adu Skidro enteralo
produktu lietoSanai caur zondi izveide ir iesp&jama, tacu biitu nepieciesams vél
pilnveidot receptiiras, ka arT produktu gatavoSanas tehnologiju.

3. Modificétas struktiiras produktu izstrade laboratorijas
apstaklos

Atskiriba no caur zondi lietojamo produktu izstrades, modificétas struktaras
produktu receptiras disfagijas uzturam veidotas, nemot véra tadus Sensoros
raditajus ka garsa, gar§a+smarza, konsistence, krasa. So produktu izstrades laika
nemta vera caur zondi lietojamo produktu izstrades laika giita informacija par
produktu gatavosanas tehnologiju.

S1 pétijuma dala uzsakta ar tris biezenu ar paaugstinatu olbaltumvielu saturu
izveidi (3. tabula). Produktu pamatizejvielas bija dazadu auglu, ogu un darzenu
pusfabrikati. Lai palielinatu olbaltumvielu saturu produkta, receptiira ieklauts
stikalu izolats. Produktu receptiiras veidotas lidzigi ka, izstradajot enteralos
produktus lietoSanai caur zondi, balstoties uz produktu datubazes pieejamo
informaciju par izejvielu sastavu.

Biezenos ar paaugstinatu olbaltumvielu saturu konstatets labs mineralvielu
saturs (11. tabula), ka ar7 olbaltumvielu saturs 100 g produkta vidé&ji bija 6 g, tacu
to energétiska vértiba bija parak zema un, salidzinot ar komerciali pieejamajiem
produktiem, olbaltumvielu saturs bija neliels, tadél uz eso$o receptiiru bazes
izveidoti jauni produkti.

11. tabula/ Table 11

Mineralvielu saturs biezenos ar paaugstinatu olbaltumvielu daudzumu /
Mineral compound content in protein enriched purees

Daudzums parauga / leteicamais daudzums /

Mineralvielas / Content per sample, Recommended content,

Mineral mg 100 kcal? mg 100 kcal* ()

compounds Minimums/ Maksimums/
Spl Sp2 Sp3 Minimum Maximum

P 43.8 33.9 66.1 30 80
K 292.8 | 239.2 | 356.21 80 295
Na 32.2 37.3 35.5 30 175
Ca 51.3 48.5 61.3 35/50 (3) 175/250 (3)
Mg 235 22.5 38.71 7.5 25
Fe 1.3 0.5 0.7 0.5 2
Zn 0.2] 0.2] 03] 0.5 15
Cu 0.1 0.1 0.1 0.06 0.5

Kopuma izveidoti 9 produkti (4. tabula), no tiem 5 deserti (D1 lidz D5) un 4
biezzupas (S6 1idz S9). Produkti sagatavoti laboratorija, izejvielas varot vakuuma
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katla 0.06 MPa; 79+2 °C; 15 min, kam sekoja karsta pildiSana stikla tara un
produktu sterilizacija 115 °C, 5 min.

Izveidotajiem produktiem analizéti mikrobiologiskie raditaji, kas neuzradija
piesarnojumu, un veikta dazadu bioaktivo savienojumu noteikSana, iegiitajiem
datiem veikts arT parrékins uz 100 kcal, lai var€tu novertet uzturvielu pienesumu,
kad uznemtais uzturs balstits uz produktu energétisko vertibu.

Bioaktivo savienojumu saturs produktos bija loti daudzveidigs, kas bija
sagaidams, npemot veéra produktu atSkirigo sastavu. Bitiskas atskiribas
(p =0.000) tika konstatStas starp analizétajiem desertu un zupu paraugiem.
Augstakais kop&o karotinu saturs (7.att.) Kkonstatéts parauga S7
(2.98+0.43 mg 100 g* jeb 2.63 mg 100 kcal™?), kur galvenas sastavdalas bija
bietes un burkani. Sagatavotajos desertos kopgjais karotinu saturs bija mazaks,
D3 parauga konstatéta visaugstaka to koncentracija (1.5+0.02 mg 100 g jeb
1.32 mg 100 kcal!), kas pielidzinama kop&jo karotinu saturam biezzupu
paraugos S6, S8 un S9. Vismazakais kop&jo karotinu saturs konstatéts parauga
D5 (0.08+0.00 mg 100 g* jeb 0.05 mg 100 kcal?), dati redzami 7. att. Parauga
D5 sastava vienigais biitiskais kopgjo karotinu avots bija kirbju biezenis, tacu D3
paraugs satur€ja art smiltsérksku biezsulu, kas ir labs karotinu avots.
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Veértibas ar atSkirigiem burtiem stabinu augSpusé ir butiski at$kirigas (ANOVA vienfaktora analize,
t-tests, p < 0.05). / Means with different letters on top of columns were significantly different
(ANOVA Single factor analysis, t-test, p < 0.05).

7. att. Kopg€jo karotinu saturs modificétas struktaras produktos /
Fig. 7. Total carotene content in texture modified products

Produktiem izvertéts ari vitaminu (12. tabula) un mineralvielu saturs, kas
salidzinats ar ES regula 2016/128 noraditajam normam IpaSiem mediciniskiem
nolukiem paredzetas partikas izveidé ne zidainu wuztura vajadzibu
apmierina$anai. Siem paraugiem konstatéts ieteiktajam normam neatbilstoss
dalas vitaminu un mineralvielu sastavs.
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12. tabula / Table 12

Vitaminu saturs modificétas struktiaras produktos /
Vitamin content in texture modified products

Parauas / Sample Vitamini / Vitamins
g P A B1 B2 Bs Bs Bo E®

- EE

) = :

E§~ | EE | 0035 | 0060 | 0080 | 100 | 0.080 | 0.010 | 0.500

Nea | £

2og | =

'O%_z

388 | 3

EED | EE

SEE 22

T 9 EZ | o018 | 05 | 05 | 5 | 05 [005| 3

o § ©

ks £ 8
>
D1 - - - | 0.286] | 0.030] | 0.022 | 3.6201

. D2 - - - - [0.032] | 0.028 | 3.8741

Bgi‘:gtr'ts/ D3 - - T 01711 | 0.049 | 0.021 | 4.1017
D4 - - - 0333, [ 0.039] | 0.024 | 3.7707
D5 | 0.029] - - | 0177, [ 0031 | 0016 | 2.318
S6 - 0025 | 0.021] | 0.543] | 0.080 | 0.037 | 3.047

Zupas / S7 - 0.029] | 0.023] - 0.065 | 0.049 | 3.7451

Soups S8 | 0.023] | 0.029] | 0.044] | 0.485] | 0.097 | 0.028 | 2.570
S9 | 0.038 | 0.014] | 0.031] | 0.424] | 0.053] | 0.030 | 0.8277

Produktiem veikts arT struktiirmehanisko pasibu izvertgjums, kam ir butiska
nozime, jo produkti paredzeti disfagijas pacientu vajadzibam. Modificétas
struktiiras produktu izstrade ir dala no starpnozaru sadarbibas projekta Nr.18-00-
A01612-000006 ., Inovativas arstnieciskas partikas izstrade
malnutricijas/disfagijas slimniekiem, radot jaunu, nacionali nozimigu produktu
ar augstu pievienoto vértibu”. ST projekta darba grupas ietvaros precizéti
jautajumi saistiba ar produktu sastava vajadzibam un struktiiras ipatnibam,
nemot véra mérka grupu, kam §adi produkti biitu piemérojami. Analizgjot
produktu reologiskas ipasibas loti izc€las sagatavotie zupu paraugi, kuriem tika
konstateta parak augsta viskozitate un konsistence. Augstie raditaji zupas varétu
tikt skaidroti ar pievienoto olbaltumvielu daudzumu produktu sagatavoSanas
laika. Tarrega et al. (2012) arT norada, ka dazadi stkalu olbaltumvielu
koncentrati un izolati tiek plasi izmantoti vairaku produktu razo$ana ka struktiiras
modificetajs, jo tie spg veidot Zelejas un palidz ar mitruma saglabasanos
produktu apstrades laika. Kaut gan p&tjjumos ir minéts, ka augstu koncentraciju
lietoSana var butiski sabiezinat produktu.
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13. tabula / Table 13

Modificétas struktaras produktu reologiskas ipasibas /
Rheological properties of texture modified products

Viskozitate / | Cietiba/ Konsistence / | Lipigums /
Paraugs / Sample Viscosity, Hardness, Consistency, Stickiness,
Pas N N's N

Robeza biezakiem
produktiem / Limit 57 2.74 31.2 -35
for thicker products
Robeza Skidrakiem
produktiem /
Limit for more liquid

38 1.67 23.7 -2.7

products
Deserti / Desserts
D1 60.9+3.5 2.78+0.28 37.0£3.9 -4.5+1.4
D2 39.8+2.3 1.96+0.20 26.2+2.8 -2.3+0.5
D3 28.8+1.7 1.80+0.11 23.5+1.9 -2.6%0.2
D4 66.242.9 3.11+0.21 41.0+3.6 -3.9+0.4
D5 38.1+3.2 2.06+0.24 27.4+3.2 -2.740.2
Zupas / Soups
S6 > 937 5.95+0.48 70.3+4.5 -5.5+1.2
S7 >937 8.22+1.03 94.7+10.2 -8.4+1.2
S8 805.4+97.0 6.44+1.09 73.7£11.9 -7.0£1.2
S9 645.0+93.8 6.36+0.91 72.9+11.3 -5.242.4

4. Industriali raZotu modificétas struktiiras produktu
izveértejums

Viens no noslédzoSajiem posmiem jaunu modificétas struktiiras produktu
izstrade bija sagatavoto produktu razo$anas parnese industridlos apstaklos. ST
posma stenoSanai tika nemta veéra visa petijuma laika iegiita informacija, veiktie
noveérojumi par mineralvielu un vitaminu nepietiekamu daudzumu izstradatajos
produktos, tadél tika korigétas produktu receptiiras un tam pievienots vitaminu
un minerdlvielu komplekss un veiktas proporcionalas sastava izmainas jau
izveidoto produktu receptiras.

Produkts termiski apstradats analogi laboratorijas pétijjuma laika
izmantotajiem rezimiem ar nelielam modifikacijam. Vakuuma variSana veikta
78+2 °C, 20 min, kam sekoja produktu karsta fas€Sana stavpakas un sterilizacija
118 °C, 10 min. Tris ménesu uzglabasanas laika tika novérotas C vitamina satura
svarstibas, kas varétu biit saistitas ar dalas askorbinskabes pareju oksidétaja un
reducétaja forma. Kopgjais fenolu saturs pirms uzglabaSanas starp produktiem
bija robezas no 151.01+7.31 mg 100 g* (S7) lidz 245.21+9.41 mg 100 g*
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produkta (D1), kas uzglabasanas laika visos produktos samazinajas, kamer
antiradikala aktivitate DPPH un radikalu saistiSanas sp&ja ABTS veértetajos
produktos saglabajas salidzinosi stabila.

Produktiem noteikts kopgjais skiedrvielu, olbaltumvielu un tauku saturs, ka
ari veikts energétiskas vértibas aprekins. Sos produktus salidzinot ar komerciali
pieejamiem produktiem, saskatamas gan pozitivas, gan negativas atkiribas.
Piem&ram, jaunizveidotajos produktos ir ieverojami augstaks skiedrvielu saturs,
arT olbaltumvielu saturs ir uzskatams par atbilstosu konkrétas patérétaju grupas
vajadzibam (14. tabula), ta¢u produktu energétiska vertiba ir zemaka, ka ari
produktu atseviski reologiskie raditaji ir parak augsti.

14. tabula / Table 14

Skiedrvielu, olbaltumvielu, tauku un titrégjamo skabju saturs industriali
sagatavotos modificétas struktiiras produktos / Content of fibre, protein, fat
and titratable acids in industrially produced texture modified products

Kopéjas Tauku Titréjamas

dietiskas Olbaltumvielu skabes /

Paraugs / _ . : saturs / Fat .
$kiedrvielas / saturs / Protein Titratable
Sample : . 1 content, -

Total dietary content, g 100 g 100 -t acids,

fibre, g 100 g* 9599 g 100 g

D1 8.34 9.45+0.0 5.02+0.0 0.92+0.0

Saldais/ D2 8.63 9.85+0.6 5.65+0.0 0.75+0.1
Dossorts | D3 8.01 9.20£0.0 6.11+0.1 0.8020.0
D4 8.47 9.61+0.2 5.51+0.1 0.75+0.0

D5 9.96 8.08+0.6 9.15+0.1 0.75+0.0

S6 9.70 13.79+0.8 6.13+£0.0 0.57£0.0

Zupal | S7 8.96 10.82+0.0 5.77£0.0 0.88+0.0
Soup S8 8.75 13.38+1.7 5.66+0.0 0.66+0.0
S9 10.55 13.19+1.2 11.32+0.2 0.53+0.0

Analizgjot So produktu vitaminu un mineralvielu saturu, vérojama pozitiva
pievienota vitaminu un minerdlvielu kompleksa ietekme. Sie raditaji pat
parsniedz ES regula 2016/128 rekomendétas maksimalas robezas (15. tabula).
Tacu bitu vertigi veikt atkartotu vitaminu un mineralvielu analizi un noskaidrot,
vai un cik lieli zudumi rodas produktu uzglabasanas laika.

Veicot produktu sagremojamibas izveértéSanu in vitro konstatéts, ka kopg&jo
karotinu biopieejamiba (8. att.) ir zemaka par produktos eso$o saturu parrékinot
uz sausnu, lidzigi noveérojumi veikti analiz&ot Ca un Mg saturu produktos.
Pret&ji novérojumi konstatéti, analiz&jot kop&jo fenolu (9. att.), antiradikalas
aktivitates un radikalu reduc€$anas sp&ju, kad biopieejamiba palielinajas.
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15. tabula / Table 15

Vitaminu saturs industriali raZotos modificétas struktiiras produktos /

Vitamin content in industrially produced texture modified products

Vitaminu saturs / Vitamin content
Paraugs / Sample B, | Bs, E®),
ng mg Bo, pg | Ds, pg mg
leteicamais Minimums/ |4 07 | 008 | 10 05 05
daudzums / Minimum
Recommended content, | Maksimums/
mg 100 keal™* () Masimum | 07 | 05 50 | 253(1) | 3
D1 2771 | 0.891 | 68.151 | 5421 | 2.38
D2 2391 | 0.781 | 69.801 | 4.981 | 2.46
Deserti / Desserts D3 2.727 | 0.831 | 70371 | 5.1271 2.49
D4 3.541 | 0.881 | 70271 | 5.231 | 2.39
D5 2.167 | 0.671 | 4849 | 4511 | 2.00
S6 2.591 | 0.881 | 76.441 5.127 2.50
S7 1.9717 | 0.8117 | 75.631 | 4.6471 2.42
Zupas / Soups S8 2.041 | 0.821 | 70.681 | 4.671 | 2.21
S9 1.741 | 0.657 | 5550 | 4.161 | 1.85
= 12
§ éo 0 m produkta / in product
2 =S m pec in vitro / after in vitro
= %0 8
= =
g s
5 ¢
ER
25
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\g% 2
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= 0
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S8

8. att. Kopé€jo karotinu satura izvértéjums modificétas struktiiras
produktos péc in vitro / Fig. 8. Evaluation of total carotene content in texture
modified products after in vitro

33



2500

Y m produkta / in product
s = o o
E S 2000 = péc in vitro / after in vitro
-

<=

& 1500

oD

- D

bn"’-‘

g 2 1000

=

o =

=8

& 8§ 500

:"i&

Idgi- E

g8 0

D1 D2 D3 D4 S6 S7 S8 S9
Paraugi/ Samples

9. att. Kopé€jo fenolu satura izvértéjums modificétas struktiiras produktos
péc in vitro / Fig. 9. Evaluation of total phenol content texture modified
products after in vitro

Literatoira tiek skaidrots, ka zema biopieejamiba saistita ar karotinoidu
hidrofobo dabu, ka rezultata art to biopieejamiba no uztura lietotiem augliem un
darzeniem ir salidzinosi neliela. Tiek minéts, ka to sagremojamibu var efektivi
uzlabot, produktiem pievienojot viegli sagremojamus lipidus (Stinco et al.,
2019).

SECINAJUMI

1. Arizstradatajam caur zondi lietojamo enteralo produktu Z1 un Z2 recepttiram
no augu un dzivnieku izejvielam ir iesp&jams nodro§inat pietickamu E, By,
Bs, B7 vitaminu daudzumu, bet nav iesp&jams nodro§inat pietickamu B1 un
Bs vitamina daudzumu.

2. Modificétas struktiras paraugos Sp2 un Sp3 ar palielinatu olbaltumvielu
saturu, kas izstradati no augu un dzivnieku izejvielam, ir nepietickams seléna
un cinka saturs, zems dzelzs saturs, ka arT zema energgetiska vértiba.

3. Pilnveidojot sakotngjas receptiiras Spl, Sp2 un Sp3, tika iegtti devini
modificetas strukttiras produkti (D1 Iidz D5 un S6 Iidz S9) ar augstaku
energétisko vertibu un plasaku garsu profilu.

4. Papildinot izstradatas modific&tas struktiiras produktu receptiiras ar vitaminu
un mineralvielu kompleksu, ir iesp&jams butiski paaugstinat vitaminu un
mineralvielu saturu produktos.

5. Pétijuma laika izstradatajiem modificétas struktiiras produktiem vidgja
energ@tiska vertiba ir 160 kcal 100 g* produkta, tiem ir augsts olbaltumvielu
un $kiedrvielu saturs, tacu to mineralvielu un vitaminu saturs tikai dal&ji
atbilst normativo aktu prasibam, tadél S$ie produkti uzskatami par

34



piemérotiem uztura papildinasanai, bet nevar biit vienigais disfagijas
pacientu uzturs.

Augstspiediena apstradatos paraugos, kas izgatavoti no svaigam sulam, ir
lielaks biologiski aktivo savienojumu satura samazindjums, salidzinot ar
paraugiem, kas izgatavoti no pusfabrikatiem, bet pielietotajam spiedienam
(400-600 MPa) nav biitiska ietekme.

Vakuuma variSanas rezims bitiski neietekme izstradato caur zondi lietojamo
produktu kopgjo fenolu saturu un antiradikalo aktivitati atkariba no izejvielas
veida (svaiga sula vai pusfabrikats). Tomér produktiem, kas izgatavoti no
pusfabrikatiem, ir augstaks kopg&jo karotinu un antocianu saturs.

Caur zondi lietojamos produktos, kas izgatavoti no pusfabrikatiem,
izmantojot augstspiediena apstradi, mezofili aerobo un fakultativi anaerobo
mikroorganismu, raugu, pel§jumu un Esherichia coli skaits neparsniedza
pielaujamo robezu 4 ned€lu uzglabasanas laika telpas temperatiira, savukart
vakuuma vartto paraugu deriguma termins neparsniedza 2 nedélas.

Péc modificétas struktras produktu in vitro apstrades kunga zarnu trakta
simulacijas sisttma kop&jo fenolu, antiradikala aktivitate un reduc€sanas
sp€ja biitiski (p < 0.05) palielinajas.

10. Promocijas darba pétfjumos iegiitie rezultati dal&ji apstiprina izvirzito

hipotézi — izmantojot dabigas izcelsmes augu un dzivnieku valsts produktus,
iespgjams izstradat produktus, kas nodroSina nepiecieSamas uzturvielas
Tpasas digtas produktos.
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TOPICALITY OF THE RESEARCH

Adequate and sufficient nutrition is essential in human life, its main task is to
provide the human body with the nutrients necessary for the normal functioning
of body functions to protect us from various diseases and to ensure an adequate
quality of life in general (Cilla et al., 2018Db).

In cases where a person is unable to absorb the required nutrients for
psychological or physiological reasons or the mode of intake is ineffective,
medical advice on initiating parenteral or enteral feeding is required.

In parenteral nutrition, nutrients are delivered to patients in the form of a
liquid, which is administered to the body through a peripheral vein, directly into
the bloodstream, thus bypassing the digestive system and initiating nutrient
processing in the liver (Jones et al., 2011; Rosenbergs, 2011). Enteral feeding,
on the other hand, is a much simpler process that involves orally administered
special diet products and enteral tube feeding products (Weimann et al., 2006).
Enteral feeding products are the main object of this study, and the development
of new products for enteral tube feed (liquid mixtures) and texture modified
products for people with dysphagia are analysed and discussed in depth.

There may be many different reasons for the special diet need, but
malnutrition or the potential for the development of malnutrition is mentioned as
one of the main ones. Some medical publications also indicate that such enteral
nutrition therapies are given to people before and after surgery, after various
physical injuries that directly complicate the "normal™ diet, and in oncology
patients, people after strokes, which can cause short-term or long-term
swallowing disorders — dysphagia.

In 2016, the European Society for Swallowing Disorders, together with the
EU Society of Geriatric Medicine, produced a report on oropharyngeal dysphagia
as a geriatric (care for the elderly) syndrome. According to the information they
gathered, swallowing disorders are very common in the elderly and are
associated with not only aging but with other medical problems, neurological
diseases and neurodegenerative diseases (stroke, Parkinson's disease,
Alzheimer's disease and all forms of dementia), heart failure, rheumatism,
arthritis, etc.), as well as general weakness and sarcopenia. According to the
information gathered by Baijens et al. (2016), dysphagia in Europe occurs in at
least 23% of elderly people living independently, up to 51% of inpatients and
even 84% of those with some form of dementia or neurodegenerative diseases
(Baijens et al., 2016).

The commercially available food for special medical purposes in Latvia is
quite uniform and its range is not wide, because the local market is small.
Commercially available products are an integral part of nutritional therapies, but
in recent years medical staff, as well as the general public, have become
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concerned about the effectiveness of the use of synthetic nutrients compared to

their natural sources. It should be noted that the vast majority of these comercial

nutritional formulas contain synthetic vitamins and minerals and practically no
fiber, which is important for the proper functioning of the intestine.

The intake of high-quality and nutrient-rich foods plays an important role in
the process of human recovery, as it provides the body with everything it needs
for optimal function. The development of such products is a responsible process,
as it must achieve the desired effect, but predicting the extent to which the diet
will be able to provide what is needed is a debatable issue even for a person
without serious health problems. Each person's digestive system and the body's
ability to use the absorbed nutrients is a unique process and its operation is
influenced by a variety of factors. This is one of the major issues in the field of
healthcare, which not only complicates the work of care staff, but can lead to
serious complications in the patient's recovery process.

The hypothesis of doctoral thesis: using natural plant and animal origin raw
materials, it is possible to create products that provide the recommended nutrients
in food for special medical purposes.

The hypothesis of the doctoral thesis is supported by the following theses.
1. It is possible to create enteral tube feed products and texture modified

products from natural plant and animal raw materials, ensuring the

recommended amount of nutrients for patients.

2. Treatment of the products using vacuum and high-pressure processing
methods has a positive effect on bioactive compounds, reducing their rate and
amount of degradation.

3. The in vitro digestibility of the developed texture modified products proves
the potential ability of the organism to absorb the necessary nutrients.

The aim of the doctoral thesis was to develop food products from plant and
animal raw materials for people with special dietary needs.

The following research objectives were set to achieve the aim of the doctoral
thesis:

1. to develop recipes for enteral tube feed products on the basis of plant and
animal raw materials

2. to develop recipes for texture modified products on the basis of plant and
animal raw materials;

3. to develop the production technology of the newly created products, which
would ensure the preservation of their nutritional value as much as possible;

4. to examine and evaluate the impact of selected technologies on product
quality and shelf life;

5. to evaluate the in vitro digestibility of the developed texture modified
products.
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The novelty of the thesis:

for the first time in Latvia, research has been conducted on the development
of enteral tube feed products from plant and animal raw materials;

for the first time in Latvia, research has been carried out on the development
of texture modified foods from plant and animal raw materials and the
transfer of these products to industrial production.

The economic significance of the thesis:

the production of products for special medical purposes in Latvia could help
to develop industry and agriculture, providing new jobs and stimulating the
economy;

to help alleviate the situation in the country regarding the shortage of medical
and nursing staff and the provision of special meals in medical and care
institutions;

to expand the range of products available on the Latvian market with
regionally known flavours, thus also improving the quality of life of patients.

The development of the dissertation is co-financed from the following

projects.

Research program ‘Scientific Capacity Building LLU’ project A05-06
‘Development of special dietary foods with high bioavailability’.

European Innovation Partnership for Agricultural Productivity and
Sustainability Working Group Cooperation Project No 18-00-A01612-
000006  ‘Development of medicinal food for patients of
malnutrition/dysphagia, creating new, nationally significant product with a
high added value’.

APPROBATION OF THE RESEARCH

The research results have been summarilzed and published in 7 scientific

articles, including 5 publications indexed in the international citation databases
SCOPUS and Web of Science ( see the list on pages 6-7).

The results of the research work have been presented at 12 international

scientific conferences in Latvia, Lithuania, the Netherlands and Hungary, as well as
in the international food industry fair “Riga Food” in 2017, 2018, 2019, and
2020, international medical fair “Medbaltica” in 2018 (see the list on
pages 7-9).
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MATERIALS AND METHODS

Time and place of the research
The experimental research was conducted from September 2016 till March

2021 in the laboratories of the Faculty of Food Technology of the Latvia
University of Life Sciences and Technologies, production facilities of KEEFA
Ltd., in the laboratories of FANEKS Ltd., Institute of Biology of the University

of

Latvia and Food Safety, Animal Health and the Environmental Research

Institute BIOR.

Characteristics of materials
The object of the study was laboratory prepared enteral tube feed products

and texture modified products for dysphagia patients with increased protein
content. Various raw materials of plant and animal origin were used in the
development of the products:
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fresh juices obtained in laboratory conditions (blackcurrant, beet, pumpkin,
cabbage, Jerusalem artichoke);

semi-finished products produced by KEEFA Ltd - juices, pulp juices and
purees (blackcurrant juice, beet juice and puree, pumpkin juice and puree,
cabbage juice, Jerusalem artichoke juice and puree, chokeberry juice, carrot
juice and puree, apple juice and puree, sea buckthorn, lingonberry,
strawberry, raspberry, cranberry pulp juice);

additional additives used both for the preparation of laboratory samples and
for the industrial production of products - potatoes, peas, garlic, sugar, salt,
iodine salt, cod liver oil - Mollers (SIA “Orkla Care”, Latvia), refined
rapeseed oil (SIA “Iecavnieks & Co”, Latvia), 35% sweet cream and melted
cheese (JSC “Smiltenes piens”, Latvia), BIO hemp protein - 50% protein and
20% fiber (SIA “Ramans”, Latvia), various spices from local retail outlets;
additives to laboratory products — dry whey isolate ESN 1so-Whey Hardcore
and dry soy protein isolate ESN Soy-Pro soy, L-arginine HCI (Fitmart GmbH
& Co. KG, Germany), L-ascorbic acid (Chempur, Poland);

additives for industrial products — dry whey isolate NUTRI Whey Isolate
(Friesland Campina DMV B.V., The Netherlands), L-arginine (Cambridge
Commodities Ltd, Great Britain), dry powder complex of vitamins and
minerals (SternVitamin GmbG & Co. KG, Germany).

The sample abbreviations and descriptions are presented on pages 10-11.

Research structure

The research was performed in two parts:

development of enteral tube feed products;

development of texture modified products for use in case of dysphagia.



Initially, the raw material for the development of new products was obtained,
after that, the theoretical and experimental development of new products was
started.

Theoretical recipes in the research work have been developed using the
information found in the nutrition databases on the total nutritional value and
vitamin and mineral composition of the fruits, berries and vegetables, as well as
the information provided on the product packaging or in the manufacturer's
specification for additionally used ingredients was used to prepare the products
calculations.

All recipes are calculated per 100 kcal and the required vitamin and mineral
compound content is based on the requirements specified in the 2015 EU
Commission Delegated Regulation 2016/128 “Values of vitamins and minerals
in food for special medical purposes other than that developed to satisfy the
nutritional requirements of infants”.

The information on raw materials is arranged in a specially created Microsoft
Excel matrix, which automatically calculates the predicted amount of nutrients,
adjusted as necessary by making corrections in the recipe to reach the nearest
theoretical energy value and the content of vitamins and minerals compound in
accordance with EU Regulation 2016/128.

The development of enteral tube feed products was done in three stages.

In the first stage, the influence of high-pressure and vacuum-cooking modes
on the use of one enteral tube feed product Z1 quality indicators and storage time
depending on the type of raw materials used (fresh juices or semi-finished
products) was evaluated (Fig. 1).

In the second stage, the effect of pasteurisation and sterilisation as secondary
treatment regimes on the use of two enteral tube feed products Z1 and Z2 quality
indicators and storage time was evaluated (Fig. 2).

In the third stage, a repetition of enteral tube feed product preparation
according to the 2" stage of the experiments was carried out, where products
were cooked under industrial conditions in the company Ltd. “KEEFA” (Fig. 3).
Additional changes have been made to the experimental recipe. The final recipes
for the developed tube feed enteral products are shown in Table 2.

Parallel to the partial experimental preparation of enteral tube feed product
samples Z1 and Z2 under industrial conditions, analogous to the 1% stage of the
experiment, recipes Z3, Z4 and Z5 were developed and prepared under
laboratory conditions (Fig. 4).

The second part of the study was devoted to the development of new texture
modified products. The development of these products started with the creation
of recipes, which were performed primarily taking into account such sensory
parameters as the taste + smell, colour and consistency of the products. The
evaluation of the indicators was performed by experienced experts from the
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project No.18-00-A01612-000006 LLU working group and other experts from
the cooperation partners involved in the project. Product recipes were based on
100 g of product, but similar to the experimental enteral tube feed products, the
composition of texture modified products was controlled based on the
requirements of EU Regulation 2016/128 “Values of vitamins and minerals in
food for special medical purposes other than that developed to satisfy the
nutritional requirements of infants”. The recipes were compiled in an analogous
matrix as in the development of enteral tube feed products.

According to the information provided in the literature and the research of
products available on the market, experimental protein-enriched texture-
modified products were developed. The primary heat treatment of the developed
protein enriched purees was performed similar to the previous experiments with
enteral tube feed products, and one pasteurisation mode 95£2 °C, 20 min was
selected. Recipes for the prepared products are shown in Table 3. The main goal
of this stage of the study was to find out whether it is possible to create products
with a high protein content that are sensory pleasant and suitable, as well as to
find out mineral compound content background of the products.

According to the obtained results, changes were made in the product recipes
and additional products were developed. A total of 9 recipes were created for this
part of the study — 5 desserts (D1 to D5) and 4 main dishes or soups (S6 to S9),
the recipes are shown in Table 4. The scheme of product preparation and analysis
is shown in Fig. 5. Initially, the products were prepared under laboratory
conditions, the treatment modes were selected based on the information obtained
in the first part of the study on the treatment of enteral tube feed products.

After preparation of the products under laboratory conditions and data
acquisition, changes were made in the product formulations in order to
additionally add vitamin and mineral compound premix, which is necessary to
improve the composition of the products. Products were prepared under
industrial conditions, see Fig. 5. Their quality assessment was performed, the
composition of vitamins and minerals was determined. These product samples
were evaluated in vitro and the total fibre, protein, fat and carbohydrate content
was determined and the energy value of each product was calculated according
to the obtained data. Changes in products during storage were analysed. The
products were stored at room temperature and analysed every 4 weeks.

During the research also the suitability of several raw materials for the
development of texture-modified products was assessed. Precise data on the
obtained data are not reflected in the theses paper. The suitability of various
protein powders and their concentrations for the development of texture-
modified products has also been evaluated, the data was analysed and presented
in D.Sangjuler master’s thesis ‘Rheological properties of protein improved plant-
based purees for oro-pharyngeal dysphagia consumption’, that was defended in
2020. These stages in Fig. 5. marked with a different colouring of the scheme,

41



the other information shown in the experimental scheme is presented and
summarized in the following sections.
List of sample abbreviations used in the research are showed in Table 1

Methods used in the research

The methods of analysis of the determined indicators are summarized in
Table 5. Rheological properties — hardness (N), stickiness (N), consistency (N s)
and viscosity (Pa s) of the texture modified products were also analysed.

Data analysis

Mathematical data processing was performed by calculating the following
parameters: arithmetic mean, standard deviation. One-way and two-way analysis
of variance (ANOVA), Tukey-Kramer test, t-test were used for the data
interpretation. If the effect of the interaction between the factors is found
(p < ao.0s), then it can be concluded that at 95% confidence there is an interaction
of certain values of the studied factors.

In the research part of the work, figures and tables were created and
calculations were performed using MS Excel for Windows 2016 software.

RESULTS ANS DISCUSSION

1. Development and evaluation of enteral tube feed
product preparation technologies

The aim of the dissertation was to develop food products from plant and
animal raw materials for people with special dietary needs. When developing
such products, it is important not only to ensure their microbiological safety for
human health, but also to create a nutrient-rich composition. Fruits, berries and
vegetables are rich in a variety of nutrients, but during processing, there are large
losses. One of the possible solutions would be to use gentle technologies in the
preparation of these products.

Enteral tube feed products are not intended for oral use; therefore, sensory
properties such as taste are not relevant in the development of these products.
The development of the products started with the development of recipes based
on the information specified in Commission Delegated Regulation (EU)
2016/128 (2015) on the required content of vitamins and minerals for products
intended for special medical purposes not intended for infants.

In order to obtain primary data, the suitability of high-pressure and vacuum
cooking for product preparation was evaluated, while the suitability of two types
of raw materials for the development of these products (freshly squeezed juices
and industrially prepared semi-finished products) was also analysed.
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The microbiological quality of the prepared products was evaluated by
analysing total plate count, total number of yeast and mould cells and E. coli
presence

High-pressure treatment and vacuum cooking (cook-vide) are effective in
reducing microbiological contamination. The number of analysed
microorganisms did not exceed the limit values in the enteral tube feed products
made from semi-finished products and products were suitable for consumption
4 weeks after their preparation and storage at room temperature in direct sunlight.
However, in the samples made from fresh juices total plate count and yeast count
exceeded the limit already after one week (Table 6).

Samples made from fresh juices showed greater changes in the content of
biologically active compounds, but similar to the samples made from semi-
finished ingredients, they did not show significant changes depending on the
pressure applied. It was observed that the content of vitamin C, total carotene and
total phenols in enteral tube feed products made from semi-finished ingredients
slightly increased with an increasing processing pressure (Table 7). Preliminary
results showed that microbiologically acceptable products can be obtained after
application of high-pressure treatment at 400 MPa, 500 MPa and 600 MPa.

The obtained data on the effect of vacuum cooking (cook-vide) on the
developed enteral tube feed product did not show significant differences in total
phenol content and radical scavenging activity depending on the type of juice
selected for sample preparation (fresh juice or semi-finished product), but
showed better retention of total carotene and anthocyanin content, when made
from semi-finished products (Table 8).

Vacuum cooking followed by hot filling was not sufficient to achieve
microbiological integrity in the products made from fresh juices, but the
microbiological parameters analysed in these products were within acceptable
range for 14 days when semi-finished products were used.

The shelf life obtained in the experiments performed in the study is
insufficient for the successful realisation of the product. When evaluating the
changes of bioactive compounds, it was shown that the preparation of products
from semi-finished products would allow better preservation of the bioactive
compounds compared to the products made from freshly squeezed juices.

In order to extend the shelf life of the developed products, the impact of
pasteurisation and sterilisation conditions on the prepared products was also
analysed. Although sterilisation was not the most lenient method for preserving
bioactive compounds, it is considered to be the most effective method, as the
microbiological parameters were within the acceptable range for 8 weeks. During
the experiment, it was found that the products also have insufficient vitamin C
content (Fig. 6), therefore changes were made in the formulations of Z1 and Z2
products. Three more recipes were designed and the analysis of minerals and
other nutrients were performed for the prepared products, which are further
discussed in the next chapter
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2. Evaluation of nutrient content in enteral tube feed
products

During the development of the recipes, it was confirmed that plant products
typically do not possess high energy value and have insufficient content of
proteins. In order to increase energy value, recipes were supplemented with
rapeseed and cod liver oil. Whey isolate was used to increase protein content, but
ascorbic acid was used for the increase of vitamin C content.

At the final stage of the study, nutrient analysis of the prepared products was
performed. The data obtained showed that, experimentally prepared samples
compared to commercially available products still contained insufficient amount
of protein, which did not exceed 1.7 g 100 kcal™? product, while commercial
products contain at least 4 g 100 kcal. Visual observation of the prepared
products also showed severe denaturation of the proteins after sterilisation, which
would only increase if the amount of whey isolate added were increased. Enteral
tube feed products must be fluid and homogeneous so that they can enter the
human body through the tube without difficulty. Therefore, microencapsulation
of the individual nutrients and aseptic preparation of the products should be
considered in order to obtain such products, thus extending their shelf life and
reducing nutrient changes during storage.

The analysed content of vitamins in products Z1 and Z2 showed that they
contain low amount of K; and B group vitamins. The content of vitamin E in the
tested tube feed enteral products reached an average amount compared to the
maximum recommended amount of vitamin E (3 mg o-TE 100 kcal?) in
accordance with Regulation (EU) 2016/128 (Table 9). Although, the vitamin C
content was almost 2-fold higher compared to the maximum recommended
amount of 22 mg 100 kcal .

Mineral content in samples Z1 to Z5 showed selenium deficiency and also
low content of Ca, Cu, Fe, Fe and Zn. However, the content of minerals K and
Mg was too high and exceeded the recommended norms (Table 10).

It would be advisable to look for other ingredients that could provide a higher
content of insufficient vitamins and minerals or to add vitamin and / or mineral
complexes to ensure the recommended values of EU Regulation 2016/128, as
well as to reduce amount of ascorbic acid added.

The information obtained during the study allows to conclude that the
development of such enteral tube feed products is possible, but further
improvement on the recipes, as well as the product preparation technology would
be necessary.
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3. Development of texture modified products under
laboratory conditions

The study was started with the development of three protein-enriched purees.
The base ingredients of these products were the semi-finished products of various
fruits, berries and vegetables. In order to increase the protein content whey isolate
was included in the recipe. Product recipes were designed similar to the
development of enteral tube feed products using the information on raw material
composition available from product databases. Unlike enteral tube feed products,
texture modified products should be designed considering sensory attributes.
Sensory evaluation of new products was performed by experts from various
fields, as part of working in the collaborative project No.18-00-A01612-000006
“Development of medicinal food for patients of malnutrition/dysphagia, creating
a new, nationally significant product with a high added value”, including
teaching staff and leading researchers form the Faculty of Food Technology, as
well as nutritionists, leading researchers and medical doctors from Riga Stradins
University and the Latvian Association of Dieticians. The working group also
specified issues related to the composition needs and textural requirements for
the products, taking into account the target group to which such products would
be applicable.

Protein enriched purees had a relatively good mineral compound content
(Table 11), as well as an average protein content of 6 g per 100 g of product, but
their energy value and the protein content was too low compared to commercially
available products, so new products were designed based on the first recipes.

A total of 9 products were created, including 5 desserts (D1 to D5) and
4 soups (S6 to S9). Products were prepared in the laboratory by cooking in a
vacuum Kettle at 0.06 MPa; 79+2 °C; 15 min, followed by hot filling in the glass
jars and sterilisation of the products at 115 °C, 5 min.

Microbiological evaluation of samples did not show contamination, also
various bioactive compounds were analysed, and the obtained data were
recalculated per 100 kcal in order to assess their biological contribution when the
diet is based on the energy value of products.

The content of vitamins (Table 12) and minerals was also determined for the
products, which was compared to the norms specified in EU Regulation
2016/128 in the development of food intended for special medical purposes to
meet the nutritional needs other than infants. The content of vitamins and
minerals in the tested samples was too low.

The products have also been evaluated for their textural properties (Table 13),
which are essential as they are intended for the needs of dysphagia patients. The
development of texture modified products is part of the cross-sectoral
cooperation project N0.18-00-A01612-000006 ‘Development of medicinal food
for patients of malnutrition/dysphagia, creating new, nationally significant
product with a high added value’. The working group of this project clarified the
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issues related to the composition needs and rheological features of the products,
taking into account the target group to which such products would be applicable.
The prepared soup samples were found to have too high viscosity and
consistency. High consistency in soups could be explained by the amount of
protein added during product preparation. Tarrega et al. (2012) indicates that
various whey protein concentrates and isolates are widely used in the
manufacture of several products as structure modifiers because they are able to
form gels and help with moisture retention during product processing. Although
studies have shown that the use of high concentrations can significantly thicken
the product.

4.  Evaluation of industrially produced texture modified
products

One of the final stages in the development of new texture modified products
was the transfer of the prepared product production to industrial environment. To
implement this stage, the observations made in the previous experiments on the
insufficient content of minerals and vitamins in the developed products were
taken into account, therefore a premix of vitamins and minerals was added to the
product formulations and proportional changes were made in the formulations of
already developed products.

The product was heat-treated analogous to the modes used during the
laboratory study with minor modifications. Vacuum cooking was performed at
78+2 °C for 20 min, followed by hot filling of the products in stand-up pouches
and sterilisation at 118 °C for 10 min. During 3 months of storage, variations in
vitamin C content were observed, which might be related to the conversion of
some ascorbic acid to the oxidized and reduced forms. In the products, the total
phenol content before storage ranged from 151.01+7.31 mg of 100 g™ product
S7 to 245.21+mg of 100 g* product D1, which decreased in all products during
storage, while the radical scavenging activity DPPH and radical reducing power
ABTS in the evaluated products remained relatively stable.

The total fibre, protein and fat content of the products was determined, as
well as the energy value was calculated. There are both positive and negative
differences between these products and those already commercially available.
Thus, for example, newly developed products have a significantly higher fibre
content, the protein content is also considered to meet the needs of a particular
consumer group (Table 14), but the energy value of the products is lower and
some of the rheological parameters of the products are too high.

Analysing the vitamin and mineral content of these products, a positive effect
of the added vitamin and mineral premix was observed. These amounts even
exceeded the values recommended by EU Regulation 2016/128 (Table 15).
However, it would be worthwhile to repeat the analysis of vitamins and minerals
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and find out whether and to what extent losses occur during storage of the
products.

The in vitro evaluation of the digestibility of the products showed that the
bioavailability of total carotene (Fig. 8) is lower than the content per dry matter
of the products; similar observations were made by analysing the content of Ca
and Mg in the products. In contrast to these observations, the bioavailability of
total phenol (Fig. 9), radical scavenging activity and radical reducing power
increased after in vitro digestion.

In the literature, it is mentioned that the low bioaccessibility is related to the
hydrophobic nature of carotenoids, because of which their bioaccessibility from
edible fruits and vegetables is relatively low. It has been reported that their
digestibility is effectively enhanced by the addition of easily digestible lipids to
products (Stinco et al., 2019).

CONCLUSIONS

1. The developed enteral tube feed recipes Z1 and Z2 can provide sufficient
amounts of vitamins E, By, Bs, B7, but could not provide sufficient amounts
of vitamins B; and Be.

2. Texture modified food samplesSp2 and Sp3 have insufficient selenium and
zinc content, as well as low iron content and low energy value.

3. By supplementing the developed texture modified product recipes with a
premix of vitamins and minerals, it is possible to significantly increase the
content of vitamins and minerals in the products.

4. By improving the recipes of the initial samples Sp1, Sp2 and Sp3, nine texture
modified products (D1 to D5 and S6 to S9) with a higher energy value and a
wider taste profile were obtained.

5. Texture modified products developed during the study have an average
energy value of 160 kcal per 100 g* of product, high content of proteins and
dietary fibres, but their mineral compound and vitamin content partly
complies with regulatory requirements. Therefore it is considered to be
suitable as a diet supplementary product, but may not be the only diet for
patients with dysphagia.

6. High-pressure treated samples made from fresh juices have a greater
reduction in the content of biologically active compounds compared to
samples made from semi-finished products, but there is no significant
difference depending on the applied pressure (400-600 MPa).

7. The vacuum cooking mode does not significantly affect the total phenol
content and antiradical activity of the developed enteral tube feed products
depending on the type of raw material. However, products made from semi-
finished products have a higher content of total carotene and anthocyanins.
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8. In enteral tube feed products made from semi-finished products, the number
of total plate count, yeasts, moulds and Esherichia coli did not exceed the
limit for 4 weeks at room temperature after high pressure treatment and 2
weeks after vacuum-cooking.

9. After invitro treatment of the texture modified products in the gastrointestinal
simulation system, the total phenol, antiradical activity and reducing ability
increased significantly (p < 0.05).

10. The results obtained in the research of the doctoral thesis partially confirm
the hypothesis - using products of natural plant and animal origin, it is
possible to develop products that provide the recommended nutrients in food
for special medical purposes.
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