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PETIJUMA AKTUALITATE

Salati ar majonézi ir atrbojigs produkts, kas pieder pie augsta riska
partikas, kas raksturota ka patogéno un nosaciti patogéno mikroorganismu
augSanu veicinoss partikas produkts, kas pirms lieto§anas uztura nav paklauts
termiskai vai citai veida apstradei (Atdzes€tu, riipnieciski razotu gatavo
produktu labas higi€nas un raZzoSanas prakses vadlinijas, 2006).

Informacijas avotos salati ar majon&zi pirmo reizi minéti 1860. gada, to
originalo receptiru izstradajis francu Sefpavars Lucien Olivier, kur§ darbojas
Maskava (Krievija), talaika popularakaja restorana ,,Hermitage”. ,,Olivj€ salati”
(kuru sastava ietilpst variti kartupeli, gala, variti un svaigi darzeni, majonéze)
atri ieguva popularitati un kluva par restorana &dienkartes neatnemamu
sastavdalu  (http.//millionmenu.ru/lib/article.php?id=843&[=1). Misdienas
salati ir pieejami ne tikai sabiedriskas €dinasanas uznémumos, bet ir nopérkami
arT mazumtirdznieciba.

Eiropa dazada veida salatus ar majonézi visvairak patéré Ziemelvalstis, bet
dienvidu valstis galvenokart lieto svaigu darzenu un lapu salatu maisijumus,
sastopami svaigu un/vai varitu darzenu salati ar majonézi. Latvija vairaku veidu
ripnieciski razotu salatu ar majonézi iegade tirdznieciba kluvusi populara
ped&jos desmit gados. Salatu ar majon€zi pieprasijumu ir veicindjis dzives
ritma straujais pieaugums, Iidz ar to cilveki kluvusi aiznemtaki un vairak laika
velta galvenokart karjerai, aktivam dzivesveidam, mazak &diena pagatavosanai
ikdiena, majas apstaklos (http://www.lango.lv/lvaktualitates/jaunumi/pirmais_
gatavo_un_atri_pagatavojamo_partikas_produktu_nozares_petijums/).

Latvija salidzindjuma ar Baltijas valstim — Igauniju un Lietuvu, ir lielakais
salatu ar majonézi patérins, ka ari visplasakais gatavo un atri pagatavojamo
€dienu sortiments. Paterétaju atticksme pret gataviem un atri pagatavojamiem
produktiem ir mainijusies no pilniga nolieguma lidz uzskatam, ka Sie produkti
lauj ietaupit tik dargo laiku.

Diemzel salatiem ar majonézi, kurus iespgjams iegadaties Latvija
mazumtirdznieciba, ir 1ss realizacijas termin$ — sveramiem salatiem Iidz
24 stundam, bet iepakojuma — lidz desmit dienam. Precizi to nosaka katra
uznémuma individuali, ievérojot razoSanas tehnologijas un mikrobiologisko
novértgjumu. Sobrid tirgotaji pieprasa nodroginat produktu deriguma terminus
nevis dazu stundu, bet gan vairaku dienu vai pat ned€lu garuma, savukart
patérétajs velas sanemt garSigu, kvalitativu un drosu partiku bez konservantiem.

Misdienas visplasak lietotas metodes partikas produktu uzglabasanas laika
pagarinasanai bez konservantiem ir iepakojums vakuuma un aizsarggazu vidé
vai viens no perspektivakajiem veidiem — Sous vide iepakoSanas tehnologija.
Izmantojot §1s metodes, iesp&jams pagarinat produktu uzglabasanas laiku lidz
pat vairakam ned€lam, saglabajot nemainigu kvalitati un vienlaikus paaugstinot
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ta rentabilitati razoSanas uznémuma (Chen et al., 2003; Fernandez et al., 2009;

Gok et al., 2008; Wang et al., 2004).

Ta ka salatu ar majon@zi paterina apjoms strauji pieaug, zinatnieki pievers
pastiprinatu uzmanibu to kvalitates petljumiem. Zinatniskie pétjumi
galvenokart ir saistiti ar salatu mikrobiologiska piesarpojuma analizi un ta
novérsanas iespgjam (Cobo Molinos et al., 2009; Hwang, Tamplin, 2005;
Hwang, Marmer, 2007; Isonhood et al., 2006; Litlle et al, 2007;
Valero et al., 2007; Uyttendaele et al., 2009).

Latvija $adu padzilinatu, izvérstu pétijjumu par salatu ar majonézi kvalitati
uzglabasanas laika paslaik nav, bet 1idzSingjie galvenokart veltiti tirgus izp&tei
un paterétaju pieprasijuma analizei, ka arT svaigu darzenu salatu bez majonézes
kvalitates izp@tei.

Vertgjot un analizgjot zinatniskaja literatiira un elektronisko resursu avotos
pieejamo informaciju par salatiem ar majon€zi ka atrbojigu produktu un
pamatojoties uz zinatniski p&tnieciskas literatiiras datu analizi par Sous vide
iepakoSanas tehnologijas ietekmi uz galas un galas produktu, auglu, darzenu un
juras produktu uzglabasanas laiku, promocijas darba izvirzita hipotéze — salatu
ar galu un majonézi termiska apstrade Sous vide iepakojuma var ievérojami
pagarinat to uzglabasanas laiku.

Promocijas darba pétijuma objekts ir augsta riska partikas produkts — salati
ar galu un majongzi.

Promocijas darba meérkis — izstradat tehnologiskos rezimus Latvija razotu
salatu ar galu un majonézi uzglabasanas laika pagarinasanai Sous vide
iepakojuma.

Darba mérka sasniegSanai ir izvirziti $adi uzdevumi:

o analizét tradicionalo iepakoSanas tehnologiju gaisa vidé, vakuuma un
aizsarggazu vidé ietekmi uz salatu mikrobiologiskajiem raditajiem
uzglabasanas laika;

e pétit Sous vide iepakoSanas tehnologijas piemérotibu salatu realizacijas
termina pagarinaSanai:

o pamatot termiskas apstrades rezima izvéli;

o salidzinat dazadu termiskas apstrades procesu ietekmi uz salatu
kvalitati;

o vertét dazadu faktoru ietekmi uz salatu mikrobiologisko kvalitati;

e  parbaudit natrija laktata (Purasal) ietekmi uz salatu mikrobiologiskajiem
raditajiem uzglabasanas laika;

e vertét biodegrad€jamo polim&ru materialu ietekmi uz salatu kvalitati
uzglabasanas laika;

« noteikt salatu fizikalkimiskos raditajus uzglabasanas laika;

«  veikt salatu sensoro novert€jumu uzglabasanas laika Sous vide iepakojuma;

e  izstradat matematisko modeli salatu termiskas apstrades rezimu aprékinam
Sous vide iepakojuma.



Promocijas darba novitate un zinatniskais nozimigums.

Pirmo reizi izstradati tehnologiskie rezimi salatu ar galu un majonézi
realizacijas termina pagarinaSanai Sous vide iepakojuma, nodroSinot
produkta kvalitati lidz 52 uzglabasanas dienam.

Izstradati zinatniski pamatoti panémieni salatu ar galu un majonézi Sous
vide iepakojuma termiskajai apstradei fidens vanna un gaisa/tvaika vidé
konvekcijas krasni, tos apstiprina divi Latvijas Republikas patenti.

Promocijas darba tautsaimnieciska nozimiba.

Sous vide iepakoSanas tehnologijas ievieSana razo$ana samazinas salatu ar
majonézi zudumus, kas Sobrid rodas tirdznieciba Tso realizacijas
terminu del.

Sous vide iepakoSanas tehnologija nodroSina ievérojami pagarinatu
produkcijas  realizacijas laiku (Iidz 52 dienam), saglabajot
produkta kvalitati.

Sous vide iepakoSanas tehnologijas ievieSana Latvija sniegs iespgjas salatu
razotajiem eksportét produkciju uz jauniem realizacijas tirgiem.
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MATERIALI UN METODES

Petijumu laiks un vieta

Petijumi veikti laika posma no 2007. lidz 2010. gadam $adas iestades:

o Latvijas Lauksaimniecibas universitates Partikas tehnologijas katedras
Iepakojuma materialu 1pasibu izpetes laboratorija;

e LLU Partikas tehnologijas katedras Sensoro analizu laboratorija;

e SIA ,Partikas higiénas laboratorijas Auctoritas” mikrobiologijas
laboratorija;

e ,,VSL Partikas grupa” (SIA) razoSanas laboratorija;

o Partikas droSibas, dzivnieku veselibas un vides zinatniska institita
,»,BIOR”, Partikas un vides izmekl&jumu laboratorija;

o  Starptautiskaja partikas izstade ,,Riga Food 2009” un izstadg ,,Razots
Latvija 2010”;

o Italija, Pomeécija (Pomezia Roma), ,,Ecocontrol” S. r. 1. (,,Ecocontrol”
SIA) mikrobiologijas laboratorija;

o Belgija, Gentg, Gentes universitaté, BioinZinierzinatnu laboratorija.

Petijuma izmantotie materiali

Pétamais objekts — salati ar galu un majonézi, kas razoti ,,VSL Partikas
grupa” (SIA).

Salatu ar galu un majonézi razoSanai izmantotas izejvielas: kartupeli,
marinéti gurki (pH 3,83), Provansas majonéze (pH 4,58), kas razota SIA
»SPILVA”, liellopu gala, olas, varamais sals (LV US 01310005) un melnie
maltie pipari (izejvielas iegadatas vietgja komercsistema).

100 g produkta satur:

e uzturvertiba — olbaltumvielas 6,7 g; oglhidrati 7,3 g; tauki 14,8 g;

o energgtiska vertiba: 791 kJ / 189 kcal.

Pétijumu struktiira

Verteta tris tradicionalo iepakoSanas tehnologiju — gaisa, vakuuma un
aizsarggazu maisijuma vides — ietekme uz salatu ar majonézi kvalitati
uzglabasanas laika. Ka alternativs risinagjums pétita salatu kvalitate un
iesp&jamais uzglabasanas laiks, piemérojot vienu no jaunakajam tehnologijam —
Sous vide iepakojumu, paraugi termiski apstradati tidens vanna — Sous vide (1)
un konvekcijas krasni gaisa/tvaika vidé — Sous vide (2).

Lietoti Cetri iepakojuma materiali: Polistirols (PS), Poliamids / Polietileéns
(PA/PE), Polilaktids (PLA) un plastificéts Poli-B-hidroksibutirats (PHB).
Analizeto paraugu apkopojuma shéma redzama 1. attela.

Atseviskos iepakojumos lietots konservants — uz pienskabes bazes razots
kristalisks natrija laktats (E 325) Purasal Powder Opti Form, kas iegadats

10



firma Andrea Gallo di Luigi S. r. L, Italija. Purasal pievienots tris dazados
daudzumos: 5, 10, 15 g kg™'. Purasal eksperimentos lietots arT ka sals aizstajgjs.
Salatu masa katra iepakojuma parauga — 200+1 g.

Kontroles paraugs — salati ar galu un majongzi bez konservéjosam vielam
patérétajiepakojuma gaisa vide PS karbas ar vaku.

Salati ar gaJu un majonézi /
Mayonnaise-based salad with meat

Vakuums /
Vacuum

I
]
Sous vide / Aizsarggazu
Sous vide vide / MAP
[ T 1
R

Gaisa vide / Air
ambience
I e

-
rs PA/PE [ J PA /PE P PA /PE
Karbas Pakas/ || FEA || PHB | piass || PLA baas/ || Palas/
(Kontrole) / Po :l?es Pakas/ || Pakas/ P ]? Pakas / P ; Po caljes
containers W Pouches || Pouches OUeheS 11 Pouches ouches u
(Control) | \_ 1) ) \_
E . S
Ar/with|| Begs | |Ar/wim| | B/ Ar/with Bez/ | |Ar/with
- without Purasal .
Purasal || without Purasal Purasal a) without Purasal
Purasal - Purasal
B F M H T
5gkg! Sgke! [ 5eke! 5gkg!
| —
C G N U
10 gkg?! H 10 gkg! Ll 10 gkg! 10 gkg?!
D H o \%
15gkg! U 15 gkg! 15 gkg! 15 gkg'!

1. att. DaZados iepakojumos analizéto salatu paraugu apkopojuma shéma
Fig. 1 The summarisation scheme of analyzed salad samples in the
different packaging

Iepakojums gaisa vidé. Salatu tradicionalais iepakojums tirdznieciba
Sobrid ir gaisa vidé hermétiski nenoslégtas PS karbas ar vaku
(100 x 80 x 25 mm; biezums 3043 pm).

Iepakojums vakuuma. Salatus iepako lamin€ta konvencionala poliméra
PA/PE (200 x 300 mm; biezums 20/45+2 um), ka arT biodgeradéjamo poliméru
PLA (200 x 300 mm; biezums 40+2 pum) un plastificéta PHB (200 x 300 mm;
biezums 7542 um) pléves pakas. Iepakojumi hermétiski aizkauséti kameras tipa
vakuumiepakos$anas iekarta MULTIVAC C300.

Iepakojums aizsarggazu vidé. Salatus iepako laminéta konvencionala
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poliméra PA/PE (200 x 300 mm; 20/45+2 um) pléves pakas. Partikas
iepakojumam lietotas aizsarggazes — oglekla dioksidu CO, (E 290) un slapekli
N, (E 941) — piegada SIA ,,AGA”. Izmantots gazu maisijums: 40% CO, un
60% N,. Iepakojumi hermétiski aizkauséti kameras tipa iepakoSanas iekarta
MULTIVAC C300. CO, un O, koncentracija (%) iepakojuma brivaja telpa virs
produkta noteikta p&c firmas Wizt standarta metodes ar gazu analizatoru
,,OXYBABY” ECO 0,/CO, péc salatu iepakosanas un 1., 3., 7., 10., 15., 18. un
25 uzglabasanas diena.

Sous vide iepakoSanas tehnologija. Salatus iepako laminéta
konvencionala poliméra PA/PE (200 x 300 mm; biezums 20/45+2 pm) un
biodegrad€jamo polimeéru PLA (200 x 300 mm; biezums 40+2 um) un plastificéta
PHB (200 x 300 mm; biezums 75+2 pm) pléves pakas. Sous vide iepakoSanas
tehnologijas buitiba: salatus ar galu un majonézi iepilda pakas, no iepakojuma
izvada gaisu, radot vakuumu, pakas termiski aizkausé kameras tipa iekarta
MULTIVAC C300, p&c tam atbilsto§a temperatiira termiski apstrada tdens
vanna (1) vai konvekcijas krasni gaisa/tvaika vid€ (2), strauji atdzes€ un
uzglaba +4,0+0,5 °C temperatiira. Paraugu termiska apstrade tidens vanna
(1) Cliffton Food Range, kura eksperimenti veikti tris dazados sildosas vides
rezimos t, = +(60,0, 65,0 un 70,0)£0,5 °C temperatiira, kurai atbilst produkta
temperatiira iepakojuma vidusdala t, = +(58,0, 63,0, 68,0)+£2,0 °C. Tehnologija
izstradata LLU, Partikas tehnologijas katedra un ,,VSL Partikas grupa” (SIA)
(LR patents Nr. 13702, 2008). Paraugu termiska apstrade konvekcijas
krasni gaisa/tvaika vidé (2) FCVIOE, Tecnoinox ar Moist heat metodi, kura
termiskas apstrades laika tiek uzturéts 100% gaisa relativais mitrums un
konstanta sildosas vides temperatiira t, = +(60, 65 un 70)£0,5 °C, kam atbilst
produkta temperatiira iepakojuma vidusdala t, = +(58, 63, 68)+2 °C.
Tehnologija izstradata uzpémuma ,,VSL Partikas grupa” (SIA) un LLU,
Partikas tehnologijas katedra (LR patents Nr. 14025, 2010).

Paraugu uzglabasana

Paraugi uzglabati aukstumkamera Comercial Freezer/Cooler ,, Elcol
fluorescgjosas gaismas OSRAM Lumilux De Luxe ietekmé& (100-800 Ix)
+4,0£0,5 °C temperatiira. Temperatiiras rezZimu produkta uzglabasanas laika
aukstrumkamera registré ar temperatiras datu uzkrajéju MINILog, Greisinger
Electronic. Uzglabasanas laika paraugus savstarpgji maina vietam, lai
nodro$inatu vienmérigu gaismas ietekmi uz paraugiem. Paraugu uzglabasanas
ilgums ir lidz 52 dienam. Paraugi analiz@ti sagatavoSanas diena un 1., 3., 7.,
10., 15., 18., 25., 29., 42. un 52. uzglabasanas diena. Noteikti $adi salatu
nozimigakie fizikalie un kimiskie raditaji: krasas intensitate, pH, udens
aktivitate, masas zudumi, Gdens saturs, peroksidskaitlis, lipidu oksidacijas
sekundarie produkti, ka arT mikrobiologiskie raditaji (MAFAM, Staphylococcus
aureus un Clostridium prefringens koloniju veidojoso vienibu skaits, Listeria
monocytogenes, Salmonella spp. klatbitne un mikroorganismu kulttru
bioktmiska identifikacija) un sensorie raditaji.
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Petijuma noteiktie raditaji un lietotas metodes
Promocijas darba noteiktie salatu ar galu un majonézi fizikalkimiskie

raditaji un analizu metodes apkopotas 2. tabula.

2. tabula / Table 2

Salatu ar galu un majonezi paraugu analizém lietotas metodes
Analytical methods used for analysis of mayonnaise-based salad with meat

Nr.p.k./ Raditaji / Metode , standarts, /
No Indices Method, Standard,
L. Krasa/ CIE L* a* b* sistéma /
Colour the system of CIE L* a* b*
2. pH LVS ISO 1132:2001
3. Udens aktivitate (ay) / ISO 21807:2004
Water activity (ay)
4. Masas zudumi, % / Svérsanas metode /
Mass losses, % Method of weighing
5. Udens saturs, % / LVS ISO 1442 : 1997
Moisture content, %
6. Peroksidskaitlis, mmol kg™ / AOAC 965.33
Peroxide value, mmol kg™
Lipidu oksidacijas sekundarie ISO 9001, 1995. Vol. 5.3.
7. produkti, mg kg™ /
Lipid oxidation secondary
products, mg kg™’
8. SarindoS$anas tests / ISO 8587:2006
Ranking test
9. Sensoras ipasibas / ISO 4121:2003, ISO
Sensory properties 6564:1985
Iegtitos rezultatus analizg
Heédoniska skala / statistiski ar t-testu /
10. Hedonic scale The finding results analyzed
statistic with
t-test
Mezofili aerobo un fakultativi
11. anaerobo mikroorganismu LVS EN ISO 4833:2003
skaits (MAFAM) /
Aerobic colony count (ACC)
Listeria monocytogenes LVS ENISO 11290-
12. klatbitne / Listeria 1:1996/A1:2005
monocytogenes presence
13. Salmonella spp. klatbutne / LVS EN ISO 6579:2003/
Salmonella spp. presence AC:2006
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2. tabulas turpinajums / Table 2 continued

Nr.p.k./ Raditaji / Metode , standarts, /
No Indices Method, Standard,
14. Staphylococcus aureus KVV / LVS EN ISO 6888-1:1999/
Staphylococcus aureus cfu Al 2003
15. Clostridium perfringens KVV / | LVS EN ISO 7937:2005
Clostridium perfringens cfu

e Mikroorganismu sugu identifikacijai uz selektiva un/vai neselektiva
agara uzs€tas vismaz piecas morfologiski atskirigas kolonijas, kuras velak
parsétas uz neselektiva agara (Nutrient agar), lai iegitu tirkultiru. Izoléto
kulttru biokTmiska identifikacija notika, izmantojot:

(0]
(0]

kraso$anu péc Grama un mikroskop&sanu;

oksidazes testu — uz filtrpapira, kas samitrinats ar oksidazes
reagentu, parnes dalu mikroorganisma kolonijas, p&c
30 sekundém zila krasa norada uz pozitivu reakciju;

katalazes testu — koloniju suspendé 3% Uudenraza peroksida
Skiduma. Gazes burbuliSu klatbiitne norada uz katalazes pozitivu
reakciju;

indola testu — ar sterilu cilpu koloniju inokulé peptona tdent,
inkubé +44 °C temperatiira 48 stundas, péc inkub&S$anas pievieno
Kovada reagentu (indola pieradiSanai), samaisa un véro krasu
mainu. Sarkana krasa norada uz indola klatbiitni;

koagulazes testu — ar sterilu cilpu koloniju ienes mégené ar
liellopu sirds smadzenu barotni (Brain Heart Infusion Agar),
inkubé +37 °C temperatiira 24 stundas. Aseptiski 0,1 ml kultiiras
pievieno 0,3 ml trusa plazmai, inkubé +37 °C temperatiira
24 stundas. Par pozitivu koagulazes reakciju uzskata, ja
izveidotais receklis aiznem vairak neka pusi no barotnes tilpuma.

Izoléto mikroorganismu kultiru biokimisko 1pasibu noteikSanai lietota
valideta BD BBL Crystal Enteric/Nonfermenter ID Kit System (Becton,
Dickinson and Company, ASV) testsisteéma. Izdalitas kolonijas ar cilpu inokulé
testsisteéma un inkubg +37 °C temperatiira 24 stundas. Identifikacijas sist€éma ir
ieklauti vairaku substratu fermentacijas, oksidacijas un hidrolizes testi. 1zol&to
kultiiru pieradiSsana veikta, salidzinot iegiitos rezultatus ar BD BBL Crystal datu
baze esosajiem.

D-vértibu un Z-vértibu noteik§ana un aprékins.

Salatu Sous vide iepakojuma paraugos noteikts MAFAM KVV skaits
(LVS ISO 4833:2003 metodes) dazados termiskas apstrades reZzimos udens
vanna (1) un konvekcijas krasni gaisa/tvaika vide (2), ja sildosas vides
temperatiira abos gadijumos ir: t, = +(50,0, 55,0, 60,0, 65,0, 70,0)£0,5 °C,
kopigais termiskas apstrades ilgums katram paraugam — 80 mintites.
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Eksperimenta laika ik p&c desmit minitém divus iepakojumus iznem no
sildosas vides, un saskana ar ISO 6887 sgrijas standartu prasibam paraugus 40
mindiSu laika strauji sasaldé —25 °C temperatiird un uzglaba —18 °C temperatiira
24 stundas. Pirms testeéSanas sasald&tos paraugus atkause istabas temperatiira
pusotras stundas laika. Temperatiira 7 (°C) un termiskas apstrades ilgums (min)
registréts ar temperatiras un laika datu savacgju USB TC-08 (Pico
Tehnologist). legutie dati fikséti datu apstrades programma Picolog.
Eksperiments atkartots divos atkartojumos. D-vértibas un Z-vértibas
aprékinatas analitiski péc eksperimentos noteiktajiem rezultatiem.

Mikroorganismu termisko inaktivaciju raksturo to izdzivosanas likne, ko
parasti atspogulo ar pirmas kartas kinétisko vienadojumu (1) (Drive, Bozeman,
1999; Garbutt, 1997; Teixeira, 1992).

lgN =1gN,—kr, (1)
kur:
Ny — MAFAM koloniju veidojosas vienibas, KVV g';
N — izdzivojuso mikroorganismu kopskaits péc to samazinasanas par
vienu kartu KVV g';
— proporcionalitates konstante jeb mikroorganismu bojaejas atrums;
T — termiskas apstrades laiks, min.

Mikroorganismu bojaejas atrumu £ var izteikt $adi

_ lgNO_lgNr
T

k )

Ja D-vértibu izsaka ka laiku minGt€s (t), lai sasniegtu mikroorganismu
koncentracijas samazinasanos par vienu kartu no IgN, lidz IgN,, tad no
mikroorganismu bojaejas atruma konstantes k izteiksmes var aprékinat
D-veértibu:

b (3 ')

kur: o — taisnes (5. vienadojums) slipuma lenkis.

Z-vertibu ietekmé termiskas apstrades temperatiira un to var izteikt ar
logaritmisko sakaribu IgD = f(t). Z-v@értiba ir temperatiiras diference At (°C), par
kadu japaaugstina sildo$as vides temperatiira, lai samazinatu D-vertibu par
vienu kartu (sk. 4. vienadojumu). Saja gadijuma D-vértibu jebkura sildo$as
vides temperatiira var aprékinat p&c pirmas kartas kinetiska vienadojuma:
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lgD =—kt + C() un D= loikHCO 5 (4)

kur:

Cy — konstante;

k — D-vértibas samazinasanas atrums, kuru raksturo taisnes slipuma
lenkis a;

t — sildosas vides temperatiira, °C

D-vertibas samazinasanas atruma konstanti & var izteikt ar vienadojumu:

1 1
k=tea=— un Z=At=— 5.
ga=— Z (5.

Zinot D-vertibas un Z-vertibas, ka arT sakotn€jo mikroorganismu skaitu
(Np), kas var biit mainigs lielums, iesp&jams aprekinat termiskas apstrades
ilgumu 7 (min) jebkura mikroorganismu letalaja temperatiira ¢, lai iznicinatu
99,99% no visas mikroorganismu populacijas (Drive, Bozeman, 1999; Garbutt,
1997; Teixeira, 1992).

Datu matematiska apstrade. Analizu rezultati apstradati, izmantojot SPSS
programmas SPSS' 16 paketi, Microsoft Excel for Windows 7.0 un Fizz Forms —
Sensory Analysis and Consumer Test Management Sofiware programmas,
p vertiba raksturo iegiito datu butiskuma zemako Iimeni (p > 0,05 — dati batiski
neatskiras, p < 0,05 — dati butiski atSkiras). Dati apstradati ar matematiskas
statistikas metodém. Iegiitajiem rezultatiem aprékinata videja aritmétiska
vertiba un standartnovirze. Datu interpretacijai veikta vienfaktora un divfaktoru
dispersijas analize (ANOVA) ar atkartojumiem (Arhipova, Balipa, 1999;
Arhipova, Balina, 2003; Field, 2005; Marques de Sa, 2007). Sensora vert€juma
rezultati analizeti ar statistiskajam metodém: divfaktoru dispersijas analizi, Tjukija,
Fridmena testu un t-testu (Casatura, Findaly, 2006).

PETIJUMA REZULTATI UN DISKUSIJA

Paslaik salatu ar galu un majonézi realizacijas termin$ nehermétiska
iepakojuma gaisa vidé PS karbas mazumtirdznieciba ir Cetras dienas. Tas ir
parak 1ss laiks, lai apmierinatu tirgotaju vajadzibas, jo tie pieprasa razot
partikas produktus ar iesp&jami garaku realizacijas terminu. Butiski ir vertet
produktu kvalitati péc PVD ieteiktajiem mikrobiologiskajiem kriterijiem
(Npax < 10°KVV g, Mar&enkova, 2010), kas salidzinajuma ar paslaik eso3ajas
vadlinijas mindtajiem Ny < 107 KVV g') ir daudz stingraki
(Atdzesgtu, riipnieciski razotu gatavo produktu labas higi€nas un razoSanas
prakses vadlinijas, 2006).
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Lai sasniegtu promocijas darba izvirzito mérki — izstradat tehnologiskos
rezZimus Latvija razotu salatu ar galu un majonézi uzglabaSanas laika
pagarinasanai Sous vide iepakojuma, analiz€ta dazu tradicionalo iepakoSanas
tehnologiju — gaisa vidé, vakuuma un aizsarggazu vidé — ietekme uz
realizacijas terminu un uz salatu ar majonézi kvalitati uzglabasanas laika. Ka
alternativs risinajums pétita salatu kvalitate un iesp&jamais uzglabasanas laiks,
piemérojot vienu no perspektivakajam tehnologijam — Sous vide iepakojumu.
Paraugu termiska apstrade veikta Gidens vanna (1) un konvekcijas krasni
gaisa/tvaika vidé (2). Viens no biutiskakajiem kvalitati raksturojoSiem
parametriem ir salatu mikrobiologiskais piesarnojums un ta izmainas produkta
uzglabasanas laika, ka arT fizikalie, Kkimiskie parametri un sensorais
novertgjums.

1. Salatu ar galu un majonézi iepako$anas tehnologiju salidzinajums

Atdzes€tu, ripnieciski razotu gatavo produktu nozare Latvija paslaik
strauji attistas un pilnveidojas. Vairakums gatavo produktu ir mikrobiologiski
loti jutigi, to piesarnojumu ietekm& daudzi faktori: vide, kura produkts tiek
razots, izejvielas, tehnologiskie procesi, iepakojums, logistika un tirdzniecibas
vietas apstakli. Misdienas razotaji un zinatnieki arvien lielaku uzmanibu
pievers produktu kvalitatei.

Pareizi izvéleti iepakojuma materiali un tehnologijas, ka ari lietotie
konservanti ir loti baitiski faktori, kas produktu uzglabasanas laika var kavét
mikroorganismu attistibu.

Vakuuma un aizsarggazu iepakojuma ietekme. Mezofili aerobo un
fakultativi anaerobo mikroorganismu (MAFAM) koloniju veidojoSo vienibu
(KVV) skaita dinamika salatu ar galu un majongzi paraugos uzglabasanas laika
+4,0+£0,5 °C temperatira vakuuma un aizsarggazu iepakojuma redzama
2. attela.

Vértgjot salatu mikrobiologisko kvalitati vakuuma un aizsarggazu
iepakojuma un ka kontroli iepakojumu gaisa vid€, redzams, ka pec Partikas
veterinara dienesta (PVD) ieteiktajiem kriterijiem maksimali pieJaujama
MAFAM robeza N < 10° KVV g tiek sasniegta péc septindgm uzglabasanas
dienam gaisa vid€ un desmit dienam vakuuma un aizsarggazu iepakojuma.

Mingtaja perioda netika noverota biitiska vakuuma un aizsarggazu
ietekmes atSkirtba uz MAFAM attistibu (p > 0,05). MAFAM KVV skaits
salatos Ny tillit péc pagatavosanas bija 1,00 x 10* KVV g (No< 10°KVV g™,
kas kontroles paraugd septinu uzglabasanas dienu laika pieauga lidz
9.86 x 10 KVV g!' (N < 10° KVV g'), savukart salatu paraugos
vakuumiepakojuma PA/PE pakas (E paraugs) — lidz 1,10 x 10° KVV g un
aizsarggazu vidé PA/PE materiala iepakojuma (S paraugs) — lidz
9,77 x 10 KVV g!' (N < 10° KVV g'), titad MAFAM KVV skaits tuvojas
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pielaujamai maksimalai robezai desmit dienu uzglabasanas laika. Savukart,
visus salatu paraugus (A, E un S) veértg§jot p€&c MAFAM KVV atbilstosi
pasreiz&jam vadlinijam (N < 10’ KVV g™), redzams, ka eksperimentos iegiitie
dati ir butiski atskirigi (p < 0,05).

8
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2. att. MAFAM dinamika salatos vakuuma un aizsarg gazu iepakojuma
uzglabasanas laika
Fig. 2 ACC dynamics in vacuum and in MAP packed salads during the
storage time

A — gaisa vide (kontrole), PS / air ambience (control), PS; E — vakuums, PA/PE /
vacuum PA/PE; S — aizsarggazu vide, PA/PE / MAP, PA/PE

- - - pielaujamd MAFAM robeza péc PVD ieteiktajiem mikrobiologiskas kvalitates
kritérijiem gataviem &dieniem < 10° KVV g / admissible level of ACC, according to
the FVD recomended criteria of microbiological quality for ready-to-eat food
<10°cfug’

--------- pielaujamad MAFAM robeza atbilstosi pasreiz&jam vadlinijam < 10" KVV g/
admissible level of ACC < 107 cfu g™ according to the current guidelines

Kontroles paraugam iepakojuma gaisa vidé realizacijas termin$ ir Iidz
10 dienam. Turpretim iepakojums vakuuma un aizsarggazu vidé (E un S
paraugs) butiski lauj pagarinat salatu realizacijas terminu lidz 20-21 dienai.

Purasal ietekme uz salatu mikrobiologisko kvalitati iepakojuma gaisa
vidé. Izvertgjot salatus iepakojuma gaisa vidé PS karbas bez Purasal (kontrole,
A paraugs) un ar dazada daudzuma (5, 10, 15 g kg') Purasal, kas uzglabati
+4,0£0,5 °C temperatiira, gan pec ieteiktajiem kriterijiem, gan ari atbilstosi
eso$ajam vadlinijam, starp paraugiem nav konstatéta MAFAM KVV biitiska
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atskiriba (p > 0,05). Tomér, pievienojot 10 un 15 g kg Purasal, novérota
uzglabasanas laika pagarinasanas tendence.

Purasal ietekme uz salatu mikrobiologisko kvalitati uzglabasanas laika
vakuumiepakojuma. MAFAM dinamika salatos vakuumiepakojuma PA/PE
pakas, ja pievienojos konservants Purasal (5, 10, 15 g kg') un paraugi
uzglabati +4,0+0,5 °C temperatiira, redzama 3. attéla.

Vertgjot salatus vakuumiepakojuma bez Purasal (kontrole, E paraugs) un
ar dazada daudzuma (5, 10, 15 g kg') Purasal gan péc PVD ieteiktajiem
krit€rijiem, gan arT atbilstoSi pasreiz€jam vadlinijam, konstatéts, ka Purasal
daudzums atskirigi ietekmé MAFAM KVV attistibu uzglabasanas laika
(p=0,001).

Ig KVV g'I/ log cfu g'1
(9,1

3 T T T T T 1
0 5 10 15 20 25 30

*E-O-F <O G H

Uzglabasanas laiks, dienas / Storage time, days

3. att. Purasal ietekme uz MAFAM dinamiku salatos vakuumiepakojuma
uzglabasanas laika
Fig. 3 The influence of Purasal on the ACC dynamics in the vacuum
packed salads during the storage time

E — vakuums (kontrole), PA/PE / vacuum (control), PA/PE; F — vakuums, PA/PE +
Purasal 5 g kg / vacuum, PA/PE + Purasal 5 g kg''; G — vakuums, PA/PE + Purasal
10 g kg'l/ vacuum, PA/PE + Purasal 10 g kg'l; H - vakuums, PA/PE + Purasal
15 g kg / vacuum, PA/PE + Purasal 15 g kg™

- - - pielaujama MAFAM robeza péc PVD ieteiktajiem mikrobiologiskas kvalitates
kritérijiem gataviem &dieniem < 10° KVV g / admissible level of ACC, according to
the FVD recomended criteria of microbiological quality for ready-to-eat food
<10°cfug’

--------- pielaujamd MAFAM robeZa atbilstosi pasreiz&jam vadlinijam < 10" KVV g/
admissible level of ACC < 107 cfu g™ according to the current guidelines
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Pec PVD ieteiktajiem kriterijiem, MAFAM KVV skaits salatos
vakuumiepakojuma bez Purasal (E paraugs) un ar 5 g kg (F paraugs) un
10 g kg (G paraugs) Purasal savstarpgji butiski neatikiras, un maksimalo
pielaujamo MAFAM KVV skaitu N < 10° KVV g' tas sasniedz péc
10 uzglabasanas dienam. Tas nozim€, ka mingtais pievienota Purasal
daudzums nav apstiprinajis gaidito rezultatu par ierobezotu mikroorganismu
augSanu un pagarinatu realizacijas terminu. MAFAM KVV skaits paraugos,
kuriem pievienots 15 g kg Purasal, ar varbiitibu 95% biitiski atSkiras no
mikroorganismu skaita iepriek§ mingtajos paraugos un maksimalais MAFAM
KVV skaits tick sasniegts tikai péc 15 uzglabasanas dienam, pagarinot
realizacijas terminu par 50%.

Atbilstosi pasreiz€jam vadlinijam redzams, ka pievienota Purasal
daudzums bitiski ietekmé MAFAM KVV (p = 0,021) un Iidz ar to
uzglabasanas laiku. Kontrole (E paraugd) vakuumiepakojuma bez Purasal
MAFAM maksimalo robezu (N < 10" KVV g™ sasniedz pec 18 uzglabasanas
dienam, bet, pievienojot 5 g kg (F paraugs) un 10 g kg' (G paraugs)
Purasal, — p&c 23 uzglabasanas dienam, tatad realizacijas termins pagarinas par
28%, savukart, pievienojot 15 g kg Purasal (H paraugs), uzglabasanas termins
pagarinas pat lidz 24 dienam — par 33% (sk. 3. attelu).

Purasal ietekme uz salatu mikrobiologisko kvalitati uzglabasanas laika
aizsarggazu iepakojuma. Pievienotais Purasal (5, 10, 15 g kg') ietekmé
MAFAM KVV augsanu salatos uzglabasanas laika iepakojuma aizsarggazu
vide. Konstatéts, ka Purasal daudzums, lidzigi ka vakuumiepakojuma ari $aja
gadijuma atskirigi ietekmé MAFAM KVYV attistibu un atbilsto$i uzglabasanas
laiku (p < 0,05) +4,0+0,5 °C temperatiira (sk. 4. att€lu).

P&c ieteiktajiem kriterijiem, MAFAM KVV skaits paraugos — aizsarggazu
iepakojuma bez Purasal (kontrole, S paraugs) un aizsarggazu vide ar Purasal
5 g kg' (T paraugs), 10 g kg (U paraugs) un 15 g kg (V paraugs) — ar
varbiitibu 95% maksimali pielaujamo robezu 10° KVV g sasniedz biitiski
atSkiriga laika (p = 0,003). Ka redzams 4. attela, salatu kontroles parauga
aizsarggazu iepakojuma bez Purasal MAFAM KVV skaits jau p&c desmit
uzglabasanas dienam sasniedz 10° KVV g'. Tatad kontroles parauga
realizacijas termins ir Iidz desmit dienam. Pievienojot 5 g kg Purasal,
uzglabasanas terming pagarinas 1idz 12 dienam, pievienojot 10 g kg™ Purasal —
lidz 16 dienam, bet, ja Purasal pievieno 15 g kg, tad realizacijas terminu
iesp&jams pagarinat pat Iidz 17 dienam.

Savukart atbilstosi pasreiz§jam vadlinijam kontroles (S parauga)
realizacijas termin$ var bit 1idz 21 dienai, bet, pievienojot 5 g kg Purasal
(T paraugs) — Iidz 22 dienam, pievienojot 10 g kg' Purasal
(U paraugs) — Iidz 23 dienam, bet, ja pievieno 15 g kg™ Purasal, tad realizacijas
terminu iesp&ams pagarinat no 21 dienas bez Purasal 1idz 24 dienam
(V paraugs).
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4. att. Purasal ietekme uz MAFAM dinamiku salatos aizsarggazu
iepakojuma uzglabasanas laika
Fig. 4. The influence of Purasal on the ACC dynamics in the modified
atmosphere packed salads during the storage time

S — aizsarggazu vide (kontrole), PA/PE / MAP (control), PA/PE ; T — aizsarggazu vide,
PA/PE Purasal + 5 g kg / MAP, PA/PE + Purasal 5 g kg''; U — aizsarggazu vide,
PA/PE Purasal +10 g kg / MAP, PA/PE + Purasal 10 g kg''; V — aizsarggazu vide,
PA/PE, Purasal + 15 g kg''/ MAP, PA/PE + Purasal 15 g kg™

- - - pielaujamda MAFAM robeza péc PVD ieteiktajiem mikrobiologiskas kvalitates
kritérijiem gataviem &dieniem < 10° KVV g / admissible level of ACC, according to
the FVD recomended criteria of microbiological quality for ready-to-eat food
<10°cfug’

--------- pielaujamad MAFAM robeZa atbilstosi pasreiz&jam vadlinijam < 10" KVV g/
admissible level of ACC < 107 cfu g™ according to the current guidelines

Petjuma laika iegiitie rezultati uzskatami pierada, ka Purasal
pievienoSanai salatiem, salidzinot ar kontroli aizsarggazu iepakojuma bez
Purasal, ir nozime, bet ta nav biitiska uzglabasanas laika pagarinasanai.
Redzams, ka aizsarggazu vide (sk. 4. att€lu), salidzinot ar iepakojumu vakuuma
(sk. 3. att€lu), pozitivi ietekmé Purasal aizsardzibas funkcijas un MAFAM
attistas lénak. Tatad, salatiem ar galu un majonézi aizsarggazu iepakojuma
pievienojot konservantu Purasal, iespéjams pagarinat to realizacijas terminu.

Sous vide iepakojuma tehnologijas izvéles pamatojums. Lai pieraditu
promocijas darba izvirzito hipot€zi — termiskas apstrades reZims Sous vide
iepakojuma var iev@rojami pagarinat salatu ar galu un majonézi uzglabasanas
laiku, saglabajot kvalitati, eksperimentu turpinajuma noteikti optimalie salatu ar
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galu un majonézi pasterizacijas un dzes€Sanas rezimi Sous vide iepakojuma,
pasterizacijas temperatiiras ietekme uz MAFAM dinamiku salatos termiskas
apstrades procesa un uzglabasanas laika +4,0+0,5 °C temperatiira, ka ari pétita
Purasal ietekme uz MAFAM dinamiku salatos Sous vide iepakojuma un
prognozets sasniedzamais uzglabasanas laiks.

Termiskas apstrades rezims ir individuals katram produktam, iepakojuma
veidam un produkta daudzumam iepakojuma. Pamatojoties uz informaciju
zinatniskaja literatlira par pasterizacijas reZimiem Sous vide iepakojuma, salatu
termiskajai apstradei Sous vide iepakojuma tika piemé&rots mérens sildosas
vides temperatiras rezims: +60,0£0,5 °C, +65,0+0,5 °C un +70,0+0,5 °C.
Salatus ar galu un majonézi pasterizgjot +70,0+0,5 °C temperatiira, konstatets,
ka majonéze maina konsistenci. Lidz ar to secinats, ka salatus ka ekskluzivu
produktu nav ieteicams termiski apstradat temperatiira, kas augstaka par
+65,0 °C.

Pamatojoties uz eksperimentali ieglitajiem pé&tfjuma rezultatiem, LLU
Partikas tehnologijas katedra un razoSanas uzpémuma ,,VSL Partikas grupa”
(STA) izstradata salatu ar majonézi Sous vide iepako$anas tehnologija, ja
termiska apstrade veikta tidens vanna (LR patents Nr. 13702, 2008), ka ari
uznémuma ,,VSL Partikas grupa” (SIA) un LLU, Partikas tehnologijas katedra
izstradata tehnologija, kas piemérota salatu ar galu un majonézi ievérojamai
uzglabasanas laika pagarinasanai Sous vide iepakojuma ar termisko apstradi
konvekcijas krasni gaisa/tvaika vidé (LR patents Nr. 14025, 2010). Tehnologija
parbaudita razoSanas apstaklos uz eso$o tehnologisko iekartu bazes.

Sous vide iepako$anas tehnologijas ietekme uz MAFAM dinamiku
salatos ar majonézi uzglabasanas laika. Salatu ar galu un majonézi paraugos
Sous vide iepakojuma konvencionala (PA/PE) un biodegradéjamo (PLA un
PHB) materialos iepakojumos noteikta MAFAM dinamika un iespgjamais
realizacijas termins, termiskas apstrades procesu veicot péc divam metodeém:
fidens vanna — Sous vide (1) un konvekcijas krasni gaisa/tvaika videé —
Sous vide (2) +65,0£0,5 °C temperatira. Paraugi tika uzglabati aukstuma
kamera 52 dienas +4,0+0,5 °C temperatira (sk. 5. attelu). MAFAM KVYV skaits
pirms termiskas apstrades bija 1,00 x 10* KVV g, péc termiskas apstrades
KVV skaits samazinas lidz 1,58 x 10> KVV g”'. Rezultati savstarpgji salidzinati
ar kontroli (A paraugs) nehermétiska iepakojuma PS karbas gaisa vide.
Salidzinot MAFAM rezultatus kontroles parauga ar mikrobiologisko
piesarnojumu salatos ar termisko apstradi Gdens vanna Sous vide (1) un
konvekcijas krasni Sous vide (2) iepakojuma, konstatéts, ka gan péc PVD
ieteiktajiem kriterijiem, gan péc pasreiz€§jam vadlinijam, p€c septinam
uzglabasanas dienam paraugos ir Dbiitiska MAFAM KVV skaita
atskiriba (p = 0,0007).
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5. att. MAFAM dinamika salatos Sous vide iepakojuma daZados materialos
termiskas apstrades procesa un uzglabasanas laika
Fig. 5 The ACC dynamics in Sous vide packed salads using various
materials during the thermal process and the storage time

A — gaisa vide, (kontrole), PS / air ambience, (control), PS; K — Sous vide (1), PA/PE /
Sous vide (1), PA/PE; L — Sous vide (2), PA/PE / Sous vide (2), PA/PE; P — Sous vide
(1), PLA / Sous vide (1), PLA ; R — Sous vide (1), PHB / Sous vide (1), PHB

- - - pielaujamda MAFAM robeza péc PVD ieteiktajiem mikrobiologiskas kvalitates
kritérijiem gataviem &dieniem < 10° KVV g / admissible level of ACC, according to
the FVD recomended criteria of microbiological quality for ready-to-eat food
<10°cfug’

--------- pielaujamd MAFAM robeza atbilstosi pasreiz&jam vadlinijam < 10" KVV g/
admissible level of ACC < 107 cfu g™ according to the current guidelines

Savukart, savstarp&ji salidzinot salatu paraugus dazadu materialu
iepakojuma: PA/PE materiala ar divu veidu termisko apstradi tdens vanna Sous
vide (1) (K paraugs) un konvekcijas krasni gaisa/tvaika vide (2) (L paraugs), un
biodegradéjamos PLA (P paraugs) un PHB (R paraugs) materialos ar termisko
apstradi Gidens vanna Sous vide (1), konstatéts, ka p&c septinam uzglabasanas
dienam MAFAM KVV skaits salatos biitiski neatSkiras (p = 0,318). Péc
52 uzglabasanas dienam MAFAM KVV skaits R parauga (PHB) Sous vide (1)
iepakojuma butiski atSkiras no KVV skaita K, L, P paraugos (p = 0,003).
Eksperimentali apstiprinats, ka salatus ar galu un majonézi Sous vide
iepakojuma visos pétitajos iepakojuma materialos var uzglabat lidz 52 dienam,
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un Saja laika MAFAM KVV skaits, uzglabajot +4,0+0,5 °C temperatira,
nesasniedz maksimali pielauto robezu (N < 10°KVV g™).

Purasal ietekme wuz salatu mikrobiologisko kvalitati Sous vide
iepakojuma. Vertgjot salatus Sous vide (1) iepakojuma bez Purasal (kontrole)
un ar dazada daudzuma (5, 10, 15 g kg'l) Purasal, kas uzglabati +4,0+0,5 °C
temperatiira, konstatéts, ka MAFAM KVV skaits péc 52 uzglabasanas dienam
ka péc ieteiktajiem PVD kriterijiem, ta arT atbilstosi pasreiz€jam vadlinijam
savstarpgji butiski atSkiras (p = 0,02). Sous vide iepakojuma konservanta
Purasal daudzums (5, 10 g kg™") bitiski neietekmé MAFAM koloniju veidojoso
vienibu attistibu (p > 0,05), savukart lielaks Purasal daudzums — 15 g kg™ —
samazina MAFAM KVYV attistibas intesitati uzglabasanas laika.

Mikroorganismu identifikacija salatos ar galu un majonézi. No
salatiem ar galu un majonézi gaisa vide, vakuuma, aizsarggazu vidé un Sous
vide iepakojuma galvenokart izdalitas gram(—) mikroorganismu kulttras. 10%
gadjjumu kultiiras bioktmiski nebija iesp&jams identificet. Izteikti doming
Acinetobacter gints bakterijas (Acinetobacter Iwofii). Noraditie identifikacijas
rezultati ne tikai apliecina mikroorganismu gints klatbaitni, bet arT norada uz
dominanto sugu esamibu.

Dazadu iepakoSanas tehnologiju un materialu ietekme uz salatu ar
galu un majonézi uzglabasanas laiku. Dazadu iepakoSanas tehnologiju un
materialu ietekmes salidzinajums uz salatu ar galu un majonézi uzglabasanas
laiku apkopots 3. tabula.

3. tabula / Table 3
Dazadu iepakoSanas tehnologiju un materialu ietekme uz salatu ar
galu un majonézi uzglabasanas laiku
Influence of different packaging technologies and materials on the
shelf life of mayonnaise-based salads with meat

Uzglabasanas laiks, dienas / Storage time, days
N<10°KVV g’ N<10'KVV g/
P Parauga N<10°cfug’ N<10cfug’
2 raksturojums / - -
= E L.
P characteristics of
5 & 3 3
A Sample = S
= 8 =
S - N ~ S £ — N ~
-~ 9 < ) <
35 g | B | 33| 22| g B | %3
>2| 52 5ol 22| s8] 28| §~| o2
55| €2 | S| $8| 25| 28| &< 8%
o = S O = = S
g5 >” <z aa| 0< | >>| <=2 ax
[Kontrole, PS / control,
A PS 7+0.5 — 10+£0.5] - -
Purasal 5 g kg, PS
B 7£0.5 - - — 10£0.5] - — -
Purasal 10 g kg, PS
C 8+0.5 — — - 10£0.5] — - -
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3. tabulas turpinajums / Table 3 continued

Uzglabasanas laiks, dienas / Storage time, days
N<10°KVV g’ N<10'KVVg'/
3 e Parauga N<10’cfug’ N<10" cfug’
e raksturojums / - -
= E N
53 characteristics of 3 3
A Sample Z 2
Q
SE 2. |8 | 3sl 222 |8 |5
32| E & £ BSESH SN £ E| &8 2
g 8 3 3 5 ENEEN = 5] == =) = =
sE| 238 | €%| gg| 22| 28| 2% z¢
8 N s 3 -5 B> SRS
&5 > > <2l aux| O0< | >>| <=2| aun
Purasal 15 g kg /, PS
D 8+0.5 - 10£0.5 — — -
IPA/PE
E — 10+0.5 — — — 20+1 —
PLA
I — 10+0.5 — - — 22+1 —
IPHB
] - 10+0.5 - — - 22+1 — —
Purasal 5 g kg,
F |PA/PE - 10£0.5 - — - 23+1 -
Purasal 10 g kg,
G [PA/PE — 10+0.5 — — — 23+1 —
Purasal 15 g kg,
H |PA/PE - 15+0.5 - - — 24+1 —
IPA/PE
S - - 1041 - - — 21+1 -
Purasal 5 g kg,
T |PA/PE - - 12+1 - — - 23+1 -
Purasal 10 g kg,
U |PA/PE — — 16+1 — — — 24+1 —
Purasal 15 g kg,
V_ |PA/PE — — 17+1 - — — 24+1 —
1)*, PA/PE
K - - - 52+1 - — — | 52+1
2)*, PA/PE
L — - - 52+1 - — 52+1
1)*, Purasal
M 5 gkg', PA/PE - - — | 52¢1 - - 52+1
1)*, Purasal
N |10 gkg", PA/PE - - — 521 - - - | 52+1
1)*, Purasal
O |15gkg’, PA/PE - - — | 52¢1 - - 52+1
1)*, PLA
P — - — 52+1 — — — | 52+1
1)*, PHB
R — - - 52+1 - — — | 52+1

*Sous vide (1) — paraugi termiski apstradati Gidens vanna / Sous vide (1) — samples
thermal treated in water bath; Sous vide (2) — konvekcijas krasni gaisa/tvaika vide / Sous
vide (2) — samples thermal treated in convection air/steam oven
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2. Salatu ar galu un majonézi fizikalie parametri uzglabasanas laika

Iepakojuma materials un tehnologija, ka arT konservanti ietekmé produktu
kvalitati, tai skaitd fizikalos parametrus uzglabasanas laika. Nozimigakie
fizikalie parametri, kas raksturo salatu ar galu un majongzi kvalitati, ir krasa,
pH, Tidens aktivitate, masas zudumi un tidens saturs.

Iepako$anas tehnologiju, Purasal un uzglabasanas laika ietekme uz
salatu kopé&jo krasu diferenci AE*. Salatu kopgja krasu diference AE*
noteikta paraugiem Sous vide iepakojuma un salidzinata ar tas vértibu
iepakojumos gaisa vidé, vakuuma un aizsarggazu vidé péc dazadiem
uzglabasanas laikiem +4,0+0,5 °C temperatiira.

AE* vertiba lidz septinam uzglabasanas dienam visiem pétitajiem
paraugiem apziméta ar AE*|, laika posma no 7 Iidz 25 dienam — ar AE*, un no
25 Iidz 52 dienam — ar AE*;. Kop&ja krasu diferences vertiba AE*,, visa
uzglabasanas laika no eksperimenta sakuma aprékinata, summejot vertibas pa
atseviskiem uzglabasanas posmiem (6. vienadojums):

AE *kup‘ =AE| *+AE, *+AE*, (6.)
kur:
AE*,, —kopgja krasu diference no eksperimenta sakuma Iidz uzglabasanas
beigam;
AE* ~ —kopgja krasu diference pec septinam uzglabasanas dienam
AE* =AE* 13
AE*,  —kopgja krasu diference laika posma no septinam Iidz 25

uzglabalanas dienam: AE*y,,, = AE\* + AE™* ;
AE*;  —kopgja krasu diferences vertiba laika posma no 25 lidz 52
uzglabasanas dienam: AE*y,,3 = AE* + AE* + AE3*.

Salatu kopgja krasu diference AE*,, uzglabasanas laika tradicionalajos
iepakojumos (gaisa, vakuuma un aizsarggazu vide) un Sous vide iepakojuma ar
un bez Purasal paradita 6. attela.

AE* pé&c septinam uzglabasanas dienam paraugos gaisa videé (kontrole, A
paraugs), vakuuma (E paraugs), aizsarggazu vid€ (S paraugs) un Sous vide
iepakojuma (K paraugs) ir batiski atskiriga (p < 0,05). Sous vide un
vakuumiepakojuma ir bezskabekla vide, tapeéc AE* vértibas ir maznozimigas un
savstarpgji bitiski neatSkiras. Aizsarggazu vidé AE* vértiba ir divas reizes
augstaka neka vakuumiepakojuma, acimredzot to ietekmeé CO, klatbiitne. Sous
vide iepakojuma péc 52 uzglabasanas dienam salatu kopgja krasu diference
AE*y,, bitiski neatSkiras no AE* vértibas iepakojuma gaisa vidé PS karbas péc
septinam uzglabasanas dienam (kontrole, A paraugs).
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AE*kop./ AE*tot

N I I I
0.0 +

Gaisa vide / Airambience ~ Vakuums / Vacuums  Aizsarggazu vide/ MAP  Sous vide / Sous vide
M@ lidz 7 dienam / till 7 days Ono 7 idz25 dienam/ from 7 till 25 days M no 25 lidz 52 dienam/ from 25 till 52 days

6. att. IepakoSanas tehnologiju, Purasal un uzglabasanas laika ietekme uz
salatu kopg€jo krasu diferenci AE*,,
Fig. 6 The influence of the packaging technologies, of Purasal and
of the storage time on the total colour difference AE*,, of salads

A — gaisa vide (kontrole), PS / Air ambience (control), PS; B — gaisa vide, PS + Purasal
5 g kg / air ambience, PS + Purasal 5 g kg''; C — gaisa vide, PS + Purasal 10 g kg™ /
air ambience, PS + Purasal 10 g kg''; D — gaisa vide, PS + Purasal 15 g kg / air
ambience, PS + Purasal 15 g kg"; E — vakuums, PA/PE / vacuum, PA/PE;
F — vakuums, PA/PE + Purasal 5 g kg' / vacuum PA/PE + Purasal 5 g kg';
G — vakuums, PA/PE + Purasal 10 g kg'/ vacuum PA/PE + Purasal 10 g kg';
H — vakuums, PA/PE + Purasal 15 g kg' / vacuum PA/PE + Purasal 15 g kg';
S — aizsarggazu vide, PA/PE / MAP, PA/PE; T — aizsarggazu vide PA/PE +Purasal
5 g kg' / MAP, PA/PE + Purasal 5 g kg''; U — aizsarggazu vide, PA/PE + Purasal
10 g kg / MAP, PA/PE + Purasal 10 g kg'; V — aizsarggazu vide, PA/PE + Purasal
15 g kg''/ MAP, PA/PE + Purasal 15 g kg''; K — Sous vide (1), PA/PE / Sous vide (1),
PA/PE; M — Sous vide (1), PA/PE + Purasal 5 g kg™ / Sous vide (1), PA/PE + Purasal
5 g kg'; N — Sous vide (1), PA/PE + Purasal 10 g kg™ / Sous vide (1), PA/PE + Purasal
10 g kg'; O — Sous vide (1), PA/PE + Purasal 15 g kg' / Sous vide (1),
PA/PE + Purasal 15 g kg

Eksperimentali izvertéta dazada daudzuma Purasal, ka ar1 uzglabasanas
laika (septinas, 25 un 52 dienas +4,0+0,5 °C temperatiira) ietekme uz AE*.
Visiem paraugiem novérota kopiga AE* vértibas izmainu tendence —
iepakosanas tehnologija un pievienota Purasal daudzums iespaido salatu krasu
un Iidz ar to palielina AE* vértibu (sk. 6. att€lu).
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Pievienota Purasal daudzums (5, 10, 15 g kg') jau péc septinam
uzglabasanas dienam iepakojuma gaisa vidé (kontrole, A paraugs) bitiski
palielina AE* vértibu no 1,0 lidz 3,7 vienibam jeb 3,0-3,7 reizes. Acimredzot
to ietekm@ Purasal un gaisa eso$a skabekla savstarpgja mijiedarbiba. Lidziga
Purasal ietekme uz salatu krasas izmainam veérojama arT vakuumiepakojuma,
mazak izteikta ta ir aizsarggazu iepakojuma. Sous vide iepakojuma péc
septinam uzglabasanas dienam Purasal ietekme nav batiska, bet, turpinot
uzglabasanu lidz 52 dienam, ta palielinas un AE* vértiba pieaug divas tris
reizes, tomér butiski atskiras no AE* vértibas iepakojuma gaisa un aizsarggazu
vide.

Tatad pétito salatu paraugu krasas kop€jo diferenci (AE*) uzglabaSanas
laika 1idz septinam, 25 un 52 dienam ietekm& gan iepakoSanas tehnologija, gan
pievienota Purasal daudzums un paraugi bitiski atSkiras (p < 0,05). Velreiz
apstiprinas Sous vide iepakoSanas tehnologijas labvéliga ietekme uz salatu ar
galu un majoneézi kvalitati — uzglabasanas laiks salatu krasu biitiski neietekmé.

Biodegradéjamo iepakojuma materialu ietekme uz salatu kopgjo
krasu diferenci AE*. Biodegrad€jamie (PLA un PHB) iepakoSanas materiali
biitiski ietekmé salatu krasas izmainas ka vakuuma ta Sous vide iepakojuma
(p <0,05) (sk. 7. attelu).

3.0 R
1
2.5 A
P

3 20

*

2 E I J

\g’- 1.5 i

£ K

210 -
i }
0] L] L l

Vakuums / Vacuum Sous vide / Sous vide
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7. att. Biodegradéjamo iepakojuma materialu ietekme uz kopéjo krasu
diferenci AE*,,, vakuuma un Sous vide iepakojuma uzglabasanas laika
Fig. 7 The influence of biodegradable materials on the AE*,. of vacuum
and Sous vide packed salads during the storage time
E - vakuums, PA/PE / vacuum, PA/PE; I — vakuums, PLA / vacuum, PLA;
J — vakuums, PHB / vacuum, PHB; K — Sous vide (1), PA/PE / Sous vide (1), PA/PE;
P — Sous vide (1), PLA / Sous vide (1), PLA; R — Sous vide (1), PHB /
Sous vide (1), PHB
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Vakuuma PA/PE iepakojuma AE* vértiba péc 25 uzglabasanas dienam ir
1,4 vienibas, bet PHB iepakojuma ta palielinajusies Iidz 2,8 vienibam, t. i.,
divas reizes. Sous vide iepakojuma p&c 52 uzglabasanas dienam AE* veértiba
PA/PE iepakojuma ir 0,9 vienibas, bet PLA iepakojuma ta palielinajusies lidz
2,0 vienibam, PHB iepakojuma — lidz 2,8 vienibam.

Tatad novérota butiska (p < 0,05) biodegradgjamo iepakojuma materialu
ietekme uz produkta krasas izmainam. Biodegrad€jamo materialu vajas
barjeripasibas bitiski ietekmeé salatu kopg€jas krasas izmainas, to veicina
skabekla migracija no apkartjas vides caur materialu uz iepakoto produktu
(Perez-Gago, Krochta, 2001).

Iepakosanas tehnologiju, Purasal un uzglabasanas laika ietekme uz
salatu pH diferenci. Salatu pH izmainas (ApH) noteiktas paraugiem Sous vide
iepakojuma, un rezultati salidzinati ar pH izmainam iepakojumos gaisa vide
(kontrole, A paraugs), vakuuma un aizsarggazu vidé péc dazadiem
uzglabasanas laikiem +4,0+£0,5 °C temperatiird. [zverteta ar1 dazada Purasal
daudzuma (5, 10, 15 g kg™ ietekme uz salatu ApH gan Sous vide, gan gaisa,
vakuuma un aizsrggazu iepakojuma. Kopgja pH diference ApHy,, paradita 8.
attela, ta ietver starpibu starp pH vertibu eksperimenta sakuma un pec septinam
uzglabasanas dienam (ApH;), laika posma no septinam Iidz 25 dienam (ApH,)
un no 25 Iidz 52 dienam (ApHj;).

Kopgja pH diference ApHy,, aprékinata visa uzglabaSanas laika no
eksperimenta sakuma, vertibas starp atseviskiem uzglabasanas posmiem
summetas (sk. 7. vienadojumu).

ApHy,, = ApH, +ApH, + ApHS, (7.)

kur:

ApHy,, —kopgjas pH izmainas uzglabaSanas laika no eksperimenta sakuma
lidz beigam;

ApH; - pH vértibu diference no eksperimenta sakuma lidz 7 uzglabasanas
dienam: ApH,,, =ApH,;

ApH, - pH vértibu izmainas laika posma no 7 1idz 25 uzglabasanas dienam:
AkaopZ = Ale + ApHZ 5
ApH;  — pH vértibu izmainas laika posma no 25 Iidz 52 uzglabasanas dienam:
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8. att. IepakoSanas tehnologiju, Purasal un uzglabasanas laika ietekme uz
salatu pH diferenci
Fig. 8 The influence of the packaging technologies, of Purasal and of the
storage time on the difference of salads pH

A — gaisa vide (kontrole), PS / air ambience (control), PS; B — gaisa vide, PS + Purasal
5 g kg / air ambience, PS + Purasal 5 g kg''; C — gaisa vide, PS + Purasal 10 g kg™ /
air ambience, PS + Purasal 10 g kg''; D — gaisa vide, PS + Purasal 15 g kg / air
ambience, PS + Purasal 15 g kg'; E — vakuums, PA/PE / vacuum, PA/PE;
F — vakuums, PA/PE + Purasal 5 g kg / vacuum, PA/PE + Purasal 5 g kg';
G — vakuums, PA/PE + Purasal 10 g kg'/ vacuum, PA/PE + Purasal 10 g kg';
H — vakuums, PA/PE + Purasal 15 g kg / vacuum, PA/PE + Purasal 15 g kg';
S — aizsarggazu vide, PA/PE / MAP, PA/PE; T — aizsarggazu vide, PA/PE + Purasal
5 g kg' / MAP, PA/PE + Purasal 5 g kg''; U — aizsarggazu vide, PA/PE + Purasal
10 g kg! / MAP, PA/PE + Purasal 10 g kg''; V — aizsarggazu vide, PA/PE + Purasal
15 g kg''/ MAP, PA/PE + Purasal 15 g kg''; K — Sous vide (1), PA/PE / Sous vide (1),
PA/PE; M — Sous vide (1), PA/PE + Purasal 5 g kg / Sous vide (1), PA/PE + Purasal
5 g kg'; N — Sous vide (1), PA/PE + Purasal 10 g kg™ / Sous vide (1), PA/PE + Purasal
10 g kg'; O — Sous vide (1), PA/PE + Purasal 15 g kg' / Sous vide (1),
PA/PE + Purasal 15 g kg

Peéc septinam uzglabasanas dienam salatu paraugiem visos iepakojumos
noverota kopiga tendence pH izmainas — pievienota Purasal daudzums relativi
samazina ApH; vertibu. Starp ApH; vértibam iepakojuma gaisa vid€, vakuuma
un aizsarggazu vidé bez konservanta lidz septinam uzglabasanas dienam
biitiska atskirtba nav novérota, bet Sous vide iepakojuma ApH; vértiba ir
aptuveni divas reizes mazaka. Salatiem pievienotd Purasal daudzums
(5, 10, 15 g kg™ relativi samazina ApH, vértibu visos iepakojuma veidos. P&c
septindm uzglabasanas dienam Purasal atkariba no pievienota daudzuma, ir
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samazinajis ApH; vértibu gan iepakojuma gaisa vid€, gan paraugos vakuuma un
aizsarggazu iepakojuma, bet visvairak ApH, diferenci Purasal samazina Sous
vide iepakojuma, tatad absoliita pH veértiba Saja iepakojuma izmainijusies
vismazak.

Salatiem iepakojuma aizsarggazu vide ar Purasal laika posma no septinam
lidz 25 dienam novérotas vislielakas ApH, vértibu izmainas — absolita pH
vertiba pazeminajusies par 0,6—0,7 vienibam. Tas skaidrojams ar CO, skidibu
salatos, kam ir paaugstinats mitrums. Ka redzams 8. att€la, vismazakais pH
vertibu samazinajums — lidz 0,1 vienibai — novérojams Sous vide iepakojuma.
Tadejadi, tas velreiz apstiprinas Sous vide tehnologijas labveliga ietekme uz
salatu ar galu un majonézi kvalitati to ilgstosas uzglabasanas laika.

Uzglabasanas temperatiiras ietekme uz pH dinamiku salatos Sous vide
iepakojuma. Lai izvértétu Sous vide iepakoSanas tehnologijas prieksrocibas,
salatu paraugiem, kas termiski apstradati Gidens vanna Sous vide (1) un
konvekcijas krasni gaisa/tvaika vidé Sous vide (2) noteikta pH dinamika divos
uzglabasanas rezimos: +4,0+0,5 °C temperatiira K (4 °C), L (4 °C) paraugs un
+10,0+0,5 °C temperattra K (10 °C), L (10 °C) paraugs (sk. 9. attelu).
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9. att. Uzglabasanas temperatiiras ietekme uz pH dinamiku salatos
Sous vide iepakojuma
Fig. 9 The influence of storage temperature on the pH dynamics in
Sous vide packed salads

K (4 °C) — Sous vide (1), PA/PE, +4,0£0,5 °C / Sous vide (1), PA/PE, +4.0+0.5 °C;
L (4 °C) — Sous vide (2), PA/PE, +4,0£0,5 °C / Sous vide (2), PA/PE, +4.0£0.5 °C;
K (10 °C) — Sous vide (1), PA/PE, +10,0+0,5 °C / Sous vide (1), PA/PE, +10.0£0.5 °C;
L (10 °C) — Sous vide (2), PA/PE, +10,0+0,5 °C / Sous vide (2), PA/PE, +10.0+0.5 °C
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Salatu pH vértibas uzglabasanas laika +4,0£0,5 un +10,0+£0,5 °C
temperatiira visos paraugos pakapeniski samazinas. Paraugos, kas tiek uzglabati
+4,0£0,5 °C K (4 °C) un L (4 °C) temperatiira, pH vertiba 52 uzglabasanas
dienas samazinas no 5,37 lidz 5,25-5,26. Lielakas pH izmainas novérotas
paraugos, kas tiek uzglabati +10,0£0,5 °C K (10 °C) un L (10 °C)
temperatiira — péc 52 dienam pH vértiba samazinajusies no 5,37 lidz 5,19-5,20.

pH veértiba p&c 52 uzglabasanas dienam salatu paraugos savstarpgji biitiski
atSkiras (p < 0,05), uzglabajot tos +4,0+0,5 un +10,0+0,5 °C temperatiira.
Dazadas pH vértibu izmainas at$kiriga temperatiiras reZima skaidrojamas ar
novéroto MAFAM KVYV skaita pieaugumu (sk. 10. att€lu).

Salatu udens aktivitate (a,) iepakojuma gaisa vide, vakuuma,
aizsarggazu un Sous vide iepakojuma ir vienada ar 0,996, Purasal pievienoSana
to nedaudz samazina: ar 5 g kg’1 —ay ir 0,996; ar 10 g kg'1 — a,, ir 0,995; ar
15 gkg! —a, ir 0,993.

Salatu masas zudumi tradicionala iepakojuma PS karbas gaisa vidé péc
septindm uzglabasanas dienam ir 0,6%, p&c 25 uzglabasanas dienam PA/PE
iepakojuma vakuuma — 0,5%, aizsarggazu iepakojuma — 0,6%, bet pec
52 uzglabasanas dienam Sous vide iepakojuma — 0,5%. Lielakie masas zudumi
ir novéroti biodegradéjamo PLA un PHB materialu iepakojumos — vakuuma
péc 25 uzglabasanas dienam 1,0% un Sous vide iepakojuma péc
52 uzglabasanas dienam — 5,0 Iidz 5,3%.

Udens saturs pétitajos salatu paraugos ir samazinajies proporcionali masas
zudumiem: tradicionala iepakojuma PS karbas gaisa vidé uzglabajot lidz
septinam dienam — no 69,20 lidz 68,78%, bet, uzglabajot lidz 25 dienam PA/PE
iepakojuma vakuuma — no 69,20 Iidz 68,83% un aizsarggazu vidé — 68,76%.
Uzglabajot lidz 52 dienam Sous vide PA/PE iepakojuma — no 68,70 lidz
68,33%. Visvairak tdens saturs salatos samazindjies biodegradéjama PLA un
PHB materiala iepakojumos: vakuuma lidz 25 uzglabasanas dienam — no 69,20
lidz 68,49% un Sous vide iepakojuma lidz 52 uzglabasanas dienam — no 68,70
lidz 65,27% (PLA) un 65,04% (PHB) materiala.

Masas zudumi PLA un PHB iepakojuma lidz 52 uzglabasanas dienam, ir
radusies 0dens tvaika migracijas d&] caur iepakojuma materialu un ir
proporcionali idens satura samazinajumam salatu paraugos. Biodegrad€jamie
PLA un PHB materiali to vajo barjeripasibu dél nav pieméroti termiskai
apstradei un ilglaicigai salatu uzglabasanai.

3. Salatu ar galu un majonezi kimiskie parametri uzglabasanas laika

Visu pétito salatu paraugu peroksidskaitlis neparsniedz pielaujamo normu
un ir < 10 mmol kg™ Tradicionala PS iepakojuma gaisa vidé septinu dienu
uzglabasanas laika salatu peroksidskaitlis pieaug no 5,30 lidz 5,34 mmol kg™
Péc 25 wuzglabasanas dienam vakuumiepakojuma PA/PE iepakojuma
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peroksidskaitlis pieaudzis no 5,30 mmol kg'l lidz 5,50 mmol kg'l, bet
aizsarggazu videé — no 5,30 mmol kg Iidz 5,53 mmol kg, biodegradgjama
PLA materiala — Iidz 5,52 mmol kg™ un biodegradéjama PHB materiala — lidz
5,54 mmol kg'. Visu péfito salatu paraugu peroksidskaitlis Sous vide
iepakojuma péc 52 uzglabasanas dienam pieaudzis no 5,30 mmol kg’ Iidz
5,44 mmol kg'. Purasal (5, 10, 15 g kg') pievienoSana salatiem dazados
iepakojumos bitiski neietekmé (p > 0,05) pétito salatu ar majonézi
peroksidskaitli.

Lipidu oksidacijas sekundarie produkti pentanals, heksanals, oktanals un
nonanals salatos nav atrasti ne pirms fas€Sanas, ne péc uzglabasanas.

4. Uzglabasanas temperatiiras ietekme uz salatu
mikrobiologisko kvalitati uzglabasanas laika Sous vide iepakojuma

Bitiski ir ieverot salatu raZoSanas procesa tehnologiskos parametrus, bet ne
mazak svarigs ir produkta dzives cikls p&c razosanas, kad iepakotais produkts
nonak logistikas k€d€ un to ietekmé vides temperatiiras svarstibas, kas batiski
var mainit kvalitati. Nozimigs faktors ir patérétaja riciba péc produkta iegades,
kad tas tiek uzglabats majas apstaklos (Hwang, 2010; Hwang, Marmer, 2007,
Hwang, Tamplin; 2005). Tadgl, lai parliecinatos par produkta droSumu un
kvalitati uzglabasanas un izplatiSanas laika, salatu mikrobiologiska kvalitate
Sous vide iepakojuma analizéta dazados uzglabasanas temperattiras reZimos.

Eksperimenta laika salati Sous vide iepakojuma uzglabati +4,0+0,5 un
+10,0+0,5 °C temperatiira, modelgjot Iidzigus apstaklus, kadi ir tirdzniecibas
vitrinas. UzglabaSanas temperatiiras ietekme uz MAFAM dinamiku salatos
Sous vide iepakojuma paradita 10. attgla.

MAFAM KVV skaits salatu paraugos Sous vide (1) un Sous vide (2)
iepakojuma +4,0+0,5 un +10,0+0,5 °C temperatiira lidz 25 uzglabaSanas
dienam savstarpgji buitiski neatskiras (p = 0,065). Bitiskas izmainas (p = 0,037)
novérotas jau 29 uzglabasanas dienam, kad +10,020,5 °C temperatira MAFAM
pieaudzis lidz 7,55 x 10° KVV g' K (10 °C) parauga un lidz
9,66 x 10° KVV g' L (10 °C) parauga, bet K (4 °C) un L (4 °C) parauga
MAFAM KVV skaits pieaudzis salidzinosi mazak — lidz 4,47 x 10° KVV g’

Salatus Sous vide iepakojuma uzglabajot +10,0+0,5 °C temperattira, pec
29 dienam MAFAM KVV skaits sak pieaugt straujak un K (10 °C) parauga jau
pec 49 dienam sasniegts maksimali pielaujamo MAFAM KVV skaits
(N = 10° KVV g, savukart L (10 °C) parauga tas tiek sasniegts nedaudz
vélak — p&c 52 uzglabasanas dienam (MAFAM 9,91 x 10* KVV g™).
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10. att. UzglabaSanas temperatiiras ietekme uz MAFAM dinamiku salatos
Sous vide iepakojuma
Fig. 10 The influence of the storage temperature on the ACC dynamics in
Sous vide packed salads

K 4 °C) — Sous vide (1), PA/PE, +4,0+0,5 °C / Sous vide (1), PA/PE, +4.0+£0.5 °C;
L4 °C) — Sous vide (2), PA/PE, +4,0+0,5 °C / Sous vide (2), PA/PE, +4.0+0.5 °C;
K(10 °C) — Sous vide (1), PA/PE, +10,0£0,5 °C / Sous vide (2), PA/PE, +10.0+0.5 °C;
L(10 °C) — Sous vide (2), PA/PE, +10,0£0,5 °C / Sous vide (2), PA/PE, +10.0£0.5 °C

- - - pielaujamda MAFAM robeza péc PVD ieteiktajiem mikrobiologiskas kvalitates
kritérijiem gataviem &dieniem < 10° KVV g / admissible level of ACC, according to
the FVD recomended criteria of microbiological quality for ready-to-eat food
<10°cfug’!

Turpretim salatu paraugos Sous vide iepakojuma +4,0+0,5 °C temperattira
pec 52 uzglabasanas dienam MAFAM KVV skaits K (4 °C) parauga ir tikai
7,52 x 10° KVV g un L (4 °C) parauga — 8,91 x 10* KVV g, tatad pielaujama
robeza (N < 10° KVV g) vél netiek sasniegta.

MAFAM KKV skaita pieaugumam salatos, uzglabajot dazados
temperatiiras rezZimos, ir redzama Kkorelacija ar noveroto pH vertibu
samazinasanos, un lielakas pH veértibas izmainas novérotas K (10 °C) un
L (10 °C) parauga, kas uzglabati +10,0+0,5 °C temperattira — 52 uzglabasanas
dienu laika pH vertiba samazinajusies no 5,37 lidz 5,19-5,20, bet +4,0+0,5 °C
temperatira K (4 °C) un L (4 °C) parauga — no 5,37 Iidz 5,25-5,26
(sk. 9. attelu).

Tatad temperatiira tirdzniecibas vitrinas un noliktavas batiski ietekmé&
MAFAM KVV skaitu salatos tikai tad, ja tos uzglaba ilgstoSi. Bet, ja
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tirdzniecibas vitrinas salatus Sous vide iepakojuma paaugstinata temperatiira
(+10 °C) uzglabas tikai dazas dienas, var prognozet, ka to kvalitate batiski
nemainisies.

5. Salatu ar majonézi Sous vide iepakojuma sensorais novértéjums

Pirms jauna produkta ievieSanas tirgii vai eso$a pilnveides nepiecieSams
izpétit paterétaju vajadzibas, noskaidrot vinu attieksmi un apmierinatibu ar
konkreto produktu. Lai produktus veiksmigi virzitu tirgi, ir svarigi noskadrot to
sensoros parametrus. Tapéc ir loti biitiski novertét salatu ar galu un majonezi
sensords 1pasibas Sous vide iepakojuma uzglabaSanas laika, lai pamatotak
izanalizétu iesp&jamo optimalo realizacijas laiku. Vertéta tris dazadu salatu
paraugu sensoro Tpasibu (smarza, smarza + garSa, konsistence, krasa, skabums
un pécgarsa) intensitate — svaigi pagatavotos salatos, Sous vide (1) iepakojuma
un Sous vide (1) iepakojuma ar Purasal 10 g kg Apmaciti vertetaji atzinusi,
ka, salatus Sous vide iepakojuma uzglabajot 52 dienas, to sensords Ipasibas
(smarza, smarza + gar$a, konsistence, krasa, skabums un p&cgarsa) ir atSkirigas
salidzinajuma ar svaigi pagatavotiem salatiem. legiitie rezultati paradija, ka
salatiem ar galu un majon€zi Sous vide iepakojuma ir iesp&jams ne tikai
pagarinat realizacijas laiku, bet arT saglabat sensoras Tpasibas visa ta
uzglabasanas laika, kas ir svarigs nosacijums paterétajam.

Lai vietgja tirdzniecibas tikla ieviestu zinatniski pamatoto un praktiski
parbaudito produktu — salatus ar galu un majonézi Sous vide iepakojuma, ari
potencialie partikas pat€rétaji iepazistinati ar to izstades ,,Riga Food 2009 un
»Razots Latvija 2010”. Izstad@s paterétaju vertgjumam tika piedavati divi salatu
ar galu un majonézi paraugi: svaigi gatavoti salati un salati Sous vide (2)
iepakojuma, kas uzglabati 29 dienas. Rezultati paradija, ka patikSanas zina nav
butiskas atskiribas starp abiem paraugiem un paterétaji tos novertgjusi vienlidz
labi. Vertgjums hedoniskas skalas intervala bija no 7,3 Iidz 7,5 nozimé: vidgji
patik — loti patik.

Lidz ar to var secinat, ka eksperimentali parbaudita Sous vide iepakoSanas
tehnologija — sp& ne tikai pagarinat salatu deriguma terminu, bet arl
uzglabasanas laika saglabat produkta sensoras Tpasibas, un tas ir ipasi svarigi, ja
vélas pagarinat uzglabasanas laiku un saglabat produkta kvalitati.

6. Matematiska modela izstrade salatu ar galu un majonézi termiskas
apstrades reZimu aprekinasanai Sous vide iepakojuma

D-vértibas aprékinasana salatu termiskai apstradei Sous vide
iepakojuma. Lai aprékinatu salatu ar galu un majonézi Sous vide iepakojuma
termiskas apstrades ilgumu temperatiiras intervala no +50,0 lidz +70,0 °C,
izstradats matematiskais modelis un aprékinatas D-vértibas un Z-vértibas.
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D-vertibu ietekmé termiskas apstrades temperattira, un to raksturo bakteriju
termiskas inaktiveSanas jeb izdzivosanas likne, kas parasti atbilst pirmas kartas
kingtiskajam vienadojumam, kuru var aprakstit ka taisni puslogaritmiskaja
koordinatu sisttma jebkura sildos$as vides temperatiira (sk. 1. vienadojumu
15. lpp). D-veértiba ir laiks mindtés (t), lai sasniegtu mikroorganismu
koncentracijas samazinasanos par vienu kartu no IgN, lidz IgN. D-vértiba
raksturo laiku (min), kads nepiecieSams, lai noteikta temperatiira iznicinatu
dzivas Stnas, bet Z-vértiba saistita ar mikroorganismu izturibu, ja termiskas
apstrades temperatiira tick paaugstinata. Tadgjadi, zinot Z-vertibu, iesp&jams
aprékinat ekvivalentu termiska procesa ilgumu jebkura sildoSas vides
temperatiira. MAFAM dinamika ka IgN = f(t) salatos ar galu un majongzi Sous
vide iepakojuma termiskas apstrades procesa piecos dazados temperatiiras
rezimos udens vanna (1) attélota 11. attela. Péc eksperimentali noteiktajiem
rezultatiem aprékinatas D-vertibas un apkopotas 4. tabula.

e 50BCTRZ 09790 °
55 °C: R? = 0.9092
4k 60 °C: R? = 0.8969
_ 65 °C: R” = 0.8543
é" 70 °C: R*= 0.8171
3 -
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=
".‘é‘J )]
20
14
0 : : : : ‘
0 20 40 60 80 100
¢ 50°C = 55°C A 60°C X 65 °C 70 °C

Laiks, miniites / Time, minutes

11. att. MAFAM dinamika ka 1gN = f(t) salatos Sous vide iepakojuma
termiskas apstrades procesa iidens vanna (1)
Fig. 11 The ACC dynamics in Sous vide packaged salads during the
thermal treatment process in a water bath like logN = (1)

- - - pielaujamda MAFAM robeza péc PVD ieteiktajiem mikrobiologiskas kvalitates
kritérijiem gataviem &dieniem < 10° KVV g / admissible level of ACC, according to
the FVD recomended criteria of microbiological quality for ready-to-eat food
<10°cfug’
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Piem@ram, ja termiska apstrade notiek @idens vanna (1) +70,0+0,5 °C
temperatiira, D-vertiba D ir 26,53 miniites (sk. 4. tabulu). Tas nozZimé, ka Saja
temperatiira mikroorganismu populacija samazinajusies par vienu kartu. Ja
mikroorganismu populacija jasamazina par divam kartam, kopgjais termiskas
apstrades laiks ir 2,00 x 26,53 = 53,06 mintites. Turpretim, ja termiska apstrade
tiek veikta zemaka temperatiira, pieméram, +50,0+0,5 °C, D-vértiba ir augstaka
(D5 ir 47,85 miniites) un mikroorganismu populacijas samazinasanai par divam
kartam ir nepiecieSams ilgaks laiks — 2,00 x 47,85 = 95,70 mintites.

4. tabula / Table 4

Salatu ar galu un majonézi Sous vide iepakojuma termiskai apstradei
iidens vanna (1) aprékinatas D-vértibas, miniites
Calculation of D-values for thermal treatment of mayonnaise-based salad
with meat in a water bath, minutes

Taisnes Atruma D-vertiba,
g’ :; vienadojums konstante k, | minates /
2 < |IgN.,=lgNy-kt/ | & i S min™ / D-value,
g 5 E‘ Equation of linear .g m, 'g Ef, Rate constant k, | minutes
gﬂ &£ ¢ function EE E S min” 1
Ses _ B ESE-2 D=7=—
LSE logN:=logNo—-kt| E5 £ 2 1 k
- = 8!.:83: k=tga=—
s E 2228 4
S ==
50+0.5 lg / log R?=0.9799 0.0209 47.85
IN=3.9900 — 0.0209t
55+0.5 lg/log R*=10.9092 0.0237 42.19
IN.=3.9900 — 0.0237t
60+0.5 lg / log R*=0.8969 0.0307 32.57
IN=3.9900 — 0.0307t
65+0.5 Ig / log R?=0.8543 0.0363 27.55
IN.=3.9900 — 0.0363t
70+0.5 g/ log R*=10.8171 0.0377 26.53
IN=3.9900 — 0.0377t

Eksperimentali apstiprinats, ka D-vértiba kop&ja MAFAM KVV skaita
samazinasanai par vienu kartu, termisko apstradi veicot ka fidens vanna Sous
vide (1), ta konvekcijas krasni gaisa/tvaika vid€ Sous vide (2) viena un taja pasa
termiskas apstrades vides temperatiira, biitiski neatskiras (p > 0,05).
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Z-vertibas aprekinasana salatu termiskas apstrades procesam Sous
vide iepakojuma. Z-vértiba termiskas apstrades procesa tdens vanna (1)
noteikta grafiski péc taisnes vienadojuma lgD = f(t) un paradita 12. attela, tas
aprékinasanai izmantotas attiecigajos temperatiiras rezimos aprékinatas
D-vértibas, kas apkopotas 4. tabula. D-vértibas att€lotas puslogaritmiskaja
koordinatu sistéma un izteiktas ar linearu sakaribu IgD = f(t), R? = 0,9537:

lg D =-0,0139¢+2,3732 (8.
D — 10—0,0139[+2,3732 (9 )
kur:
Cy — konstante; Cy=2,3732;
k — D-vértibas samazinas$anas atrums; k = 0,0139;
t — sildosas vides temperatiira iidens vanna, °C.

Z-vertibu var aprékinat pec 5. izteiksmes (sk. 16. Ipp.):

1.70

4 lg D1 —1g D2/ log D1 — log D2

1.65 A

1.60

1.55 .
At =Z-vertiba / At = Z—Value\
*
1.50 \
1.45 Py
*
140 T T T T T T T T T T 1

50 52 54 56 58 60 62 64 66 68 70 72

IgD/logD

Temperatiira, °C / Temperature, °C

12. att. MAFAM dinamika salatos Sous vide iepakojuma termiskas
apstrades procesa iidens vanna (1) ka IgD = f(t)
Fig. 12 The ACC dynamics in Sous vide packaged salads during the
thermal treatment process in a water bath (1) like logD = f(t)

Lai samazinatu D-vertibu termiskas apstrades procesa Gidens vanna par
vienu kartu péc 5 vienadojuma, aprékinata Z-vertiba ir +72,0 °C. P&tijuma péc
eksperimenta datiem aprékinatas D-vertibas, ir robezas no 47,85 Ilidz 26,53
(sk. 4. tabulu), tadel $aja gadijuma Z-vertiba tiek attiecinata uz D-vértibas
samazinajumu par 0,1 kartu un procesu raksturojo$a Z-vértiba ir +7,2 °C
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(sk. 12. attelu). Tatad, lai samazinatu D-vertibu par 0,1 kartu, sildosas vides
temperatiira biitu japaaugstina par Az = 7,2 °C jeb no +51,8 Iidz +59,0 °C
(sk. 12. attelu).

Ja salatu ar galu un majonézi mikroorganismu termiskas bojaejas laiks ir
noteikts, jebkuram idedlam termiskas apstrades procesam var aprékinat laika un
temperatiiras sakaribas. P&c 9. vienadojuma iesp&jams aprékinat atbilstosas
D-veértibas jebkura sildosas vides temperatiiras intervala +50,0 Iidz +70,0 °C
konvekcijas krasnt gaisa/tvaika vide.

Pieméram, ja salatu termiska apstrade notiek tdens vanna, kura
temperatiira ir +68,0 °C, tad péc 9. vienadojuma (IgD = —0,0139¢ + 2,3732)
aprekinata D-vertiba ir Dgg = 26,79 minttes. Tatad, lai +68,0 °C sildosas vides
temperatiira tidens vanna mikroorganismu sakotngjo kopskaitu samazinatu par
90% (par vienu D-vértibas kartu), termiska apstrade biis javeic 26,79 miniites.

Grafiski aprékinatas Z-veértibas var izmantot, lai noteiktu nepiecieSamo
termiskas apstrades ilgumu konkrétam procesam jebkura temperatiira fidens
vanna vai kovekcijas gaisa/tvaika krasni. Ekspermentali noteikts, ka Z-vértiba,
termisko apstradi veicot k& tdens vanna Sous vide (1), ta konvekcijas
gaisa/tvaika krasni Sous vide (2), biitiski neatskiras (p > 0,05).

SECINAJUMI

1. Pétito salatu realizacijas termin$ iepakojuma gaisa vidé uzglabajot
+4,0+0,5 °C temperatira Sobrid ir Cetras dienas. Vakumiepakojuma
+4,0+0,5 °C temperatiira salatu uzglabasanas laiku péc PVD ieteiktajiem
mikrobiologiskajiem kriterijiem (Np < 10° KVV g") iespgams
nodroSinat Iidz 10 dienam un atbilstos$i Latvija eso$ajam vadlinijam
(Npax < 10" KVV g) — lidz 20 dienam, bet aizsarggazu vide — lidz
10 dienam, ja Ny < 10° KVV g’ un Iidz 21 dienai, ja
Niax < 10" KVV g,

2. Termiski jutiga produkta — salatu ar galu un majong&zi — optimala termiskas
apstrades temperatira Sous vide iepakojuma ir +65,0£0,5 °C, kas
nodrosina termiskas apstrades efektu un saglaba majonézes konsistenci.

3. Pétitie Sous vide iepakojumu termiskas apstrades veidi (tidens vanna un
konvekcijas krasni gaisa/tvaika vid€) vienlidz efektivi aizkave
mikroorganismu augSanu salatos ar galu un majonézi Sous vide
iepakojuma uzglabasanas laika.

4. Sous vide iepakojuma MAFAM koloniju veidojoSo vienibu skaits lidz
52 uzglabasanas dienam +4,0+0,5 °C temperatiira neparsniedz PVD
ieteikto mikrobiologisko kritériju maksimalo robezu (N < 10° KVV g™)
péc salatu termiskas apstrades gan tidens vanna, gan konvekcijas krasni
gaisa/tvaika vidg.
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10.

11.

Uzglabasanas temperatiira +4,0+0,5 un +10,0+0,5 °C biatiski ietekme
salatu Sous vide iepakojuma uzglabasanas laiku. Lidz 25 uzglabasanas
dienam MAFAM KVV skaits savstarpgji butiski neatSkiras. Péc
52 uzglabasanas dienam +4,0+0,5 °C temperatira MAFAM KVV skaits ir
8,91 x 10> KVV g'l, bet +10,0+0,5 °C temperatiira tas jau ir sasniedzis
maksimali pielaujamo robezu — Ny, < 10° KVV g™

Pirms salatu ar galu un majonézi termiskds apstrades un péc
52 uzglabasanas dienam Sous vide iepakojuma +4,0+0,5 un +10,0+0,5 °C
temperatiira, patogéno mikroorganismu Listeria monocytogenes un
Salmonella spp. klatbiitne nav konstatSta un Clostidium perfringens un
Stapyloccocus  aureus  koloniju  veidojoSo  vienibu  skaits  ir
<1,00 x I0KVV g

Purasal daudzums (5, 10, 15 g kg") atkirigi ietekmé MAFAM KVV
vairoSanos salatos uzglabasanas laika. lepakojuma gaisa vidé nav noverota
butiska Purasal ietekme uz MAFAM KVV augsanas intensitati (p > 0,05).
Vakuuma un aizsarggazu iepakojuma péc 25 uzglabasanas dienam un Sous
vide iepakojuma peéc 52 uzglabasanas dienam maksimalais Purasal
daudzums samazina MAFAM KVV skaitu par 6,0%. Tas liecina, ka
anaerobos apstaklos Purasal efektivak ierobezo mikroorganismu augs$anu.
Tradicionalo (PA/PE un PS) un biodegradgjamo poliméru materialu (PLA
un PHB) ietekme uz salatu ar galu un majonézi kvalitati uzglabasanas laika
ir atskirTga. Biodegrad€jamo iepakoSanas materiali vajo barjeripasibu dé|
nav pieméroti salatu ar majonézi iepakoSanai.

Salatu fizikalas un kimiskas 1pasibas uzglabaSanas laika ietekm& gan
iepakojuma materials, iepakoSanas vide un uzglabaSanas temperattra, gan
dazada daudzuma Purasal, ka ar1 salatu gatavosSanai izmantotas majongzes.
Darba gaita tika izstradats matematiskais modelis salatu ar galu un
majonézi Sous vide iepakojuma termiskas apstrades rezimu (D-vértibas un
Z-vertibas) aprékinasanai temperatiiras intervala no +50,0 lidz + 70,0 °C.
Aprekinatas D-vértibas un Z-vértibas tdens vanna Sous vide (1) un
konvekcijas krasni gaisa/tvaika vid€ Sous vide (2) butiski neatskiras
(p>0,05).

Darba izvirzita hipotéze ir korekta, jo mérens termiskas apstrades rezZims
+65,0+0,5 °C temperatiira pagarina salatu ar galu un majonézi Sous vide
iepakojuma uzglabasanas laiku +4,0+0,5 °C temperatiira [idz 52 dienam un
saglaba to kvalitati.
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TOPICALITY OF THE RESEARCH

Mayonnaise-based salad is a perishable product, which belongs to a high
risk food that qualifies as a pathogenic and conditionally pathogenic
microorganisms growth promoting food product that before consumption is not
thermally or otherwise treated. (Atdzesetu, riipnieciski razotu gatavo produktu
labas higi€nas un razosanas prakses vadlinijas, 2006).

The mayonnaise-based salads for the first time have been mentioned in
information sources in 1860 in the original recipe was developed by the French
chef Lucien Olivier, who operated in Moscow (in Russia), in the most famous
restaurant ,,Hermitage” for that time. The ,,salad Olivier” (consisting of boiled
potatoes, meat, cooked and fresh vegetables, and mayonnaise) very soon gained
their popularity and became an integral part of the restaurant menu
(http://millionmenu.ru/lib/article.php?id=843&I1=1). Today, salads are available
not only in food and in catering industry, but also in retail.

The most consumption of the different kinds of the mayonnaise-based
salads are in the North European countries, while in the South European
countries mostly fresh vegetables and lettuce salads are consumed, but fresh
and/or boiled vegetable mayonnaise-based salads are available as well. The
purchases of the diverse types of manufactured mayonnaise-based salads have
become more popular in retail networks over the last ten years in Latvia. The
demand for the mayonnaise-based salads have been growing because of the
rapid growth of the everyday lifestyle speed, so that people have become more
busy and the most of their time they devote to career and active lifestyle, less
time is devoted for cooking every day at home
(http://www .lango.lv/lvaktualitates/jaunumi/pirmais_gatavo un_atri_pagatavoj
amo_partikas_produktu nozares petijums/).

In Latvia in comparison with the other Baltic States, Estonia and Lithuania,
here is the largest consumption of the mayonnaise-based salads, and also there
is the most wide ready-to-eat food assortment. Consumers’ attitude towards the
ready-to-eat products and quickly-to-prepare products have been changed from
complete refuse to a strong believe that these products can help to save the
precious time.

Unfortunately the mayonnaise-based salads that are available in Latvian
retail networks have a short shelf life — unpackaged salad shelf life is
24 hours, packed salad shelf life is till ten days. Each manufacturer individually
determines product shelf life taking into consideration the production
technology and the microbiological evaluation. Currently, sellers require
guaranteeing product with the shelf life of several days or even weeks instead
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of few hours, while the consumer would like to purchase a tasty, safe food with

a high quality and non-containing preservatives.

In nowadays as the most used methods for the food storage time extention
without preservatives are vacuum and modified atmosphere packaging or one
of the most perspective methods Sous vide packaging technology. Using these
methods the product shelf life can be extended up to the several weeks
maintaining a constant quality and at the same time increasing the profitability
for the manufacturer (Chen et al., 2003; Fernandez et al., 2009; Gok et al.,
2008; Wang et al., 2004).

Because of the rapidly increasing consumption of the mayonnaise-based
salads scientists are paying additional attention to the quality research.
Scientific investigations are connected mostly to the analysis of microbial
contamination of the salads and its prevention (Cobo Molinos et al., 2009;
Hwang, Tamplin, 2005; Hwang, Marmer, 2007; Isonhood et al., 2006;
Litlle et al., 2007; Valero et al., 2007; Uyttendaele et al., 2009).

At the present moment in Latvia there are not any so deep and extensive
studies on the quality of the mayonnaise-based salads during the storage time,
however, the previous studies carried out till now are mostly connected to the
market research and analysis of consumer demands, as well as to the quality
study of fresh vegetable salad without mayonnaise.

After the analysis and evaluation of the information gained from the
scientific literature and the electronic resources regarding mayonnaise-based
salads as perishable product with a short shelf life; and on the basis of analyzed
data from the scientific research literature regarding the benefits of the Sous
vide packaging technology in the processing of the meat, the fruit, the
vegetables and the seafood products the following hypothesis has been put
forward in the doctoral thesis — the thermal treatment of the mayonnaise-based
salad with meat in Sous vide packaging can significantly extend its shelf life.

The research object of the doctoral thesis is high risk food products —
mayonnaise-based salad with meat.

The aim of the doctoral thesis — to develop the technological regimes for
Latvia produced mayonnaise-based salad with meat shelf life extention in Sous
vide packaging.

In order to achieve the aim, the following tasks were put forward:

e to analyze the influence of traditional packaging technologies on the
microbiological characteristics of salads in the air ambience, in vacuum,
and in the modified atmosphere packaging (MAP) during the storage time;

e to study a problem of the Sous vide packaging technology adequacy for the
mayonnaise-based salads shelf life extension:

o to motivate the option of the thermal treatment regimes;
o to compare the influence of different thermal treatment processes
on the quality of salads;
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o to evaluate the influence of the various factors on the
microbiological quality of salads;

to examine the influence of sodium lactate (Purasal) on the
microbiological parameters of salads during the storage time;
to evaluate the influence of biodegradable polymer materials on the salads
quality during the storage time;
to detect the physical-chemical parameters of salads during the storage
time;
to carry out sensory evaluation of salads in Sous vide packed salads during
the storage time;
to develop the mathematical model in order to calculate the regimes of the
thermal treatment for salads in Sous vide packaging.

The novelty and scientific significance of the thesis.

For the first time the technological regimes for shelf life extension of
mayonnaise-based salad with meat in Sous vide packaging have been
developed, ensuring the quality of the product within storage time up to
52 days.

Scientifically grounded methods have been developed for Sous vide packed
mayonnaise-based salad with meat thermal treatment in water bath and
air/steam conventional oven and two patents of the Republic of Latvia
have approved the developed technologies.

The importance of the research for the national economy.
The implementation of the Sous vide packaging technology in production
will reduce the mayonnaise-based salad losses occurring now in the
commercial network because of the short shelf life.
Sous vide packaging technology guarantee a significantly longer shelf life
(till 52 days), while maintaining the quality of the product.
Sous vide packaging technology implementation in Latvia will provide the
opportunity for salad manufacturers to export the production towards new
potential markets.

APPROBATION OF THE RESEARCH WORK

The results of the research work have been presented in 18 international,

scientific conferences and congresses in Latvia, Czech Republic, Greece, Italy,
Japan, Lithuania, Poland and Spain, and the International Food Exhibition
,»Riga Food 2007, 2008, 2009, 20107, and the exhibition ,,Razots Latvija 2010”.

The study results are summarized and published in ten reviewed

scientific publications and two LR patents are published (the list of publications
and attened conferences amd congresses see on pages 6-9).

43



MATERIALS AND METHODS

Time and place of the research
The research was carried out during the period from year 2007 to year

2010 in the following institutions:

e in the Laboratory of Testing of Packaging Material Properties at the
Faculty of Food Technology of the Latvia University of Agriculture
(LLU);

e« in the Food Sensory Evaluation Laboratory at the Faculty of Food
Technology of LLU;

e in the microbiological laboratory of ,,Food Hygiene Laboratory Auctoritas”
Ltd.;

o in the production laboratory of ,,VSL Partikas grupa” (LLC);

e in the Scientific Institute ,,BIOR” of the Food Safety, Animal Health and
the Environment, in the Laboratory of Food and Environmental
Investigations;

e in the International Food exhibition ,Riga Food 2009” and in the
exhibition ,,Razots Latvija 2010”;

« in Italy, in Pomezia (Pomezia in Rome), in the microbiological laboratory
of ,,Ecocontrol” S.r. 1.;

e« in Belgium, in Ghent, in Ghent University, in the bioengineering
laboratory.

Materials used for the research

The research object — the mayonnaise-based salad with meat produced by
,»VSL Partikas grupa” (LLC).

The ingredients used for the mayonnaise-based salad with meat
production: potatoes, pickled cucumbers (pH 3.83), Provansa mayonnaise (pH
4.58) produced in ,,SPILVA” Ltd., beef, eggs, salt (LV US 01310005), and
black pepper (ingredients purchased in the local market).

100 g of the product contain:
e nutritive value — protein 6.7 g, carbohydrate 7.3 g, fat 14.8 g;
e energy value: 791 kJ / 189 kcal.

The structure of the research

The influence on the mayonnaise-based salads quality during the storage
time of three traditional packaging technologies — in the air ambience, in
vacuum and in the modified atmosphere — was evaluated. As an alternative
solution the quality and potential storage time of the salads were studied as an
alternative solution was studied applying one of the up-to-date technologies —
Sous vide packaging with the thermal treatment of the samples in a water bath
(1) and in convection air/steam oven (2).
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Four packaging materials were used: Polystyrene (PS) containers,
Polyamide/Polyethylene (PA/PE) film, Polylactide (PLA) and plasticified
Poly-B-hydroxybutyrate (PHB) films. The summarisation scheme of analyzed
salad samples in different packaging is shown in Figure 1.

In some packaging as a preservative was selected crystalline sodium lactate
(E 325) Purasal Powder Opti Form produced on the basis of lactic acid,
purchased in a company Andrea Gallo di Luigi S. r. I, in Italy. Purasal was
added in three different amounts: 5, 10, 15 g kg™'. In experiments Purasal was
also used as a salt substitute. Salad mass of the each sample in the package was
20041 g. Control sample — mayonnaise-based salad with meat without
preservative packed in air ambience in PS retail packaging containers were
used.

Packaging in the air ambience. Currently the traditional packaging of
salads in the retail is in the air ambience, in non-hermetic PS container with a
lid (100 x 80 x 25 mm, thickness 3043 pm).

Vacuum packaging. Salads are packaged in laminated conventional
PA/PE polymer pouch (200 x 300 mm, thickness 20/45+2 pm), in the
biodegradable PLA polymer pouch (200 x 300 mm, thickness 40£2 um), and in
plasticified PHB polymer pouch (200 x 300 mm, thickness 7542 pum). Pouches
are hermetically sealed by MULTIVAC C300 vacuum chamber type sealing
equipment.

Modified atmosphere packaging (MAP). Salads are packaged in
laminated conventional PA/PE polymer pouchces (200 x 300 mm, thickness
20/45£2 pm). Modified atmospheres — Carbon dioxid CO, (E 290) and nitrogen
N, (E 941) — used for the food packaging are delivered from ,,AGA” Ltd. Used
gass mixture: 40% CO, and 60% N,. Pouches are hermetically sealed by
MULTIVAC C300 vacuum chamber machine. CO, and O, concentration (%) in
head space of packaging was detected by the company’s Wizt standard method
with the gas analyzer ,, OXYBABY” ECO O,/CO, after the salad packaging and
in the 1%, 3, 7™ 10", 15™, 18™ and 25™ day of storage.

Sous vide packaging technology. Salads are packaged in laminated
conventional PA/PE polymer pouches (200 x 300 mm, thickness 20/45+2 um),
in the biodegradable PLA (200 x 300 mm, thickness 40+2 um), and in
plasticified PHB polymer pouches (200 x 300 mm, thickness 75+2 um). The
principle of Sous vide packaging technology is as follows: the mayonnaise-
based salad with meat are filled into pouches; the air extracted from the
pouches and vacuum created; pouches are hermetically sealed by MULTIVAC
C300 vacuum chamber machine, afterwards pouches are thermally treated at
the appropriate temperature in a water bath Sous vide (1) or in the air/steam
convection oven Sous vide (2); rapid cooled and stored at the temperature of
+4.0+£0.5 °C. Thermal treatment of the samples in a water bath Cliffion
Food Range — Sous vide (1) Experiments were carried out using three different
thermal treatment regimes t, = +(60.0, 65.0, and 70.0)x0.5 °C, which
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correspond to the core temperature of the product t, = +(58.0, 63.0,

68.0)£2.0 °C. The technology was developed in LLU, in the Department of

Food Technology and in ,,VSL Partikas grupa” (LLC) (LR Patent No. 13702,

2008). Thermal treatment of the samples in the air /steam convection oven

FCVIOE, Tecnoinox — Sous vide (2) with Moist heat method, where during the

thermal treatment time is maintained the relative air humidity 100% and the

constant thermal treatment ambient temperature t, = +(60, 65, and 70)+0.5 °C,
which  corresponds to the core temperature of the product

t, = +(58, 63, 68)+2.0 °C. The technology was developed in ,,VSL Partikas

grupa” (LLC) and in LLU, in the Department of Food Technology (LR Patent

No. 14025, 2010).

Storage of samples

Samples are stored in a Comercial Freezer/Cooler ,, Elcold” under the
influence of the fluorescent lighting OSRAM Lumilux De Luxe (100-800 Ix) at
the temperature of +4.0+0.5 °C. The temperature regime during the storage of
the product is recorded with a logger MINILog, Greisinger Electronic. During
the storage time, the order of the samples is changed to ensure an equal light
influence on the samples. The storage time of the samples is till 52 days.
Samples were analyzed in the day they were prepared and in the 1%, 3", 7"
10", 15", 18™, 25™ 29™ 42™ and 52™ day of the storage. The following major
physical and chemical characteristics of the product were detected: intensity of
the colour, pH, water activity, mass loss, water content, peroxide value,
secondary products of lipid oxidation products, and also the microbiological
parameters (ACC, Staphylococcus aureus and Clostridium prefringens colony
forming units, the presence of Listeria monocytogenes, Salmonella spp. and the
biochemical identification of the microorganism cultures), and sensory
properties.

The analytical methods used for the analyses and determined indices.
The detected physical-chemical characteristics of the mayonnaise-based salad
with meat and the methods of analysis carried out in the doctoral thesis are
summarized in Table 2.

e For the identification of microbiological species, at least five
morphologically different colonies were taken from a plate with a selective
and/or non-selective agar and, after the colonies were inoculated to a non-
selective agar (Nutrient agar) in order to obtain pure cultures. Biochemical
identification of the isolated cultures was carried out by the following tests:

o Gram straining and microscoping;

o oxidase test — a part of microorganism colonies is transferred on
the filter paper, moistened with the oxidase reagent, after
30 seconds the blue color indicates a positive reaction;

o catalase test — the colonies are suspended in 3% hydrogen
peroxide solution. The presence of gas bubbles indicates a
positive catalase reaction;
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o indole test — with a sterile loop a colony is inoculated in peptone
water, after they are incubated at the temperature of +44 °C for
48 hours, then after the incubation Kovac’s reagent (indole proof)
is added, agitated and observed the color change. Red color
indicates the presence of indole;

o coagulase test — with a sterile loop a colony is brought in a test-
tube with Brain Heart Infusion Agar media, then it is incubated at
the temperature of +37 °C for 24 hours. Aseptically 0.1 ml of
culture is added to 0.3 ml rabbit plasma, then incubated at the
temperature of +37 °C for 24 hours. As a positive coagulase test
must be considered if the plasma coagulates and a clot occupies
more than a half of the media volume.

For the detection of biochemical properties of the isolated microorganisms
cultures was used validated test system BD BBL Crystal Enteric/Nonfermenter
ID Kit System (Becton, Dickinson and Company, USA). Isolated colonies with a
loop are inoculated in a test system and incubated at the temperature of +37 °C
for 24 hours. In the identification system includes a number of substrates
fermentation, oxidation, and hydrolysis tests are included. The proof of the
isolated cultures was carried out by comparison of the obtained results with the
BD BBL Crystal database.

Determination and calculation of D-values and Z-values

The ACC colony forming units (LVS ISO 4833:2003 methods) in the
salads in Sous vide packaged salad samples were detemined at the different
thermal treatment regimes in a water bath — Sous vide (1) and in the air/steam
convection oven — Sous vide (2), provided the heating temperature in both cases
is: t, = +(50.0, 55.0, 60.0, 65.0, 70.0)£0.5 °C, the total thermal treatment time
for each sample — 80 minutes.

During the experiment, by every ten minutes two packages were removed
from the heating retort, and in accordance with the requirements of ISO 6887
series standards the samples were rapidly deep-frozen during the 40 minutes at
the temperature of —25 °C and stored at the temperature of —18 °C for 24 hours.
Half an hour before testing, the frozen samples were thowed at the ambient
temperature 1.5 hours. Temperature ¢ (°C) and thermal treatment time (min)
have been registered with the temperature and time data logger USB TC-08
(Pico Tehnologist). The gained data were fixed in the data processing program
PicoLog. The experiment was repeated twice. D-values and Z-values have been
calculated analytically according to the results gained from the experiments.

Thermal inactivation of bacteria know as survivor curve generally follows
first oder kinetics and can be described by logarithmic reduction in the
concentration of bacteria with time at any given lethal temperature (equation 1)
(Drive, Bozeman, 1999; Garbutt, 1997; Teixeira, 1992).
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logN =logN, —kr, (1)

where:
Ny — ACC colony forming units, cfu g';
N — number of living microorganisms after reduction of microorganisms
by one log cycle, cfu g';
— rate constant;
T — thermal treatment time, min.

The rate constant £ can be expressed as follows:

_logNy—log N,

k )
T

Let as say that D-value is expressed as the time in miniites to achieve one
log cycle of reduction in concentration of microorganisms logN, to logN,, the
rate constant can be expressed as follows:

k=tg0(=l and D:r:l, 3)
T k

where: o — a slope angle of straight line (equation 1).

Z-value is influenced by the thermal treatment temperature and it can be
expressed by logarithmic equation 1gD = f(t). Z-value is the temperature
difference At (°C), of which should be increased the thermal ambient
temperature in order to decrease D-value by one logarithmic cycle
(see equation 4). In this case D-value in any thermal treatment thermal
temperature could be calculated using the first-order kinetic equation:

logD=-kt+C, and D=10""%, 4.)
where:
Cy — constant;
k — reduction rate of D-value, which is characterized by slope angle o of
straight line;
t — thermal treatment temperature, °C

Reduction rate of D- value & can be expressed by equation:
1 1
k=tga=— and Z=At=— 5.
ga=— P ()
If D-values and Z-value which are specificé for each strain as well as the
the initial amount of the microorganisms (Nj), that can be a changuable value,
are known, then the thermal treatment time 7 (min) can be calculated in any
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temperature ¢ lethal for microorganisms to kill 99.99% of all microorganisms’
population (Drive, Bozeman, 1999; Garbutt, 1997; Teixeira, 1992).

Mathematical Analyses of Data. The test results were processed using
software SPSS package 16, software Microsoft Excel for Windows 7.0 and Fizz
Forms — Sensory Analysis s and Consumer Test Management Software, p value
describes the lowest level of the obtained data significance (p > 0.05 — the data
do not differ significantly, p < 0.05 — the data differ significantly). The data
were processed by mathematical methods of statistics. The mean value and
standard deviation was calculated for the gained results. Single-factor and two-
factor analysis of variance (ANOVA) with repetition was performed for the
data interpretation (Arhipova, Balina, 1999; Arhipova, Balina, 2003; Field,
2005; Marques de Sa, 2007). Sensory evaluation results were analyzed using
statistical methods: two-factor analysis of variance, Tukey’s test, Friedman test
and t-test (Casatura, Findaly, 2006).

RESULTS AND DISCUSSION

Currently the shelf life of the mayonnaise-based salad with meat packed in
non-hermetic PS containers in the air ambience is four days in the retail. This is
too short period to meet merchants’ needs that require the production of the
food with as possible longer shelf life. It is essential to evaluate the quality of
the products according the FVS recommended microbiological criteria
(Npax < 10° cfu g'l, Marcéenkova, 2010), which in comparison with the
microbiological quality parameters in compliance with presently existent
guidelines (Npax < 107 cfu g) are more limited (Atdzesétu, riipnieciski razotu
gatavo produktu labas higi€nas un razo$anas prakses vadlinijas, 2006).

In order to achieve the aim put forward in the doctoral thesis — to develop
the technological regimes for Latvia produced mayonnaise-based salad with
meat shelf life extension in Sous vide packaging, the influence of some
traditional packaging technologies (in the air ambience, in vacuum and in the
modified atmosphere packaging — MAP) on the salads quality and shelf life
was analyzed. As an alternative solution the quality and potential shelf life of
the salads were studied adapting one of the up-to-date technology — Sous vide
packaging. The thermal treatment of the samples was carried out in a water
bath — Sous vide (1) and in a convection air/steam oven — Sous vide (2).

One of the most important parameters characterizing the quality is the
salads microbiological contamination and its changes during the storage time of
the product, as well as physical and chemical indices and sensory evaluation.
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1. The Comparison of the Packaging Technologies for the Mayonnaise-
based Salads with Meat

The industry ready-to-eat products in Latvia currently is rapidly growing
and developing. The most part of the ready-to-eat products are
microbiologically very susceptible and their contamination is influenced by
many factors: such as the ambience, where the product is manufactured, the
raw materials, the technological processes, the packaging, logistics and the
local conditions in the marketplace. Today, manufacturers and scientists start to
pay more attention to the product quality. Properly selected packaging materials
and technologies, and also used preservatives are very important factors that
can prevent microorganisms’ growth in the products during the storage time.

The influence of vacuum and modified atmosphere packaging. The
dynamics of ACC colony forming units (cfu) in the mayonnaise-based salad
with meat samples during the storage time at the temperature of +4.0+£0.5 °C in
vacuum and in MAP is shown in Figure 2. Evaluating the microbiological
quality of salads packaged in vacuum and in MAP by the side with control
sample packaged in the air ambience, it can be noticed, that according to the
Food and Veterniary Service (FVS) recommended criteria the maximal
acceptable ACC amount N < 10° cfu g has been reached after seven days of
the storage in the air ambience and after ten storage days in vacuum and in
MAP. During the mentioned period does not observed a significant diference in
the influence of vacuum packaging and MAP on the ACC growth (p > 0.05).
ACC of colony forming units N, immediately after the sample preparation was
1.00 x 10* cfu g (No < 10° cfu g, which in the control sample during seven
storage days increased till 9.86 x 10* cfu g (N < 10° cfu g, while in the salad
samples packaged in PA/PE pouches in vacuum (sample E) — till
1.10 x 10° cfu g, and in samples packaged in PA/PE pouches in MAP
(sample S) — till 9.77 x 10* cfu g' (N < 10° cfu g) and increased to the
maximally allowed amount during ten days of the storage. On the other hand,
evaluating all salad samples (A, E and S) in compliance with presently existent
guidelines — ACC (N < 107 cfu g™), it can be noticed that the experimental data
are quite different (p < 0.05). The shelf life of the control sample packaged in
the air ambience could be till 10 days. While the shelf life of the products
packaged in vacuum and MAP (samples E and S) is more extended — till
20-21 days.

The influence of Purasal on the microbiological quality of the salads
packaged in the air ambience. Evaluating the air ambience packaged salads in
PS containers without Purasal (control) by the side samples with varying
amount of Purasal (5, 10, 15 g kg') that stored at the temperature of
+4.0+0.5 °C, according to the presently existent guidelines, there are no
significant differences of ACC cfu (p > 0.05) in the samples. However, adding
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10 and 15 g kg™ amount of Purasal the tendency of storage time extension was
observed.

The influence of Purasal on the microbiological quality of vacuum
packaged salads during the storage time. The ACC dynamics in PA/PE
pouches in vacuum packed salads with added preservative Purasal
(5, 10, 15 g kg™") when stored at the temperature of +4.0+0.5 °C is shown in
Figure 3. Evaluating the salads packed in vacuum without Purasal (control,
sample E) and samples with varying amount of Purasal (5, 10, 15 g kg")
according to the FVS recommended micriobiological criteria and also
according to the existent guidelines, it was detected that varying amount of
Purasal differently influences the ACC cfu dynamics during the storage
(p = 0.001). According to FVS recommended criteria the ACC cfu amount in
vacuum packaged salads (control, sample E), with added 5 g kg Purasal
(sample F), and 10 g kg™ Purasal (sample G) mutually does not disparate and
the maximal allowed ACC top N < 10° cfu g”' reaches after ten storage days. It
means that the mentioned amount of added Purasal have not affirmed expected
results for limitation of the microorganisms’ growth and the shelf life
extension. The ACC cfu in salad samples with addition of 15 g kg™ of Purasal
with probability of 95% is disparate from the before mentioned and in this case
the maximal ACC cfu is reached only after 15 days of the storage and in
comparison with the salad samples mentioned before the shelf life is about
50 % longer. According to the current guidelines, it was noticed that the
amount of added Purasal significantly influences the ACC cfu growth
(p =0.021) and wherewith the storage time. In the vacuum packed salad sample
(control E) without Purasal the maximal ACC cfu quantity (N < 107 cfu g”)
grows up during 18 days of the storage, but with added 5 g kg' Purasal
(sample F), and 10 g kg Purasal (sample G) — during 23 days of the storage,
consequently the shelf life could be for 28 % longer, while with added 15 g kg™
Purasal (sample H), the storage time have been extended even till 24 days and
it is 33% longer (see Figure 3).

The influence of Purasal on the microbiological quality of the salads in
MAP packaging during the storage time. The added Purasal (5, 10,
15 g kg') influences the ACC cfu growth in MAP packed salads during the
storage time. It was recognized that the amount of added Purasal in the MAP
similarly like in vacuum packaged salads differently influences ACC cfu
growth and agreeably storage time (p < 0.05) at the temperature of +4.0+0.5 °C
(see Figure 4). According to the FVS recommended criteria, the ACC cfu in the
MAP packed salads without Purasal (control, sample S) and in MAP with
5 g kg (sample T), with 10 g kg" (sample U) and with 15 g kg" Purasal
(sample V) — with the probability of 95 % till maximal allowed amount not
ower 10° cfu g grows in significantly different time (p = 0.003). As it is shown
in Figure 4, the ACC cfu in the salad sample in MAP without Purasal already
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after ten days of the storage has reached 10° cfu g”'. Therefore, the shelf life of
the control sample is till ten days. If 5 g kg"' Purasal added, the storage time
could be extended till 12 days, if 10 g kg Purasal added — till 16 days, but if
15 g kg Purasal added, then the shelf life can be extended even till 17 days.
While according to the current guidelines the shelf life of the control sample
can be extended till 21 days, but with added 5 g kg Purasal — till 22 days, with
added 10 g kg Purasal — till 23 days, but if 15 g kg Purasal added
(sample V), then the shelf life can be extended from 21 day without Purasal till
24 days. The results gained during the research in the demonstrative way show
that in comparison with the control sample in MAP without Purasal, the
Purasal adding in salads has an importance, but it is not significant for the
storage time extension. Evidently the MAP (see Figure 4) has a positive impact
on Purasal protective functions and the ACC in saldas is growing slower in
comparison with vacuum packaging (see Figure 3). Therefore, the shelf life of
mayonnaise-based salad with meat can be extended by adding preservative
Purasal.

The reason of the option of Sous vides packaging technology. In order
to prove the hypothesis put forward in the doctoral thesis — the thermal
treatment of the mayonnaise-based salad with meat in Sous vide packaging can
significantly extend its shelf life maintaining the quality — following up the
experiments the optimal salad pasteurization and cooling regimes for Sous vide
packaging were established, the influence of pasteurization temperature on the
ACC dynamics in the salads during thermal treatment process and during the
storage time at the temperature of +4.0+0.5 °C was examined, the influence of
Purasal on the ACC dynamics in the salads in Sous vide packaging were
analyzed and prospective storage time was projected. The thermal treatment
regime is individual for each product, kind of its packaging and the mass of
product in the packs. On the basis of the research data in scientific literature
regarding Sous vide packaging pasteurization regimes, for the thermal treatment
of the salads in Sous vide packaging mild thermal treatment regime was
addapted: +60.0+£0.5 °C, +65.0£0.5 °C and +70.0+£0.5 °C temperature. When
pasteurization temperature of the mayonnaise-based salad with meat of
+70.0£0.5 °C was applied, it was detected that mayonnaise changed its
consistency. Wherewith, it was concluded that mayonnaise-based saldas as
exclusive product should not be thermally treated at the temperature higher than
+65.0 °C. On the basis of the experimentally gained research results in LLU,
the Department of Food Technology and in ,,VSL Partikas grupa” (LLC) Sous
vide packaging technology for mayonnaise-based salad was developed,
provided that thermal treatment takes place in a water bath (LR Patent No.
13702, 2008). In the company ,,VSL Partikas grupa” (LLC) and in LLU,
Department of Food Technology a Sous vide packaging technology appropriate
for the storage time extension of mayonnaise-based salad with meat by thermal
treatment in a convection air/steam oven was developed (LR Patent No. 14025,
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2010). The technology was tested in condition of production on the bases of
currently existent equipment.

The influence of Sous vides packaging technology on the ACC
dynamics in the salads during the storage time. The ACC dynamics and the
potential shelf life of the mayonnaise-based salad with meat in Sous vide
packaging in conventional (PA/PE) and biodegradable (PLA and PHB) film
pouches was defined providing the thermal treatment process with two
methods: in a water bath — Sous vide (1) and in a convection air/steam oven —
Sous vide (2) at the heating temperature of +65.0+0.5 °C. Samples were stored
in a Comercial Freezer/Cooler ,,Elcold” under the influence of the fluorescent
lighting OSRAM Lumilux De Luxe (100-800 Ix) at the temperature of
+4.0£0.5 °C for 52 days (see Figure 5). ACC cfu before the thermal treatment
was 1.00 x 10* cfu g, after the thermal treatment the ACC cfu reduced till
1.58 x 10 cfu g'. The results were mutually compared with the ACC in PS
container air ambience hermetically packaged saldas (control, sample A).
Comparing the defined ACC results in the control sample with microbial
contamination after the thermal treatment of the salads in a water bath and in a
convection oven, it was ascertained that according to the FVS recommended
criteria as well according to the current guidelines after seven storage days the
significant ACC cfu difference was noticed (p = 0.0007). In different materials
Sous vide packed salad samples thermally treated by two heating processes
were compared: in PA/PE material with thermal treatment in a water bath —
Sous vide (1) (sample K) and in a convection air/steam oven — Sous vide (2)
(sample L), as well as in PLA material — Sous vide (1) (sample P) and in PHB
material — Sous vide (1) (sample R). It was detected that after seven storage
days ACC cfu in the samples significantly does not change (p = 0.318). After
52 days of storage the ACC cfu in the sample R in Sous vide packaging
significantly differs from samples K, L, P (»p = 0.003). It was experimentally
approved that Sous vide packed mayonnaise-based salad with meat in all tested
packaging materials could be stored till 52 days at the refrigerated temperature
of +4.0+£0.5 °C. During this period the ACC cfu according to the FVS
recommended criteria does not reach the maximal limits (N < 10° cfu g™).

The influence of Purasal on the microbiological quality of Sous vide
packed salads. The evaluation of the salads in Sous vide (1) packaging without
Purasal (control) and with the various amount of Purasal (5, 10,
15 g kg™ stored at the temperature of +4.0+0.5 °C, proved that ACC cfu in
samples after 52 days of the storage according to the FVS recommended
criteria as well as according to the current guidelines differs significantly
(»p = 0.02). In Sous vide packaging the preservative Purasal in amount of
(5, 10 g kg) does not influence significantly the ACC cfu growth (p > 0.05),
while larger amount of Purasal — 15 g kg™ — decrease the ACC cfu growth
intensity during the storage time.
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Identification of microorganisms in the mayonnaise-based salad with
meat. It was detected that in the air ambience, vacuum, MAP and in Sous vide
packaging the mayonnaise-based salad with meat contains mostly the
gram(—) microorganisms’ cultures. In 10% of all cases it was not possible to
provide the biochemical identification of the cultures. Acinetobacter species
bacteria (Acinetobacter Iwofii) are mostly dominating. The reported
identification results not only confirm the presence of the microorganism
species, but also indicate the existence of the dominant species.

The influence of different packaging technologies and materials on the
storage time of mayonnaise-based salad with meat. The comparison of the
influence of different packaging technologies and materials on the shelf life of
mayonnaise-based salad with meat is summarized in Table 3.

2. Physical Parameters of the Mayonnaise-based Salad with Meat during
the Storage Time

The packaging material and technology as well as preservatives influence
the product quality not exepting phisical parameters during the storage. The
most important physical parameters characterizing the mayonnaise-based salad
with meat are the colour, pH, water activity, mass loss and water content.

The influence of the packaging technologies, Purasal, and storage time
on the total colour difference AE* of salads. The total colour difference AE*
of samples in Sous vide packaging was detected and compared with AE* value
when salads packaged in air ambience, vacuum, and in MAP and stored during
different storage times at the temperature of +4.0+£0.5 °C. AE* value for all
analyzed samples thru seven storage days is expressed as AE*;, during the
period from 7 till 25 storage days — as AE*, and from 25 as far as 52 storage
days — as AE*;. The total colour difference AE*, from the beginning of the
experiment during the all storage time was calculated by summarizing all
values of the separate storage times (equation 6):

AE*,, = AE *+AE) *+AE*;, (6.)
where:
AE*,, —the total color difference from the beginning till the end of the
experiment;
AE*;  —the total colour difference after seven days of the storage
AE* = AE*,;;
AE*,  —the total colour difference during the storage time from 7 till 25

dayS: AE *10[2 = AE *1 +AE *2 ;
AE*;  —the total colour difference during the storage time from 25 till 52
days: AE*, 3 = AE, *+AE, *+AE*; .
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The total colour difference AE*,, of the salads in traditional packaging
technologies and in Sous vide packaging during the storage time is shown in
Figure 6.

The total colour difference AE* of the salads after seven storage days in
the air ambience (control, sample A), vacuum (sample E), MAP (sample S) and
in Sous vide packaging (sample K) significantly differs (p < 0.05). An oxygen-
free ambience is in Sous vide and in vacuum packaging, therefore, AE* values
are insignificant and sustantialy they does not differ. In MAP AE* value is
twice higher than in vacuum, obviously it is because of the CO, influence. The
total colour difference AE*, of the salads in Sous vide packaging after 52 days
of the storage does not differ significantly from the AE* value after seven days
long storage when packaged in air ambience in PS containers (control,
sample A).

Experimentally the influence of different amount of Purasal, as well as the
storage time seven, 25 and 52 days at the temperature of +4.0=0.5 °C on the
AE* has been evaluated. All samples have shown the common tendency
regarding AE* value changes — the packaging technology and the added
amount of Purasal influence the salad colour and therefore AE* value increases
(see Figure 6). The added amount of Purasal (5, 10, 15 g kg™) already after
seven storage days in the air ambience (control, sample A) significantly raise
AE* value from 1.0 to 3.7 units or of 3.0-3.7 times. It seems that it is because
of oxygen and Purasal interaction. Similar influence of Purasal on the salad
colour changes was observed also in vacuum packaging, less in MAP
packaging. In Sous vide packaging after seven storage days the influence of
Purasal is not significant, while continuing the storage till 52 days AE* value
increases two or three times, but still it is significantly different from AE* value
in air ambience or MAP packed salads. Thus, the packaging technology and the
added amount of Purasal influence the total colour difference (AE*) of the
analyzed salad samples during the storage till seven, 25 and 52 days and
samples significantly differ (p < 0.05). Therefore, again was approved the
positive influence of the Sous vide packaging technology on the quality of the
mayonnaise-based salad with meat — the storage time significantly does not
influence the salads colour.

The influence of the biodegradable materials on the total colour
difference AE* of salads. The biodegradable packaging materials (PLA and
PHB) does not influence significantly the salads colour difference neither in
vacuum nor in Sous vide packaging (p < 0.05) (see Figure 7). In vacuum the
AE* value after 25 storage days increases till 1.4 units in PA/PE packaging and
two times or till 2.8 units in PHB packaging. In Sous vide packaging after
52 storage days AE* increases in PLA material till 2.0 units and in PHB — till
2.8 units. Thus, as detected the biodegradable packaging material significantly
influences (p < 0.05) the colour changes of the product. The weak barrier
properties of the biodegradable materials significantly influence the total color
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changes of the salads; it is caused by oxygen migration from the surrounding
environment through the material to the product (Perez-Gago, Krochta, 2001).

The influence of the packaging technologies, Purasal and storage time
on pH value differences of salads. The changes of salad pH (ApH) were
ascertained for samples in Sous vide packaging and the results were compared
with pH changes in the air ambience packaged salads — (control, sample A), in
vacuum and in MAP following different storage time at the temperature of
+4.0£0.5 °C. Influence of different amount of Purasal (5, 10, 15 g kg on the
ApH of the Sous vide packed salads in air ambience, in vacuum, and in MAP
was evaluated as well. The total pH difference ApHy, is shown in Figure 8, it
includes the difference between pH values at the beginning of the experiment
and after seven storage days (ApH;), during the period from seven till
25 storage days (ApH,), and from 25 till 52 storage days (ApH;). The total pH
difference ApHy,; was calculated during the all storage time from the beginning
of the experiment by summarizing all values of all separate storage periods
(see equation 7):

ApH = ApH, + ApH, + ApH3, (7.)
where:
ApH,,, — the total pH difference during the storage time from the beginning
till the end of the experiment;
ApH; - pH value difference from the beginning of the experiment till seven
storage days of the storage: ApH,,,,=ApH,;

ApH, —pH value difference during the storage time from 7 till 25 days:
ApH 513 = ApH\ + ApH )y ;

ApH; - pH value difference during the storage time from 25 till 52 days:
ApH s = ApH | + ApH, + ApH 5 .

A common tendency of pH value changes has been observed after seven
days of the salad sample storage applying all types of packaging technologies —
the amount of added Purasal relatively reduces ApH, value.

There are no significant disparity between ApH,; values in air ambience,
vacuum and MAP packed salads without Purasal till seven storage days, while
in Sous vide packed salads ApH,; value is approximately two times less. The
added amount of Purasal (5, 10, 15 g kg™") reduces relatively ApH; value in
samples using all types of packaging. After seven days of the storage ApH,
value decreases accordingly to the added amount of Purasal in salad samples in
air ambience, as well as in vacuum and in MAP packaging, however most of all
the Purasal addition decreases the ApH; value in Sous vide packed salads,
consequently, the absolute pH value applying this up-to-date packaging
technology has been changed least.
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Notable changes of ApH, value were observed in MAP packaged salads
with Purasal during the storage time from seven till 25 days — the absolute pH
value decreased by 0.6—0.7 units. That could be explained by CO, solubility in
salads with elevated water content.

As it is pronounced in Figure 8, the least pH value decrease — till 0.1 unit
has been observed in Sous vide packed salads. Therefore, the Sous vide
packaging technology now confirms the positive influence on the quality of
mayonnaise-based salad with meat during the long-drown storage time.

The influence of the storage temperature on the pH dynamics of the
salads in Sous vide packaging. In order to asses the benefits of Sous vide
packaging technology pH dynamics of salad samples thermally treated in a
water bath Sous vide (1) and in a convection air/steam oven Sous vide (2) was
detected in two  storage regimes: at the temperature  of
+4.0+0.5 °C — sample K (4 °C) and sample L (4 °C), as well as at the
temperature of +10.0+0.5 °C — sample K (10 °C), sample L (10 °C)
(see Figure 9). pH values of the salads during the storage time at the
temperature of +4.0+£0.5 and +10.0£0.5 °C gradually decrease in all
investigated samples. In the samples stored at the temperature of +4.0+0.5 °C:
sample K (4 °C) and sample L (4 °C), during 52 storage days pH value
decreases from 5.37 to 5.25-5.26. Much more pH changes were observed in
samples stored at the temperature of +10.0+0.5 °C, sample K (10 °C) and
sample L (10 °C) — after 52 storage days pH value decreases from 5.37 to
5.19-5.20. The influence of storage temperature of +4.0+0.5 and +10.0+0.5 °C
(» £0.05) on the pH value after 52 days of the storage is disparate.

The differences in pH values at various storage temperatures can be
explained with the observed ACC cfu growth (see Figure 10).

Water activity (a,,) of the salads in air ambience, vacuum, MAP, and in
Sous vide packaging is equal to 0.996; Purasal slightly reduces it as follows:
with 5 g kg — a, is 0.996, with 10 g kg™ — a, is 0.995; with 15 g kg" —
a,, 15 0.993.The mass losses from traditional PS containers in the air ambience
after seven storage days is 0.6%, after 25 storage days in PA/PE vacuum
packaging — 0.5%, in MAP — 0.6%, but after 52 storage days from salads Sous
vide packaging the mass losses were only 0.5%. Notably higher mass losses
were observed from the salad packs made of biodegradable PLA and PHB
polymers: from vacuum pecked salad samples after 25 storage days — 1% and
from Sous vide packaging after 52 storage days — of 5.0 to 5.3 %.

Water content of the analyzed salad samples decreased proportionally to
the mass losses: in traditional PS containers in the air ambience packaging after
seven storage days the water content in salads decreased from 69.20 to 68.78%,
after 25 storage days in PA/PE vacuum packaging — from 69.20 to 68.83%, in
MAP — from 68.76% and at the storage time till 52 days in Sous vide
packaging — from 68.70 to 68.33%. Notably higher decrease of salad water
content was observed in biodegradable PLA and PHB polymer packing: in
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vacuum till 25 storage days from 69.20 to 68.49% and in Sous vide packaging
till 52 storage days from 68.70 to 65.27 % (PLA) and to 65.04% (PHB). Mass
losses of salads in PLA and PHB polymer packaging within 52 storage days are
caused because of water wapour migration through packaging material and they
are proportional to the water content decrease in the salad samples.
Biodegradable PLA and PHB polymers having weak barrier properties are not
applicable for thermal treatment and long-term storage of the salads.

3. Chemical Parameters of the Mayonnaise-based Salad with Meat during
the Storage Time

The peroxide value of all analyzed salad samples does not exceed the
allowable amount and is < 10 mmol kg™'. The peroxide value of the air packed
salads in traditional PS containers during storage time of seven days increases
from 5.30 lidz 5.34 mmol kg™'. After 25 days long salads storage time in PA/PE
polymer vacuum packaging the peroxide value in the salads increases from
5.30 mmol kg to 5.50 mmol kg, in biodegradable PLA polymer — to
5.52 mmol kg, in biodegradable PHB material — to 5.54 mmol kg'. In the
modified atmosphere PA/PE packed salads the peroxide value increases from
5.30 to 5.53 mmol kg'. In Sous vide packaging after 52 days long storage time
the peroxide value of all analyzed salad samples increases from 5.30 to
5.44 mmol kg'. The added amount of Purasal (5, 10, 15 g kg™") does not
influence significantly the salad peroxide value (p > 0.05).

Secondary lipid oxidation products: pentanal, hexanal, octanal, nonanal,
have not been found in the saldas neither before packaging nor after the
storage.

4. The Influence of the Storage Temperature on the Microbiological
Quality of the Salads in Sous vide Packaging during the Storage Time

The technological parameters of salad production processes are substantial,
but in the same time, the life cycle of the product is not less important. The
ambient temperature fluctuation in the logistics significantly influences the
product quality. An important factor is the consumer behavior after the product
purchasing, when the product is stored at home. (Hwang, 2010;
Hwang, Marmer, 2007; Hwang, Tamplin; 2005). Therefore in order to ensure
the product safety and quality during the storage time and distribution, the
microbiological quality of the salads in Sous vide packaging was analyzed at
different storage temperature regimes.

The salads in Sous vide packaging during the experiment were stored at the
temperature of +4.0+0.5 and +10.0£0.5 °C, thus, modeling the similar
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conditions as they are in retail showcases. The influence of the storage
temperature on ACC dynamics in Sous vide packed salads is shown in
Figure 10. ACC cfu in in Sous vide (1) and Sous vide (2) packed salad samples
at storage temperature of +4.0£0.5 and +10.0£0.5 °C till 25 days do not differ
significantly (p = 0.065). Significant changes (p = 0.037) were observed after
29 storage days, when at the temperature of +10.0+0.5 °C ACC increased till
7.55 x 10% cfu g in sample K (10 °C) and till 9.66 x 10* cfu g in sample
L (10 °C), while in sample K (4 °C) and sample L (4 °C) ACC cfu increased
relatively slower — till 4.47 x 10* cfu g™

When the Sous vide packed salads at the temperature of +10.0+0.5 °C have
been stored more than 29 days, ACC cfu amount starts to grow more rapidly
and after 49 days storage in sample K (10 °C) reach the top N = 10° cfu g,
while in sample L (10 °C) the top was reached after 52 storage days
(ACC 9.91 x 10* cfu g"). Whereas in the salad samples in Sous vide packaging
at the temperature of +4.0+0.5 °C after 52 storage days the ACC cfu is only
752 x 10* cfu g' in sample K (4 °C) and in sample L (4 °C) —
8.91 x 107 cfu g, consequently, the maximally allowed limits (N < 10° cfu g™)
still have not been reached.

A correlation between the ACC cfu increase and pH value decrease at the
different storage temperatures have been observed. The most pH value changes
were ascertained in sample K (10 °C) and sample L (10 °C) at the storage
temperature of +10.0£0.5 °C — during 52 days of the storage pH value
decreased from 5.37 to 5.19-5.20, but at the temperature of +4.0+0.5 °C in
sample K (4 °C) and sample L (4 °C) — from 5.37 to 5.25-5.26 (see Figure 9).
Thus, the temperature in retail showcases and warehouses significantly
influences ACC cfu in salads only if the salads are stored there for long time
period. If the salads in Sous vide packaging will be stored in a retail showcase
at the temperature of (+10 °C) for few days, it could be projected the salads
quality will not change significantly.

5. Sensory Evaluation of the Mayonnaise-based Salad in
Sous vide packaging

Before introduction of a new product in the market or to develop the
existing one it is necessary to asscertaine customer needs, find out their attitude
and their satisfaction with the particular product. In order to successfully
promote products in the market, it is important to detect their sensory
properties. Therefore, it is essential to evaluate the sensory properties of the
mayonnaise-based salad with meat in Sous vide packaging during the storage
time, in order to analyze reasonably the potentially optimal shelf life. The
intensity of the sensory properties (aroma, flavour, consistency, colour,
sourness and aftertaste) of three different salad samples — freshly prepared
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salads, Sous vide (1) without Purasal and Sous vide (1) packed salads with
Purasal 10 g kg'. Trained panellists admitted that after 52 storage days the
sensory properties (aroma, flavour, consistency, colour, sourness and aftertaste)
of the salad in Sous vide packaging are different in comparison with the freshly
prepared salads. The gained results showed that it is possible to prolong the
shelf life of the mayonnaise-based salad with meat in Sous vide packaging and
also maintain the sensory properties throughout the all storage time, which is an
important criteria for consumers.

In order to implement scientifically based and practically tested product —
the mayonnaise-based salad with meat in Sous vide packaging — in the local
retail network, the product was presented to the potential food consumers in the
exhibitions ,,Riga Food 2009” and ,,RaZots Latvija 2010”. In the exhibitions
consumers evaluated two different samples of the mayonnaise-based salad with
meat: freshly prepared salads and salads in Sous vide (2) packaging stored for
29 days. The results showed that in terms of liking there was no significant
difference between both samples and consumers have evaluated them both
equally well. The evaluation within hedonic scale is from 7.3 to 7.5 meaning
like moderately — like very much. Therefore, it can be concluded that
experimentally tested Sous vide packaging technology can prolong the shelf life
of mayonnaise-based salads, and also maintain sensory properties of the
product throughout the all storage time.

6. Development of Mathematical Model for Calculation of Cooking
Regimes of Sous vide Packaged Mayonnaise-based Salad with Meat

Calculation of D-value for mayonnaise-based salad thermal treatment
in Sous vide packaging. The mathematical model was developed and D-values
and Z-values were calculated in order to determine the thermal treatment time
for Sous vide packed mayonnaise-based salad with meat in temperature interval
from +50.0 to +70.0 °C when experiments were performed. Thermal treatment
temperature influences the D-value that is characterized as the thermal
inactivation of bacteria know as a survivor curve, which usually can be
described with the first-order kinetic equation as a straight line in the semi-
logarithmic scale at any thermal ambient temperature (see equation 1, p. 15).
D-value is the time in minutes (1), to achieve the concentration reduction of
microorganisms by one log cycle from logN, to logN. While the D-value shows
the time in minutes, nedded at a certain temperature to kill an organism, the
Z-value relates the resistance of microorganisms, if the thermal treatment
temperature is raised. Therefore, if Z-value is known, it is possible to calculate
the equivalent thermal process time at any thermal treatment temperature. The
ACC dynamics as logN = f(1) in Sous vide packed mayonnaise-based salad
with meat during the thermal treatment process at five different temperature
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regimes in a water bath (1) is shown in Figure 11. The results of calculated
D-values from experimental data are summarized in Table 4.

For example, if the thermal treatment is provided in the water bath at the
temperature of +70.0+£0.5 °C, D-value D5, was 26.53 minutes (Table 4). It
means that at this temperature the population was reduced by one log cycle. If
the microorganism population should be reduced by two-log cycle, then the
total time is 2.00 x 26.53 = 53.06 minutes. Whereas if the thermal treatment is
provided in lower temperature, for example, 50.0+0.5 °C, then the calculated
D-value will be higher (Ds, is 47.85 minutes) and the time needed for two-log
cycle reduction of microbial population wil be longer — 2.00 x 47.85 = 95.70
minutes. Experimentally it was confirmed, that D-values for the reducing of the
total ACC cfu by one-log provided the thermal treatment in a water bath (1)
and in a convection air/steam oven (2) in the same thermal treatment ambient
temperature significantly do not differ (p > 0.05).

Z-value calculation for the thermal treatment of the Sous vide packed
salads. Z-value during the thermal treatment process in a water bath (1) was
detected graphically as a straight line equation IgD = f(t) and it is shown in
Figure 12. For its computation D-values calculated at the appropriate
temperature regimes and summarized in Table 4. were plotted on a
semi-logarithmic graph and were expressed with the linear function IgD = f(t),
(R*=0.9537)

lg D =-0.0139¢+2.3732 (8.
D — 10—0401391‘4-2,3732 (9 )
where:
Cy — constant; Cq=2.3732;
k — reduction rate of D-value, which is characterized by slope angle o of
straight line; k = 0.0139;
t — thermal treatment temperature in a water bath, °C.

Z-value can be calculated using equation 5 (see p. 16). In order to reduce
D-value during the thermal treatment process in a water bath by one log cycle
according to the equation 5, the calculated Z-value is +72.0 °C. In the research
on the basis of experiments the calculated D-values were from 47.85 to 26.53
(Table 4), therefore, Z-value could be related to reduction of D-value by 0.1 log
cycle, and the process could be characterized by Z-value of +7.2 °C
(see Figure 12). Therefore, in order to reduce D-value by 0.1 log cycle, the
thermal ambient temperature should be raised by At = 7.2 °C or from +51.8 to
+59.0 °C (see Figure 12).

If the thermal death time has been established for mayonnaise-based salad
with meat, it can be used to calculate the time-temperature requirements for any
idelized thermal process. According to the equation 9 corresponding D-values
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responding to any ambient temperature +50.0 to +70.0 °C in a water bath can
be calculated. For example, if the thermal treatment process takes place in a
water bath, where the temperature has been established +68.0 °C, then
accordingly with the equation 9 (log D =—-0.0139t + 2.3732) calculated D-value
is Dgg = 26.79 minutes. Thus, to reduce the initial microorganism total quantity
by 90 % (for one D-value log cycle) during the thermal treatment process in a
water bath at the temperature of +68.0 °C, thermal treatmen time should be
26.79 minutes.

Graphically calculated Z-values can be used for the thermal treatment
process time detection for whatever specific process at any temperature in the
water bath or in a convection. Experimetally have been proved Z-values for
thermal treatment in a water bath Sous vide (1) and in a convection air/steam
oven Sous vide (2) does not differ significantly (p > 0.05).

CONCLUSION

1. Currently, the shelf life of mayonnaise-based salad with meat packed in air
ambience is four days in retail at the storage temperature of +4.0+0.5 °C.
Whereas our investigations proved that shelf life of mayonnaise-based
salad with meat packaged in vacuum and stored at the temperature of
+4.0£0.5 °C according to the recommended microbiological criteria of the
Food and Veterinary Service (FVS) (Npax < 10° cfu g™) can be provided for
up to 10 days, and according to the criteria recommended in the current
guidelines of Latvia (Njpa < 107 cfu g™') — for up to 20 days, but shelf life
of the salad packaged in modified atmosphere (MAP) can be provided for
up to 10 days on condition that Ny < 10° c¢fu g, and up to 21 days on
condition that N, < 107 cfu g'l.

2. The allowable optimal pasteurization temperature for the heat-sensitive
product — mayonnaise-based salad with meat in Sous vide packaging —
recognized +65.0+0.5 °C, which ensures the thermal treatment effect and
preserves the consistency of mayonnaise.

3. The investigated thermal treatment processes (in a water bath and in a
convection air/steam oven) equally slowed down growth of
microorganisms in Sous vide packed mayonnaise-based salad with meat
during the storage time.

4. After the thermal treatment of Sous vide packed mayonnaise-based salad
both in the water bath and in the convection air/steam oven, the amount of
ACC colony forming units in the salad stored for up to 52 days at the
temperature of +4.0+£0.5 °C did not exceed the maximum admissible level
as recommended by the FVS —N < 10° cfu g

5. The storage temperatures of +4.0+0.5 and +10.0£0.5 °C significantly
influenced the shelf life of mayonnaise-based salad with meat. During the
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11.

storage time of up to 25 days, the ACC cfu amounts did not differ
substantially. After the storage time of up to 52 days at the temperature of
+4.0+0.5 °C, the ACC cfu was 8.91x10” cfu g, but at the temperature of
+10.0+£0.5 °C, the ACC cfu reached the maximum admissible level as
recommended in the microbiological criteria of  the
FVS — Ny < 10° cfu g

Before the thermal treatment of mayonnaise-based salad with meat as well
as after storing in Sous vide packaging for 52 days at the temperatures of
+4.0£0.5 and +10.0£0.5 °C, the presence of the pathogenic
microorganisms Listeria monocytogene and Salmonella spp. was not
detected, but the amount of Clostridium perfringens and Staphylococcus
aureus colony forming units was <1.00x10 cfu g

The amount of Purasal (5, 10, 15 g kg™) differently influenced the growth
of ACC cfu in mayonnaise-based salad during the storage time. The
influence of Purasal addition was insignificant in the salad packed in air
ambience (p > 0.05). In vacuum and in modified atmosphere packed salads
after 25-day storage and in Sous vide packed salads after 52-day storage,
the Purasal addition of 15 g kg™ reduced amount of ACC cfu for 6.0%,
indicating a more active limiting influence of Purasal on microbial growth
in anaerobic ambience.

The influence of the conventional (PA/PE and PS) and the biodegradable
(PLA and PHB) polymers on the quality of mayonnaise-based salad with
meat during the storage time was different. Because of their weak barrier
properties, biodegradable polymers are not convenient for thermal
treatment and prolonged storage of salads.

The packaging technology, material and ambience, storage temperature,
different amounts of Purasal, as well as various types of mayonnaise used
for salad preparation influenced the physical and chemical properties of
mayonnaise-based salad with meat during storage.

A mathematical model was developed for calculating the thermal treatment
regime (D-values and Z-value) of Sous vide packed mayonnaise-based
salad with meat at the temperature conditions from +50.0 to +70.0 °C.
Calculated D- and Z-values for thermal treatment in a water bath (1) and in
a convection air/steam oven (2) did not differ significantly (p > 0.05).

The hypothesis proposed in the thesis was correct because the mild thermal
treatment regime at the temperature of +65.0£0.5 °C increased the shelf
life of Sous vide packed mayonnaise-based salad with meat up to 52 days
at the storage temperature of +4.0+£0.5 °C without any changes in quality.
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