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PETIJUMA AKTUALITATE

Olu dzeltenums ir nozimigs lipidu avots cilvéku uztura. Lipidu saturs olu
dzeltenuma svarstas no 31 1idz 36% (Ahn et al., 2006). Bitisks ir neaizstajamo
taukskabju (omega-3 un omega-6), ka ar1 taukos S$kistoSo vitaminu un
karotinoidu saturs olu dzeltenuma. Olu vai olu dzeltenuma lietoSanu cilveku
uztura var ierobeZot individu alergija pret olu olbaltumvielam. Pastiprinata
kritika tiek veltita arT holesterina saturam olu dzeltenuma. Sie divi faktori kalpo
par iemeslu olu lietoSanas ierobeZoSanai uztura. Bet olu dzeltenuma esos$as
biologiski aktivas vielas var biit loti nepiecieSamas cilvékiem, Tpasi bérniem un
jaunieSiem, kuru organismi atrodas attistibas stadija (Mine, Kovacs-Nolan,
2004). Biologiski aktivas vielas, ka A, D, E vitamini, karotinoidi, fosfolipidi,
steroli, omega-3 un omega-6 taukskabes ir koncentrétas olu dzeltenuma lipidos.
Tadgjadi, ekstrahgjot olu dzeltenumu lipidus, atdalot tos no olu dzeltenuma
olbaltumvielam, var iegit visu olu dzeltenuma biologiski aktivo vielu
koncentratu — olu ellu.

Biitiskas ir olu biologiskas vértibas paaugstinasanas iesp€jas, pievienojot
dgj&jvistu baribai biologiski aktivas vielas, tadgjadi modelgjot biologiski aktivo
vielu saturu olas.

Olu ellas ieglisanas metodes aktivi tika pétitas 20. gadsimta 70.-80. gados.
Galvena probléma olu e]las ekstrakcijai ir lipidu saistiba ar olbaltumvielam
(lipoprotetni), 11dz ar to, veiksmigakais panémiens bija $kidinataju ekstrakcija,
kas deva iesp&ju iegtit olu ellu ar loti augstu iznakumu. Bet kvalitates raditaji,
razoSanas izmaksas un Sauras pielietojuma iesp&jas bija par iemeslu, ka Sis
pétijumu virziens nebija aktuals. Sobrid olu ellu visa pasaulé razo tikai 2
uzn€mumi un vinu olu ellas iegiiSanas panemieni nav zinami.

Mainoties situacijai olu razoSanas nozaré, kad ir nov€rojama olu
parprodukcija, attistoties zinatnei un cilvéku vajadzibai p&c produktiem ar
augstu biologiski aktivu vielu saturu, olu e]las iegiiSanas pétjjumiem paradijas
jauna aktualitate.

Promocijas darba meérkis ir izstradat olu ellas ekstrakcijas metodi un
analiz&t iegiitas olu ellas kTmisko sastavu.

Darba mérka sasniegSanai ir izvirziti $adi uzdevumi:

1) petit organisko Skidinataju ietekmi uz olu ellas kvalitates raditdjiem un
biologiski aktivo vielu saturu,

2) noteikt piemérotako Skidinataju vai Skidinatdju maistjumu olu ellas
ekstrakcijai no svaiga olu dzeltenuma,

3) pétit karotinoidu, fosfolipidu un holesterina dinamiku olu ellas ekstrakcijas
procesa,

4) analiz&t faktorus, kas ietekmé biologiski aktivo vielu saturu olas,

5) noteikt olu ellas kvalitates raditajus uzglabasanas laika,
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6) izvertet olu ellas izmantoSanas iesp&jas majonézes pagatavosana, analizgjot
tas kvalitates 1paSibas.

Promocijas darba novitate un zinatniskais nozimigums

Izstradata originala, vairaksolu $kidinataju ekstrakcijas metode kvalitativas
olu ellas iegiSanai no svaiga olu dzeltenuma.

Noteikti olu e]las kvalitates parametri un to atkariba no ekstrakcijai
lietotiem Skidinatajiem un izejvielas kvalitates.

Izpétitas olu ellas biologiskas veértibas paaugstinasanas iespgjas.

Noteikts biologiski aktivo vielu saturs olu ela.

Petitas olu ellas pielietojuma iesp&jas majongzes pagatavosana.

Promocijas darba tautsaimnieciska nozime

Atrodot iesp&ju parstradat olu dzeltenumu, olu raZoSanas un parstrades
uzn€mumiem atveras papildus iesp&jas savas produkcijas realizacijai.

Olu ellu var izmantot citu partikas produktu razoSana, palielinot to
uzturvertibu un nodroSinot produktiem olai raksturigu garSu, smarZu un
pievilcigu dzeltenu krasu, bet taja pasa laika izslédzot problémas, kas saistitas
ar individu olu olbaltumvielu alergiju.

Petfjuma rezultata ieglita augstvértiga olu ella var biit plasi pieejama
paterétajiem, papildinot uzturu ar biologiski aktivam vielam, ka nepiesatinatas
taukskabes, A, D, E vitamini, karotinoidi un citi.



ZINATNISKA DARBA APROBACIJA

Petijumu rezultati apkopoti un publicéti 7 recenz€jamos zinatniskajos

izdevumos, cetras publikacijas ieklautas datubazés SCOPUS un Web Of
Science.

1.

Kovalcuks A., Duma M. (2016) Egg yolk oil as a bioactive compound
source for infant nutrition. Agronomy Research, 14 (S2), pp. 1347-1360
(Scopus datubaze / Scopus database).

Kovalcuks A., Duma M. (2016) Distribution of phospholipids, cholesterol
and carotenoids in two-solvent system during egg yolk oil solvent
extraction. International Journal of Biological, Biomolecular, Agricultural,
Food and Biotechnological Engineering, 10 (5), pp. 313-318.

Kovalcuks A. (2015) Comparison of bioactive compound content in egg
yolk oil extracted from eggs obtained from different laying hen housing
systems. International Journal of Biological, Food, Veterinary and
Agricultural Engineering, 9 (6), pp. 589-593.

Kovalcuks A., Straumite E., Duma M. (2016) The effect of egg yolk oil on
the chemical, physical and sensorial properties of mayonnaise. Rural
Sustainability Research, 35 (330), pp. 24-31.

Kovalcuks A. (2014) Purification of egg yolk oil obtained by solvent
extraction from liquid egg yolk. In: Proceedings of annual 20th
international scientific conference Research for Rural Development 2014.
Latvija, Jelgava, pp. 142—-147 (Scopus datubaze / Scopus database, Web of
Science datubaze / Web of Science database).

Kovalcuks A., Duma M. (2014) Solvent extraction of egg oil from liquid
egg yolk. In: FOODBALT-2014: 9th Baltic Conference on Food Science
and Technology , Food for Consumer Well-Being”. Latvija, Jelgava, pp.
253-256 (Web of Science datubaze / Web of Science database).

Kovalcuks A., Duma M. (2013) Interaction of selenium and vitamin E in
eggs and egg yolk oil. In: Proceedings of Annual 19" International
Scientific Conference Research for Rural Development 2013. Latvija,
Jelgava, pp. 136-140. (Scopus datubaze / Scopus database, Web of Science
datubaze / Web of Science database).

Par pétijjuma rezultatiem zipots 8 starptautiskajas zinatniskajas

konferences Latvija, Lietuva, Igaunija, Niderlandg, Austrija un Anglija.

1.

7" International Conference ,Biosystems Engineering 20167, Tartu,
Igaunija. Stenda referats / poster presentation ,Egg yolk oil as a
source of bioactive compounds for infant nutrition”. Kovalcuks A., Duma
A. (May 12-13, 2016).

18th International Conference on Nutrition Science and Innovative Food
Packaging Technologies, CNSIFPT 2016, Amsterdama, Niderlande.
Mutiskais referats / oral presentation ,Distribution of phospholipids,
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cholesterol and carotenoids in two-solvent system during egg yolk oil
solvent extraction”. Kovalcuks A., Duma M. (May 12-13, 2016).

. 3rd International Conference on Nutrition & Growth, Vine, Austrija. Stenda
referats / poster presentation , Egg yolk oil for infant nutrition”. Kovalcuks
A., Duma M. (March 17-19, 2016).

. 17th International Conference on Food Processing and Technology, ICFPT
2015, Londona, Anglija. Mutiskais referats / oral presentation ,,Comparison
of bioactive compound content in egg yolk oil extracted from eggs obtained
from different laying hen housing systems”. Kovalcuks A. (June 28-29,
2015).

10th Baltic Conference on Food Science and Technology ,,Future Food:
Innovations, Science and Technology” Foodbalt 2015, Kaunas, Lietuva.
Mutiskais referats / oral presentation ,,Solvent extraction of egg oil from
liquid egg yolk”. Kovalcuks A., Straumite E., Duma M. (May 21-22, 2015).
. Annual 20th international scientific conference ,Research for Rural
Development 20147, Jelgava, Latvija. Mutiskais referats / oral presentation
,Purfication of egg yolk oil obtained by solvent extraction from liquid egg
yolk”. Kovalcuks A. (May 21-23, 2014).

. 9th Baltic Conference on Food Science and Technology ,JFood for
Consumer Well-Being” Foodbalt 2014, Jelgava, Latvija. Mutiskais referats /
oral presentation ,Solvent extraction of egg oil from liquid egg yolk™.
Kovalcuks A., Duma M. (May 8-9, 2014).

. Annual 19" International Scientific Conference ,Research for Rural
Development”, Jelgava, Latvia. Mutiskais referats / oral presentation
,Interaction of selenium and vitamin E in eggs and egg yolk oil”.
Kovalcuks A., Duma M. (May 15-17, 2013).

Daliba izstades

. 20. Starptautiska partikas, dz€rienu, partikas parstrades, tehnologiju,
iepakojuma, sabiedriskas &dinaSanas, viesnicu un veikalu aprikojuma un
servisa izstade ,,Riga Food 20157, Riga, Latvija. Stenda referats / poster
presentation ,Egg yolk oil”. Kovalcuks A., Duma M. (2015. gada 2.-5.
septembris).



MATERIALI UN METODES

Pétijuma laiks un vieta
Eksperimenti veikti laika posma no 2012. gada Iidz 2016. gadam S$adas
institdcijas:

1. Pasaules putnkopibas zinatniskas asociacijas Latvijas biedribas zinatniskaja
laboratorija (olu ellas ekstrakcija, olu ellas attirisana, taukskabes, taukos
SkistoSie vitamini, fosfolipidi, holesterins, karotinoidi, $kidinataju atliekas);

2. LLU Partikas tehnologijas fakultates Kimijas katedras Dabas vielu kimijas
zinatniskaja laboratorija (olu ellas ekstrakcija);

3. LLU Partikas tehnologijas fakultates Partikas tehnologijas katedras
Iepakojuma materialu 1pasibu izp€tes laboratorija (majongzes krasas
analize), Partikas produktu sensoras novérte€Sanas laboratorija (majonézes
sensora verté€sana);

4. AS Balticovo mikrobiologijas laboratorija  (baktériju kopskaits,
enterobakterijas, Salmonella spp., S. aureus, raugi un pel&jumi);

5. AS Balticovo Kkimijas laboratorija (mitrums, peroksida skaitlis,
olbaltumvielas, lipidi, ellas iznakums, pH, viskozitate);

6. Eurofins, WEJ Contaminants GmbH laboratorija Vacija (seléns, E
vitamins).

Promocijas darba pétijuma objekts ir olu dzeltenums un olu ella, kas iegiita
ar Skidinataju ekstrakcijas metodi no Latvija turétam Lohman Brown Classic
Skirnes dgj&jvistu olam.

Materiali

Olas

Olas pétijumam ieguva no Lohman Brown Classic Skirnes dgj€jvistam.
Vairakas d&j&jvistu grupas tur€tas izmantojot tris turéSanas metodes: briva
turéSana (SIA Straupes ligzda, ,,Strautini”, Straupes pagasts, Pargaujas novads,
Latvija), kiitt (slégta alternativa sisttma) un moderniz&tajos sprostos jeb biiros
(AS Balticovo, lecava, Latvija) saskana ar 2009. gada 7. julija Ministru
kabineta noteikumiem Nr. 744 ,Noteikumi par d€j€jvistu labturibas prasibam
un dgjgjvistu turéSanas uzpnémumu registracijas kartibu”. Olas ievaca no
dazadam dgjgjvistu grupam (katra grupa ir viena kits ar 5000 lidz 130 000
vistam) laika perioda no 2012. Iidz 2015. gadam. Vistu vecums olu ievakSanas
laika bija no 30 Iidz 60 nedelam.

Svaigas neskirotas olas tiek ievaktas no dgjgjvistu novietném un uzreiz
nogadatas uz laboratoriju. No katras dgj&jvistu grupas olu ellas ekstrakcijas
veikSanai un analizém, ievaca pa 60 vai 90 olam.



Dejejvistu bartba

Petfjuma laika kiitt, moderniz&tajos sprostos (biiros) turétas vistas un viena
briviba turéto d&j&jvistu grupa tika barotas ar kombinétu d&j&jvistu baribu.
Barosanai izmantoja divas baribas receptiras: 1. faze — vistu vecumam no 30.
lidz 45. ned€lai un 2. faze — vistu vecumam no 45. 1idz 60. ned€lai. Vistam bija
dota adlibitum piekluve baribai (115-120 g baribas uz vienu vistu diena) un
idenim. Vistu dzirdinasanai izmantoja nipela tipa dzirdnes.

Otra briviba tureto dgj&jvistu grupa tika barota ar baribu, kas bija pieejama
atkariba no gada laika un iesp€jam attiecigaja zemnieku saimnieciba (graudi,
darzeni, zale un cits). Baribas sastavs bija loti mainigs, lidz ar to noteikt
uzturvielu saturu taja nebija lietderigi.

Ekstrakcijas Skidinataji un slapeklis

Olu ellas ekstrakcijai no svaiga olu dzeltenuma izmantoja vairakus
organiskos Skidinatajus, ka ar1 augstakas tiribas slapekli skidinataju atlieku
nonemsanai (1. tabula).

1. tabula / Table 1
Organiskie Skidinataji un slapeklis izmantotie olu ellas ekstrakcijai /
Organic solvents and nitrogen used for egg yolk oil extraction

Nr./ Skidinatajs / Tiriba / Ravotajs/ | Razotajvalsts/

No. Solvent Purity, % Producer Country' of
production
Etanols / Sigma- .
L | Ethanol 96.0-97.2 Aldrich Vacija / Germany
Propan-2-ols / Sigma- .
2. 2-propanol >99.5 Aldrich Vacija / Germany
Hloroforms / Sigma- .
3 Chloroform 299.8 Aldrich Vacija / Germany
Heksans / Sigma- .
4 Hexane 2950 Aldrich Vacija / Germany
2-metilpentans / Sigma- .
> 2-methylpentane =99.0 Aldrich Vacija/ Germany
Acetons / Sigma- .
6 Acetone 299.5 Aldrich Vacija / Germany
7. | Stapeklis/ 99.999 Linde AG | Vacija/Germany
Nitrogen




Petijuma struktiira

Petjjums veikts trijos posmos: olu ellas ekstrakcija, olu ellas kvalitati
ietekm&joso faktoru noteik$ana un olu e]las pielietojums partikas produktos.

Olu ellas ekstrakcijas process no svaiga olu dzeltenuma ar organiskajiem
Skidinatajiem sastav no vairakiem posmiem, kuru rezultata ir izstradata
tehnologija kvalitativas olu el]as ieg@iSanai (1. un 2. att€ls).

P&tfjuma otraja posma noteica vistu turéSanas metodes, baribas sastava un
olu dzeltenuma mikrobiologisko raditaju ietekmi uz olu ellas kvalitati
(3. attels).

P&tfjuma tresaja posma olu ellas pielietojumu partika parbaudija majonezes
pagatavosana. Majonézes paraugiem, kuru pagatavosana izmantoja olu ellu,
tika noteikti biologiski aktivo vielu saturs, fizikalie, kimiskie, mikrobiologiskie
un sensorie raditaji (4. attéls).

Svaigs olu dzeltenums / _‘ Mitrums / Moisture

Fresh egg yolk Lipidu saturs / Total lipids
Organiskie $kidinataji / v
Organic solvents Ekstrakcija /
> Extraction
v
NaCl kidums / Vakuuma filtracija /
NaCl solution Vacuum filtration

/\ Dzeltenuma olbaltumvielas / |
Ekstrakts / | Yolk proteins !

Bxtract [N (T Fropandola iaitana ] ]
v | |
1 1

Salting out 2-propanol

Skidinataja o '
IZW;“kosana ! Ellas iznakums / Yield of oil
olven.t Mitrums / Moisture
evaporation §lgidinﬁtﬁja atliekas / Solvent residues
v Peroksida skaitlis / Peroxide value
Oluella/ Taukskabes / Fatty acids
Egg yolk oil Karotinoidi / Carotenoids

1. att. Pétijuma struktiira — olu ellas ekstrakcija /
Fig. 1. Structure of the research — egg yolk oil extraction
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Svaigs olu dzeltenums /
Fresh egg yolk

Mitrums / Moisture
Lipidu saturs /

l Total lipids
Olu dzeltenums —
(nepolarie lipidi + Ekstrakcija 1]/
i Extracti
+olbaltumvielas) / Alraction Etanols /
Eggy f)l_k ) Ethanol
(neutral lipids + | Vakuuma filtracija /
+proteins) N Vacuum filtration
Heksans /
Hexane Ekstrakcija 2 /
—Alexane .
Extraction 2
____________________ v
i Dzeltenuma OBV / i | Vakuuma filtracija /
v Yolk proteins r_ Vacuum filtration
-------------------- * A 4
Heksana ekstrakts / Etanola ekstrakts /
Hexane extract Ethanol extract

v

v

Ekstraktu samaisiSana un fazu sadaliSana dalama piltuve /
Mixing extracts and phase separation by separatory funnel

¥

¥

Heksana ekstrakts /
Hexane extract

Etanola ekstrakts /
Ethanol extract

¥ RN T
Heksana iztvaikoSana / i Polarie lipidi / E
Evaporation of hexane i Polar lipids
VR |
. 41 e N
Skidinataju . . Ellas iznakums / Yield of oil
atlieku Skidinataju atlikumu Mitrums / Moisture
noteik$ana / nonemsana ar N / Taukskabes / Fatty acids
Solvent Removal of solvent residue Peroksida skaitlis /
residues l Peroxide value
Fosfolipidi / Phospholipids
Oluella/ Holesterins / Cholesterol
Egg yolk oil Karotinoidi / Carotenoids
- J

2. att. Petijuma struktiira — olu ellas divsolu ekstrakcija ar etanolu un heksanu /
Fig. 2. Structure of the research — egg yolk oil two-step extraction with

ethanol and hexane
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A, D, E Vitamini /
Vitamins A, D, E
Taukskabes / Fatty acids
Karotinoidi / Carotenoids
Seléns / Selenium

oil quality

12

Turé$anas metode / N Dgjgjvista / el Bariba / I?iolog%ski
Housing system: Laying hen Feed aktlv.as Vl.elas /
- Sprostos / Cages Bioactive
- Katt / Barn v compounds
- Briva turéSana / Caumalu ola / (
Free range Shell egg Vitamtni A, D, E/
Vitamins A, D, E
l Taukskabes / Fatty acids
4 ; Karotinoidi / Carotenoids
Bakt@riju kopskaits / di::]ﬁlegnsuilsl/ Selans / Selenium
Total plate count \
Salmonella Fresh egg
Enterobaktérijas / yolk
Enterobacteriaceae l Ve
Staphylococcus aureus Bakt&riju kopskaits /
Raugi un pel&jumi / Olu ellas Total plate count
Yeasts and moulds ekstrakcija / Salmonella
Taukskabes / Fatty acids Egg yolk oil Enterobakterijas /
- / extraction Enterobacteriaceae
Staphylococcus aureus
l Raugi un pel&umi /
Yeasts and moulds
Oluella / Peroksida skaitlis /
Egg vyolk oil \Peroxzde value

3. att. Pétfjuma struktiira — olu e]las kvalitati ietekméjoso faktoru noteikSana /
Fig. 3. Structure of the research — determination of factors affecting egg yolk

" olu ellas ekstrakcijai izmantoja divsolu ekstrakciju ar etanolu un heksanu /
for egg yolk oil extraction two-stage extraction with ethanol and hexane were used




Udens / Sausas
Ksantana sveki Water izejvielas /
parveidota ciete / v D :iy
Xanthan, N Augu ella/ N Samaisisana / ingredients
modified starch Vegetable oil Mixing
v
Olu ella/ N Augu ella/ N Homogenizacija /
Egg yolk oil Vegetable oil Homogenization
N !
Fizikali kKimiskie raditaji / Homogenizacija/ || Etikis/
Physical chemical parameters Homogenization Vinegar
pH !
Tauku saturs / Fat content Maiong
. ajonéze /
Olbaltumvielas / 1w .
. ayonnaise
Protein content
Krasa / Color |
Viskozitate / Viscosity Ve ~N
Taukskabes / Fatty acids Sensora novértesana
\_D vitamins / Vitamin D ) (hedoniska skala) /
Sensory evaluation (hedonic
scale)
Olu garsa / Egg taste

Olu smarza / Egg smell
Viskozitate / Viscosity
Dzeltena krasa / Yellow colour
Skabums / Sour taste
Krémigums / Creaminess

- J
4, att. Pétjuma struktiira — olu e]las izmantoSana majonézes gatavosana /
Fig. 4. Structure of the research — egg yolk application for mayonnaise
production

Olu ellas ekstrakcija

Olu ellas ekstrakcija no svaiga olu dzeltenuma izmantoja $§adus organiskus
Skidinatajus un to maisijumus: etanols, hloroforms, propan-2-ols, acetons,
heksans, 2-metilpentans.

Pirms olu ellas ekstrakcijas organiskos S$kidinatajus (ja izmantoja
Skidinataju maisijumus) sajauca attiecigajas proporcijas pec tilpuma un ielgja
varglazé vajadzigaja daudzuma. Intensivi maisot ar stikla irbuliti, svaigu un
homogenizétu olu dzeltenumu iel&ja varglaze ar $kidinataju. Skidinataja un olu
dzeltenuma attieciba bija 2:1 attiecigi. Ekstrakciju turpinaja +21°C temperatiira,
maisot ar propellera tipa maisitaju (SciQuip Basic 20 Digital Overhead Stirrer,
SciQuip Ltd, Lielbritanija) ar 600 min™' 30 miniites.

Lipidu ekstraktu no olu dzeltenuma olbaltumvielam atdalija ar vakuum
filtracijas (Millipore) palidzibu, izmantojot 0.45 pm papira filtru un 500 mbar
spiedienu. Olu ellu ieguva, iztvaicgjot Skidinatdju no ekstrakta, rotacijas
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ietvaicétaja IKA RV 10 Control (IKA-Werke GmbH& Co. KG) noteikta
temperatiira un spiediena. Skidinataju proporcijas un $kidinataju iztvaic€Sanas
reZimi ir apkopoti 2. tabula.

2. tabula / Table 2

Skidinataju iztvaiceSanas parametri / Solvent evaporation parameters

Sl,ﬂ.dmataju IztvaicéSanas IztvaicéSanas
tilpuma _ . 1.
. attieciba / temperatiira / spiediens /
Skidinatajs / Solvent Solvent Evaporation Evaporation
. temperature, pressure,
proportion °oC mbar
by volume
Etanols : Hloroforms / .
Ethanol : Chloroform 3070 70 150
Acetons / 100 60 150
Acetone
Propan-2-ols : Heksans / 30 - 70 80 350
2-propanol : Hexane
Acetons : Heksans / 40 - 60 60 350
Acetone : Hexane
Propan-2-ols :
2-metilpentans / 3070 80 300
2-propanol :
2-methylpentane

Skidinataju proporcijas izvélétas pamatojoties uz zinatniskaja literatira
iegiitiem datiem, bet Skidinataju iztvaic€Sanas reZimus (temperatiiru un
spiedienu) noteica p&c individualo skidinataju 1pasibam. Olu ellas ekstrakcija ar
katru atseviSku $kidinataju ir veikta trTs atkartojumos.

Olu ellas divsolu ekstrakcija ar etanolu un heksanu

Olu ellas divu solu ekstrakciju ar etanolu un heksanu veica sekojosi:
pirmkart, no svaiga olu dzeltenuma ar etanolu ekstrah&a polaros lipidus
(fosfolipidus) un, no olu dzeltenuma parpalikumiem ar heksanu ekstrahgja
neitralos lipidus (Schreiner, 2006).

Polaro lipidu ekstrakcijai varglaze ielgja 400 ml etanola un maisot ar stikla
irbuliti Ienam pievienoja 200 g homogenizéta $kidra olu dzeltenuma. Maisija
lidz olu dzeltenuma olbaltumvielas denatur&jas un pilnigi izklied&jas visa
etanola tilpuma. Ekstrakciju turpinaja +21°C temperatiira maisot ar propellera
tipa maisitaju (SciQuip Basic 20 Digital Overhead Stirrer, SciQuip Ltd,
Lielbritanija) 180 min™' 30 miniites. Maistjumu nofiltréja ar vakuum filtracijas
(Millipore) palidzibu, izmantojot 0.45 um papira filtru un 500 mbar spiedienu.
Etanola ekstraktu savaca dalama piltuvé. Paliku§as olu dzeltenuma
olbaltumvielas ekstrah&ja ar 400 ml heksana, maisot 30 miniites ar propellera
tipa maisitaju +21°C temperatiira. Heksana ekstraktu atdalijja no dzeltenuma
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olbaltumvielam ar vakuum filtraciju, izmantojot 0.45 um papira filtru un 500
mbar spiedienu. Heksana ekstraktu pievienoja etanola ekstraktam taja paSa
dalama piltuve. Abus ekstraktus labi, bet lai neizveidotos emulsija, samaisija un
atstdgja uz 1 stundu faZzu sadaliSanai. P&c faZu sadaliSanas, apaksejo
etanola/Gidens slani, kas satur polarus lipidus un GdenT $kistosas vielas (sali,
cukuri, Skisto$as olbaltumvielas) notecindja caur atvertu dalamas piltuves kranu
un savaca plastmasas konteinerl. P&c $kidinataja iztvaicgSanas polaros lipidos
noteica fidens saturu.

Olu ellu ieguva, iztvaicgjot heksanu no heksana ekstrakta, rotacijas
ietvaiceétaja IKA RV 10 Control (IKA-WerkeGmbH& Co. KG) +70°C
temperatlira un 400 mbar spiediena.

Olu ellas ekstrakcija ar etanolu un heksanu ir veikta trTs atkartojumos.

Skidinataju atlieku atdalisana no olu eflas

Pec skidinataju iztvaic€Sanas rotacijas ietvaicEtaja, lai pilnigi atdalitu
Skidinataju atliekas no olu ellas, nemainot iztvaic€Sanas rezimus, olu ella,
ievadot plastikata cauruliti, ievadija augstakas tiribas slapekla gazi un ]ava tai
pliist caur olu e]lu 10 mindtes.

Majoneézes pagatavosana
Majonézes receptiiras ar dazadam olu ellas koncentracijam ir apkopotas 3. tabula.

3. tabula / Table 3
Majonézes receptiiras / Recipes of mayonnaise, %

Paraugi / Samples

Olu ellas piedeva,

Sastavdalas / % aizvietojot augu ellu /
Ingredients Egg yolk oil additive,
% replacing vegetable oil
0 1 3 5 7

Saulespuku ella / Sunflower oil 60.0 | 59.0 | 57.0 | 55.0 | 53.0
Olu ella / Egg yolk oil — 1.0 3.0 5.0 7.0
Parveidota ciete / Modified starch - 0.3
Udens / Water 29.8 30.5
Olu dzeltenuma pulveris / Egg yolk powder 1 -
Cukurs / Sugar 2.5
Sals / Salt 1.0
Sausais vajpiens / Skimmed milk powder 1.0
Ksantana sveki / Xanthan gum 0.2
Etikis 9% / Vinegar 9% 4.0
Sinepju pulveris / Mustard powder 0.5
Kopa / Total 100.0
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Majonézes pagatavoS$anai izmantoja mikseri Bosch MMB 1001 (Robert
Bosch GmbH, Vacija). Cukuru, sali, sauso vajpienu, sinepju pulveri un olu
dzeltenuma pulveri (kontroles recept€) samaisija tideni un homogeniz€ja
1 minditi. Parveidotu kartupelu cieti un ksantana svekus izkliedgja neliela
saulespuku e]las daudzuma attieciba 1:3 un pievienoja fidens fazei maisot
12000 min!. MaisTjumu atstdja uz 5 miniitém, lai ciete un ksantana sveki
piebriestu. Attiecigu olu ellas daudzumu sajauca ar saulespuku ellu. Saulespuku
ellu ar olu ellas piedevu leni ielgja mikser, kuru darbindja uz maksimaliem
apgriezieniem (21000 min'). Kad visa e]la bija pievienota, emulggSanas
procesu turpindja vél 120 sekundes. Ka p&dgjo soli majonézes pagatavosanai,
pievienoja etiki un homogenizgja vél 30 sekundes (Abu-Salem, Abou-Ara,
2008; Karas et al., 2002).

Peétijumd izmantotas analiZu metodes
P&tfjuma izmantotas analiZu metodes ir apkopotas 4. un 5. tabulas.

4. tabula / Table 4
Pétijuma izmantotas mikrobiologisko analiZu metodes /
Microbiological methods of analysis used in research

Nr./ Raditaji / Standarts vai metode /
No. Parameters Standard or method

ISO 4833-1:2013;
ISO 4833-2:2013

[

Bakteriju kopskaits / Total plate count

2. Enterobakt@rijas / Enterobacteriaceae ISO 21528-2:2004
3. Salmonella 1SO 6579:2002

4. E. coli ISO 16649-3:2015
5. S. aureus ISO 6888-1:1999
6. Raugi un pel&jumi / Yeasts and moulds 150 21527-1:2008;

ISO 21527-2:2008

Rezultatu matematiska apstrade

Petijuma ieglito datu matematiskai apstradei izmantoja statistiskas metodes.
Aprekini veikti ar ,MS Excel” programmu un ,,SPSS 19.0.” statistikas
programmu (IBM, ASV). Katram raditajam aprékinats vid&jais aritm&tiskais un
standartnovirze. [zvirzitas hipotézes parbauditas ar p-vertibas metodi, un faktori
ir noverteti ka bitiski, ja p-vertiba ir <0.05. Rezultatu interpretacijai pienemts,
ka 0=0.05 ar 95% ticamibu, ja nav noradits citadi. Datu apstrade vispirms ar
divfaktoru dispersijas analizi (ANOVA) tiek izveérteta divu dazadu faktoru
mijiedarbibas ietekme.

Izvertejot dazadu pazimju savstarp&jo kopsakaribu, izmanto korelacijas un
regresijas analizi un mazako kvadratu metodi. Ja korelacijas koeficienta vértiba
ir0.5< | r | < 0.8, starp pétamajam pazimém ir cieSa lineara sakariba (Arhipova,
Balina, 2003).
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5. tabula/ Table 5

Pétijuma izmantotas fizikali-kimiskas un sensoras analiZzu metodes /
Physical-chemical and sensory methods of analysis used in research

Nr./ Raditaji / Standarts vai metode / EX | T S| 28
No. Parameters Standard or method ==\ 22 % S
) )
] | O =S
1 Mitrums / Gravimetriski / + + _
’ Moisture Gravimetrically
) Olbaltumvielas / AOAC 925.31 (AOAC, + +
’ Proteins 1990) B
3 Lipidi / AOAC 925.32 (AOAC, + + +
) Total lipids 1990)
4 Olu ellas iznakums / Gravimetriski / _ + _
) Yield of egg yolk oil Gravimetrically
5. | Peroksidaskaitlis/ 196 3960:2010: E29 -+ ] -
Peroxide value
6. | Heksanaatlickas/ ISO 9832:2002 -+ ] -
Hexane residue
Etanola atliekas / SFen.e rson, Verma, 2011;
7. Ethanol residue Tiscione et al., 2011; - + -
stau Restek, 2000
3. Propan-2-ola at_hekas / Restek, 2000 _ + _
2-propanol residue
Hloroforma atliekas /
o Chloroform residue Restek, 2000 - * -
10 Taukskabes / ISO 12966-2:2011; + + +
) Fatty acids ISO 12966-1:2014
1 Holesterins / AOAC 994.10-1994 + + 3
) Cholesterol (2010)
o Seri et al., 2010;
12. 22“012"? / y Yalgyn et al., 2007; + + -
osphotpids Mounts et al., 1992
13 Karotinoidi / Perry et al., 2009; + + 3
) Carotenoids Chung et al., 2004
14, | Jclens/ ISO 17294-2 (E29):2005-2 | + + -
Selenium
15, | B vitamis/ BS EN 12822:2000 oo+ | -
Vitamin E
16. | A vitamins/ BS EN 12823-1:2014 + + -
Vitamin A
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5. tabulas turpinajums / Continue of table 5

P = <~ 2
£ s=z| 85
Nr./ Raditaji / Standarts vai metode / 2 % T3 g 5
No. Parameters Standard or method Ex|l 22 28
T | S8 25
a | =3
17. | D vitamins/ BS EN 12821:2009 + + +
Vitamin D
pH-metrs InoLab® pH
18. | pH/pH 7110 + SenTix® 950 R I
19 Krasas analize / ISO 11664-4:2008(E) / B B +
) Colour analysis CIE S 014-4/E:2007
20 Viskozitate / Rotacijas reometrs _ _ +
) Viscosity Rheolab QC
g1, | Sensordver@anal | g6 41519003 - - +
Sensory evaluation
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PETIJUMU REZULTATI UN DISKUSIJA

1. Olu ellas ekstrakcijas procesa raksturojums

Balstoties uz zinatniskaja literatira atrodamam atzipam, S$kidinataju
polaritati un to fizikali-kimiskam ipasibam, olu ellas ekstrakcijai bija izveleti
$adi skidinataji un $kidinataju maisijumi: acetons (ACT), etanols/hloroforms
(ETOH/CHL), propan-2-ols/heksans (ISO/HEX), acetons/heksans (ACT/HEX),
propan-2-ols/2-metilpentans (izoheksans) (ISO/ISOHEX).

Olu ellas ekstrakcijas kvalitates izveértésanai tika noteikti $adi raditaji — olu
ellas ekstrakcijas iznakums, #dens saturs ella, ellas peroksida skaitlis,
Skidinataju atliekas ella, kop&jo karotinoidu un taukskabju saturs.

Ellas iznakums

Olu ellas ekstrakcijas iznakums ir svarigs tehnologiskais parametrs, kas
raksturo ekstrakcijas efektivitati. Olu e]las iznakums atkariba no ekstrakcijai
izmantota $kidinataja vai $kidinataju maisijuma ir att€lots 5. attela.

35
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ISO/HEX ETOH/CHL ACT/HEX ISO/ISOHEX
¥ Lipidi/Lipids ™ Udens/Water

5. att. Olu ellas iznakums péc dzeltenuma ekstrakcijas ar dazadiem
Skidinatajiem /
Fig. 5. Yield of egg yolk oil using different solvents for yolk extraction

Olu dzeltenums satur gan polarus, gan nepolarus lipidus, un mazpolara
Skidinataja — acetona izmantoSana olu ellas ekstrakcijai bija pamatota ar v€lmi
iegiit visaugstako ellas iznakumu. Olu ellas iznakums, ekstrahgjot dzeltenumu
ar acetonu (ACT), bija 29.99+0.18 g 100g™!. Lidzigu rezultatu (p>0.05) izdevas
iegiit ekstrahgjot Skidru olu dzeltenumu ar acetona/heksana (ACT/HEX)
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maisjumu. Acetons ir aprotonais $k1dinatajs, kas labi ekstrah€ gan polarus, gan
nepolarus olu dzeltenuma lipidus; heksans savukart ir izteikti nepolars
Skidinatajs, kas efektivi ekstrah@ neitralus lipidus.

Otrais labakais Skidinataju maisfjums olu ellas ekstrakcija no svaiga olu
dzeltenuma bija propan-2-ola/heksana maistjums (ISO/HEX) Ekstrah&jot 100 g
olu dzeltenuma ar $o Skidinataju maistjumu izdevas iegiit 28.90+0.27 g olu
ellas.

Etanola/hloroforma maistjuma (ETOH/CHL), ka ar1 propan-2-ola/
2-metilpentana (izoheksans) maisjjuma (ISO/ISOHEX) ekstrakcijas iznakumi
batiski neatskiras (p>0.05) un sastadija, attiecigi, 26.37+0.24 g 100g! un
26.55+0.22 g 100g™..

Propan-2-ola/heksana  (ISO/HEX) un  propan-2-ola/2-metilpentana
(izoheksana) (ISO/ISOHEX) $kidinataju maistjumi ir loti 11dzigi pec fizikali-
kimiskam 7IpasSibam, bet 2-metilpentanam ir nedaudz zemaka virSanas
temperatiira salidzinajuma ar heksanu, ka arT sazarota struktiira, kam vajadzeja
pozitivi ietekmét ekstrakcijas iznakumu. Miisu noveérojumi apstiprina pretéjo —
olu ellas iznakums pé&c ekstrakcijas ar propan-2-ola/2-metilpentana maisjjumu
bija bitiski (p<0.05) mazaks par ellas iznakumu, ko ekstrah&ja ar propan-2-ola/
heksana maistjumu.

Udens saturs

Ar ekstrakciju iegiita olu ella satur lielu fidens daudzumu. Udens saturs olu
ellas paraugos bija robezas no 12.76 Iidz 16.08%, kas ir diezgan liels raditajs.
Liels Gdens saturs partikas ella var izraisit lipidu oksidé$anos un citas izmainas,
negativi ietekmgjot ellas kvalitati un saisinot tas uzglabasanas laiku.

Peroksida skaitlis

Misu pétfjuma rezultati paradija, ka visos olu ellas paraugos uzreiz pec
ekstrakcijas peroksida skaitlis bija Iidz 0.02£0.02 meq O kg'!, neatkarigi no
ekstrakcijai izmantotajiem Skidinatajiem. Cilvéku pat€rinam paredzetajos
taukos un e]]as peroksida skaitla vértiba nedrikst parsniegt 10 meq O, kg!
(FAO, 1999).

Skidinataju atliekas

P&c iegiitiem analiZu rezultatiem novérojam, ka lielakie skidinataju atlikumi
bija olu ellas, kuru ekstrakcijai izmantoja $kidinatajus ar augstaku virSanas
temperatiiru. Skidinatdju saturs iegitajas ellas parsniedza atlauto daudzumu
partikas produktos.

Skidinatju atlieku pamata ir to neefektiva iztvaikoSands no ekstrakta.
Skidinataju iztvaiko$anu kavé arT ekstrakta esosie fosfolipidi.
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Kopéjo karotinoidu saturs

Olu ellas pievilcigo oranzi-sarkano krasu nodroSina dzeltenuma esoSie
karotinoidi. Karotinoidi pieskir olu ellai ne tikai krasu, bet arT biologisko
vertibu un tieSi tapec ir svarigi zinat to saturu e]]a. Kopgjo karotinoidu saturs
olu ella atkariba no ekstrakcijai izmantotiem $kidinatajiem ir apkopots 6. attéla.
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Karotinoidu saturs / Carotenoids

6. att. Kopégjo karotinoidu saturs olu ella atkariba no izmantota
Fig. 6. Total carotenoid content of egg yolk oil extracted with different
extraction solvents

Miisu pétijuma dati liecina, ka kopg€jo karotinoidu saturs olu ella mainijas
atkariba no ekstrakcijai izmantotiem $kidinatajiem. Visaugstaka karotinoidu
koncentracija bija atrodama ar etanolu/hloroformu (ETOH/CHL) ekstrah&taja
olu ella 73.16+1.53 mg kg!, bet vismazaka ar acetonu (ACT) ekstrah&taja e]la
56.14+0.89 mg kg!.

Taukskabju saturs

Iegttie rezultati paradija, ka taukskabju profils visiem olu ellas paraugiem ir
aptuveni vienads, bet pastav atSkiritba dazu taukskabju satura atkariba no
ekstrakcijai izmantota Skidinataja vai $kidinataju maistjjuma. Olu dzeltenuma
neitralo trigliceridu un fosfolipidu taukskabju saturs ir at$kirigs un, izmantojot
dazadas polaritates Skidinatajus olu ellas ekstrakcijai, var iegit ellu ar dazadu
neitralo un polaro lipidu sastavu un attiecigi ar dazadu taukskabju saturu.

Taukskabju saturs olu ella, kas ieglita ekstrahgjot olu dzeltenumu ar
dazadiem skidinatajiem, att€lots 6. tabula.

Olu dzeltenuma lipidu piesatinato taukskabju saturu nosaka dgj&jvistu
Skirne, nevis baribas sastava eso$as taukskabes. Bet nepiesatinatas un
polinepiesatinatas taukskabes olu dzeltenuma lipidos, pret€ji, var mainities
atkariba no bariba esoSo nepiesatinato taukskabju satura. P&tjjuma izmantota
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dgjgjvistu baribas sastava esos$a rapSu ella ir bagata ar polinepiesatinatam
taukskabém, kas ietekmé olu e]las nepiesatinato taukskabju saturu.

Salidzinot ar citu autoru pétijumiem (Souza et al., 2008; Stibilj et al., 1999),
ieglitas olu ellas satur vairak oleinskabi, bet mazak palmitinskabi un
linolénskabi.

6. tabula / Table 6
Taukskabju saturs olu ella péc ekstrakcijas ar dazadiem Skidinatajiem /
Fatty acid profile of egg yolk oil extracted with different solvents

Taukskabju saturs / Fatty acid content,
Taukskabes / 2100g!
Fatty Acids ISO/ ETOH/ ACT ACT/ ISO/

HEX CHL HEX ISOHEX
C14:0 0.14+0.02 0.09+0.01 0.16+0.02 0.15+0.01 0.10+0.01
Cl4:1 0.04+0.01 0.03+0.01 0.04+0.01 0.03+0.01 0.03+0.01
Cl15:0 0.08+0.01 0.09+0.01 0.08+0.01 0.08+0.01 0.09+0.01
C16:0 22.72+0.04 | 22.27+0.03 | 22.74+0.07 | 22.60+0.04 | 22.70+0.04
Cle:1 0.28+0.02 0.29+0.01 0.18+0.02 0.26+0.02 0.28+0.02
C17:0 0.19+0.02 0.21+0.02 0.2040.02 0.20+0.01 0.21+0.01
C17:1 0.12+0.01 0.11+0.01 0.14+0.01 0.12+0.01 0.12+0.01
C18:0 6.20+0.21 6.10+0.03 6.58+0.32 6.22+0.02 6.22+0.08
C18:1 52.61+0.06 | 53.21+0.13 | 50.43+0.09 | 50.92+0.08 | 52.60+0.20
C18:2 13.67+0.03 | 13.65+0.01 | 15.57+0.02 | 15.02+0.04 | 13.30+0.04
C18:3 1.72+0.01 1.77+£0.01 1.83+0.02 1.78+0.02 1.68+0.02
C20:1 0.23+0.01 0.22+0.01 0.19+0.01 0.21+0.01 0.2240.01
C20:2 0.01 0.01 0.01 0.01 0.01
C20:3 0.19+0.02 0.15+0.01 0.2240.02 0.2240.02 0.18+0.01
C20:4 0.07+0.01 0.08+0.02 0.02+0.01 0.02+0.01 0.08+0.01
C20:5 0.03+0.01 0.03+£0.01 0.05+0.01 0.04+0.01 0.03+0.01
C22:0 0.04+0.01 0.04+0.01 0.06+0.01 0.04+0.01 0.04+0.01
C22:1 0.03+0.01 0.03+0.01 0.02+0.01 0.03+0.01 0.02+0.01
C22:4 0.08+0.02 0.09+0.01 0.04+0.01 0.06+0.01 0.09+0.01
C22:5 0.05+0.01 0.06+0.01 0.07+0.01 0.06+0.01 0.05+0.01
C22:6 1.02+0.02 0.95+0.02 1.02+0.19 1.00+0.01 0.98+0.02
C24:1 0.02 0.02 <0.01 0.01 0.01
Citas / Other 0.46+0.01 0.50+0.01 0.42+0.01 0.48+0.02 0.48+0.02
PTS /SFA 29.37+0.14 | 28.80+0.02 | 29.84+0.02 | 29.2940.02 | 29.36+0.06
MNTS/MUFA | 53.3330.08 | 53.91+0.06 | 50.91+0.08 | 51.58+0.10 | 53.28+0.06
PNTS / PUFA 16.84+0.02 | 16.7940.02 | 18.83+0.02 | 18.65+0.03 | 16.88+0.02

Iegiitaja olu ella bija liels Gdens saturs un arT $kidinataju saturs ieguitajas
ellas stipri parsniedza pielaujamas robeZas. Lai uzlabotu ekstrahétas olu ellas
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kvalitates IpaSibas un padaritu to droSu lietoSanai, ir nepiecieSams samazinat
tidens saturu taja un atbrivoties no $kidinataju klatbiitnes.

Udens satura samazindsana
Liels Gdens saturs olu ella ir saistits ar fosfolipidiem (lecitiniem), kuri
absorbg tideni no $kidra olu dzeltenuma (7. attéls).
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7. att. Udens saturs olu dzeltenuma, lecitina un olu ellas /
Fig. 7. Water content in egg yolk, crude lecithin and egg yolk oils
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A - Olu dzeltenums / Egg yolk; B - Lecitins / Lecithin; C - Olu ella (propan-2-ols/heksans)/Egg yolk
oil (2-propanol/hexane); D - Olu ella (propan-2-ola izsalisana)/Egg yolk oil (salting out of
2-propanol); E - Olu ella (etanols + heksans)/Egg yolk oil (ethanol + hexane)

Lai atdalitu polarus lipidus (fosfolipidus) no olu dzeltenuma, olu ellas
ekstrakcijai izmantojam etanolu un heksanu, kur sakuma no skidra dzeltenuma
ar etanolu atdala polaros lipidus un tad no palikusam dzeltenuma nogulsném ar
heksanu ekstrahé neitralos lipidus. Abus ekstraktus sajauc un labi samaisa. Ta
ka etanola un heksana polaritates ir stipri atSkirigas, abi ekstrakti viegli
sadalijas dalama piltuveé. Atdalot polaro etanola ekstraktu, izdevas iegiit neitralo
lipidu ekstraktu heksana, un péc heksana iztvaikoSanas no ekstrakta ieguvam
olu e]]u ar Gidens saturu 0.88+0.13 g 100g™..

Polaro lipidu frakciju péc Skidinataju atdaliSanas, var izmantot ka
fosfolipidu avotu cilvéku uztura vai ka izejvielu citu partikas produktu razoSana.

Skidinataju atlieku nonemsana

Pilnigi atdalit $kidinatajus rotacijas ietvaic€taja nav iesp&jams, bet izlaizot
cauri olu ellai slapekli, iesp&jams iegiit ellu bez $kidinataju (etanols un heksans)
klatbiitnes (7. tabula).
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7. tabula / Table 7
Skidinataju atliekas olu ella péc ekstrakcijas /
Solvent residues in egg yolk oil after extraction

“ Ekstrakcijas Skidinataju maistjums /
Siadinatajs / ii]‘xtral;lﬁon sol{)ents !
Solvent ETOH + HEX ETOH + HEX + N2
Heksans / Hexane, mg kg! 1.16+0.06 <0.01
Etanols / Ethanol, mg kg'! 50.30+6.38 <0.01

Taukskabju un kopéjo karotinoidu saturs olu ellas

Ekstrakcijas procesa izmainas skara oleinskabes (C18:1), linolénskabes
(C18:3) un cervonskabes (C22:6) koncentraciju ella. Cervonskabes (C22:6)
saturs olu ella, ko ieguva ar divsolu ekstrakciju ar etanolu un heksanu ar talako
apstradi ar slapekli (ETOH+HEX+Ny), bija bitiski (p<0.05) mazaks neka ar
propan-2-ola/heksana (ISO/HEX) ekstrah&ta ella. Turpretim, linolénskabes
(C18:3) saturs ETOH+HEX+N, ekstrahétaja e]la palielinajas, salidzinajuma ar
ISO/HEX ellu.

Kopgjo karotinoidu saturs ETOH+HEX+N, ekstrah&taja olu ella bija
32.240.28 mg kg'!, kas ir butiski mazak neka 71.02+0.37 mg kg'! olu €lla, kuru
ieguva, ekstrahgjot dzeltenumu ar ISO/HEX maisijumu. Kopg&jo karotinoidu
satura starpibas pamata ir So savienojumu polaritate.

2. Olu dzeltenuma lipidu un karotinoidu dinamika olu ellas ekstrakcijas
procesa

Lai izvertetu lipidu un karotinoidu dinamiku olu e]]as ekstrakcijas procesa,
sakuma noteicam $o savienojumu saturu olu dzeltenuma un olu dzeltenuma ella
un tad salidzinajam to saturu ar teorétiski izrékinatu fosfolipidu un karotinoidu
saturu 100 g olu dzeltenuma lipidos.

8. tabula / Table 8
Fosfolipidu un holesterina sadalijums etanola un heksana ekstraktos /
Distribution of phospholipids and cholesterol in ethanol and hexane extracts

Lioidi / Lipid Etanola ekstrakts / Heksana ekstrakts /
P P Ethanol extract Hexane extract

Fosfatidilholins /
Phosphatidylcholine (PC) 9789 % 211 %
Fosfatidiletanolamins /
Phosphatidylethanolamine (PE) 9981 % 0.19%
PC + PE 98.22 % 1.78 %
Holesterins /
Cholesterol 12.95 % 87.05 %
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Fosfolipidu saturs olu ella bija loti mazs, fosfatidilholins 0.582+0.009
¢ 100g! un fosfatidiletanolamins 0.011+0.009 g 100g!, kas ir 2.11% un 0.19%,
attiecigi no kopé&ja fosfatidilholina un fosfatidiletanolamina daudzuma olu
dzeltenuma. Holesterna saturs olu ella veidoja 3.105 g 100g™! vai 87.05% no
kopégja holesterina satura olu dzeltenuma lipidos (8. tabula).

Karotinoidu sadaltjums divu §kidinataju sist€ma ir saistita ar to polaritati un
SkiSanas pakapi dotajos Skidinatajos (Rivera, Canela, 2012). Olu dzeltenuma
karotinoidu sadalfjums starp etanola un heksana ekstraktiem ir apkopots
9. tabula.

9. tabula / Table 9
Karotinoidu sadalijums etanola un heksana ekstraktos /
Distribution of carotenoids in ethanol and hexane extracts

Karotinoida nosaukums / Etanola ekstrakts / Heksana ekstrakts /
Carotenoid name Ethanol extract Hexane extract
Luteins / Lutein 88.74 % 11.26 %
Zeaksantins / Zeaxanthin 91.22 % 8.78 %
Kantaksantins / Canthaxanthin 10.16 % 89.84 %
B-karotins / f-carotene 2.56 % 97.44 %

Luteins un zeaksantits, ka vispolarakie olu dzeltenuma karotinoidi, tika
ekstrah@ti etanola/tdens faze. Kantaksantina koncentracija heksana ekstrakta
bija 89.84% no kopgja kantaksantina daudzuma olu dzeltenuma lipidos, un tikai
neliela dala kantaksantina tika ekstrahfta ar etanolu, ko var skaidrot ar
kantaksantina ieslégSanu fosfolipidu veidota emulsija. [-karotins ir
visnepolarakais no olu dzeltenuma karotinoidiem, tapéc tas gandriz pilnigi
ekstrah€jas nepolaraja heksana un kopa ar kantaksantinu kluva par galveniem
olu ellas karotinoidiem (pigmentiem).

3. Olu ellas biologiski aktivo vielu satura ietekméjoso faktoru analize

Déjéjvistu baribas sastava ietekme uz biologiski aktivo vielu saturu olu efja

Daudzi pétijjumi ir pieradijusi, ka, mainot biologiski aktivo vielu saturu vistu
bariba, iespgjams izmainit $o savienojumu saturu olas.

Misu pétfjuma rezultati paradija, ka seléna saturs olas mainas atkariba no
izmantota seléna veida d&j&jvistu bariba (8. attels). Misu pétljuma seléna saturs
bariba bija neliels (0.20+0.02 mg kg™! receptiira ar natrija selenitu un 0.30+0.03
mg kg'! receptiird ar organisko selénu — selenizétu raugu), ari §1 mikroelementa
saturs olas (0.19 mg kg natrija selenita gadijuma un 0.24+0.01 mg kg' —
organiska seléna gadijuma) ir mazaks neka citu autoru darbos minétie lielumi
(Ajamal, 2011; Bennet, Cheng, 2010; Mohiti-Alsi et al., 2008; Jiakui, Xialong,
2004).
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8. att. Seleéna sadalijums olas /
Fig. 8. Distribution of selenium in eggs

Seléna saturs olu ella bija mazaks par analitiskas metodes jutibas limeni
(<0.05 mg kg!) un tas apstiprindja piepémumu, ka, ekstrah&jot olu dzeltenumu
ar organiskiem $kidinatajiem, nav iesp&jams iegit ar selénu bagatu olu e]lu. Ta
ka seléns olas ir iesaistits olbaltumvielu sastava, tas péc olu ellas ekstrakcijas,

palika dzeltenuma olbaltumvielu frakcija.

Olu dzeltenuma un olu ella tika noteikts E vitamina saturs. Olu dzeltenuma un olu

ella galvenas E vitamina formas ir o-tokoferols un y-tokoferols (10. tabula).

Tocopherol profile of egg yolk and e

10. tabula / Table 10
Tokoferolu saturs olu dzeltenuma un olu ella /

yg yolk oil

Natrija selenits /
Sodium selenite

Organiskais seléns /
Organic selenium

Pljli:zlrlr:j:;r{s Olu Oluella/ Olu Oluella/
dzeltenums / | Egg yolk | dzeltenums/ | Egg yolk
Egg yolk oil Egg yolk oil
ziéoll:;flemls [octocopherol. | 435,00 | 254230 | 1140817 | 242429
B—toko_flerols ! B-tocopherol, nd. 6541 ol "
mg kg
S—tokoﬁerols ! 6-tocopherol, nd. nd d "
mg kg
y-tokoferols / y-tocopherol, 2245 3945 5145 2604

mg kg!
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Eksperimentos izmantotajas abas baribas receptiiras (ar natrija selenitu un
selenizetu raugu) E vitamina saturs bija mazs — 25+2 mg kg'!, bet E vitamina
saturs olu dzeltenuma tika noteikts 154+25 mg kg ar neorganiska seléna
piedevu un 135+22 mg kg'! ar selénizéta rauga piedevu. legiitie rezultati ir
aptuveni divas reizes lielaki neka minéts Mohiti-Asli et al. (2008) darba, kur E
vitamina saturs olu dzeltenuma veidoja 88 mg kg™, kad vistu bariba nebija
bagatinata ar So vitaminu, bet ja bariba E vitamina saturs tika palielinats lidz
200 mg kg, tad olu dzeltenuma ta saturs veidoja 485.37 mg kg! (Mohiti-Asli
et al., 2008). Tas nozim¢, ka olu dzeltenuma E vitamina saturs ir 2.4 reizes
lielaks neka bariba. Miisu iegiitajos rezultatos E vitamina saturs olu dzeltenuma
bija Iidz 6 reizém lielaks neka bariba.

Déjéjvistu turésanas metodes ietekme uz biologiski aktivo vielu saturu olu efja

E vitamins

a-tokoferola saturu olu dzeltenuma biitiski ietekme vistu baribas sastavs un
tas var biit robeZas no 10 Iidz 967 mg kg' (Mori et al., 2003; Grobas et al,
2002; Kang et al., 1998; Jiang et al., 1994). a-tokoferols ir taukos SkistoSs
savienojums un ekstrakcijas rezultata var iegiit olu ellu, kas satur $o vitaminu.

9. attela redzams, ka vistu turéSana buros vai kati bitiski neietekmé
(p>0.05) a-tokoferola saturu olu ella.
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9. att. a-tokoferola saturs olu ella atkariba no vistu turésanas metodes /
Fig. 9. a-tocopherol content in egg yolk oils from different hen housing
method

Olu ella, ko ieguva no brivi turétu vistu olam, o-tokoferola saturs bija
ievérojami mazaks (p<0.05) par olu ellu no biiros un kiitT turéto vistu olam.
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Tacu vismazako vitamina saturu konstatéjam olu ella, ko ieguva no brivi turétu
(za]bariba) vistu olam.

D vitamins

Olu dzeltenums satur ar1 D vitaminu. Iegiitie rezultati (10. attéls) paradija,
ka ergokalciferola saturs ir butiski mazaks (p<0.05) olu ellas paraugos, kas
iegiiti no brivos apstaklos tur&tu vistu olam, salidzinot ar sprostos (biiros un
kiit1) turéto.
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10. att. Ergokalciferola saturs olu ella atkariba no vistu turéSanas metodes /
Fig. 10. Ergocalcipherol content in egg yolk oils from different hen housing
method

Netika konstateta butiska atSkiriba (p>0.05) ergokalciroferola satura starp
olu ellu, kas iegtita no kiitT un buros izdeétam olam. Olu ella, ko ieguva no brivi
turétu vistu olam (zalbariba), saturéja mazak D vitamina neka no vistam, kuras
sanéma komercialu baribu.

A vitamins

Vistu olu dzeltenums satur A vitaminu, galvenokart retinolu. Visvairak
retinola konstatgja olu ella, ko ieguva no brivi tur€tu vistu olam, kuram bija
briva pieeja baribai.

Iegttie rezultati (11. att€ls) atSkiras no citu autoru petfjumiem (Anderson,
2011), kas noradija, ka A vitamina saturu olas neietekm& vistu turéSanas
apstakli. To var butiski palielinat, bagatinot vistu baribu ar retinolu, bet,
palielinot A vitamina saturu, samazinas o-tokoferola saturs olu dzeltenuma
(Mori et al., 2003; Mendonca et al., 2002; Jiang et al., 1994).
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11. att. Retinola saturs olu e]la atkariba no vistu turéSanas metodes /
Fig. 11. Retinol content in egg yolk oils from different hen housing method

Salidzinot iegiitos rezultatus, redzams, ka olu ella, kas iegiita no brivi turétu
vistu olam, pastav sakaribas starp a-tokoferola un retinola koncentracijam —
lielai retinola koncentracijai atbilst maza a-tokoferola koncentracija.

Karotinoidi

Karotinoidu saturam olu ella ir liela nozime. Tie ne tikai nosaka olu
dzeltenuma oranzo krasu, bet daZi no tiem ir arT A vitamina prekursori, kas
pieskir olu dzeltenumam noteiktu biologisko vértibu. Olu ellas ekstrakcijai
izmantoja dazadas polaritates $kidinatajus, polaros un nepolaros, kas ietekméja
karotinoidu saturu olu ella.

Iegiitie rezultati paradija (12. att€ls), ka kop&jo karotinoidu saturs olu e]lu
paraugos, atkariba no vistu turéSanas apstakliem, ir lidzigs retinola rezultatiem.

Visvairak karotinoidu noteica olu e]la, kas ekstrah&ta no brivi turtu
(zalbariba) vistu olam. Kopgjo karotinoidu saturs olu ella no kiiti un biiros
turétu vistu olam bija lidzigs (p>0.05), bet vismazakais karotinoidu saturs
konstatts ella, kas ieglita no brivi turétu, ar komercialo baribu barotu vistu
olam.

Salidzinot abu brivi turto vistu olu sastavu, varam apgalvot, ka karotinoidu
saturs olu e]la ir saistits ar vistu baribas sastavu. Literatiira (Mendonca et al.,
2002; Jiang et al., 1994) atrodami petfjumi par B-karotina un retinola satura
paaugstinasanas iesp&jam olu dzeltenuma, izmantojot ar Siem savienojumiem
bagatinatu baribu.
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Karotinoidu saturs / Carotenoid
content, mg kg'!
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12. att. Kopéjo karotinoidu saturs olu ella atkariba no vistu turéSanas metodes /
Fig. 12. Total carotenoids content in egg yolk oils from different hen housing

method

Taukskabes

Taukskabju analizu rezultati paradija, ka kopgjo taukskabju profils visos olu
dzeltenumu paraugos bija Iidzigs. Tas var but izskaidrojams ar to, ka
eksperimentos izmantoja vienas Skirnes dgjgjvistas.
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13. att. Taukskabju saturs olu e]la atkariba no vistu turéSanas metodes /
Fig. 13. Fatty acid profile of egg yolk oils from different hen housing method
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13. attela redzams, ka mainas kopgjais piesatinato, mononepiesatinato un
polinepiesatinato taukskabju saturs olu e]la atkariba no vistu tur&Sanas
apstakliem.

Vismazak polinepiesatinato taukskabju satur olu ella, kas ieglita no brivi
turtu vistu olam, ar brivu pieeju zalbaribai. Visos par€jos olu ellas paraugos
polinepiesatinato taukskabju saturs bija ievérojami lielaks (p<0.05).

4. Olu ellas kvalitates izmainas uzglabasanas laika

Uzglabasanas laika ellas kvalitate var mainities. Kvalitates izmainas var biit
gan Kimiskas (oksid€Sanas), gan mikroorganismu ietekmétas.

Mikrobiologiskie raditaji
Olu ellas bakteériju KVV skaits atkariba no ellas uzglabasanas temperattiras un
ilguma ir att€lots 14. attela.
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14. att. Olu ellas baktériju kopskaita atkariba no ellas uzglabasanas
temperatiiras un ilguma /
Fig. 14. Total plate count in egg yolk oil stored at different temperature and
time

Olu ellas uzglabaSanas laika +4°C temperatira nov€roja nenozimigu
baktériju kopskaita pieaugumu. Tad&jadi, olu dzeltenuma mikrobiologiskas
tirtbas saglabaSanai, olu ellu ir nepiecieSams uzglabat zema temperatiira.
Uzglabajot olu e]lu +21°C vai +35°C temperatiira jau péc 3 ménesu ilgas
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uzglabasanas bakteriju KVV skaits biutiski (p<0.05) parsniedz olu ellas
rezultatus, ko uzglabaja +4°C.

Olu ella 12 méneSu uzglabasanas laika, neatkarigi no uzglabasSanas
temperatliras, netika konstatéta patogénu, ar1 raugu un peléjumu vairoSanas.

Olu eflas oksidacija

Produktos ar augstu gark@Zu polinepiesatinato taukskabju saturu vienmer
pastav lipidu autooksidacijas risks, oksidacijas uzp@miba pieaug ar tauku
nepiesatinatibas pakapi. 15. att€la redzams, ka olu ellas peroksida skaitla
vertibas ir mainijusas atkariba no ellas uzglabaSanas temperatiras.

meq O, kg'!

Peroksida skaitlis / Peroxide value,

Meénesi/ Months

—4—4+35°C —9—+4°C +21°C

15. att. Olu ellas peroksida skaitla vértibas uzglabasanas laika dazadas
uzglabaSanas temperatiiras /
Fig. 15. Egg yolk oil peroxide value during storage at different storage
temperatures

Temperatiira ir viens no galveniem faktoriem, kas ietekmé lipidu oksidaciju,
tapec viszemaka peroksida skaitla vértiba bija olu ellai, kuru uzglabaja +4°C
temperatiira. Paaugstinoties olu e]las uzglabasanas temperatirai, pieauga arl
peroksida skaitla vertiba. Olu ella, kuru uzglabaja +35°C temperatiira,
sasniedza maksimali pie]aujamo peroksida skaitla vertibu (10 meq O kg!) pec
10 ménesSiem.
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5. Olu ellas pielietojums majonézes pagatavoSana

Lai izvertetu iegitas olu ellas pielietojuma iesp€jas partikas produktu
razoSana, pagatavoja majonézi ar 1, 3, 5 un 7% olu el]las piedevu.
Salidzinasanai izmantoja majongzi bez olu ellas. Majon&Zu paraugu fizikalie un
ktmiskie raditaji atspoguloti 10. tabula.

10. tabula / Table 10
pH, viskozitate, lipidu, olbaltumvielu un D vitamina saturs majonézeés ar
dazadu olu dzeltenuma ellas (ODE) saturu /

The pH, viscosity, lipids, protein and D vitamin concentration of mayonnaise

with different egg yolk 0il (EYO) content
Viskozitate Lipidi/ | Olbaltumvielas/ | D vitamins /

Paraugs / / i ’ vitan

Sample pH Viscosity Lipids, Protein, vitamin D,

cp | 8100g" g 100g ng kg

Kontrole / 4.06£0.02 | 476.2+1.5* | 60.3+0.6° 1.68+0.122 <0.1°

Control

ODE/ . : - - :
EYO 1% 4.05£0.01 444 8+2.7 60.8+0.9 1.38+0.04 <0.1

ODE / - ) - - -
EYO 3% 4.06+0.01 398.4+1.3 60.7£0.6 1.40+0.13 2.4+0.2

ODE/ . ; - - -
EYO 5% 4.07£0.01 210.0x1.2 59.9+0.5 1.41+£0.09 2.3+0.2

ODE/ . ) - - :
EY0 79, | 406£0.02° | 170.0£1.6° | 59.7x0.4 1.3820.09 5.620.6

* Vertibas, kas atzimétas ar vienu un to pasu burtu, nav batiski atskirigas (p>0.05).
* Values, marked with the same subscript letters in rows, are not significantly different (p>0.05).

Iegtitie eksperimentalie rezultati paradija, ka iegiito produktu pH bitiski
neatSkiras (p>0.05) atkariba no pievienota olu ellas daudzuma. Kopgjo lipidu
saturs visos majonézes paraugos bija robezas no 59.7+0.7 g 100g’ lidz
60.8+0.9 g 100g™!. Olbaltumvielu saturs majon&Zu paraugos, kuriem pievienoja
olu ellu dazadas koncentracijas, mainijas robezas no 1.38+0.04 Iidz 1.41+0.09
g 100g™! un $is at8kiribas nav bitiskas (p>0.05). Pievienojot olu e]lu majonézei,
butiski mainijas (p<0.05) tas viskozitate, palielinot olu ellas saturu majongzg,
viskozitate samazinas. Pievienojot majonézei 3, 5 un 7% olu ellu, ir iesp&jams
bagatinat majonézi ar D vitaminu. Kontroles parauga, D vitamina saturs bija
mazaks par analitiskas metodes noteik3anas jutibu <0.1 pg kg!.

Paterétaji lielu uzmanibu piever§ majon€zes vizualajam izskatam, tai skaita
majonézes krasai. MajonéZu paraugu krasas intensitates mérijjumi CIE L*a*b*
un AE vértibas atspogulotas 11. tabula.
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11. tabula / Table 11
Majonézu paraugu krasas CIE L*a*b* vertibas atkariba no olu
dzeltenuma ellas (ODE) koncentracijas /
The colour CIE L*a*b* values of mayonnaise with different egg yolk oil

(EYO) content
Paraugi / CIE L*a*b*vertibas /
araugl CIE L*a*b*values AE
Samples L= aF b
Kontrole / Control | 87.14+1.10* | 0.69+0.45 | 7.68+0.92% 0

ODE/EYO 1% 85.62+0.71* | 0.23+0.35 | 8.45+0.74* 2.3+0.73*

ODE/EYO 3% 85.14+0.74* | 0.1840.27 | 13.03+0.81° | 5.7440.41°

ODE/EYO 5% 81.40+0.46° | 0.270.19 | 17.72+0.15° | 11.61+£1.04¢

ODE/EYO 7% 79.6620.15° | 0.52+0.05 | 22.91+0.17¢ | 17.02+1.28¢

* Vertibas, kas atzimétas ar vienu un to pasu burtu, nav batiski atskirigas (p>0.05).
* Values, marked with the same subscript letters in rows, are not significantly different (p>0.05).

Palielinot olu ellas koncentraciju majon&zg, eksperimentali konstat&ja
butiskas dzeltenas krasas atSkirtbas (p<0.05), kas paradas ka pozitivas b*
vertibas visiem eksperimentalajiem majoneZu paraugiem. Datu matematiska
apstrade paradija cieSu korelaciju (r=0.999) starp olu dzeltenuma koncentraciju
majonez€ un parauga dzelteno krasu.

4.0a
Kremigums/Creaminess 4.3a
4.1b
4.2b
Dzeltena krasa/Yellow color

4.2a

Viskozitate/Viscosity 4.2a

0 1 2 3 4 5

PatikS§anas pakape/ Degree of acceptance
BODE/EYO 7% BODE/EYO 5% BODE/EYO 3% BODE/EYO 1% BKontrole/Control

16. att. Majonézes sensoro ipasibu noveértéjums /
Fig. 16. Sensory properties of mayonnaise with egg yolk oil

* Vertibas, kas atzimétas ar vienu un to pasu burtu, nav batiski atskirigas (p>0.05).
* Values, marked with the same subscript letters, are not significantly different (p>0.05).
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Produktu sensoras vert€Sanas rezultati paradija, ka nav bitiskas atskiribas
(p>0.05) majonézes paraugu garSas, smarZas un konsistences patikSanas
pakapeé. Pamatojoties uz 5 punktu hedonisko skalu, majon&zes paraugu olu
smarZzu, garSu un konsistenci noveért&ja ar 3 punktiem (ne patik, ne nepatik) lidz
4 punktiem (mazliet patik). Pievienotas olu ellas koncentracija biitiski
ietekm&ja (p<0.05) majonezes paraugu viskozitates, dzeltenas krasas un
krémiguma patikSanas pakapi (16. attels).

Sensoras vert€Sanas rezultati paradija, ka vertetaji dod priekSroku
majon&z&€m ar olu ellas koncentraciju 3% un 5%. Viszemako vert§jumu ieguva
majonézes paraugs, kura olu ellas koncentracija bija 1%.

SECINAJUMI

1. Ekstrah&jot olu dzeltenumus ar Skidinatdjiem (acetons, propan-2-ols/
heksans, etanols/hloroforms, acetons/heksans, propan-2-ols/
2-metilpentans), iegiita olu ella satur fosfolipidus un tdeni. Atkariba no
izmantota Skidinataja nozimigi izmainds kop&jo karotinoidu saturs, no
56.142£0.89 mg kg'! ar acetonu ekstrahétaja ella lidz 73.16+£1.53 mg kg! ar
etanolu/hloroformu ekstrahétaja ella.

2. Kuvalitativas olu ellas iegiSanai no S$kidra olu dzeltenuma jaizmanto
divpakapju skidinataju ekstrakciju ar etanolu un heksanu, kuras rezultata olu
dzeltenuma polarie lipidi tiek ekstrahéti polaraja etanola faze, bet nepolarie
lipidi heksana fazg. Divpakapju olu ellas ekstrakcija ar etanolu un heksanu
nodrofina mazu Udens saturu (0.88+0.13 g 100g™) ella, bet slapekla
izmantoSana ekstrakcijas procesa beigas pilniba nonem $kidinataju atliekas ella.

3. Olu ellas ekstrakcijas procesa dzeltenuma lipidi sadalas starp etanola un
heksana ekstraktiem atbilsto§i savai polaritatei. 87.05% holesterTna
ekstrah€jas ar nepolaro heksanu, bet gandriz visi fosfolipidi (98.22%) un
lielaka dala luteina (88.74%) un zeaksantina (91.22%) koncentréjas etanola
ekstrakta. Heksana ekstrakta koncentréjas 97.44% olu dzeltenuma esosa
B-karotina un 89.84% kantaksantina.

4. Olu ellas biologiski aktivo vielu saturu ietekmg vistu baribas sastavs. Pastav
cieSa korelacija starp polinepiesatinatu taukskabju, taukos $kistoSu vitaminu
un karotinoidu saturu vistu bariba un olas dzeltenuma.

5. Izmantojot etanolu olu ellas ekstrakcijai no dzeltenuma ar augstu
piesarnojuma limeni ieg@ist mikrobiologiski tiru olu elJu. Olu ellas kvalitates
raditaji saglabajas atbilsto$a Iiment vismaz 12 meneSus, uzglabajot olu ellu
+4°C un +20°C temperattra.

6. Izmantojot olu el]lu majongzes razoSanai, ta pieskir olai raksturigu garsu,
smarzu un krasu, ka art bagatina ar polinepiesatinatam taukskabém un D
vitaminu. Sensoras vertéSanas rezultati paradija, ka vertetaji dod priekSroku
majonézém ar olu ellas devu 3% un 5%.
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7. Petjjuma iegiitie dati apstiprina izvirzito hipotézi — ,ar Skidinataju
ekstrakcijas metodi no svaiga, Skidra olu dzeltenuma var iegiit augstvertigu
un kvalitativu olu e[lu”.

TOPICALITY OF THE RESEARCH

Egg yolk i san important source of lipids for human nutrition. Lipid content
in egg yolk oil is from 31 till 36% (Ahn et al., 2006; Stadelman, Cotterill,
1995). As much important is essential (omega-3 un omega-6) fatty acid and fat-
soluble vitamins content of egg yolk lipids. The consumption of egg yolk can
be limited by individual egg alergy. Cholesterol content in egg yolk also have
been critized a lot. These both factors limits the usage of egg yolks in diet. But
bioactive compunds of egg yolk are very important for developing bodies of
childrens and teenagers (Mine, Kovacs-Nolan, 2004).

Vitamins A, D and E, carotenoids, phospholipids, sterols, omega-3 and
omega-6 fatty acids are concentrated in egg yolk lipids. Extracting lipids from
egg yolk will gave the product rich in these esential compounds — egg yolk oil.

Bioactive compound content in egg is correlated to the content of these
compounds in hen feed. It is well known methods how to increase the
nutritional and biological value of the eggs through the feed, so called
“designer eggs”.

Production of egg yolk oil was studied in the end of past century. The main
egg yolk oil extraction problem is lipid connection with proteins (lipoproteins)
that is why most successful way to extract egg yolk oil was to use organic
solvents. But low quality, high production costs and limited application
possibilities of extracted egg yolk oil was the reason to stop research in this
direction. Today only a few companies worldwide are producing egg yolk oil
and their production methods are not known.

Nowadays there is an egg overproduction and egg production companies
need to find the way out from this situation. Production of new high-valued
products can be the solution that is why production of egg yolk oil can be actual
again.

The aim of the PhD thesis is to develop egg yolk oil extraction method and

evaluate chemical composition of extracted egg yolk oil.

The following tasks were put forward to achieve the set aim:
1) to study the effect of organic solvents on quality parameters and bioactive
compound content of egg yolk oil,
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2) to find the appropriate solvent or solvent mixture for extraction of egg yolk
oil from liquid egg yolk,
3) to determine the dynamics of carotenoids, phospholipids and cholesterol
during egg yolk oil extraction process,
4) to analyse the factors which affects bioactive compound content in eggs,
5) to analyse the quality parameters of egg yolk oil during storage,
6) to evaluate the application possibilities of egg yolk oil in mayonnaise and to
analyse the quality parameters of mayonnaise.
The novelty of the research and scientific importance
The unic egg yolk oil two-stage solvent extraction method from liquid egg
yolk was developed.
Quality parameters of egg yolk oil depending on used solvents and raw
material quality were determined.
Possibilities for increasement of biological value of egg yolk oil were
explored.
Bioactive compound content in egg yolk oil was determined.
Application of egg yolk oil in mayonnaise production was evaluated.

The economic importance of the research

As a result of the research high-quality egg yolk oil was obtained. The egg
yolk oil can be used as a supplement to human nutrition, increasing diet with
polyunsaturated fatty acids, fat-soluble vitamins, carotenoids and other.

Egg yolk oil can be used in different food product production, increasing
their nutritional value and provide with egg flavor and attractive yellow colour.
Egg yolk oil can be used for individuals with egg allergy, because its do not
contain egg proteins.

Production of new products from egg yolk gives a good opportunity for egg
processing companies to develop ther business.

APPROBATION OF THE RESEARCH

The research results are summarised and published in 7 peer-reviewed
scientific issues in English; four publications are indexed in the SCOPUS and
Web Of Science databases (list on page 6).

The research author has reported on the research results at 8 international
scientific and scientifically-practical conferences in Latvia, Lithuania, Estonia,
England, Austria and The Netherlands (list on pages 6 and 7).

Participation in exhibitions: the research results have been presented in
Riga Food 2015 (page 7).
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MATERIALS AND METHODS

Time and plase of research
The research has been elaborated between 2012 and 2016 in following

organisations:

1. World Poultry Scientific Association Latvia branch scientific laboratory,

2. JSC Balticovo laboratories,

3. laboratory of food analysis of the Food Technology Department, Latvia
University of Agriculture,

4. laboratory of packaging material investigation of the Food Technology
Department, Latvia University of Agriculture,

5. the sensory evaluation laboratory of the Food Technology Department,
Latvia University of Agriculture,

6. laboratory of chemistry of the Chemistry Department, Latvia University of
Agriculture,

7. Eurofins, WEJ Contaminants GmbH laboratory, Germany.

The object of investigation is egg yolk and egg yolk oil obtained by
solvent extraction from Lohman Brown Classic laying hen eggs.

Materials

Eggs

Eggs were collected from Lohmann Brown-Classic breed laying hens from
three different laying hen housing systems: cages, barn and two groups of free
range. The feed, commercially produced compound feed, was equal for all hens
except second group of free range hens which had a free diet (green forage).

Eggs were collected from different laying hen groups (one group is one
henhouse with 5000 to 130 000 birds each). During experiments laying hens
were 30 to 60 weeks of age.

60 to 90 eggs from each laying hen group were collected directly from hen
houses and delivered to the laboratory for egg yolk oil extraction and analysis.

Laying hen feed

Laying hen compound feed was equal for cage, barn and one group of free
range hens. There were 2 recipes of compound feed: phase 1 — for hens from 30
till 45 weeks of age and phase 2 — for hens from 45 till 60 weeks of age. Hens
have adlibitum access to the feed (aproximately 115-120 g per hen per day) and
water.

Second free range hen group was fed with feed available in particular farm
(green forage, grains and other). Feed content was very variable and
determination of feed nutritional value was senseless.
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Extraction solvents and nitrogen

For extraction of egg yolk oil different solvents and solvent mixtures were
used. For solvent residue removal high purity nitrogen was used. All solvents
and nitrogen used in the research for egg yolk oil extraction are mentioned in
Table 1 on page 9.

Egg oil extraction

For extraction of egg yolk oil from liquid egg yolk ethanol, chloroform,
2-propanol, acetone, hexane and isohexane were used.

To make solvent mixtures, solvents were mixed together by volume un
pured to the glass baker.

For each extraction process solvents were mixed by volume and poured in
beaker. Liquid egg yolk was added to solvent mixture with a thin squirt
vigorously mixing. The ratio 2:1 between solvent mixture and egg yolk was
used. Extraction was done at +21 °C temperature vigorously mixing for 30
minutes. Extracts were filtered using vacuum filtration and collected in to a
clean container. The oil was recovered by evaporation off the solvent mixture
using rotary evaporator IKA RV 10 Control (IKA-Werke GmbH & Co. KG).
Solvent evaporation parameters are mentioned in Table 2 on page 14.

Egg oil two-step extraction using ethanol and hexane

Lipid extraction with ethanol and hexane from liquid egg yolk was made by
following steps. First, polar lipids were extracted with ethanol from liquid egg
yolk and then neutral lipids were extracted from precipitate with hexane
(Schreiner, 2006). For lecithin extraction, 200 g of homogenized liquid egg
yolk was added to 400 ml of ethanol and stirred until egg yolk proteins
denatured and completely dispersed. Extraction was done at +20°C for 30
minutes. Then, the mixture was filtered by vacuum filtration, and the
supernatant was collected and transferred to a separatory funnel. The precipitate
was extracted with 400 ml hexane vigorously mixing for a 30 minutes at +20°C
using a magnet stirrer. Extract was filtered by vacuum filtration and supernatant
was collected and added to the same separatory funnel. Both ethanol and
hexane extracts were thoroughly but gently, to avoid emulsion formation,
mixed to extract polar lipids and impurities to a polar ethanol-water phase and
neutral lipids to a non-polar hexane phase. Then the mixed extracts were left
for 1 hour for phase separation. Bottom ethanol/water layer, containing polar
lipids and water soluble compounds such as salts, sugars, soluble proteins, was
drained from separatory funnel through the open stopcock and collected in a
clean container. After evaporation in the rotary evaporator, crude lecithin was
an object for water content determination.

Egg yolk oil was obtained from the extract by evaporation of the hexane in
the rotary evaporator IKA RV 10 Control V IKA®-Werke GmbH and Co. KG)
at the temperature of 70°C and 400 mbar pressure.
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Solvent residue removal

After solvent evaporation in rotary evaporator, as a last step of the solvent
removal, the pure nitrogen gas was laid trough the egg oil for a 10 minutes in
the same rotary evaporator with the same evaporation conditions by the means
of plastic tube immersed in the oil.

Mayonnaise preparation

Mayonnaises samples were prepared according to recipes on page 15.

The mayonnaise was prepared using a blender Bosch MMB 1001 (Robert
Bosch GmbH, Germany). Sugar, salt, lactose free skimmed milk powder,
mustard powder and egg yolk powder (in control recipe) were mixed in water
and homogenized for 1 minute. The modified starch and xanthan gum were
dispersed in sunflower oil in ratio 1:3 and then added to water phase at the low
mixing speed (700 rpm min''). Mixture was left for 5 minutes for swelling of
starch and xanthan gum. Egg yolk oil was diluted in sunflower oil and added
with a thin squirt to a blender operated on full speed. After all oil was added the
emulsification process was continued for 120 seconds. As a final step, vinegar
was added to the mayonnaise and homogenized for 30 seconds (Abu-Salem &
Abou-Ara, 2008; Karas et al., 2002)

Quality assessment of eggs, egg yolks, egg oil and mayonnaise
The quality assessment methods of eggs, egg yolks, egg oil and mayonnaise
in several research stages are summarised in Table 4 and 5 (pages 16 and 17).

Mathematical data processing

Microsoft Excel 7 software was used for the research purpose to calculate
mean arithmetical values and standard deviations of the mathematical data used
in the research.

SPSS 19.0 software was used to determine the significance of research
results, which were analysed using two-factor variance analysis (ANOVA) and
the significance effect (p-value).

RESEARCH RESULTS AND DISCUSSION

1. Characterization of egg yolk oil extraction process

Based on scientific data, polarity and physical-chemical properties of
solvents for extraction of egg yolk oil following solvents were chosen: acetone
(ACT), ethanol/chloroform (ETOH/CHL), 2-propanol/hexane (ISO/HEX),
acetone/hexane  (ACT/HEX), 2-propanol/2-methylpentane  (isohexane)
(ISO/ISOHEX).
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The following egg yolk oil quality parameters were used for
characterisation of extraction process: yield of oil, water content, peroxide
value, solvent residues, fatty acids and total carotenoids content.

Yield of egg yolk oil

The yield of oil is important technological parameter, which characterize
the effectiveness of extraction process. Figure 5 on page 19 shows the yield of
egg yolk oil using different solvents for egg yolk extraction. Egg yolk contains
both polar and non-polar lipids. The usage of semi-polar solvent such acetone
needs to extract as much as possible of total lipids from egg yolks. The yield of
egg yolk oil after egg yolk extraction with acetone was 29.99+0.18 g 100g™'.
Acetone can extract both polar and non-polar egg yolk lipids. The same result
(p>0.05) was observed extracting egg yolk oil with acetone/hexane mixture.

The yield of egg yolk oil extracted with 2-propanol/hexane was 28.90+0.27
g 100

Ethanol/chloroform and 2-propanol/isohexane gave similar (p>0.05)
extraction results, where yield of egg yolk oil was 26.37+0.24 g 100g! un
26.55+0.22 g 100g™! respectively.

Ethanol/chloroform and 2-propanol/isohexane solvent mixtures are very
similar in terms of physical-chemical properties, but isohexane have lower
boiling temperature in comparison with hexane. Branched chain structure must
have positive effect on extraction yield, but our observations confirms opposite
— the yield of egg yolk oil extracted with 2-propanol/isohexane was
significantly (p<0.05) lower than yield of oil extracted with 2-propanol/hexane.

Water content

All egg yolk oil samples contain a high amount of water. Water content in
egg yolk oil samples was from 12.76 till 16.08%. High water content in edible
oils can cause lipid oxidation and negatively affect egg yolk oil quality during
storage.

Poroxide value

Peroxide value of egg yolk oil after extraction was low 0.02+0.02 meq O kg!
regardless to used extraction solvents. Peroxide value of oils and fats for human
consumption cannot exceed 10 meq O, kg'! (FAO, 1999).

Solvent residues

Results of analysis show that higher solvent residues in egg yolk oil were
affected by solvent boiling temperature. Solvent residues in all egg yolk
samples exceed allowed quantities for edible oils.

The reason of solvent residues in egg yolk oil is ineffective solvent
evaporation from extract and phospholipids content in egg yolk oil.
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Total carotenoids content

Carotenoids provide the attractive yellow colour to egg yolk oil. Besides
colour carotenoids are important bioactive nutrients, that is why it was
necessary to know their content in egg yolk oil. Figure 6 on page 21 shows total
carotenoid content in egg yolk oil samples depending on used extraction
solvents.

Extraction solvents have direct impact on total carotenoids content in egg
yolk oil. The highest carotenoids content was determined in ethanol/chloroform
extracted egg yolk oil (73.16£1.53 mg kg™!), but lowest carotenoids content was
in acetone extracted oil (56.14+0.89 mg kg™!).

Fatty acids content

Fatty acid profile was quite similar for all egg yolk oil samples, but there
was difference in particular fatty acid content depending on used extraction
solvent. Fatty acids content in yolk neutral lipids and phospholipids is different.
Usage of different polarity solvents caused the different proportion of neutral
lipids and phospholipids in egg yolk oil and respectively different fatty acids
content. Fatty acid profile of egg yolk oil samples is given in Table 6 on page 22.

Saturated fatty acids content in egg yolk is quite stable and depends on hen
genetics, but unsaturated fatty acids can be affected by the hen feed. Compound
feed, used in the research, contains rapeseed oil rich in unsaturated fatty acids
and it can affect fatty acids content in egg yolk.

Due to the high water content and solvent residues, egg yolk oil obtained by
solvent extraction from liquid egg yolk needs to be purified.

Decreasement of water content in egg yolk oil

Figure 7 on page 23 illustrates water content in egg yolk, crude lecithin and
egg yolk oil before and after purification. High water content in egg yolk oil
related to the lecithin which absorbs water contained in liquid egg yolk. The
water content decreasing in egg yolk oil was obtained by elimination of
phospholipids by extraction of liquid egg yolk oil with ethanol. Big difference
in ethanol and hexane polarities allows to get neutral lipid extract in hexane
almost without the water presence and low water content (0.88+0.13 g 100g™!)
in egg yolk oil obtained by this method prove it.

Egg yolk polar lipids after solvent removal can be used as a supplement for
human diet or for production of other food products.

Solvent residue removal

There is no possible to remove totally solvents from egg yolk oil in rotary
evaporator, but the usage of nitrogen in oil treatment allows removing any
solvent residues.
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Fatty acids and carotenoids content in purified egg yolk oil

There was oleic (C18:1), a-linolenic (C18:3) and docosahexaenoic (C22:6)
acid changes after two-step egg yolk extraction with ethanol and hexane
(ETOH+HEX+N2) observed. Docosahexaenoic acid content in purified egg
yolk oil was significantly lower than in egg yolk oil extracted with 2-
propanol/hexane (ISO/HEX) in single extraction process. But a-linolenic fatty
acid (C18:3) content in purified egg yolk oil was higher in comparison with
ISO/HEX extracted.
Total carotenoid content in ETOH+HEX+N2 egg yolk oil was 32.2+0.28 mg
kg! and it is significantly lower in comparison with ISO/HEX extracted egg
yolk oil (71.02£0.37 mg kg™!). The reason of such difference is polarity of
carotenoids.

2. Dynamics of egg yolk lipids and carotenoids during egg yolk oil
extraction process

For analysis of lipids and carotenoids dynamics during egg yolk oil
extraction, first phospholipids, cholesterol and carotenoids content in egg yolk
and egg yolk oil was determined and then compared with their theoretical
content in 100 g of egg yolk lipids.

Phospholipids content in egg yolk oil was minimal, 0.582+0.009 g 100g™! of
phosphatidylcholine POC) and 0.011+0.009 g 100g™! of
phosphatidylethanolamine (PE), which was 2.11% and 0.19% from total PC
and PE content available in egg yolk lipids.

Cholesterol content in egg yolk oil was 3105 mg 100g™ or 87.05% from
total available in egg yolk lipids.

Behaviour of carotenoids in two-solvent system is related with its polarity
and degree of solubility in particular solvents (Rivera, Canela, 2012). Egg yolk
carotenoid distribution between ethanol and hexane extracts is summarized in
Table 9 (on page 25).

The majority of lutein and zeaxanthin, as most polar carotenoids presented
in egg yolk, was extracted into ethanol/water phase. Lutein and zeaxanthin
concentration in ethanol extract was 88.74% and 91.22% respectively from
total available in egg yolk lipids.

Canthaxanthin also is a polar carotenoid, ketocarotenoid containing two
carbonyl groups, but it is insoluble in ethanol and water. Canthaxanthin
concentration in hexane extract was 89.84% from total content available in egg
yolk lipids.

97.44% from total egg yolk B-carotene was extracted in to hexane extract.
B-carotene is the most non-polar carotenoid from all egg yolk carotenoids,
therefore almost all of its content was extracted in to non-polar hexane. As a
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result, B-carotene, together with canthaxanthin, became major pigments of egg
yolk oil.

3. Analysis of factors affecting egg yolk oil bioactive compound content

Effect of laying hen feed on bioactive compound content of egg yolk oil

A lot of studies reveal that supplementation of hen diet with bioactive
compounds can increase bioactive compound content in eggs.

Figure 8 (on page 23) show selenium content in eggs. The selenium content
in the hen feed was low (0.20£0.02 mg kg! in feed with sodium selenite and
0.3040.03 mg kg! in feed with organic selenium), therefore selenium content in
both egg yolk samples was also low, on average 0.19 mg kg! with inorganic
selenium supplementation and 0.24+0.01 mg kg! with organic selenium
supplementation. Due to the low selenium content in feed the selenium content
in eggs was not so high as that was mentioned in other studies (Aljamal, 2011;
Bennet and Cheng, 2010; Mohiti-Alsi et al., 2008; Jiakui and Xialong, 2004).

The results of selenium analysis using ICP-MS show that selenium content
in both samples of egg yolk oil, extracted from inorganic and organic selenium
enriched yolks, were below quantification level <0.05 mg kg™!. It confirms our
expectations about the absence of selenium in egg yolk oil, but it does not mean
that there are no selenium traces in egg yolk oil. Because selenium is
incorporated in proteins, it was left in protein part after the extraction of egg
yolk oil from the egg yolks.

Vitamin E content in egg yolk and egg yolk oil samples is presented as a
tocopherol profile and is given in Table 10 (on page 26). In our study the
supplementation of hen feed with vitamin E was low. Vitamin E content in feed
was 25£2 mg kg'! in both diets that gave 154425 mg kg™! of vitamin E content
in egg yolk with inorganic selenium diet and 135422 mg kg ! of vitamin E in
egg yolk with organic selenium. A. Mohiti-Asli ef al. (2008) in their research
supplemented hen feed with 200 mg kg! of vitamin E and as a result they
received 485.37 mg kg! of vitamin E in egg yolk. It means that vitamin E
content in egg yolk was 2.4 times higher than the supplemented vitamin E in
feed. Our results show 6 times higher vitamin E content in egg yolk than in
feed.

Effect of laying hen housing method onbioactive compound content of egg
yolk oil

Vitamin E

a-tocopherol content in egg yolk can be affected through the hen feed and
fluctuates from 10 till 967 mg kg! (Jiang et al., 1994; Kang et al., 1998;
Grobas et al., 2002; Mori et al., 2003). a-tocopherol is a lipid soluble
compound and it can be extracted from egg yolk in egg yolk oil.
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Figure 9 (on page 27) shows that a-tocopherol content in egg yolk oils was
similar (p>0.05) for caged eggs and barn eggs, 205.56+24.67 mg kg' and
225.54427.06 mg kg respectively. a-tocopherol content in egg yolk oil
extracted from free range eggs was 149.96+17.99 mg kg'!, that is significantly
lower (p<0.05) than in oil from barn and caged eggs. But the lowest
a-tocopherol content (101.32+12.16 mg kg'!) was determined in egg yolk oil
extracted from eggs collected from free range free diet hens.

Vitamin D

Vitamin D is another representative of lipid soluble vitamins in egg yolk.
Figure 10 (on page 28) clearly shows that ergocalcipherol content in egg yolk
oil extracted from both free range eggs was significantly (p<0.05) lower than
from barn and cage eggs. There was no difference in ergocalcipherol content in
barn egg yolk oil which contained 0.157+0.019 mg kg! and cage egg yolk oil
which contained 0.127£0.015 mg kg of ergocalcipherol. But egg yolk oil
extracted from free range free diet hen eggs contained less vitamin D than yolk
oil from free range compound feed hen eggs, 0.076+0.009 mg kg and
0.096+0.011 mg kg!, respectively.

Vitamin A

Animal form of vitamin A — retinol is presented in egg yolk in high
concentrations. The higher content of retinol was determined in egg yolk oil
from free range free diet hen eggs.

As in (Anderson, 2011) vitamin A content in eggs was not affected by the
housing method. Vitamin A concentration in eggs can be significantly
increased by addition of retinol in hen feed, but increased supplementation of
vitamin A decreases a-tocopherol content in egg yolk (Mori et al., 2003;
Mendonca et al., 2002; Jiang et al., 1994). Comparing our results for free range
free diet group, we can confirm the relationship between o-tocopherol and
retinol levels in egg yolk oil, where high concentration of retinol results to
lower content of a-tocopherol.

Carotenoids

Carotenoids content in egg yolk oil plays an important role. It is not
responsible only for very attractive orange color of egg yolk oil, but also, as a
precursor of vitamin A, it gives additional nutritional value to egg yolk oil.
Extraction process of egg yolk oil was based on different compound polarities
which affect carotenoids content in egg yolk oil.

Carotenoids distribution among the egg yolk oils from different hen housing
methods was similar to retinol results. The highest content of carotenoids
(1365 mg kg!) was determined in egg yolk oil obtained from free range free
diet hen egg yolk. Barn and cage system eggs gave 48+4 mg kg!' and 54+4
mg kg! respectively of carotenoids in egg yolk oil, but the lowest content of
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total carotenoids (333 mg kg'!') was determined in free range egg yolk oil
where hens were fed with commercial compound feed. Comparing results from
both free range systems we can ascertain that total carotenoids content in egg
yolk oil is affected by the hen diet. The increase of P-carotene and retinol
content in egg yolk by supplementing hen feed with B-carotene was also
reported in other studies (Mendonca et al., 2002; Jiang et al., 1994).

Fartty acids

The total fatty acid profile of all egg yolk samples was similar that can be
explained by the usage of hens with the same genetics.

Figure 13 (on page 30) shows total amount of saturated, monounsaturated
and polyunsaturated fatty acids in egg yolk oils extracted from eggs collected
from different hen housing systems. The lowest content of polyunsaturated
fatty acids was determined in egg yolk oil from free range free diet eggs.
Polyunsaturated fatty acid content in egg yolk oils from all other hen keeping
systems was significantly (p<0.05) higher than from free range free diet group.

4. Egg yolk oil quality changes during storage

The quality of egg yolk oil can decrease during storage. The quality changes
can be affected by lipid oxidation and microorganisms.

Microbiological parameters

Figure 14 on page 31 shows the CFU count of egg yolk oil during storage at
different temperatures. We observe an insignificant CFU count increase in egg
yolk oil stored at +4°C temperature, it means that, to ensure egg yolk oil
microbiological quality, egg yolk oil must be stored at low temperatures.
During storage of egg yolk oil at +21°C and +35°C, CFU count was higher
(p<0.05) than egg yolk stored at +4°C.

In 12 months storage period, regardless to storage temperature, we do not
determine pathogens or yeasts and moulds in egg yolk oil.

Egg yolk oil oxidation

There is always a risk of lipid oxidation in products rich in polyunsaturated
fatty acids, where oxidative susceptibility increases with the degree of
unsaturation of fats. Figure 15 (on page 32) shows the changes of egg oil
peroxide value during egg yolk oil storage at different temperatures.
Temperature is one of the main factors affecting lipid oxidation that is why egg
yolk oil, stored at +4°C, had the lowest peroxide value during storage. Higher
storage temperature increased the peroxide value of egg yolk oil. Egg oil,
which has been stored at +35°C, reached the maximum allowed peroxide value
(10 meqO2 kg'!) after 10 months.
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5. Application of egg yolk oil in mayonnaise preparation

In order to evaluate egg oil applications, mayonnaise with 1, 3, 5, and 7%
egg oil additive were prepared. As a control sample mayonnaise without egg oil
additive was used. Mayonnaise samples physical and chemical parameters are
mentioned in Table 10 (on page 33).

The results show that there is no significant difference (p>0.05) in
mayonnaise pH. Total lipid content in all mayonnaise samples was in range
from 59.7+0.7 g 100g"' till 60.840.9 g 100g"'. The protein content of
mayonnaise samples with different egg yolk oil concentrations was from
1.38+0.04 to 1.41+0.09 g 100g"' and there was no significant difference
(p>0.05) in protein content among these samples. The addition of egg yolk oil
has a significant influence (p<0.05) on mayonnaise viscosity. By increasing the
egg yolk oil content, the viscosity of mayonnaise decreased. Addition of egg
yolk oil at 3, 5 and 7% enriches mayonnaise with vitamin D. For control
sample (with egg yolk powder) and mayonnaise sample with 1% of egg yolk
additive vitamin D content was bellow detection limits — <0.1ug kg™,

Colour of mayonnaise plays an important role in consumer’s preference.
Intensive yellow colour of mayonnaise usually associates with high content of
eggs meaning additional nutritional and biological benefits and taste. The
results of colour CIE L*a*b* measurements and AE of mayonnaise samples are
presented in Table 11 (on page 34). We determined the significant difference
(p<0.05) in yellow colour (as a positive value of b*) within all mayonnaise
samples with increase of egg yolk oil concentration. A strong correlation
(r=0.999) of egg yolk oil concentration and yellow colour intensity of
mayonnaise was determined.

The sensory evaluation data shows insignificant difference (p>0.05) in the
degree of acceptance of egg taste, aroma and sour taste of mayonnaise samples.
According to the 5 point hedonic scale, egg aroma, egg taste and sour taste of
mayonnaise samples were rated in the range from 3 (neither like nor dislike) to
4 (like moderately).

The amount of added egg yolk oil significantly influenced (p<0.05) the
degree of acceptance of mayonnaise viscosity, yellow colour and creaminess.

Results of the hedonic scores showed the panellists preference for the
sensory properties of mayonnaise with 3% and 5% egg yolk oil content. The
lowest score of sensory properties (viscosity, yellow colour and creaminess)
were determined for the sample with 1% of egg yolk oil content.
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CONCLUSIONS

. Egg yolk oil extracted with different solvents (acetone, 2-propanol/hexane,
ethanol/chloroform, acetone/hexane, 2-propanol/2-metilpentane) contains
phospholipids and high water content.Total carotenoids content in egg yolk
oil depends from used extraction solvent and varies from 56.14+0.89 mg kg'!
in acetone extracted oil to 73.16£1.53 mg kg'! ethanol/chloroform extracted
oil.

. Qualitative egg yolk oil can be produced using two-stage extraction with
ethanol and hexane, where polar lipids of egg yolk are concentrated in polar
ethanol extract, but non-polar lipids in hexane extract. Two-step extraction
with ethanol and hexane significantly decreases water content in egg yolk
oil (0.88+0.13 g 100g™"), but nitrogen usage removes all solvent residues
from egg yolk oil.

. Distribution of egg yolk lipids between ethanol and hexane extracts depends
on lipids polarity. 87.05% of total egg yolk cholesterol was extracted to
hexane extract, but majority of phospholipids (98.22%) were concentrated
in ethanol extract. 97.44% of B-carotene and 89.84% of cantaxanthin, from
their total content in egg yolk, were concentrated in hexane extract.

. Egg yolk oil bioactive compound content is affected by hen’s feed. There is
a correlation between PUFA, fat-soluble vitamins and carotenoids content
in feed and egg yolk.

. Using ethanol for the extraction of egg oil from highly contaminated egg
yolk, microbiologically safe product can be produced. Egg yolk oil meets
quality standards at least for 12 months stored at 4°C and +20°C
temperature.

. Egg yolk addition provides egg flavour and color to a mayonnaise, and
enriches it with PUFA and vitamin D. Results of sensoral analysis shows
panellists preference for mayonnaise with 3% and 5% of egg yolk oil
addition.

. The hypothesis of the PhD thesis is confirmed.
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