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PETIJUMA AKTUALITATE

Gatavos &dienus var definet ka ieprieks pagatavotus, atdzes€tus vai sasaldetus
&dienus, kam nav nepiecieSams pievienot papildus sastavdalas un pirms
lietoSanas vajadziga minimala sagatavoSana (Mahon et al., 2006; Regueiro,
Wenzl, 2015; Remnant, Adam, 2015). Partikas produktu tirdznieciba un
mazumtirdznieciba, "€rta partika" ir loti plasa kategorija, kas aptver apstradatus
partikas produktus, kas razoti masveida patérinam (Jackson, Viehoff, 2016).
Atdzesetu, ropnieciski razotu gatavo produktu un atri pagatavojamo &dienu
nozare Latvija ir salidzino$i jauna un strauji augosa. Tas skaidrojams gan ar
cilveku pieaugoso aiznemtibu, gan ar produkcijas sortimenta attistibu. Sakara ar
tirgotaju prasibam nodro$inat produkta deriguma terminus nevis stundu, bet gan
dienu vai pat ned€lu izteiksmg, &dienu raZotajiem ir jaievies jaunas tehnologijas
un augsta Itmena higi€nas standarti, tap&c viens no svarigakajiem partikas
zinatnieku mérkiem ir padarit partiku p&c iesp&jas nekaitigaku, neskatoties, vai
ta tiek patéréta svaiga vai apstradata veida (Prokopov, Tanchev; 2006).

Pedgjo gadu laika, iepakojuma termiski apstradati €dieni ar pagarinatu
uzglabasanas laiku ir ieguvusi ievérojamu popularitati (Calderén et al., 2010;
Stratakos et al., 2015). Ta ir nozimiga un augo$a partikas tirgus dala daudzas
Rietumu valstis. Galvenais iemesls atri pagatavojamu &dienu izvelg ir &rta
lietoSana un zemas izmaksas salidzinot ar gatavo$anu majas apstaklos (Remnant,
Adam, 2015). Patérétaji klust aizvien prasigaki izv€loties jau pagatavotus
€dienus ar teicamam organoleptiskam un veselibu veicino$am ipasibam (Rivera
etal., 2015; Moronta et al., 2016).

Termiska apstrade ir plasi izmantota partikas produktu konservésanas metode
(1ipasi produktiem ar zemu vides skabumu, pH>4,5), un miisdienas ta ienem
vienu no vado$ajam lomam partikas industrija (Chen, Ramaswamy, 2004; Farid
et al., 2004; Awuah et al., 2007; Miri et al., 2008; Byun et al., 2010; Daelman et
al., 2013; Tola, Ramaswamy, 2014; Durand et al., 2015; Li, Farid, 2016).
Konservéta partika ir komerciali sterila partika hermatiski noslegta tara. Edienu
konservésanas process ir atkarigs no termiskds apstrades intensitates, lai
inaktivétu mikroorganismus un nodro§inatu produkta nekaitigumu. Termiskai
apstradei iepakojuma var izmantot dazadus iepakojuma materialus un to formas,
tas var but stikla burkas, poliméra materialu trauki, kombingtas daudzslanu
poliméra materialu fleksiblas pakas (Barbosa-Canovas et al., 2014).
Salidzinajuma ar stikla burkam un metala karbam, fleksiblas pakas nodroSina
straujaku siltuma parnesi uz produktu, Iidz ar to, samazinot energoresursu
patérinu tehnologiska procesa laika (Awuah et al., 2007). Iepakojuma termiski
apstradati &dieni ar garu realizacijas laiku ir nozimiga uztura sastavdala lielakaja
dala attistito valstu iedzivotaju un pamata partika brunotajiem spekiem lauku
apstaklos visa pasaul@.

Latvija Iidz §im nav pétita fleksibla iepakojuma piemeérotiba iepakojuma
termiski apstradatiem kartupelu &dieniem, ieskaitot termiskas apstrades
parametru un iepakojuma materialu nozimi uz produkta kvalitati raksturojoso
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fizikalo un kimisko Tpasibu izmainam (krasa, struktiira, mitruma saturs u.c.)
uzglabasanas laika, istabas temperatiira.

Pétijuma hipotéze: Kartupelu &dienu optimals termiskas apstrades rezims
fleksiblaja iepakojuma pagarina realizacijas terminu, saglabajot produktu
kvalitati un nekaitigumu.

Promocijas darba hipotezi pierada ar §adam aizstavamam tézém:

1. Latvijas paterétaji labprat iegadatos iepakojuma termiski apstradatus
kartupelu &dienus;

2. kartupelu &dienu uzturvertiba ievérojami uzlabojas, pievienojot kartupeliem
amarantu, kvinoju, bulguru un vistas fileju;

3. izstradajot matematisko modeli var aprékinat optimalos termiskas apstrades
parametrus;

4. Kartupelu &dienu kvalitati uzglabasanas laika ietekmé iepakojuma materiala
Tpasibas.

Promocijas darba objekts: fleksiblaja iepakojuma termiski apstradati
kartupelu &dieni.

Promocijas darba meérkis: izstradat kartupelu &dienu optimalu termiskas
apstrades rezimu fleksiblaja iepakojuma un izvertét kvalitates izmainas
uzglabasanas laika.

Promocijas darba mérka sasniegSanai izvirziti §adi uzdevumi:

1. noskaidrot paterétaju viedokli par fleksiblaja iepakojuma termiski
apstradatiem &dieniem un to ievieSanu Latvijas tirgd.

2. izstradat kartupelu &dienu receptiiras un noteikt uzturveértibu.

3. pamatot termiskas apstrades rezZima izvéli, izstradajot matematisko modeli.

4. izvertet fleksiblaja iepakojuma termiski apstradatu kartupelu &dienu kvalitati
uzglabasanas laika un noteikt deriguma terminu.

5. veikt sensoro novertgjumu kartupelu dieniem.

Promocijas darba novitate un zinatniskais nozimigums:

1. pirmo reizi Latvija pétita daudzslanu fleksibla iepakojuma piemerotiba
termiski apstradatu kartupelu &dienu razoSanai un ilgsto$ai uzglabasanai
istabas temperatiira 20£2 °C;

2. izveidots matematiskais modelis kartupelu &dienu termiskas apstrades rezima
noteikSanai;

3. pétijuma iegltie rezultati pirmo reizi tiks izmantoti Latvijas Nacionalo
brunoto speku partikas krajumu razoSanai ar pagarinatu realizacijas terminu.



Promocijas darba tautsaimnieciska nozimiba: ievieSot kartupelu &dienu

razo$anas tehnologiju fleksiblaja iepakojuma ar 24 ménesu realizacijas terminu,
uzglabasanas laika neizmantojot aukstuma iekartas, ir iesp&jams ne vien
palielinat izstradato produktu klastu Latvijas Nacionalo brunoto speku
vajadzibam, bet arT paplasinat Latvijas izejvielu — kartupelu, ar paaugstinatu
pievienoto vertibu, eksporta iespgjas.
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MATERIALI UN METODES

Petijuma laiks un vieta
P&tfjumi veikti laika posma no 2013. lidz 2018. gadam:

e SIA “Paplate Nr.1” razosanas telpas;

e Latvijas Lauksaimniecibas universitates, Partikas tehnologijas fakultates,
Veterinarmedicinas fakultates laboratorijas un Molekularas biologijas un
mikrobiologijas zinatniskaja laboratorija;

o Partikas drosibas, dzivnieku veselibas un vides zinatniskaja institata ,,BIOR”;

e Latvijas Universitates, Biologijas institata.

Pétito produktu un iepakojuma raksturojums
Petijjuma objekts — fleksiblaja iepakojuma termiski apstradati kartupelu
edieni.



Kartupelu edienu sagatavosanai izmantotas izejvielas:

kartupeli — $kirne ‘Soraya’, audzetajs z/s Baldones lauki;

amarants (Amaranthus L.) — audzetajs SIA “AMARANTH LV”;

balta kvinoja (Chenopodium quinoa Willd.) — audz&éta arpus Eiropas
Savienibas (ES), iepakotajs un izplatitajs SIA “GEMOSS”;

bulgurs (Triticum durum Desf.) — raZots Francija, izplatitajs SIA
“GEMOSS”;

vistas fileja — razotajs SIA “Lielzeltini”;

rupjais galda sals “Druska” — razotajs GP Artjemsolj, izplatitajs SIA “BCG
Riga”;

garSvielas “Annina Vistai” garSvielu maisTjums, sastavs: sarkana paprika,
kimenes, cukurs, selerija, kiploki, koriandrs, majorans, lupstajs, dilles, ¢illi
pipari, rozmarins, sipoli, sinepes s€klas, pupu métra — razotajs SIA “K&K”.

Eksperimentos izmantoto paraugu un to sastavdalu atifr§jums noradits
. tabula.

1. tabula/ Table 1
Eksperimentos izmantoto kartupelu édienu atSifréjums un sastavdalas /
Sample codes and ingredients of potato meals used in experiments

Iepakog_u ma Sastavdalas /
materials /
. . Components, %
Packaging material
& | w
< | g
N a 5 = =
£ 2| c|2eg|€5| 88| g5 | 28 |32 3
|— < || 53| £E5| 23| 25 | 58| %8
N << S& O
Paraugu
apziméjumi /
Abbreviation
P1 F1 Ul 99.0 - - - - 0.5 0.5
P2 F2 -- 66.0 | 33.0 - - - 0.5 0.5
P3 F3 -- 66.0 - 33.0 - - 0.5 0.5
P4 F4 -- 66.0 - - 33.0 - 0.5 0.5
P5 F5 -- 49.5 - - - 49.5 0.5 0.5

Eksperimentos izmantoto kartupelu &dienu razoSanas procesa vispariga

shéma atspogulota 1. attela




f
Sals, gar$vielas / 1. Kartupeli/ : 2. Amarants / 5._Vi_stas
salt spices potato 1 amaranth* fileja /
| 3-Kvinoja/ quinoa * chicken
v v | 4. Bulaurs/bulaur* fillet*
Kontrole / Control Kontrole / Control \,_____*. ___________ _————
v ¥ Kontrole / Control Kontrole /
Uzglaba / storage Uzglaba / storage,, v Control
o 12+2 °C
20£2 °C ) v
Uzglaba / storage
+ 202 °C Uzglaba / storage
Parbauda / check 4+2 °C
Udens/water | % Mazga/wash % Odens/water Mazga / wash
Mizo { peel > Mizas/ peel Sasmalcina /
+ grinded

Udens / water % Skalo / wash

v

Smalcina / grinded
10x10x10 mm

¥ Udens / water

10x10x10 mm

v + v
Sver/weigh — Sajauc/mixup €——  Sver/weigh Sver / weigh
Samaisa / stir
 /
. ; P) PA/PE**
Doze iepakojumos / g F) PET/ALU/PA/P**

dosage in packs

v

Fasg / prepacked

v

Termiski apstrada / heat treating
120 £ 0.5 °C, 10 min

v

Atdzesg / cool
20 £ 0.5 °C, 40 min

v

Uzglaba / storage
20+2°C

o e
A Y

7’
/

U) PA/EVOH /PE**

o,

* - izmanto vienu no izejvielam,

kuras apzimétas ar cipariem no 2
lidz 5 / use of one of the raw
materials at a time marked with
digits 2 to 5.

** - izmanto vienu no iepakojuma
materialiem, kuri apziméti ar
burtiem P; F; vai U / use of one of
the packaging materials at a time
marked with the letter P; F; or U.

N ———————————— -

1. att. Kartupelu édienu raZoSanas procesa principiala

tehnologiska shéma /

Fig. 1. Principal technological scheme of potato meal production process
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P&tfjuma izmatoti trTs dazadi iepakojuma materiali:

e divu slanu caurspidigi laminéti poliamida/polietiléna (PA/PE) iepakojuma
maisini, to biezums 80 um, izmérs 200x250 mm, izplatitajs SIA “PTC”
(Latvija);

e (Cetru slanu necaurspidigi lamingti iepakojuma maisini
polietiléntereftalats/aluminijs/poliamids/polipropilens (PET/ALU/PA/PP), to
biezums 110 um, izmérs 200x250 mm. Izplatitajs SIA “Nordvak” (Latvija);

e trIs slanu caurspidigi lamingti poliamids/etilénvinilspirts/polietiléns
(PA/JEVOH/PE) iepakojuma maisini ar UV barjeru, to biezums 80 pm,
izmérs 200x250 mm, izplatitajs SIA “Multivac” (Latvija).

Produktu iepakosana vakuuma realizéta vienas kameras vakuuma
iepakoSanas iekarta Multivac C350 (Vacija). Hermetizacijas rezimi — vakuums
20 mbar, aizkauséSanas laiks PA/PE iepakojumam ir 3,8 sekundes,
PET/ALU/PA/PP iepakojumam 5,0 sekundes, PA/EVOH/PE iepakojumam
3,5 sekundes. Termiska apstrade realiz&éta pilotautoklava HST 50/100, ZIRBUS
Technology GmbH (Vacija). Viena iepakojuma svars 300+5 grami. Paraugi
uzglabati istabas temperatira 20£2 °C 24 menesus.

Petijuma struktiira

P&tfjuma izstradati Cetri dazadi kartupelu €dieni — kartupeli ar amarantu,
kartupeli ar kvinoju, kartupeli ar bulguru, kartupeli ar vistas fileju, un kartupeli
(bez pievienotam sastavdalam), kuri fas&ti dazados iepakojuma materialos — divu
slanu caurspidigos laminéta PA/PE iepakojuma maisinos, Cetru slanu
necaurspidigos lamingta materiala maisinos PET/ALU/PA/PP. Eksperimentos,
lai savstarp&ji salidzinatu kartupelu €dienu izmainas uzglabasanas laika péc
termiskas apstrades, ka kontrole izmantoti kartupeli. Kartupeli papildus iefaseti
tris slanu PA/EVOH/PE iepakojuma maisinos ar UV barjeru, lai pétitu
iepakojuma UV barjeripasibu efektivitati uz produktu kvalitati. P&tfjuma
izstrades laika kopuma sagatavoti 528 produktu paraugi

Metodes izstradato produktu kvalitates raksturosanai

Patéretaju aptauja

P&tijuma ietvaros organizetas divas dazadas patérétaju aptaujas. Viena no tam
noskaidrota respondentu attieksme par gatavo &dienu integréSanu Latvijas tirgd,
savukart otras aptaujas ietvaros noskaidrots respondentu viedoklis un zinasanas
par iepakojuma nozimi partikas produktu aprites cikla.

Gatavo edienu ievieSana Latvijas tirgii. Aptauja veikta 2014. gada.
P&étijuma analiz&ti Latvijas iedzivotaju iepirkSanas un gatavoSanas paradumi, ka
ar1 analiz€ta paterétaju interese par gatavu &dienu ievieSanu Latvijas tirgi.
Kopuma aptaujati 800 respondenti no tiem 28% viriesi un 72% sievietes,
elektroniski atbildot uz 14 jautajumiem.

Iepakojuma materialu nozimigums. Aptauja veikta 2015. gada. P&tjjuma
analizEts Latvijas iedzivotaju viedoklis un zinaSanu limenis par iepakojuma
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materialu nozimi partikas produktu razoSanas un uzglabasanas procesa. Kopuma
aptauyjati 600 respondenti, no tiem 76% sievietes un 24% viriesi, elektroniski
atbildot uz 13 jautajumiem.

Uzturvertibas noteik§anas metodes
Kartupelu &dienu uzturvertiba noteikta petijuma uzsakSanas bridi, péc
termiskas apstrades un péc 24 uzglabasanas ménesiem 20+2 °C temperatiira.

Kartupelu

edienu

energgetiska

vertiba  aprékinata pec iegltajiem

eksperimentalajiem rezultatiem. Uzturvertibas noteikSanas metodes apkopotas
2. un 3. tabula.

2. tabula / Table 2

Uzturvielu noteik$anas metodes un standarts /
Methods and standard for determination of nutrient

N.p.k./ Uzturvielas / Metodes un standarts /
No Nutrients Methods and standard
1. Oglhidrati / Carbohydrates | Aprékins péc analizém / Calculated by difference
2. Olbaltumvielas / Protein LVS EN 12135:2001
3. Tauki / Fat GOST 8756.21-89 p.2
4. [Skiedrvielas / Dietary fibre  |ISO 5498:1981

3. tabula/ Table 3

Makro un mikroelementu noteik§anas metodes un standarts /
Methods and standard for determination of macro and micro-nutrients

N.p.k./ Uzturvielas / Metodes /
No Nutrients Methods
Makroelementi / Macronutrients
Kolorimetriski ar “Neslera” reagentu sarmaina
1. |Slapeklis / Nitrogen vide /

Colorimetric with Nessler's reagent in alkaline
conditions

Kolorimetriski ar amonija molibdatu /

2 Fosfors / Phosphorus Colorimetric with ammonium molybdate
e . Ar liesmas fotometru (Jenway PFP7) /
3. Kalijs / Potassium Flame photometry (Jenway PFP7)
Kalcijs / Calcium Ar atomabsorbcijas spektrofotometru Perkin
Elmer Aanalyst 700 /
4. Magnijs / Magnesium Atomic absorption spectroscopy (Perkin Elmer
Aanalyst 700)
- Turbidimetriski ar BaCl2/
5. |Sers/Sultur Turbidimetry with BaClz
Mikroelementi / Micronutrients
6. Dzelzs / Iron Ar atomabsorbcijas spektrofotometru Perkin
7. Mangans / Manganese Elmer Aanalyst 700 /
8. Cinks / Zinc Atomic absorption spectroscopy (Perkin EImer

Aanalyst 700)
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3. tabulas turpinajums / Table 3 continue
N.p.k./ Uzturvielas / Metodes /
No Nutrients Methods
Makroelementi / Macronutrients
Ar atomabsorbcijas spektrofotometru Perkin
Elmer Aanalyst 700 /

% Vars / Copper Atomic absorption spectroscopy (Perkin Elmer
Aanalyst 700)
Molibdans / Kolorimetriski ar rodanidu skaba reducéta vide /
10. Colorimetric determination of molybdenum by
Molybdenum . - .
the reaction with thiocyanate
11, Bors / Bor Kolorimetriski ar hinalizarinu sérskaba vide /

Colorimetric with quinalizarin in acid conditions

D—vértibu un Z-vértibu noteikSana

Lai noteiktu optimalo produkta termiskas apstrades intensitati (laiku un
temperattiru), izstradats matematiskais modelis un aprékinatas D-vertibas un
Z-vértiba Cetros dazados temperatiras rezimos: +(80; 100; 110; 120)%0,5 °C,
produktus izturot 5, 10, 15 un 20 mindtes.

Mikroorganismu skaita izmainas noteikta laika (z) konkréta temperatiira (t)
raksturo 1. vienadojums:

lgN =Ig N, —kr, 1)

D-vertibu izsaka ka laiku mintes (1), lai samazinatu mikroorganismu skaitu
no IgNo 1idz 1gN,, tad no atruma konstantes k izteiksmes var izteikt D-vértibu ka
2. vienadojums:

1 . 1
k==vai D=r== 2
T k

Z-vertiba tiek definéta, ka temperatiiras starpiba (°C), kas nepiecieSama, lai
sasniegtu analogu D-veértibu izmainot temperatiiru. Ja Z-vértibu izsaka ka
temperatiiru starpibu At °C, kas nepiecieSama, lai D-vértibu samazinatu par vienu
kartu, izmainot to no IgD; Iidz IgD, tad atruma konstanti k izsaka ar
3.vienadojumu:

1
Z=At=§ (3)

Kvalitates raditaju noteikSanas metodes

Kartupelu &dienu razoSanas diena un uzglabasanas laika noteikti
mikrobiologiskie raditdji un testéti fizikali kimiskie raditaji. Mikrobiologisko
raditaju testeSanas metodes noraditas 4. tabula, savukart kvalitati raksturojoso,
fizikali kimisko TpaSibu eksperimentalas metodes noraditas 5. tabula.
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4. tabula / Table 4

Mikrobiologisko raditaju noteik§anas metodes /
Methods for determination of microbiological parameters

N.p.k./ Mikrobiologiskais raditajs / Standarts /

No Microbiological indicator Standard
Salfitreducgjosas Clostridium spp. / .

L Sulphite-reducing Clostridium spp. IS0 15213:2003

2. Bacillus cereus I1SO 21871:2006
Mezofili aerobo un fakultativi anaerobo

3 mikroorganismu skaits (M_AFAM)/ _ LVS NE 1SO 4833-1:2013
Total plate count of aerobic and facultative
anaerobic mesophilic bacteria (TPC)

5. tabula / Table 5

Kbvalitates raditaju noteik§anas metodes un standarts /
Method and standard for determination of quality parameters

N.p.k./ Raditaji / Metode un standarts / Iekarta /
No Parameters | Methods and standard Equipment
*a*h* kra
Kiasa | glséll;laa/ b* krasu Kolorimetrs Color Tec PCM/PSM /
1. Colour CIE L*a*b* colour dCoIprlmeterCoIor Tec PCM/PSM
evice
system
Texture exponent 32
2 Struktara / programmas metode /  |Struktaras analizatots TA.XT. Plus /
' Structure method of Texture TA.XT. Plus Texture analyser
exponent 32 program
Mitruma saturs / Mitruma svari ,,XM 120 Precisa” /
3. Moisture content, [ISO 24557:2009 Moisture balance ,, XM 120
% Precisa”
Caers s e
.. . . . w
4. \(/Za)ter activity 1SO 21807:2004 AquaLab LITE (Decgon Devices
" Inc.) precision +0.015 aw
5. pH 1SO 1842:1991 pH metrs / pH Meter JENWAY 3510

Sensora novértésana

Izmantojot Emocionalo metozu piecu punktu Hedonisko skalu péc
ISO 4121:2003 kartupelu &dieniem noteikta sensoro TpasSibu patikSanas pakape.
PatikSanas pakapes noteik$anai izmantota piecu punktu skala, kur punkti
sakartoti no ,,]oti patik” (5) lidz ,,loti nepatik” (1) un centralo punktu ,,ne patik,
ne nepatik” (3). Kartupelu &dienu vert€Sana piedalijas 22 dal&ji apmaciti

vertetaj.

Datu matematiska apstrade

legiitie rezultati apstradati izmantojot SPSS programmas SPSS 16 paketi un
Microsoft Excel programmu. P&tijuma ieglitiem rezultatiem aprékinata vidgja
aritmétiska vertiba un standartnovirze. Izmantojot Excel iegiitie rezultati
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analizéti ar ANOVA vienfaktora un divfaktora dispersijas analizes statistisko
metodi. Rezultatu atskiribas tika uzskatitas par nozimigam, ja p-vértiba <0,05.
Lai interpretétu rezultatus, tika pienemts, ka 0=0,05 ar 95% ticamibu. Noteikta
paru korelacija starp divam pazimém izmantojot korelacijas un regresijas analizi,
un izpétits sakaribu cieSums. Linearas sakaribas cieSuma pakapes meru apzimé
ar —r. Ciesaka ir ta sakariba, kurai korelacijas koeficients péc modula ir lielaks.
Ja korelacijas koeficients ir 0,7<|r| < 0,9, tad starp pétamajam pazimém ir ciesa
lineara sakariba, ja koeficients ir 0,5 < | r | < 0,69 tad vidgja lineara sakariba, ja
0,2 <|r|< 0,49 - vaja un nenozimiga sakariba, savukart | r | > 1, kltda aprekinos®

Sensora vert€juma iegiitie rezultati analizeti ar statistisko metodi ANOVA
divfaktora dispersijas analizi bez atkartojumiem.

REZULTATI UN DISKUSIJA

Lai ieglitu augstas kvalitates, mikrobiologiski droSu un sensori akcept&jamu,
jaunu produktu, ar potencialu Latvijas un arvalstu tirgi, izstrades procesa biitiska
loma ir produktu sastavam, iepakojuma materialam un tehnologiskam
risinajumam. Jauna produkta izstrades laika apzinats patérétaju viedoklis
attieciba uz gatavu &dienu ievieSanu Latvijas tirgh, un iepakojuma materiala
nozimi produkta dzivotspgjai tirgl. lzstradatas kartupelu &dienu receptiiras un
noteikta uzturveértiba. Izstradats matematiskais modelis, termiskas apstrades
reZima pamatoSanai. Izvertéti kartupelu &dienu kvalitati noteicoSie fizikal
Kimiskie raditaji (krasa, struktora, mitruma saturs, adens aktiviate (aw), pH,) un
mikrobiologiskie raditaji (MAFAM, Clostridium spp., Bacillus cereus)
uzglabasanas laika. Organiz&ta kartupelu &dienu sensord veért€$ana péc piecu
punktu Hédoniska skalas.

1. Pateretaju aptauja

Maisdienas Eiropa ir vérojama tendence, ka patérétaji aizvien vairak izvélas
&rti pagatavojamus partikas produktus (Olsen et al., 2012). Sadi partikas produkti
ir labs maltiSu risindgjums jebkurai patérétaju grupai Latvija, laujot samazinat
neveseligas partikas ikdienas patérinu, kas misdienas kliist aizvien popularaks.
Lai uzsaktu jaunu produktu izstradi, nepiecieSams novertét potencialo paterétaju
interesi un attieksmi pret konkréto produkta veidu.

Gatavo édienu ievieSana Latvijas tirga

Uzsakot peétijumus noskaidrota pat€rétaju attiecksme par gatavo &dienu
ievieSsanu Latvijas tirgli un &dienu gatavoSanas paradumiem. legltie rezultati
norada uz to, ka respondenti izv€loties partikas produktus, lielu uzmanibu

1 Vienkarsa lineara regresija un korelacija [Elektroniskais resurss] Skatits 12.02.2018. Pieejams:

https://goo.gl/66EKcm
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pievers tadiem faktoriem, ka produktu kvalitate, sastavs un cena, mazak svarigs
ir iepakojums un razotajs, tadel jaunu produktu veidu pieprasijums Latvijas tirgii
ir atkarigs no paterétaju iepirkSanas paradumiem un produktu kvalitati
raksturojosSiem parametriem. Analiz€jot rezultatus par gatavo @&dienu
prognozgjamo pieprasijumu Latvijas tirgi un iesp&jamo noietu, var secinat, ka
$adu produktu izstrade un ievieSana ir aktuala, jo 67% no aptauja iesaistitajiem
respondentiem pauda v&lmi iegadaties jau sagatavotus &dienus, kas atvieglotu
ikdienas €diena gatavoSanu un tam velttto laiku. Izsakot savu viedokli par &dienu
veidiem, vérojama tendence, ka Latvijas iedzivotajiem iecienitaks ir €diens, kura
sastava ir vistas gala, $aja gadijuma piedavatie &dieni ar vistas fileju, jo
procentuali augstako novertejumu ieguva &diens kura sastava ir vistas fileja un
darzeni (77,1%), tam seko vistas fileja ar risiem (73,9%) un vistas fileja ar
kartupeliem, (67,4%). Vertgjot Latvijas iedzivotajus, merkauditorija atri un &rti
pagatavojamiem &dieniem, ir respondenti vecuma no 19 — 35 gadiem ar aktivu
ikdienas dzives ritmu, kuri strada, stude, ka ar1 izvélas savu brivo laiku veltit cita
veida aktivitatem.

Iepakojuma materialu nozime paterétaju skatijjuma

Iepakojumam ir nozimiga loma produktu kvalitates saglabasana. Ka arl
iepakojums ir viens no pirmajiem faktoriem, kas ietekm@& paterétaju partikas
izvéli, piesaistot uzmanibu un nodro$inot saprotamu sakotngjo komunikaciju.
Lai noskaidrotu patérétaju zinasanas un viedokli attieciba uz iepakojumu, veikta
aptauja. Respondentiem jautdjot par iepakojuma nozimigumu izvéloties partikas
produktus, 30,2% respondenti atbild, ka iepakojuma materialam un veidam
uzmanibu piever§ biezi, 7,3% vienmer, turklat tikai 4,2% respondentu,
iepakojuma materials nav nozimigs. Analiz&jot padzilinati iepakojuma lomu,
patérétaju skatljuma, attieciba uz produktu, noskaidrots, ka 42,1% respondetu
dazreiz piever§ uzmanibu iepakojuma dizainam, turklat 38,5% gandriz vienmer
pievers uzmanibu iepakojuma izmé&ram un atbilstibu produkta veidam. Savukart
iepakojuma funkciju gandriz vienmér izverte tikai 30,9%. Ka arl tadas
saprotamas iepakojuma funkcijas ka vieglu atvérSanu un &rtu novietoSanu
gandriz vienmér izverteé 34,7% respondentu. Lielaka dala respondentu (70%)
apstipringja, ka noteikti pievérstu pastiprinatu uzmanibu produkta iepakojuma
veidam, ja butu plasak informéti par ta nozimi.

2. Kartupelu edienu receptiiras un uzturvertiba

Izvertejot tadus kvalitates raditajus, ka nomizojums, mikstuma krasa un
konsistence péc termiskas apstrades, par pétijumam piemeérotu kartupelu skirni
noteikta ‘Soraya’. Lai paaugstinatu kartupelu uzturveértibu tiem pievienoti
pseidograudaugi — amarants, kvinoja, cieto kvieSu produkts — bulgurs un vistas
fileja. Sadas izejvielas izvélgtas pamatojoties uz to uzturvértibu un funkcionalo
vertibu, ka arT vadoties p&c paterétaju aptauja iegiitiem rezultatiem.
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Kopuma pétijuma izstradati Cetri dazadi kartupelu &dieni (ar amarantu,
kvinoju, bulguru un vistas fileju) un kartupeli bez pievienotam sastavdalam, kas
iepakoti tris dazados iepakojuma materialos, PA/PE, PA/EVOH/PE un
PET/ALU/PA/PP iepakojuma.

Uzturvertiba
Kartupelu &dieniem noteikta energétiska vertiba, oglhidratu, olbaltumvielu,
lipidu, $kiedrvielu saturs (6. tabula), ka arT noteikta biologiska vertiba, mikro un
makro elementu saturs.
6. tabula / Table 6
Kartupelu édienu energétiska vertiba /
Energy value of potato meals

Uzturvielas / Enfrg_é tiska
Nutrients, g 100 g* vértiba /
' Energy value
Kartupelu édieni / 8 = % 5 s
Potato melals S 2 = s 5 5 E
5 % = g £e keal kJ
=a = 2 S
g O 8 )él D
Kartupeli /
Potatoes 1.940.1 | 0.240.1 | 13.0+0.3 | 0.5+0.1 63 262
Kartupeli ar amarantu /
Potato meal with 7.0+0.2 | 2.2+0.1 | 33.3%0.2 | 3.0+0.1 183 767
amaranth
Kartupeli ar kvinoju /
Potato meal with 5.3+0.2 | 2.3+0.1 | 32.6¢0.3 | 1.6+0.1 174 729
quinoa
Kartupeli ar bulguru /
Potato meal with 5.4+0.2 | 1.0+0.1 | 34.3%0.2 | 0.9+0.1 170 712
bulgur
Kartupeli ar vistas
fileju /
Potato meal with 13.440.2 | 1.5+0.1 6.1+0.1 0.3+0.1 93 387
chicken fillet

Izvertejot iegltos rezultatus, visaugstakais oglhidratu saturs noteikts
kartupeliem ar bulguru (34,3 g 100 g!), savukart viszemakais kartupeliem ar
vistas fileju (6,1 g 100 g?). Vertgjot olbaltumvielu saturu &diena, visaugstakais
olbaltumvielu saturs noteikts kartupeliem ar vistas fileju (13,4 g 100 g'1), ka ar1
visi kartupelu &dieni (ar amarantu, kvinoju, bulguru un vistas fileju) péc
EK regulas 1924/2006 ir dévéjami par olbaltumvielu avotu. Visaugstakais tauku
saturs noteikts kartupeliem ar kvinoju (2,3 g 100 g?), savukart, viszemakais
kartupeliem (0,2 g 100 g*). Vadoties péc komisijas regulas EK 1924/2006,
kartupeli ir beztauku produkts, savukart pargjie kartupelu &dieni ir produkti ar
zemu tauku saturu. Visaugstakais Skiedrvielu saturs noteikts kartupeliem ar
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amarantu (3,0 g 100 g1), un pamatojoties uz EK regulu 1924/2006 ir defingjams
ka Skiedrvielu avots, savukart viszemakais S$kiedrvielu saturs noteikts
kartupeliem ar vistas fileju (0,4 g 100 g?). Visaugstaka energgtiska vertiba
noteikta kartupeliem ar amarantu (183 kcal/767 kJ), savukart viszemaka
kartupeliem (63 kcal/262 kJ). Izvertgjot kartupelu &dienu energétisko vertibu, ta
nesasniedz augstus kopgjos raditajus un veido aptuveni ¥ dalu no ieteicamas
diennakts kcal patérina.

Nosakot mikro un makro elementu saturu kartupelu €dienos, visaugstakais to
saturs noteikts kartupelos ar amarantu, jo viena porcija nodroSina ieteicamo
fosfora, magnija, mangana un dzelzs diennakts devu.

3. Termiskas apstrades petijjumi

Mikrobiologisko raditaju dinamika kartupelu €dienos termiskas apstrades
procesa

Kartupelu &dienu termiskas apstrades efektivitate p&tita kartupeliem ar vistas
fileju, jo gala ir augsta riska partikas produkts, kur§ nodroSina labveligus
apstaklus bistamo un potenciali bistamo mikroorganismu augsanai un attistibai.
Lai noteiktu optimalu termiskas apstrades laiku un temperatiiru, kartupeli ar
vistas fileju apstradati Cetras dazadas temperatdras: +(80; 100; 110 un
120)+0,5 °C, un izturéti 5; 10; 15 un 20 mindtes. P& apstrades, katra no
kartupelu €dienu paraugiem noteikts mezofili aerobo un fakultativi anaerobo
(MAFAM) koloniju veidojoso vienibu (KVV) skaits. leglita MAFAM raditaju
dinamika paradita (2.attéls).

Sakotngji noteiktais (pirms termiskas apstrades) mikroorganismu kopskaits
kartupelos ar vistas fileju ir 4,57 Iy KVV g. Neviena no apstrades temperatiiram,
pEc piecu miniiSu izturéSanas, mikroorganismu kopskaits nesasniedz velamos
rezultatus. Savukart kartupelus ar vistas fileju apstradajot 10 mintites, 80+0,5 °C
mikroorganismu kopskaits samazinas par 1,10 lg KVV g?, 100+0,5 °C par
1,91 lg KVV g1, 110+0,5 °C par 3,15 Ig KVV g?, bet 120+0,5 °C iegiitais
mikroorganismu kopskaits ir <10 KVVg™, kas norada uz efektivu temperatiiras un
laika kombinaciju.
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2. att. MAFAM dinamika kartupelos ar vistas fileju péc termiskas
apstrades autoklava at§kirigos temperatiiru un laika reZimos /
Fig. 2. The dynamics of TPC in potato meal with chicken fillet during
thermal treatment at different temperature and time regimens

Apkopojot mikrobiologisko raditaju rezultatus kartupelos ar vistas fileju péc
termiskas apstrades atskirigos laika un temperatiru rezimos, iegits, ka
vispiemérotakais apstrades rezims autoklava, fleksiblaja iepakojuma termiski
apstradatiem kartupelu &dieniem, ir 12040,5 °C 10 mintites.

Optimala termiska apstrades reZima izstrade

Iepakojuma termiski apstradatu kartupelu &dienu termiskas apstrades reZzima
aprékinasanai izstradats matematiskais modelis, kas balstits uz D-vertiba un
Z-vertibam. Matematiskais modelis noteikts kartupeliem ar vistas fileju,
apstradei autoklava. MAFAM dinamika noteikta kartupeliem ar vistas fileju
Cetros dazados temperatiiras rezimos: +(80; 100; 110; 120)+0,5 °C, produktus
izturot 5; 10; 15 un 20 minates (7.tabula).

7. tabula / Table 7
Aprekinatas D-vertibas iepakojuma termiski apstradatiem
kartupeliem ar vistas fileju /
Calculated D-values for thermally treated potato with chicken fillet

. Vides temperatiira (Tiq) /
I;:rrgmgglrs/ Ambient temperature (Tam), °C
80+0.5 100+ 0.5 110+ 0.5 120+ 0.5
Taisnes vienadojums /

. . NTamb:4.5682- NTamc:4.5682- NTamb:4.5682- NTamb:4.5682-
Equation of linear 011751 0193 1 02982 ¢ 2048111
function
Atruma konstante k/ 0.118 0.193 0.208 0.481
Rate constant k, min
D-vertiba / 8,51 5.18 3.35 2.08
D-value, min
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Ja, kartupelu &dieni, tiek apstradati 120£0,5 °C temperatira tad iegita
D-vertiba (kuru raksturo laiks, lai samazinatu mikroorganismu skaitu par vienu
logaritmisko vienibu) ir D120=2,08 minttes. Ja mikroorganismu daudzums
jasamazina par divam lg vienibam, tad kopgjais termiskas apstrades laiks ir
2 x 2,08=4,16 minttes. Bet ja nepiecieSams mikroorganismu skaitu samazinat
11dz nulles Iimenim, tad optimalais apstrades laiks biis 9,48 mintites. L1dz ar to,
pamatojoties uz ieglitajiem rezultatiem, aprékinatais optimalais apstrades laiks
autoklava kartupeliem ar vistas fileju 120+0,5 °C temperatira ir 9,48 minites.

Z-vertiba tiek definéta ka temperatiiras starpiba, kas nepiecieSama, lai
samazinatu D, par vienu lg vienibu. P&c veiktajiem aprékiniem, procesu
raksturojosa Z-vértiba ir 6 °C.

4. Iepakojuma ietekme uz kartupelu édienu kvalitati uzglabasanas laika

Kartupelu &dieniem — kartupeliem ar amarantu, kartupeliem ar kvinoju,
kartupeliem ar bulguru, kartupeliem ar vistas fileju un kartupeliem bez
pievienotam sastavdalam, tris dazados iepakojuma materialos, PA/PE,
PA/EVOH/PA un PET/ALU/PA/PP, noteiktas kvalitati raksturojosas fizikalo un
Kimisko Tpasibu (krasas, truktdras, mitruma satura, adens aktivitates (aw), pH)
izmainas astonos un 24 uzglabasanas ménesos, 20+2 °C temperatlira.

Krasu intensitates izmainas uzglabasanas laika

Produkta krasa ir viena no bitiskam ipasibam, kas ietekmé patérétaju
izveloties partikas produktus. Produktu krasu galvenokart var ietekm&t gan
genétiskie faktori, gan apstrades tehnologiskie parametri. Pie tehnologiskajiem
parametriem pieder apstrades veids, produktu iepakojuma materials,
uzglabasanas apstakli. Partikas produktiem uzglabasanas laika noverojamas
krasas izmainas fluorescgjosas gaismas ietekmé&. Gaisma veicina produktu
atkrasoSanos, piegarSu veidoSanos, samazina produktu uzglabasanas laiku
neskatoties uz temperatiiras reZimu ievéroSanu (MacDougall 2002). Lidz ar to,
izvéloties atbilstoSus partikas iepakojuma materialus un apstrades tehnologijas,
var ievérojami pagarinat produktu realizacijas laiku.

Kartupelu &dieniem péc termiskas apstrades un uzglabasanas laika noteiktas
krasas izmainas CIE krasu sist€éma, nosakot L*, a*, b* krasas komponentes, un
vadoties pec ieglitiem mérjjumiem noteikta kop&ja krasu diference AE*
(3. attels).
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3. att. Kartupelu edienu kopéjas krasas diference (AE*) péc astoniem (8)
un 24 (24) uzglabasanas ménesiem , 20£2 °C /
Fig. 3. The total colour difference AE™ of potato meals after eight month and

after 24 month storage, 202 °C

P1 — kartupeli PA/PE iepakojuma; F1 — kartupeli PET/ALU/PA/PP iepakojuma; Ul — kartupeli PA/EVOH/PE
iepakojuma; P2 — kartupeli ar amarantu PA/PE iepakojuma; F2 — kartupeli ar amarantu PET/ALU/PA/PP iepakojuma;
P3 — kartupeli ar kvinoju PA/PE iepakojuma; F3 — kartupeli ar kvinoju PET/ALU/PA/PP iepakojuma; P4 — kartupeli ar
bulguru PA/PE iepakojuma; F4 — kartupeli ar bulguru PET/ALU/PA/PP iepakojuma; P5 — Kkartupeli ar vistas fileju
PA/PE iepakojuma; F5 — kartupeli ar vistas fileju PET/ALU/PA/PP iepakojuma / P1- potatoes in PA/PE packaging;
F1 — potatoes in PET/ALU/PA/PP packaging; Ul — potatoes in PA/EVOH/PE packaging; P2 — potato meal with
amaranth in PA/PE packaging; F2 — potato meal with amaranth in PET/ALU/PA/PP packaging; P3 — potato meal with
quinoa in PA/PE packaging; F3 — potato meal with quinoa in PET/ALU/PA/PP packaging; P4 — potato meal with
bulgur in PA/PE packaging; F4 — potato meal with bulgur in PET/ALU/PA/PP packaging; P5 — potato meal with
chicken fillet in PA/PE packaging; F5 — potato meal with chicken fillet in PET/ALU/PA/PP packaging

Bitiska (p<0,05) kopgja krasu diference noteikta kartupelu edieniem PA/PE
iepakojuma un PA/EVOH/PE iepakojuma astonos uzglabasanas menesos.
Kartupelu &dienu krasas saglabasana butiska loma ir iepakojuma materiala
barjeripasibam. Izmantojot gaismas necaurlaidigu iepakojuma materialu ar
augstam barjeripasibam, iesp&jams nodrosinat tris reizes ilgaku kartupelu edienu
uzglabasanas laiku. Vislielaka kopgja krasas diference noteikta kartupeliem ar
kvinoju PA/PE iepakojuma (paraugs P3), un kartupeliem PA/PE iepakojuma
(paraugs P1). Savukart vismazaka kopgja krasas diference noteikta kartupeliem
ar vistas fileju PET/ALU/PA/PP iepakojuma (paraugs F5).

Struktiiras izmainas uzglabasSanas laika

Ka viens no produktu kvalitates noteicoSajiem faktoriem ir struktira un tas
nemainiba uzglabasanas laika. Kartupelu &dienu kopgjais cietibas pieaugums
uzglabasanas laika att€lots 4. attela. Kartupelu &dieniem, kas iepakoti PA/PE
iecakojuma (P1; P2; P3; P4; P5) un PA/EVOH/PE iepakojuma (Ul) cietibas
pieaugums uzraditas p&c astoniem uzglabasanas ménesiem, savukart, &dieniem,
kas iepakoti PET/ALU/PA/PP iepakojuma (F1; F2; F3; F4; F5) cietibas izmainas
uzraditas pec astoniem un 24 uzglabasanas ménesiem, 20+2 °C.
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Fig. 4. Increase in hardness of potato meals after eight (8) and 24 (24) month

storage, 202 °C

P1 — kartupeli PA/PE iepakojuma; F1 — kartupeli PET/ALU/PA/PP iepakojuma; Ul — kartupeli PA/EVOH/PE
iepakojuma; P2 — kartupeli ar amarantu PA/PE iepakojuma; F2 — kartupeli ar amarantu PET/ALU/PA/PP iepakojuma;
P3 — kartupeli ar kvinoju PA/PE iepakojuma; F3 — kartupeli ar kvinoju PET/ALU/PA/PP iepakojuma; P4 — kartupeli ar
bulguru PA/PE iepakojuma; F4 — kartupeli ar bulguru PET/ALU/PA/PP iepakojuma; P5 — kartupeli ar vistas fileju
PA/PE iepakojuma; F5 — kartupeli ar vistas fileju PET/ALU/PA/PP iepakojuma / P1- potatoes in PA/PE packaging;
F1 — potatoes in PET/ALU/PA/PP packaging; Ul — potatoes in PA/EVOH/PE packaging; P2 — potato meal with
amaranth in PA/PE packaging; F2 — potato meal with amaranth in PET/ALU/PA/PP packaging; P3 — potato meal with
quinoa in PA/PE packaging; F3 — potato meal with quinoa in PET/ALU/PA/PP packaging; P4 — potato meal with
bulgur in PA/PE packaging; F4 — potato meal with bulgur in PET/ALU/PA/PP packaging; P5 — potato meal with
chicken fillet in PA/PE packaging; F5 — potato meal with chicken fillet in PET/ALU/PA/PP packaging

Kartupelu &dieniem, kas iepakoti PA/PE iepakojuma, un kartupeliem, kas
iepakoti PA/EVOH/PE iepakojuma, biitiskas cietibas izmainas noteiktas astonos
uzglabaganas ménesos. Saja laika noteikts gan biitisks cietibas pieaugums, gan
noverojamas vizualas kartupelu &dienu izmainas. legitie rezultati norada uz
ievérojamam iepakojuma materiala barjeripasibu atskiribam. Vislielakas cietibas
izmainas noteiktas kartupeliem ar amarantu PA/PE iepakojuma (paraugs P2)
astonos uzglabasanas meénesos, (pieaug par 6,64 N), savukart, vismazakas
cietibas izmainas noteiktas kartupeliem PET/ALU/PA/PP iepakojuma
(paraugs F1), jo uzglabasanas laika cietiba pieaug vien par 1,91 N. Veértgjot
iegiitos rezultatus, var secinat, ka iepakojuma materialam ir bitiska loma
attieciba uz kartupelu &dienu struktiiras saglabasanu, nodro$inot ilgu
uzglabasanas laiku.

Mitruma satura izmainas uzglabasans laika

Udens ir svariga partikas produktu sastivdala, un td zudums var izraisit
izmainas partikas struktiira. Mitruma saturs (%) kartupelu edienim noteikts
uzreiz péc termiskas apstrades un uzglabasanas laika. Kartupelu dieniem, kas
iepakoti PA/PE un PA/EVOH/PE iepakojuma, mitruma saturs noteikts astonos
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uzglabasanas méneSos, savukart kartupelu &dieniem, kas iepakoti
PET/ALU/PA/PP iepakojuma mitruma saturs noteikts 24 uzglabasanas ménegos.
Kartupelu &dienu mitruma satura procentualas izmainas uzglabaSanas laika
paraditas 5. attela.

5

~

w

Mitruma saturs /
Moisture content, %
N

[N

P1 Ul F1 F1 P2 F2 F2 P3 F3 F3 P4 F4 F4 P5 F5 F5
(8) (8) (8) (24) (8) (8) (24) (8) (8) (24 (8) (8) (24) (8) (8) (24
Kartupelu &dieni / Potato meals
5. att. Kartupelu edienu mitruma satura izmainas péc astoniem (8) un 24
(24) uzglabasanas ménesiem, 20+2 °C
Fig. 5. Changes in moisture content of potato meals after eight (8) and 24

(24) month storage, 20+2 °C

P1 — kartupeli PA/PE iepakojuma; F1 — kartupeli PET/ALU/PA/PP iepakojuma; Ul — kartupeli PA/EVOH/PE
iepakojuma; P2 — kartupeli ar amarantu PA/PE iepakojuma; F2 —kartupeli ar amarantu PET/ALU/PA/PP iepakojuma;
P3 — kartupeli ar kvinoju PA/PE iepakojuma; F3 — kartupeli ar kvinoju PET/ALU/PA/PP iepakojuma; P4 — kartupeli ar
bulguru PA/PE iepakojuma; F4 — kartupeli ar bulguru PET/ALU/PA/PP iepakojuma; PS5 — kartupeli ar vistas fileju
PA/PE iepakojuma; F5 — kartupeli ar vistas fileju PET/ALU/PA/PP iepakojuma / P1- potatoes in PA/PE packaging;
F1 — potatoes in PET/ALU/PA/PP packaging; U1l — potatoes in PA/EVOH/PE packaging; P2 — potato meal with
amaranth in PA/PE packaging; F2 — potato meal with amaranth in PET/ALU/PA/PP packaging; P3 — potato meal with
quinoa in PA/PE packaging; F3 — potato meal with quinoa in PET/ALU/PA/PP packaging; P4 — potato meal with
bulgur in PA/PE packaging; F4 — potato meal with bulgur in PET/ALU/PA/PP packaging; P5 — potato meal with
chicken fillet in PA/PE packaging; F5 — potato meal with chicken fillet in PET/ALU/PA/PP packaging

Ievérojamas mitruma satura izmainas noteiktas kartupelu edieniem, kas
iepakoti PA/PE iepakojuma astonos uzglabaSanas méneSos, kas norada uz
iesp&jamu tdens tvaiku migraciju caur iepakojuma slaniem uzglabasanas laika.
Vislielakas mitruma satura izmainas noteiktas kartupeliem ar bulguru PA/PE
iepakojuma (paraugs P4) astonos uzglabasanas ménesos, savukart vismazakas
mitruma satura izmainas noteiktas kartupeliem PET/ALU/PA/PP iepakojuma
(paraugs F1) 24 uzglabasanas ménesos. ArT $aja gadijuma pieradas iepakojuma
materiala nozime attieciba uz kartupelu €dienu kvalitates saglabasanu.

Apkopojot iegiitos mitruma satura rezultatus un salidzinot tos ar cietibas
rezultatiem iegiits, ka starp kartupelu €dienu mitruma satura izmainam un cietibu
pastav cieSa negativa korelacija. Samazinoties mitruma saturam, produkta cietiba
palielinas. Kartupeliem PET/ALU/PA/PP iepakojuma (paraugs F1) noteikta
cieSa negativa korelacija R? = 0,917 (r=0,958) (6. attls).
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6. att. Mitruma satura un cietibas Korelacijas analize kartupeliem
PET/ALU/PA/PP iepakojuma /
Fig. 6. Correlation analysis of moisture content and hardness of potatoes in
PET/ALU/PA/PP packaging

An, lidzigi ka kartupeliem PET/ALU/PA/PP iepakojuma (paraugs F1),
kartupeliem PA/PE iepakojuma (paraugs P1) noteikta cieSa negativa korelacija
R?=0,990 (r=0,995) (7. attéls).
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7. att. Mitruma satura un cietibas korelacijas analize kartupeliem
PA/PE iepakojuma /
Fig. 7. Correlation analysis of moisture content and hardness of potatoes in
PA/PE packaging
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Moisture content, %

L1dz1gi pétijuma rezultati ieghti ar1 pargjo kartupelu &dienu korelacijas
analizes rezultata. Kartupelu &dieniem PET/ALU/PA/PP (paraugi F1; F2; F3; F4;
F5), PA/EVOH/PA (paraugs Ul) un PA/PE (paraugi P1; P2; P3; P4; P5)
iepakojuma noteikta cieSa linedra sakariba starp S§Tm divam kvalitati
raksturojosam Tpasibam.
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Udens aktivitates (aw) izmainas uzglabaSanas laika
Udens aktivitate (aw) ir galvenais faktors, kas ietekm& mikroorganismu
dzivotspgju, attistibu un rezistenci pret termisko apstradi. Udens aktivitate
kartupelu &dieniem (kartupeliem, kartupeliem ar amarantu, kartupeliem ar
kvinoju, kartupeliem ar bulguru un kartupeliem ar vistas fielju) noteikta uzreiz
péc termiskas apstrades un &dienu uzglabasanas laika, PA/PE, PA/EVOH/PE,
iepakojuma astonos uzglabasanas meéneSos, PET/ALU/PA/PP iepakojuma
24 uzglabasanas ménesos (8. tabula).
8. tabula / Table 8
Kartupelu édienu tidens aktivitate (aw), uzglabasnas laika /

Water activity (aw) in potato meals during storage
Udens aktivitate (aw) uzglabasanas laika /

Iepako!_u ma Kartupelu &dieni / water activity in storage time
materials / > — — —
Packaging material Potato meals 0. meén. / 8. meén. / 24. mén. /

0. month 8. month 24. month
Kartupeli /

0.952+0.014 | 0.941+0.011 -
Potatoes

Kartupeli ar amarantu /
Potato mela with amaranth
Kartupeli ar kvinoju /

0.932+0.011 | 0.938+0.008 -

PAPE [ e ino 0.938:0.008 | 0.931£0.010 -
Partupell or tv’;ﬁﬁ‘gjlé o 0.948£0.012 | 0.939+0.013 ;
T T

PA/EVOH/PE  [S2upeli/ 0.958£0.011 | 0.949+0.012 ;
partupeli/ 0.9630.009 | 0.961+0.006 | 0.958:0.008
partupell or amarantt / 0.9470.013 | 0.9510.008 | 0.949+0.011

PET/ALUPA/PP |Kartupeli ar kvinoju / 0.936+0.008 | 0.939+0.011 | 0.940+0.009

Potato mela with quinoa
Kartupeli ar bulguru /

Potato meal with bulgur
Kartupeli ar vistas fileju /
Potato mela with chicken fillet

0.954+0.012 | 0.959+0.007 | 0.952+0.012

0.952+0.007 | 0.948+0.011 | 0.950+0.010

Visi, petijuma termiski apstradatie kartupelu &dieni, ir vert€jami ka partikas
produkti ar augstu tdens aktivitati, kas liecina par to, ka vide ir labveliga
mikroorganismu augSanai un attistibai, tapec Saja gadijuma termiskas apstrades
efektivitate ir loti butiska, lai nepielautu mikroorganismu attistibu un dzivotspg&ju
produkta péc apstrades. Kartupelu &dieniem PA/PE un PA/EVOH/PE
iepakojuma astonos uzglabasanas ménesos un kartupelu édieniem PET/ALU/PA/PP
iepakojuma 24 uzglabasanas méneSos nav noteiktas butiskas atSkiribas tdens
aktivitates (aw) merjjumos (p<0,05).

pH izmainas uzglabasanas laika

Vides pH ir viens no bitiskajiem faktoriem, kas nosaka, kadi mikroorganismi
attistisies produkta. Partikas infekciju izraisitajiem parasti optimala vide ir tuvu
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neitralai — pH no 6 11dz 7. Raksturigais pH darzeniem ir no 4,2 1idz 6,5. Savukart,
svaigu kartupelu pH ir robeZas no 5,4 1idz 5,8 (Suryawanshi, 2008). Janem véra
ir ar tas, ka pie atskirigiem produktu pH arT mikroorganismu rezistence pret
apstradi bas at8kiriga (Garcia-Segovia et al., 2007).

Kartupelu &dieniem péc termiskas apstrades un uzglabasanas laika noteikts
vides pH. Visiem pé&tijuma izmantotajiem kartupelu &dieniem noteikta vaji skaba
vide. pH noteikts kartupelu &dieniem: kartupeliem, kartupeliem ar amarantu,
kartupeliem ar kvinoju, kartupeliem ar bulguru un kartupeliem ar vistas fileju
PA/PE (paraugi P1; P2; P3; P4; P5) un PA/EVOH/PE (paraugs U1) iepakojuma
astonos uzglabaganas ménesos (8. attels).

—eo- -P1 —a— Ul - & - P2
Uzglabasanas laiks, mén. / Storage time, month

8. att. Kartupelu edienu pH izmainas astonos uzglabasanas
ménesos, 20+2 °C /

Fig. 8. Changes in pH of potato melas during eight months storage, 20+2 °C
P1 — kartupeli PA/PE iepakojuma; Ul — kartupeli PA/EVOH/PE iepakojuma; P2 — kartupeli ar amarantu PA/PE
iepakojuma; P3 — Kkartupeli ar kvinoju PA/PE iepakojuma; P4 — Kkartupeli ar bulguru PA/PE iepakojuma;
P5 — kartupeli ar vistas fileju PA/PE iepakojuma / P1- potatoes in PA/PE packaging; U1 — potatoes in PA/EVOH/PE
packaging; P2 — potato meal with amaranth in PA/PE packaging; P3 — potato meal with quinoa in PA/PE packaging;
P4 — potato meal with bulgur in PA/PE packaging; P5 — potato meal with chicken fillet in PA/PE packaging

Savukart PET/ALU/PA/PP iepakojuma (paraugi F1; F2; F3; F4; F5)
24 uzglabasanas ménesos, 20+2 °C (9.att.), pamatojoties uz krasas un strukttiras
veiktajiem petjjumiem.
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9. att. Kartupelu édienu pH izmainas 24 uzglabasanas méneSos, 20+2 °C /

Fig. 9. Changes in pH of potato melas during 24 months storage, 20£2 °C
F1 —kartupeli PET/ALU/PA/PP iepakojuma; F2 — kartupeli ar amarantu PET/ALU/PA/PP iepakojuma; F3 — kartupeli
ar kvinoju PET/ALU/PA/PP iepakojuma; F4 — kartupeli ar bulguru PET/ALU/PA/PP iepakojuma; F5 — kartupeli ar
vistas fileju PET/ALU/PA/PP iepakojuma / F1 — potatoes in PET/ALU/PA/PP packaging; F2 — potato meal with
amaranth in PET/ALU/PA/PP packaging; F3 — potato meal with quinoa in PET/ALU/PA/PP packaging; F4 — potato
meal with bulgur in PET/ALU/PA/PP packaging; F5 — potato meal with chicken fillet in PET/ALU/PA/PP packaging

Izvertgjot kartupelu &dienu pH dinamiku uzglabasanas laika neviena no
produktiem, kas iepakoti PA/PE iepakojuma un PA/EVOH/PE iepakojuma vai
PET/ALU/PA/PP iepakojuma, nav noteiktas butiskas (p>0,05) pH izmainas
astonos un 24 uzglabasanas ménesos.

Mikrobiologisko raditaju izmainas uzglabasanas laika

Maza skabes satura produktos ar pH Iimeni virs 4,6 var augt dazadi
mikroorganismi, tostarp termiski noturigu sporu veidojoSie patogénie
mikroorganismi, pieméram, Clostridium botulinum. Jauzsver, ka maza skabes
satura konservétu produktu termiska apstrade ir butiska darbiba, kas
nepietickamas sterilizacijas gadfjuma saistita ar risku sabiedribas veselibai un
véra nemamiem galaprodukta zudumiem (Nguyen-The, 2012; Postollec et al.,
2012). Ka arT mikroorganismu rezistenci pret termisko apstradi un dzivotsp&ju
produkta liela méra ietekmé Gdens aktivitate (aw) (Syamaladevi et al., 2016).
Visiem, pétljuma analizétiem, kartupelu &dieniem noteiktais pH ir robezas no
5,69 11idz 5,99, Iidz ar to visi kartupelu &dieni ir defingjami, ka konservéti &dieni
ar zemu vides pH, un noteikta Gidens aktivitate atbilst augsta mitruma partikas
produktiem. Tadel nepiecieSama efektiva termiska apstrade, lai izvairitos no
patogéno, sporu producgjoso, mikroorganismu dzivotsp&ju un attistibu produkta
pec termiskas apstrades.

Iepakojuma termiski apstradatiem kartupelu &€dieniem péc termiskas
apstrades un uzglabasanas laika noteikta sporu producgjoso (Clostridium spp. un
Bacillus cereus) mikroorganismu klatbiitne, ka ar noteikts mezofili aerobo un
fakultativi anaerobo mikroorganismu (MAFAM) koloniju veidojoso vienibu
skaits (KVV g?). Sporu producgjoso mikroorganismu klatbiitne noteikta
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vadoties pec partikas kodeksa (Codex Alimentarius) rekomendéta konservétu
produktu stabilitates testa. Peéc izmeklgjumu veikSanas neviena no kartupelu
€dienu paraugiem netika konstatéta Clostridium spp. un Bacillus cereus
klatbtitne, kas norada uz pétijuma izmantotas termiskas apstrades efektivitati.
Savukart nosakot mezofili aerobo un fakultativi anaerobo mikroorganismu
koloniju veidojoSo vienibu skaitu talit pec termiskas apstrades un uzglabasanas
laika, kartupelu &dieniem PA/PE un PA/EVOH/PE iepakojuma astonos
uzglabasanas ménesos, un kartupelu &dieniem PET/ALU/PA/PP iepakojuma
24 uzglabasanas meénesos, mikroorganismu kopskaits neparsniedz <10 KVV g,
lidz ar to pieradot izvéleta tehnologiska apstrades procesa efektivitati.

5. Kartupelu eédienu sensorais novertejums

Kartupelu &dieniem (kartupeliem, kartupeliem ar amarantu, kartupeliem ar
kvinoju, kartupeliem ar bulguru, kartupeliem ar vistas fileju) vert€tas piecu
sensoro TIpaSibu, argja izskata, smarzas, struktliras, garSas un pecgarSas,
patikSanas pakapes péc piecu punktu h&doniskas skalas. legitie rezultati
apkopoti 9. tabula.

9. tabula/ Table 9
Kartupelu édienu sensoro ipasibu patikSanas pakapes /
Degree of liking of sensory parameters of potato meals

Sensoras ipasibas /
Sensory properties
Paraugi / Argjais
Samples izskats/ | Smarza/ | Struktira/ Gar$a/ | Pecgarsa/
Overall Aroma Texture Taste Aftertaste
appearance
Kartupeli /
Potatoes 3.59 be 3.86a 3.82a 2.68a 295a
Kartupeli ar amarantu / 268b | 405a 3682 377ac | 345ac
Potato meal with amaranth
Kartupeli ar kvinoju / 277b | 386a 382a 377ac | 34lac
Potato meal with quinoa
Kartupeli ar bulguru /
Potato meal with bulgur 3.95ac 427 a 427 a 4.23 bc 414 bc
Kartupeli ar vistas fileju /
Potato mela with chicken 3.95ac 39la 39la 4.59 be 4.23 bc
fillet

*Viena kolonna noraditas sensoro Tpasibu vértibas, kas atzim&tas ar dazada veida burtiem savstarpgji butiski atskiras
(p<0,05) / values of sensory parameters in one column, marked with different letters are significantly different
(p<0.05)

Vertgjot argja izskata patikSanas pakapi visatzinigak noverti kartupeli ar
bulguru un kartupeli ar vistas fileju, kas savstarp&ji patikSanas zina butiski
neatskiras. Vertgjot kartupelu €dienu smarzas patikSanas pakapi starp paraugiem
bitiksas atskiribas nepastav (p>0,05). Novértgjot kartupelu &dienu struktaru,
biitiskas atSkirtbas patikSanas zina starp paraugiem netika noteiktas (p>0,05).
Vertgjot garSas patikSanas pakapi starp paraugiem noteikta butiska atskiriba
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(p<0,05). Vertetaji patikSanas zina augstak novertgjusi kartupelus ar bulguru un
kartupelus ar vistas fileju, bet viszemako verte§jumu sanéma kartupelu paraugs.
Nosakot pecgarSu, arT Saja gadijuma ve€rojamas butiskas atSkiribas starp
paraugiem, un patik$anas zina visaugstak novertéti kartupeli ar bulguru un vistas
fileju. Sada veida &dienus vértétaji atzina par &rtiem un viegli izmantojamiem,
un izteica veélmi kartupelu &dienus iegadaties ikdienas paterinam.

SECINAJUMI

1. Izveloties partikas produktus, paterétdji lielu uzmanibu piever§ tadiem
faktoriem, ka produkta kvalitate, sastavs un cena. Gatavo &dienu izstrade un
ievieSana Latvijas tirgii ir aktuala, jo 67% no respondentiem pauda v&lmi
iegadaties $ada veida produktus.

2. Kartupeliem pievienojot amarantu un kvinoju bitiski palielinas Skiedrvielu
saturs (p<0,05), savukart pievienojot amarantu, kvinoju, bulguru, vistas fileju
butiski palielinas olbaltumvielu saturs (p<0,05), visos kartupelu dienos ir
zems tauku saturs, un Sie &dieni atbilstosi ES regulai (EK) Nr. 1924/2006 ir
defingjami ka olbaltumvielu avots un produkti ar zemu tauku saturu.

3. Izstradats matematiskais modelis (D-vértiba un Z-vértiba) optimala kartupelu
€dienu termiskas apstrades reZima noteiks$anai (120+0,5 °C, 9,48 miniites),
kas nodrosina &dienu mikrobiologisko drosibu un kvalitati péc 24 ménesu
uzglabasanas istabas temperatiira.

4. Termiski apstradatu kartupelu &dienu krasa, cietiba un mitruma saturs PA/PE
un PA/EVOH/PE iepakojuma, 20+2 °C temperatiira biitiski izmainas astonos
uzglabasanas  meéneSos, turpretim  PET/ALU/PA/PP  iepakojuma
24 uzglabasanas ménesos parametru izmainas nav btiskas.

5. Apkopojot kvalitates raditajus noteikts, ka kartupelu &dienu ilgstosai
uzglabasanai atbilstosakais iepakojuma materials ir daudzslanu metaliz&ta
poliméru PET/ALU/PA/PP pléve, kas sp€j aizsargat produktus no argjo
faktoru nelabvéligas iedarbibas, nodroSinot minimalas produktu kvalitates
izmainas 24 uzglabasanas ménesos, 20+2 °C temperatiira.

6. Analizgjot kartupelu &dienu sensoro Tpasibu patikSanas pakapi, visaugstak
noverteti kartupelu &dieni ar bulguru un vistas fileju, bet viszemak — kartupeli
bez pievienotam sastavdalam.

7. Darba izvirzita hipotéze ir korekta: “Kartupelu &dienu optimals termiskas
apstrades rezims fleksiblaja iepakojuma pagarina realizacijas terminu,
saglabajot produktu kvalitati un nekaitigumu”.
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TOPICALITY OF THE RESEARCH

Ready-to-eat meals can be defined as pre-cooked, chilled or frozen meals that
do not need to additional ingredients and require minimal preparation before use
(Mahon et al., 2006; Regueiro, Wenzl, 2015; Remnant, Adam, 2015). In the food
retail trade, "convenient food" is a very broad category covering processed foods
for mass consumption (Jackson, Viehoff, 2016). The sector of chilled,
industrially-prepared ready-to-eat and quick-to-cook products is comparatively
new and fast growing in Latvia. This can be explained both by the increasing
business of people and the development of product assortment. Due to the
requirements of traders to ensure the shelf life of the product rather than an hour,
but at least a day or even a week, food manufacturers have to introduce new
technologies and high levels of hygiene standards, therefore, one of the most
important goals of food scientists is to make the product as safe as possible,
whether it is consumed fresh or processed (Prokopov, Tanchev, 2006).

In recent years, thermally treated meals in packaging with extended shelf life
have gained great popularity (Calderdn et al., 2010; Stratakos et al., 2015). It is
a significant and growing food market share in many Western countries. The
main reason for choosing quick-to-cook food is the convenient use and low costs
compared to cooking at home (Remnant, Adam, 2015). Consumers are becoming
more demanding in choosing ready-to-eat meals with excellent organoleptic and
health-enhancing properties (Rivera et al. 2015, Moronta et al., 2016).

Thermal treatment is a widely used method of preserving food (especially for
products with low acidity, pH> 4.5), and nowadays it is one of the leading
processing methods in the food industry (Chen, Ramaswamy, 2004; Farid et al.,
2004; Awuah et Al, 2007; Miri et al., 2008; Byun et al., 2010; Daelman et al.,
2013; Tola, Ramaswamy, 2014; Durand et al. 2015; Li, Farid, 2016). Canned
food is commercially sterile food in hermetically sealed containers. The process
of preserving food depends on thermal treatment intensity to inactivate
microorganisms and ensure the safety of product. Different packaging materials
and forms can be used for thermal treatment in packaging, including glass jars,
polymer trays and flexible packaging from combined multilayer polymer
materials (Barbosa-Cénovas et al., 2014). Compared to glass jars and metal cans,
flexible packaging provides faster heat transfer to the product, thereby reducing
energy consumption during the technological process (Awuah et al., 2007).
Thermally treated meals in packaging with long shelf life are an important part
of nutrition for people in most of the developed countries and the basic diet of
the armed forces in rural areas around the world.

The suitability of flexible packaging for thermally treated potato meals in
packaging has not been studied so far in Latvia, including the importance of
thermal treatment parameters and packaging materials on the changes of physical
and chemical properties (colour, texture, moisture content, etc.) of food
characterizing the quality during storage at ambient temperature.
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The hypothesis of the doctoral dissertation: optimal thermal treatment of

potato meals in flexible packaging extends their shelf-life while maintaining the
quality and safety of products.

The hypothesis of the doctoral dissertation is supported by the following theses:

1.

2.

3.

4.

Latvian consumers would be willing to purchase thermally treated potato
meals in packaging;

nutritional value of potato meals is significantly improved by adding
amaranth, quinoa, bulgur and chicken fillet to potatoes;

developing a mathematical model allows to calculate optimal thermal
treatment parameters;

the quality of potato meals during storage is influenced by the properties of
the packaging material.

The research object of the doctoral dissertation: thermally treated potato

meals in flexible packaging.

The aim of the doctoral dissertation was to develop optimal thermal treatment

regime for potato meals in flexible packaging and to evaluate changes in quality
during storage.

The following research objectives were set to reach the aim of the doctoral

dissertation:

1.

2.
3.

to clarify consumer opinion on thermally treated meals in flexible packaging
and their implementation in the Latvian market;

to develop recipes for potato meals and identify their nutritional value;

to substantiate the choice of thermal treatment regime by developing a
mathematical model;

to evaluate the quality of thermally treated potato meals in flexible packaging
during storage period and define their shelf life;

to carry out the sensory evaluation of potato meals.

The novelty and scientific significance of the doctoral dissertation:

the suitability of multilayer flexible packaging for the production and long-
term storage at ambient temperature 20+2 °C of thermally treated potato
meals has been studied for the first time in Latvia;

a mathematical model for determining thermal treatment of potato meals has
been constructed;

the results obtained in the research will be used for the first time to produce
the food stocks with an extended shelf-life for the National Armed Forces of
Latvia.

The economic significance of the doctoral dissertation: by introducing the

production technology of potato meals in flexible packaging with 24-month
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shelf-life without the use of refrigeration equipment during storage, it is possible
not only to increase the range of products developed for the needs of the Latvian
National Armed Forces, but also to expand the export opportunities of raw
materials from Latvia — potatoes with increased added value.

APPROBATION OF THE RESEARCH

Research results have been summarised and published in 10 peer
reviewed scientific issues, including 4 publications indexed in the international
citation databases SCOPUS and Web of Science.

The results of the research work have been presented at 13 international
scientific conferences and congresses in Latvia, Lithuania, Turkey, Bulgaria,
including 3 exhibitions — International EAIE 2013 conference — exhibition in
Turkey, and international food industry fair “Riga Food” in 2013 and 2014.

MATERIALS AND METHODS

The time and place of the research
Experiments were conducted during the period of 2013 to 2018 at:

e “Paplate Nr.1” Ltd. production facilities,

o Scientific laboratories of Faculty of Food Technology, Faculty of Veterinary
Medicine and Molecular Biology and Microbiology scientific laboratory,
Latvia University of Life Sciences and Technologies,

e Food Safety, Animal Health and Environmental Research Institute "BIOR",

o Institute of Biology, University of Latvia.

Description of the researched products and packaging
The research object: thermally treated potato meals in flexible packaging.
Raw materials used for the preparation of potato meals:

e potatoes — variety “Soraya”, producer z/s Baldones lauki;

e amaranth (Amaranthus L.) — producer AMARANTH LV Ltd.;

e white quinoa (Chenopodium quinoa Willd.) — grown outside European Union
(EU), packaged and distributed by GEMOSS Ltd.;

e Dbulgur (Triticum durum Desf.) — produced in France, distributed by
GEMOSS Ltd.,
chicken fillet — producer "Lielzeltini" Ltd.,
coarse table salt "Druska" - manufacturer GP Artjemsolj, distributed by
"BCG Riga" Ltd.;

e Spice mix "Annina Vistai", composition: red peppers, caraway, sugar, celery,
garlic, coriander, marjoram, lovage, dill, chilli peppers, rosemary, onions,
mustard seeds, savory - manufacturer "K&K" Ltd.
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Codes of the samples and their components used for the experiments are
given in Table 1.

Principal technological scheme of potato meal production process used for
the experiments are given in Figure 1.

Three different packaging materials were used in the study:

e two-layer transparent laminated polyamide/polyethylene (PA/PE) packing
pouches, thickness — 80 um, size — 200x250 mm, distributor "PTC" Ltd.
(Latvia);

o four-layer light-proof laminated
polyethylene terephthalate/aluminium/polyamide/polypropylene
(PET/ALU/PA/PP), pouches, thickness — 110 um, size — 200x250 mm,
distributor "Nordvak™ Ltd. (Latvia);

o three-
layer transparent laminated polyamide/ethylene vinylalcohol/polyethylene
(PA/EVOH/PE) packaging pouches with UV barrier, thickness — 80 um,
size— 200x250 mm, distributor “Multivac” Ltd. (Latvia).

Vacuum packaging of products was carried out using a single-chamber
vacuum packaging machine Multivac C350 (Germany). Hermetic sealing
modes — vacuum 20 mbar, sealing time for PA/PE packaging — 3.8 seconds, for
PET/ALU/PA/PP packaging — 5.0 seconds, for PA/EVOH/PE packaging —
3.5 seconds. Thermal treatment was carried out in a pilot autoclave HST 50/100,
ZIRBUS Technology GmbH (Germany). Weight of one package was 30015 g.
Sterilised samples were stored at ambient temperature of 20+2 °C for 24 months.

Structure of the research

Four different potato meals were developed for the study: potatoes with
amaranth, potatoes with quinoa, potatoes with bulgur, potatoes with chicken fillet
and potatoes (without added ingredients), which were packaged in various
materials - two-layer transparent laminated PA/PE pouches and four-layer light-
proof laminated PET/ALU/PA/PP pouches. Potatoes were used as the control
sample in order to compare the changes of potato meals during storage after
thermal treatment. Additionally, potatoes were packaged in three-layer
PA/EVOH/PE pouches with UV barrier to study the effectiveness of packaging
UV barrier properties on product quality. A total of 528 product samples were
prepared during the research.

Methods used to characterise the quality of the products
Consumer survey
Within the framework of the study, two different consumer surveys were

organized. One of them revealed the respondents’ attitude towards the integration
of ready-to-eat meals in the Latvian market, while the second survey identified
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the respondents’ opinion and knowledge about the role of packaging in the food
chain.

Ready-to-eat meals in the Latvian market. The survey was conducted in
2014. The study analyses shopping and cooking habits of Latvian consumers,
and their interest of the implementation of ready-to-eat meals in the Latvian
market. A total of 800 respondents were interviewed, 28% men and 72% women
responded electronically to 14 questions.

Importance of packaging materials. The survey was conducted in 2015.
The research analyses the opinion and knowledge of the inhabitants of Latvia
about the role of packaging materials in the process of production and storage of
food products. A total of 600 respondents were interviewed, 76% women and
24% men responded electronically to 13 questions.

Methods for nutrition value determination

Nutritional value of potato meals was determined at the beginning of the
study, after thermal treatment and 24-month storage at 20+2 °C. Energy value of
potato meals was calculated based on the experimental results. Methods for
nutrition value determination are summarized in Tables 2 and 3.

Determination of D-value and Z-values

A mathematical model was developed to determine optimal thermal
treatment intensity (time and temperature) of the product, thus the D-values and
Z-values were calculated during four different temperature regimes:
+(80.0; 100.0; 110.0; 120.0)£0.5 °C with holding time 5, 10, 15 and 20 minutes.

The change in the number of microorganisms at a given time (t) and at a
given temperature (t) is represented by Equation 1:

D-value is expressed as the time in minutes (t) to reduce the number of
microorganisms from logNo to logN,, therefore from the equation of the rate
constant K it is possible to express D-value by Equation 2:

Z-value is defined as the temperature difference (°C) required to achieve the
analogue D-value by changing the temperature. If the Z-value is expressed as the
temperature difference At °C required to reduce the D-value by one log, varying
it from logD; to logD,,, the rate constant k can be expressed by Equation 3:

Methods of determining quality parameters

Microbiological and physicochemical parameters were determined on the
production day of potato meals and during storage. The methods for testing
microbiological parameters are given in Table 4, while the experimental methods
for qualitative characterization of physicochemical properties are presented in
Table 5.

Sensory evaluation

The degree of liking of sensory parameters of potato meals was evaluated
using an emotional testing method — 5-point hedonic scale according to
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ISO 4121:2003. The 5-point scale was used to determine the degree of liking
from "like very much" (5) to "dislike very much" (1) with the central point "not
sure" (3). Potato meals were evaluated by 22 semi-trained panellists.

Data mathematical processing

The obtained data were processed using SPSS software package 16.0 and MS
Excel program. The mean arithmetic value and standard deviation were
calculated for the obtained results.

Using MS Excel, results were evaluated with one-way and two-way analysis
of variance (ANOVA). Factors were rated as significant if p -value < 0.05. For
the interpretation of the results it was assumed that a = 0.05 with 95 %
confidence.

Pair correlation between 2 factors was established using correlation and
regression analysis, and the strength of relationship was investigated. The
measure of the strength and direction of the linear relationship is denoted by r.
Stronger correlation is the one with a higher correlation coefficient by module.
If the correlation coefficient is 0.7< | r | < 0.9 there is a close linear relationship
(strong correlation) between the studied objects, whereas if the coefficient is
0.5 < | r| < 0.69 there is a moderate linear relationship.

RESULTS AND DISCUSSION

In order to obtain high-quality, microbiologically safe and sensory acceptable
new product with potential in the Latvian and foreign markets, such factors as
product composition, packaging material and technological solution play an
important role in the development process. Therefore, consumer opinion was
identified on the introduction of ready-to-eat meals in the Latvian market and the
importance of packaging materials for the viability of the product in the market.
Recipes were developed and nutritional value of potato meals was determined.
A mathematical model was developed for substantiating optimal thermal
treatment regimen. Physical and chemical parameters (colour, structure, moisture
content, water activity (aw), pH), and microbiological parameters (MAFAmM,
Clostridium spp., Bacillus cereus) which determine the quality of potato meals
were assessed during storage. Sensory evaluation of potato meals using 5-point
hedonic scale was conducted.

1. Consumer Survey

Today, there is a tendency for European consumers to choose easy-to-prepare
foods more frequently (Olsen et al., 2012). Such food products are a good meal
solution for any consumer group in Latvia, allowing to reduce the daily
consumption of unhealthy foods, which is nowadays becoming more and more
popular. In order to start developing new products, it is necessary to evaluate the
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interest of the potential consumers and their attitude towards the particular type
of product.

Introduction of ready-to-eat meals in the Latvian market

At the beginning of the research, consumers’ attitudes on their cooking habits
and the introduction of ready-to-eat meals in the Latvian market were defined.
The obtained results indicate that respondents pay great attention to such factors
as product quality, composition and price when choosing food products, whereas
less important factors are packaging and producer; therefore, the demand for new
product types in the Latvian market depends on consumer shopping habits and
product quality parameters. Analysing the results of forecasted demand and
possible sales of ready-to-eat meals in the Latvian market, it can be concluded
that the development and implementation of such products is topical, as 67% of
the respondents expressed their desire to buy ready-to-eat meals, which would
ease the preparation of the meal and the time devoted to it. With regards to the
types of meals consumers would prefer, there is a tendency that inhabitants of
Latvia prefer meals which include chicken; in this case, the meals with chicken
fillet are preferable as they obtained higher percentage of votes — chicken fillet
and vegetables (77.1%), followed by chicken fillet with rice (73.9%) and chicken
fillet with potatoes (67.4%). The target population for fast and easy-to-cook
meals in Latvia are people aged 19-35, who have an active daily rhythm of life,
who work, study, and choose to devote their leisure time to other types of
activities than cooking.

The importance of packaging materials from consumer point of view

Packaging plays an important role in preserving product quality. Also,
packaging is one of the first factors that influences consumer food choices by
attracting attention and providing a clear initial communication. A survey was
conducted to define consumers' knowledge and views on packaging. When asked
about the importance of packaging when making a food choice, 30.2% of
respondents said that they often pay attention to packaging materials and types
while 7.3% of respondents do it always, and only 4.2% of respondents noted that
packaging material is not significant. An in-depth analysis of the role of
packaging from a consumer perspective found that 42.1% of respondents
sometimes pay attention to packaging design, and 38.5% almost always pay
attention to the size of the package and its adequacy to the type of product. In
turn, only 30.9% of respondents almost always evaluate the functionality of
packaging. Such basic packaging functions as easy-to-open and easy-placement
are almost always assessed by 34.7% of respondents. Most respondents (70%)
confirmed that they would definitely pay more attention to the type of product
packaging if they were more aware of its importance.
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2. Recipes and nutritional value of potato meals

Potato variety ‘Soraya’ was chosen as the most suitable for this study based
on such quality parameters as weight of potato peel, flesh colour and consistency
after thermal treatment. In order to increase the nutritional value of potatoes, two
pseudocereals were added — amaranth and quinoa, and the product of hard
wheat — bulgur, and chicken fillet. Such raw materials were selected on the basis
of their nutritional and functional value, as well as the results of the consumer
survey.

In general, four different potato meals (with amaranth, quinoa, bulgur and
chicken fillet) and potatoes (control) without added ingredients were developed
and three different packaging materials—PA/PE, PA/EVOH/PE and
PET/ALU/PA/PP for potato main courses were tested.

Nutritional value

Energy value, content of carbohydrates, proteins, lipids, dietary fibre
(Table 6), as well as biological value, micro and macro nutrients were determined
in potato meals.

The highest content of carbohydrates was found in potatoes with bulgur
(34.3 g 100 g'1), while the lowest — in potatoes with chicken fillet (6.1 g 100 g).
The highest protein content was determined in potatoes with chicken fillet (13.4 g
per 100 g); however, according to EC Regulation 1924/2006 all potato meals
(with amaranth, quinoa, bulgur and chicken fillet) can be labelled as ‘source of
protein’. The highest fat content was found in potatoes with quinoa (2.3 g 100 g%),
while the lowest — in potatoes (0.2 g 100 g}).

Based on Commission Regulation EC 1924/2006, potatoes are a ‘fat-free’
product, while other potato meals are ‘low-fat’ products. Potatoes with amaranth
had the highest fibre content (3.0 g 100 g*) and this meal can be defined as
‘source of fibre’, whereas the lowest fibre content was in potatoes with chicken
fillet (0.4 g 100 g*). The highest energy value was found for potatoes with
amaranth (183 kcal/767 kJ), while the lowest — for potatoes (63 kcal/262 kJ).
With regards to energy value of potatoes, it does not reach high overall figures
and accounts for approx. ¥ of the recommended daily calorie intake.

The results of micro and macro nutrients in potato meals showed that the
highest content of these elements was found in potatoes with amaranth — one
portion (300 g) provides the recommended daily intake of phosphorus,
magnesium, manganese and iron.

3. Thermal treatment research
The dynamics of microbiological parameters in potato meals during
thermal treatment process

The efficiently of thermal treatment of potato meals was studied in sample —
potato meal with chicken fillet — since meat is a high-risk food that provides
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favourable conditions for the growth and development of pathogenic
microorganisms. To determine the optimal thermal treatment time and
temperature, potato meal with chicken fillet was processed at four different
temperatures: + (80; 100; 110 and 120) 0.5 °C with holding time 5; 10; 15 and
20 minutes. After treatment, colony forming units (CFU) of mesophilic aerobic
and facultative anaerobic microorganisms (MAFAmM) were determined in each
sample of potato meals. The dynamics of MAFAmM are shown in Figure 2.

The initial (pre-thermal treatment) count of microorganisms in potato meal
with chicken fillet was 4.57 log CFU g. In turn, after 10 min treatment at
80+0.5 °C, the total count of microorganisms decreased by 1.10 log CFU g; at
100+0.5 °C by 1.91 log CFU g, at 110+0.5 °C by at 3.15 log CFU g%, and at
120+0.5 °C the total count of microorganisms was <10 CFU g7, indicating an
effective combination of temperature and time.

Summarizing the results of microbiological analysis of potato meal with
chicken fillet after thermal treatment during different time and temperature
regimes, it has been found that the most suitable processing regime in an
autoclave for thermally treated potato meals in flexible packaging is 120+0.5 °C
for 10 minutes.

Development of the optimal thermal treatment regime

A mathematical model based on D and Z-values has been developed for
calculating the optimal treatment regime of thermally treated potatoes in
packaging. The mathematical model has been developed for potato meal with
chicken fillet for sterilisation treatment (in autoclave). The dynamics of
mesophilic aerobic, facultative anaerobic microorganisms (MAFAM) was
determined for potatoes with chicken fillet at four different temperature regimes:
+(80; 100; 110; 120) +0.5 °C; with cooking (holding) time — 10; 15 and
20 minutes (Table 7).

If potato meals are processed at 120+0.5 °C temperature, then the resulting
D-value (which is characterized by the time to reduce the number of
microorganisms per one log unit) is Di20=2.08 minutes. If the number of
microorganisms should be reduced by two log units, then the total thermal
treatment time is 2 x 2.08 = 4.16 minutes. However, if the needed reduction is to
zero CFU g%, then optimal treatment time is 9.48 minutes. The Z-value is defined
as the temperature difference needed to reduce Dt per one log unit. According to
the calculations, the process characterizing Z-value is 6 °C.

4. Effect of packaging on the quality of potato meals during storage
Changes in physical and chemical quality parameters (colour, structure,
moisture content, water activity aw, pH) of potato meals — potato meal with

amaranth, potato meal with quinoa, potato meal with bulgur, potato meal with
chicken fillet and potatoes without added ingredients in three different packaging
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materials PA/PE, PA/EVOH/PA and PET/ALU/PA/PP were determined after
eight and 24-month storage at ambient temperature 20+2 °C.

Changes in colour intensity during storage

Product colour is one of the essential qualities that affects the consumer food
choice. Colour of the product can be mainly influenced by both genetic factors
and processing parameters. Technological parameters include the type of
treatment, product packaging material, and storage conditions. During the
storage of foods, changes in colour are observed due to fluorescence. Light
contributes to the decolorization of products, the formation of off-flavours, and
reduces the shelf life of products despite compliance with temperature regimes
(MacDougall 2002). Consequently, choosing appropriate food packaging
materials and processing technologies can greatly extend product shelf life.

After thermal treatment and during storage, colour changes of potato meals
in CIE colour system were determined by defining the values of L*, a*, b* colour
components and based on the obtained measurements, the total colour difference
AE* was calculated (Figure 3).

Significant total colour difference (p<0.05) was found in potato meals in
PA/PE and PA/EVOH/PE packaging after 8-month storage. Barrier properties of
the packaging material play an important role in preserving the colour of the
potato meals. By using a light-proof packaging material with high barrier
properties it is possible to provide up to three times longer shelf-life for potato
meals. The highest total colour difference was found in potato meal with quinoa
in PA/PE packaging (sample P3) and potatoes in the PA/PE packaging (sample
P1). In contrast, the lowest total colour difference was determined for potatoes
with chicken fillet in the PET/ALU/PA/PP packaging (sample F5).

Changes in structure during storage

Total hardness increase of potato meals during storage is shown in Figure 4.
For potato meals packed in PA/PE (P1; P2; P3; P4; P5) and PA/EVOH/PE (U1)
packaging changes in hardness are shown after 8-month storage, while for meals
in PET/ALU/PA/PP packing (F1; F2; F3; F4; F5) hardness changes are shown
after 8 and 24 months of storage at 20+2 °C.

Potato meals in PA/PE packaging and potatoes in PA/EVOH/PE packaging
showed significant changes in hardness during eight-month storage. During this
time, both a significant increase in hardness and noticeable visual changes in
potato meals were established. The results indicate a significant difference in the
barrier properties of packaging materials. The highest changes in hardness were
detected in potato meal with amaranth in PA/PE packaging (sample P2) during
eight-month storage (increase of 6.64 N), while the lowest changes in hardness
were found in potatoes in PET/ALU/PA/PP packaging (sample F1) — during
storage the hardness increased only by 1.91 N. It can be concluded that the
packaging material plays an essential role in maintaining the structure of potato
meals, when opting for long shelf life.
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Changes in moisture content during storage

Water is an important component in foods, and its losses may contribute to
product changes. Moisture content (%) was determined in potato meals
immediately after thermal treatment and during storage. Moisture content in
potato meals in PA/PE and PA/EVOH/PE packaging was determined within
eight-month storage, and in potato meals in PET/ALU/PA/PP packaging — during
24-month storage. The changes of moisture content of potato meals as a
percentage during storage are shown in Figure 5.

Substantial changes in moisture content were found in potato meals in PA/PE
packaging after eight-month storage, indicating possible migration of water
vapour through the packaging layers. The highest moisture content changes were
observed in potatoes with bulgur in PA/PE packaging (sample P4) during
eight-month storage, while the lowest—in potatoes in PET/ALU/PA/PP
packaging (sample F1) after 24-month storage. Also, in this case, the importance
of the packaging material in relation to the quality of potato meals is proven.

Summarizing the results of moisture content and comparing them to the
results of hardness of potato meals, a close negative correlation was found: as the
moisture content decreases, the hardness of the product increases.

For potatoes in PET/ALU/PA/PP packaging (sample F1) a strong negative
correlation R? = 0.917 (r = 0.958) was observed (Figure 6).

Identical to potatoes in PET/ALU/PA/PP packaging (sample F1), also for
potatoes in PA/PE packaging (sample P1) a strong negative correlation
R2=10.990 (r = 0.995) was observed (Figure 7).

Similar results were also obtained of the correlation analysis for the rest of
potato meals. For potato meals in PET/ALU/PA/PP (samples F1; F2; F3; F4; F5),
PA/EVOH/PA (sample Ul) and PA/PE (samples P1; P2; P3; P4; P5) packaging
a strong linear relationship between these two qualitative characteristics was
found.

Changes in water activity (aw) during storage

Water activity aw is a major factor affecting the viability, development and
resistance to thermal treatment of microorganisms. Water activity of potato
meals (potatoes, potato meal with amaranth, potato meal with quinoa, potato
meal with bulgur and potato meal with chicken fillet) was determined
immediately after thermal treatment and during storage — for products in PA/PE
and PA/EVOH/PE packaging during 8-month storage and in PET/ALU/PA/PP
packaging during 24-month storage (Table 8).

All studied thermally treated potato meals in packaging are to be regarded as
foods with high levels of water activity, indicating that the environment is
favourable for the growth and development of microorganisms, therefore, the
effectiveness of thermal treatment is very important to prevent the development
and viability of microorganisms in the product after processing. For potato meals
in PA/PE and PA/EVOH/PE packaging after 8-month storage and meals in
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PET/ALU/PA/PP packaging after 24-month storage no significant differences in
changes of water activity (aw) were detected (p <0.05).

pH changes during storage

Product environmental pH is one of the key factors determining which
microorganisms can develop in the product. Food-borne infection causing agents
usually have an environment optimum close to neutral pH — 6 to 7. The typical
pH of vegetables ranges from 4.2 to 6.5, whereas, the pH of raw potatoes ranges
from 5.4 to 5.8 (Suryawanshi, 2008). It should also be taken into account that the
resistance of different microorganisms to processing will vary in products with
different pH levels (Garcia-Segovia et al., 2007).

The value of pH was determined in all potato meals after thermal treatment
and storage. All potato meals used in the study have a weak acid environment.
pH of potato meals — potatoes, potato meal with amaranth, potato meal with
quinoa, potato meal with bulgur and potato meal with chicken fillet — in PA/PE
(samples P1; P2; P3; P4; P5) and PA/JEVOH/PE (sample Ul) packaging was
determined during 8-month storage (Figure 8), while in PET/ALU/PA/PP
packaging (samples F1; F2; F3; F4; F5) during 24-month storage (Figure 9) at
20+2 °C, based on colour and structure research results.

During the storage of meals in PA/PE, PA/EVOH/PE and PET/ALU/PA/PP
packaging there were insignificant changes in pH dynamics (pH>0.05) in all
tested meals.

Changes in microbiological parameters during storage

Various microorganisms, including heat-resistant spore-forming pathogenic
microorganisms such as Clostridium botulinum, can grow in low-acid products
with pH above 4.6. It should be emphasized that thermal treatment of low-acid
canned products is a significant step, which, in the event of insufficient
sterilization, involves a risk to public health and significant losses of the prepared
product (Nguyen-The, 2012; Postollec et al., 2012). The resistance of
microorganisms to thermal treatment and viability in the product is largely
influenced by water activity (aw) (Syamaladevi et al., 2016). For all potato meals
analysed in the study, pH value ranged from 5.69 to 5.99, which means that all
potato meals are defined as canned foods with low environmental pH, and their
water activity corresponds to high-moisture foods. Therefore, effective thermal
treatment is needed to avoid the viability and development of pathogenic, spore-
producing microorganisms in the product after thermal treatment.

The presence of microorganisms which produce spores (Clostridium spp. and
Bacillus cereus), as well as the count of colony forming units (CFU g*) of
mesophilic aerobic and facultative anaerobic microorganisms (MAFAM) was
determined in thermally treated potato meals in packaging after thermal
treatment and storage. The presence of spore-producing microorganisms was
determined according to the recommended microbiological stability testing of
preserves by Codex Alimentarius. The presence of Clostridium spp. and Bacillus
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cereus was not confirmed in any of potato meal samples, indicating the
effectiveness of thermal treatment used in the study. The count of mesophilic
aerobic and facultative anaerobic microorganisms, tested immediately thermal
treatment and storage, in potato meals in PA/PE and PA/EVOH/PE packaging
after eight-month storage and in potato meals in PET/ALU/PA/PP packaging
after 24-month storage, was <10 CFU g, thus demonstrating the effectiveness
of the chosen technological process.

5. Sensory assessment of potato meals

The degree of liking of five sensory parameters — overall appearance, aroma,
structure, taste and aftertaste — of potato meals (potatoes, potato meal with
amaranth, potato meal with quinoa, potato meal with bulgur and potato meal with
chicken fillet) were assessed using a 5-point hedonic scale. The obtained results
are summarised in Table 9

The assessment of the degree of liking of overall appearance showed that
potato meal with bulgur and potato meal with chicken fillet scored the highest
marks, which did not differ significantly from one another. There were no
differences in the degree of liking of aroma and structure between potato meal
samples (p>0.05), whereas the degree of liking of taste was significantly different
(p<0,05) between the samples. Panellists gave the highest marks to potato meal
with bulgur and potato meal with chicken fillet, while the lowest score was given
to potatoes (control). An identical trend was observed for the degree of liking of
aftertaste, where significant differences between samples were found, and potato
meal with bulgur and potato meal with chicken fillet received the highest scores.
In general, such potato meals were found to be easy and convenient to use, and
panellists expressed their desire to buy these potato meals for daily consumption.

CONCLUSIONS

1. Consumers pay close attention to such factors as product quality,
composition and price when making food choices. The development and
implementation of ready-to-eat meals in the Latvian market is topical, as 67%
of respondents expressed their desire to buy such products.

2. The addition of amaranth and quinoa to potatoes significantly increases the
fibre content (p <0.05), while the addition of amaranth, quinoa, bulgur,
chicken fillet significantly increases the protein content (p <0.05). All potato
meals are low in fat and, according to Regulation (EC) No. 1924/2006, these
meals can be defined as ‘source of protein’ and ‘low-fat’ products.

3. The mathematical model (D-value and Z-value) has been developed for
optimal thermal treatment regime determination of potato meals (120 £ 0.5
°C, 9.48 minutes), which ensures microbiological safety and quality of
products during 24-month storage at ambient temperature.
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. Colour, hardness and moisture content of thermally treated potato meals in
PA/PE and PA/EVOH/PE packaging during 8-month storage at 20+2 °C has
significant changes, whereas in PET/ALU/PA/PP packaging after 24 months’
changes in these parameters are not significant.

. Summarizing quality parameters, multilayer metallised polymer
PET/ALU/PA/PP film is the most suitable packaging material for long-term
storage of potato meals, because it is able to protect products against the
adverse effects of external factors, ensuring minimal changes in product
quality during 24-month storage period at 20+2 °C temperature.

. The analysis of the degree of liking of sensory properties showed that potato
meal with bulgur and potato meal with chicken fillet scored the highest
marks, while the lowest score was given to potatoes without additional
ingredients.

. The results of the study confirm the proposed hypothesis: optimal thermal
treatment of potato meals in flexible packaging extends their shelf-life while
maintaining the quality and safety of products.
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