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PETIJUMA AKTUALITATE

Olas ir butisks olbaltumvielu avots, un tas lieto visa pasaul€. Uzturvertibas zina
tas ir pilnvertigs partikas produkts, kas nepiecieSams organisma funkcionéSanas un
labsajiitas nodroSinasanai (Simons, van Schie & Holleman, 2017). Vistu olu
mérkauditoriju veido galvenokart majsaimniecibas, bet olu produkti (8kidrie un sausie)
ir loti &rti lietoSana un pieprasiti rupniecisko partikas produktu razotaju vidd.
SalidzinoSs Iétums un pieejamiba olas Iidz ar zivim padara par vienu no
vissvarigakajiem dzivnieku olbaltumvielu avotiem Visos valstu iedzivotajiem (Kirse-
Ozolina, 2019). Bagatakas pasaules dalas olas veido veseligu uztura kopumu.
Pieprasijums pe&c olu razoSanas visa pasaulé joprojam strauji pieaug. P&dgjo
piecpadsmit gadu laika olu patérins ir pieaudzis par vismaz 40 % (Suman et al., 2019).

Misdienas lielako dalu olu joprojam pardod neparstradata veida, tacu pedgjo
gadu laika parstradato olu un olu produktu izmantoSana ir ievérojami palielinajusies.
Tiek Iests, ka Eiropa no 20 Iidz 25 % olu tiek parstradatas olu produktos, un ir
sagaidams, ka I1dz 2025. gadam S$is skaitlis varétu bt 30 % lidz 35 %. ASV faktiskais
procents jau ir lielaks par 30 %, un, saskana ar ASV pieejamo informaciju, $is skaitlis
lidz 2030. gadam bus tuvu 40 % vai 1.74 miljoniem tonnam (Nys, Bain & Van
Immerseel, 2011; Simons, van Schie & Holleman, 2017).

Skidros olu produktus nepieskaita pie kopgja olu patérina, bet tie konceptuali un
tiesi aizstaj olas Caumalas. Partikas riipnieciba olas aizstaj ar olu produktiem, jo:

» olu atdaliSana no aumalam ir darbietilpigs process;

» normativie akti prasa ipasas iekartas un mehanismus pirmapstrades procesa

nodroSinasanai;

» izveloties olas bez cCaumalam, samazinas atkritumu daudzums uzn€muma

(¢aumala sastada ap.12 % no vistu olas svara);

» olu produkti ir vieglak uzglabajami;

» olu produktus ir vieglak un &rtak izmantot.

Pasterizéta skidra olu masa ir ertak lietojama, jo nav nepiecieSams atdalit olu
masu no ¢aumalas pirms lieto$anas, ka ari ta ir pietieckami ilgi uzglabajama, - vismaz
28. dienas. Ta ir mikrobiologiski droSa, jo pasterizacijas procesa iet boja patogénie
mikroorganismi un to vegetativas formas, ka ari inaktiv€jas fermenti, tadgjadi
aizkavgjot produkta bojaSanos un pagarinot ta deriguma terminu. Miusdienas
pasterizetai Skidrajai olu masai ir plass pielietojums dazadas nozarés:

»  partikas nozarg, izmantojot ka izejvielu, razojot: cepumus, kiikas, kiku
maistijumus, konfektes, Sokoladi, konditorejas izstradajumus, olu krémus,
meérces, olu likierus, zivju vai galas produktus, saldejumu, makaronus,
zefirus, majonézi, niideles, omletes, gatavos €dienus, pudinus, zupas, spageti,
piragus, u.c.;

»  medicinas un kosmétikas nozare ka izejvielas, razojot mazgasanas Iidzeklus,
Sampiinus, lecitinu, lipu krasas, mitrinoSus krémus, u.c;

»  tehniskiem nolukiem adas ripnieciska apstradg.

Sakara ar cilvéku naves gadijumiem, ko pedg€ja laika izraisijusi infic€Sanas ar
salmonellam, €dinasanas nozare dod priekSroku pasterizétiem olu produktiem, kas ir
garantéti bez salmonellu un citu patogénu klatbiitnes (Group & Markets, 2022).

Dazas valstis, pieméram, ASV, Japana un daudzviet Eiropa pasterizétas olu
masas izmantoSana ir kluvusi obligata viesnicam, restoraniem, slimnicam un
aviokompanijam. Lai pagarinatu pasterizétu skidro olu produktu uzglabaSanas laiku
lidz piecam vai seSam, vai pat 10 lidz 12 ned€lam, parstradatajiem bija jaiegulda lielas
investicijas, lai olu atdaliSanas process no Caumalas biitu ekonomiski iesp&ams. Ir
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nepiecieSams veikt uzlabojumus visa logistikas kédé, sakot ar temperatiiras reZima
kontroli un autotransporta monitoringu precu parvadasanas laika un beidzot ar higiénas
Itmena kontroli, lai razoSanas vide biitu p&c iesp&jas sterilaka.

Iepakojumam ir biitiska nozime jebkura moderna integréta produktu piegades
laika. Tas ne tikai aizsarga produkta kvalitati un ipasibas, sakot no razoSanas,
izplatiSanas un uzglabasanas, bet ar1 ietekmé patérétaju veselibu un drosibu (Silva &
Pélsson, 2022a). Iepakojums nodroSina partikas aizsardzibu no apkart€jas vides,
pasargajot to no tadiem fizikaliem, kimiskiem un mikrobiologiskiem faktoriem ka:
skabekla, mitruma, gaismas ietekmes vai mikrobiologiska piesarnojuma, kas var
ietekmét produkta kvalitati (Moldovan & Pantea, 2012).

Tradicionalais partikas iepakojums galvenokart ir paredz€ts partikas saturéSanai
un pasargaSanai no argjo faktoru ietekmes, pieméram, skabekla, blakus aromatiem,
gaismas u.c., tadejadi garantjot partikas kvalitates saglabasanu ilgaku laika periodu.
Galvenais mérkis Siem materialiem, kas nonak tie$a saskar€ ar partiku, ir péc iespg&jas
bit inertakiem, t.i., partikas un iepakojuma minimalas mijiedarbibas nodroSinasana.
Paterétajiem iepakojums norada arT informaciju par produkta zimola integritati vai
apstiprina produkta autentiskumu (Yildirim et al., 2018).

Pedgjas desmitgad€s viena no inovacijam partikas iepakojuma joma ir “aktivais
un viedais” iepakojums, kura pamata ir apzinata iepakojuma mijiedarbiba ar partiku vai
ar iepakojuma iekSieneé esoSo vidi ap produktu. “Aktiva iepakojuma” merkis ir
pagarinat partikas produktu uzglabasanas laiku. “Viedais iepakojums” norada uz
produkta svaigumu. “Viedais iepakojums” ir plass jeédziens, kas aptver vairakas
funkcijas atkariba no iepakota produkta veida. PaSreiz&a un turpmaka funkcionala
“vieduma” pieméri varétu bt iepakojumos, kas (Kuswandi et al., 2011):

* saglaba produkta kvalitati un aktivi novér§ partikas bojasSanos (uzglabaSanas
laika);

* uzlabo produkta IpaSibas (pieméram, izskatu, garSu, aromatu utt.);

« aktivi reageé uz izmainam produkta vai iepakojuma vidg;

* pazino lietotajam informaciju par produktu, produkta uzglabasanas vésturi vai

kvalitates izmainam,;

» apstiprina produktu autentiskumu, lai noverstu aizvietojamibu.

Olu produktu raZotaji izmanto viena vai divu litru laminéta kartona iepakojumus
Tetra Pak® veida, ka ari tris, piecu vai 10 litru iepakojumus “bag in box”, lai
transportetu pasterizéto olu masu raZotajiem, pieméram, galas produktu raZotajiem/
parstradatajiem, ceptuvém, sald€juma razotajiem, restoraniem, slimnicam u.c.
lepakojumi 300 ml, 500 ml un 1000 ml paredzgti tieSam pat€rinam. Jau Sodien Eiropas
tirgii ir pieejami Sie iepakojumi, lielveikala lidztekus pakotam olam, uzglabajot lidz 6
°C temperatiiras reZima.

Sobrid Latvija nav padzilinatu pétijumu par iesp&amibu izmantot modernas
iepakojuma tehnologijas olu industrija. Lidzsingjie petijumi galvenokart veltiti svaigu
olu uzturveértibas un kvalitates izpétei (Kocetkovs & Muizniece-Brasava, 2019), tacu
datu par fizikali-kimisko un biologiski aktivo vielu izmainam $kidra olu masa atkariba
no iepakojuma veida un uzglabaSanas ilguma Sobrid nav. Vertgjot un analiz&jot
zinatniskaja literatira un elektronisko resursu avotos pieejamo informaciju par
pasterizétiem $kidrajiem olu produktiem, viedo iepakojumu tehnologijas ietekmi uz
Skidriem produktiem, galas produktiem, auglu un darzenu produktu uzglabasanas laiku,
promocijas darba izvirzita hipotéze:



Promocijas darba hipotéze: olu parstrade $kidra olu masa un tas uzglabasana
konvencionala, un biodegradéjama iepakojuma nodroSina produkta kvalitates
saglabasanos I1idz 35 dienam.

Promocijas darba meérkis: noteikt dgj&jvistu olu kvalitati uzglabasanas laika un
definét optimalo realizacijas laiku pasteriz€tai un iepakotai Skidrai olu masai, nosakot
fizikali-ktmiskos un mikrobiologiskos raditajus.

Promocijas darba mérka sasniegSanai izvirziti $adi uzdevumi

1. Analizét un salidzinat olu ¢aumalu morfologiskas ipasibas un olu fizikali-
ktmiskos parametrus, kas iegtti no tris skirnu d&j&jvistam, kas turétas sprostos un arpus
sprostu apstak]os;

2. Veikt pasterizétas un iepakotas Skidras olu masas kvalitates izmainu
novertejumu uzglabasanas laika Cetru veidu iepakojumos;

3. Noskaidrot razotaju, tirgotaju un patérétaju viedokli, zinaSanas un gatavibu
pienemt olu masu konvencionala un vieda iepakojuma;

4. lzvertet iesp&jamibu izmantot viedo iepakojumu olu masas iepakosanai.

Promocijas darba novitate un zinatniskais nozimigums

1. Pirmo reizi Latvija veikts pétijums, sprostos turétu dg€j&jvistu un arpus
sprostiem turétu dgj&jvistu olu kvalitates izmainas, parstradajot tas pasterizeta skidra
olu masa un uzglabajot produktu konvencionalaja un biodegradgjama iepakojuma;

2. lzvertetas Skidras olu masas fizikali-kimisko raditaju izmainas atkariba no
uzglabasanas ilguma un iepakojuma veida;

3. Analizéta skidras olu masas biologiski aktivo savienojumu un vitaminu
daudzveidiba un to izmainas atkariba no uzglabasanas laika un iepakojuma veida.

4. Noteikts piemérotakais iepakojuma veids Skidras olu masas uzglabaSanai, kas
nodroSina kvalitates saglabasanos visa realizacijas laika.

Promocijas darba tautsaimnieciska nozimiba

1.  Pétjjums sniedz jaunu informaciju par skidras olu masas kimiska sastava,
biologiski aktivo vielu daudzveidibu, to satura izmainam produkta
uzglabasanas laika konvencionalaja un biodegrad€jama iepakojuma;

2. Olas parstradajot $kidra pasterizéta olu masa, kas iepakota konvencionalaja
un biodegradéjama iepakojuma biitiski uzlabojas transportéSanas efektivitate,
tadejadi nodroSinot produkta eksportu lielakos attalumos;

3. Piedavajot pasteriz€to olu masu uzn€mumiem, kuri izmanto olas razoSana,
butiski uzlabosies razosanas efektivitate, izslédzot izmaksas un laika patérinu,
kas rodas olu pirmapstrades un parstrades (atCauloSanas) procesa,

4.  Petijuma iegita informacija par iespgjam saglabat Skidro olu masu
konvencionala un biodegradéjama iepakojuma lauj raZotajiem izveléties
atbilstoSu iepakojumu eksporta nodrosinasanai un tirgus vajadzibam.

Promocijas darba izstrade lidzfinanséta no projekta: “Vieda iepakojuma
izstrade $kidrajiem olu produktiem”, Nr. 19-00-A01620-000087, ELFLA (Eiropas
Lauksaimniecibas fonds lauku attistibai).
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10.22616/ERDev2020.19.TF190.

Kocetkovs V., Muizniece-Brasava S. (2019) Introduction of smart packaging systems
in the market of Latvia — attitudes of manufacturers and retailers. 25" Annual
International Scientific Conference "Research for Rural Development 2019":
conference proceedings. University of Life Sciences and Technologies. Jelgava, Latvija,
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referats / oral presentation).
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MATERIALI UN METODES

Pétijuma norises laiks un vieta.
P&tijumi veikti laika posma no 2019. gada lidz 2023. gadam $adas institiicijas:

1. AS Balticovo mikrobiologijas laboratorija: (pH, MAFAm, enterobaktériju, pienskabes
bakteriju, Salmonella spp., raugu, pelgjumu, fizikalo parametru noteiksana);

2. J.S. Hamilton laboratorija: A, B2, B4, Bs, Bs, B, B12, E, D vitaminus noteikSana;
3. Latvijas Biozinatnu un tehnologiju universitate:

» Viedo tehnologiju nodala Biotehnologiju zinatniskaja laboratorija: holesterins, taukskabes,
aminoskabes, ¢aumalas morfologija, elementu sastava analize;

» Agronomisko analizu nodala Biotehnologiju zinatniskaja laboratorija: mikro un
makroelementu sastava noteikSana;

» Partikas tehnologijas fakultaté Zinatniskas mikrobiologijas laboratorija: mikrobiologiskas
analizes.

Pétijuma objekts: svaigas, neapstradatas olas (izejviela), un pasterizéta skidro olu masa.

Svaigas, neapstradatas olas — AS “Balticovo”, lecava, Latvija; ka arT no uznp€mumiem
UAB “Lit egg”, Lietuva un OY “Kieku”, Somija, kas darbojas un tiek kontroléti AS
“Balticovo” kvalitates sisteéma.

Olas pétijjumam iegiitas no “Lohmann Brown”, “H&N Coral” un “Dekalb” Skirnes
dgjgjvistam. Olas no dgj€jvistu grupam, kas tur€tas sprostos un arpus sprostiem turétam
dejejvistam (AS “Balticovo”, Iecava, Latvija, UAB “Lit egg”, Plunge, Lietuva un OY “Kieku”,
Loimaa, Somija) saskana ar 2009. gada 7. julija Ministru kabineta noteikumiem Nr. 744
“Noteikumi par dgj&jvistu labturibas prasibam un dgjgjvistu turéSanas uzn€mumu registracijas
kartibu”. Olas tika savaktas no dazadam dgj€jvistu grupam (katra grupa ir viena kiitt ar 110 000
lidz 130 000 vistam) laika perioda no 2020. Iidz 2022. gadam. Vistu vecums olu ievakSanas
laika no 30 lidz 60 nedelam. Olas tiks iegadatas 24 stunda laika. Petijjuma izmantoto svaigo,
neapstradato olu iegtiSana, to vietas un apzZim&jumi uzskatami paraditi 1. attéla.



v b
- VO O

Dggjvistu skirne /  Dgj@jvistu skime / D@g@jvistu skirne / Déjéjvistu skirne /
Breed of laying hen:  Breed of laying hen: Breed of laying hen:  Breed of laying hen:
Lohmann Brown H&N Coral H&N Coral Dekalb

1. att. Pétijjuma izmantotas svaigas, neapstradatas olas:

AS “Balticovo”, lecava, Latvija — 1) no sprostos turétam dgj&jvistam, kods: H/HN/CCE,

2) no arpus sprostiem turétam dgj&jvistam, kods: H/HN/BCE;

UAB “Lit egg”, Lietuva, no sprostos turétam dgjgjvistam, kods: H/LS/CCE;

OY “Kieku”, Somija, no arpus sprostiem turétam dgjejvistam, kods: HHHN/BWE

/ Fig. 1. The fresh, raw eggs used in the study:

AS “Balticovo”, lecava, Latvia — 1) laying hens kept in enreached cages, code: H/HN/CCE, 2)
laying hens kept barn, code: H/HN/BCE;

UAB “Lit egg”, Lithuania, laying hens kept in enreached cages, code: H/LS/CCE;

OY “Kieku”, Finland, laying hens kept barn, code: H/HN/BWE

Pasterizéta skidro olu masa tika sarazota AS “Balticovo”, lecava, Latvija un safaséta
pétijuma laikd no svaigam vistu olam (no arpus sprostiem turétam d€j&jvistam, paraugs:
H/HN/BCE). Pasterizétas $kidras olu masas razoSanas tehnologiska shéma dota 2. attéla.
Pasterizétu $kidro olu masas razo$ana notiek atbilstosi AS “Balticovo™, lecava, Latvija
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izstradatai tehnologijai. Pasterizétas $kidras olas masas sagatavoSanai izmantotas 18 000 gab.
olas. Olas novietotas ¢aumalu atdaliSanas iekartas (Pelbo) kustigaja dala ta, lai izvairitos, ka
¢aumalu dala nonak saskarsmé ar olu masu un piesarno to. P& olu masas atdalisanas no
Caumalam, masa tiek izlaista caur filtru ar $tnu izm&u 1 mm un homogenizéta 57 °C
temperatiira un 80 bar spiediena.

Olu pienemsana un uzglabasana / Receiving and storing eggs

v

Atdalisana no ¢aumalas / Separation from the shell e Caumalas / Shell

v
Filtrésana (1 mm) /Filtration (1 mm)

N

Atdzesésana / Cooling, +3+1 °C

v
Uzglabasana / Storage, +3+/ °C

v

Homogenizacija / Homogenisation
(80 bar, +57+1 °C)

Pasterizacija / Pasterisation process
(+67+1 °C, 6 min)

v

Atdzesésana / Cooling, +3+1 °C

v
PildiSana, uzglabaSana un transportéSana /
Filling, storage and transportation

2. att. Pasterizétas $kidras olu masas raZoSanas tehnologiska shéma /
Fig. 2. Technological scheme of liquid egg mas production process (AS “Balticovo”, Latvija).

Skidra olu masa pasterizéta, izmantojot plaksnu pasterizatoru Ovobel AR56SH (Brige,
Belgija) AS “Balticovo”, lecava, Latvija. Pasterizacijas procesa ilgums 6 minites, 67—70 °C
temperatiira. Péc pasterizacijas Skidra olu masa tika iepakota Cetru veidu iepakojumos ar
tilpumu 0.5 L

Eksperimentos izmantotie iepakojumi:

» Augsta blivuma polietiléena (HDPE) pudeles — SIA Gamma Plast, Latvija;

» Polictiléntereftalata (PET) pudeles — SIA Gamma Plast, Latvija;

» Laminétas papira/polietiléna (PAP/PE) stavpakas (Doypack) — SIA Multipack,
Latvija;

> Daudzslanu Tetra Pak® Tetra Rex Bio-based biodegradgjamas laminétas pakas ar
polietiléna (PE) parklajumu — AS Tetra Pak, Zviedrija.

11



1. tabula / Table 1.

Pétijuma izmantoto iepakojuma materialu raksturojums /
The description of materials used for the research

lepakojums / lepakojuma Apraksts, fizikalas ipasibas / Mehaniskas, lepakojuma
Packaging materiala Description, physical kimiskas un citas materiala
nosaukums / characteristics ipasibas / biezums / Layer
Packaging Mechanical, thickness, um
material name chemical and other
characteristics
HDPE Augsta * Blivums: 945-967 kg/m? * Ciets _
blivuma « Caurspidigums: necaurspidigs + Stingrs un stiprs
atila * Augsts kristaliskums * Izturigs pret
polietiléna ISHaIS - taukiem un
udele * Temperatiiras diapazons: e 3.240.12
p 40 °C Tidz 120 °C kimiskam vielam . :
* Labas blivésanas
pasibas
* Viegli
apstradajams un
veidojams
PET == Polietilenter | « Blivums: 1380-1410 kg/m? * Stingrs
&= eftalata * Caurspidigums: caurspidigs « Stiprs 3
pudele * Zems kristaliskums * Laba noturTba pret 7 8+0.12
. i i .- taukiem un : :
Temperatiiras diapazons: i
60 °C Iidz 200 °C kimikalijam
TP Laminéta « Blivums: 268-392 kg/m? Ar polietilénu
J A kartona * Caurspidigums: necaurspidigs lamingts papirs
paka » Temperatiiras diapazons: - pgdara t_o 1.2+0.1°
20 °C lidz 120 °C aizkauséjamu
D zslan  Papira laminati 1ir parklati vai r polietilenu
DP audzslanu | * Papira laminati ir parklati vai Ar polietil
laminéta neparklati papiri, kuru pamata ir laming@ts papirs
stivpaka kraftpapirs un padara to par
VP sulfita mikstums. karstuma
« Blivums: 1140-1210 kg/m3 nosledzamu b
* Caurspidigums: necaurspidigs * Stingrs 0.9+0.1
» Temperattiras diapazons: - ' Stlprs o
20 °C Iidz 150 °C * Loti spéciga ellas
un tauku izturiba
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Pétijjuma struktura:

P&tijums veikts divos posmos. P&tijuma galvenie posmi apkopoti 2. tabula.

Pirmaja posma analiz€tas izejvielas (svaigas olas), kuras iegiitas no diviem dazadiem
dgj&jvistu turésanas modeliem: sprostos (biiros) turétu un arpus sprostiem turétu dgj&jvistu detas
olas, no trim dg€j€jvistu Skirném. Bitiski ir noskaidrot, ka dgj&jvistu turéSanas apstakli ietekmé
olu kvalitati (izejvielas).

Otraja posma veikts petijums par iepakojuma un uzglabasanas laika ietekmi uz skidro olu
produktu kvalitati. Skidra olu masa sapildita &etros dazados iepakojumos: HDPE, PET,
Doypack un viedaja iepakojuma Tetra Pak® Tetra Rex Bio-based. Tika noskaidrots: patérétaju
inform&tiba un attieksme pret viedo iepakojumu Latvijas tirgl un razotaju un mazumtirgotaju
attiecksme pret viedo iepakojumu ievieSanu Latvijas tirgd. Petjjuma struktiira atspogulota 3.
attela.

2. tabula / Table 2.
Pétijuma posmi / Stages of the research

Posms / Stage Apraksts / Description

Analizetas izejvielas (svaigas olas) kuras iegltas no diviem
dazadiem dgj&jvistu turéSanas modeliem / Raw materials (fresh
eggs) obtained from two different models of laying hens were
analyzed

| posms / Stage |

Veikts pétijums par iepakojuma un uzglabasanas laika ietekmi uz
I posms / Stage I1 skidro olu produktu kvalitati / A study was conducted on the effect
of packaging and storage time on the quality of liquid egg products
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Razotaju aptauja /

Manufacturer survey <——

Paterétaju aptauja /
Customer survey

D

Olas / Eggs

Olu kvalitates parbaude 36 dienu laika / Egg quality analysis during 36 days

Pasterizetas $kidras olu masas iepakosana / Packaging of pasteurized liquid egg mass

v

HDPE - augsta blivuma
polietiléna pudele / HDPE
-packaging made of high-
density polyethylene

v

PET — polietilentereftalata
pudele / PET packaging
made of polyethylene
terephthalate

v
v
I v
DP - Doypack
daudzslanu iepakojums

/ Doypack multi-layer
packaging

v

TP — Tetra Pak® Bio
based daudzslanu
iepakojums / Tetra
Pak® Bio-based multi-
layer packaging

v

TP - Tetra Pak® Bio
daudzslanu

Olu Caumalas komponentu
morfologiska un elementara analize
0. diena / Morphological and
elemental analysis of eggshell
components at 0 day.

Fizikalie-kimiski
raditaji / Physical-
chemically parameters

based
iepakojumos  ar
termohromu krasu uz

o Olu svars /
arcja Egg weight, g

v v v v

Pasterizetas Skidras olu masas parbaude 0., 15. un 35. diena / Pasteurized liquid eggs mass analysis 0, 15 and 35 day

v
v v

Mikrobiologiskie raditaii / Microbioloaical parameters

Fizikalie-kimiski raditaji / Physical-chemically parameters

v
. . MAFAmM, KVV g!/
Vitamini: A, B2, Ba, Bs, Bs, B, B12, E, D / pH Total plate Countg CFUg" <
Vitamin: A, B2, B4, Bs, Bs, By, B2, E, D '
Mineralvielas: P, Na, K, Ca, Mg, Cu, Fe, Zn / Salmonella spp. +
Minerals: P, Na, K, Ca, Mg, Cu, Fe, Zn
Enterobacteriaceae skaits <+
—  Olbaltumvielas / Aminoskabes /
Protein Amino acids Pienskabes baktériju skaits / Lactic acid bacteria <
Tauki / Fats Taukskabes / 3. att. Pétijuma struktira / Fig. 3. Structure of the research

—»> Fatty acids

v

Holesterins / Cholesterol

slana / Tetra Pak® Bio based

multi-layer packaging with
thermo color on the outer layer

v

Pasterizétas  skidras  olu
masas parbaude 24. st. laika /
Pasteurized liquid eggs mass
analysis during 24 hours

v

Mikrobiologiskie raditaji /
Microbiological parameters

v

MAFAm, KVV g !/
Total plate count, CFU g

Gaisa kamera izmers /
Air cell size, mm

Olu baltuma
augstums / Albumen
height, mm

Haugh vieniba /
Haugh unit

Olu baltuma pH /
Egg albumen pH

Olu ¢aumalu pliSanas
stipriba /
Eggshell breaking
strength, N
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Pétijuma I posma tika veikta svaigas olas atlase un analize.

Svaigas olas iegitas uznémuma AS “Balticovo” (lecava, Latvija) no tris dgj&jvistu
Skirném: Lohmann Brown, Sandy (42 ned€las vecas, sprostos turétas dgj&jvistas, parauga kods:
H/LS/CCE), H&NCoral (41 ned€lu vecas, sprostos turétas dgj&jvistas, parauga kods:
H/HN/CCE), H&N Coral (41 ned€lu vecas, arpus sprostiem turétas dgj&jvistas, parauga kods:
H/HN/BCE), un Dekalb (43 ned€las vecas, arpus sprostiem turétas dgjéjvistas, parauga kods:
H/D/BWE). Lai novertétu olu fizikali-kimisko Ipasibu izmainas 4 stundu laika p&c izdésanas
savaktas 180 olas no katras vistu Skirnes. Savaktas olas iepakotas atseviski pa 16 gab. kartona
iepakojuma ar perforétu vaku. Kopgjais savakto olu skaits sasniedza 720 olas. Sakotng&ja
uzglabasanas posma no katras grupas panemtas 16 olas un nogadatas AS “Balticovo”
laboratorija kvalitates parbaudei. AtlikuSo olu dalu uzglabaja kontrol&tos apstaklos 20+2 °C
un 50 % gaisa relativa mitruma. Eksperimenta ilgums noteikts 36 dienas, pamatojoties uz
uznémuma razotas Skidras olu masas deriguma terminu 28 dienas. Lai noskaidrotu kvalitates
raditaju izmainas, olu fizikali-ktmiskas TpaSibas analiz&tas katru ceturto dienu, t.i., 1., 4., 8.,
11., 15, 18,, 22,, 26., 28., 32. un 36. diena. Katra planotaja analizu veikSanas diena no katras
vistu Skirnes panemtas 16 olas, lai nodrosinatu vidgjo paraugu skaitu.

Atlases laika katra ola nosvérta un parsista uz lidzenas virsmas. Olu baltuma augstums
(Haugh vieniba) mérits ar elektronisko olu baltuma augstuma digitalo Haugh testeri ORKA
(Bountiful, UT, ASV), péc Eizens et al. (Eisen, Bohren & McKean, 1962) aprakstitas metodes.
Olu baltuma pH mérits 4 stundas p&c déSanas ar pH-metru Jenway 3510 Benchtop pH Meter
(Barloworld Scientific, StafordsSira, Apvienota Karaliste) saskana ar ISO 1842:1991 standartu.
Caumalas biezums mérits, izmantojot mikrometru Mitutoyo 223-101 (Kawasaki, Japana) un
un skengjosais elektronmikroskops (SEM).Caumalas stipriba noteikta, izmantojot FUTURA
Egg-Shell-Tester V. 2.0 (Lohne, Vacija) testeri, kas aprikots ar aluminija kompresijas disku
7.62 cm diametra, kas piestiprinats pie caumalas un olu turétaja. Ola novietota ta, lai disks
saskartos ar olu no tas lielaka gala. Olas sausnas saturs noteikts, izmantojot Shimadzu MOC-
120H (Shimadzu Corporation, Tokija, Japana) mitruma analizatoru.

Mikrostruktiiras analize ar skenéjoSo elektronmikroskopu un rentgenstaru
energijas dispersijas spektroskopu.

Olu Caumalas paraugi pirms uzglabaSanas analizeti, izmantojot Mira3 skeng&joSu
elektronmikroskopu (Tescan Orsay Holding, a.s., Brno - Kohoutovice, Cehija), kas aprikots ar
sekundaro (Secondary Electron — SE) un atpakalizkliedéto (Back-scattered Electron — BSE)
elektronu detektoru. Olu ¢aumalas paraugi (n = 16 olas, pieci atkartojumi) mazgati ar Ipasi
augstas tiribas pakapes tideni un pec tam zaveti apkartejas vides apstaklos 20+1 °C temperatiira
divas dienas. Zavétas olu ¢aumalas manuali sadala mazos 0.4 x 0.4 cm gabalinos. Paraugu
fiksesanai lietots divpus€js oglekla disks. Elektrovaditspgjas uzlaboSanai paraugi parklati ar 15
nm biezu zelta-paladija slani, izmantojot Leica EM ACE600 plazmas apputinasanas iekartu
(Leica Microsystems, Wien, Austria). Olam ¢aumalas biezuma mérijumi veikti trijas vietas, t.1.,
lielaja gala, centra un mazaja gala. Lai veiktu detaliz€tus mérfjumus, lietots 200x un 2000x
palielinajums un 15 kV paatrindgjuma spriegums.

Caumalu elementu sastava analize veikta, izmantojot INCA x-act LN2-free analitisko
silicija novirzes detektoru un PentaFET® Precision energijas izkliedes rentgenstaru
spektrometru (Oxford Instruments Inc., Bognor Regis, Apvienota Karaliste). Detektors
darbinats ar 15 mm darba attalumu no parauga ar 40 % Iidz 60 % neapstradato rentgenstaru
skaitu (angl. Deat time).

P&tfjuma Il posma tika veikts p&tijums par iepakojuma un uzglabasanas laika ietekmi
uz skidro olu produktu kvalitati.

Pasterizétas $kidras olas masas sagatavosanai izmantotas 18 000 gab olas. Skidra olu
masa homogenizéta 57 °C temperatiira, pasterizéta, izmantojot plaksnu pasterizatoru Ovobel
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AR56SH (Brige, Belgija) AS Balticovo, lecava, Latvija. Pasterizacijas procesa ilgums - 6
miniites 67-70 °C temperatiira. P&c pasterizacijas $kidra olu masa tika iepakota cetru veidu
iepakojumos ar tilpumu 0.5 L, ti., augsta blivuma polietiléena (HDPE) pudel@s,
polietiléntereftalata (PET) pudel@s, Tetra Pak® Bio based iepakojumos (TP) un Doypack (DP)
(1. tabula). Skidro olu masu eksperimenta laika uzglabaja 4+1 °C temperatiira 35. dienas.
Produktiem parbaudes testus veica 0. (uzreiz p&c sarazoSanas un sapildiSanas), 15.(pirmas
indikacijas par izmainam mikrobiologijas raditajos) un 35. (teor€tiskais deriguma termins)
uzglabasanas dienas.

Pétijuma ietvaros organiz€tas divas paterétaju, razotaju un mazumtirdzniecibas
uznémumu aptaujas. Viena no tam noskaidrota respondentu (gala patérétaju) attieksme un
zinasanas par viedo iepakojumu Latvijas tirgii, savukart otras aptaujas ietvaros noskaidrots
respondentu (razotaju un lielveikalu /tiklu vaditaji) viedoklis un =zinasanas par viedo
iepakojumu pieejamibu un prieksSrocibam partikas produktu aprites cikla.

PétTjuma izmantotas analiZu metodes
» Svaigas, neapstradatas olas.
» Analiz€to kvalitates raditaju noteikSanas shéma ir dota 4. attela.

Svaigas, neapstradatas olas /
Fresh eggs

Fizikali-Kimiski raditaji /
Physical-chimical indicators

o Izmainas olu baltuma  Izmainas olu
Sausha / Olusvaraizmainas/  gyo5tuma / Change in -~ Gaumalu plisanas
Dry metter Change in €99  alpumen height (mm),  stipriba / Chages in
weight (9), egshell breaking
) Haugh vienibas  strenght (N),
_OIU galsa kameras izmainas / Change in
izmainas / Change  Haugh units Olu ¢aumala radiala
in egg air cells vai  Skersgriezuma
(mm) Olu baltuma pH  uznemtaar skengjoso
izmainas / Chages in  elektronmikroskopu
albumen pH / Radial or cross-
sectional  scanning

electron microscopy
micrographs of rigid
egashells

4. att. Svaigu, neapstradatu olu fizikali-kimisko kvalitates raditaju noteik§anas shéma /
Fig. 4. Scheme of characterization of physico-chemical properties of raw fresh eggs
(AS “Balticovo”, Latvija)

Svaigu, neapstradatu olu paraugu atlases algoritms. Olu paraugi eksperimentiem iegtti
uznémuma AS “Balticovo” (Iecava, Latvija) no tris d@j&jvistu Skirném: Lohmann Brown,
Sandy (42 nedg€las vecas, sprostos turtas dej€jvistas, parauga kods: H/LS/CCE), H&NCoral
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(41 nedelu vecas, sprostos turétas dgj&jvistas, parauga kods: H/HN/CCE), H&N Coral (41
ned&lu vecas, arpus sprostiem turétas d&j&jvistas, parauga kods: H/HN/BCE), un Dekalb (43
nedgélas vecas, arpus sprostiem turétas d€j&jvistas, parauga kods: H/D/BWE). Lai novértetu olu
fizikali-kimisko IpasSibu izmainas 24 stundu laika péc izdéSanas savaktas 180 olas no katras
vistu Skirnes. Savaktas olas iepakotas atseviSki pa 16 gab. kartona iepakojuma ar perforétu
vaku. Kopgjais savakto olu skaits sasniedza 720 olas. Sakotng&ja uzglabasanas posma no katras
grupas panemtas 16 olas un nogadatas AS “Balticovo” laboratorija kvalitates parbaudei.
AtlikuSo olu dalu uzglabaja kontrol&tos apstaklos 2042 °C un 50 % gaisa relativa mitruma.
Eksperimenta ilgums noteikts 36 dienas, pamatojoties uz uznémuma razotas $kidras olu masas
svaigo izejvielu krit€riju prasibam. Lai noskaidrotu kvalitates raditaju izmainas, olu fizikali-
kimiskas 1pasibas analizétas katru ceturto dienu, t.i., 1., 4., 8., 11., 15., 18., 22., 26., 28., 32. un
36. diena. Katra planotaja analizu veikSanas diena no katras vistu Skirnes panemtas 16 olas, lai
nodro$inatu vidgjo paraugu skaitu (2.4. att.).

Olu svars noteikts, izmantojot gravimetrisko metodi. Paraugu atlases laika katra ola tika
nosverta izmantojot verific€tus svarus ar precizitati 0.00 g, bet turpmakajam analizém tas tika
parsistas uz Iidzenas virsmas. ,

Olu baltuma augstums (Haugh vieniba) mérits ar elektronisko olu baltuma augstuma
digitalo Haugh testeri ORKA (Bountiful, UT, ASV), péc Eizens et al. (Eisen, Bohren &
McKean, 1962) aprakstitas metodes.

Olu baltuma pH meérits 4 stundas péc désanas ar pH-metru Jenway 3510 Benchtop pH
Meter (Barloworld Scientific, StafordSira, Apvienota Karaliste) saskana ar GOST 31469-2012,
14. nodala standartu.

Olu ¢aumalas biezums méerits, izmantojot mikrometru Mitutoyo 223-101 (Kawasaki,
Japana) un skengjosais elektronmikroskops (SEM).

Olu ¢aumalas stipriba noteikta, izmantojot FUTURA Egg-Shell-Tester V. 2.0 (Lohne,
Vacija) testeri, kas aprikots ar aluminija kompresijas disku 7.62 cm diametra, kas piestiprinats
pie ¢aumalas un olu turétaja. Ola novietota ta, lai disks saskartos ar olu no tas lielaka gala.

Olu mitruma saturs noteikts, izmantojot Shimadzu MOC-120H (Shimadzu Corporation,
Tokija, Japana) mitruma analizatoru.

Pasterizéta Skidro olu masa.

Kimiska sastava noteikSana. Analiz&jot pasteriz€tu Skidro olu masu, ir nepiecieSams
noteikt tas energétisko vértibu un uzturvértibu, kas sniedz pamatinformaciju par produktu.
P&tijuma ietvaros noteica: aminoskabes, mg 100 g; taukskabes, mg 100 g; holesterins, mg 100
g; mineralvielas mg 100 g~'; vitamini mg kg '

Skidras olu masas paraugi analizéti pétijuma uzsak3anas bridi. Kvalitates raditaji noteikti
eksperimenta uzsakSanas bridi un pec 15. un 35. uzglabaSanas dienas. Paraugi uzglabati 4+1 °C
temperatiira.

Pasterizétas Skidro olu masas mineralvielu kvantitativa analize, proti P, Na, K, Ca,

Mg, Fe, Zn, Cu satura noteikSana veikta, izmantojot atomabsorbcijas spektrometrijas sist€mu
saskana ar LVS EN 14082:2003 metodi.

Pasterizétas Skidro olu masas vitaminu kvantitativa analize veikta, izmantojot augsti
efektivas skidruma hromatografijas sistému (RP-HPLC) un (HPLC-DAD) saskana ar metodém,
noraditam 3. tabula.
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3. tabula/ Table 3.
Vitaminu noteik$Sanas metodes un standarti /
Methods and standard for determination of vitamin

N.p.k | Vitamini/ Vitamins Metodes / Methods
/ Nr:

1. | Avitamins /vitamin | PB-40/HPLC ed. Ill, apgrieztas fazes augstas
izskirtsp&jas skidruma hromatografija (RP-HPLC)

2. B2 vitamins / vitamin | PN-EN 14152:2014-07, apgrieztas fazes augstas
iz8kirtsp&jas Skidruma hromatografija (RP-HPLC)

3. | Bavitamins / vitamin | QMP_504_KI_51 027: 2020-12, microbiological assay

4. | Bsvitamins / vitamin | PB-325 red. | 30.11.2015, microbiological assay

5. | Be vitamins / vitamin | PN-EN 14164:2014-08, apgrieztas fazes augstas
iz8kirtsp&jas skidruma hromatografija (RP-HPLC)

6. | Bovitamins /vitamin | PB-327 red. 1 30.11.2015, microbiological assay

7. | Biz vitamins / vitamin | PB-328 ed. 1 30.11.2015 apgrieztas fazes augstas
iz8kirtsp&jas skidruma hromatografija (RP-HPLC)

8. Ds vitamins / vitamin | MSZ EN 12821:2009, augstas izskirtsp&jas Skidruma
hromatografija ar dioZzu matricas detektéSanu (DAD-
HPLC)

9. | E vitamins / vitamin PB-40/HPLC red. Ill, apgrieztas fazes augstas
iz8kirtsp&jas Skidruma hromatografija (RP-HPLC)

Fizikala-kimiska raditaja — pH skaitliskas vértibas noteiksSana. Pasterizétai Skidrai
olu masai pH tika noteikts, izmantojot pH-metru Jenway 3510 Benchtop pH Meter (Bar-loworld
Scientific, StafordSira, Apvienota Karaliste) saskana ar GOST 31469-2012, 14. nodala.

Salmonella spp. noteik$ana

Izmekl€jamais paraugs 25 g, pievieno 225 ml BPW (bufferd peptone water) barotnes,
inkubg 34-38 °C, 18+2 stundas. Tad pars¢j uz RVS (Rappaport-Vassiliadis medium with soya)
barotni (inkubé 41.5+1 °C, 2443 stundas) un MKTTn (Muller-Kauffmann tetrathionate-
novobiocin broth) barotni (inkubé 37 °C, 2443 stundas). P&c inkub&Sanas parsgj uz XLD

(Xyloze Lysine Deoxicholate agar) un BrZFr agara (inkubé 37 °C, 24+3 stundas). Ja izaug
Salmonella spp. tipiskas kolonijas, tad veic biokimisko un serologiko apstiprinasanu. Rezultatu
interpretacija: ir vai nav konstatéta 25 g izmekl€jama parauga. Saskana ar ISO 6579-1:2017
standartu.

Mikrobiologiskie raditaji. Mikrobiologiska izveértésana paraugos veikta razosanas diena
(0. diena), ka arf 15. un 35. uzglabasanas diena, uzglabajot paraugus 4+1 °C temperatiira. Saja
laika, katram paraugu veidam HDPE, PET, Doypack un Tetra Pak® Bio Based iepakojuma
noteikts mezofili aerobo un fakultativi anaerobo mikroorganismu kopskaits (MAFAm).
Savukart paraugiem iepakotiem HDPE, PET, Doypack iepakojuma papildus noteikta
Salmonella spp., Enterobacteriaceae un pienskabes baktériju klatbutne. Paraugiem
mikrobiologiskas analizes veiktas tris atkartojumos, lai parliecinatos par iegiito rezultatu
precizitati.
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Enterobaktériju (Enterobacteriaceae) skaita noteikS§ana

1 ml test§jama parauga (sagatavo vienu decimalo atSkaidijumu s€riju no analiz€jama
parauga vai sakotn€jas suspensijas) parnes sterila Petri platé. Ja nepiecieSams, sagatavo
vairakus atSkaidijumus. 1 ml no katra atSkaidijuma parnes uz Petri plati. Katru plati parlej ar 15
ml VRBG (Violet red glucose agar) barotnes (barotnes temperatiira 44—47 °C). P&c barotnes

sacietéSanas parlej vel ar 5-10 ml VRBG barotnes, lauj sacietét. Inkubeé 37 °C, 24+2h. Skaita
kolonijas uz plates ar max skaitu 150. Koloniju skaita aprékinu veic saskana ar LVS EN ISO

7218 (aktuala versija). Rezultatu interpretacija: KVV™ produkta.

Pienskabes bakteriju skaita noteikSana

I ml test€§jama parauga (vai sakotn&jas suspensijas) parnes sterila Petri platé. Ja
nepieciesams, sagatavo vairakus atSkaidijumus. 1 ml no katra atSkaidijuma parnes uz Petri plati.
Katru plati parlej ar 15 ml MRS (de Man, Rogosa & Sharpe, medium) barotnes. Lauj sacietét.
Inkubg 30+1 °C, 7243 stundas. Skaita plates ar max 300 kolonijam. Koloniju skaita aprékinu
veic saskana ar LVS EN ISO 7218 (aktuala versija). Rezultatu interpretacija: KVV ! produkta.

Mezofili aerobo un fakultativi anaerobo mikroorganismu kopskaits (MAFAmM)

1 ml test§jama parauga (vai sakotn&jas suspensijas) parnes sterila Petri plate. Ja
nepiecieSams, sagatavo vairakus atSkaidijumus. 1 ml no katra atSkaidijuma parnes uz Petri plati.
Katru plati parlej ar 12-15 ml PCA (plate count agar) barotnes (barotnes temperatiira 44—47
°C). Lauj sacietét. Inkube 30+1 °C, 72+3 stundas. Skaita plates ar max 300 kolonijam. Koloniju
skaita aprékinu veic saskana ar LVS ISO 4833-1-2014 (aktuala versija). Rezultatu
interpretacija: KVV ! produkta.

Aptaujas veikSana

Petijuma ietvaros organizétas divas pat€rétaju, razotadju un mazumtirdzniecibas
uznémumu aptaujas. Viena no tam noskaidrota respondentu (gala patérétaju) attieksme un
zinasanas par viedo iepakojumu Latvijas tirgii, savukart otras aptaujas ietvaros noskaidrots
respondentu (raZotaju un lielveikalu /tiklu vaditaji) viedoklis un zinaSanas par viedo
iepakojumu pieejamibu un priekSrocibam partikas produktu aprites cikla.

Patérétaju izpratne un attieksme pret aktivam un viedam iepakojuma sisttmam Latvijas
tirgi. Kopuma aptauja piedalijas 865 respondenti. Tie atlasiti, lai maksimali aptvertu Latvijas
regionus, aptuveni 170 respondenti no katra. Aptauja tika analiz&ti respondenti, kuri dzivo
sados Latvijas regionos: Riga, Zemgalg, Vidzem¢, Latgalé, Kurzemé. Aptaujas metodologija
izmantota pétijuma mérku sasniegSanai. Anketa bija 19 jautajumi ar atbilZu variantiem, un ta
izplatita respondentiem, izmantojot tie$saistes aptaujas vietni VisiDati.lv. Respondentu
sadaltjums p&c dzimuma bija 65.9 % sievietes un 44.1 % viriesi. Lielaka dala respondentu (46.5
%) bija vecuma no 17 lidz 29 gadiem, 40.7 % bija vecuma no 30 lidz 50 gadiem, bet 12.8 %
bija vecaki par 50 gadiem. Atbildot uz izglitibas statusu, lielaka dala aptauja piedalijusos
noradija, ka viniem ir augstaka izglitiba — 57.0 %; arodizglitiba vai profesionala vidgja izglitiba
bija 20.6 % aptaujato. Vidusskolas, izglitiba bija 17.4 % respondentu.

Razotaji izveleti no tiem, kuri raZo produktus ar su derigumu terminu (pieméram, piena
produktus, auglus, olas) un kuru produkti atrodas visu 10 popularako mazumtirgotaju plauktos.
Petjjuma meérka sasniegSanai izmantota anketéSana. Uz katru no 16 riipigi izstradatiem
jautajumiem atbildes bija vai nu ar atbilzu variantiem, vai arT respondents ierakstija savu
atbildes variantu. Aptauja veikta, izmantojot tieSsaistes aptaujas vietni VisiDati.lv.
Respondentu skaits péc dzimuma bija: 14 sievietes un 6 viriesi. Lielaka dala respondentu (16)
bija vecuma no 35 lidz 50 gadiem, 3 bija vecuma no 25 lidz 35 gadiem un 1 bija vecaks par 50
gadiem. Atbildot uz izglitibas statusu, aptauja piedalijusos vairums noradija, ka viniem ir
augstaka izglitiba — 18; 2 respondenti ieguvusi arodizglitibu vai profesionalo vidgjo izglitibu.
Aptauja tika izmantota kvalitativa metode. AnketéSanas laika dalibnieki tika mudinati pilniba
atbildét uz jautajumiem. Ja viniem bija nepiecieSams skaidrojums, tika sniegta papildu
informacija, lai nodrosinatu, ka respondents pilniba izprot jautajumu.
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Datu statistiska analize

legiitie rezultati ir paraditi, izmantojot vid€jo aritmé&tiku vertibu un standartnovirzi tris
atkartojumos (n = 3). Lai noteiktu biitiskas atSkiribas starp vidéjam veértibam, dati analiz&ti ar
IBM® SPSS® Statistics versiju 20.0 (SPSS Inc., Cikaga, IL, ASV), izmantojot vienfaktora
dispersijas analizi (ANOVA) un Duncan’s daudzfaktoru dispersijas analizi (MANOVA).
Izvertejot faktoru ietekmi, noteikta p-vertiba, kura novertéta ka biitiska, ja p-vertiba <a 0.05.

REZULTATI UN DISKUSIJA

Saskana ar Eiropas Komisijas (EK) Regulu Nr. 589/2008 olu uzglabasanas laiks
apkartgjas vides temperatiira un relativa gaisa mitruma 50 % ir definéts ka 28 dienas péc
izdesanas. Saja laika olas baltuma dala ievérojami samazinas, A kategorijas, jeb “svaigas” olas
pardévejot par B kategorijas, kad olas ir paredzetas izmantoSanai partikas vai nepartikas
ripnieciba (Iime, adas tiriSanas lidzeklis), kosmetologijas nozaré (Commission Regulation
2008). Turklat neatgriezeniskas olu baltuma kvalitates izmainas veicina aminoskabju un
taukskabju jutiguma palielinasanos pret oksidacijas procesiem (Obianwuna et al., 2022). Tapéc
Sadas kvalitates olas vairs nav piemérotas svaigam pat€rinam. Tomer tas var izmantot ka
izejvielu skidru olu masu razoSanai, nemot véra mikrobiologiskas droSibas jautajumus
(Kocetkovs et al., 2022). Olu uzglabasanas laiku attieciba uz fizikali-kimiskajiem parametriem
ietekmé argjie faktori, pieméram: apkartéja vide, razoSanas un uzglabasanas apstakli, ka ari
albumini, pH un Gidens aktivitate. Paaugstinata mitruma satura un tidens aktivitates dé] olas un
no tam iegitie produkti tiek raksturoti ka produkti, kas atri bojajas. Turklat taukskabju, 1pasi
mononepiesatinato (MUFA) un polinepiesatinato (PUFA), pieejamiba padara So produktu loti
jutigu pret oksideéSanos. Laika posma no atCauloSanas lidz patérinam, olu kvalitate strauji
pasliktinas. Lai saglabatu no olam iegtito produktu kvalitati visa uzglabasanas laika, jaizvélas
atbilsto$s iepakojums un olu parstrades procesa stingri jaievéro mikrobiologiskas drosibas
aspekti I1idz parstradei un iepakoSanai.

Mitruma un CO; zudums caur olu ¢aumalas poram un mikroplaisam ir galvenais faktors,
kas izraisa pH paaugstinasanos un olu kvalitates pasliktinasanos (Eke, Olaitan & Ochefu, 2013).
Savukart pH izmainas izraisa reakciju kaskadi, pieméram, ovomucina-lizocima kompleksa
degradésanos, olu baltuma saskidrinasanos, @idens migraciju un vitelinas membranas
planaka olu ¢aumalas slana gadijumos (Ketta & Tumova, 2018). So apgalvojumu papildus
apstiprina Veldsman et al. (Veldsman et al., 2020) un Ahmeds et al. (Ahmed et al., 2021)
pétijumi, kas norada, ka olu ¢aumalu biezuma un mikrostruktiiras integritatei ir butiska nozime,
lai pasargatu putnu olas no mitruma zuduma un aizsargatu tas no piesarnojuma ar patogéniem
mikroorganismiem. Olu uzturvértibas un olu caumalas strukturalo integritati nosaka putnu
vecums un genotips (VIckova et al., 2019). Sabalansétas baribas nozimi d&j&jvistam ir uzsverusi
Stefanello (Stefanello et al., 2014a) un Qiu (Qiu et al., 2020), noradot uz dgj&jvistu bariba
izmantoto mineralu avotu nozimi, kas iegliti no neorganiskiem savienojumiem, pieméram,
karbonatiem, fosfatiem, oksidiem un sulfatiem olu ¢aumalu veidosana (Stefanello et al., 2014a;
Vickova et al., 2019). Atbilstosa daudzuma mikroelementu klatbiitne vistu bariba padara olu
Caumalu stingraku un pietiekami izturigaku, lai novérstu olu pliSanu iepakoSanas un
transportéSanas laika.
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1. Svaigu olu kvalitate un ta izmainas uzglabasanas laika apkartéjas vides apstaklos

Olu ¢aumalu komponentu morfologiska un elementu sastava analize ar sken€joso
elektronmikroskopu un rentgenstaru energijas dispersijas spektroskopu

Zinatniskajos rakstos aprakstits, ka olu aumalu sastavu veido aptuveni 96 % kalcija
karbonats. Salidzinajumam, atlikusie 4 % ir magnijs, fosfors un dazadi mikroelementi, kas
galvenokart atrodas organiskaja matrica (Ketta & Tthamova, 2016). Olas ¢aumalu veido pieci
histologiskie slani, ka paradits 3. A att€la. Divi ieksgjie slani ir neparkalkotas ieksgjas (ShMb _I)
un argjas (ShMb O) apvalka membranas, kas sastav no savstarpgji savienotam proteina
Skiedram. Membranu funkcijas ietver mineraliz€tas Caumalas stiprinasanu, jo jebkadi
trauc€jumi olas Caumalas membranas veidoSana vai struktira noveér§ normalu caumalas
mineralizacija. Turklat olas ¢aumalas membranai ir liela nozime, jo ta novér§ mikroorganismu
migraciju (Sales, Poggenpoel & Cilliers, 1996). Olas ¢aumalas membrana ir attélota ka skiedru
tikls, kas sastav no I tipa kolagéna, dermatana sulfata, hondroitina sulfata un glikozamina (Ruff
et al., 2009). Olas ¢aumalas membranas, ka vairaku veselibu veicino$u savienojumu avota
atklasana padara to praktisku un drosu ar cela osteoartritu saisttto sapju un stivuma arst€Sanai
(Ruff et al., 2009). Ka var redzgt, aiz olas ¢aumalas membranam seko mineralizétais konusu
masivs, ko sauc par mamilaro slani (MaL). Mineralizacijas gaita mamilarais slanis saplist,
veidojot kompaktu palisades slani (PsL). Palisades slanis, kas atbilst divam tresdalam olas
caumalas mineralu biezuma, beidzas pie plana vertikala kristala slana, kas ir perpendikulars
Caumalas virsmai un atrodas uz Caumalas argjas mineralas virsmas. Ar&jais slanis, jeb kutikula
(CuL), ir proteina pléve, kas izvietota uz olas ¢aumalas mineralas virsmas. Tas sastava ir
hidroksilapatita kristali, ka ar1 lielaka dala (2/3) no virspusgjiem olas ¢aumalas pigmentiem.

Olas Caumalas mikrostruktiras analize dzila vakuuma klatbiitneé SEM sistema, ko
izmanto, lai noveérstu elektrisko izladi pistoles bloka un lautu elektroniem netraucéti
parvietoties instrumenta, izraisija nelielu ¢aumalas membranas atdaliSanos no ¢aumalas (5. A,
B, Cun D att.). Ka redzams, olas caumalas biezums svarstas diapazona no 356.2 11dz 366.4 um,
olu ¢aumalas, kas iegiitas no sprostos turétu vistu olam H/LS/CCE, bija planakas. Tomeér ir
verts atzimét, ka starp dazadu Skirnu vistu un turé€Sanas metodém olu ¢aumalu biezuma netika
noverotas statistiski nozimigas atskiribas (p > 0.05). Novérotas vertibas atbilst Sales et al. (Sales
et al., 1996), zinojot par vistu olu ¢aumalu biezuma diapazonu no 240 lidz 370 um. Sales et al.
ar1 norada, ka arpus sprostiem turétu vistu olu ¢aumalu biezums nav vienmerigs visa olas
virsma, t.i., biezums pie poliem ir lielaks neka pie centra. Tomér Fecheyr-Lippens et al.
Savukart statistiski nozimigas atSkiribas (p < 0.05) noveérotas starp ¢aumalas membranas
biezumu, kas konstatétas robezas no 20.0 [idz 59.9 pm.

Tapat ka olas ¢aumalas biezuma gadijuma, sprostos turtu vistu olam, kas iegiitas no
H/LS/CCE vistam, bija jutami planaks olu ¢aumalu membranas slanis, savukart no H/D/BWE
olam, iegltdm no arpus sprostiem turétu vistu olam, bija biezaka membrana (4. tabula).
Planakas olu aumalu membranas, kas nove€rotas sprostos turétdm vistam, visticamak, ir
saistitas ar mineralvielu, 1pasi Cu, deficitu. Tiek zinots, ka Sis elements darbojas ka olas
caumalas membranas veidoSana iesaistits biitisks enzims, pieméram, Cu saturosas
aminoksidazes veicinatajs un sastavdala (Qiu et al., 2020).

Palisades slana biezuma un kalcita kristalu organizacijas nozimi ir uzsveérusi Stefanello
et al. (Stefanello et al., 2014b), Sie faktori veicina olas ¢aumalas izturibu. Tomer, ka redzams
(3. att.), kalcita kolonnam visas Cetras olas ir kilveida struktiira, un starp paraugiem netika
noverota biitiska atSkiriba. Turklat, veicot detalizétaku olu ¢aumalu paraugu mikroskopisko
izmekl&Sanu, netika noverotas acimredzamas lielas un vienveidigas B tipa mamilaras $tinas, un
olu ¢aumalu veidosanas kristalizacija (Park & Sohn, 2018).

Detalizétakai olu ¢aumalu mikroplaisu izp&tei izmantota SEM sist€émas veikta atpakal
izkliedeto elektronu (BSE) att€lveidoSana, laujot atdalit fazes starp bliviem un planiem virsmas
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regioniem, tadéjadi identificEjot amorfos regionus. Ar sekundaro elektronu detektoru
konstatetas actimredzamas mikroplaisas uz olas ¢aumalas argjas virsmas, ka paradits 6. attela.

Argja apvalka membrana /
Outer shell membrane
Ieksgja apvalka membrana /
Inner shell membrane
Manmilarais slanis /
Mammillary layer
Palisades slanis /

Polisade layer

Kutikukas slanis /
Cuticle layer

SEMHV: 15.0kV | WD: 9.72 mm MIRA3 TESCAN|
SEM MAG: 200x | Det: SE 200 pm SEM MAG: 200 x Det: SE 200 pm
View field: 1.38 mm | Date(m/dly): 08/14/22 Performance in nanospace View fleld: 1.38 mm | Date(m/dly): 08/07/22 Performance In nanospace

SEM HV: 15.0 kV i WD: 13.60 mm MIRA3 TESCANR SEM HV: 15.0 kV i WD: 22.20 mm
SEM MAG: 200 x ‘ Det: SE 200 pm SEM MAG: 200X | Det: SE 200 pm

L
View field: 1.38 mm | Date(m/dly): 08/14/22 Performance in nanospace View field: 1.38 mm | Date(m/dly): 08/07/22 Performance in nanospace

5.att. Dgjéjvistu olas caumala, radiala vai Skeérsgriezuma uznemta ar skengjoSo
elektronmikroskopu. Makrostruktiiras attélos redzami olas ¢aumalas ciesi piegulosi histologiski slani.
Caumalas apvalka $kiedraina membrana dzila vakuuma ietekmes rezultata ir atravusies no neorganiskas
dalas. Sarkanas bultinas norada: ShMb_O — argja apvalka membrana; ShMb 1 — ieksgja apvalka
membrana; Cp — kutikulas poras; PsL — palisades slanis; MaL — mamilaras konusveidigas $tinas; CuL —
kutikulas slanis. SEM mikrostruktiiras tika uznemtas sakotngja uzglabasanas posma (0 dienas). A — olas
no arpus sprostiem turétam déj&jvistam, parauga kods (H/HN/BCE); B — olas no arpus sprostiem turétam
dgjejvistam (H/D/BWE); C — sprostos turétas dgj&jvistas (H/LS/CCE); D — sprostos turétas dgjgjvistas
(H/HN/CCE) / Fig. 5. Radial or cross-sectional scanning electron microscopy micrographs of rigid
laying hen eggshells showing tightly abutting shell units. The fibrous shell membrane has pulled away
from the calcareous layer. Red arrows indicate: ShMb_O — outer shell membrane; ShMb_I —inner shell
membrane; Cp — cuticle pore; PsL — palisade layer; MaL — mammillary layer; CuL — cuticle layer.
Note: SEM micrographs were taken at the initial stage of storage (0 days). A — eggs from barn laying
hens (H/HN/BCE); B — eggs from barn laying hens (H/D/BWE); C — eggs from enriched cage laying
hens (H/LS/CCE); D — eggs from enriched cage laying hens (H/HN/CCE).

Biezu un garu mikroplaisu esamiba noveérota uz ¢aumalas virsmas olam, kas iegiitas no
sprostos turétam dgj&jvistam H/LS/CCE, kam sekoja arpus sprostiem turétas dgjejvistas
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H/D/BWE. Biezuma vértibas vidgji atbilst attiecigi 1.41 un 1.48 um. Abos gadijumos uz olu
caumalu virsmas novérotas zirneklu tiklam lidzigas plaisas. Vismazakais plaisu skaits, ka arT to
biezums konstateéts uz Caumalu virsmas olam, kas iegiitas no arpus sprostiem turétam
dgjejvistam H/HN/BCE un sprostos turétam dgj&jvistam H/HN/CCE, kas attiecigi atbilst 0.67
un 0.91 um. Uz caumalas virsmas olam, kas ieglitas no sprostos turétam dgj&jvistam
H/HN/CCE, ir vérojamas acimredzamas “matu” Iinijas plaisas. Jaatzime, ka zinatnieku grupa
Khabisi vadiba (Khabisi, Salahi & Mousavi, 2012) uzsvéra “matu” tipa mikroplaisas uz olu
caumalu virsmas, kas veicingja vislielako svara zudumu un izSkilSanas sp€jas samazinasanos
salidzinajuma ar zirneklu tiklam 1idzigam mikroplaisam uz olu virsmam. Ir vérts atzimét, ka no
kopgja izmekleto olu skaita, olam, kas ieglitas no H/HN/BCE arpus sprostiem turétam
dg€j&jvistam, nebija redzamu ¢aumalas virsmas plaisasanas pazimju.

4. tabula / Table 4.

Olas ¢aumalas un membranas biezuma un virsmas mikroplaisu vidéja lieluma vértibas /
Mean size values of eggshell and membrane thickness and surface microcracks

Arpus Arpus Sprostos Sprostos
sprostiem sprostiem turétas turétas
turétas turétas dejejvistas / dejejvistas /
dejejvistas / dejejvistas / Enriched Enriched
Barn eggs Barn eggs cage eggs cage eggs
H/HN/BCE H/D/BWE H/LS/CCE H/HN/CCE

ES SMB WMC ES SMB WMC ES SMB WMC ES SMB WMC
Videjais izm@rs /g5, 62 p3ob (70 3664° 50.9° 148  356.2° 20.0° 141° 362.4° 21.4° 0.91°
Average size, pm

STDEV 229 53 022 177 85 014 196 42 018 115 53 0.0

Piezime: Vertibas ir vidgjas + SD veértibas n = 50. Vidgjie raditaji viena parauga ar dazadiem
augsraksta burtiem (a,b,c) ievérojami atskiras, ja p < 0.05. SD — standarta novirze; ES — olu ¢aumalas
izmérs; SMB — olu ¢aumalas membranas izmérs; WMC — virsmas mikroplaisu platums / Values are
means + SD values of n = 50. Means within the same samples with different superscript letters (a,b,c)
are significantly different at p < 0.05. SD — standard deviation; ES — size of eggshell; SMB — size of
eggshell membrane; WMC —width of surface microcracks.
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SEM HV: 15.0 kV WD: 16.86 mm | MIRA3 TESCAN SEM HV: 15.0 kV WD: 16.97 mm MIRA3 TESCAN|
SEM MAG: 2.00 kx Det: BSE 20 pm SEM MAG: 2.00 kx Det: BSE 20 pm
View field: 138 ym  Date(m/dly): 08/05/22 Performance in nanospace View field: 138 ym  Date(m/dly): 08/05/22 Performance in nanospace

SEM HV: 15.0 kV WD: 17.14 mm | MIRA3 TESCAN| SEM HV: 15.0 kV WD: 16.93 mm MIRA3 TESCAN|

SEM MAG: 2.00 kx Det: BSE 20 pm SEM MAG: 2.00 kx Det: BSE 20 pm
View field: 138 ym  Date(m/dly): 08/05/22 Performance in nanospace View field: 138 ym  Date(m/dly): 08/05/22 Performance in nanospace

6.att. Dejejvistu olu caumalu areja virsma, kas fikséta ar skenéjoso elektronmikroskopu, kura
redzama gareniska “mata” Iinija un zirnekla tiklam lIidzigas plaisas (noraditas ar dzeltenu L
burtu ar platuma vertibam). Piezime: SkengjoSie elektronu mikrografi tika uzpemti sakotn&ja
uzglabasanas posma (0 dienas). A — sprostos turétu d&j&jvistu olas (H/HN/BCE); B — sprostos tur&tu
dgjgjvistu olas (H/D/BWE); C — arpus sprostiem turétu déj&jvistu olas (H/LS/CCE); D — arpus sprostiem
turétu dgjgjvistu olas (H/HN/CCE) / Fig. 6. The external surface of the eggshell of laying hens captured
by scanning electron microscope showing longitudinal hairline and spider like cracks (indicated by the
yellow L letter with width values). Note: Scanning electron micrographs were taken at the initial stage
of storage (0 days). A — eggs from barn housed laying hens (H/HN/BCE); B — eggs from barn housed
laying hens (H/D/BWE); C —eggs from enriched cage laying hens (H/LS/CCE); D —eggs from enriched
cage laying hens (H/HN/CCE).

Visam olu ¢aumalam EDS energiju izkliedgjosa rentgena spektroskopija elementu
kartéSanas analize (angl. elemental mapping analysis) no ¢etriem olu paraugiem atklaja gandriz
lidzigus profilus un elementu sastavu (dati nav att€loti). Kopuma olu ¢aumalas tika konstat&tas
seSu bazes elementu pazimes, t.i., Na, Mg, P, S, Caun O (7. att.). Ka noradits, intensivs signals,
kas atbilst S (s€rs) elementam, parsvara tika identific€ts uz membranas slana (vid&ji 0.94 %
svara). S klatbuitne ir saistita ar séru saturoSu aminoskabju klatbutni kolagéna bagataja frakcija,
piemé&ram, cistinu (9-10 %) un metioninu (3—4 %) (Britton & Hale, 1977).

Elementu vizualizacijas analizes laika atklata P (fosfors) klatbiitne (vidgji 1.50 % svara),
galvenokart kalcija fosfata (Ca3(PO4)2) veida, ka zino Li et al. (Li et al., 2022). So
apgalvojumu var pastiprinat tads pats vienmeérigs Ca un O elementu sadalijuma modelis ka P
visa olu Caumalas mamilara un palisades slanos. Ir vérts atzimét, ka EDS kartéSanas analizes
laika P klatbiitne ar augstu signala intensitati noverota ar1 olu ¢aumalu argja dala. Tikmer atklata
tada pati intensiva Mg nogulsnéSanas pie caumalas iek$€jas un argjas virsmas (videji 0.92 %
svara).
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7. att. Elementu kartéSanas analize (A) un energijas dispersijas spektrogrammas, kuras
atspogulots elementu sadalijums (B) olu ¢aumalas. Olu Caumalas iegttas no H/D/BWE arpus
sprostiem turétu dgj&jvistu olam, kuru vecums ir 42 nedg€las. Piezime: S — sérs; P — fosfors; Mg —
magnijs; Ca — kalcijs; C — ogleklis; O, — skabeklis / Fig. 7. Elemental mapping analysis (A) and energy
dispersive spectroscopy (B) of the eggshell. Eggshell derived from eggs of H/D/BWE barn cage laying
hens aged 42 weeks. Note: S — sulphur; P — phosphorous; Mg — magnesium; Ca — calcium; C — carbon;
O — oxygen.

Par Mg klatbutni magnija karbonata (MgCQO3) veida zinoja Borhade un Kale (Borhade &
Kale, 2017) pétijumi. O, C un Ca elementu Iimeni bija visaugstakie starp visiem elementiem,
kas atbilst attiecigi 48.3, 30.1 un 19.8 % svara sadalfjumam. Oglekla (C) ka galvena elementa,
kas noveérots kopa ar Ca un O, klatbutne ir izskaidrojama ar abpus€ju adhezivu oglekla disku,
ko izmanto olu Caumalu paraugu fikséSanai. Iepriek$gjie pétijumi ar olu ¢aumalu EDS elementu
kartéSanas analizi atklaja kalcija karbonata (CaCOgs) klatbiitni, kas veido 97 % no kopgja
elementu daudzuma.

Sakotngjais olu galveno kvalitates Tpasibu novertéjums atklaj statistiski nozimigas (p <
0.05) atskiribas izvéeletajas kriteriju vertibas: olu svars, gaisa kameras izmérs, olu ¢aumalu
pliSanas stipriba, olu baltuma augstums, Haugh vieniba (iznemot pH vértibu) 36 uzglabaSanas
dienu laika pie apkart&jas vides temperatiiras 20+1 °C un relativa gaisa - mitruma (RH) 50 %.
Biitiskakas olu fizikalas izmainas uzglabasanas laika bija olu svara (6. tabula.). P&c 11 dienu
uzglabasanas noveérots olu svara samazinajums par 4.1 %, salidzinot ar katra olu parauga
sakotngjo vertibu. Rezultati saskan ar zinatnieka Khan vadiba veiktajiem pétijumiem (Khan et
al., 2014), kas norada uz saméra lidzigu procentualo samazinagjumu péc 11 dienu olu
uzglabasanas 21+2 °C temperatura. Tika konstatéts, ka svara zudums péc 28 uzglabasanas
dienam ir robezas no 5.3 lidz 12.2 %, kas ir butiski augstaks, neka zino Dzounss et al. (Jones et
al., 2018) nemazgatam olam, kas Cetras ned€las turétas 22+2 °C temperatiira. P&tfjjumos
ievérojama ola gaisa kameras palielinaSanas novérota jau péc olu 11 dienu uzglabaSanas, kas
atbilst palielinajumam diapazona no 18.7 lidz 53.8 %, kur olam no sprostos turétam vistam
H/HN/CCE bija visniecigakais pieaugums, bet olam, kas iegiitas no sprostos turétam vistam
H/LS/CCE visaugstakais. ST petijuma rezultati atklaja pakapenisku olu baltuma augstuma
samazinasanos 36 uzglabasanas dienu laika. Eksperimenta noteikts, ka olu baltuma pH
pirmaja uzglabasanas diena svarstas robezas no 8.9 lidz 9.3, un olu baltumam, kas iegiits no
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sprostos turétu vistu olam H/NH/BCE, bija viszemaka vertiba, bet olu baltumam, kas iegiits no
olam, kuras iegiitas no arpus sprostiem turétam déj&jvistam H/D/BWE — visaugstakais.

5. tabula / Table 5.
Neapstradatu olu fizikali-kimisko ipasibu izmainas uzglabasanas laika, kopsavilkums /
Changes in physicochemical properties of raw eggs during storage, summary

Paraugs/ Olu Gaisa Olu ¢aumalu Olu baltuma Haugh Olu baltums /
Sample svars / kameras pliSanas stipriba / augstums / vieniba / Albumen,
Egg izmérs / Eggshell breaking Albumen Haugh pH
weight,  Air cell size, strength, height, unit
g mm N mm
15 uzglabasanas dienas / days of storage
H/LS/CCE -0.03 % 84.62 % -5.90 % -26.52 % -18.49 % 1.63 %
H/HN/CCE  -1.89 % 25.00 % -11.84 % -36.70 % -24.60 % 2.30 %
[ H/HN/BCE  -1.67% 15.79 % -9.35 % -17.90 % -12.62 % 1.99 %
H/D/BWE -4.41 % 44.44 % -5.34 % -35.33 % -23.24 % 1.20 %

28 uzglabasanas dienas / days of storage

H/LS/CCE -5.32% 123.08 % -13.47 % -45.37 % -34.21% 2.18%
H/HN/CCE  -12.03 % 93.75 % -9.21 % -63.89 % -49.98 % 241 %
[ H/HN/BCE -6.55 % 36.84 % -2.03 % -44.37 % -33.45 % 1.99 %
H/D/BWE -12.24% 72.22% -71.28 % -40.79 % -30.11 % 2.30%

Piezime: H/LS/CCE — olas no sprostos turétam dgj&jvistam; H/HN/CCE — olas no sprostos
turétam dgjéjvistam; H/HN/BCE — olas no arpus sprostiem turétam dgj&jvistam; H/D/BWE — olas no
arpus sprostiem turétam dgj&jvistam / Note: H/LS/CCE — eggs from enriched cage housed laying hens;
H/HN/CCE - eggs from enriched cagehoused laying hens; H/HN/BCE — eggs from barn housed laying
hens; H/D/BWE — eggs from barn housed laying hens.

Nemot vera analizétos datus par olam no sprostos turétam d&j&jvistam un arpus sprostiem
turétam dgj&jvistam, var secinat ka paraugi H/HN/BCE (arpus sprostos turétas déjéjvistas)
fizikalas un kimiskas ipasibas konstateti ar minimalam izmainam. Var secinat, ka izejvielu, ko
nebija iesp€ams realiz€t pakota veida pirmas seSas dienas, var izmantot, parstradajot
pasterizeta Skidra olu masa. 15 uzglabasanas dienu laika izejvielas svara zudumi var mainities
no 0.03 % lidz 4.41 %, savukart 28 uzglabasanas dienu laika zudumu % palielinajas no 5.32 %
lidz 12.24 %, ka rezultata sadardzinas produkta pasizmaksa (5. tabula).
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2. Pasterizetas un Cetru veidu iepakojumos fasétas olu masas izvértéjums
uzglabasanas laika

Sobrid eksperimentala izstradné marketinga noliikos uznémuma Balticovo tiek analizgti
dazada veida iepakojumi, kam ir nozime ne tikai produktu drosibas nodro$inasanai, bet ari &rtai
lietoSanai un efektivai patérétaju informéSanai. Pasteriz€tas olu masas kvalitates saglabaSana
tiek analiz&ta, izmantojot tadus iepakojumus ka augsta blivuma polietiléna (HDPE) pudeles,
polictiléntereftalata (PET) pudeles, daudzslanu laminétas stavpakas - Doypack (DP) un
lamingta kartona Tetra Pak® Bio based (TP) pakas (8. att.). Tomér lidz $§im analiz&tie dati nav
pietickami, lai sniegtu neparprotamus apgalvojumus par viena vai otra iepakojuma
priekSrocibam, jo Iidz $im nav publicéti zinojumi par pasterizetas skidras olu masu kvalitates
saglabaSanos.

Balstoties uz 1. nodala iegiitajiem rezultatiem, izlemts pasteriz&to olu masu razot no olam,
kas iegiitas no arpus sprostiem turétam déj&jvistam, paraugs (H/HN/BCE) péc AS “Balticovo”
izstradatas tehnologijas (skat. 2. att.). Pasteriz&tas $kidras olu masas razosanas tehnologiska
shéma), un olas parveidot par olu masu ne vélak ka 28 dienas péc to izdeSanas, saskana ar
iegiitajiem 1. nodalas rezultatiem. Produkts p&c pakoSanas uzglabats 35 dienas 4+1 °C
temperatura.
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8. att Izejvielu izmantoSanas efektivitates shéma olu un pasterizétas olu masas nodrosinasanai:
HDPE — augsta blivuma polietiléna pudele; PET — polietilentereftalata pudele; TP — Tetra Pak® Bio
based laminéta kartona paka; DP — Doypack, lamin&ta daudzslanu materiala (PE/PAP/EVOH/PE)
stavpaka. / Fig. 8. Raw material transformed efficiency scheme for providing eggs and pasteurized egg
mass: HDPE — high-density polyethylene bottle; PET — polyethylene terephthalate bottle; TP — Tetra
Pak® Bio based laminated cardboard package; DP — Doypack, stand-up pack of laminated multilayer
material (PE/PAP/EVOH/PE).
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Mineralvielu satura izvértéjums pasterizétas un iepakotas olu masas uzglabasanas laika /
Evaluation of mineral content during storage of pasteurized and packaged egg mass

Olu sastava eso$as mineralvielas, pieméram, Ca, P, Cu, Fe, Mn un Zn, pieder pie
ietekmigakajiem un pamata mikroelementiem, kas ir bitiski cilvéku un ar1 calu uztura. Lidz ar
to tie biezi tiek papildus pievienoti majputnu uzturam. Tadgjadi pastav saistiba starp $o
elementu avotiem un devam majputniem, uzkrasanos audos un produktos, izdaliSanos no
organisma un to uzkrasanos augsné un augos (Attia, Al-Harthi & Shiboob, 2014). Literattira ir
reti sastopami p&tijumi par mineralvielu saturu dazadas olu dalas. Olu mineralvielu saturam ir
ievérojama ietekme uz veselibu, un musdienas pieaug interese papildinat olas ar vairakiem
mineraliem, pieméram, Se, Fe, Cr un Zn, lai sniegtu labumu cilvéku veselibai. Turklat
mineralvielu saturs olas un olu ¢aumalas uzrada diezgan atSkirigu koncentraciju atkariba no
elementa devas un formas un citiem faktoriem, pieméram, fiziologiskiem iemesliem,
lopkopibas prakses, geografiska apgabala, ka arT baribas papildu piedevas (Kirse-Ozolina
2019).

Ka rada lidzigu pétijumu dati, redzams, ka uztura lictotas olas satur nozimigu
mineralvielu daudzumu - nodro$inot no 63 1idz 97 % no vidgja apjoma, kas ieteikts ES Regula
Ne 1169/2011 (Regulation (EU) No 1169/2011 of 2011, Roseland et al., 2022). Ka rada citu
zinatnieku pétijumi, pasterizéta olu masa mineralvielas — cinks, fosfors, kalcijs, var§ — ir
ievérojami mazaka koncentracija — attiecigi 47 %, 52 %, 56 % un 57 %, no rezultatiem lidziga
pétijuma Sophie Réhault-Godbert (6. tabula).

6. tabula / Table 6.
Mineralvielu saturs pasterizeta olu masa péc 35 uzglabasanas dienam ¢etru veidu
iepakojumos / Reduction of mineral content in pasteurized egg mass after 35 days of storage
in four types of packaging compared to the day of packaging

Mineralvielas / Minerals Raditaji / Parameters, mg 100g~!
Fosfors (F) 130.00+6.50

Natrijs (Na) 140.00+7.00

Kalijs (K) 116.00+5.80

Kalcijs (Ca) 36.00+1.80

Magnijs (Mg) 11.00+0.55

Dzelzs (Fe) 1.37+£0.07

Cinks (Zn) 0.88+0.04

Vars (Cu) 0.05+0.00

Mineralvielas: Kalijs un dzels — mazak par 19 % un 27 % un mineralvielas natrijs un
magnijs — nenozimigi atskiras: 1 % un 9 %, salidzinot ar lidzigiem p&tijjumiem Sophie Réhault-
Godbert (Réhault-Godbert et al., 2019). Savukart salidzinot datus, kas iegiiti Youssef A. Attia,
Mohammed A. Al-Harthi & Mohamed M. Shiboob pé&tijuma, mineralvielu pétitaja produkta ir
vairak, t.i., - no 35 % lidz 48 % (Attia et al., 2014).

Vitaminu dinamika pasterizéta un iepakota olu masa uzglabasanas laika / Dynamics of
vitamins in pasteurized and packaged egg mass during storage

Pasteriz€ta olu masa ir vitaminiem bagats produkts, kura no vitaminiem iztriikst vienigi
C vitamins. C vitamina neesamiba olas var€tu bit saistita ar faktu, ka putni var apmierinat
vajadzibas p&c C vitamina no baribas, ko uznem, tacu pats organisms to nesintez& (Nys et al.,
2011; Simons et al., 2017).

Zinatnieki ir pieradijusi, ka olu kvalitate ir mainiga un atkariga no vairakiem fizikaliem,
kimiskiem un biologiskiem faktoriem. Ir pieradits, ka olu veseliguma mainigums ir saistits ar
tiribu, svaigumu, fizikalajam 1pasibam, mikroorganismu piesarnojumu, kimisko atliekvielu
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piesarnojumu un atbilstoSu uzturvielu saturu. Ped€ja laika ir pastiprindjusies interese par
uzturvielu sastavu olas. Ir veikti zinatniskie p&tijumi par vitaminu satura mainigumu olas un
faktoriem, kas to var ietekmét, ka ar aprékinata vitaminu daudzuma pareja olas atkariba no
vitaminu satura vistu bariba (Naber 1993). Ola un, it seviski, olas dzeltenums izcelas ar
ieveérojamu vitaminu saturu un daudzveidibu, proti, ta sastava ietilpst gandriz visi vitamini. Olas
dzeltenums satur ievérojamu A, D, E, K, B2, B4 Bs, B, Bg un B12 vitaminu daudzumu, savukart
olu baltuma ir liels B2, B3 un Bs vitaminu daudzums un ari ievérojams B1, Be, Bs, Bg un B12
vitaminu saturs. Diena ap&dot divas olas, tiek nodrosinati no 10 % Iidz 30 % no
rekomend€jamas B grupas vitaminu dienas devas. Jaatzimé, ka taukos SkistoSo vitaminu (A, D,
E, K) saturs olas dzeltenuma ir atkarigs no vistas baribas. Papildus Siem vitaminiem olas ir
galvenais holina avots, kas galvenokart ir koncentréts dzeltenuma (680 mg 100 g! olas
dzeltenuma pret 1 mg 100 g! olas baltuma) (Anton, Nau & Nys, 2006; Réhault-Godbert et al.,
2019).

P&c iegiitiem rezultatiem var secinat, ka iepakojuma paraugs TP — Tetra Rex Bio based
laminéta kartona paka sp€ja nodro§inat vitaminu 35. uzglabasanos dienu laika pasterizeta olu
masa. Vitaminu zudumi $aja tipa iepakojuma sastadija no 1.2 lidz 24.6 %. Var atzimét, ka
HDPE un PET iepakojumi mazaka méra veicingja vitaminu saglabasanos, jo vitaminu zudumi
sastadija attiecigi no 1.0 1idz 25.4 % un no 3.4 1idz 27.2 % (7. tabula). Visbitiskakie vitaminu
zudumi visos iepakojumos novéroti B2 un By satura.

7. tabula/ Table 7.
Vitaminu satura samazinajums pasterizéta olu masa péc 35 uzglabasanas dienam ¢etru
veidu iepakojumos /
Reduction of vitamin content in pasteurized egg mass after 35 days of storage in four types of
packaging compared to the day of packaging

Vitamini / Vitamini, A%

Paraugi / A E D B. Ba Bs Bs By B
Samples vitamins ~ vitamins vitamins vitamins vitamins vitamins vitamins vitamins vitamins
TP -14.8 -1.0 -1.2 -24.6 -5.8 -10.6 -5.0 -14.3 -8.3
HDPE -23.0 -1.0 -2.4 -25.4 -17.1 -26.1 -11.0 -16.4 -8.3
PET -20.7 -3.4 2.4 -27.2 -16.7 -24.1 -10.0 -15.3 -12.5
DP -18.5 -1.0 -2.4 -26.3 -12.5 -12.6 -15.0 -15.9 -12.5

Pasterizeétas un iepakotas olu masas taukskabju profila izmainas 35 dienu uzglabaSanas
laika / The changes in fatty acids profile of pasteurized liquid whole egg products during 35
days of storage in four types of packaging

Taukskabju veidus lipidiem, kas ekstrah&ti no olu masas, kura iepakota cetru veidu
iepakojumos un uzglabata Iidz 35 dienam 4+1 °C temperatiira, ir paradits 10. attela. Kopuma
identific€tas un kvantitativi noteiktas 28 taukskabes. Visos produktos identificétas sekojosas
taukskabes: oleinskabe (C18:1n9¢c) (42.45 %), palmitinskabe (C16:0) (23.49 %), linolskabe
(C18:2n6c¢) (8.86 %), stearinskabe (C18:0) (6.64 %) uzglabasanas sakuma (9. att.). Rezultati
ciesi sasaucas ar zinatnieka Zita et al. (Zita et al., 2022) pétijuma rezultatiem, kas norada uz
salidzino$i lidzigu taukskabju saturu un procentualo sadalijumu biologiskajas olas. Ka redzams,
uzglabasanas rezultata strauji samazinajas taukskabju saturs, un to procentualais samazinajums
bija atkarigs no uzglabasanas laika un iepakojuma veida.
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9. att. Taukskabju metilesteru (FAME) standartizdaliSanas laiku GC/MS hromatogramma
/ Fig. 9. GC/MS chromatogram of fatty acid methyl ester (FAME) standard separation times.
6.87 min (C11:0 — undekanskabe), 7.48 min (C12:0 — laurinskabe), 8.15 min (C13:0 —
tridekanskabe), 8.91 min (C14:0 — miristinskabe), 9.36 min (C14:1 — miristoleinskabe), 9.76 min
(C15:0 — pentadekanskabe), 10.29 min (C15:1 — pentadecénskabe), 10.73 min. (C16:0 —
palmitinskabe), 11.19 min (Cl6:In7c - palmitoleinskabe), 11.80 min (C17:0 -
heptadekanskabe), 12.32 min (C17:1 — heptadekanskabe), 12.97 min (C18:0 — stearinskabe),
13.24 min (C18:1n9t — elaidinskabe), 13.41 min (C18:1n9¢ — oleinskabe), 13.79 min (C18:2n6t
— linolelaidinskabe), 14.21 min (C18:2n6c¢ — linolskabe), 14.76 min (C18:3n6¢ — y-linolénskabe),
15.23 min (C18:3n3c — a-linolénskabe), 15.47 min (C20:0 — arahinskabe), 15.95 min (C20:1n9¢c
— eikozénskabe), 16.76 min (C21:0 — heneikozanskabe), 16.83 min (C20:2n6c -
eikozadienskabe), 17.39 min (C20:3n6¢c - eikozadiénskabe), 17.76 min (C20:4n6c -
eikozatetraénskabe), 17.87 min (C20:3n3c - eikozatrienskabe), 18.06 min (C22:0 -
dokozanskabe), 18.56 min. (C22:1n9¢c - erucinskabe), 18.84 min. (C20:5n3¢ -
eikozapentagénskabe), 19.34 min (C23:0 - trikozanskabe), 19.46 min (C22:2n6c -
dokozadienénskabe), 20.60 min (C24:0 — tetrakozanskabe), 21.12 min (C24:1n9¢c
tetrakozénskabe), 21.90 min (C22:6n3¢c — dokozaheksaénskabe) / Fig. 9. 6.87 min (C11:0 —
undecanoic acid), 7.48 min (C12:0 — dodecanoic acid), 8.15 min (C13:0 —tridecanoic acid), 8.91
min (C14:0 — tetradecanoic acid), 9.36 min (C14:1- tetradecenoic acid), 9.76 min (C15:0 —
pentadecanoic acid), 10.29 min (C15:1 — pentadecenoic acid), 10.73 min (C16:0 — hexadecanoic
acid), 11.19 min (C16:1n7c — hexadecenoic acid), 11.80 min (C17:0 — heptadecanoic acid),
12.32 min (C17:1 — heptadecenoic acid), 12.97 min (C18:0 — octadecanoic acid), 13.24 min
(C18:1n9t —octadecenoic acid), 13.41 min (C18:1n9c — octadecenoic acid), 13.79 min (C18:2n6t
— linolelaidic acid methyl ester), 14.21 min (C18:2n6¢c — octadecadienoic acid), 14.76 min
(C18:3n6¢ — octadecatrienoic acid), 15.23 min (C18:3n3c — octa-decatrienoic acid), 15.47 min
(C20:0 — eicosanoic acid), 15.95 min (C20:1n9c — eicosenoic acid), 16.76 min (C21:0 —
heneicosanoic acid), 16.83 min (C20:2n6c — eicosadienoic acid), 17.39 min (C20:3n6c —
eicosatrienoic acid), 17.76 min (C20:4n6c — arachidonic acid), 17.87 min (C20:3n3c —
arachidonic acid), 18.06 min (C22:0 — docosanoic acid), 18.56 min (C22:1n9c — erucic acid),
18.84 min (C20:5n3c — eicosapentaenoic acid), 19.34 min (C23:0 — tricosanoic acid), 19.46 min
(C22:2n6¢ — docosadienoic acid), 20.60 min (C24:0 — tetracosanoic acid), 21.12 min (C24:1n9c
— tetracosenoic acid), 21.90 min (C22:6n3c — docosahexaenoic acid).

Konstatéts, ka linolskabes saturs ir atkarigs no uzglabasanas laika un iepakojuma veida.

P&c 15 dienu ilgas olu masas uzglabasanas lielakais $is taukskabes zudums novérots TP un DP
iepakojumos, procentualais zudums ir attiecigi 30.5 % un 31.2 %. P&c 35 uzglabasanas dienam
linolskabes daudzums samazinajas par 22.7-27.9 %, salidzinot ar sakotn€jo vertibu.
Vismazakie taukskabes zaud&jumi noveéroti DP iepakojuma pasterizéta olu masa (22.7 %), bet
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vislielakie iepakojumus PET (27.9 %) un TP (27.7 %). Tomér ir veérts atzimét, ka nebija biitisku
atSkiribu (p > 0.05) linolskabes satura no 15. lidz 35. dienai péc olu masas uzglabasanas PET
iepakojuma. Diemzel literatiira pieejamo datu ierobezota apjoma d&l, noveroto veértibu tieSu
salidzinasanu nevargja veikt. Tomér Drabik un kolektivs (Drabik et al., 2021) norada uz
linolskabes satura palielinasanos par 16.7 % un samazinajumu par 16.1 % olu dzeltenuma, kas
uzglabats kartona attiecigi istabas temperattira un pazeminata 5+1 °C temperatiira 28 dienas.
Tomer iepriekSminétie autori zino tiesi pretejas vertibas attieciba uz plastmasas iepakojumu,
kur linolskabes satura samazindajums olas dzeltenuma istabas (211 °C) un ledusskapja
(5+1 °C) apstaklos sasniedza attiecigi 16.7 % un tikai 2.9 % (10. att.).
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10. att. Taukskabju profils pasterizéta olu masa attieciba pret uzglabasanas laiku un iepakojuma
veidu, %. Vertibas ir tris atkartojumu vidéjie (n = 3). SFA — piesatinatas taukskabes; MUFA —
mononepiesatinatas taukskabes; PUFA — polinepiesatinatas taukskabes; Olu masas paraugi iepakoti
sekojosos iepakojumos: HDPE — augsta blivuma polietiléna pudele; PET — polietiléntereftalata pudele;
TP — Tetra Rex Bio based laminéta kartona paka; DP — Doypack, laminéta daudzslanu materiala
(PE/PAP/EVOH/PE) stavpaka / Fig. 10. Fatty acid profile of pasteurized liquid whole egg mass in
relation to the time of storage and type of packaging, % FW. Values are means of triplicates (n = 3).
SFAs — saturated fatty acids; MUFAs — monounsaturated fatty acids; PUFAs — polyunsaturated fatty
acids; HDPE - high density polyethylene bottle; PET — polyethylene terephthalate bottle; TP — Tetra
Rex Bio based laminated cardboard package; DP — Doypack, laminated multilayer material
(PE/PAP/EVOHY/PE) stand-up pack.

Taukskabju saturu pasterizeta olu masa ietekme gan uzglabasanas laiks, gan iepakojuma
materials. Neatsaucoties uz atsevisku TS satura pieaugumu, kas, iesp&jams, ir izskaidrojams ar
mitruma zudumu, labaku mononepiesatinato taukskabju (MUFA) saglabasanu panaca
produkta, kas iepakots HDPE iepakojuma, kam sekoja paraugs PET iepakojuma. Tikmer
statistiski nozimiga TP iepakojuma priekSrociba salidzinajuma ar citiem iepakojuma
materialiem ir apstiprinata attieciba uz polinepiesatinatam taukskabém (PUFA) péc pasterizétas
olu masas 35 uzglabasanas dienam.
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Holesterins

Olas ir uztura zinatnes specialistu pretrunigi vértéts produkts, jo tajas ir augsts piesatinato
taukskabju saturs (apméram 3 g 100 g) un holesterina saturs (apméram 200-300 mg 100 g1).
So divu Tpasibu d&] pedejo 40 gadu laika sabiedriba tika bridinata par biezu olu patérinu, jo
augstajam holesterina saturam ir iesp&jama saistiba ar sirds un asinsvadu slimibam (SAS). Tas
tika balstits uz pienémumu, ka augsts holesterina pat€rin$ uztura ir saistits ar augstu
asinsspiedienu (Uzturvielas, 2015). Péc tam turpmakie p&tijumi liecina, ka atskiriba no SFA un
PUFA uztura holesterinam kopuma un, jo 1pasi holesterinam olas, ir ierobezota ietekme uz
holesterina Iimeni asinis un SAS (Vercese, Beatriz & Faitarone, 2013).
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11. att. Holesterina saturs olu maisijuma 0. diena un péc 15 un 35 uzglabasanas dienam. Vertibas
ir tr1s atkartojumu vidgjie (n = 3). Olu masas paraugi iepakoti sekojosos iepakojumos: HDPE — augsta
blivuma polietiléna pudele; PET — polietiléntereftalata pudele; TP — Tetra Rex Bio based lamingta
kartona paka; DP — Doypack, laminéta daudzslanu materiala (PE/PAP/EVOH/PE) stavpaka / Fig. 11.
Cholesterol content of egg mixture on day 0 and after 15 and 35 days of storage. Values are means of
triplicates (n = 3). HDPE — high density polyethylene bottle; PET — polyethylene terephthalate bottle;
TP — Tetra Rex Bio based laminated cardboard package; DP — Doypack, laminated multilayer material
(PE/PAP/EVOHY/PE) stand-up pack.

Pamatojoties uz test€Sanas rezultatiem (11. att.), var secinat, ka holesterina daudzums
pasteriz€ta olu masa 15. uzglabasanas diena samazinajas visos Cetros iepakojumos lidzigi: no
11.5 % parauga DP lidz 16.4 % parauga PET. Savukart 35. uzglabasanas diena vismazakais
samazinajums konstatets TP iepakojuma — 23.6 %, vislielakais samazinajums konstatéts PET
iepakojuma — Iidz 31.6 %. Lidzigi rezultati par holesterina izmainam pasterizéta produkta
uzglabasanas laika publicgjusi zinatnieku grupa Risso vadiba 2021. g. (Risso et al., 2021).
Mingétaja petijuma konstat€tas izmainas oksisterina daudzuma, kas ir fermentativas un kimiskas
holesterina oksidacijas produkts. Oksisterina ietekme partikas produktu uzturvertiba samazinas
siltuma, gaismas, starojuma un skabekla iedarbibas rezultata, kas ir salidzinami ar
mononepiesatinato un polinepiesatinato taukskabju sastava nozimigajam izmainam pétitajos
PET un DP iepakojumos.
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Pasterizétas un iepakotas olu masas aminoskabju profila izmainas uzglabasanas laika /
The changes in the amino acid profile of pasteurized and packaged egg masses during
storage

Olu masas aminoskabes (AS) sakotngjas analizes pétijuma uzsaks$anas sakuma (0. diena)
norada uz 17 AS klatbiitni, kuru vértibas svarstas diapazona no 0.21 Iidz 1.15g 100 g '. Ka rada
ieglitie rezultati, apjoma zina nozimigaka ir glutaminskabe, kam seko asparaginskabe, leicins
un lizins, kuru vértibas atbilst attiecigi 1.15, 0.92, 0.75 un 0.68 g 100 g '. Novérotas vértibas
atbilst tam, par kuram zinoja zinatnieku grupa Attia vadiba (Sato et al., 2020), kas arT norada
uz glutaminskabes satura parsvaru par citam AS veselas olas, kas iegtitas no Single Comb White
Leghorn d&j&jvistam.
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8. tabula/ Table 8.

Pasterizétas olu masas aminoskabju profils attieciba pret uzglabasanas laiku un iepakojuma veidu, g 100 g' SS/
Amino acid profile of Pasteurized liquid whole egg mass in relation to the time of storage and type of packaging, g 100 g~/ FW
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Piezimes: Vertibas ir tris atkartojumu vid&jie + SD (n = 3). Viena rinda ar dazadiem augsraksta burtiem (a,b,c,d,e,f,g) ievérojami atskiras, ja p < 0.05. Olu masas
paraugi iepakoti sekojoSos iepakojumos: HDPE — augsta blivuma polietiléna pudele; PET — polietiléntereftalata pudele; TP — Tetra Rex Bio based laming&ta kartona
paka; DP — Doypack, laminéta daudzslanu materiala (PE/PAP/EVOH/PE) stavpaka; NAs — kopgjas neaizstagjamas aminoskabes; AAS — kopgjas aizstajamas
aminoskabes; NAS/AAs — kop&jo neaizstajamas un aizstajamas aminoskabju attieciba; SS — svaigs svars; SD — standarta novirze; n.d. — nav atklats / Note: Values are
means + SD of triplicates (n = 3). Means within the same row with different superscript letters (a,b,c,d,ef,g) are significantly different at p < 0.05. HDPE — high
density polyethylene bottle; PET — polyethylene terephthalate bottle; TP — Tetra Rex Bio based laminated cardboard package; DP — Doypack, laminated multilayer
material (PE/PAP/EVOH/PE) stand-up pack; EAAs — total essential amino acids; NEAAs — total non-essential amino acids; EAAS/NEAAs — the ratio of total essential
to non-essential amino acids; FW — fresh weight; SD — standard deviation; n.d. — not detected.
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Pasteriz€tas olu masas aminoskabju profils attieciba pret uzglabasanas laiku un
iepakojuma veidu pirma diena parada sekojosus rezultati: kop€jas neaizstajamas aminoskabes
4.84 g 100 g !, kopgjas aizstajamads aminoskabes 4.99 g 100 g~'. P&c 15. uzglabasanas dienam
kopgjas neaizstajamas aminoskabes vissbitiskak samazinajas parauga TP (samaziniajums par
14.2 %). Kam seko lidzi iepakojumi HDPE un DP (samazinajums par 13.4 % un 11.4 %).
Nebitiskais samazinajums konstatéts iepakojuma PET (samazinajums mazak neka 1 %). P&c
35. uzglabasanas dienam kopgjas aizstajamas aminoskabes viss biitikak samazinajas parauga
TP un HDPE (samazinajums par 14.0 %). Kam seko lidzi iepakojums DP (samazinajums par
13.4 %). Nebiitiskais samazinajums konstatéts iepakojuma PET (samazinajums mazak neka
1 %). Péc 15. un 35. uzglabasanas dienam kopgjas neaizstajamas aminoskabes nebiitiskais
samazinajus konstates parauga PET iepakojuma (samazinajums mazak neka 1 %).

Veicot aminoskabju profila izpéti, tika konstatéts, ka vidgji kopgjais aminoskabju satura
samazinajums visiem paraugiem iepakojumos atbilst no -3.2% lidz -0.9%. Kopuma, pateicoties
izcilajam barjeripasibam, polietilénstereftalata (PET) iepakojums demonstréja labaku
aminoskabju saglabasanos. No sakotngjas vertibas 1idz 35. uzglabasanas dienai tika noveérots
tikai 0.9% samazinajums.

Mikrobiologisko parametru izmainas uzglabasanas laika / Dynamics of microbiological
parameters during storage

Lai panaktu produktu drosibu un nekaitigumu, pasterizacijas reZimi svarstas no 65 lidz
68 °C temperatiira pie izturéSanas no 2 lidz 5 minitém. nodrosinot vegetativo mikroorganismu
daudzuma samazinaSanu par 5 Iidz 6 log, pasi iznicinot Salmonella enteritidis un samazinot
Listeria monocytogenes (Lechevalier et al., 2017). Olu parstradé pasterizacijas rezimu ietekmée
olbaltumvielu termiska stabilitate. Pasterizacijas rezims 3.5 lidz 5 miniites 65 lidz 68 °C
temperatiira samazina ovotransferina, livetina, ovalbumina, apovitelenina, lizocima un/vai
ovomucina denaturaciju (Lechevalier et al., 2017). Olas viskozitates paliclinaSanas tiek
funkcionalitati, ja to kars€ Iidz 60 °C (Necidova et al., 2019), karséSana virs §Ts temperatiiras
samazina putoSanas un emulsiju veidoSanas 1pasibas. Augsts viegli sagremojamo olbaltumvielu
saturs vesela ola ir liels ieguvums cilvéku uzturam (Lechevalier et al., 2017).

Papildus fizikali-kimiskajam ipasibam un uztura aspektiem mikrobiologiska kvalitate
nosaka ari partikas droSumu un piem@rotibu patérinam (Isnawaida et al., 2021).
Mikroorganismu klatbiitne olas apdraud talaku mikroorganismu attisttbu mazumtirdzniecibas
vide. Mezofili aerobo un fakultativi anaerobo mikroorganismu skaits (MAFAmM) ir saistits ar
olu drosibu un produkta uzglabasanas laiku (Chousalkar, Khan & McWhorter, 2021). MAFAmM
attistibas dinamikas raksturoSanai veikta pasterizétas skidras olu masas uzglabaSana, izmantojot
Cetrus iepakojuma veidus, kas paraditi 12. att€la. Péc iegltajiem rezultatiem var redzet, ka
vidgjais KVV skaits sakotngja uzglabasanas posma svarstijas robezas no 3.06 lidz 3.11 logio
KVV g
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12. att. MAFAmM skaita dinamika pasterizéta Skidra olu masa 35 uzglabasanas dienu laika Cetru
veidu iepakojumos. Vértibas ir tris m&rfjumu vid&jie + SD (n = 3). Vidgji viena un taja pasa
uzglabasanas perioda (* — 0. diena, ** — 15. diena, *** — 35. diena) ar dazadiem auggraksta burtiem (a,
b, c) butiski atskiras pie p <0,05. HDPE — augsta blivuma polietilena pudele; PET — polietilentereftalata
pudele; TP — Tetra Rex Bio based laminéta kartona paka; DP — Doypack, lamin&ta daudzslanu materiala
(PE/PAP/EVOH/PE) stavpaka / Fig. 12. Total plate count growth dynamics during pasteurized liquid
whole egg mass storage for 35 days in four types of packaging. Values are means + SD of triplicates (n
= 3). Means within the same storage period (* — 0 day, ** — 15 days, *** — 35 days) with different
superscript letters (a,b,c) are significantly different at p < 0.05. HDPE — high density polyethylene
bottle; PET — polyethylene terephthalate bottle; TP — Tetra Rex Bio based laminated cardboard
package; DP — Doypack, laminated multilayer material (PE/PAP/EVOH/PE) stand-up pack.

Skidro olu masu mikrobiologisko parametru noteik§ana. Pasterizétas $kidras olu
masas kvalitates izmainas, to uzglabajot 4+1 °C temperatiira hermétiski noslégta iepakojuma,
analizgtas 0., 15. un 35. uzglabasanas diena. Mikrobiologiskajiem raditajiem, saskana ar spéka
esosajam normam (Eiropas Komisija 2005, regula 2073/2005). Enterobacteriaceae atbilst
defingtam partikas drosibas kritérijam logiy <10> KVV g!. Pienskabes baktérijas nav
konstatgtas un atbilst kritérijam log;o <10 KVV g~!. Salmonella spp. klatbiitne nav konstat&ta
25 g izmekl&jama parauga. Mezofili aerobo un fakultativi anaerobo mikroorganismu kopskaits
atbilst log;o < 10 KVV g~ ! produkta 35. uzglabasanas diena, HDPE — augsta blivuma polietiléna
pudele — rezultati atbilst 4.64 logio KVV g, PET — polietiléntereftalata pudele — atbilst 4.91
logio KVV g7}, TP — Tetra Rex Bio based lamin&ta kartona paka — atbilst 4.83 logio KVV g2,
DP — Doypack, laminéta daudzslanu materiala (PE/PAP/EVOH/PE) stavpaka — atbilst 4.85
IOglg KVV 971

Péc iegiitajiem rezultatiem var secinat, ka butiskas atSkirtbas MAFAmM skaita
palielinaSanas 35 dienu laika Skidrai olu masai starp HDPE, PET, TP un DP iepakojumiem
netika konstat&tas.

Atsaucoties uz uznémuma AS Balticovo laboratorijas test€Sanas planiem un noteikto
ieksgjo kartibu (gatavais produkts péc sarazoSanas un deriguma termina beigas) un pasterizetas
olu masas mikrobiologijas rezultatiem, pieméram, pienskabes baktérijas, raugi, peléjumi,
Staphylococcus, Clostridium spp., Bacillus cereus nav raksturigi pasterizétas olu masas
kvalitates raditaji un tiek noteikti gadijumos, kad jaizmekl€ produkta bojasanas c€lonis.
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3. Viedais iepakojums

Iepakojums ir jebkuras uzlabotas integrétas produktu piegades sist€émas biitiska
sastavdala. Galvena priekSrociba ir ne tikai produkta integritates un ipasibu saglabasana, sakot
ar razoSanas liniju un beidzot ar ietekmi uz patérétaju veselibu un drosibu, bet ar1 razosanas un
izplatiSanas paatrinaSana un uzglabasanas iesp&ju uzlabosana (Schaefer & Cheung, 2018b).
Tradicionala partikas iepakojuma razoSanas un pielietojuma galvenie riski un bazas ir saistiti ar
neilgtsp€jigu razoSanu, nepietickamam iepakojuma mehaniskajam un barjeripaSibam,
parstradajamibas trikumu. Viedajam iepakojumam ir liela nozime tradicionala iepakojuma
trikumu aizstasana, pozitivi ietekmé&jot partikas uzglabasanas laiku, drosibu un kvalitati, kas ir
loti svarigi patérétajiem un razotajiem. Sobrid aktivais un viedais iepakojums piedava kopgjo
iepakojuma koncepciju (Enescu et al., 2019).

Aptauja noskaidrota Latvijas iedzivotaju — paterétaju attiecksme un zinaSanas par
iepakojumu. Aptaujas rezultati parada, ka respondentiem ir vajas zinasanas par viedo
iepakojumu (13. att.), jo tikai 12 % saprot jédzienu "gudrs", savukart vairak neka puse
respondentu Latvija un tas regionos kopuma nesaprot jédzienu “viedais iepakojums”.
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13. att. Pateretaju izpratne par termina “viedais iepakojums” nozimi /
Fig. 13. Consumer understanding on what the term “smart packaging” means.

14. atte€la ir apkopoti dati, kas liecina, ka patérétaji ir atverti plasakai inovativa
iepakojuma izmantoSanai partikas iepakojuma Latvija, jo 32 % (vidgji Latvija) un 56 % (Riga)
respondentu velas iegadaties §adus produktus. DiemzZel aptuveni 30 % aptaujato jautajums ir
vienaldzigs.
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14. att. Pateretaju izvele starp produktiem viedaja iepakojuma un tradicionala iepakojuma /
Fig. 14. Consumers choice between products in smart packaging and in conventional packaging.

Svarigi atzimét, ka aptaujatie, domajot par viedo iepakojumu, sagaida papildu ieguvumus
(15. att.), savukart 56 % aptaujato Riga un vidgji 42 % Latvija atbild&ja, ka interes€jas par
iepakojumiem, kas var€tu atspogulot uzglabasanas apstaklu vesturi.
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15. att. Pateretaju interese par produkta uzglabasanas apstaklu vésturi /
Fig. 15. Consumers’ interest about history of the storage conditions of the product.

Turcijas zinatnieku pétijuma rezultati liecina, ka lielaka dala Turcijas pateérétaju (75 %)
liek ceribas uz inovativa iepakojuma sp&ju sniegt informaciju par taja esoSo produktu
izsekojamibu un kvalitati (Aday & Caner, 2013; Aday & Yener, 2015).
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Detalizétak analizgjot paterétaju vélmes péc iepakojuma, redzams, ka pirc€jiem svarigs
kritérijs ir partikas produktu svaigums — 54 % Riga un 57 % Zemgalg (16. att.).

Latgale - 30 25 7 38
Kurzeme | 30 31 13 26
Vidzeme | 24 36 6 35
Zemgale 1 27 57 7 9
Riga 1 21 54 9 16
Latvija _ 27 41 8 24
0 1|0 2|O 3IO 4|0 5|0 6|0 7|0 8|0 9|0 l(l)O

Respondenti / Respondents, %

Produkta vésture / History of the product Produkta svaigums / Product freshness

Iesp&jamie bojajumi / Possible damage Produkta temperattira / Product temperature

16. att. Pateretaju viedoklis par to, kada informacija buitu jasniedz viedajam iepakojumam /
Fig. 16. Consumers opinion on what information should be provided by smart packaging.

Vieda iepakojuma izmantoSana ir atkariga no iepakoSanai nepiecieSamajiem
nosacijumiem gan partikai, gan dz€rieniem. Sakara ar pieaugoso pieprasijumu péc iepakojuma
diagnostikas, tam ir liels potencials. Picaugos$o interese veicina pirc€ju pieprasijums péc
plasakas informacijas par partikas produktu svaigumu, iesp€jamiem bojajumiem, produkta
temperatiiru un izsekoSanas sistému nepiecieSamibu.

Vieda iepakojuma risinajums — biodegradéjama Tetra Pak® Bio based ar termohromo
parklajumu / Smart packaging solution — biodegradable Tetra Pak® Bio based with
thermochromic coating

Ka rada respondentu, gan patérétaju, gan ari raZotaju, spiegtas atbildes, attieciba uz viedo
iepakojumu, redzams, ka respondentiem svarigs vieda iepakojuma pienesums varétu biit tiesi
produktu kvalitates izmainu un produkta véstures atspogulojums, ko varétu paradit, iepakojuma
izmantojot termohromas tintes. Ka ar1 biitisku lomu varétu ienemt ari biodegrad€jamais
iepakojums, jo aizvien aktualaks klist jautajums par dabai draudzigiem iepakojuma
risingjumiem. Lidz ar to piepemts lémums eksperimentali sakombinét biodegrad€jamo
iepakojumu, parklajot ar termohromo tinti

Ir divu veidu termohromas tintes: kidro kristalu un Leuco krasvielas. Skidrie kristali
parada krasas izmainas Saura temperatiras intervala, padarot tos piemérotus temperatiiras
izmainu paradisanai. Savas fiziska formas dg] tie iepakojuma tint€s tiek ieklauti retak. Leuco
krasvielas maina krasu plaSaka temperatiiras diapazona un ir pieejamas plasaka krasu
diapazona. Ir pieejams plass krasvielu klasts, kas nodroSina krasu pareju plasa temperatiiras
diapazona — no 25 °C lidz 65 °C. Leuco krasvielas ir galvenas krasvielas, ko izmanto
iepakojuma tintes.

Ir izstradati eksperimentalie Tetra Pak® veida viedie iepakojumi, kur pamata
izmantotas termohromas tintes, kuras maina krasu temperatiiras mainas ietekmé (17. att.).
Piemérs:
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17. att. Eksperimentalie paraugi, izmantojot dazadas termohromas tintes noteikta
temperatiiras diapazona 6x1 °C / Fig. 17. Development of experimental samples using
different thermochromic ink at certain temperature ranges 6+1 °C.

Termohromas krasvilas mainas atrums argjas temperatiiras ietekmé ir nebitisks.
Pieméram, tumsi zilajai termohromo krasvilai vajadz&tu sasniegt savu pilno krasas intensitati
pie 6+1 °C, temperatiiras diapazons, kura tiek sasniegta pilna krasas intensitate, var svarstities
robezas no 0 lidz 6 °C. Rezultata, ja ara temperatira ir augstaka par 6+1 °C, termohromas
krasvielas iepakojuma ar€jais slanis nesasniegs vélamo krasu un iepakojums iegiis viegli zilu
nokrasu, kas apstiprinas, ka produkta dzeseSana nav notikusi, produkts nav pilniba dzests.
Atkariba no uzklatas termohromas krasvielas blivuma uz iepakojuma argja slana, krasas maina
var notikt daZas mintit€s vai pat vairakas stundas. Dzese$ana procesa temperatiiras diapazons ir
kritérijs tam, cik atri mainas iepakojuma krasa; ja dzeséSana laika temperatara ir virs 6-8 °C,
krasas maina uz iepakojumiem var ilgt vairakas stundas. Krasu mainas ir atkarigi no uzklatais
krasvielas blivuma uz ar€ja slana. P&c krasvielas razotaja specifikacijas blivumu jabiit 5-6 pm.
Ir izstradati eksperimentilie Tetra Pak® veida viedie iepakojumi, kur pamatd izmantotas
termohromas tintes, kuras maina krasu temperatiiras mainas ietekmé (18. att.).
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18. att. Eksperimentalo paraugu izstrade, izmantojot termohromo krasu, pie temperatiiras
izmainam diapazona 6x1 °C, 24 stundu laika / Fig. 18. Development of experimental samples using
thermochromic ink at changes in certain temperature ranges 6+1/ °C, during 24 hours.

Rezultata ieguti dati, kas rada, ka atri bojajosu produktu kvalitati var atspogulot ar
iepakojuma krasas izmainam (19. att. un 20. att.).
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19. att. Ar termohromo krasu apstradata Tetra Pak® veida vieda iepakojuma iepakotas olu masas
MAFAmM dinamika uzglabasanas laika, PSOM — pasterizéta 8kidro olu masa / Fig. 19. Dynamics of
Total plate acount during storage of egg masses treated with thermochromic ink, packed in Tetra Pak®
intelligent packaging, PLEM — pasteurized liquid egg mass
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20. att. Ar termohromo krasu apstradata Tetra Pak” veida vieda iepakojuma krasas izmainas
noteikta temperatiiras izmainu diapazona no 6+7 °C, 24 stundu laika / Fig. 20. Thermochromic ink-
treated, Tetra Pak® type intelligent packaging changes color at specified temperature range changes
6+1 °C, within 24 hours.

Temperatiiru, virs kuras krasas parstaj zaudét krasu, deve par “attiriSanas punktu”. Krasu
maina ir “atgriezeniska”, t.i., dzes€Sanas laika sakotn&ja krasa tiek atjaunota. Kad krasas
temperatiira tiek pazeminata no limena virs attiriSanas punkta, tinte sak iegtit krasu apméram 3
°C zem noteikta punkta un turpina iegiit krasu lidz aptuveni 6 °C zem definéta punkta. To sauc
par “pilnkrasu punktu”. STs tintes ir pieejamas dazadas krasas, ar dazadiem dzésanas punktiem
un pilnkrasu punktiem. Min&tajam krasam ir pieejamas aktivacijas temperatiras no -25 °C lidz
65 °C. UV fleksografiska krasa ir piem&rota temperatiiru norado$am etiketém un iepakojumam.
Termohromas krasas ir jutigas pret nelabvéligiem vides apstakliem: ilgstosu tiesu saules staru
iedarbibu, ilgstosu siltuma iedarbibu Iidz 32 °C vai augstaku, kas var pasliktinat iepakojuma
krasas mainu un intensitati. Jutiguma rakstura apraksts un ieteikumi.

Termohromas krasvielas ir jutigas arT pret noteiktam kimiskam vielam. Ta ka ir maz
ticams, ka partikas iepakojums standarta apstaklos nonaks saskaré ar kaitigam kimiskam
vielam, tas nerada nopietnas bazas (Cheng et al., 2022; Pu & Fang, 2022).

Ka liecina aptaujas rezultati, Latvijas TOP 10 partikas mazumtirgotajiem un partikas
razotajiem Latvija ir maza izpratne par jaunajam iesp&jam, kuras varétu atklat, izmantojot vieda
iepakojuma tehnologijas. Veikta eksperimenta galvenais mérkis bija atrast kritisko punktu uz
iepakojuma krasas mainas Iiknes, kad mikrobiologiska drosiba produkta vairs netiek uzskatita
par drosu lieto$anai uztura. Tas ir buitiski tiesi logistikas laika. Iepakojuma krasu var mainit gan
iepakojuma galvenajam jeb pamata dizainam, gan atseviskiem iepakojuma dizaina elementiem.
Iepakojuma uzglabasanas nosacijumu ieveroSana ir butiska produkta kvalitates un iepakojuma
funkcionalitates saglabasanai. Eksperimenta laika iegiitie dati sniedz datu kopumu, kas lauj
uzsakt pilnvertigu komunikaciju ar Tetra Pak®, Elopack un Italpack iepakojumu raZotajiem, lai
veidotu industrialus iepakojumu paraugus.
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10.

SECINAJUMI

Olu Caumalu strukturala analize neatklaj butiskas atSkiribas olu Caumalu biezuma,
varigjot izméros attiecigi no 356.2 11dz 366.4 pm. Savukart caumalas membranas biezuma
pastav atSkiribas starp olam, kas iegilitas no arpus sprostiem un sprostos turétam
dejgjvistam. Biezaka olu ¢aumalas membrana ir olam, ieglitam no arpus sprostiem
turétam dej&jvistam un planaka olam, iegiitam no sprostos turétam dgj&jvistam, varigjot
attiecigi no 59.9 lidz 20.0 pm.

Pec 35. uzglabasanas dienam svara samazinajums olam, iegiitam no arpus sprostiem
turétam dgj&jvistam bija ar minimalu atskiribu no sprostos turétam dgjgjvistam, t.i., 6.55
% no sakotngja svara, uzradot mazakas izmainas: gaisa kamera 36.84% pret 123.08 %,
olu baltuma augstums 44.37 % pret 45.37 %, Haugh vieniba 33.45 % pret 34.21%, pH —
1.99 % pret 2.18 %.

Biitiska olu kvalitates pazeminasanas konstatéta péc 28. uzglabasanas dienam, 1pasi svara
izmaina un Caumalas stipriba. Galvenais iemesls, kas veicinajis olu ¢aumalu stipribas
pavajinaSanos, ir garu un biezu zirnekla tiklam lidzigu mikroplaisu veidoSanas uz
caumalu virsmas. L1dz ar to 28. uzglabasanas dienu var uztvert ka robezu olu parstradei

olu produkta, lai maksimali saglabatu olu masas apjomu.

Neatkarigi no iepakojuma veida, oksidacijas procesu ietekmes rezultata, vitaminu saturs
produkta 35. uzglabaSanas dienu laika bitiski (p < 0.05) samazinajies. Uzglabajot
produktu Cetru veidu iepakojumos, vidgji vismazakais vitaminu samazinajums konstatets
TP iepakojuma.

Mononepiesatinato taukskabju saglabasanos produkta visefektivak nodroSina HDPE
iepakojums, kam seko paraugs iepakots PET iepakojuma. Tikmer statistiski nozimiga TP
iepakojuma priekSrociba salidzinajuma ar citiem iepakojuma materialiem ir apstiprinata
attieciba uz polinepiesatinatam taukskabém (PUFA) péc pasterizétas olu masas 35.
uzglabaSanas diena.

Pec 35. uzglabasanas dienam konstatetas atsevisku aminoskabju koncentracijas izmainas.
Visbitiskakais (p < 0.05) samazinajums novérots produktam TP iepakojuma, kas ir 3.2%
apméra. Savukart pateicoties izcilajam barjeras 1Ipasibam, polietilénstereftalata
iepakojums demonstré labaku aminoskabju saglabasanos.

Mezofili aerobo un fakultativi anaerobo mikroorganismu kopskaits pasterizéto olu masa
35. uzglabasanas diena svarstijas robezas no 4.64 lidz 4.91 logio KVV g!. Vislielakais
kopgjo bakteriju skaits konstatéts PET iepakojuma sastadot 4.91 logio KVV g '

Pasterizéta Skidra olu masa ir jutiga pret argjiem faktoriem, tadiem ka uzglabaSanas
temperattira. L1dz ar to, uz iepakojuma izmantojot termohromisko krasvielu, kas ir vieda
iepakojuma aktiva dala, ir iesp&jams sekot 1idzi olu masas kvalitates izmainam atkariba
no uzglabasanas temperatiiras un ilguma. Sads pigments maina iepakojuma krasu 15
stundu laika. Viedo iepakojumu ar termohromo krasvielas argja slani var izmantot
pasteriz€to olu pakosanai olu industrija.

Latvijas iedzivotaji ir maz informéti par viedo iepakojumu un ta potencialajiem
ieguvumiem. Ka butiskako vieda iepakojuma pienesumu gan patérétaji (83 %) gan
razotaji (40 %) un mazumtirgotaji (60 %) atzist iesp€ju izsekot lidzi produkta dzives
ciklam, sakot no ta razoSanas un fas€Sanas briza Iidz nonakSanai pie paterétaja.

Darba izvirzita hipotéze ir dal&ji apstiprinata, jo olu un olu produktu deriguma terminu
ietekme: argjie faktori, piemeram, vide, razoSanas un uzglabasanas apstakli, ka ar1 olu
kimiskie un fizikalie parametri. Olu parstrade Skidraja olu masa un tas uzglabasana Tetra
Pak® Bio-based biodegradéjama iepakojuma nodrosina produkta kvalitates saglabasanos
lidz 35. dienam.
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TOPICALITY OF THE RESEARCH

Eggs are an essential source of protein and are consumed worldwide. In terms of
nutritional value, it is a complete food necessary for the functioning and well-being of the
organism (Simons, van Schie & Holleman, 2017). Eggs are mainly used for household
consumption, but egg products (liquid and dry) are highly demanded among industrial food
producers due to their convenience. Relative price affordability make eggs, along with fish, one
of the most important sources of animal protein for the population of all countries (Kirse-
Ozolina, 2019). In wealthier parts of the world, eggs make up a healthy diet. Demand for egg
production continues to grow rapidly worldwide. Over the past fifteen years, egg consumption
has increased by at least 40% (Suman et al., 2019).

Today, most eggs are still sold unprocessed, but the demand for processed products is
growing steadily. It is estimated that 20 to 25 % of eggs are processed into egg products in
Europe, and this value is expected to reach 30 % to 35 % by 2025. In the US (the United States),
the actual percentage is already higher than 30 %, and according to available information in the
US, this value will reach 40 % by 2030 (Nys, Bain & Van Immerseel, 2011; Simons, van Schie
& Holleman, 2017).

Liquid egg products do not count towards total egg consumption but conceptually and
directly replace shelled eggs. In the food industry, eggs are replaced by egg products because:

» separating the eggs from the shells is a laborious process;

» regulatory acts require special equipment and mechanisms to ensure the pretreatment
process;

» choosing eggs without shells reduces the amount of waste within the company (the shell
makes up approx. 12% of the weight of a hen's egg);

» egg products are easier to store;

» egg products are easier and more convenient to handle.

The pasteurized liquid egg mass is more convenient to use because it is not necessary to
separate the egg mass from the shell before use, and it can also be stored for a long enough time
- at least 28 days. It is microbiologically safe because pathogenic microorganisms and their
vegetative forms are inhibited during the pasteurization process and enzymes are inactivated,
thus delaying the deterioration of the product and extending its shelf life. Today, pasteurized
liquid egg mass has a wide range of applications in various industries:

» in the food industry, using as a raw material in the production of: cookies, cakes, cake
mixes, candies, chocolate, pastries, custards, sauces, egg liqueurs, fish or meat products,
ice cream, pasta, marshmallows, mayonnaise, noodles, omelettes, ready meals |,
puddings, soups, spaghetti, pies, etc.;

» in the medical and cosmetic industry as raw materials in the production of detergents,
shampoos, lecithin, lipsticks, moisturizing creams, etc.;

» for technical purposes in the industrial processing of leather;

Due to recent human deaths caused by salmonella infection, the food industry prefers
pasteurized egg products guaranteed to be free of salmonella and other pathogens (Group &
Markets, 2022).

Pasteurized egg mass has become mandatory for hotels, restaurants, hospitals and airlines
in some countries, such as the US, Japan and many parts of Europe. To extend the shelf life of
pasteurized liquid egg products to five or six, or even 10 to 12 weeks, process industries had to
invest heavily to make the shelling process economically feasible. It is necessary to make
improvements in the entire logistics chain, starting from the control of the temperature regime
and the monitoring of road transport during the transportation of goods and ending with the
control of the level of hygiene, so that the production environment is as sterile as possible.

Packaging plays a vital role in any modern integrated product delivery. It not only protects
the quality and properties of the product from production, distribution and storage, but also
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affects the health and safety of consumers (Silva & Pélsson, 2022a). Packaging protects food
from the environment, protecting it from physical, chemical and microbiological factors such
as oxygen, moisture, light effects or microbiological contamination, which can affect the quality
of the product (Moldovan & Pantea, 2012).

Traditional food packaging is mainly designed to contain and protect food from the
influence of external factors, such as oxygen, adjacent aromas, light, etc., thus guaranteeing the
preservation of food quality for an extended period of time. The main goal for these materials
that come into direct contact with food is to be as inert as possible, i.e., ensuring minimal
interaction between food and packaging. For consumers, the packaging also conveys
information about the products’ brand integrity or confirms the products’ authenticity (Yildirim
etal., 2018).

In recent decades, one of the innovations in the field of food packaging is the "active and
intelligent” packaging, which is based on the conscious interaction of the packaging with the
food or with the environment inside the packaging around the product. The purpose of "active
packaging™ is to extend the shelf life of food. "Intelligent” packaging indicates the freshness of
the product. "Smart packaging" is a broad concept that covers several functions depending on
the type of product being packaged. Examples of current and future functional "smartness”
could be in packages that (Kuswandi et al., 2011):

e preserve product quality and actively prevents food spoilage (during storage);

e improve product characteristics (egg appearance, taste, aroma, etc.);

e actively react to changes in the product or packaging environment;

e notify the user of the information about the product, product storage history or quality
changes;

e authenticate products to prevent interchangeability.

Technological advances in food packaging in the twenty-first century are also driven by
nanotechnology. The introduction of nanotechnology in the food packaging sector has
significantly solved the problems of food quality, safety and stability (Sharma et al., 2017).

Egg product manufacturers use one or two liter laminated carton packages in the form of
Tetra Pak®, as well as three, five or 10 liter bag in box packages to transport pasteurized egg
mass to industrial producers, such as meat product manufacturers/processors, bakeries, ice
cream manufacturers , restaurants, hospitals, etc. Packages of 300 ml, 500 ml and 1000 ml are
intended for direct consumption. These packages are available on the European market already
today, together with packaged eggs in the supermarket, stored at a temperature of up to 6 °C.

There are no in-depth studies in Latvia on the possibility of using modern packaging
technologies in the egg industry. So far, the studies are mainly dedicated to investigating fresh
eggs' nutritional value and quality (Kocetkovs & Muizniece-Brasava, 2019). However,
currently, there is no data on the changes of physico-chemical and biologically active
substances in the liquid egg mass depending on the packaging type and the storage duration.
By evaluating and analyzing the information available in the scientific literature and electronic
resource sources about pasteurized liquid egg products, the impact of smart packaging
technology on liquid products, meat products, and the storage time of fruit and vegetable
products, a hypothesis was put forward in the thesis.

Research hypothesis: the processing of eggs into liquid egg mass and their storage in
conventional and biodegradable packaging ensure the preservation of product quality for up to
35 days.

The aim of the research: to determine the quality of laying hen eggs during storage and
define the optimal realization time for pasteurized and liquid egg mass packed in conventional
and biodegradable packaging, determining physico-chemical and microbiological indicators.
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The following tasks have been set to achieve the goal of the dissertation.

1. Analyze and compare the morphological characteristics of egg shells and the physico-
chemical parameters of eggs obtained from three breeds of laying hens kept in cages and
outside cages;

2. Evaluate the quality changes of pasteurized and packaged liquid egg mass during storage
in four types of packages;

3. Find out the opinions, knowledge and willingness of producers, traders and consumers to
accept egg mass in conventional and smart packaging;

4. Evaluate the possibility of using smart packaging for egg mass packaging.

Novelty and scientific significance of the dissertation.

1. Forthe first time, the research focused on estimating changes in the quality of eggs of caged
and non-caged laying hens has been conducted in Latvia. The possibilities of extending the
shelf-life of eggs have been evaluated by processing eggs into pasteurized liquid egg mass
and storing them using conventional and biodegradable packaging.

2. The changes in the physico-chemical indicators of the liquid egg mass were evaluated
depending on the duration of storage and the type of packaging.

3. The diversity of biologically active compounds and vitamins in the liquid egg mass and
their changes depending on storage time and type of packaging was analyzed.

4. A suitable type of packaging for the storage of liquid egg mass, which ensures the
preservation of quality during the entire period of sale was found.

The economic significance of the dissertation.

1. The study provides new information about the chemical composition of the liquid egg
mass, the diversity of biologically active substances, changes in their content during the
storage of the product in conventional and biodegradable packaging;

2. Processing eggs into liquid pasteurized egg mass, which in conventional and biodegradable
packaging significantly improves the efficiency of transportation, thus ensuring the export
of the product to longer distances;

3. Offering the pasteurized egg mass to companies that use eggs in the production of products
will significantly improve production efficiency by eliminating the costs and time
consumption that occur for ensuring egg pre-treatment and processing (shelling) processes;

4. Information obtained in the study about the possibilities of preserving liquid egg mass in
conventional and biodegradable packaging allows producers to choose appropriate
packaging for export and market needs.

The development of the doctoral thesis was co-financed by the project: "Development

of smart packaging for liquid egg products”, No. 19-00-A01620-000087, EAFLD (European
Agricultural Fund for Rural Development).
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APPROBATION OF THE RESEARCH WORK

Research results have been summarised and published in 9 peer reviewed scientific
issues, including indexed in the international citation databases SCOPUS and Web of Science.
(the list of publications is shown on page 6).

The results of the research work have been presented at 14 international scientific
conferences and congresses in Latvia, Lithuania, Bulgaria, including 4 exhibitions —
international food industry fair “Riga Food" in 2020, 2021 and 2022, exibition
"Lauksaimniecibas un meza tehnika 2021" in Ramava (the list of scientific conferences is
shown on pages 7 and 8).

MATERIALS AND METHODS

Time and place of the research

The research was carried out during the period from September 2019 to May 2023.
The experimental work of the research was performed at the following:
1. JSC Balticovo laboratory
2. J.S.Hamilton laboratory
3. Institutions of Latvia University of Life Sciences and Technologies:
> Division of Smart technologies at Research Laboratory of Biotechnology,
» Department of Food Technology, Faculty of Food Technology,
» Processing and Biochemistry Department, Institute of Horticulture.

Research object - fresh, raw eggs (raw material) and pasteurized liquid egg mass.

The structure of the research

The research was conducted in two stages. The main stages of the study are summarized
in Table 1.

In the Stage I, raw materials (fresh eggs) obtained from two different models of laying
hens were analyzed: eggs laid by laying hens kept in cages and outside cages, from three breeds
of laying hens. It is important to find out how the conditions of keeping laying hens affect the
quality of eggs (raw materials).

Fresh eggs were obtained at JSC "Balticovo™ (lecava, Latvia) from three breeds of laying
hens: Lohmann Brown, Sandy (42-week-old, caged laying hens, sample code: H/LS/CCE),
H&NCoral (41-week-old, caged laying hens , sample code: H/HN/CCE), H&N Coral (41-
week-old, cage-free laying hens, sample code: H/HN/BCE), and Dekalb (43-week-old, cage-
free laying hens, sample code: H/D/BWE). In order to evaluate changes in the physico-chemical
properties of eggs, 180 eggs from each breed of chicken were collected within 4 hours after
laying. Collected eggs were packed separately in 16 pcs. in a cardboard package with a
perforated lid. The total number of eggs collected reached 720 eggs. In the initial stage of
storage, 16 eggs were taken from each group and brought to JSC "Balticovo” laboratory for
quality testing. The rest of the eggs were stored under controlled conditions of 20+2 °C and
50% relative humidity. The duration of the experiment was set at 36 days, based on the 28-day
shelf life of the liquid egg mass produced in the company. In order to clarify changes in quality
indicators, the physico-chemical properties of eggs were analyzed every fourth day, i.e., on day
1,4,8,11, 15, 18, 22, 26, 28, 32 and 36. On each planned day of analysis, 16 eggs were taken
from each breed of chicken to ensure an average number of samples.

During selection, each egg was weighed and beaten on a flat surface. Egg white height
(Haugh unit) was measured with an electronic egg white height digital Haugh tester ORKA
(Bountiful, UT, USA), according to methods described by Eisen et al. (Eisen, Bohren &
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McKean, 1962). Egg white pH was measured 4 hours after laying with a Jenway 3510 Benchtop
pH Meter (Barloworld Scientific, Staffordshire, UK) according to the ISO 1842:1991 standard.
Shell thickness was measured using a Mitutoyo 223-101 micrometer (Kawasaki, Japan) and a
scanning electron microscope (SEM). Shell strength was determined using a FUTURA Egg-
Shell-Tester V. 2.0 (Lohne, Germany) equipped with an aluminum compression disc 7.62 cm
in diameter attached to the shell and egg holder. The egg was placed so that the disc is in contact
with the egg from its broader end. Egg dry matter content was determined using a Shimadzu
MOC-120H (Shimadzu Corporation, Tokyo, Japan) moisture analyzer.

The samples of eggs were observed using a Mira3 scanning electron microscope by
Tescan Orsay Holding, a.s. (Brno - Kohoutovice, Czech Republic). The eggshell samples (n =
10 eggs x 5 replicates) were washed with ultra-high purity water and then dried under ambient
conditions at 20+1 °C for two days. The dried eggshells were manually broken into small pieces
of 0.4 x 0.4 cm, mounted onto SEM pin stubs using doublesided adhesive carbon discs, and
coated with a gold-palladium 15 nm thick layer using Leica EM ACE600 vacuum sputter coater
(Leica Microsystems, Wien, Austria). The eggshell and membrane thickness measurements
were done at three regions of the egg, i.e., broad end, equator, and narrow end. The conditions
were set up to operate under high vacuum mode using the Backscattered Electron (BSE) and
Secondary Electron (SE) detec-tors mixer. The egg morphology was analyzed, increasing
magnification up to 2000x for precise dimension measurement and elemental composition
analysis at 15 kV accelera-tion voltage. Elemental composition analysis of the eggshell was
carried out with INCA xact LN2-free Analytical Silicon Drift Detector with PentaFET®
Precision energydispersive X-ray spectrometer by Oxford Instruments Inc. (Bognor Regis,
United King-dom), operating at 15 mm working distance and dead time in the range from 40%
to 60% for energy spectrum accumulation.

In the Stage 11, a study was conducted on the impact of packaging and storage time on
the quality of liquid egg products. The liquid egg mass was packed in four different packages:
HDPE, PET, Doypack and the smart package Tetra Pak® Tetra Rex Bio-based. The following
criteria were evaluated: consumer awareness and attitude towards smart packaging in Latvian
market and the attitude of manufacturers and retailers towards the introduction of smart
packaging in the Latvian market. The structure of the study is reflected in Figure 3.

In the research 18 000 pieces were used for the preparation of pasteurized liquid egg mass.
eggs. Liquid egg mass homogenized at 57 °C, pasteurized using plate pasteurizer Ovobel
AR56SH (Bruges, Belgium) AS Balticovo, lecava, Latvia. The duration of the pasteurization
process is 6 minutes at a temperature of 67-70 °C. After pasteurization, the liquid egg mass was
packed in four types of packages with a volume of 0.5 L, i.e. high density polyethylene (HDPE)
bottles, polyethylene terephthalate (PET) bottles, Tetra Pak® Bio based packages (TP) and
Doypack (DP) (Table 1). . The liquid egg mass was stored at 41 °C for 35 days during the
experiment. The products were tested on day 0 (immediately after production and filling), 15
(first indications of changes in microbiological indicators) and 35 (theoretical shelf life) of
storage.

Preparation of Fatty Acids for GC-MS Analysis

The TMPAH reagent was applied as a methylation agent of the functional groups to
obtain volatile FAMEs derivatives. The methylation procedure was performed following the
methodology described by the American Society for Testing and Materials.

The GC Conditions for FAMEs Analysis

The analysis of FAMEs was carried out on a “Clarus 600 system PerkinElmer, Inc.
(Waltham, MA, USA) equipped with a quadrupole analyzer “Clarus 600 C” mass-selective
detector (Waltham, MA, USA). The conditions were adopted from Radenkovs et al.
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The MS Conditions for FAMEs Detection

The MS conditions were set in accordance with the protocol provided by Radenkovs et
al.
Determination of Amino Acids

The preparation of LWEP samples for analysis of AAs was done according to 1SO 13910-
2005. The analysis of AAs was done using Biochrom 30+ Automatic Amino Acid Analyzer
(Biochrom, Cambridge, UK) in accordance with the protocol described by Summers et al.
Microbiological Assessment

Determination of the total microorganisms, mesophylic aerobic and facultative anaerobic
microorganisms was done according to 1ISO 4833:1:2014.

The analysis methods used in the research
The analysis methods, which were used in the study, are summarised in Table 5.

Statistical analysis of data

The results obtained are shown as means + standard deviation of the mean from three
replicates (n = 3). A p-value of <0.05 was used to denote significant differences between mean
values determined using a one-way analysis of variance (ANOVA) and Duncan’s multiple
range test (MANOVA) performed using IBM® SPSS® Statistics version 20.0 (SPSS Inc.,
Chicago, IL, USA).

RESULTS AND DISCUSSION

1. Fresh egg quality and its changes during storage in ambient conditions.

Morphological and elemental compositional analysis of eggshell components by
scanning electron microscope and X-ray energy dispersive spectroscope

Analysis of the eggshell microstructure in the presence of a deep vacuum in the SEM
system used to prevent electrical discharge in the gun assembly and allow electrons to travel
unimpeded in the instrument resulted in a small separation of the shell membrane from the shell
was performed (Fig. 4 A, B, C, and D). The egg shell thickness ranged from 356.2 to 366.4 um,
the egg shells obtained from caged hens H/LS/CCE were thinner. However, it is worth noting
that there were no statistically significant differences (p > 0.05) in eggshell thickness between
different breeds of hens and housing methods. The observed values are consistent with Sales et
al. (1996) reporting hen eggshell thicknesses range from 240 to 370 um. Sales et al. also
indicated that the thickness of the eggshells of hens kept outside the cages is not uniform over
the entire surface of the egg, i.e,. the thickness at the poles is greater than at the center. However,
Fecheyr-Lippens et al. statistically significant differences (p <0.05) were observed between the
thickness of the shell membrane, which was found in the range from 20.0 to 59.9 pm.

The presence of thick and long microcracks was observed on the shell surface of eggs
obtained from caged laying hens H/LS/CCE, followed by caged laying hens H/D/BWE. The
average thickness values corresponded to 1.41 and 1.48 pum, respectively. In both cases, spider
web-like cracks were observed on the surface of the eggshells. The smallest number of cracks,
as well as their thickness, was found on the shell surface of eggs obtained from laying hens
H/HN/BCE kept outside cages and laying hens kept in cages H/HN/CCE, which corresponded
to 0.67 and 0.91 um, respectively. Eggs obtained from caged laying hens H/HN/CCE show
obvious “hairline” cracks on the shell surface. Notably, a group of scientists led by Khabisi
(Khabisi, Salahi & Mousavi, 2012) highlighted “hairline” type microcracks on the eggshell
surface that contributed to the greatest weight loss and reduced hatchability compared to spider
web-like microcracks on egg surfaces. It is worth noting that, of the total number of eggs
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examined, eggs obtained from H/HN/BCE cage-free laying hens showed no visible signs of
shell surface cracking.

From the results on the analyzed data on eggs from laying hens kept in cages and laying
hens kept outside cages, it can be concluded that samples H/HN/BCE and (laying hens kept
outside cages) physical and chemical properties with minimal changes. It can be concluded that
the raw material, which could not be sold in packaged form for the first six days, can be used
by processing it into a pasteurized liquid egg mass. During 15 days of storage, the weight loss
of the raw material can vary from 0.03 % to 4.41 %, while during 28 days of storage, the % loss
increased from 5.32 % to 12.24 %, as a result of which the cost of the product increases
(Table 6).

2. Evaluation of pasteurized egg mass packed in four types of packages during storage

The preservation of the quality of pasteurized egg mass is analyzed using such packages
as high-density polyethylene (HDPE) bottles, polyethylene terephthalate (PET) bottles,
Doypack (DP) multi-layer laminated standing packs and laminated cardboard Tetra Pak® Bio-
based (TP) packs (Fig. 8.). Based on the results obtained in Chapter 1, it was decided to produce
pasteurized egg mass from eggs obtained from laying hens kept outside cages, sample
(H/HN/BCE) according to the technology developed by AS "Balticovo" (see Fig. 2.
Technological scheme for the production of pasteurized liquid egg mass), and transform the
eggs into egg mass no later than 28 days after they are laid, according to the obtained results of
Chapter 1. After packaging, the product was stored for 35 days at a temperature of 4+1 °C

Reduction of mineral content in pasteurized egg mass after 35 days of storage in four types
of packaging compared to the day of packaging

Quantitative analysis of minerals in pasteurized liquid egg mass, namely determination
of P, Na, K, Ca, Mg, Fe, Zn, Cu content was performed using an atomic absorption spectrometry
system according to the LVS EN 14082:2003 method. Potassium and iron - less than 19 % and
27 % and sodium and magnesium — 1 % and 9 %, compared to similar studies by Sophie
Réhault-Godbert (Réhault-Godbert et al., 2019). On the other hand, comparing the data
obtained in the study of Youssef A. Attia, Mohammed A. Al-Harthi & Mohamed M. Shiboob,
there were more minerals, i.e., 35 % to 48 % (Attia et al., 2014).

Dynamics of vitamins in pasteurized and packaged egg mass during storage

Quantitative analysis of vitamins of pasteurized liquid egg mass was performed using a
high-performance liquid chromatography system (RP-HPLC) and (HPLC-DAD) according to
the methods listed in Table 3. According to the obtained results, it can be concluded that the
package sample TP — Tetra Rex Bio based laminated cardboard package was able to ensure the
storage of vitamins for the whole 35 days in pasteurized egg mass. Losses of vitamins in this
type of packaging ranged from 1.2 to 24.6 %. It can be noted that HDPE and PET packaging
contributed to the preservation of vitamins to a lesser extent, as vitamin losses ranged from 1.0
to 25.4 % and from 3.4 to 27.2 %, respectively (Table 7). The most significant losses of vitamins
in all packages were observed to be of B, and Bo.

The changes in fatty acids profile of pasteurized liquid whole egg products during 35 days
of storage in four types of packaging

The content of fatty acids in pasteurized egg mass is affected by both storage time and
packaging material. Without referring to the individual increase in TS content, possibly
explained by moisture loss, a better retention of monounsaturated fatty acids (MUFA) was
achieved in the product packaged in HDPE packaging, followed by the sample in PET
packaging. Meanwhile, a statistically significant advantage of TP packaging compared to other
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packaging materials has been confirmed for polyunsaturated fatty acids (PUFA) after 35 days
of storage of pasteurized egg mass.

Cholesterol

Based on the testing results (Fig. 11), it can be concluded that the amount of cholesterol
in the pasteurized egg mass on the 15th day of storage decreased similarly in all four packages:
from 11.5 % in sample DP to 16.4 % in sample PET. On the other hand, on the 35th day of
storage, the smallest reduction was found in TP packaging - 23.6 %, the largest reduction was
found in PET packaging - up to 31.6 %. Similar results on changes in cholesterol during storage
of a pasteurized product were published by a group of scientists led by Risso in 2021. (Risso et
al., 2021). The mentioned study found changes in the amount of oxysterol, which is a product
of enzymatic and chemical oxidation of cholesterol. Under the influence of oxysterol, the
nutritional value of food products decreases as a result of exposure to heat, light, radiation and
oxygen, which are comparable to the significant changes in the composition of
monounsaturated and polyunsaturated fatty acids in the studied PET and DP packages.

The changes in the amino acid profile of pasteurized and packaged egg masses during
storage

In the process of researched amino acid profile, it was found that the average total
decrease in amino acid content for all samples in the packages corresponds from -3.2 % to
-0.9 %. Overall, polyethylene terephthalate (PET) packaging demonstrated better amino acid
retention due to its superior barrier properties. A decrease of only 0.9 % was observed from the
initial value to the 35th day of storage.

Dynamics of microbiological parameters during storage

The total number of mesophilic aerobic and facultative anaerobic microorganisms
corresponds to logio < 10 CFU g ! in the product on the 35th day of storage, HDPE — high
density polyethylene bottle — results correspond to 4.64 logio CFU g!, PET — polyethylene
terephthalate bottle — corresponds to 4.91 logio CFU g !, TP — Tetra Rex Bio based laminated
cardboard pack — corresponds to 4.83 logie CFU ¢!, DP — Doypack, laminated multi-layer
material (PE/PAP/EVOH/PE) standing pack — corresponds to 4.85 logio CFU g~!. According to
the obtained results, it can be concluded that no significant differences in the increase in the
number of MAFAm during 35 days for liquid egg mass between HDPE, PET, TP and DP
packages were found.

Referring to the laboratory testing plans and established internal procedures of AS
Balticovo company (finished product after production and expiration date), microbiology
results of pasteurized egg mass, such as lactic acid bacteria, yeasts, molds, Staphylococcus,
Clostridium spp., Bacillus cereus are not characteristic pasteurized eggs mass quality indicators
and are only assesed in cases where the cause of product deterioration must be investigated.

3. Smart packaging

As shown by the responses of the respondents, both consumers and producers, regarding
smart packaging, it can be seen that for the respondents, an important contribution of smart
packaging could be the reflection of changes in product quality and the history of the product,
which could be shown by using thermochromic inks in the packaging. Biodegradable packaging
could also play an important role, as the issue of environmentally friendly packaging solutions
is becoming more and more relevant. Therefore, a decision was made to experimentally
combine biodegradable packaging by covering it with thermochromic ink.
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Smart packaging solution — biodegradable Tetra Pak® Bio based with
thermochromic coating

Experimental Tetra Pak® type smart packages which use thermochromic inks that change
color under the influence of temperature changes have been developed (Fig. 17).

The rate of change of thermochromic dyes under the influence of external temperature is
irrelevant. For example, a dark blue thermochromic dye should reach its full color intensity at
6 °C, the temperature range at which full color intensity is reached can vary from 0 to 6 °C. As
a result, if the outdoor temperature is higher than 6 °C, the outer layer of the thermochromic
dye package will not reach the desired color and the package will acquire a slight blue tint,
which will confirm that the product has not been completely cooled. Depending on the density
of the applied thermochromic dye on the outer layer of the package, the color change can occur
in a few minutes or even several hours. In cooling, the temperature range of the process is a
criterion for how quickly the color of the package changes; if the temperature during cooling is
above 6-8 °C, the color change on the packages may take several hours. Color changes depend
on the density of the applied dye on the outer layer. According to the specification of the dye
manufacturer, the density should be 5-6 um.

The resulting data shows that the quality of perishable products can be reflected by
changes in the color of the packaging (Fig. 19 & Fig. 20). Thermochromic dyes are also
sensitive to certain chemicals. Since food packaging is unlikely to come into contact with
harmful chemicals under standard conditions, this is not a serious concern (Cheng et al., 2022;
Pu & Fang, 2022).

As the results of the survey show, Latvian TOP 10 food retailers and food manufacturers
have little understanding of the new opportunities that could be discovered using smart
packaging technologies. The main purpose of the conducted experiment was to find the critical
point on the packaging color change curve, when the microbiological safety in the product is
no longer considered safe for human consumption. This is essential during logistics. The color
of the package can be changed both for the main or basic design of the package and for
individual elements of the package design. Adherence to the storage conditions of the packaging
is essential for maintaining product quality and packaging functionality. The data obtained
during the experiment provide a set of data that allows to start a full-fledged communication
with Tetra Pak®, Elopack and Italpack packaging manufacturers in order to create industrial
packaging samples.
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10.

CONCLUSIONS

The structural analysis of the eggshells did not reveal significant differences in the
thickness of the eggshells, varying in size from 356.2 to 366.4 um. On the other hand,
there were differences in shell membrane thickness between eggs obtained from outside
cages and caged laying hens. The eggshell membrane was thicker in eggs obtained from
laying hens kept outside cages and thinner in eggs obtained from laying hens kept in
cages, varying from 59.9 to 20.0 pm, respectively.

After 35 days of storage, the weight loss of eggs obtained from laying hens kept outside
cages was insignificantly different from laying hens kept in cages, amounting to 6.55 %
of the initial weight. Other physical properties included changes air chamber 36.84 % vs.
123.08%, egg white age 44.37 % vs. 45.37 %, Haugh unit 33.45 % vs. 34.21 %,
pH — 1.99 % vs. 2.18 %. respectively.

Significant deterioration of egg quality was detected after 28 days of storage, especially
in weight change and shell strength. The main reason that contributed to the weakening
of eggshell strength is the formation of long and thick spider web-like microcracks on the
surface of the shells. Therefore, the 28th day of storage can be perceived as a limit for
processing eggs into an egg product to preserve the maximum amount of egg mass.

Regardless of the type of packaging, due to the influence of oxidation processes, the
vitamin content in the product decreased significantly (p < 0.05) after the 35th day of
storage. However, when storing the product in four types of packaging, on average, the
smallest reduction of vitamins was found in TP packaging.

The preservation of monounsaturated fatty acids in the product is most effectively ensured
by HDPE packaging, followed by the sample packaged in PET packaging. Meanwhile, a
statistically significant advantage of TP packaging compared to other packaging materials
has been the preservation of polyunsaturated fatty acids (PUFA) after 35 days of storage
of pasteurized egg mass.

Changes in the concentration of individual amino acids were detected after 35 days of
storage. The most significant (p < 0.05) reduction was observed for the product in TP
packaging, which was 3.2 %. On the other hand, due to its excellent barrier properties,
polyethene terephthalate packaging demonstrates better amino acid retention.

The number of total bacteria in the mass of pasteurized eggs on the 35th day of storage
ranged from 4.64 to 4.91 logio CFU g~!. The highest number of total bacteria was found
in PET packaging - 4.91 logio CFU g .

The pasteurized liquid egg mass is sensitive to external factors, such as storage
temperature. Therefore, by using thermochromic pigments on the package, which are the
active part of the smart package, it is possible to follow the changes in the quality of the
egg mass depending on the storage temperature and duration. Such pigment changes the
color of the package within 15 hours.

Latvian residents are not well informed about smart packaging and its potential benefits.
As the most important contribution of smart packaging, both consumers (83 %),
manufacturers (40 %) and retailers (60 %) recognize the possibility of tracking the
product's life cycle, starting from the moment of its production and packaging up until
reaching consumers.

The hypothesis put forward in the work was partially confirmed, because the shelf life of
eggs and egg products is affected by: external factors, such as the environment,
production and storage conditions, as well as chemical and physical parameters of eggs.
Processing eggs into liquid egg mass and storing them in Tetra Pak® Bio-based
biodegradable packaging ensures product quality preservation for up to 35 days.
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