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PETIJUMA AKTUALITATE

Staltbriezu gala ir dictisks produkts ar augstu biologisko vértibu. Staltbriezu galai
ir mazaka energétiska vertiba, taja ir mazak kaloriju, tai ir zemaks holesterina
Iimenis un tauku saturs neka liellopu galai, ciikgalai vai jéra galai
(Wiklund et al., 2010). P&dgjos gados pieprasijums péc galas ar zemu tauku saturu
strauji palielinas. Nemot v&ra to, ka staltbriezu galas razo$anas apjomi ir daudz
mazaki neka cikas un vistas galai, S0 dzivnieku baribai nepievieno genétiski
modifictas uzturvielas, lidz ar to staltbriezu gala ir ekologiski tiraks un kvalitativaks
produkts (Hoffman, Wiklund, 2006). Jaatzime, ka gala ir produkts, kas atri bojajas
un kam ir salidzinosi 1ss deriguma termins. Tap&c galas saldésana un maring€Sana ir
biezak izmantotie pan€mieni, ka pagarinat tas uzglabasanas laiku. Tradicionali gala
tiek maringta, iemercot un izturot to Skiduma ar zemu pH, augstu sals koncentraciju,
sorbatiem, benzoatiem un dazadam gar§vielam, lai ta kliitu maigaka un uzlabotos tas
garSa, lai pagarinatu tas uzglabaSanas laiku, ka arT samazinatu patogéno
mikroorganismu attistibas iesp&jas (Pathania et al., 2010). Galas kalté3ana ka viens
no partikas konservésanas veidiem bija zinama jau senajam civilizacijam. Gala tika
sadalita Sauras strémel€s vai saplucinata un tad kaltéta saul€, v&ja vai izmantojot
uguni (Church et al., 2013). Miasdienu sabiedriba kalt&ta gala ir iecienita uzkoda.

Zinatniskaja literatira minéts, ka galu un tas parstrades produktus bojajosos
faktorus var ierobezot, produktus iepakojot gazu necaurlaidigos materialos un
aizsarggazu vidé, kas bagatinata ar CO; (Jakobsen, Bertelsen, 2004;
Smiddy et al., 2002; Jeremiah, 2001). Sados apstaklos nevélama mikroflora tiek
nomakta. Ja mikroorganismu augsana ir kaveta, samazinas ari to izraisitas produktu
bojasanas iesp&jas. Pirms aizsarggazu ievadiSanas iepakojuma ne vienmér ir
iespgjams nodrosinat 100% gaisa aizvadiSanu no iepakojuma, un rezultata
iepakojuma paliek 1,0 Iidz 1,5% skabekla parpalikuma (Gibis, Rieblinger, 2011).
Tapéc iepakojuma pirms hermetiz€Sanas ievieto skabekla absorbentu, nodrosinot
pilnigu skabekla aizvadisanu.

Pieejamaja zinatniskaja literatlira gandriz nav datu par Latvija veiktajiem
pétijumiem, kas saistiti ar staltbriezu galas lietojumu parstrades produktu razosana,
ka ari aizsarggazu vides un aktiva iepakojuma ietekmi uz staltbriezu galas un tas
parstrades produktu kvalitati uzglabasanas laika.

Pamatojoties uz lidzigiem dzivnieku audz&Sanas un turéSanas apstakliem, ka ar1
kTmiska sastava lidzibu, petijumos izmantota nebrivé audzetu staltbriezu gala un ka
kontrole iegiito rezultatu salidzina$anai un datu interpretacijai biologiskaja
lauksaimnieciba audzetu liellopu gala. Nebrivé staltbriezi tiek audzeti arpus to
dabiskas dzives vides un turéti ierobeZota platiba, biologiskaja lauksaimnieciba
liellopi tiek audzeti brivo ganibu sistéma briva daba un nodro§inati ar biologisko
baribu.

Promocijas darba pétjjumu objekts ir Latvija nebrivé audz&tu staltbriezu
garakais jostas muskulis (Musculus longissimus lumborum).

Apkopojot zinatniskaja literatiira pieejamo informaciju, ir izvirzita promocijas
darba hipotéze: Latvija nebrivé audz€tu staltbriezu galas kvalitate dazados
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parstrades procesos un uzglabasanas laika aizsarggazu vidé un to kombingjot ar
aktivo iepakojumu biitiski nemainas.
Promocijas darba hipotezi pierada ar aizstavamam tézeém:

atdzesetas nebrivé audzetu staltbriezu galas kimiskais sastavs un fizikalie
raditaji batiski neatSkiras no biologiskaja lauksaimnieciba audzetu liellopu
galas kvalitates raditajiem;

atdzesetas staltbriezu galas deriguma terminu var pagarinat hermétiska
iepakojuma aizsarggazu vid€ un to kombingjot ar aktivo iepakojumu;
marinades sastavam un vides sastavam iepakojuma ir bitiska nozime
staltbriezu galas kvalitates saglabasana;

mikrovilnu-vakuuma kalté kaltétas staltbriezu galas biologiska vértiba
uzglabasanas laika butiski nemainas.

Promocijas darba meérkis — pétit Latvija nebrivé audzetu staltbriezu galas
kvalitati dazados parstrades procesos un uzglabasanas laika aizsarggazu vide un to
kombingjot ar aktivo iepakojumu.

Darba mérka sasnieg8anai izvirziti $adi uzdevumi:

noteikt Latvija nebrivé audzetu staltbriezu galas fizikalos, kimiskos un
mikrobiologiskos raditajus;

pétit atdzesétas staltbriezu galas fizikalo, kimisko un mikrobiologisko
raditaju izmainas uzglabasanas laika aizsarggazu vidé un to kombingjot ar
aktivo iepakojumu, nosakot tas deriguma terminu;

mekl&t risingjumu staltbriezu galas izmantoSanai parstrades produktu
razosana;

petit staltbriezu galas parstrades produktu fizikalo, kimisko un
mikrobiologisko raditaju izmainas uzglabasanas laika aizsarggazu vidé un to
kombingjot ar aktivo iepakojumu, nosakot to deriguma terminu;

izstradat optimalo kalt€Sanas rezimu staltbriezu galas apstradei
mikrovilpu-vakuuma kalte;

petit kaltetas staltbriezu galas kvalitates raditajus uzglabasanas laika
vakuumiepakojuma, nosakot tas deriguma terminu.

Promocijas darba novitate un zinatniskais nozimigums — mekl@ts risingjums
staltbriezu galas izmantoSanai parstrades produktu razoSana, kvalitates un
biologiskas vértibas saglabasanai.

Promocijas darba tautsaimnieciska nozime — izvértgjot dazadu staltbriezu galas
sagatavoSanas metozu un citu partikas izejvielu izmantoSanu produkcijas sortimenta
paplasinasanai:

izveidotas marinazu receptiiras staltbriezu galas marinéSanai un noteikts
marinétas galas deriguma termins;

izstradats kaltéSanas reZims maringtas staltbriezu galas apstradei mikrovilpu-
vakuuma kalté, maksimali saglabajot gatava produkta biologisko vertibu.



ZINATNISKA DARBA APROBACIJA

Pétijumu rezultati apkopoti un publicéti desmit recenz&jamos zinatniskajos
rakstu krajumos anglu valoda; divas publikacijas datubazé SCOPUS.

Publikacijas / Publications — 10

1. Gramatina I., Silina L., Skudra L., Rakcejeva T. (2014) Dried Venison Physical
and Microbiological Parameters Changes during Storage. In: Proceedings of
Baltic Conference on Food Science and Technology “Food for consumer
well-being”, “FoodBalt-2014” (ISSN 2255-9809), Jelgava, Latvia, pp. 37-41.

2. Silina L., Gramatina I., Dukalska L., Skudra L., Rakcejeva T., Klava D.,
Blija A. (2013) Quality Changes of Venison Marinated in Red Wine Marinade
during Storage. In: World Academy of Science, Engineering and Technology
(ISSN 2010-3778), Issue 81, Italy, Rome, pp. 1124-1128.

3. Gramatina l., Silina L., Rakcejeva T. (2013) Evaluation of Packaging Conditions
Influence on the Content of Amino Acids of Marinated Venison. In: World
Academy of Science, Engineering and Technology (ISSN 2010-3778), Issue 81,
Italy, Rome, pp. 1120-1123.

4. Silina L., Gramatina I., Rakcejeva T., Muizniece-Brasava S. (2013) Effect of
Packaging Conditions on the Physically-chemical Parameters of Pickled VVenison
during Storage. Journal of International Scientific Publications: Materials,
Methods & Technologies, Vol. 7, Part 2, pp. 17-24 (elektroniska formata:
http://www.scientific-publications.net).

5. Gramatina I., Silina L., Rakcejeva T. (2013) Influence of Packaging Conditions
on the Content of Amino Acids of Pickled Venison. Journal of International
Scientific Publications: Agriculture & Food, Vol. 1, Part 1, pp. 187-195
(elektroniska formata: http://www.scientific-publications.net).

6. Silina L., Gramatina I. (2012) Influence of Packaging Conditions on the Quality
of Pickled Venison. In: Research for Rural Development 2012: Proceedings of
Annual 18™ International Scientific Conference, Latvia, Jelgava, Vol. 1,
pp. 171-175 (SCOPUS).

7. Silina L., Gramatina 1., Rakcejeva T., MuiZniece-Brasava S. (2012) Colour and
Tenderness Changes of Marinated Venison during Storage. Chemine
Technologija, 3 (61), pp. 50-53 (elektroniska formata:
http://www.chemtech.ktu.lt/index.php/Chem).

8. Silina L., Gramatina I., Rakcejeva T., Ungure E., Radenkovs V. (2012) Influence
of Packaging Conditions on the Physically-chemical Parameters of Venison
Pickled in Mayonnaise Marinade. Journal of International Scientific
Publications: Materials, Methods and Technologies, Vol. 6, Part 2, pp. 17-24
(elektroniska formata: http:www.scientific-publications.net).

9. Gramatina I., Rakcejeva T., Silina L., Jemeljanovs A. (2011) Comparison of
Venison and Beef Chemical Composition. In: Proceedings of the 571
International Congress of Meat Science and Technology, Belgium, Ghent,
pp. 1-4.
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10.Silipa L., Gramatina I. (2011) Sensory Evaluation of Roasted Marinated
Venison. In: Research for Rural Development 2011: Proceedings of Annual 171
International Scientific Conference, Latvia, Jelgava, Vol. 1, pp. 112-118
(SCOPUS).

Par rezultatiem zinots devipas starptautiskajas zinatniskajas konferences,
simpozijos un kongresa Belgija, Bulgarija, Italija, Latvija un Lietuva.
Referati un stenda referati / Oral and poster presentation — 10

1. The 9™ Baltic Conference on Food Science and Technology “Food for consumer
well-being” “FoodBalt-2014”, Jelgava, Latvija. STENDA REFERATS /
POSTER PRESENTATION Dried Venison Physical and Microbiological
Parameters Changes during Storage. Gramatina 1., Silina L., Skudra L.,
Rakcejeva T. (May 8-9, 2014).

2. ICAFS 2013: International Conference on Agrotechnology and Food Science,
Italy, Rome. REFERATS / ORAL PRESENTATION Quality Changes of
Venison Marinated in Red Wine Marinade during Storage. Silina L.,
Gramatina ., Dukalska L., Rakcejeva T., Klava D., Blija A. REFERATS /
ORAL PRESENTATION Evaluation of Packaging Conditions Influence on the
Content of Amino Acids of Marinated Venison. Gramatina I., Silina L.,
Rakcejeva T. (September 26-27, 2013).

3. The 15" International Symposium MATERIALS, METHODS &
TECHNOLOGIES (MMT Symposium), Sunny Beach, Bulgaria. STENDA
REFERATS / POSTER PRESENTATION Effect of Packaging Conditions on
the Physically-chemical Parameters of Pickled Venison during Storage. Silina L.,
Gramatina I., Rakcejeva T., Muizniece-Brasava S. (June 10-14, 2013).

4. The 1% International Symposium Agriculture&Food, Elenite, Bulgaria.
STENDA REFERATS / POSTER PRESENTATION Influence of Packaging
Conditions on the Content of Amino Acids of Pickled Venison. Gramatina I.,
Silina L., Rakcejeva T. (June 3-6, 2013).

5. The 14" International Symposium MATERIALS, METHODS &
TECHNOLOGIES (MMT Symposium), Sunny Beach, Bulgaria. STENDA
REFERATS / POSTER PRESENTATION Influence of Packaging Conditions
on the Physically-chemical Parameters of Venison Pickled in Mayonnaise
Marinade. Silina L., Gramatina I., Rakcejeva T., Ungure E., Radenkovs V.
(June 11-15, 2012).

6. The 7" Baltic Conference on Food Science and Technology “Foodbalt-2012”,
Kaunas, Lithuania. STENDA REFERATS / POSTER PRESENTATION
Colour and Tenderness Changes of Marinated Venison during Storage. Silina L.,
Gramatina I., Rakcejeva T. (May 17-18, 2012).

7. Annual 18" International Conference “Research for Rural Development 20127,
Jelgava, Latvia. REFERATS / ORAL PRESENTATION Influence of
Packaging Conditions on the Physically-chemical Parameters of Venison Pickled
in Vinegar Marinade. Silina L., Gramatina 1. (May 16-18, 2012).
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. The 57 International Congress of Meat Science and Technology, Ghent,
Belgium. STENDA REFERATS / POSTER PRESENTATION Comparison of
Venison and Beef Chemical Composition. Gramatina I., Rakcejeva T., Silina L.,
Jemeljanovs A. (August 7-12, 2011).

. Annual 17" International Conference “Research for Rural Development 2011,
Jelgava, Latvia. REFERATS / ORAL PRESENTATION Sensory Evaluation of
Roasted Marinated Venison. Silina L., Gramatipa I. (May 18-20, 2011).

PiedaliSanas izstades / Participation at exhibitions — 2

. Starptautiska izstade ,,Riga Food 20127, Riga, Latvija. STENDA REFERATS /
POSTER PRESENTATION Maringtas briezu galas fizikali kimisko raditaju
izmainas uzglabasanas laika. Silipa L., Gramatina 1., Rakéejeva T.
(5.-8. septembris, 2012).

. Starptautiska izstade ,,Riga Food 2011, Riga, Latvija. REFERATS / ORAL
PRESENTATION Iepakotas briezu galas deriguma termins. Silina L.,
Gramatina I, Dukalska L., Rakéejeva T., Klava D., Blija A.
(7.-10. septembris, 2011).

MATERIALI UN METODES
P&étljumu norises vietas

Pétijumi veikti no 2010. lidz 2014. gadam Latvijas Lauksaimniecibas

universitates Partikas tehnologijas fakultates laboratorijas:

e iepakojuma materialu Tpasibu izptes laboratorija analiz€ta galas krasa,
stkstums un pH, ka arT veikta galas paraugu mariné$ana un iepako$ana;

e piena un galas produktu tehnologijas laboratorija noteikts mitruma saturs
gala;

e olbaltumvielu un tauku saturs gala noteikts profesora P&tera Delles partikas
produktu tehnologijas laboratorija;

e mikrobiologijas zinatniskaja laboratorija noteikts kop&jais mezofili acrobo un
fakultativi anaerobo mikroorganismu (MAFAM), Enterobacteriaceae
dzimtas baktériju, proteolitisko baktériju un pienskabes bakteriju
KVV skaits;

e partikas produktu sensoras novertéSanas laboratorija novertéta staltbriezu
galas produktu patikSanas pakape.

Latvijas Lauksaimniecibas universitates Biotehnologijas un veterinarmedicinas

zinatniska institlta ,,Sigra” laboratorijas analizéts aminoskabju un taukskabju
kvalitativais un kvantitativais sastavs, noteikts vara, dzelzs, mangana, cinka un
holesterina saturs galas paraugos.

Pétijuma izmantotie materiali

Staltbriezu gala — iegtita ZS ,,Saulstari 1” (Siguldas novads, Mores pagasts) no

nebrivé audz&tiem staltbrieziem (Cervus elaphus).
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Ka kontrole iegiito rezultatu salidzinasanai un datu interpretacijai pétfjuma tika
izmantota liellopu gala — iegtita SIA ,,Margret” (Jekabpils novads, Zasas pagasts) no
biologiskaja lauksaimnieciba audzétiem liellopiem (Bos primigenius taurus).

Eksperimentos izmantoti atdzes€tas galas paraugi no staltbriezu un liellopu
garaka jostas muskula (Musculus longissimus lumborum).

Nozimigs faktors ir staltbriezu, ka arT liellopu audzgSana to dabiskaja dzives vide
un minimals kontakts ar cilvéku. AtSkiras arT &dinasanas faktori no tradicionalas
lopkopibas, ipasi biologiskaja lauksaimnieciba audzgto un medibam paredzeto
dzivnieku €dinasana. Tas saistits ar to, ka Sie dzivnieki audzeti lielas iezogotas
teritorijas, kas ietver gan meZza, gan plavas teritorijas. Dzivnieki piebaroti tikai
ziemas perioda.

Staltbriezi galas ieguvei noSauti to dabiskajos apstaklos, iepriek§ nesatraucot
dzivniekus ar to kerSanu un parvietosanu. Talak veikta kautkermena pirmapstrade
uz vietas saimnieciba un kautkermena aizveSana uz sertificétu kautuvi talakai
apstradei, sadalei un atdzes€Sanai. Savukart liellopi galas ieguvei nokerti un aizvesti
uz sertificétu kautuvi, kur veikta to nokauSana un kautkermena pirmapstrade,
apstrade, sadale un atdzes€$ana. Dzivnieku vidgjais vecums ir 2 gadi.

Marinazu izejvielu raksturojums: sarkanvins (alk. 14% tilp., satur sulfitus);
majonéze (saulespuku ella, dzeramais Gidens, olu pulveris, cukurs, olu dzeltenuma
pulveris, sausais piens, partikas sals, sinepju pulveris, skabuma regulétaji); tomatu
mérce (tomatu biezenis (58%), Gidens, cukurs, partikas sals, parveidota kartupelu
ciete, skabuma regulétajs, konservanti, garSvielas); galda etikis 9%; gar$vielu
maistjums $aslikam (sals, sipoli, salda paprika, pétersili, baziliks, melnie pipari,
rozmarins); melnie pipari; sals; terijaki mérce (cukurs, sojas mérce, Gdens, fruktozes
strups, etikis, modificéta kukuriizas ciete, sals (2,1%), konservants, krasviela);
saldskaba merce (Gdens, cukurs, etikis, ananasu gabalini, modificéta ciete,
maltodekstrins, jodets sals, paprika, garSvielas, karijs, aromatizgtaji, biezinatajs,
skabuma regulétajs); tako mérce (tomatu biezenis, tomati (36%), sipoli, ¢ili,
modificgta kukuriizas ciete, etikis, sals (1,3%), kiploki, citas garSvielas; sojas mérce
(sojas pupinu ekstrakts (26%), Gdens, sals, cukurs, kvieSu milti); amerikanu BBQ
mérce ar dimu aromatu (tomatu biezenis, cukurs, briinais cukurs, etikis, hikorija
dimu aromatviela (2,9%), sinepes, sals (1,7%), biezinatajs, kiploki, citas garsvielas,
skabuma regulétajs, krasviela); sezama ella; kiploki; kiploku sals (sals (80%),
kiploku pulveris); tabasco sarkano piparu mérce (etikis, sarkanie pipari, sals); natrija
monofosfats (E339).

P&ttfjuma sh&ma paradita 1. attela.




Atdzeséta gala (staltbrieZu un liellopu) / Chilled meat (venison and beef)

A 4

Atdzesétas galas iepakoSana /
Chilled meat packaging:
gaisa vide / air ambiance
aizsarggazu vide (40% CO; +
60% N,) / MAP

Marinazu receptiiru
izveide / Development of
marinade recipes

A 4 A 4

aizsarggazu vide ar skabekla Galas mariné$ana / Meat marination

absorbentu / MAP with oxygen
absorber

1=48+1 h; t=4+2°C

A 4

Atdzesetas galas uzglabasana
iepakojuma, / Storage of chilled
packaged meat
t=4+2 °C; 1 = 6 dienas / days

Marinétas galas iepakoSana /
Packaging of marinated meat:
gaisa vide / air ambiance
aizsarggazu vide
(40% CO, + 60% N,) / MAP
aizsarggazu vide ar skabekla
absorbentu / MAP with oxygen

absorber
|

Iepakotas marinétas galas
uzglabasana / Storage of packaged
marinated meat
t=4+2 °C; 1 = 17 dienas / days

'

Cepta marinéta gala /
Roasted marinated meat
t =200+2 °C; 1 =45+2 min

A 4

Sensorais novertéjums /
Sensory evaluation

A 4

Marinétas galas kaltéSana
mikrovilpu-vakuuma Kkalte /
Drying of marinated meat in

a microwave-vacuum drier

A 4

Kaltétas galas iepakosana
vakuuma / Dried meat
packaging under vacuum

v

Kaltétas galas uzglabasana
vakuumiepakojuma / Storage
of dried meat packaged under

vacuum

t= 18+l °C; t = 112 dienas /

days

1. att. Pétijuma shema /
Fig. 1. Scheme of the research
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Kvalitates raditaju noteik§anas metodes

Olbaltumvielu saturs noteikts, izmantojot Kjeldala metodi
(LVS 1SO 937:1978), ar Kjeltec 2100 (FOSS, Zviedrija).

Aminoskabju saturs noteikts ar augstas izskirtsp&jas skidruma hromatografu
Waters Alliance 2695/3100MS/2998FD (Waters Corporation, ASV) atbilstigi
LVS EN ISO 13903:2005 standartam.

Tauku saturs noteikts atbilstigi LVS ISO 1443:1973 standartam. Tauku satura
noteik8anai izmanto SoxCap™ 2047 iekartu kombinacija ar Soxtec ekstrakcijas
iekartu (FOSS, Zviedrija).

Taukskabju saturs (%) noteikts ar Skidruma hromatografu Waters
Alliance 2695/3100MS/2998FD (Waters Corporation, ASV) saskana ar
Aldai et al. (2006) metodi.

Holesterina saturs noteikts, izmantojot Blura kolorimetrisko metodi ar
spektrometru.

Vara, dzelzs, mangana, cinka satura noteik§ana veikta, izmantojot
atomabsorbcijas spektrometrijas metodi LVS EN 1SO 6869:2002.

Mitruma satura noteikSana veikta atbilstigi LVS ISO 1442:1997 standartam.
pH noteikts atbilstigi LVS ISO 2917:2004 standartam.

Krasas noteik§ana. Galas krasa noteikta, izmantojot krasu analizatoru —
kolorimetru Color Tec PCM/PSM (Accuracy Microsensors Inc., ASV).

Galas sikstums noteikts, izmantojot TA.XT.Plus Texture Analyser
(Stable Microsystems, AK).

Paraugu sagatavo$sana mikrobiologiskajai testéSanai veikta atbilstosi
standarta metodei LVS EN I1SO 6887-2:2004 ,,Partikas un dzivnieku baribas
mikrobiologija — testé§anas paraugu, sakotngjas suspensijas un decimalskidumu
sagatavo$ana mikrobiologiskajam parbaudém — 2. dala: Ipasi noteikumi, ka
sagatavot galu un galas izstradajumus”.

Mezofili aerobo un fakultativi anaerobo mikroorganismu (MAFAM) skaits
noteikts atbilstigi LVS EN ISO 4833:2003 standartam ,,Partikas un dzivnieku
baribas mikrobiologija. Mikroorganismu skaitiSanas horizontala metode pie
+30 °C” un LVS EN ISO 4833-1:2014 standartam ,Partikas k&des
mikrobiologija. Mikroorganismu skaitiSanas horizontala metode. 1. dala:
Koloniju skaitiSana ar aplietas platnes metodi pie 30 °C temperatlras
(1ISO 4833-1:2013)”, lietojot NA barotni (Ref. Nr. 01-140), inkubg&jot 30 °C 72 h.
Enterobacteriaceae  dzimtas  baktériju  skaits noteikts  atbilstigi
LVS ISO 21528-2:2004 standartam, lietojot VRBD barotni (Ref. Nr. 01-295),
inkubgjot 37 °C 24 h.

Pienskabes bakteriju skaits noteikts atbilstigi ISO 9332:2003 standarta
metodei, lietojot MRS agara barotni (Ref. Nr. 01-135), inkubgjot 37 °C 72 h.
Proteolitisko bakteriju skaits noteikts, lietojot vajpiena agara barotni,
inkubgjot 30 °C 48 h.
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Kvalitates raditaju noteikSana pétijuma posmos

Staltbriezu un liellopu galai noteiktie kvalitates raditaji dazados petijuma posmos
ir apkopoti 1. tabula.
1. tabula/ Table 1
StaltbrieZu un liellopu galai noteiktie kvalitates raditaji dazados pétijjuma
posmos / Determination of vension and beef quality parameters at different
stages of the research

P&tijuma posmi / Stages of research
@ g
) gl €| 2g
= 2 8| ~%|2g-s|E|=¢
ZE8 | T8l =22 | =8| 7Q| =8
Sg | 25| B | BEg || ¥
Raditaji / Parameters S5 | 828 =8| 822|929 | 28
22 | B2 g| 8T | BQ S| 88
O = O = £ c = 8 =S, <
=5 | S¥8| SR | E¥R| B 28
< 2°E| == | =7 | | €5
) ] QL =Ny
=133
Olbaltuq\welu satu.rs/ Protein content, + + + + + +
g 100 g* sausnas / in DW
Aminoskabju saturs / Amino acid content, g + B + + -~ _
100 g* sausnas / in DW
1
;I'%ulélwaturs/ Fat content, g 100 g sausnas + + + + + +
Taukskabju saturs / Fatty acid content, % + - - - - -
Holesterina saturs / Cholesterol content, mg
-1 + - - - - -
100 g
Mineralvielas / Minerals, mg kg™ + - — — — -
Mitruma saturs / + + + + + +
Moisture content, %
pH + + + + + +
Krasa (L*, a*, b*) / Colour + + + + + +
Sikstums / Tenderness, N + + + + + +
MAFAM skaits / TPC, Ig KVV g/ . . . . . .
cfu logao
Enterobacteriaceae dzimtas bakt. skaits /
Total count of Enterobacteriaceae bacteria, + + + + - -
KVV g/ cfu
Proteolitisko bakt. skaits / Total count of + B + + _ _
proteolytic bacteria, KVV g / cfu
Pienskabes bakt. skaits / Total count of + + _ _ + +
lactic acid bacteria, Ig KVV g/ cfu logs

Rezultatu matematiska apstrade

Analizu rezultati apstradati, izmantojot SPSS programmas SPSS 14 paketi un
Microsoft Excel for Windows 7.0. Datu matematiska apstrade veikta ar matematiskas
statistikas metodem. legiitajiem rezultatiem aprékinati Sadi raditaji: vidgjais
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aritmétiskais, standartnovirze. Datu interpretacijai izmantota vienfaktora dispersijas
analize (ANOVA) (Arhipova, Balina, 2006). p vertiba raksturo iegiito datu
batiskuma Iimeni (p>0,05 — dati biitiski neatskiras, p<0,05 — dati butiski atskiras).
Sensora vert§juma datu analizei izmanto vienfaktora dispersijas analizi un
Tjukija testu. Izmantojot Tjikija testu, noskaidro, ka paraugi ir sakartoti patikSanas
Zina.
Integréta novértéjuma principi

Integréta novertejuma princips (MapteiHOB, 1987) lietots, lai novertetu petitas
galas (staltbriezu un liellopu) kvalitati uzglabasanas laika Cetras marinad@s tris
dazados iepakojuma veidos (gaisa vide, aizsarggazu vide un aizsarggazu vide
kombinacija ar skabekla absorbentu). Integrétaja novertéjuma staltbriezu un liellopu
galas kvalitati ietekm&jos$as un analiz€tas pazimes sadalitas tris grupas: kimiska
sastava, fizikalo pazimju un mikrobiologiskie raditaji. Mikrobiologisko raditaju
grupai tika pieskirts augstakais pazimes ieguldijuma koeficients (®i=0,5), jo
mikroorganismu skaits gala bitiski ietekme tas kvalitati un nosaka uzglabasanas
ilgumu. Mikrobiologisko raditaju grupas iekSiene MAFAM skaitam pieskirts
augstakais pazimes ieguldijuma koeficients (®;=0,55), jo MAFAM skaits gala
norada, vai ta ir mikrobiali droSa. Kimiska sastava raditaju grupai pazimes
ieguldijuma koeficients ir ®i=0,35. Sis grupas ieksiené augstakais ieguldijuma
koeficients pieskirts (©i=0,35) olbaltumvielu saturam. Fizikalo raditaju grupai
pieskirtais pazimes ieguldijuma koeficients ir ®=0,15, un $is grupas iekSiene
augstakais ieguldijuma koeficients (0i=0,35) pieskirts pH, jo galas pH bitiski
ietekmé& mikroorganismu attistibu.

PETIJUMU REZULTATI UN DISKUSIJA

Atdzesetas galas kKimiska sastava un fizikalo raditaju izvertéjums

Lai pieraditu promocijas darba aizstavamo t€zi, proti, atdzes€tas nebrivé audzetu
staltbriezu galas Kkimiskais sastavs un fizikalie raditaji butiski neatSkiras no
biologiskaja lauksaimnieciba audz&tu liellopu galas kvalitates raditajiem, veikts
vispusigs eksperimentali iegiito atdzes€tas galas kimisko un fizikalo raditaju
izvertgjums.

Eksperimentali ir noteikts, ka mitruma saturs, pH, olbaltumvielu saturs, kopgjais
pétijuma noteikto aminoskabju saturs, vara, dzelzs un mangana saturs, ka art krasas
komponentes L* vertiba un sikstums pétitajos galas paraugos savstarp&ji butiski
neatskiras (p>0,05). Staltbriezu gala, salidzinot ar liellopu galu, ir biitiski augstaks
pétijuma noteikto neaizstajamo aminoskabju un polinepiesatinato taukskabju saturs,
attiecigi par 18,26% un 79,70%, ka arT augstaka krasas komponentes a* vertiba un
cinka saturs.

Aminoskabju saturs. PEtfjuma noteikto aminoskabju kopgjais saturs staltbriezu
galair 21,75 g 100 g* sausnas, liellopu gala — 19,24 g 100 g™* sausnas (2. tabula).
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2. tabula / Table 2
Pétljuma noteikto aminoskabju saturs gala, g 100 g sausnas /
Content of amino acids in meat determined in the research, g 100 g** in DW

. - Aminoskabju saturs / Content of amino acids
Amll_loskal_)es / Staltbriezu gala / Venison Liello ala /

Amino acids u gal Bpel;fg :
Valins / Val* 1.24+0.29 1.13+0.59
Leicins / Leu* 2.51+1.44 1.90+1.13
Izoleicins / lle* 1.30+0.22 1.03+0.88
Fenilalanins / Phe* 1.23+0.19 0.93+0.15
Lizins / Lys* 2.23+0.15 1.86+1.46
Arginins / Arg 0.79+0.36 1.42+0.57
Histidins / His 0.91+1.47 0.78+0.72
Asparaginskabe / Asp 1.28+0.59 1.12+2.04
Serins / Ser 0.65+2.70 0.58+0.11
Glutaminskabe / Glu 3.57+1.84 3.16+0.49
Glicins / Gly 0.99+0.54 0.91+0.43
Treonins / Thr* 0.97+0.42 0.86+1.01
Alanins / Ala 1.43+0.95 1.27+1.21
Prolins / Pro 1.00+0.85 0.90+0.06
Tirozins / Tyr 0.99+0.03 0.83+0.47
Metionins / Met* 0.67+0.11 0.56+0.33
Kopa / Total 21.75 19.24
Neaizstaj amo_amino_skﬁbjl_l summa / 10.15 897
Sum of essential amino acids

* neaizstajamas aminoskabes / essential amino acids

Izriet, ka pétijuma noteikto aminoskabju kop&jais saturs staltbriezu gala ir par
11,54% augstaks neka liellopu gala. Neaizstajamas aminoskabes gala nosaka no tas
razoto partikas produktu biologisko vértibu. Ta staltbriezu gala ir konstatéts augstaks
(par 18,62%) pétljuma noteikto neaizstdjamo aminoskabju — valina, leicina,
izoleicina, fenilalanina, lizina, treonina un metionina — saturs, salidzinot ar p&tjjuma
noteikto neaizstadjamo aminoskabju saturu liellopu gala.

Taukskabju saturs. Staltbriezu gala no taukskab&ém doming linolskabe,
palmitinskabe, stearinskabe un oleinskabe. Augstaks oleinskabes, palmitinskabes un
stearinskabes saturs atrasts liellopu gala (3. tabula). legtitie rezultati skaidrojami ar
to, ka liellopu gala ir augstaks kopgjais tauku saturs, I1dz ar to arT augstaks piesatinato
un mononepiesatinato taukskabju saturs, jo piesatinatas taukskabes veido 35-49%
kopgja taukskabju satura, savukart mononepiesatinatas — 24,3—47% kopgja
taukskabju satura gala (ProSkina u.c., 2013a). Polinepiesatinato (n-3 un n-6)
taukskabju saturs analiz€jama staltbriezu gala ir batiski (p=0,003) augstaks neka
liellopu gala. Pieméram, a-linolénskabes saturs staltbriezu gala ir 4,06%, bet liellopu
gala — 1,25%. Tacu linolskabes saturs staltbriezu gala ir 5,17 reizes augstaks neka
liellopu gala, kas attiecigi ir 17,11% un 3,31%. Atskiribas iegiitajos rezultatos
skaidrojamas galvenokart ar dzivnieku audz&$anas regionu un apstakliem, atskirigu
&dinasanu un turéSanas apstakliem. Taukskabju saturu gala var€tu ietekmét ari
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baribas kimiskais sastavs. Ellas augu piedeva dzivnieku bariba varétu sekmét
polinepiesatinato taukskabju satura palielindgjumu gala (Proskina u.c., 2013a).
3. tabula / Table 3
Pétijuma noteikto taukskabju saturs gala, % /
Composition of fatty acids in meat determined in the research, %

Taukskabju saturs / Content of fatty acids
Taukskabes / Fatty acids Staltbriezu gala / Liellopu gala /
Venison Beef

Miristinskabe / Myristic acid C14:0 2.80+0.75 3.62+0.56
Miristoleinskabe / Myristoleic acid C14:1 0.72+1.14 0.57+0.84
Pentadekanskabe / Pentadecanoic acid C15:0 0.36+0.03 0.43+0.04
Pentadecénskabe / Pentadecenoic acid C15:1 0.70+0.12 0.91+1.13
Palmitinskabe / Palmitic acid C16:0 16.83+1.59 26.52+2.01
Palmitoleinskabe / Palmitoleic acid C16:1 2.29+0.89 2.45+0.54
Margarinskabe / Margaric acid C17:0 0.68+0.02 1.40+0.26
Heptadecénskabe / Heptadecenoic acid C17:1 0.21+0.12 0.60+0.11
Stearinskabe / Stearic acid C18:0 16.19+0.59 19.51+0.87
Oleinskabe / Oleic acid C18:1 cis n-9 13.93+1.16 26.62+3.03
Elaidinskabe / Elaidic acid C18:1 trans n-9 3.04+1.01 3.16+0.22
Linolskabe / Linoleic acid* C18:2 cis n-6 17.11£3.01 3.31+0.49
Trans-oktadekadiénskabe / Octadecadienoic

acid* C 18:2 trans n-6 (CLA) 0.43+0.02 0.48+0.01
a-linolénskabe / a-linolenic acid* C18:3 n-3 4.06+0.15 1.2540.03
(a:::si-dS*"lé’;g:-;lrl'](-()GzatrlenSkabe/ Eicosatrienoic 6.8540.23 0.91£0.15
E1ko.zapemaenskabe / Eicosapentaenoic acid* 22420 48 0284052
C20:5n-3

* polinepiesatinatas taukskabes / polyunsaturated fatty acids

Mineralvielu saturs. Cinka saturs nebr1vé audzg&tu staltbriezu gala ir par 91,68%
augstaks neka liellopu gala, kas ir biitiski (p=0,001). Jaatzim¢, ka mineralvielu saturs
gala atkarigs no dzivnieku vecuma, baribas un turSanas apstakliem, ka ari
audzeSanas zonas geografiska novietojuma (Proskina u.c., 2013a).

Staltbriezu galas krasas komponentes a* vértiba ir vidgji 8,44+2,83, liellopu
galas — 5,8442,49. Ta ka mioglobins ir galvena olbaltumviela, kas galai piedod
sarkano krasu, tad §1s atSkiribas skaidrojamas ar to, ka staltbriezu gala ir augstaks
mioglobina saturs neka liellopu gala.

Jaatzimé, ka staltbriezu gala, salidzinot ar liellopu galu, ir biitiski zemaks tauku
(par 41,08%) un holesterina (par 44,68%) saturs, ka arT krasas komponentes b*
vertiba.

Tauku saturs. Eksperimentali ir atrastas butiskas atSkiribas (p=0,002) starp
staltbriezu un liellopu galas tauku saturu. Staltbriezu gala tauku saturs ir
5,21+0,40 g 100 g* sausnas (1,26% — produkta), liellopu gala — 1,80% produkta jeb
7,35+0,31 g 100 g* sausnas. Atskiribas galas tauku satura ir skaidrojamas ar
atSkirtbam dzivnieku piebarojuma, jo pétitie galas paraugi iegiiti no dzivniekiem,
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kas audzeti divas dazadas saimniecibas. Galas tauku saturs visam dzivnieku sugam
ir atkarigs no dzivnieku vecuma un uzpemtas baribas (Proskina u.c., 2013a).

Holesterina saturs. Staltbriezu gala holesterina saturs ir 41,96+2,46 mg 100g™*
sausnas, kas ir biitiski zemaks (p=0,003) neka liellopu gala — 60,71+4,14 mg 100g™
sausnas, un tas ir lidzigi literatira public€tajam atzinam, proti, licllopu gala
holesterina saturs ir 54,6-62 mg 100 g* (Leheska et al., 2008). Holesterins ir
sastopams gan taukaudos, gan muskulaudos un citos organos. Ta daudzums dazadu
dzivnieku sugu gala ir atSkirigs (Proskina u.c., 2013a). Iespg€jams, atSkiribas
holesterina satura saistitas ar atSkirigo taukaudu un muskulaudu daudzumu
staltbriezu un liellopu gala.

Krasas komponentes b* vertiba staltbriezu gala ir 7,84+9,34, liellopu
gala — 16,42+5,66.

Atdzesétas galas kvalitates raditaju dinamika uzglabasanas laika

Lai pieraditu promocijas darba aizstavamo t&zi, proti, atdzesetas galas deriguma
terminu var pagarinat hermétiska iepakojuma aizsarggazu vid€ un to kombingjot ar
aktivo iepakojumu, eksperimentali veikts vispusigs atdzesetas galas fizikalo,
kimisko un mikrobiologisko raditaju izvert§jums uzglabasanas laika minétajos
iepakojuma veidos.

Eksperimentali noteikts, ka atdzes€tas galas, iepakotas gaisa vide, aizsarggazu
vidé (40% CO2 un 60% N) un to kombingjot ar skabekla absorbentu, uzglabajot
aukstuma kamera 4+2 °C, deriguma termins$ ir 4 dienas, uz ko norada galvenokart
mikrobiologisko raditaju un galas pH izmainas.

Mikrobiologiskie  raditaji. = Mikrobiologiskie  raditaji  (MAFAM,
Enterobacteriaceae dzimtas un pienskabes baktériju kopskaits) atdzesétas
staltbriezu un liellopu galas paraugos noteikti pirms uzglabasanas 0. diena un
2., 4. un 6. uzglabasanas diena.

Maksimali pielaujamais mikroorganismu skaits pienemts saskana ar Krievijas
sanitari epidemiologisko normativo aktu ,['uruenudeckue TpeOOBaHHS K
6e30macHOCTM W MHIIEBOM [EHHOCTH MHUINEBBIX mpoaykrtoB, CanlluH
2.3.2.1078-01” (01.07.2002.) prasibam — 5x10° KVV g%, kas, veicot galas
mikrobiologiskas analizes, uzskatits par kritisko robezveértibu. Atdzeséetas staltbriezu
un liellopu galas MAFAM skaits pirms uzglabaSanas ir attiecigi
2,68 Ig KVV g'un 3,68 Ig KVV g (2. att.). Galas kvalitate ir atkariga no dzivnieku
veselibas stavokla pirms kauSanas, kauSanas procesa tehniska izpildijuma,
higienisko noteikumu izpildes kautuvé un kautproduktu transportesanas apstakliem.
Tehnologisko un higiénas noteikumu izpildg ir pielaujama atkape, jo gan liemenis,
gan ar1 sadalita gala tirdzniecibas vietas paklauti paaugstinatai kontaminacijai ar
cilveku veselibai bistamiem mikroorganismiem (Jemeljanovs u.c., 2006;
Jemeljanovs, 2002). Eksperimentali ir noteikts, ka MAFAM skaits analiz&tajos
staltbriezu un liellopu galas paraugos uzglabasanas laika bitiski (p=0,019 un
p=0,006) palielinajas visos iepakojumos.
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Fig. 2. The TPC dynamics in chilled venison (a) and beef (b) during storage
4 - gaisa vide / air ambiance; m - CO, 40%+N, 60%; A - CO, 40%+N, 60% (ar skabekla absorbentu /
with oxygen absorber); pielaujama MAFAM robeza 5x10% KVV g/ admissible level of TPC
5x10°cfug?

Gaisa vidg iepakotajos staltbriezu galas paraugos MAFAM skaits pe&c Cetru dienu
uzglabasanas palielinajas 1idz 5,97 1g KVV g, savukart liellopu galas paraugos —
lidz 6,00 1g KVV gl. Aizsarggazu vidé iepakotajos staltbriezu un liellopu galas
paraugos MAFAM skaits péc Cetru dienu uzglabasanas palielindjas attiecigi 1idz
5,65 Ig KVV glun lidz 5,74 Ig KVV g Savukart péc &etru dienu uzglabasanas
aizsarggazu vide, kas kombingta ar skabekla absorbentu, iepakotajos staltbriezu
galas paraugos MAFAM skaits palielingjas 1idz 4,97 lg KVV g, liellopu galas
paraugos — lidz 5,44 lg KVV g?. lepakojuma vide mikroorganisma skaita
palielinajumu butiski neietekmé (p=0,308 un p=0,131), tomer jaatzime, ka 1€naks
MAFAM skaita palielinajums noteikts galas paraugos, kas iepakoti aizsarggazu vidé
kombinacija ar skabekla absorbentu. P&c se$u dienu uzglabasanas MAFAM skaits
staltbriezu un liellopu galas paraugos parsniedza pielaujamo robezvertibu visos
iepakojumos. Tadgjadi pétijumos izmantota atdzeséta staltbriezu un liellopu gala,
kas iepakota gaisa vid€, aizsarggazu vide un aizsarggazu vide, kas kombinéta ar
skabekla absorbentu, mikrobiali drosa ir Cetras dienas. Enterobacteriaceae dzimtas
bakteriju skaits atdzes€tas staltbriezu un liellopu galas paraugos ir attiecigi
49 KVV g'un 379 KVV g Eiropas Komisijas Regula (EK) Nr. 2073/2005 par
partikas produktu mikrobiologiskajiem kritérijiem nosaka, ka galas pusfabrikatiem
Escherichia coli skaita robezvértiba ir 500 (n=5, c=2) KVV ¢, kas $aja pétijuma
tika uzskatita par kritisko robezvértibu. Escherichia coli pieder Enterobacteriaceae
dzimtai, kura ietilpst arT citas baktgrijas, kas ietekmé galas kvalitati, petfjuma tiek
izcelta §1s  bakteriju dzimtas darbiba kopuma. Uzglabasanas laika
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Enterobacteriaceae dzimtas bakteriju skaits atdzes&tas galas paraugos neparsniedza
pielaujamo kritisko robezvertibu neviena no iepakojumiem.

Pienskabes bakteriju skaits atdzesetas staltbriezu galas paraugos ir
2,05 Ig KVV g7, liellopu galas paraugos — 2,75 Ig KVV g*. Iespgjams, pienskabes
bakterijas dzivnieku organisma ir nokluvuSas no apkartgjas vides vai kauSanas
instrumentiem. Tadgjadi, dzivniekus kaujot, pienskabes baktérijas caur zarnu traktu
var noklGt armT muskulaudos. Uzglabasanas laika pienskabes bakteriju skaits
staltbriezu (p=0,007) un liellopu (p=0,041) galas paraugos butiski palielinas, tomer
iepakojuma vide So palielinasanos neietekmé (p=0,185 un p=0,284). P&tfjumos ir
noteikts, ka atdzesgtas staltbrieZzu un liellopu galas paraugu pH ir attiecigi 5,98+0,05 un
5,59+0,02. Staltbriezu (p=0,571) un liellopu (p=0,500) galas paraugu pH izmainas
iepakojuma vide btiski neietekmé, tomér uzglabasanas laika staltbriezu (p=0,001) un
liellopu (p=0,017) galas paraugu pH bitiski samazinas. Sadi rezultati skaidrojami ar
pienskabes bakteriju skaita palielinasanos (p<0,05), kas ietekm& pH pazeminaSanos
(Gokoglu et al., 2011; Fernandez-Lopez et al., 2008). Gaisa vide iepakotu staltbriezu
galas paraugu pH péc Cetru dienu uzglabasanas samazinajas lidz 5,23+0,04, iepakojuma
aizsarggazu vide to kombingjot ar skabekla absorbentu — Iidz 5,18+0,05 un 5,18+0,01;
liellopu galas paraugos pec Cetru dienu uzglabasanas gaisa vidé pH samazinajas lidz
5,34+0,01, aizsarggazu vidé — lidz 5,33+0,01, aizsarggazu vidé, kas kombingta ar
skabekla absorbentu, — lidz 5,22+0,01. Eksperimentu gaita ir konstatéts, ka izvéletais
iepakojums butiski neietekmé galas mitruma, sikstuma, krasas, ka arT olbaltumvielu
un tauku satura izmainas uzglabasanas laika. Tadgjadi promocijas darba izvirzita
teze, proti, atdzesétas galas deriguma terminu var pagarinat hermétiska iepakojuma
aizsarggazu vid€ un to kombingjot ar aktivo iepakojumu, nav apstiprinajusies.

Galas marinazu receptiiru izveide

Eksperimentali, lai paplasinatu staltbriezu galas produkcijas sortimentu, tika
izveidoti Cetri marinazu veidi staltbriezu galas marin&$anai (4. tabula).
4. tabula/ Table 4
MarinaZzu receptiiras, kg 10 kg™ galas /
Recipes of marinades, kg 10 kg™ of meat

Marinades Parauga
veids / numurs / Marinades sastavs /
Type of Number of Composition of marinades
marinade sample
1A Sarkanvins / red wine (1.20 kg), kiploks / garlic (0.33 kg), sals /
salt (0.10 kg), melnie pipari / black pepper (0.02 kg)
< Sarkanvins / red wine (1.20 kg), sipoli / onion (0.73 kg), marrutki /
.E e 2A horseradish (0.32 kg), gar§vielu maisijums $aslikam* / spice mix for
g g grilled meat* (0.12 kg), sals / salt (0.10 kg)
é 3 Sarkanvins / red wine (1.20 kg), sipoli / onion (0.73 kg), majonéze /
N 3A mayonnaise (0.67 Kkg), sinepes / mustard (0.33 kg), kiploki /
garlic (0.33 kg), sals / salt (0.10 kg), melnie pipari / black
pepper (0.02 kg)
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4. tabulas turpinajums / Table 4 continued

Sarkanvins / red wine (1.20 kg), medus / honey (0.80 kg), sals /
4A salt (0.10 kg), melnie pipari / black pepper (0.04 kg), kadikogas /
juniper berries (0.01 kg), timians / thyme (0.01 kg)

Sarkanvins / red wine (0.64 kg), sipoli / onion (0.45 kg), etikis /
5A vinegar (0.27 kg), kiploki / garlic (0.17 kg), sals / salt (0.10 kg),
gar§vielu maisijums $aslikam* / spice mix for grilled meat* (0.07 kg)
Majonéze / mayonnaise (1.48 kg), sals / salt (0.09 kg), melnie pipari /
black pepper (0.03 kg)

Majonéze / mayonnaise (1.48 kg), gar$vielu maisijums SaSlikam* /
spice mix for grilled meat* (0.12 kg)

Majon&ze / mayonnaise (1.48 kg), sinepes / mustard (0.39 kg), sals /
salt (0.09 kg)

Majonéze / mayonnaise (1.48 kg), sals / salt (0.09 kg), timians /
4B thyme (0.07 kg), melnie pipari / blackpepper (0.04 kg), kadikogas /
juniper berries (0.01 kg)

Majonéze / mayonnaise (1.48 kg), kiploki / garlic (0.22 kg), sals /
5B salt (0.09 kg), paprikas pulveris / powder of red sweet pepper (0.03 kg),
melnie pipari / black pepper (0.01 kg)

Tomatu mérce / tomato sauce (2.58 kg), citrons / lemon (1.01 kg), sals
1C / salt (0.09 kg), etikis / vinegar (0.08 kg), melnie pipari / black
pepper (0.03 kg)

Tomatu mérce / tomato sauce (2.61 kg), kiploki / garlic (0.29 kg), sals
/ salt (0.09 kg), melnie pipari / black pepper (0.01 kg)

Tomatu mérce / tomato sauce (1.34 kg), majonéze /
mayonnaise (1.29 kg), sipoli / onion (0.70 kg), kiploki /
garlic (0.23 kg), sals / salt (0.09 kg), melnie pipari / black
pepper (0.01 kg)

Tomatu mérce / tomato sauce (2.58 kg), sals / salt (0.09 kg), timians /
4C thyme (0.02 kg), melnie pipari / black pepper (0.01 kg), kadikogas /
juniper berries (0.01 kg)

Tomatu mérce / tomato sauce (2.58 kg), citrons / lemon (1.03 Kkg),
5C gar§vielu maisijums $aslikam* / spice mix for grilled meat* (0.12 kg),
sals / salt (0.09 kg)

Etikis / vinegar (1.20 kg), sipoli / onion (1.18 kg), citrons /

Sarkanvina /
Red wine (A)

1B

2B

3B

Majongézes /
Mayonnaise (B)

2C

3C

Tomatu mérces /
Tomato sauce (C)

1D lemon (0.97 kg), sals / salt (0.09 kg)
Etikis / vinegar (1.20 kg), sipoli / onion (1.18 kg), kiploki /
2D garlic (0.26 kg), sals / salt (0.09 kg), melnie pipari / black
pepper (0.01 kg)
- @ Etikis / vinegar (1.20 kg), sipoli / onion (1.18 kg), sals / salt (0.09 kg),
S5 3D timians / thyme (0.02 kg), melnie pipari / black pepper (0.01 kg),
= é‘;’ kadikogas / juniper berries (0.01 kg)
< Etikis / vinegar (1.23 kg), sipoli / onion (1.18 kg), sals / salt (0.09 kg),
4D paprikas pulveris / powder of red sweet paprika (0.04 kg), melnie pipari
/ black pepper (0.01 kg)
Etikis / vinegar (1.20 kg), tomatu mérce / tomato sauce (1.16 kg),
5D majonéze / mayonnaise (1.09 kg), citrons / lemon (1.06 kg), garSvielu

maisijums $aslikam* / spice mix for grilled meat* (0.12 kg)
* gar§vielu maisijums $aslikam — sastavdalas: sals, sipoli, salda paprika, pétersili, baziliks, melnie pipari, rozmarins / spice mix for grilled
meat — ingredients: salt, onion, red sweet pepper, parsley, basil, black pepper, rosemary

Katram marinades veidam papildus izveidoti pieci varianti. Lai turpmakajiem
petijumiem no katra marinades veida izvéleétos vienu variantu, izmantojot
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emocionalo metozu h&donisko skalu, noteica katra parauga patikSanas pakapi.
Marinazu receptiiras, kg 10 kg galas, apkopotas 4. tabula.
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Patik§anas pakape / Degree of preference

3. att. StaltbrieZu galas majonézes marinadé patiksanas pakape /
Fig. 3. The degree of preference of venison in mayonnaise marinade

Apkopojot vertétaju izteiktos komentarus un piezimes, turpmakajiem pétjjumiem
izveletas marinades SA (sastavs: sarkanvins, sipoli, etikis, kiploki, gar$vielu maisijums
Saslikam (sastavdalas: sals, sipoli, salda paprika, pétersili, baziliks, melnie pipari,
rozmarins) un sals), 2B (sastavs: majongze un garSvielu maisfjums S$aslikam), 5C
(sastavs: tomatu mérce, citrons, gar§vielu maisijums $aslikam un sals) un 5D (sastavs:
etikis, tomatu mérce, majonéze, citrons, gar§vielu maistjums Saslikam). Staltbriezu galas
majonézes marinade€ patikSanas pakape attelota 3. attgla.

Marinétas galas kvalitates raditaju izvertejums
Promocijas darba aizstavama t€ze ir: marinades sastavam un vides sastavam

iepakojuma ir biitiska nozime staltbriezu galas kvalitates saglabasana.

5. tabula / Table 5
leteicamais marinétas galas deriguma termins /
The recommended shelf life of marinated meat

Iepako$anas tehnologija / Packaging technology
Aizsarggazu vide
Gaisa vide / Aizsarggazu vide kombinacija ar
Marinades Air ambiance (409% CO,+60% N,) / | skabekla absorbentu /
veids / MAP MAP with oxygen
Type of absorber
marinade Staltbriezu | Liellopu | Staltbriezu | Liellopu | Staltbriezu | Liellopu
gala/ gala / gala/ gala/ gala/ gala/
Venison Beef Venison Beef Venison Beef
Uzglabasanas laiks, dienas / Storage time, days
Sarkanvina / 11 11 14 14 14 14
Red wine
Majonézes / 7 14 14 14 14 14
Mayonnaise
Tomatu merces 7 1 14 1 14 14
/ Tomato sauce
Etika / Vinegar 11 11 11 11 11 11
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Lai to pieraditu, ir veikts vispusigs dazadi marinétas staltbriezu galas fizikalo,
Kimisko un mikrobiologisko raditaju izveérté§jums pirms marinéSanas, pec
maringSanas un uzglabasanas laika gaisa vidg, aizsarggazu vide€ un aizsarggazu vide
kombinacija ar skabekla absorbentu. Noteikti jaatzime, ka sakotngjais staltbriezu
galas mikrobiologiskais kontaminacijas Iimenis ietekm& marinétas galas deriguma
terminu. Eksperimentali noteiktais 4+2 °C uzglabatas maringtas staltbriezu un
liellopu galas ieteicamais deriguma termins redzams 5. tabula.

Olbaltumvielu un mitruma saturs, ka ar7 sikstums uzglabasanas laika samazinajas
visas Cetras marinadés marinétajos staltbriezu un liellopu galas paraugos, un, lai ar1
iepakojuma vide §is izmaipas bitiski neietekmg, tomér leénak mingto raditaju
izmainas notiek galas paraugos, kas iepakoti aizsarggazu vidé kombinacija ar
skabekla absorbentu.

Olbaltumvielu saturs. Piem&ram, p&c marinéSanas majonzes marinade
staltbrieZu un liellopu galas paraugos olbaltumvielu saturs samazinajas attiecigi par
16,42% un 22,66%, kas ir butiski (p=0,000 un p=0,000). Eksperimentali ir noteikts,
ka olbaltumvielu saturs analiz€jamos galas paraugos (4. att.) uzglabasanas laika
samazinajas (p<0,05). Galas marinéSanai izmantotas marinades galvena sastavdala
— majonéze — butiski palielina (p<0,05) tauku saturu gala, lidz ar to palielinas ari
kopgjais sausnas saturs, kas rezultata dod proporcionali mazaku olbaltumvielu
saturu.
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Storage time, days Storage time, days
a b

4. att. Olbaltumvielu satura dinamika staltbriezu (a) un liellopu (b) gala
majonézes marinadé uzglabasanas laika /
Fig. 4. The dynamics of protein content in venison (a) and beef (b) in

mayonnaise marinade during storage
4 - gaisa vide / air ambiance; m - CO, 40%+N, 60%; A - CO, 40%+N, 60% (ar skabekla absorbentu /
with oxygen absorber)

Peéc septinam uzglabasanas dienam gaisa vidé olbaltumvielu saturs marinéta
staltbriezu gala izmainijas par 12,26%, marinéta liellopu gala péc 14 uzglabasanas
dienam par 12,21%, kas ir loti Iidzigi. Uzglabajot marin&tas galas paraugus

21



aizsarggazu vide, pec 14 uzglabasanas dienam olbaltumvielu saturs izmainijas par
13,84%, liellopu gala par 13,71% (p=0,000; p=0,000). Uzglabajot marinétas galas
paraugus aizsarggazu vidé kombinacija ar skabekla absorbentu, péc 14 dienam
olbaltumvielu saturs marinétas staltbriezu galas paraugos izmainijas par 8,75%, kas
nav batiski (p=0,989), liellopu gala par 11,33% (p=0,000). Olbaltumvielu satura
izmainas marin€tas galas paraugos iepakojuma vide batiski neietekmé (p=0,672 un
p=0,837), tomér lenakas olbaltumvielu satura izmainas konstat€tas galas paraugos,
kas iepakoti aizsarggazu videé kombinacija ar skabekla absorbentu.

Mitruma saturs. Mitruma saturs produkta nosaka ta noturibu uzglabasanas
laika — palielinoties mitrumam, intensivak norit oksidé$anas procesi, izveidojas
labveligi apstakl]i mikroorganismu attistibai. Udens saturs galas muskulaudos ir
apgriezti proporcionals pargjo uzturvielu saturam. Jo lielaks ir Tdens saturs
muskulaudos, jo  attiecigi mazaku masas dalu veido  pargjas
uzturvielas — olbaltumvielas, tauki, oglhidrati un mineralvielas. Dala muskulaudos
esosa tidens ir saistita ar olbaltumvielam, oglhidratiem un lipidiem (Feiner, 2006).

Atdzesgtas staltbriezu un liellopu galas mitruma saturs ir attiecigi 75,80+0,41%
un 75,50+0,63%. Piem&ram, p&c marinéSanas sarkanvina marinadé marinétu galas
paraugu mitruma saturs samazinajas nebitiski (p=0,422 un p=0,975). Veicot iegiito
eksperimentalo datu matematisko apstradi, noteikts, ka pé&tjjumos izmantotas
iepakojuma vides batiski neietekméja (p>0,05) mitruma satura izmainas galas
paraugos uzglabasanas laika. Pec 11 uzglabasanas dienam gaisa vidé mitruma saturs
maringta staltbriezu gala samazinajas no 75,04+0,41% lidz 73,81+0,11% (p=0,849),
liellopu gala — no 69,05+0,40% lidz 68,12+0,07% (p=0,803). Aizsarggazu vide 14
dienu uzglabasanas laika maringta staltbriezu gala mitruma saturs samazinajas Iidz
74,17+0,12% (p=0,733), liellopu gala lidz 67,88+0,10% (p=0,847). Mitruma saturs
staltbriezu gala, iepakota aizsarggazu vidé kombinacija ar skabekla absorbentu,
samazinajas 1idz 74,33+0,85% (p=0,299), liellopu gala lidz 68,10+0,14% (p=0,756).
Mitruma satura samazinaSanas galas paraugos uzglabasanas laika skaidrojama ar
galas Tidens saistiSanas sp&ju, kas atkariga no olbaltumvielas eso$o hidrofilo grupu
skaita, kas saista tideni. Jo lielaka starpiba starp vides pH un galas olbaltumvielu
izoelektrisko punktu (pH 5,2-5,4), jo augstaka ir galas Tidens saistiSanas spg&ja
(JImcuuprs u dp., 2008). pH maringtas galas paraugos uzglabasanas laika (5,20-5,25
staltbriezu  galai; 4,98-5,21 liellopu galai) tuvojas galas olbaltumvielu
izoelektriskajam punktam, kad galas Gidens saistiSanas spgja ir viszemaka.

P&c, pieméram, marin&$anas etika marinade staltbriezu un liellopu galas paraugu
sikstums samazinajas, proti, tie kluva mikstaki (p=0,099; p=0,061), jo zems pH
(etika marinades pH ir 3,30+0,01) veicina galas saistaudu sadaliSanos. Uzglabasanas
laika marinétas galas sikstums turpindja samazinaties (p>0,05), tom&r izmantota
iepakojuma vide to butiski neietekméja (p>0,05). Maringtas staltbriezu galas
sikstums 11 dienu uzglabaSanas laika gaisa vidé samazindjas no
41,21+£7,18 N lidz 35,8543,66 N (par 13,01%), aizsarggazu vide — Iidz
35,09+6,27 N (par 14,85%), aizsarggazu vid€é kombinacija ar skabekla
absorbentu — Iidz 34,65+5,74 N (par 15,92%). Péc 11 dienu uzglabasanas gaisa vidé
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iepakotas maringtas liellopu galas sikstums samazindjas no 44,42+5,68 N lidz
38,32+9,44 N (par 13,73%), aizsarggazu vidé — Iidz 38,02+7,58 N (par 14,41%),
aizsarggazu vidé kombinacija ar skabekla absorbentu — lidz 37,93+8,05 N (par
14,61%). Optimalais pH katepsinu aktivitatei ir 3,5-5,0. Analiz&tajos galas paraugos
pH ir 4,41-4,79 (staltbriezu gala) un 4,26-4,41 (liellopu gala). Katepsini katalize
olbaltumvielu proteolizi (noardiSanos), un rezultata gala kldst mikstaka
(Zochowska-Kujawska et al., 2012; Burke, Monahan, 2003).

Uzglabasanas laika marinétas galas paraugos pétijuma noteiktais kop€jais un
neaizstdjamo aminoskabju saturs, tauku saturs, pH un krasas komponentes L*
vertiba biitiski nemainas (p>0,05), savukart krasas komponentes a* vertiba biitiski
atSkiras gaisa vidé un aizsarggazu vidé un to kombingjot ar skabekla absorbentu
iepakotajos galas paraugos.

Marinétas galas kvalitates integrétais novertéjums

Lai novertétu pétijuma izmantotas staltbriezu un licllopu galas kvalitati uzglabasanas
laika Cetras marinadgs tris dazados iepakojuma veidos — gaisa vide, aizsarggazu vide un
aizsarggazu vide kombinacija ar skabekla absorbentu —, veikts integrétais novertejums,
pamatojoties uz galas olbaltumvielu, aminoskabju, tauku un mitruma saturu, pH, krasas
komponensu L*, a* b* vertibu, sikstumu un mikrobiologiskajiem raditajiem (MAFAM,
Enterobacteriaceae dzimtas baktériju un proteolitisko bakteriju skaitu). Staltbriezu un
liellopu galas kvalitates raditaji salidzinati uzglabasanas laika sakuma un beigas.
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Integretais novertejums /
Integrated evaluation

5. att. StaltbrieZu un liellopu galas etika marinade integréta
noverteéjuma rezultati /
Fig. 5. The results of integrated evaluation of vension and beef in
vinegar marinade
gaisa vide / air ambiance ICO, 40%+N, 60%
M CO, 40%+N, 60% (ar skabek]a absorbentu / with oxygen absorber)

= ITya—s = 89,26 ITyig+s = 293,73
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Integréta novertejuma (IT) vertiba raksturo galas kvalitates raditaju vert€juma
novirzes no optimalajam vertibam, tapéc mazaka IT vertiba atbilst mazakajam galas
kvalitates raditaju izmainam uzglabasanas laika.

Mazaka IT vertiba norada, ka uzglabasanas laika kvalitates raditaji nav batiski
mainijusies staltbriezu galas paraugos, kas iepakoti aizsarggazu vidé kombinacija ar
skabekla absorbentu (55,12), savukart liellopu galas kvalitate uzglabasanas laika
gaisa vide ir bitiski pasliktinajusies (349,88), ka piemérs tiek apskatits staltbriezu
un liellopu galas etika marinad€ integrétais novertgjums (5. att.).

Izvertejot pétijuma izmantotas galas kvalitati uzglabasanas laika Ccetras
marinad€s tris dazados iepakojuma veidos — gaisa vide, aizsarggazu vide un
aizsarggazu vide kombinacija ar skabekla absorbentu —, noteikts, ka marinStas
staltbriezu galas kvalitati uzglabasanas laika vislabak iesp€jams saglabat, iepakojot
to aizsarggazu vid€ kombinacija ar skabekla absorbentu, savukart marinétas liellopu
galas kvalitati uzglabasanas laika nav iesp€jams saglabat nemainigu neviena no
iepakojuma videém.

Galas kalteésana mikrovilnu-vakuuma kalté

KaltéSanas parametru izvéle galas apstradei mikrovilpu-vakuuma Kkalte.
Galas kaltésana ir viens no senakajiem cilvécei zinamajiem partikas konservésanas
veidiem (Bowser et al., 2009), un turpmakajiem pé&tjjumiem ta tika izvéléta ka
metode, kas Jautu izstradat jaunu produktu uzkodai ar pagarinatu deriguma terminu.

6. tabula / Table 6
Marinades receptiira kaltetai galai, kg 10 kg™ galas /
Recipe of marinade for dry meat, kg 10 kg of meat

Marinades veids /
Type of marinade

Marinades sastavs /
Composition of marinades

Marinade kaltétai galai
bez natrija
monofosfata /
Marinade for dried
meat without sodium
monophosphate

Terijaki mérce / teriyaki sauce (1.14 kg), saldskaba mérce / sweet and sour
sauce (0.36 kg), tako mérce / taco sauce (0.21 kg), sojas mérce / SOy
sauce (0.15 kg), amerikanu BBQ mérce ar dimu aromatu / American BBQ
sauce hickory (0.15 kg), sezama ella / sesame oil (0.07 kg), kiploks /
garlic (0.06 kg), kiploku sals / garlic salt (0.04 kg), tabasco sarkano piparu
meérce / tabasco red pepper sauce (33 pilieni / drops)

Marinade kaltétai galai
ar natrija monofosfatu
/

Marinade for dried
meat with sodium
monophosphate

Terijaki mérce / teriyaki sauce (1.14 kg), saldskaba mérce / sweet and sour
sauce (0.36 kg), tako mérce / taco sauce (0.21 kg), sojas mérce / SOy
sauce (0.15 kg), amerikanu BBQ mérce ar dimu aromatu / American BBQ
sauce hickory (0.15 kg), sezama ella / sesame oil (0.07 kg), kiploks /
garlic (0.06 kg), natrija monofosfats / sodium monophosphate (0.03 kg),
kiploku sals / garlic salt (0.01 kg), tabasco sarkano piparu mérce / tabasco
red pepper sauce (33 pilieni / drops)

Eksperimentu sakumposma galas maringSanai pirms kalt€Sanas izmantotas Cetras

iepriek§ izveidotas marinades (sarkanvina, majongzes, tomatu mérces un etika).

Sakot marinétas galas kalt€Sanas eksperimentu mikrovilpu-vakuuma Kkaltg,

konstatets, ka §1s marinades nav piemerotas, jo marinades konsistence ir parak Skidra

un galas gabali salip. Zinatniskaja literatira minéts (Ingham et al., 2006;

Choi et al., 2008; Borowski et al., 2009; Dierschke et al., 2010), ka galas
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marinéSanai pirms kalt€Sanas biezak izmanto terijaki merci, sojas merci,
kiplokus u.c., tap&c tika izveidota jauna marinades receptiira (skatit 6. tabulu).

Papildus, lai uzlabotu galas struktiirmehaniskas IpasSibas p&c kalt€sanas, proti,
saglabatu to mikstu, marinadei pievienoja natrija monofosfatu (1,2% kopgja
marinddes daudzuma). Galas marinadém bez natrija monofosfata un ar to péc
sagatavoSanas noteikts pH, kas ir attiecigi 4,0440,01 un 5,41+0,06.

Eksperimentali ir pétiti tiTs marinetas galas kaltéSanas rezimi mikrovilpu-
vakuuma kalte MUSSON-1, pamatojoties uz maksimalas un minimalas mikrovilpu
energijas izmanto$anas iesp&jam (7. tabula). Katra rezima kalté$anas kamera ievieto
~2,5 kg marinétas galas.

7. tabula/ Table 7
KalteSanas reZimu tehnologiskie parametri /
Technological parameters of drying regimes

Parametri / KalteSanas rezims / Drying regime
Parameters 1. 2. 3.
Kopégjais kaltéSanas
ilgums, min / Total 34.21 32.24 32.12
drying time, min
1. posms / Stage 1 4 magnetroni / 4 magnetroni / 4 magnetroni /
P 9 4 magnetrons 882 kJ 4 magnetrons 1050 kJ 4 magnetrons 1134 kJ
2 posms / Stage 2 3 magnetroni / 3 magnetroni / 3 magnetroni /
P 4 3 magnetrons 798 kJ 3 magnetrons 840 kJ 3 magnetrons 966 kJ
2 magnetroni / 2 magnetroni / 2 magnetroni /
3. posms / Stage 3 2 magnetrons 798 kJ 2 magnetrons 546 kJ 2 magnetrons 504 kJ
1 magnetrons / 1 magnetrons / 1 magnetrons /
4. posms / Stage 4 1 magnetron 420 KJ 1 magnetron 420 KJ 1 magnetron 378 KJ
Kopgjais pievaditas
energijas daudzums / 2898 kJ 2856 kJ 2982 kJ
Total amount of
energy

Analiz€jot peétamos kalt€Sanas reZimus, proti, pievaditas energijas daudzumu,
noteikts, ka ekonomiskaks ir 2. kaltéSanas reZims, kura patérétas energijas daudzums
ir par ~2% mazaks, neka kalt&jot galu 1. rezZima, un par ~4% mazaks, neka kaltgjot
galu 3. reZima.

Jaatzimg, ka pievaditas energijas daudzums ir atkarigs no kalt§jama materiala
masas kamera viena darba cikla, proti, jo vairak galas ievieto kamera, jo vairak
mikrovilnu energijas bis japievada un ilgaks kalteSanas laiks biis nepiecieSams.

Kaltetas galas kvalitates raditaju dinamika uzglabasanas laika. Lai pieraditu
promocijas darba aizstavamo t&€zi, proti, mikrovilpu-vakuuma kalte kaltetas
staltbriezu galas biologiska vértiba uzglabasanas laika butiski nemainas, veikts
vispusigs fizikalo, kimisko un mikrobiologisko raditaju izveértéjums galai, kas
4 meénesSus uzglabata vakuumiepakojuma poliméra pléves (PA/PE) maisinos ar
barjeripasibam 18+1 °C tumsa. Kaltetas staltbriezu galas paraugu bez natrija
monofosfata un ar to mitruma saturs ir attiecigi 25,08+0,66% un 34,78+0,60%,
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savukart kaltetas liellopu galas paraugu bez natrija monofosfata un ar to mitruma
saturs ir attiecigi 24,80+0,47% un 33,16+0,10%.

Eksperimentali noteikts, ka vakuumiepakojuma poliméra pléves (PA/PE)
maisinos ar barjeripasibam iepakotas un 18+1 °C tumsa uzglabatas kalttas
staltbriezu un liellopu galas ar natrija monofosfatu deriguma termins ir 91 diena, bez
natrija monofosfata — 112 dienas. Ka jau mingts, analiz€to produktu uzglabasanas
laiku ietekm@ mitruma saturs p&c kalt€Sanas, kas ir augstaks maringtas galas
paraugos ar natrija monofosfatu.

Kaltetas staltbriezu un liellopu galas paraugos pH, olbaltumvielu, tauku un
mitruma saturs uzglabasanas laika butiski nemainas, salidzinot ar tikko kalt&tas galas
fizikali kimiskajiem raditajiem. Butiski izmainijusies galas krasa un sikstums.

Krasas komponentes L* vertiba marinétai galai ar natrija monofosfatu ir
augstaka neka galai bez natrija monofosfata, tomér atskiribas nav bitiskas (p>0,05).
Marinétas staltbrieZzu galas bez natrija monofosfata krasas komponentes L* vértiba
ir 30,66+1,60, ar natrija monofosfatu — 31,37+42,05. Marinétas liellopu galas bez
natrija monofosfata krasas komponentes L* vértiba ir 31,56+2,23, ar natrija
monofosfatu — 33,13+£2,71. Ka minéts zinatniskaja literatiira, fosfatu izmantoS$anas
rezultata palielinas galas pH veértiba (Sheard, Tali, 2004; Murphy, Zerby, 2004).
Optimalais pH stabilizeé ar1 galas krasu. Sarkano krasu galai pieSkir taja esosais
mioglobins, bet jau pec dazu stundu saskares ar gaisu vai termiskas apstrades laika
gala kliist briina vai peleki brina, jo izveidojas metmioglobins. Stabilizgjot galas
krasu, tiek novérsta metmioglobina veidoSanas. P&c kaltéSanas galas krasas
komponentes L* vertiba butiski nemainas (p>0,05), tomer ta samazinas — gala klust
tumsaka, kas galvenokart skaidrojams ar mitruma izvadiS$anu no produkta starpsiinu
telpam, kas veicina galas melnéSanu. Pret€ji rezultati iegiiti, p&tot krasas
komponentes L* vértibas izmainas uzglabasanas laika, proti — ta palielinas, kas
skaidrojams ar iesp&jamo iepakojuma materialu nelielo mitruma caurlaidibu, ka
rezultata galas mitruma saturs palielinas (p>0,05) un krasa klst nedaudz gaisaka.
Veicot iegiito eksperimentdlo datu matematisko apstradi, noteiktas bitiskas
atSkirtbas (p<0,05) petamas krasas komponentes vertiba kaltetas galas paraugos bez
natrija monofosfata un ar natrija monofosfatu, tos uzglabajot ilgaku laiku. No
iegiitajiem rezultatiem var secinat, ka natrija monofosfats stabilize kalt€tas galas
paraugu krasu, kas nav noverojams paraugos bez natrija monofosfata.

Krasas komponentes a* vertiba maringtai galai bez natrija monofosfata ir
zemaka neka marin€tai galai ar natrija monofosfatu, bet atSkiribas nav biutiskas
(p>0,05). Marinétas staltbriezu galas bez natrija monofosfata a* vértiba ir 5,03+2,67,
ar natrija monofosfatu — 6,93+2,71. Maringtas liellopu galas bez natrija monofosfata
a* vertiba ir 5,7543,81, ar natrija monofosfatu — 6,32+1,48.

P&c kalteSanas marinétas staltbriezu galas paraugos bez natrija monofosfata un
ar to krasas komponentes a* vertiba palielinajas attiecigi par 37,05% un 17,99%, kas
ir bitiski (p=0,024; p=0,047); savukart marinétas liellopu galas paraugu krasas
komponentes a* vertiba palielinajas attiecigi par 10,44% un 15,28%, kas ar1 ir
butiski (p=0,004; p=0,045). Eksperimentali atrastas izmainas skaidrojamas ar
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mitruma satura izmainam péc kalt€Sanas — samazinoties galas mitruma saturam, gala
kltst tum$aka un sarkanaka.

Kaltetas staltbriezu galas bez natrija monofosfata krasas komponentes veértiba a*
péc 112 uzglabasanas dienam samazinajas par 30,54% (kas ir bitiski p=0,001),
savukart kaltetas staltbriezu galas ar natrija monofosfatu a* vertiba péc
91 uzglabasanas dienas samazinajas par 27,10%, kas arT ir bitiski (p=0,000).
Kaltetas liellopu galas bez natrija fosfata krasas komponentes a* vértiba
uzglabasanas laika samazinajas par 47,98% (kas ir butiski p=0,000), savukart
kaltetas liellopu galas ar natrija monofosfatu — par 33,91%, kas arT ir butiski
(p=0,007). Krasas komponentes a* vertibas samazinasanos var skaidrot ar
metmioglobina veidoSanos uzglabasanas laika.

Marinétas staltbriezu galas bez natrija monofosfata krasas komponentes b*
vertiba ir 15,77+5,96, ar natrija monofosfatu — 14,79+7,10. Marin&tas liellopu galas
bez natrija monofosfata krasas komponentes b* vertiba ir 22,74+4,21, ar natrija
monofosfatu — 20,89+7,88. Bitiskas atSkiribas krasas komponentes b* vertiba
marin€tas galas paraugos bez natrija monofosfata un ar to konstatStas netika
(p>0,05).

P&c kaltesanas maringtas staltbriezu galas paraugos bez natrija monofosfata un
ar to krasas komponentes b* vértiba butiski samazinajas par 60,75% un 65,99%
(p=0,006; p=0,021), tomér butiski neat§kiras starp paraugiem bez natrija
monofosfata un ar natrija monofosfatu (p>0,05). Savukart p&c kaltésanas marinétas
liellopu galas paraugos bez natrija monofosfata un ar to krasas komponentes b*
vertiba samazinajas par 48,01% un 45,14%, kas arT ir biitiski (p=0,012; p=0,006). Ta
kaltétas staltbrieZzu galas bez natrija monofosfata krasas komponentes b* vértiba ir
6,1947,30, ar natrija monofosfatu — 5,03+4,64, savukart pec kaltésanas liellopu galas
bez natrija monofosfata krasas komponentes b* vertiba ir 11,81+£6,29, ar natrija
monofosfatu — 11,46+6,57.

Uzglabasanas laika kaltetas staltbriezu galas krasas komponentes b* vertiba
butiski samazinajas — par 26,98% paraugos bez natrija monofosfata (p=0,000) un par
20,87% paraugos ar natrija monofosfatu (p=0,009), ka arT atskiras starp galas
paraugiem bez natrija monofosfata un ar to (p<0,05). Kaltétas liellopu galas krasas
komponentes b* vértiba uzglabasanas laika, lai ari biitiski samazinajas — par 36,58%
paraugos bez natrija monofosfata (p=0,001) un par 33,68% paraugos (p=0,001) ar
natrija monofosfatu —, starp galas paraugiem bez natrija monofosfata un ar to butiski
neatskiras (p>0,05). Kaltétas galas paraugos ar natrija monofosfatu krasas
komponentes b* vertiba ir zemaka neka galas paraugos bez natrija monofosfata, jo
arT maringtas galas ar natrija monofosfatu b* vértiba ir zemaka.

Galas sikstums. Eksperimentali ir noteikts, ka ar natrija monofosfatu marinéta
gala ir mikstaka neka gala, kas marinéta bez natrija monofosfata (p<0,05). P&tjjumos
noteikts, ka marinétas staltbriezu galas bez natrija monofosfata sikstums ir
23,42+6,72 N, ar natrija monofosfatu — 16,20+1,13 N. Savukart marinétas liellopu
galas bez natrija monofosfata sikstums ir 25,50+4,65 N, ar natrija monofosfatu —
17,15£2,04 N.
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Péc kaltesanas galas sikstums bitiski palielinajas (p<0,05), jo samazinajas
mitruma saturs, un rezultata izmainijas galas struktirmehaniskas ipasibas. Kaltetas
staltbriezu galas bez natrija fosfata sikstums palielinajas lidz 120,77+7,71 N, ar
natrija fosfatu — lidz 95,33+9,46 N. Kaltétas liellopu galas bez natrija fosfata
stkstums ir 131,22+8,07 N, ar natrija fosfatu — 109,82+6,16 N.

Petijumos ir noteikts, ka uzglabasanas laika galas sikstums bitiski palielinajas
(p<0,05) gan paraugos bez natrija monofosfata, gan paraugos ar natrija monofosfatu.
Tomér galas paraugi ar natrija monofosfatu ir mikstaki (p>0,05).

Eksperimentali ir noteikts, ka ar natrija monofosfatu ir iespgjams nodrosinat
kaltetas galas krasu un struktiirmehaniskas ipasibas uzglabasanas laika. Tadgjadi
promocijas darba izvirzita aizstavama téze, proti — Mikrovilnpu-vakuuma Kkalte
kaltetas staltbriezu galas biologiska vertiba uzglabasanas laika butiski nemainas, ir
pieradita.
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SECINAJUMI

. Latvija nebrivé audzetu staltbriezu galas biologiska vertiba ir augstaka neka
biologiskaja lauksaimnieciba audzetu liellopu galas biologiska vertiba, bet nav
butiskas atskiribas (p>0,05) mitruma, olbaltumvielu, pé&tijuma noteikto
aminoskabju kopgja, vara, dzelzs un mangana satura, pH veértiba un sikstuma.
Nebrive audzetu staltbriezu gala ir augstaks petijuma noteikto neaizstadjamo
aminoskabju (par 18,52%), polinepiesatinato taukskabju (par 79,70%) un cinka
(par 91,68%), bet zemaks tauku (par 41,08%) un holesterina saturs
(par 44,69%).

. Atdzeseta staltbriezu gala iepakojuma gaisa vidg, aizsarggazu vide (40% CO2 un
60% N,) un to kombingjot ar skabekla absorbentu, uzglabajot 4+2 °C, ir
mikrobiali droSa 4 dienas.

. Lai paplasinatu staltbriezu galas izmantoSanu parstrades produktu razo$ana,
eksperimentali izveidotas Cetras marinades staltbriezu galas maringSanai:
sarkanvina, majonézes, tomatu mérces un etika.

. P&tjjuma noteikts, ka marinctas staltbriezu galas parstrades produktu deriguma
termins 4+2 °C ir:

e sarkanvina marinadé — 11 dienas (gaisa vid€) un 14 dienas (aizsarggazu vidé
un to kombingjot ar skabekla absorbentu);

e majonézes un tomatu merces marinadé — 7 dienas gaisa vid€, 14 dienas
aizsarggazu vid€ un to kombingjot ar skabekla absorbentu;

o ctika marinad€ — 11 dienas gaisa vidg, aizsarggazu vid€ un to kombingjot ar
skabek]a absorbentu.

. Maringtas staltbriezu galas kvalitati uzglabasanas laika vislabak iesp&jams
saglabat, iepakojot to aizsarggazu vid€ kombinacija ar skabekla absorbentu.

Staltbriezu galas (2,5+0,1 kg) optimalie kaltéSanas parametri mikrovilnu-
vakuuma kalt€ ir: temperatira — 36+2 °C, darba spiediens kaltes
kamera — 7,5/9,3 kPa, tvertnes rotacijas atrums — 6 apgr. min’, kopgjais
pievaditas energijas daudzums — 2856 kJ, kaltésanas ilgums — 32,24 mindites.

Mikrovilpu-vakuuma kalté kaltétas staltbriezu galas biologiska vértiba, to
uzglabajot ar natrija monofosfatu 91 dienu un bez natrija
monofosfata — 112 dienas vakuuma polime@ra pléves (PE/PE) maisinos 18+1 °C
tumsa, bitiski nemainas.

. Petijuma iegutie dati apstiprina izvirzito hipotézi — Latvija nebrivé audzetu
staltbriezu galas kvalitate dazados parstrades procesos un uzglabasanas laika
aizsarggazu vide un to kombingjot ar aktivo iepakojumu bitiski nemainas.
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TOPICALITY OF THE RESEARCH

Venison from red deer is a dietary product with high biological value. Venison
from red deer has lower energetic value; it is lower in calories, cholesterol and fat
content compared with beef, pork or mutton (Wiklund et al., 2010). In recent years,
consumer demand for low-fat meat has gained an increasing popularity. Deer feed
contains no genetically modified nutrients, since the production volumes of venison
from red deer are much lower than pork and poultry, thus, venison is ecologically
cleaner and more qualitative product (Hoffman, Wiklund, 2006). It should be noted
that meat is a product likely to spoil faster and it has a relatively short shelf-life.
Therefore, meat freezing and marinating are the most frequently applied methods
enhancing its storage time. Traditionally, meat is marinated by soaking and injecting
it into a solution with low pH value, high concentration of salt, sorbates, benzoates,
and various spices to improve meat tenderness and taste, and to extend its shelf-life
as well as to inhibit the morbific microbial growth (Pathania et al., 2010). Already
ancient civilisations were familiar with drying of meat as one of the types of food
preservation. Jerky was made by slicing meat into narrow strips or tearing meat, and
then drying in the sun, wind, or using the fire (Church et al., 2013). Nowadays, dried
meat is a popular snack.

Scientific literature indicates that the packaging of products in hermetically
sealed bags under modified atmosphere enriched with CO, may limit factors
perishing meat and its processing products (Jakobsen, Bertelsen, 2004;
Smiddy et al., 2002; Jeremiah, 2001). Hence, unacceptable microflora is suppressed
on such conditions. Perishing of products may be reduced by preventing the growth
of microorganisms. However, the MAP technologies do not always completely
remove oxygen (100%) from the packaging, thus, it contains between 1.0 and 1.5%
of oxygen residues (Gibis, Rieblinger, 2011). Therefore, prior to sealing, oxygen
absorber is inserted into the packaging to ensure the complete oxygen removal.

The available scientific literature provides almost no data on the research done
in Latvia in relation with the use of venison in production of processed products as
well as the impact of modified atmosphere and active packaging on the quality
parameters of venison and venison processing products during storage.

Based on similar animal breeding and keeping conditions as well as similarity in
the chemical composition, meat from farmed red deer (venison) is used for the
research purposes, while meat from biologically farmed cattle (beef) is used as
control sample for comparison of the obtained results and data interpretation.
Farmed red deer are raised outside their natural habitat environment and they are
kept in a fenced area, while cattle bred in unconventional agriculture are raised in
the system of free grazing in an open air and they receive organic food.

Object of the PhD thesis is longest lumbar muscle (Musculus longissimus
lumborum) of red deer (venison) farmed in Latvia.

After summarising the information available in scientific literature hypothesis
of the PhD thesis was set as follows — the quality of meat from red deer farmed in
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Latvia does not significantly change during various processings and storage under
the MAP and combined with oxygen absorber.
The research hypothesis was verified with the thesis to be defended:

chemical composition and physical parameters of chilled meat from farmed
red deer do not significantly differ from the quality parameters of meat from
biologically farmed cattle;

the shelf-life of chilled venison can be extended in sealed modified
atmosphere packaging combined with oxygen absorber;

the composition of marinade and ambiance in packaging play a significant
role in preservation of venison quality;

the biological value of venison dried in a microwave-vacuum drier does not
significantly change during storage.

The research aim is to investigate the quality of meat from red deer farmed in
Latvia in various processings and during storage in modified atmosphere and
combined with active packaging.

The following tasks have been advanced to achieve the set aim:

to determine physical, chemical, and microbiological parameters of meat
from red deer farmed in Latvia;

to investigate the changes in physical, chemical, and microbiological
parameters of chilled venison during storage in modified atmosphere and
combined with active packaging by determining its shelf-life;

to find solutions for the use of venison in production of processed products;

to study the changes in physical, chemical, and microbiological parameters
of processed venison products during storage in modified atmosphere and
combined with active packaging by determining its shelf-life;

to develop the optimum drying regime for venison processing in a
microwave-vacuum drier;

to investigate dried venison quality parameters during storage under vacuum
packaging by determining its shelf-life.

Novelty and scientific significance of the PhD thesis — searched solution for the
use of venison in the production of processed products and the maintenance of meat
quality and biological value.

Economic significance of the research — after evaluating the application of
different venison preparing methods and other food raw materials for the
enlargement of production assortment:

venison processing products are developed and their shelf-life is defined;
drying regime for processing marinated venison in a microwave-vacuum
drier, maximally maintaining the biological value of a ready product is
developed.

31



APPROBATION OF THE RESEARCH

The research results are summarised and published in ten peer-reviewed
scientific journals and proceedings in English; two publications are indexed in the
database SCOPUS (list on pages 6 and 7).

The research results have been presented at nine international conferences,
symposiums and a congress in Belgium, Bulgaria, Italy, Latvia, and Lithuania (list
on pages 7 and 8).

Participation in exhibitions: the research results have been presented at the
annual international food exhibition “Riga Food 2011, 2012” (page 8).

MATERIALS AND METHODS

Research places

The research has been done in the laboratories of the Faculty of Food
Technology, Latvia University of Agriculture between 2010 and 2014:

e colour, tenderness and pH values were analysed, and meat samples were
marinated and packaged in the Packaging Material Quality Testing
Laboratory;

e moisture content in meat was determined in the Technology Laboratory of
Milk and Meat Products;

e contents of protein and fat in meat were determined in the Technology
Laboratory of Food Products of Prof. Péteris Delle;

o total plate count (TPC), the Enterobacteriaceae bacteria count, proteolytic
bacteria count, and lactic acid bacteria count were determined in the
Scientific Laboratory of Microbiology;

o degree of preference of venison products was determined in the Food Sensory
Evaluation Laboratory.

Qualitative and quantitative composition of amino acids and fatty acids was
analysed and the content of copper, iron, manganese, zinc, and cholesterol in the
meat samples was determined in the laboratories of the Research Institute of
Biotechnology and Veterinary Medicine “Sigra” of Latvia University of Agriculture.

Materials used in the research

Venison — was obtained from farmed red deer (Cervus elaphus) raised on a farm
“Saulstari 1” (More parish, Sigulda county).

Beef — was obtained from organically farmed cattle (Bos primigenius taurus)
raised in “Margret” Ltd (Zasa parish, Jekabpils county) and used as control for
comparison of the obtained results and data interpretation.

Chilled meat samples from the longest lumbar muscle (Musculus longissimus
lumborum) of red deer and cattle were used in experiments.

Breeding of red deer and cattle in their natural habitat and minimal contact with
human is a significant factor. Feeding factors differ from conventional animal
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husbandry, especially in feeding organically farmed game animals, since these
animals are farmed in large fenced territories covering both forests and meadows.
Animals receive additional fodder only in winter.

Red deer for obtaining meat are shot in their natural habitat without previous
perturbing them by catching and displacing. The carcass is pre-processed right on
the farm and afterwards it is transported to a certified slaughterhouse for further
processing, cutting, and chilling. Cattle, in turn, for obtaining meat are caught and
transported to a certified slaughterhouse where they are slaughtered and their
carcasses are pre-processed, processed, cut, and chilled. The average age of animals
is two years.

Description of marinade ingredients: red wine (14% alc. vol., contains sulphites);
mayonnaise (sunflower-seed oil, drinking water, egg powder, sugar, egg yolk
powder, dry milk, common salt, dry mustard, acidity regulators); tomato sauce
(tomato puree (58%), water, sugar, salt, modified starch, acidity regulator,
preservatives, spices); table vinegar 9%; spice mix for grilled meat (salt, onion, red
sweet pepper, parsley, basil, black pepper, rosemary); black pepper; salt; teriyaki
sauce (sugar, soya sauce, water, fructose syrup, vinegar, modified corn starch, salt
(2.1%), preservatives, food colouring); sweet and sour sauce (water, sugar, vinegar,
pieces of pineapple, modified starch, maltodextrin, iodised salt, paprika, spices,
curry, flavourings, thickener, acidity regulator); taco sauce (tomato puree, tomatoes
(36%), onion, chilli, modified corn starch, vinegar, salt (1.3%), garlic, other spices;
soy sauce (soya bean extract (26%), water, salt sugar, wheat flour); American BBQ
sauce hickory (tomato puree, sugar, brown sugar, vinegar, hickory smoke flavouring
(2.9%), mustard, salt (1.7%), thickener, garlic, other spices, acidity regulator, food
colouring); sesame oil; garlic; garlic salt (salt (80%), garlic powder); tabasco red
pepper sauce (vinegar, red pepper, salt); sodium monophosphate (E339).

The research scheme is shown in Figure 1.

Methods for the determination of quality parameters

e Protein content was determined under the Kjeldahl method
(LVS 1SO 937:1978) by means of Kjeltec 2100 (FOSS, Sweden).

e Content of amino acids was determined by the high performance liquid
chromatography Waters Alliance 2695/3100MS/2998FD (Waters Corporation,
USA) under the standard LVS EN ISO 13903:2005.

e Fat content was determined under the standard LVS ISO 1443:1973. The
determination of fat content is done by means of SoxCap™ 2047 equipment in
combination with Soxtec extraction system (FOSS, Sweden).

e Content of fatty acids (%) was determined by the high performance liquid
chromatography Waters Alliance 2695/3100MS/2998FD (Waters Corporation,
USA) under the Aldai et al. (2006) method.

e Cholesterol content was determined by means of the Bloor colorimetric method
with a spectrometer.
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Content of copper, iron, manganese, and zinc was determined under the
atomic absorption spectrometry method LVS EN 1SO 6869:2002.

Moisture content was determined under the standard LVS I1SO 1442:1997.

pH value was determined under the standard LVS 1SO 2917:2004.
Determination of colour. Meat colour was determined by means of colour
analyser — colorimeter Color Tec PCM/PSM (Accuracy Microsensors Inc.,
USA).

Tenderness of meat was determined by means of TA.XT.Plus Texture Analyser
(Stable Microsystems, UK).

Preparation of samples for microbiological testing was done under the
standard method LVS EN ISO 6887-2:2004 “Microbiology of Food and Animal
Feeding Stuffs - Preparation of Test Samples, Initial Suspension and Decimal
Dilutions for Microbiological Examination - Part 2: Specific Rules for the
Preparation of Meat and Meat Products”

Total plate count (TPC) was determined under the standard
LVS EN ISO 4833:2003 — “Microbiology of Food and Animal Feeding Stuffs -
Horizontal Method for the Enumeration of Microorganisms - Colony-count
Technique at 30 Degrees C” and the standard LVS EN ISO 4833-1:2014
“Microbiology of the Food Chain - Horizontal Method for the Enumeration of
Microorganisms - Part 1: Colony Count at 30 Degrees C by the Pour Plate
Technique (1SO 4833-1:2013) using MRS agar (Ref. No 01-140), incubating it
at 30 °C for 72 h.

Count of the Enterobacteriaceae bacteria was determined under the standard
LVS ISO 21528-2:2004 using VRBD agar (Ref. No 01-295), incubating it at
37 °C for 24 h.

Count of lactic acid bacteria was determined under the standard method
ISO 9332:2003 using MRS agar (Ref. No 01-135) and incubating it at 37 °C for
72h.

Count of proteolytic bacteria was determined using skim milk agar and
incubating it at 30 °C for 48 h.

Determination of quality parameters at the research stages

The quality parameters of venison and beef determined at different research

stages are summarised in Table 1.

Mathematical processing of results

The results of analyses were processed using SPSS software SPSS 14 package

and Microsoft Excel for Windows 7.0. Data mathematical processing was performed
using mathematic statistical methods. The following indexes were calculated for the
obtained results: mean and standard deviation. Single factor analysis of variance
(ANOVA) (Arhipova, Balina, 2006) was used for data interpretation. The p-value
characterises the significance level of the obtained data (p>0.05 — data have no
significant difference, p<0.05 — data have significant difference).
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Single factor analysis of variance and the Tukey’s test were used for data analysis
of sensory evaluation. The Tukey’s test shows the range of samples compliant with
preference.

Principles of integrated evaluation

The principle of integrated evaluation (Mapteraos, 1987) is applied to evaluate
the quality of studied meat (venison and beef) during its storage in four types of
marinades in three different types of packaging (air ambiance, modified atmosphere,
and modified atmosphere in combination with oxygen absorber). The integrated
evaluation divides parameters affecting the quality of venison and beef and analysed
in the research into three groups: chemical composition, physical parameters, and
microbiological parameters. The highest contribution coefficient (@;=0.5) was
attributed to the group of microbiological parameters, since the count of
microorganisms in meat significantly affects its quality and determines the shelf-life.
The highest contribution coefficient (®;=0.55) is attributed to the total plate count
within the group of microbiological parameters, since the total plate count in meat
defines the microbiological safety of meat. The contribution coefficient for the group
of chemical composition indicators is ®;=0.35. The highest contribution coefficient
(0i=0.35) within this group is attributed to the content of proteins. The contribution
coefficient attributed to the group of physical parameters is ®;=0.15, and the highest
contribution coefficient (0;=0.35) within this group is attributed to the pH value,
since it significantly affects the development of microorganisms.

RESEARCH RESULTS AND DISCUSSION

Evaluation of chemical composition and physical parameters of
chilled meat

A comprehensive evaluation of experimentally obtained chemical and physical
parameters of chilled meat was performed to verify the research thesis to be
defended, namely, the chemical composition and physical parameters of chilled meat
from farmed red deer do not significantly differ from the quality parameters of meat
from biologically farmed cattle.

No significant differences (p>0.05) are found experimentally between the
studied meat samples in such physically-chemical parameters as the content of
moisture, pH values, and protein and the content of total amino acids determined in
the research, and the content of copper, iron, and manganese as well as the value of
colour parameter L* and tenderness. The content of essential amino acids and
polyunsaturated fatty acids determined in the research is significantly higher in
venison compared with beef - by 18.26% and 79.70% respectively. The same refers
to the value of colour parameter a* and the content of zinc compared with beef.

Content of amino acids. The content of total amino acids in venison as
determined in the research is 21.75 g 100 g* in dry weight, while it is
19.24 g 100 gt in dry weight in beef (Table 2).
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This means that the content of total amino acids determined in the research is by
11.54% higher in venison compared with beef. Essential amino acids in meat
determine the biological value of meat products. Hence, higher content of essential
amino acids — valine, leucine, isoleucine, phenylalanine, lysine, threonine, and
methionine — determined in the research is found in venison (by 18.62%) compared
with the content of essential amino acids determined in the research in beef.

Content of fatty acids. Linoleic acid, palmitic acid, stearic acid, and oleic acid
are the governing fatty acids in venison. Higher content of oleic acid, palmitic acid,
and stearic acid is found in beef (Table 3). Higher content of total fatty acids in beef
explain the obtained results, thus, beef has also higher content of saturated and
monounsaturated fatty acids, since saturated fatty acids account for 35-49% of total
fatty acids content, while monounsaturated fatty acids account for 24.3-47% of total
fatty acids content in meat (Proskina et al., 2013a). The content of polyunsaturated
(n-3 and n-6) fatty acids in the analysed venison is significantly higher (p=0.003)
compared with beef. For example, the content of a-linoleic acid in venison is 4.06%,
while it is 1.25% in beef. However, the content of linoleic acid in venison is 5.17
times higher than in beef, which is 17.11% and 3.31% respectively. The region and
conditions for animal breeding, different feeding, and well-being conditions mainly
explain the differences in the obtained results. The chemical composition of fodder
might also influence the content of fatty acids in meat. Oilseed additives in fodder
might promote the increase of the content of polyunsaturated fatty acids in meat
(Proskina et al., 2013a) (Table 3).

Content of mineral nutrients. The content of zinc in meat from farmed red deer
is by 91.68% higher compared with beef, which shows a significant difference
(p=0.001). It shall be noted that the content of mineral nutrients in meat depends on
the age, feed, and well-being conditions of animals as well as the geographical
placement of breeding area (Proskina et al., 2013a).

The value of colour parameter a* is 8.44+2.83 in venison and 5.8442.49 in beef
on average. The higher content of myoglobin in venison compared with beef
explains these differences, as myoglobin is the main protein providing red colour to
meat.

It should be noted that venison has significantly lower content of fat
(by 41.08%) and cholesterol (by 44.68%) as well as the value of colour parameter
b* compared with beef.

Fat content. Experimentally, significant differences were detected between the
content of fat in venison and beef (p=0.002). The content of fat is
5.21+0.40 g 100 g in dry weight (1.26% — in a product) in venison, while it is 1.80%
ina product or 7.35+0.31 g 100 g™* in dry weight in beef. Additives in fodder explain
the differences in the content of fat in meat, since the studied meat samples were
obtained from animals raised on two different farms. The content of fat in meat for
all animal breeds depends on the age and feed of animals (Proskina et al., 2013a).
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Cholesterol content. The content of cholesterol is 41.96+2.46 mg 100g™* in dry
weight in venison, which is significantly lower (p=0.003) compared with
beef — 60.71+4.14 mg 100g? in dry weight, and it complies with the findings
provided in literature, namely, the content of cholesterol in beef is 54.6-62 mg 100
g (Leheska et al., 2008). Cholesterol is found both in fatty tissues and muscle
tissues as well as in other organs. The content of cholesterol differs in meat by
different animal breeds (Proskina et al., 2013a). Probably, differences in cholesterol
content relate with different amount of fatty and muscle tissues in venison and beef.

The value of colour parameter b* is 7.84+9.34 in venison and 16.42+5.66 in
beef.

Dynamics of chilled meat quality parameters during storage

A comprehensive evaluation of experimentally obtained physically-chemical and
microbiological parameters of chilled meat during storage in the mentioned types of
packaging was performed to verify the research thesis to be defended, namely, the
shelf-life of chilled venison can be extended in sealed modified atmosphere
packaging combined with oxygen absorber.

The shelf-life of chilled meat packaged in air ambiance and modified atmosphere
(MAP) - 40% COzand 60% N2 - combining it with oxygen absorber, and stored at a
temperature of 4+2°C is four days as basically demonstrated by the microbiological
and pH data.

Microbiological parameters. Microbiological parameters (TPC, the
Enterobacteriaceae bacteria count, and lactic acid bacteria count) in the meat
samples of chilled venison and beef were determined prior to the storage on 0 day
and the 2", 4™ and 6™ days of storage.

Maximally admissible count of microorganisms is assumed consistent with the
requirements prescribed by the sanitary-epidemiological regulatory enactment of
Russia “Hygienic Requirements for Safety and Nutritional Value of Foods”
(1 July 2002) — 5x10% CFU g, which is considered a critical limit value when
performing microbiological analysis of meat. The TPC for chilled venison and beef
before storage is 2.68 Ig CFU g* and 3.68 Iy CFU g respectively (Figure 2). Meat
quality depends on the state of health of animals before slaughtering, technical
performance of slaughtering, observance of hygienic requirements in the
slaughtering house, and transporting conditions of carcasses. The compliance of
technological and hygienic requirements permit derogations, since both the carcass
and cut meat in sales places are subject to an increased contamination with
microorganisms dangerous to human health (Jemeljanovs et al., 2006;
Jemeljanovs, 2002). It was experimentally determined that the TPC in the analysed
samples of venison and beef significantly increased (p=0.019 and p=0.006) during
storage in all types of packaging.

The TPC in venison samples packaged in air ambiance after storage for four days
increased to 5.97 Iy CFU g, while in beef samples — to 6.00 Iy CFU g. The TPC
in venison and beef samples packaged under modified atmosphere after storage for
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four days increased to 5.65 Ig CFU g*and 5.74 Ig CFU g* respectively. Though, the
TPC in venison samples packaged under modified atmosphere combined with
oxygen absorber after storage for four days increased to 4.97 Iy CFU g%, while in
beef samples — to 5.44 Iy CFU g*. The packaging conditions have no significant
(p=0.308 and p=0.131) effect on the increase of microorganisms; however, it should
be noted that slower increase in the TPC was detected in meat samples packaged
under modified atmosphere combined with oxygen absorber. After storage for six
days, the TPC in venison and beef samples exceeded the admissible limit value in
all types of packaging. Therefore, chilled venison and beef used in the research
packaged in air ambiance, under modified atmosphere, and under modified
atmosphere combined with oxygen absorber is microbially safe for four days. The
Enterobacteriaceae bacteria count in chilled venison and beef samples is 49 CFU g*
and 379 CFU g respectively. The Commission Regulation (EC) No 2073/2005 on
Microbiological Criteria for Foodstuffs prescribes that the limit of the Escherichia
coli count for meat preparations is 500 (n=5, c=2) CFU g, which is considered as
critical limit value in this research. The Escherichia coli belong to the
Enterobacteriaceae group of bacteria which encompasses also other bacteria
affecting meat quality. The research singles out the activity of this group of bacteria
in general. The Enterobacteriaceae bacteria count in chilled meat samples did not
exceed the admissible limit value during storage in any type of packaging.

The lactic acid bacteria count in chilled venison samples is 2.05 Ilg CFU g%, while it
is 2.75 Ig CFU g in beef samples. It is probable that the lactic acid bacteria have
penetrated into the organisms of animals from the environment or slaughtering tools.
Therefore, lactic acid bacteria through the intestinal canal can penetrate into muscle
tissues during slaughtering. No significant increase in the lactic acid bacteria count
in venison (p=0.007) and beef (p=0.041) samples was detected during storage;
however, packaging conditions have no impact on this increase (p=0.185 and
p=0.284).

The research indicates that the pH value in chilled venison and beef samples is
5.98+0.05 and 5.59+0.02 respectively. Packaging conditions have no significant
impact on the pH value changes in venison (p=0.571) and beef (p=0.500) samples;
however, the pH value significantly decreases in venison (p=0.001) and beef
(p=0.017) samples during storage. The growth of lactic acid bacteria count (p<0.05)
causing the decrease of pH value (Gokoglu et al, 2011;
Fernandez-Lopez et al., 2008) explain these results. The pH value in venison
samples packaged in air ambiance and stored for four days decreased to 5.23+0.04,
packaged under modified atmosphere and modified atmosphere combined with
oxygen absorber — to 5.18+0.05 and 5.18+0.01 respectively. The pH value in beef
samples packaged in air ambiance and stored for four days decreased to 5.34+0.01,
under modified atmosphere — to 5.33+0.01, and under modified atmosphere
combined with oxygen absorber — to 5.22+0.01.

The present experiments do not detect a significant impact of the applied
packaging conditions on the changes in the content of moisture, tenderness, and
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colour as well as the content of protein and fat in the analysed meat samples during
storage. Therefore, the research thesis — it is possible to prolong the shelf-life of
chilled meat by using of MAP and active packaging — was not proved.

Development of meat marinade recipes

Experimentally, four types of marinade for venison marinating were developed
to enlarge the assortment of venison products (Table 4).

In addition, five versions were developed for each type of marinade. The hedonic
scale was used to determine the degree of preference of samples and to choose only
one version of each type of marinade for further experiments. Meat marinade recipes
for 10 kg* of meat are summarised in Table 4.

The marinades 5A (composition: red wine, onion, vinegar, garlic, spice mix for
grilled meat (ingredients: salt, onion, sweet pepper, parsley, basil, black pepper,
rosemary), and salt), 2B (composition: mayonnaise and spice mix for grilled meat),
5C (composition: tomato sauce, lemon, spice mix for grilled meat and salt), and 5D
(composition: vinegar, tomato sauce, mayonnaise, lemon and spice mix for grilled
meat) were selected for further experiments after the summary of the comments and
remarks made by panellists. The degree of preference of venison in mayonnaise
marinade is shown in Figure 3.

Evaluation of marinated meat quality parameters

The research thesis to be defended is: the composition of marinade and ambiance
in packaging play a significant role in preservation of venison quality.

A comprehensive evaluation of physically-chemical and microbiological
parameters of venison marinated in different marinades was performed before
marinating, after marinating, and during storage in air ambiance, under modified
atmosphere, and modified atmosphere combined with oxygen absorber to verify the
research thesis. It should be certainly mentioned that the initial level of
microbiological contamination of venison affects the shelf-life of marinated meat.
The experimentally estimated and recommended shelf-life of marinated venison and
beef stored at a temperature of 4+2°C is summarised in Table 5.

The content of protein and moisture as well as the tenderness of marinated
venison and beef samples decreased in all four marinades during storage. Although,
the packaging conditions have no significant effect on these changes, slower changes
occurred in the samples of meat packaged under MAP in combination with oxygen
absorber.

Protein content. For example, the content of proteins decreased in venison and
beef samples by 16.42% and 22.66% respectively after meat marinating in
mayonnaise marinade, which is a significant difference (p=0.000 and p=0.000). It
was experimentally detected that the content of proteins in the analysed meat
samples (Figure 4) decreased (p<0.05) during storage. The main
ingredient — mayonnaise — of the marinade used for meat marinating significantly
increases (p<0.05) the content of fat in meat, thus, increasing the total content of dry
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weight and lowering the content of proteins. The content of proteins in marinated
venison changed by 12.26% after storage for seven days in air ambiance and it
changed by 12.21% in marinated beef after storage for fourteen days. Both results
are very similar. After storing marinated meat samples under modified atmosphere
for 14 days, the content of proteins changed by 13.84% in venison and by 13.71%
in beef (p=0.000; p=0.000). Storing marinated meat samples under MAP in
combination with oxygen absorber, after 14 days the content of proteins changed by
8.75% in marinated venison samples, which is not a significant difference
(p=0.989), while it changed by 11.33% in beef (p=0.000).

The packaging conditions have no significant effect (p=0.672 and p=0.837) on
the changes in protein content in marinated meat samples; though, slower changes
in the content of proteins occurred in meat samples packaged under MAP in
combination with oxygen absorber.

Moisture content. The content of moisture in a product determines its stability
during storage — oxidation occurs and favourable conditions promoting the growth
of microorganisms develop with more intense increase of moisture. The content of
water in the muscle tissues of meat is conversely proportional to the content of other
nutrients. The larger the water content in muscle tissues, the smaller part of mass is
formed by other nutrients — proteins, fat, carbohydrates, and mineral nutrients. Part
of water found in muscle tissues is associated with proteins, carbohydrates, and
lipids (Feiner, 2006).

Moisture content in chilled venison and beef is 75.80+0.41% and 75.50+0.63%
respectively. For example, the decrease in the moisture content in marinated meat
samples was insignificant (p=0.422 and p=0.975) after marinating meat in red wine
marinade. Mathematical processing of experimental data allowed determining that
the packaging conditions used in the research had no significant (p>0.05) impact on
the changes in moisture content in meat samples during storage. After 11 days of
storage in air ambiance the moisture content in venison decreased from 75.04+0.41%
to 73.81+0.11% (p=0.849) and in beef - from 69.05+0.40% to 68.12+0.07%
(p=0.803). After 14 days of storage under modified atmosphere the moisture content
in marinated venison decreased to 74.17+0.12% (p=0.733), in beef - to 67.88+0.10%
(p=0.847). The moisture content in venison packaged under MAP in combination
with oxygen absorber decreased to 74.33+0.85% (p=0.299), in beef — to
68.10+0.14% (p=0.756). Meat capacity to bind water, which depends on the number
of hydrophilic groups existent in proteins, explains the decrease of moisture content
in meat samples during storage. The larger the difference between the pH value of
the  ambiance and the  isoelectric  point of meat proteins
(pH 5.2-5.4), the higher is the meat capacity to bind water (JIucuusia u op., 2008).
The pH value in marinated meat samples during storage (5.20-5.25 for venison;
4.98-5.21 for beef) approaches the isoelectric point of meat proteins when meat has
the lowest capacity to bind water.

After, for example, marinating in vinegar marinade tenderness of venison and
beef decreased, namely, meat became softer (p=0.099; p=0.061), since low pH (pH
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of vinegar marinade is 3.30+0.01) enhances the degradation of connective tissues.
Tenderness of marinated meat continues to decrease (p>0.05) during storage;
however, the applied packaging conditions have no significant effect on it (p>0.05).
Tenderness of marinated venison during storage for 11 days in air ambiance
decreased from 41.21£7.18 N to 35.85+£3.66 N (by 13.01%), under modified
atmosphere — to 35.09+6.27 N (by 14.85%), and under MAP in combination with
oxygen absorber — to 34.65+5.74 N (by 15.92%). After storage for 11 days
tenderness of marinated beef packaged in air ambiance decreased from 44.42+5.68 N
to 38.3249.44 N (by 13.73%), under modified atmosphere — to 38.02+7.58 N
(by 14.41%), and under MAP in combination with oxygen absorber — to
37.93£8.05 N (by 14.61%). The optimum pH for the activity of cathepsins is 3.5-5.0.
The pH value in the analysed meat samples is 4.41-4.79 (venison) and 4.26-4.41
(beef). Cathepsins catalyse the proteolysis (degradation) of proteins, as a result, meat
becomes softer (Zochowska-Kujawska et al., 2012; Burke, Monahan, 2003).

The content of total and essential amino acids, fats, pH, and the value of colour
parameter L* of marinated meat samples determined in the research do not change
significantly (p>0.05) during storage, while the value of colour parameter a*
significantly differs among the meat samples packaged in air ambiance and under
MAP in combination with oxygen absorber.

Integrated evaluation of marinated meat quality

The integrated evaluation based on the content of proteins, amino acids, fat, and
moisture in meat, the value of pH and colour components L*, a*, b* as well as
tenderness and microbiological parameters (TPC, the Enterobacteriaceae bacteria
count, and proteolytic bacteria count) was performed to evaluate the quality of meat
used in this research — venison and beef — in four types of marinades and on three
different packaging conditions (air ambiance, modified atmosphere, and modified
atmosphere combined with oxygen absorber) during storage. Venison and beef
quality parameters were compared at the beginning and the end of storage.

The integrated evaluation (IT) value characterises deviations of meat quality
parameters from the optimum values, thus, the lowest IT value corresponds to the
smallest changes in meat quality parameters during storage.

The smallest IT value indicates that the quality parameters in venison packaged
under MAP in combination with oxygen absorber have not changed significantly
during storage (55.12), while the quality of beef packaged in air ambiance has
significantly deteriorated (349.88). The integrated evaluation of venison and beef
marinated in vinegar marinade is shown as example (Figure 5).

The evaluation of the quality of meat used in this research — venison and
beef — in four types of marinades and on three different packaging conditions (air
ambiance, modified atmosphere, and modified atmosphere combined with oxygen
absorber) during storage allowed detecting that the quality of marinated venison can
be preserved during storage in the modified atmosphere packaging combined with
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oxygen absorber, while it is impossible to preserve a constant quality of marinated
beef during storage on any of the packaging conditions.

Meat drying in a microwave-vacuum drier

Evaluation of parameters for meat processing in a microwave-vacuum
drier. Meat drying is one of the oldest types of food preservation known to the
human society (Bowser et al., 2009), and it was chosen for further research as
method allowing development of a new product for snacks with extended shelf-life.

Initially, four types of marinades - red wine, mayonnaise, tomato sauce, and
vinegar - were used for meat marinating before drying. Unsuitability of the chosen
marinades was established when starting the experiments in a microwave-vacuum
drier. The consistency of marinades was too liquid and meat pieces stuck together.
Scientific literature (Ingham et al., 2006; Choi et al., 2008; Borowski et al., 2009;
Dierschke et al., 2010) indicates that teriyaki sauce, soy sauce, garlic etc. are most
frequently used for meat marinating before drying, thus, a new marinade recipe was
developed (Table 6).

In addition, sodium monophosphate was added in the marinade (1.2% of total
marinade volume) to improve the structure-mechanic properties of meat after drying,
namely, to preserve meat soft. The pH value was determined for meat marinades
with and without sodium monophosphate and after preparation of marinade; the pH
value was 5.4140.06 and 4.04+0.01 respectively.

Three regimes for drying marinated meat in a microwave-vacuum drier
MUSSON-1 based of the maximum and minimum microwave energy options were
studied experimentally (Table 7). The amount of meat in each drying regime
equalled to ~ 2.5 kg.

The analysis of the drying regimes, namely, the energy supply, allows concluding
that the second drying regime with the supplied amount of energy is by ~2% less
compared with the first drying regime and by ~4% less compared with third drying
regime.

It should be noted that the amount of supplied energy depends on the mass of
product to be dried in a chamber per one working cycle, namely, larger amount of
meat placed into the chamber requires more microwave energy to be supplied and
longer drying period.

The dynamics of quality parameters of dried meat during storage. A
comprehensive evaluation of physically-chemical and microbiological parameters
for meat packaged in vacuum pouches made of polymer film (PA/PE) with barrier
properties and stored at a temperature of 18+1°C in a dark place for four months was
performed to verify the research thesis, namely, the biological value of venison dried
in a microwave-vacuum drier does not significantly change during storage. The
moisture content in the sample of dried venison without sodium monophosphate and
with sodium monophosphate is 25.08+0.66% and 34.78+0.60% respectively, while
the moisture content in the sample of dried beef without sodium monophosphate and
with sodium monophosphate is 24.80+0.47% and 33.16+0.10% respectively.
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Experimentally, it was ascertained that the shelf-life of dried venison and beef
packaged in vacuum pouches made of polymer film (PA/PE) with barrier properties
and stored at a temperature of 18+1°C in a dark place is 91 days with sodium
monophosphate and 112 days - without sodium monophosphate. As it was already
mentioned, the moisture content after drying being higher in the samples of meat
with sodium monophosphate affects the storage time of the analysed products.

No significant differences in the content of pH values, protein, fat, and moisture
were detected when analysing dried meat samples during storage and comparing
them with the physically-chemical parameters of just dried meat. However,
significant differences were detected in meat colour and tenderness.

The value of colour component L* for marinated meat with sodium
monophosphate is higher compared with meat without sodium monophosphate;
however, differences are not significant (p>0.05). The value of colour component
L* for marinated venison without sodium monophosphate is 30.66+1.60 and it is
31.37+2.05 with sodium monophosphate. The value of colour component L* for
marinated beef without sodium monophosphate is 31.56+2.23 and it is
33.13+2.71 with sodium monophosphate. According to the scientific literature, the
pH value of meat increases due to the use of phosphates (Sheard, Tali, 2004;
Murphy, Zerby, 2004). The optimum pH also stabilises meat colour. Myoglobin
existent in meat enhances red colour to meat, while after some hours in the air or
during thermal processing meat becomes brown or gray-brown due to the formation
of metmyoglobin. The formation of metmyoglobin is averted by stabilising the
colour of meat. After drying, the value of colour component L* for meat does not
change significantly (p>0.05); although, it decreases — meat becomes darker, which
is mainly due to water removal from the product intercellular spaces which enhances
darkening of meat. The adverse results were obtained by studying the changes in the
value of colour component L* during storage, namely, — it increases, which can be
explained by the possible low moisture permeability of packaging materials. As a
result, the moisture content of meat increases (p>0.05) and the colour of meat
becomes slightly lighter. Mathematical processing of experimental data allowed
detecting significant differences (p<0.05) in the value of studied colour component
in the samples of dried meat with and without sodium monophosphate during meat
storage for longer period. The obtained results lead to the conclusion that sodium
monophosphate stabilises the colour of dried meat samples, which cannot be
observed in the samples without sodium monophosphate.

The value of colour component a* for marinated meat without sodium
monophosphate is lower compared with meat with sodium monophosphate;
however, differences are not significant (p>0.05). The value of colour component a*
for marinated venison without sodium monophosphate is 5.03+2.67 and it is
6.93+2.71 with sodium monophosphate. The value of colour component a* for
marinated beef without sodium monophosphate is 5.75+3.81 and it is 6.32+1.48 with
sodium monophosphate.
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After drying, the value of colour component a* in the samples of marinated
venison with and without sodium monophosphate increased by 17.99% and 37.05%
respectively, which is a significant increase (p=0.047; p=0.024); while the value of
colour component a* in the samples of marinated beef increased by 15.28% and
10.44%, which is also a significant increase (p=0.045; p=0.004). Experimentally
detected changes may be explained by the changes in the moisture content in meat
after drying — meat becomes darker and redder due to the decrease in the moisture
content in meat.

The value of colour component a* of dried venison without sodium
monophosphate decreased by 30.54% (which is a significant difference p=0.001)
after storage for 112 days, while the value of colour component a* of dried venison
with sodium monophosphate decreased by 27.10%, which is also a significant
difference (p=0.000), after storage for 91 days. The value of colour component a* of
dried beef without sodium monophosphate decreased by 47.98% (which is a
significant difference p=0.000) during storage, while the value of colour component
a* of dried beef with sodium monophosphate decreased by 33.91%, which is also a
significant difference (p=0.007). The formation of metmyoglobin during storage
explains the decrease in the value of colour component a*.

The value of colour component b* of dried venison without sodium
monophosphate is 15.77+5.96 and it is 14.79+7.10 with sodium monophosphate.
The value of colour component b* of dried beef without sodium monophosphate is
22.74+4.21 and it is 20.89+7.88 with sodium monophosphate. No significant
differences (p>0.05) were detected in the value of colour component b* in the
samples of marinated meat with and without sodium monophosphate.

After drying, the value of colour component b* in the samples of marinated
venison with and without sodium monophosphate significantly decreased by 65.99%
and 60.75% (p=0.021; p=0.006); however, no significant differences were detected
between the samples without sodium monophosphate and with sodium
monophosphate (p>0.05). After drying, the value of colour component b* in the
samples of marinated beef, in turn, with and without sodium monophosphate
decreased by 45.14% and 48.01%, which is a significant difference (p=0.006;
p=0.012). Therefore, the value of colour component b* of dried venison without
sodium monophosphate is 6.19+7.30 and it is 5.03+4.64 with sodium
monophosphate, while after drying the value of colour component b* of beef without
sodium monophosphate is 11.81+6.29 and it is 11.46+6.57 with sodium
monophosphate.

The value of colour component b* of dried venison significantly decreases
during storage — by 26.98% in the samples without sodium monophosphate
(p=0.000) and by 20.87% in the samples with sodium monophosphate (p=0.009) as
well as there is a difference between the samples of meat with and without sodium
monophosphate (p<0.05). Although, the value of colour component b* of dried beef
significantly decreased during storage — by 36.58% in the samples without sodium
monophosphate (p=0.001) and by 33.68% in the samples (p=0.001) with sodium
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monophosphate, there is no a significant difference between the samples of meat
with and without sodium monophosphate (p>0.05). The value of colour component
b* in the samples of dried meat with sodium monophosphate is lower compared with
the samples of meat without sodium monophosphate, since the value b* is lower also
in the samples of marinated meat with sodium monophosphate.

Tenderness of meat. It is experimentally detected that meat marinated with
sodium monophosphate is softer compared with meat marinated without sodium
monophosphate (p<0.05). The research detected that the tenderness of venison
marinated without sodium monophosphate was 23.42+6.72 N and it was
16.20£1.13 N with sodium monophosphate. The tenderness of beef, in turn,
marinated without sodium monophosphate is 25.50+4.65 N and it is 17.15+2.04 N
with sodium monophosphate.

Tenderness of meat significantly (p<0.05) increased after drying due to the
decrease of the moisture content, as a result causing changes in the
structure-mechanic properties of meat. Tenderness of dried venison without sodium
monophosphate increased to 120.77+7.71 N and to 95.33+9.46 N with sodium
monophosphate. Tenderness of dried beef without sodium monophosphate is
131.22+8.07 N and it is 109.82+6.16 N with sodium monophosphate.

The research detected that tenderness of meat significantly increased (p<0.05)
during storage both in the samples without sodium monophosphate and in the
samples with sodium monophosphate. However, the samples of meat with sodium
monophosphate are softer (p>0.05).

During experiments it was proved that it was possible to ensure the stability of
dried meat colour and its structure mechanical properties by adding sodium
monophosphate in the marinade. Therefore, the PhD thesis is proved, namely, the
biological value of dried venison does not change significantly during storage after
being dried in a microwave-vacuum drier.
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CONCLUSIONS

The biological value of meat from red deer farmed in Latvia is higher compared
with the biological value of organically farmed reared beef. There are no
significant differences (p>0.05) found in the content of moisture and protein as
well as in the content of total amino acids, copper, iron, and manganese
determined in the research. Higher content of essential amino acids (by 18.52%),
polyunsaturated fatty acids (by 79.70%), and zinc (by 91.68%), and lower
content of fat (by 41.08%) and cholesterol (by 44.69%) determined in the
research were found in meat from red deer farmed in Latvia.

The shelf -life of chilled venison packaged in air ambiance under 40% CO; and
60% N2 MAP in combination with oxygen absorber and stored at a temperature
of 442 °C is 4 days.

Experimentally, four types of marinade for marinating venison — red wine,
mayonnaise, tomato sauce, and vinegar — were developed to extend the use of
venison processed products.

The research determined that the shelf-life of venison processed products stored
at a temperature of 4+£2 °C was:

e in “red wine marinade” — 11 days (packaged in air ambiance) and 14 days
(packaged under MAP and combined with oxygen absorber);

e in “mayonnaise and tomato sauce marinades” — 7 days packaged in air
ambiance, and 14 days - packaged under MAP and combined with oxygen
absorber;

e in “vinegar marinade” — 11 days irrespective of packaging ambiance.

. The quality of marinated venison during storage may be preserved in the modified

atmosphere packaging combined with oxygen absorber.

Optimum parameters for venison (2.5+0.1 kg) drying in a microwave-vacuum
drier are as follows: temperature — 36+2 °C, working pressure in the
chamber — 7.5/9.3 kPa, total number of revolutions — 6 mint, amount of supplied
energy — 2856 kJ, and drying time — 32.24 min.

. The biological value of venison dried in a microwave-vacuum drier and packaged

in vacuum polymer film (PA/PE) bags and stored at a temperature of 18+1 °C in
a dark place does not significantly change during meat storage (with sodium
monophosphate — 91 days, without sodium monophosphate — 112 days).

. The data obtained in the research prove the hypothesis — the quality of meat from

red deer farmed in Latvia does not significantly change during various
processings and storage under the MAP and combined with oxygen absorber.
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