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PETIJUMA AKTUALITATE

Iepakojumam ir izSkiroSa nozime partikas kvalitates saglabasana. Tas
aizsarga produktus no apkartgjas vides iedarbibas, sekundaras piesarnoSanas,
saglaba to kvalitati uzglabasanas un transport€Sanas laika. PaSlaik partikas
industrija patere aptuveni 60% no visa iepakojuma daudzuma pasaule. No
iepakojuma kopapjoma masas aptuveni 24% ir polim@ru materiali, kuru
blivums ir zems, tadel tie aiznem lielu tilpumu. Polim&ru materiali ir viens no
domingjosiem produktu iepakojumiem miisu veikalos.

Daudzsolosa alternativa tradicionalajiem polim&ru iepakojuma materialiem,
ko razo galvenokart no daba neatjaunojamam izejvielam — naftas produktiem, ir
biopoliméri, izgatavoti no daba regulari atjaunojamam izejvielam: kartupelu un
graudaugu cietes, ka arT olbaltumvielam. Tiek prognozets, ka biopolimeéru
iepakojuma materialu tirgus turpmakajos desmit gados strauji piecaugs.

Latvijas Universitates (LU) Mikrobiologijas un Biotehnologijas instituta
sadarbiba ar Rigas Tehnisko universitati (RTU) laboratorijas apstaklos péta
poli-B-hidroksibutirata (Latvijas Republikas patents LV 5297, 1993:P-93-635)
un ta kompozitmaterialu izgatavosanu. Sie materiali ir biodegradgjami un
lietojami iepakoSanai, bet to ietekme uz partikas produktu kvalitati
uzglabasanas laika nav pétita. Kaut dalu no parastajiem poliméru iepakojuma
materialiem (PE, PP, PET u. c.), kuru sadaliSanas laiks parsniedz 100 gadus,
aizvietojot ar kompost&jamiem biopolimériem, kas mikroorganismu un
mitruma iedarbiba augsné sadalas dazu menesSu laika, sabiedriba vargtu
ievérojami samazinat izdevumus par izlietota iepakojuma SkiroSanu, parstradi
un atkritumu izgaztuvju uzturésanu.

Nozimigs faktors partikas kvalitates saglabasanai ir iepakojuma un produkta
savstarpgja saderiba, ka ar1 iepakojuma materiala barjeripasibas (gaismas, O,,
CO,, iidens tvaika caurlaidiba). Biopolim&ru barjeripasibam jabiit l1dzigam ka
tradicionali lietotiem polim&ru materialiem. Biopolim&ru izmantoSana partikas
iepakojumam joprojam ir limiteta, jo trukst zinatniski pamatotu p&tijumu par
produktu kvalitates izmainam. Lai samazinatu atkritumu daudzumu un atrastu
biopoliméru lietoSanas optimalos variantus, ka ari nodroSinatu produktu un
iepakojuma savstarpg&jo saderibu un produktu kvalitati, biopoliméru razotaji
cieSi sadarbojas ar partikas zinatniekiem.

Izvirzitie pien@mumi un teor€tiskie aspekti par dabai draudzigo materialu
piemérotibu partikas iepakosanai lauj formul&t promocijas darba merki.

Darba meérkis: jauna videi draudziga biodegradéjama iepakojuma materiala —
poli-B-hidroksibutirata un ta kompozitmaterialu lietoSanas iesp&u izpete
partikas produktu iepakojumam.



Darba mérka sasniegSanai izvirziti $adi uzdevumi.

1. Eksperimentali  noteikt  poli-B-hidroksibutirata (PHB) un ta
kompozitmaterialu Tpasibas.

2. Noskaidrot PHB kompozitmaterialu ietekmi uz iepakoto piena produktu
kvalitati uzglabasanas laika.

3. Petit PHB kompozitmaterialu elementu migraciju uz modelvidi un to
ietekmi uz piena produktu kvalitati.

4. Izvertet PHB kompozitmaterialu piemérotibu partikas produktu
iepakojumam.

Petijuma novitates un zinatniskais nozimigums

1. Pirmo reizi veikti pétijumi par Latvija (LU un RTU) sintezéto PHB
kompozitmaterialu Tpasibam, tas salidzinatas ar piena produktu faséSanai
tradicionali lietoto materialu Tpasibam.

2. Petita PHB kompozitmaterialu ietekme uz piena produkta — skaba
kr&juma kvalitati uzglabasanas laika.

Zinatniska darba téma un tas izstrade saistita ar darbibu divos starptautiskos
Eiropas Savienibas (ES) finansétos 5. ietvara projektos:

o EcoPac, QLRT-2001-01823 " Recyclable and Biodegradable Eco-Efficient
Packaging Solutions for the Food Packaging” Quality of Life and
Mnagement of Living Resources (LIFE, www.eco-pac.com;

e PackTeck, Contract N GIRTC-CT-2002-05068 “Assimilation and
Standardization of Environmentally Friendly Packaging Technologies
within the Food Industry”, www.pack-tech.org .

Darba tautsaimnieciska nozimiba

Jaunu videi draudzigu biodegrad€jamu PHB kompozitmaterialu ievieSana
razoSana izmantoSanai partikas produktu iepakojumam samazinas apkartgjas
vides piesarpojumu ar griiti sadalamajiem un no neatjaunojamam izejvielam
izgatavotajiem polim&ru materialiem.

ZINATNISKA DARBA APROBACIJA

Par darba gaitu un rezultatiem sniegti 11 zinojumi zinatniskajas un
zinatniski-pétnieciskajas konferences LLU, starptautiskajas konferencgs,
seminaros un kongresos Danija, Italija, Cehija, Spanija un Vacija.

1. Muizniece-Brasava, S., Dukalska, L. (2005) PHB composite materials for
dairy product packaging, Naro.Tech., 5" International Symposium
Materials made from Renewable Resources, Messe Congress Center, Erfurt,
Germany, 1-2 of September (referats / oral presentation).

5



. Muizniece-Brasava, S., Dukalska, L. (2005) Packaging waste recovery and
acquirement of environmentally friendly packaging in Latvia. International
Scientific Practical Conference, New Technologies in Traditional Food,
Jelgava, 11" of May (referats / oral presentation).

. Muizniece-Brasava, S. (2004) Investigations into PHB composites for food
packaging. ES 5. ietvara projekts ECOPAC QLKI-CT-2001-01823
“Recucable and Biodegradable Eco-Efficient Packaging Solutions for the
Food Industry”, Latvia University of Agriculture, Jelgava, 17" of December
(referdts / oral presentation).

. Dukalska, L., Bude, U., Muizniece-Brasava, S. (2004) Promotion of
Recyclable and Biodegradable Packaging in Latvia, Barselona, Spain,
17-19 of November (stenda referats / poster presentation).

. Muizniece-Brasava, S. (2003) Barier Properties of PHB Composites.
ES 5. ietvara projekts ECOPAC QLKI-CT-2001-01823 “Recycable and
Biodegradable Eco-Efficient Packaging Solutions for the Food Industry”.
University of Pisa, Pisa, Italy, 7" of February (referdts / oral presentation).

. Muizniece-Brasava, S., Dukalska, L., Savenkova, L., Dzene, A.,
Tupureina, V. (2003) Properties of the Biodegradable PHB Composite
Materials. International Scientific Practical Conference, Safety Food
Production for the Healthy Nutrition, Jelgava. 14"™ of May. (referdts / oral
presentation).

. Muizniece-Brasava, S., Haugaard, V.K., Becker, M.E., Tupureina, V.,
Savenkova, L., Dukalska, L., Dzene, A. (2003) Investigation of Light
Transmission and Water Vapor Permeability of PHB Composite Materials
Compared to Traditional Flexible Food Packaging Materials, Naro. Tech.,
4™ International Symposium Materials of renewable resources, Messe
Congress Center Erfurt, Germany, 11-12 of September (referas / oral
presentation).

. Muizniece-Brasava, S., Dukalska, L. (2002) “The Development Tendences
of Food Packaging Materials. International Scientific Practical Conference,
New Trends in Quality Food Production, Jelgava, 25 of March (referats /
oral presentation).

. Muizniece-Brasava, S., Savenkova, L., Dzene, A., Dukalska, L. (2002)
Biodegradable PHB Composite Materials for Food Packaging.
15™ International Congress of Chemical and Process Engineering, "CHISA
2002", Praha, 25-29 of August (stenda referats / poster presentation).

10. Dzene, A., Tupureina, V., Kalnins, M., Savenkova, L., Muizniece-Brasava,

S., Anishchenko, L. (2002) Biodegradable PHB Based Films For Food
Packaging. Baltic Polymer Symposium, Nida, Vilnuis, 18-20 of September
(stenda referdts / poster presentation,).

11.Dzene, A., Dukalska, L., Gercberga, Z., Muizniece, S., Savenkova, L.,

Tupureina, V. (2001) Biodegradable Polymer Composites as Food
Packaging. 3 Internationales Symposium Werkstoffe aus nachwachsenden
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Rohstoffen, Erfurt, Germany, 5—6 of September (stenda referats / poster
presentation).

Darba rezultati atspoguloti piecas zinatniskajas publikacijas anglu valoda, no
tam divas — LZP atzitos izdevumos.

1.

Muizniece-Brasava, S., Haugaard, V.K., Becker, M. E., Tupureina, V.,
Savenkova, L., Dukalska, L., Dzene, A. (2003) Investigation of Light
Transmission and Water Vapor Permeability of PHB Composite Materials
Compared to Traditional Flexible Food Packaging Materials, Naro. Tech.,
4™ International ~ Symposium Materials of renewable resources,
Proceedings, Messe Congress Center Erfurt, Germany, S2-13, pp. 67; 1-6.

Konferences Naro. Tech., 4™ International Symposium Materials of renewable resources
publikacijas pilns teksts ievietots ,, Procceedings” elektroniska formata, Redkolégija atjauj
pilno tekstu publicét cita Zurnala. Raksts publicéts LLU “Rakstos”:

Muizniece-Brasava, S., Dukalska, L., Tupureina, V., Savenkova, L., Dzene,
A. (2006) Light Transmission and Water Vapour Permeability of PHB
Composite Materials, Latvijas Lauksaimniecibas universitate, Raksti,
16 (311), Jelgava, pp. 88-93.

Muizniece-Brasava, S., Dukalska, L. (2005) PHB composite materials for
dairy product packaging, Naro. Tech., 5" International Symposium
Materials made from Renewable Resources, Proceedings, Messe Congress
Center Erfurt, Germany, S2-16, pp. 71; 1-9.

Konferences Naro. Tech., 5" International Symposium Materials made from Renewable
Resources publikacijas pilns teksts ievietots ,, Procceedings” elektroniska formata, Redkolégija
atlauj pilno tekstu publicét cita zurnala. Raksts publicets LLU “Rakstos™:

Muizniece-Brasava, S., Dukalska, L. (2006) Impact of biodegradable PHB
packaging composite materials on dairy product quality. Latvijas
Lauksaimniecibas universitate, Raksti, 16 (311), Jelgava, pp. 79-87.

Muizniece-Brasava, S., Savenkova, L., Dzene, A., Dukalska, L. (2002)
Biodegradable PHB Composite Materials for Food Packaging.
15" International Congress of Chemical and Process Engineering.

"CHISA 2002" Proceedings, Praha, Czec Republic, pp. 7-37 (218; 1-7).
Kongresa 15" International Congress of Chemical and Process Engineering. "CHISA 2002"
publikacijas pilns teksts ievietots ,, Procceedings” elektroniska formata, Redkolégija atjauj
pilno tekstu publiceét citd zurnala. Raksts ir publicéts:

Muizniece-Brasava, S., Dukalska, L., Savenkova, L., Dzene, A., Tupureina,
V. (2003) Properties of the Biodegradable PHB Composite Materials.
Safety Food Production for the Healthy Nutrition. LLU, PTF, Referati,
Jelgava, pp. 136-142.

Muizniece-Brasava, S., Dukalska, L. (2005) Packaging waste recovery and
acquirement of environmentally friendly packaging in Latvia.
New Technologies in Traditionall Food. LLU, PTF, Referati, Jelgava,
pp. 251-263.



5. Muizniece-Brasava, S., Dukalska, L. (2002) The Development Tendencies
of Food Packaging Materials. New Trends in Quality Food Production.
LLU, PTF, Referati, Jelgava, pp. 185-190.

MATERIALI UN METODES

Pétijumu norises vietas:

e Latvija (laika posma no 2001. lidz 2005. gadam) — Latvijas
Lauksaimniecibas universitates Partikas tehnologijas fakultate, Latvijas
Universitates Mikrobiologijas un Biotehnologijas institfita, Rigas Tehniskas
universitates Poliméru Materialu institiita, V/a Sabiedribas Veselibas
agentliras Kimijas laboratorija.

e Danija (2002. gada) — Karaliskas Veterinarijas un Lauksaimniecibas
universitates Piena Produktu un Partikas Zinatnes fakultatg.

Pétijuma objekts — Latvijas Universitates Mikrobiologijas un Biotehnologijas
institita laboratorija sintezets lielmolekulars poli-B-hidroksibutirats (PHB)
(~2000 kDa) un Brazilija firma Biocycle ripnieciski razots mazmolekulars
(~200 kDa) poli-pB-hidroksibutirats (PHB) un to kompozitmateriali (1. attéls),
un to ietekme uz piena produkta — skaba kr&juma kvalitati uzglabasanas laika.

Visi petitie PHB kompozitmateriali izgatavoti Rigas Tehniskas universitates
Poliméru Materialu institiita, atlejot no 1% PHB skiduma hloroforma, ka ar1 no
PHB Skiduma, kuram pievienoti dazadi plastifikatori. Ka plastificgjosas
piedevas lietotas: dioktilsebacinats (DOS), citroflekss (C) un bisoflekss (B).
Pleves pirms turpmakam parbaudem vismaz desmit dienas izturétas telpas
temperatiira, lai sasniegtu lidzsvarotu virsmolekularo struktiru (Bibers u. c.,
2000). Petito PHB un to kompozitmaterialu plévju raksturojums apkopots
1. tabula.

PHB kompozitmaterialu ipasibu noteikSanas metodes

e Mehaniskas ipasSibas - robezstipriba stiepé o un relafivais
pagarinajums & — noteiktas péc standarta metodes LVS EN ISO 527-3:2000 ar
universalo testéSanas iekartu UTS-100.
e Materialu barjeripasibas.

— Skabekla caurlaidiba noteikta p€c ASTM D3985-02 standarta metodes
ar iekartu MoCon (Modorn Controls, Inc) OX-TRAN 100.

— Udens tvaika caurlaidiba noteikta ar ASTM E96-80* standarta
desikantu metodi. Eksperimenti veikti BINDER KDF iekarta.

— Gaismas caurlaidiba noteikta paraugiem, kuru izmeéri ir 20 x 50 mm,
biezums 353 un 6015 pm, gaismas vilpu garuma diapazona no 200 lidz
800 nm pec iekartas apraksta dotas metodikas, lietojot Cintra 40



spektrofotometru (GBC Scientific Equipment Pty Ltd, Victoria, Australia), kura
aprikojuma ietilpst ar barija sulfatu apklats sabalanséts sferisks detektors.

— Biodegradacija augsné. Paraugus (20 x 20 mm, 35+3 pum) noverté pec
masas zudumiem, tos inkub&jot mikrobiologiski aktiva augsné (humusa saturs
11,9%, mitrums 53,9%, pH 6,2) 25+1 °C temperattra. Paraugus péc inkubacijas
augsn€ mazga destiléta tdeni, zavé termostata un sver uz analitiskajiem
svariem. (Savenkova et al., 2000 a).

e PHB polimérplévju mikroskopésana veikta ar binokularo mikroskopu
MOTIC B1-223A (palielinajums 2000 reizes).

Poli-B-hidroksibutirats

PHB
Sintezéts Latvija Razots Brazilija
Patents LV Nr. 12213 “BIOCYCLE”
Izveidoti Izveidoti
kompozitmateriali ar kompozitmateriali ar
plastifikatoriem plastifikatoriem
o dioktilsebacinatu (DOS), » dioktilsebacinatu (DOS),
ebisofleksu (B), e bisofleksu (B)
o citrofleksu (C)

PHB kompozitmaterialu ipasibas: PHB kompozitmaterialu ipasibas:

o stiepes robeZstipriba;

o relativais pagarinajums;
o skabekla caurlaidiba;

o Gidens tvaika caurlaidiba;
e gaismas caurlaidiba;

e biodegradacija augsné.

PHB kompozitmaterialu ietekme

uz skaba kréjuma ipasibam:

o stiepes robeZstipriba;

e relativais pagarinajums;
o gaismas caurlaidiba;

® biodegradacija augsné.

PHB kompozitmaterialu ietekme
uz skaba kréjuma ipasibam:

o krasas izmainas;

o produkta masas zudumi;

e viskozitates izmainas;

o lipidu oksid&Sanas sekundarie
produkti;

¢ pH izmainas;

e dzelzs un kalcija migracija
modelvidés (pH 4 un pH 7).

o krasas izmainas;

o produkta masas zudumi;

o viskozitates izmainas;

o lipidu oksidéSanas sekundarie
produkti;

o pH izmainas;

e dzelzs un kalcija migracija
mode]vidés (pH 4 un pH 7).

1. att. PEtijjumu struktira.
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1. tabula / Table 1
Eksperimentos izmantotas PHB kompozitpleves

PHB composite materials used for experiments

Kompozitplévju Biezums /
apziméjums / Kompozitplevju atSifréjums / Thickness,
abbreviation for Description of composite materials pm
composite
materials
PHB(L) 100% PHB (Latvija / Latvia) 3543
PHB(B) 100% PHB (Brazilija / Brazil) 3543
PHB(L)+DOS 77% PHB (Latvija / Latvia) + 23% DOS 3543
PHB(L)+DOS 77% PHB (Latvija / Latvia) + 3543
lietots / used 23% DOS (péc faseta skaba kréjuma
uzglabasanas 18 dienas / used for sour
cream packaging stored for 18 days )
PHB(L)+DOS2 77% PHB (Latvija / Latvia) + 23% DOS 6015
PHB(B)+DOS 77% PHB (Brazilija / Brazil) + 23% DOS 3543
PHB(B)+DOS 77% PHB (Brazilija / Brazil) + 3543
lietots / used 23% DOS (péc faseta kréjuma uzglabasanas
18 dienas / used for sour cream packaging
stored forl8 days )
PHB(L)+DOS+Fe | 77% PHB (Latvija / Latvia) + 3543
23% DOS + dzelzs / iron
PHB(L)+DOS+Fe | 77% PHB (Latvija/ Latvia) + 3543
lietots / used 23% DOS + dzelzs / iron (p&c faséta
krgjuma uzglabasanas 18 dienas / used
for sour creame packaging stored forl8 days)
PHB(L)+B 77% PHB (Latvija / Latvia) + 23% B 3543
PHB(L)+B2 77% PHB (Latvija / Latvia) + 23% B 60£5
PHB(B)+B 77% PHB (Brazilija / Brazil)+ 23% B 3543
PHB(B)+B 77% PHB (Brazilija / Brazil) + 3543
lietots / used 23% B (pec faséta krgjuma uzglabasanas
18 dienas/ used for sour cream packaging
stored forl8 days)
PHB(L)+ C 77% PHB (Latvija / Latvia) + 23% C 3543
PHB(L)+C2 77% PHB (Latvija / Latvia) + 23% C 60£5

Parauga vidgjais biezums merits petama parauga darba zonas trTs punktos ar
mikrometru Electronic Digital outside Micrometer Q478.
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Pétijumos lietota skaba kréjuma raksturojums

Lai raksturotu iepakojuma materialu ietekmi uz partikas produktu kvalitati
uzglabasanas laika, petijjumiem izvelets PKS ,,Straupe” razots skabais krgjums
ar 18% tauku saturu. PHB kompozitmaterialu tpasibas un to ietekme uz faséta
skaba kréjuma kvalitati uzglabasanas laika salidzinatas ar dazu piena produktu
iepakoSanai biezak lietoto tradicionalo materialu ietekmi. Salidzinajumam
izmantoti $adi iepakojuma materiali:

e zviedru firmas Ecolean — Lean Pouch pléve, tas biezums 78+5 pum. Dabai
draudzigs ar ultravioleto starojumu aktiviz€jams fotodegradejams materials, kas
paredzets piena produktu fas€Sanai. Materials sastav no 40% kalcija karbonata
un 60% PE, un tas atbilst visam tradicionalo iepakojumu 1paSibu prasibam.

e komercsisttma piena produktu iepakosSanai plaSi lietots materials — ar
gaismas necaurlaidigu grafita kartinu parklata polietiléna (PE+graf.) pléeve,
kuras biezums 78+5 pm;

e polistirola (PS) glazites, kuru tilpums 200 ml, sienu biezums 270+£10 um.
Iepakojumu uzglabasana. Laboratorija fasétie un ar Severin Folio iekartu
aizkausetie skaba krejuma paraugi (90 x 90 mm, produkta masa iepakojuma
100+1 g) un PS glazites (200 g) uzglabati komercsistema lietota
aukstumkamera Comercial Freezer / Cooler “Elcold” +5,010,5 °C temperatiira
lidz 18 dienam, temperatiiras rezims kontrol€ts ar datu uzkrajéju MINILog,
Gresinger Electronic. Paraugi uzglabati fluorescgjoSas gaismas OSRAM
Lumilux De Luxe iedarbiba (100-800 lux), gaismas intensitate merita ar Light
Meter LX-107.

Lai raksturotu skaba krgjuma kvalitati uzglabasanas laika 0; 4; 7; 11; 14 un
18 uzglabasanas dienas noteiktas $adas produkta nozimigakas 1pasibas: krasas
intensitates izmainas, produkta masas zudumi, reologiskas ipasibas, pH vértiba,
peroksidskaitlis, lipidu sekundaras oksidacijas produkti, ka art kalcija un dzelzs
migracija no PHB kompozitmaterialiem modelvidg.

Skaba kréjuma fizikalo ipasibu noteikSanas metodes

o Krasas izmainas noteiktas CIE L*a*b* krasu sisttma (Papadakis et al.,
2000) ar Color Tec PCM/PSM iekartu. Pétamais produkts ievietots 20 x 20
mm spilvenveida pakas. Krasas izmainas katra pétijuma noteiktas divam
identiskam pakam, rezultati katrai pakai nolasiti seSos brivi izveletos
punktos.

e Produkta masas zudumi paraugiem (masa 100£l g, izméri
90 x 90 mm), kas iepakoti dazadu veidu materialos, noteikti, sverot uz
elektroniskajiem svariem.

o Reologiskas ipasibas noteiktas ar programmé&jamo reometru DV-III Ultra
Rheometer, BROOKFIELD, kas aprikots ar Gidens vannu 7C-102 Water
Bath — konstantas temperatiiras (+20,0£0,3 °C) uztur€Sanai. P&tljumiem
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lietota mazo paraugu test€Sanas paligierice SSA 25/13 (tilpums 16 ml).
Eksperimenti veikti tris atkartojumos péc standarta metodikas, kuru nosaka
iekartas izgatavotajs. Eksperimentos izmantota varpsta SC4—16, modelis
LV, varpstas apgriezienu skaits — no 7 lidz 140 s, bides atrums —2 lidz
40 s'. Pec firmas BROOKFIELD standartmetodes iegiitie rezultati
apstradati ar datorprogrammu Rheocalc”.

Skaba krejuma kimisko ipasibu noteikSanas metodes

o Peroksidskaitlis noteikts ar Vilera (Wheeler) metodi (Matiseks u. c., 1998).

e Lipidu sekundaras oksidacijas produkti noteikti pec standarta ISO 9001
(Paul E. Kester, 1995, Vol. 5.3.) metodes ar GCHP — 14B SHIMADZU gazu
hromatografu, kas aprikots ar liesmas jonizacijas detektoru un paraugu
tvaika fazes sagatavoSanas iekartu 7000/7050 Headspace Autosampler
(Tekmar — Dohrmann,).

e pH izmainas skabajam kr&jumam noteiktas ar pH metru pH Meter 720
(elektrods 3 mol KCl, Sen Tix 81).

Kalcija un dzelzs migracijas noteik§ana

Kalcija un dzelzs migracija uz model]vidi noteikta desmit dienas saskana ar
metodi 3711 Metals by Flame Atomic Absorbtion Spectrometry Standard
Methods, 20". Ed.1998 ar atomabsorbcijas spektrometru Shimadzu AA-6701F.
Ka mode]vide lietota 0,07 M HCI1 — pH 4, destiléts tidens — pH 7.

Datu matematiska apstrade

Datu apstrade veikta ar datu analizes programmu General Linear Model
(GLM) SPSS programmas pakete, p vertiba raksturo iegiito datu butiskuma
zemako limeni (p > 0,05 — dati biitiski neatSkiras, p < 0,05 — dati biitiski
atskiras) (Arhipova u. c., 2003). Divfaktoru dispersijas analize izmantota, lai
noskaidrotu poliméru materialu biutiskas atSkiribas (p < 0,05), p&tot krgjuma
krasas komponentus (L*, a*, b*), masas zudumus, reologiskas ipasibas, pH,
peroksidskaitla un lipidu oksidacijas sekundaro produktu veidoSanas dinamiku,
ka art lai raksturotu butiskas atSkiribas starp iepakojuma materialu gaismas
caurlaidibu un biodestrukcijas dinamiku augsné. Metode Analyse, Compare
Meens, One way Anova (p < 0,05) lietota, lai konstat€tu polim&ru materialu
butiskas atskiribas, petot PHB kompozitmaterialu ietekmi uz partikas produktu
kopgjo krasas diferenci, viskozitati, kalcija un dzelzs migraciju no
kompozitmaterialiem uz modelvidi, ka arT iepakojuma materialu mehaniskas
pasibas, skabekla un Gidens tvaika caurlaidibu.
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PETIJUMU REZULTATI UN DISKUSIJA

1. PHB kompozitmaterialu ipasibas

Viens no galvenajiem nosacijumiem, lai ilgaku laika posmu saglabatu
nemainigu produktu kvalitati un pagarinatu to uzglabasanas laiku, ir pareiza
iepakojuma materialu izvéle, vadoties no to mehaniskajam un barjeripasibam.
Pétito iepakojuma materialu mehanisko 1pasibu apkopojums dots 2. tabula.

2. tabula / Table 2

Plévju fizikali mehaniskie raksturlielumi
Physico-mechanical properties of films

RobeZstipriba Relativais Janga
Materiali / stiepe / pagarinajums /| modulis/
Materials Tensile Elongation at Joung’s
strength break g, % modulus
oy, MPa E, MPa
PHB(L) 31.40£1.57 3.23+0.16 972
PHB(L)+DOS 16.70£0.84 34.90+1.75 43
PHB(L)+DOS lietots / used| 18.50+0.93 26.80+1.34 69
PHB(B)+DOS 17.90£0.90 6.80+0.34 263
PHB(B)+DOS lietots / used| 14.90+0.75 6.10+0.31 244
PHB(L)+DOS+Fe 18.00£0.90 39.00£1.95 46
PHB(L)+DOS+Fe 19.70£0.99 76.10£3.81 26
lietots / used
PHB(B)+B 22.20£1.11 8.00+0.40 278
PHB(B)+B lietots / used 15.50+0.78 6.00+0.30 258
Lean Pouch 14.20%0.71 469.60+23.48 3
Lean Pouch lietots /used 22.30+1.12 577.00£28.85 4
PS* 50-52 2 2500-2600
pp* 3141 100-600 5.2-41
HDPE* 17.3-34.6 300 5.7-11
LDPE* 8.6-17.3 500 1.7-3.5
*Literatiiras avotos uzraditie dati / Data from the literature sources.
Mehaniskas 1ipasSibas. Neplastificets PHB ir trausls (relativais

pagarinajums ~ 3%), [idz ar to nav piemérots patstavigu iepakojuma materialu

13



izveidoSanai, tadé] no ta gatavotas pléves ieteicams lietot tikai dazadu
iepakojuma materialu lamingSanai vai kompozitmaterialu izveidoSanai.
Noskaidrots, ka ar 95% varbutibu tira PHB mehaniskas 1pasibas butiski atSkiras
no visu pétito iepakojuma materialu mehaniskajam IpasSibam (p < 0,05).
Salidzinot ar 100% PHB, kompozitmaterialiem stiepes robeZzstipriba ieverojami
samazinas — vismazak PHB(B)+B - 1,4 reizes, visvairak — 1,9 reizes
PHB(L)+DOS. Pec skaba krgjuma fas€Sanas un 18 dienu uzglabasanas So pasu
materialu robezstipriba stiepe samazinajusies atbilstosi 2,0 lidz 1,7 reizes,
salidzinot ar tiru PHB plévi.

Domajams, ka organiskas skabes, olbaltumvielas un aromatu veidojoSie
savienojumi, kas atrodas skabaja kr&juma, uzglabasanas laika atskirigi ietekme
dazadu  biopoliméru  plévju mehaniskas T1pasibas. Tomé&r PHB
kompozitmaterialu robezstipriba stiepé ir lielaka neka razoSana paslaik
lietotajai dabai draudzigajai Lean Pouch plévei. Plastifikatoru piedeva
kompozitmaterialu relativo pagarinajumu palielina divas Iidz pat 12 reizes.

Veidojot PHB kompozitmaterialus, pozitivi vert€§jama Janga jeb elastibas
modula (E) vertibas biitiska pazeminasanas. Janga modulis Latvija sintezétiem
PHB kompozitmaterialiem, salidzinot ar tiru PHB, pazeminas ~ 20 reizu, bet
Brazilijas PHB kompozitmaterialiem ~ 3,6 reizes. Latvija sintez€to PHB
kompozitmaterialu Janga modula veértiba (4648 MPa), salidzinot ar
tradicionalajiem partikas iepakojuma materialiem, visvairak atbilst
polipropiléna Janga modula vertibai, kas ir 5,2-41 MPa. Tadgjadi, vertgjot
pétitos PHB kompozitmaterialus péc Janga modula vertibas, tie ir piemeroti
partikas produktu iepakoSanai dazadas tehnologijas.

Skabekla caurlaidiba. Skabekla caurlaidiba ir viens no izSkiroSiem
iepakosanas materialu gazu caurlaidibu raksturojosiem krit€rijiem. P&tfjuma
rezultati par PHB kompozitmaterialu skabekla caurlaidibu redzami 2. attéla.
Salidzinot ar tiru PHB, kompozitmaterialiem plastifikatori butiski paaugstina
skabekla caurlaidibu: DOS — apmeéram 1,5 reizes, C — aptuveni 2,7 reizes,
B - ap 3,5 reiz€m (p < 0,05). Nozimigi ir tas, ka pétito PHB
kompozitmaterialu skabekla caurlaidiba ir lidziga ka iepakojumam tradicionali
lietotiem polimé&ru materialiem HDPE, PP, PE ar grafita kartinu un Lean Pouch
(p > 0,05), turklat ta ir aptuveni divas reizes mazaka neka LDPE un PS
(p <0,05).

Lai raksturotu poliméru materialu fizikalas ipasibas, skabekla caurlaidibas
standarta mérvienibas parrékinatas atbilstosi difuzijas koeficienta mervienibam,
iegiistot koeficientu 1,27 x 10", ar kuru sareizinot eksperimentalos datus iegiist
katra konkréta materiala skabekla difuzijas koeficientu.
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2. att. Iepakojuma materialu skabekla caurlaidiba.
Fig. 2. Oxygen permeability.

Udens tvaika caurlaidiba. Visu eksperimentali pétito iepakojuma
materialu Tdens tvaika caurlaidiba savstarpgji bitiski atskiras (p < 0,05)
(3. attels). Diemzgl plastifikatori paaugstina tira PHB pléves tidens tvaika
caurlaidibu, ka jau tas bija paredzams, balstoties uz poliméru k&des izmainam.
Salidzinot ar tiru PHB, bisoflekss tdens tvaika caurlaidibu paaugstina
1,5 reizes, dioktilsebacinats — 2,5 reizes, savukart citroflekss — 4 reizes. Lean
Pouch plevei un PE parklatam ar gaismas necaurlaidigu grafita kartinu tidens
tvaika caurlaidiba ir atbilsto$i tris un seSas reizes zemaka, salidzinot ar tiru
PHB.

Lai raksturotu poliméru materialu fizikalas 71paSibas, tdens tvaika
caurlaidibas standarta mérvienibas (g mm kPa' h™'m™) parrékinatas atbilstosi
difizijas koeficienta mérvienibam (m’® s™). Iegato koeficientu 3,80 x 10
reizinot ar eksperimentos iegiitajiem un literatiira atrastajiem datiem par dazadu
materialu tdens tvaika caurlaidibu, atrod atbilstoSa materiala Tidens tvaika
difuzijas koeficientu.

PHB kompozitmaterialiem, kas plastificéti ar DOS un B, salidzinot ar PP,
PET, HDPE, LDPE un PE ar grafita kartinu, diemze€l ir lielaks tidens tvaika
difuzijas koeficients, bet, salidzinot ar piena produktu iepakojumam plasi
lietoto tradicionalo polim&ru materialu PS, tidens tvaika difuzijas koeficients ir
mazaks. Tatad ieprieks mingtie PHB kompozitmateriali, kaut arT tiem raksturiga
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augsta tUdens tvaika difuzijas koeficienta vértiba, varétu bt pieméroti piena
produktu fasesanai.
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3. att. Udens tvaika caurlaidiba.
Fig. 3. Water Vapour permeability.

Gaismas caurlaidiba. Loti daudzi partikas produkti (piena tauki, auglu
sulas, kafija, vins, alus) vai to sastavdalas ir jutigi pret gaismas iedarbibu.
Latvija sintez&ta un Brazilija rupnieciski razota tira PHB gaismas caurlaidiba
savstarpgji buitiski neatskiras (p > 0,05).

Eksperimentali ieglito gaismas caurlaidibas spektru salidzinajums PHB
kompozitmaterialiem ar vienadu biezumu (8 = 3543 um) apkopots
4. att€la. Plastifikatora veids minimali ietekmé PHB kompozitmaterialu
gaismas caurlaidibu cilvéka acij redzama vilnu garuma diapazona 400—750 nm.
Svarigi, ka pétitie PHB kompozitmateriali ietilpst poliméru grupa ar augstu
gaismas caurlaidibu (85-90%) lidzigi ka piena produktu iepakojumam
tradicionali lietotie polimeri PS un PP.

Lean Pouch plevem gaismas caurlaidiba ir 1,5 reizes zemaka, salidzinot ar
visiem eksperimentos izmantotajiem PHB kompozitmaterialiem. PE parklata ar
gaismas necaurlaidigu grafita kartinu gaismas caurlaidiba ir tuvu nullei. So abu
materialu gaismas caurlaidiba biitiski atSkiras no visiem pargjiem pétitajiem
materialiem (p < 0,05).
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4. att. Gaismas caurlaidibas spektru salidzinajums.
Fig. 4. Comparison of light transmission spectra.

Biodegradacija. Pievienotie plastifikatori un PHB veids dazadi ietekmé
polimérplévju degradaciju (5. attéls). Parauga PHB(L)+DOS sadaliSanas notiek
gandriz tapat ka neplastificetajiem PHB(L), kas 35 dienu laika zaude 47,9% no
sakotn€jas masas, bet PHB(L)+DOS — 44,4% (p > 0,05). Plastificéto plevju
PHB(L)+DOS+Fe (pléve ar paaugstinatu dzelzs saturu) un PHB(B)+DOS
(pleve no mazmolekulara PHB) paraugu degradacija biitiski atSkiras, salidzinot
ar tira PHB polimérpléves biodegradaciju (p < 0,05) — dzelzs piedeva kave
plévju degradaciju. Starp nativajiem un lietotiem polim€rplévju paraugiem ar
paaugstinatu dzelzs saturu ir noverojamas biitiskas atSkiribas biodegradacija
(p <0,05).

Noverots, ka atSkiribas degradacija pétito PHB kompozitmateialu bez
paaugstinata dzelzs satura nativajam un lietotajam polim&rplévém nav bitiskas.
P&c 35 dienu ilgas inkubacijas augsné PHB(B)+DOS paraugs zaude 55,3% no
sakotngjas masas, PHB(B)+DOS lietots — 48,3%, PHB(L)+DOS - 44,4%,
PHB(L)+DOS lietots — 32,1%. Redzams, ka nativas pléves paraugi degradgjas
atrak neka paraugi, kas izmantoti skaba kr&juma uzglabasanai. Sis fakts lauj
secinat, ka produkta uzglabasanas laika notikusas plévju struktiiras izmainas,
bet tas tomér nav bitiskas.
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5. att. PHB kompozitmaterialu masas zudumu dinamika augsné.
Fig. 5. The mass losses of PHB-based films during incubation in soil.

Izmantojot eksperimentos ieglitos biodestrukcijas datus, izstradats
empiriskais matematiskais modelis, ka rezultata iegiitas laika konstantes t*, kas
lauj prognozet katra konkréta PHB kompozitmateriala biodegradacijas procesu
laika.

2. PHB kompozitmaterialu ietekme uz piena produktu kvalitati

2.1. Skaba kréjuma fizikalo 1pasibu izmainas uzglabaSanas laika

Krasas izmainas. Piena produktu uzglabasanas laika fluorescgjosas
gaismas ietekm@ notiek to krasas izmainas. Tas rodas dazu pigmentu un ari
vitaminu, tadu ka riboflavins, P-karotini, karotinoidi un A vitamins,
fotosairSanas rezultata. Saskana ar zinatnieka Huntera izstradato C/E L*a*b*
krasu sistemu, $is sastavdalas tiesi ietekmé krasu veidojoSos komponentus a*
un b*. To vargtu skaidrot arT ar gaismas iedarbibu (izkliedes izmainam) piena
produktu struktiira (fotoaglomeraciju, fotolizi u. c.), kas tieSi ietekm& krasu
veidojoSo komponentu L* un netieSi — komponentus a* un b*. Zinatnieks
Bosset konstatgja, ka, uzglabajot gaisma dazadus neiepakotus piena produktus
— vajpienu, pilnpienu, pasterizétu pienu, iebiezinatu pienu, kr&jumu kafijai,
skabo krgjumu — pazeminas L* vertiba. Turklat pétitajiem produktiem
algebriski paaugstinas a* negativa vertiba (mazak zal$), bet b* pozitiva vertiba
samazinas (mazak dzeltens), salidzinot ar analogiem produktiem, kas uzglabati
tumsa (Bosset et al., 1994).
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Iepakota kréjuma krasas komponents L* (krasas intensitate) ievérojami
paaugstinas pirmajas cetras produkta uzglabaSanas dienas. Eksperimentali
noverots, ka pirmajas divas produkta uzglabasanas dienas visos pétitajos
paraugos a" vértiba ievérojami pazeminas. Visa uzglabasanas laika a* vértiba
mainas no -0,8 pirms fas€Sanas Iidz -(2,3-2,7) (mazak zal§) uzglabasanas
beigas, lidzigi zinatnieka Bosset uzraditajiem rezultatiem. P&c 18 dienu
uzglabasanas dazados PHB kompozitmaterialos faséta skaba kr&juma paraugu
a" vertiba savstarpgji bitiski neatSkiras (p > 0,05), tadu Lean Pouch pléve
iepakota skaba kréjuma a’ vértiba butiski atSkiras no PS glaziteés un
PHB+DOS+Fe (Latvija) materidlos iepakoto produktu a* vértibas (p < 0,033).
Veiktajos eksperimentos 18 dienu uzglabasanas laika b® vértibu dinamika
dazados materialos iepakota skabaja kr&juma mainas no 8,0 pirms fas€Sanas
Iidz 8,6-9,1 (vairak dzeltens) uzglabasanas beigas. Latvija sintez&ta un
Brazilija rtpnieciski razota PHB+DOS kompozitmaterialos iepakota skaba
kréjuma b* vértibas bitiski atSkiras (p = 0,007). Ar varbiitibu 95% PHB+B
kompozitmateriala faséta skaba kr&juma b" vértiba butiski atSkiras no visos
pargjos pétitajos materialos faséta kréjuma b” vertibas (p < 0,049). Iepakojot un
uzglabajot skabo kr&jumu Lean Pouch un PHB+B materialos, konstatéts, ka
produkta krasas komponenta b"* vértibas bitiski atskiras (p = 0,004). Veicot
eksperimentus, konstatéts, ka piena produktu fas€Sanai tradicionali lietotajas PS
glazites produkta dzeltenas krasas komponents bitiski atSkiras no
PHB(L)+DOS un PHB(B)+B kompozitmateridlos faséta skaba kr&juma b"
vertibas (p < 0,05).

Tomér pozitivi var vertét noverojumu, ka pétito iepakojuma materialu
ietekme uz skaba kréjuma kopgjo krasu diferenci (AE") uzglabaSanas laika
salidzinot ar kr&jumu pirms faséSanas (6. att€ls) savstarp&ji bitiski neatskiras
(p > 0,05).
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6. att. PHB kompozitmaterialu ietekme uz skaba kr&juma kopgjo krasu diferenci (AE*).
Fig. 6. The influence of PHB composite materials on the total color difference (AE¥).
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Produkta masas zudumi. Noskaidrots, ka kompozitmateriala
PHB(L)+*DOS+Fe faséta skaba kr&juma masas zudumi (7. att€ls) butiski
atSkiras no masas zudumiem Sim paSam produktam, kas faséts citos pétitajos
iepakojuma materialos (p < 0,05).
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7. att. Iepakota produkta masas zudumi uzglabasanas laika.
Fig. 7. The mass losses of the packaged product at the storage time.

Palielinata dzelzs satura pievienoSana, sintezgot PHB, paatrina
poli-B-hidroksibutirata iegiSanas procesu, bet diemzel biutiski palielina $aja
materiala iepakota produkta masas zudumus. Domajams, ka tas skaidrojams ar
iepakojuma materiala paaugstinatu tdens tvaika caurlaidibu. PHB(L)+DOS+Fe
materiala fasétais kr&jums jau septitaja uzglabasanas diena zaud€ 4,5% masas,
lidz ar to nav piemérots tadu partikas produktu iepakosanai, kuru tdens
ktivitate ir augsta. Turpretim visus pargjos petitos PHB kompozitmaterialus var
ieteikt partikas iepakoSanai, jo produkta masas zudumi uzglabaSanas laika
neparsniedz 0,5-0,7% — Iidzigi ka piena produktu fas€Sanai tradicionali
lietotajos materialos.

Viskozitate. Krgjumam, kas uzglabats 15 dienas, noteikta Skietama
viskozitate n* bides atruma robezas no 2 lidz 40 s

Ka redzams 8. attéla, vislielaka Skietamas viskozitates n* vértiba, ja bides
atrums y=2 s un varpstas grieSanas ilgums t = 30 s, ir kréjumam, kas faséts
PS glazités un uzglabats 15 dienas. Turpretim citos pétitajos materialos
fas€tajam kréjumam viskozitates v&rtiba uzglabasanas laika butiski nav
mainijusies, salidzinot ar skietamas viskozitates vertibu pirms faséSanas, un tas
liecina par materiala piem&rotibu piena produktu iepakoSanai.
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8. att. Skietamas viskozitates salidzinjums skabajam kréjumam pirms fasé$anas un péc
15 dienu uzglabasanas dazados icpakojuma materialos, y =2 s, t =30 s.
Fig. 8. Comparison of sour cream apparent viscosity n* before and after packaging in
different materials within 15 storage days, y=2s",t=30s.

2.2. Skaba kréjuma kimisko 1pasibu izmainas uzglabasanas laika

pH. PHB kompozitmaterialos bez paaugstinata dzelzs satura fas€ta
skaba krgjuma uzglabasanas laika pH savstarpgji biitiski neatskiras (p > 0,05)
(9. attels). Turpretim Lean Pouch plevé fas€ta skaba krgjuma pH vertiba
palielinas un bitiski atSkiras no visos pargjos pétitajos iepakojuma materialos
iepakota produkta pH (p < 0,05). So paradibu varétu skaidrot ar biokimiskam
izmainam produkta uzglabasanas laika, ka arT kalcija migraciju no iepakojuma
materiala produkta, ka rezultata no pienskabes veidojas kalcija laktats, un Iidz
ar to pH vértiba paaugstinas.

4.56 2 2
-2 o~ PHB(L)+DOS
4.52 LT --0--PHB(B)+DOS
& -2 —o—PHB(B)+B
S 4.48 A (B)

............. -~ - 0- Lean Pouch

4.44 -
—2—PS

3 — — e — —
4.40 F T T T 1 —>=—PHB(L)+DOS+Fe
0 5 10 15 20

Uzglabasanas laiks, dienas /

Storage time, days

9. att. pH dinamika skabaja kréjuma uzglabasanas laika.
Fig. 9. The dynamics of pH values of sour cream at the storage time.
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Peroksidskaitlis un lipidu oksidacija. Lai gan eksperimentali
noteikts, ka daZos pétitajos materialos iepakota un uzglabata produkta
peroksidskaitla vertibas savstarpgji atSkiras (10. att€ls), tomer svarigi, ka visos
pétitajos paraugos faséta produkta peroksidskaitla vertiba neparsniedz
pielaujamo vértibu produktiem, kas pieméroti uzglabasanai, — 12 mmol kg’
(Matiseks u. c., 1998).
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10. att. Peroksidskaitla izmainas skabaja kr&juma uzglabasanas laika.
Fig. 10. The dynamics of peroxide values of sour cream at the storage time.

Turpinoties oksidacijai, veidojas lipidu oksidacijas sekundarie produkti,
kas izmaina partikas sensoras ipaSibas. Eksperimentali noteikts, ka 18 dienu
uzglabasanas laika nenotiek lipidu oksidacijas sekundaro produktu — pentanala,
2-metil-1-propanola — masas izmainas paraugos, kas faséti Lean Pouch un
piena produktu iepakoSanai komercialiem nolikiem lietotaja ar gaismas
necaurlaidigu grafita kartinu parklata PE pleve.

Turpreti visos PHB kompozitmaterialos faséta kr&juma lipidu oksidacijas
sekundaro produktu masa ieveérojami palielinas (3. tabula). To vargtu skaidrot
tadgjadi, ka PHB kompozitmaterialiem gaismas caurlaidiba ir 1,5 reizes lielaka
neka Lean Pouch plévei. Ar gaismas necaurlaidigu grafita kartinu parklata PE
gaismas caurlaidiba ir tuva nullei. Vértéjot PHB kompozitmaterialus péc lipidu
oksidacijas sekundaro produktu veido$anas dinamikas krgjuma, piemérotakais
ir PHB(B)+B, no ta tikai nedaudz atpalieck PHB(B)+DOS un PHB(L)+DOS.
PHB kompozitmaterials ar paaugstinatu dzelzs saturu visvairak ietekmé
acetaldehida un 2-metil-1-propanola veidosanos.

Savukart viens no oksidacijas sekundarajiem produktiem 1-butanols
nav atrasts ne pirms fas€Sanas, ne produktu uzglabasanas laika.
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3. tabula / Table 3

Lipidu oksidacijas sekundaro produktu dinamika dazados materialos
iepakotam skabajam kréjumam péc 18 dienu uzglabasanas
The dynamics of secondary lipid oxidation products of sour cream after

18-day storage in different packaging t

pes

Acetaldehids / Pentanals / 2-metil-1-propanals /
Iepakojuma Acetaldehyde, Pentanal, 2-methyl-1-propanol
veidi / mg kg™ mg kg mg kg™
Packaging 0 15 0 15 0 15
types dienas /| dienas / | dienas /| dienas/ | dienas/ | dienas/
days days days days days days
PHB(L)+DOS 1.17+ | 13.34+ 0 0.045+ 0 0.100x
0.06 0.67 0.002 0.005
PHB(B)+DOS 1.17+ | 11.10+ 0 0.030+ 0 0.080+
0.06 0.56 0.002 0.004
PHB(B)+B 1.17+ | 6.89% 0 0 0 0.070+
0.06 0.35 0.004
PHB(L)+DOSH 1.17+ | 1647+ 0 0 0 0.130+
Fe 0.06 0.82 0.007
Lean Pouch 1.17+ | 2.46% 0 0 0 0
0.06 0.12
PE+graf. / 117+ | 147+ 0 0 0 0
PE+graph. 0.06 0.07

3. PHB kompozitmaterialu un partikas produktu saderiba

PHB kompozitmaterialam pievienotie plastifikatori pastiprina kalcija
migraciju uz modelvidi pH 7 desmit dienas (p < 0,05). Kalcija migracija no
jauniem un lietotiem (kompozitmateriali, kas pirms migracijas noteikSanas
eksperimenta izmantoti skaba kr&juma fas€Sanai un 18 dienu uzglabasanai)
PHB kompozitmaterialiem bitiski atSkiras (p < 0,05), tatad uzglabasanas laika
produkta pH vertiba biitiski ietekm& materiala struktiiru (11. attls).
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11. att. Kalcija migracija uz modelvidi (pH 7) 10 dienas.
Fig. 11. Calcium migration to simulant at pH 7 within 10 days.

PHB sintez&Sanas procesa Azotobacter Siinas uzkraj dzelzs jonus, bet, no
§tnam izdalot PHB, uzkratie dzelzs joni atbrivojas un dalgji sajaucas ar PHB.
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12. att. Dzelzs migracija uz modelvidi (pH 4) 10 dienas.
Fig. 12. Iron migration to simulant at pH 4 within 10 days.

Salidzinot ar jaunu materialu, no iepakojumam lietota materiala dzelzs jonu
migracija mode]vide palielinas 1,1 1idz 1,4 reizes, ja vides pH 4 (12. attels)
(p < 0,05). Tas skaidrojams tadejadi, ka produkta skaba vide veicina migrét
sp&jigo jeb brivo dzelzs jonu atbrivoSanos no materiala.
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13. att. Dzelzs migracija uz modelvidi (pH 7) 10 dienas.
Fig. 13. Iron migration to simulant at pH 7 within 10 days.

Eksperimentali nav novérota atSkiriba starp dzelzs jonu migraciju no
jauniem un skaba krgjuma fas€Sanai lietotiem PHB materialiem modelvidg, ja
pH 7 (p > 0,05) (13. attels).

Noskaidrots, ka dzelzs jonu migraciju modelvidé butiski ietekmé vides pH
vertiba. PHB sint€zes procesa pievienotais paaugstinatais dzels saturs ir
veicingjis tas migraciju uz skabu modelvidi, izraisot vislielaka acetaldehida un
2-metil-1-propanola daudzuma veidosanos pétitajos skaba kréjuma paraugos.

SECINAJUMI

1. Plastifikatora un PHB veids dazadi ietekmé PHB kompozitmaterialu
biodegradacijas procesu — PHB(L)+DOS paraugs 35 biodestrukcijas dienas
zaude 44,4% no sakotngjas masas, 11dzigi ka neplastificéts PHB(L) — 47,9%.
Savukart PHB (B)+DOS 35 biodestrukcijas dienas zaudé 55,3%, bet
PHB(L)+DOS+Fe paraugs — tikai 13,49% no sakotngjas masas.

2. Salidzinot ar neplastificetu PHB, atzinigi vert€§jama kompozitmaterialu
Janga jeb eclastibas modula (E) vertibas butiska samazinaSanas: Latvija
sintez€tajam PHB kompozitmaterialam aptuveni 20 reizu, Brazilija
razotajam — apmeéram 3,6 reizes. Latvija sintez&to PHB kompozitmaterialu
Janga modula vertiba ir 4648 MPa, ta atbilst Janga modula veértibai
PP (5,2-41 MPa).

3. Salidzinot ar neplastificeétu PHB, plastifikatoru piedevas paaugstina PHB
kompozitmaterialu skabekla caurlaidibu: DOS — ap 1,5 reizém, C — aptuveni
2,7 reizes, B — apm@ram 3,5 reizes. Nozimigi ir tas, ka pétito PHB
kompozitmaterialu skabekla caurlaidiba ir lidziga ka tradicionalajiem
poliméru materialiem HDPE, PP, PE ar grafita karinu un Lean Pouch,
turklat ta ir aptuveni divas reizes mazaka neka LDPE un PS materialiem.
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. Noverots, ka plastifikatori paaugstina PHB kompozitmaterialu tidens tvaika
caurlaidibu: bisoflekss — tikai nedaudz, dioktilsebacinats — 2,5 reizes,
citroflekss — 4 reizes. Tradicionali lietotai Lean Pouch un ar gaismas
necaurlaidigu grafita kartinu parklatai PE plévei Gidens tvaika caurlaidiba ir
atbilsto$i 3 un 6 reizes zemaka, salidzinot ar tiru PHB.

. Plastifikatora veids minimali ietekm& PHB kompozitmaterialu (biezums
3543 um) gaismas caurlaidibu cilvéka acij redzama vilnu garuma diapazona
400-750 nm. Svarigi, ka pétito PHB kompozitmaterialu gaismas caurlaidiba
ir Iidziga piena produktu iepakojumam tradicionali lietoto poliméru — PS un
PP gaismas caurlaidibai.

. Petitajos PHB kompozitmaterialos faséta skaba kréjuma krasu komponentu
L*, a* un b* vertibas produkta 18 dienu uzglabasanas laika fluorescgjosas
gaismas ietekmé visstraujak izmainas pirmajas 4 dienas. Petito iepakojuma
materidlu ieteckme uz skaba kr&juma kopgjo krasu diferenci (AE")
uzglabasanas laika, salidzinot ar krgjumu pirms faséSanas savstarpgji butiski
neatskiras.

. Skietamas viskozitates vértiba uzglabasanas laika visos pétitajos PHB
kompozitmaterialos fas€tajam kr&jumam, salidzinot ar tas vertibu pirms
iepakoSanas, bitiski nav mainijusies, un tas liecina par materialu
piemerotibu produktu iepakosanai.

. Plastifikatori butiski ietekm& PHB kompozitmaterialos fas€ta un 18 dienas
uzglabata krgjuma peroksidskaitli, bet svarigi, ka netiek parsniegta
peroksidskaitla pielaujama veértiba produktiem, kas pieméroti uzglabasanai,
— 12 mmol kg™

. Pétitajos materialos faséta skaba kr&uma uzglabasanas laika btiski
palielinas acetaldehida, pentanala un 2-metil-1-propanola saturs, turpretim
viens no mekletajiem lipidu oksidacijas sekundarajiem produktiem —
1-butanols nav atrasts.

10. Butiski, ka plastifikatora veids ietekmé dzelzs migraciju no PHB

kompozitmateriala uz skabu mode]vidi ar pH 4, bet neietekm& migraciju uz
neitralu vidi. PHB sintézes procesa pievienotais paaugstinatais dzels saturs
veicina tas migraciju uz skabo modelvidi, paaugstinot lipidu sekundaras
oksidacijas produktu acetaldehida un 2-metil-1-propanola masu.

11.Visi pétitie PHB kompozitmateriali bez paaugstinata dzelzs satura ir

rekomend&jami partikas iepakojumam, bet no tiem par labako uzskatams
Brazilija ripnieciski razotais mazmolekularais PHB+DOS.
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TOPICALITY OF THE RESEARCH

Packaging is an integral and determinant part of the industrial and
commercial food supply chain. Packaging protects goods from damage, against
secondary contamination, allows efficient transportation and distribution, offers
convenience, prolongs shelf life, provides easy use, informs consumers, and
promotes goods in a competitive market place. At present food industry
consumes aproximately 60% of all packaging amounts in the world. The
amount of polymer packaging waste is approximately 24% by mass from total
waste quantity. Plastics have a low density, therefore they take a large volume.
For the time being petroleum-based polymers produced from non-renewable
resources dominate the market completely.

A promising alternative for conventional polymer materials, produced from
non-renewable resources — petroleum — is biopolymers: materials derived from
renewable sources such as potato and corn starch as well as proteins. Provided
the biopolymer application extends, their production amount will increase in
the nearest ten years and their expenses will decrease.

At the Institute of Microbiology and Biotechnology of the Latvia
University a study on poli-B-hydroxybutyrate (PHB) microbial synthesis in
laboratory conditions was carried out (patent of the Republic of Latvia
LV 5297, 1993:P-93-635) and in cooperation with the Polymer Material
Institute of the Riga Technical university, PHB composite materials were
developed. These materials are biodegradable and can be used for packaging,
but their influence on food product quality at the storage time has not yet been
investigated. By replacing at least some part of conventional polymer
materials (PE, PP, PET e. a.), decomposition time of which exceeds 100 years,
with compostable biomaterials, that decompose in soil within few months due
to the influence of microorganisms and humidity, the society could reduce
expenses for collection and sorting of the used packaging, its recycling, and
landfill management.

An important factor for quality maintenance is food and packaging material
compatibility as well as adequate barrier properties of packaging materials
(light transmission, oxygen, carbon dioxide, and water vapour permeability).
Mechanical and barrier properties of biopolymers have to be of the same kind
as of conventional polymer materials, currently used for food packaging.
Application of biopolymers for food packaging is still limited, because there is
a lack of scientifically based researches related to food quality changes. To
solve the existing problems and find out optimal biopolymer application
mainstream development, packaging material and foods compatibility, changes
in their quality indices at the storage time have to be examined in order to
provide security of foodstuffs. Producers of biopolymers and their composite
materials should collaborate with food scientists.
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Presumptions and theoretical aspects about environmentally friendly
material suitability for food packaging allow formulating the aim of the
research.

The aim of the research is to study a new, environmentally friendly
biodegradable packaging material — poly-p-hydroxybutyrate and its composite
material applicability prospects for food packaging.

The main tasks are:

1. experimentally determine poly-B-hydroxybutyrate (PHB) and its composite
material properties;

2. ascertain the influence of PHB composite materials on packaged dairy
product quality at the storage time;

3. to estimate the migration of some PHB composite components to simulant,
and evaluate their influence on dairy product quality;

4. to evaluate the PHB composite material applicability for packaging of diary
products.

Novelties and scientific notability of the research

1. A study on the properties of PHB composite materials synthesized in Latvia
(LU and RTU) has been carried out for the first time and the results have
been compared with properties of commercially available polymer-based
materials used prior for dairy product packaging.

2. PHB composite material influence on the dairy product — sour cream —
quality at the storage time has been examined.

The theme of the research work and its development is interlinked with
activities of two EU funded 5™ framework projects:

e EcoPac, QLRT-2001-01823 "Recyclable and Biodegradable Eco-Efficient
Packaging Solutions for the Food Packaging" Quality of Life and
Management of Living Resources (LIFE) www.eco-pac.com .

e PackTeck, Contract N GIRTC-CT-2002-05068 ‘Assimilation and
Standardization of Environmentally Friendly Packaging Technologies
within the Food Industry” www.pack-tech.org .

The economical importance of the research

Implementation of new environmentally friendly biodegradable PHB
composite materials in mass-production for food packaging will reduce
environment pollution with long-term decompostable polymer materials from
non-renewable resources.
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Approbation of the research work

The analyses of the research work have been presented at 11 international
scientific conferences, symposiums and congresses in Italy, Check Republic,
Spain, Germany, and in Latvia.

The results of the scientific work are reflected in 5 scientific publications in
the Latvian and English languages, two of which are issued in an edition
approved by the Latvia Scientific Council (the list of publications and attended
conferences see on pages 6—8).

MATERIALS AND METHODS

The venues of research:

e Latvia — during the academic years 2001-2005 at the Faculty of Food
Technology of the Latvia University of Agriculture, the Institute of
Microbiology and Biotechnology of the University of Latvia, the Institute of
Polymer Materials of the Riga Technical University, and Chemistry
laboratories of the State Health Agency;

e Denmark — (in 2002) at the Department of Dairy and Food Science of the
Royal Veterinary and Agricultural University.

The object of research - composite materials of high molecular mass
poly-B-hydroxybutyrate (PHB) (~2000 kDa) synthesized under laboratory
conditions at the Institute of Microbiology and Biotechnology of the University
of Latvia and of low molecular mass (~200 kDa) PHB commercially produced
in Brazil (Fig. 1.); their influence on dairy product — sour cream — quality at the
storage time.

All investigated PHB composite material films were moulded out at the
Institute of Polymer Materials of the Riga Technical University. PHB was
extracted from isopropanol — pretreated biomass by hot chloroform and
precipitated with isopropanol. Dioctylsebacate (DOS), citroflex (C) and
bisoflex (B) were used as PHB plasticizers. Films before ultimate testing were
exposed to room temperature at least ten days to achieve a balanced above
molecular structure (Bibers et. al, 2000). The characteristics of investigated
PHB and PHB composite materials are summarized in table 1.

Methods for the determination of PHB composite material
properties

e Mechanical properties — tensile strength ¢ and elongation at break € of the
materials were defined according to LVS EN ISO 527-3:2000 standard
using Universal Testing Device UTS—100.
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e Barrier properties of the materials.

— Oxygen permeability was defined according to ASTM D3985-02
standard method by MoCon (Modorn Controls, Inc) OX-TRAN 100
equipment.

—Water vapour permeability was determined according to
ASTM E 96-80" standard, using the desiccant method with BINDER KDF
equipment.

— Light transmission of the samples (thickness 35+3 — 60+£5 um, width
20 mm, length 50 mm) was determined in the wavelength range of
200-800 nm on a Cintra 40 spectrophotometer (GBC Scientific Equipment
Pty Ltd, Victoria, Australia) equipped with a barium sulphate coated
integrating sphere detector.

e Biodegradation rate of PHB composite films (20 x 20 mm, thickness
3543 um) was estimated after mass losses of samples when incubated into
microbial-active soil (11.9% humus content, 53.9% water content, pH 6.2)
at temperature 25+1 °C. Test samples after incubation in the soil were
washed in distilled water, cleaned by sonication, dried, and weighed
(Savenkova et al., 2000 a).

e Microscopy of PHB composite materials was performed by using
binocular microscope MOTIC B1-223A4 (magnification of 2000 times).

e Avarage thickness of the films was measured using digital micrometer
Digital outside Micrometer Q478 at three locations of the working area of
the investigated sample.

Description of the sour cream used in the researches

Food product selected for study: sour cream with fat content of 18%,
produced at the holding company “Stelpe”.

To assess the influence of PHB composite materials on the quality of sour
cream, PHB composite films were compared with conventional materials most
often used in dairy product packaging:

e Lean Pouch film (thickness 78+5 um) produced by Swedish company
“Ecolean”. Lean Pouch consists of abundant natural carbonates — such as chalk
(40%) — and polyolefins. Ecolean material is created suitable for food
packaging and friendly to the environment. It is recyclable and, with the
addition of a degrading agent, is also biodegradable;

e comercially for dairy product packaging widely used material -
polyethylene film covered with light protective graphite layer (PE+graph.)
(thickness 35£3 um);

e polystyrol (PS) cups with volume of 200 ml (thickness 270£10 um).
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o light transmission;

® biodestruction.

The influence of PHB composite The influence of PHB composite
materials on sour cream properties: materials on sour cream properties:

e color changes;

o mass loss of product;

e viscosity changes;

o secondary lipid oxidation products;

o pH changes;

e iron and calcium migration to
simulant (pH 4 and pH 7).

e color changes;

o mass loss of product;

e viscosity changes;

o secondary lipid oxidation products;

o pH changes;

e iron and calcium migration to
simulant (pH 4 and pH 7).

Fig. 1. Structure of the experiments.

Storage. Sour cream samples were packed in small pouches the size of
90 x 90 mm, mass in each package — 100x1 g, sealed by Severin Folio device
and stored in Comercial Freezer/Cooler ELCOLD at +5 £ 0.5 °C temperature
(controlled by MINILog, Gresinger electronic) within 18 days under
fluorescent lighting (OSRAM Lumilux De Luxe) with a radiant fix at
100—800 lux (measured by Light meter LX-107). Throughout the storage period
the samples were randomly interchanged to minimize unequal temperature
fluctuations and light conditions. At each time of measurement, two identical
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packages were analyzed. The results were reported as averages of those two
determinations.

In the experiments on days 0 (before packaging), 2, 4, 7, 10, 15, and 18, the
quality changes of sour cream were characterised by measuring of color, mass
losses of the product, rheological properties, pH values, peroxide value and
formation of secondary lipid oxidation products in the sour cream, as well as
calcium and iron ion migration from PHB composites to the simulant.

Methods for determination of sour cream physical properties

e Color changes of sour cream samples were measured in CIE L#a*b* color
system (Papadakis S. et al., 2000) using Color Tec PCM/PSM device. Small
pouches (20 x 20 mm) from transparent polymer film were made for color
measurements. The measurements were repeated for two identical samples
on six randomly selected locations on each pouch.

e Mass losses of samples, packed in pouchs made from different films
(product mass in each package 100£1 g, pouch size 90 x 90 mm) were
determined by weighing on the electronic scales.

o Rheological properties of sour cream were examined using a rotary
rheometer DV-III Ultra Rheometer BROOKFIELD equipped with water
bath TC-102 (fixed temperature +20.0 + 0.3 °C). Small sample adapter
S84 25/13 (volume 16 ml) was used. The flow curves for shear rate from
2 to 40 s were assigned. Analysis was done using computer programme
Rheocalc®. Experiments were carried out by BROOKFIELD standard
methods in three independent repeats with controlled shear reat by spindle
SC4—16, modulus LV, speed 7-140 s”'. Results are described as arithmetic
means. The flow curves were described by Herschel-Bulkley model.

Methods for the determination of sour cream physical properties

e Peroxide value was determined by Wheeler method (Matiseks et. al, 1998).

e Secondary lipid oxidation products in sour cream were determined
according to ISO 9001 standard methods (Paul E. Kester, 1995, Vol. 5.3.)
by GCHP-14B SHIMADZU gas chromotograph equipped with
7000/7050 Headspace Autosampler (Tekmar — Dohrmann).

e pH values of the sour cream samples were determined by 720 pH-meter
using an electrode SenTix 81 (3 mol/KClI).

Determination of the calcium and iron migration

Calcium and iron ion migration from new and for sour cream packaging
used material was determined by Afomic Absorption spectrometer Shimadzu
AA-6701F according to the Standard Methods 3111 Metals by Flame Atomic
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Absorption Spectrometry (SM, 20™.Ed.1998, 3111.) (simulants — 0.07 M HCI
by pH 4.0 and distillate water by pH 7.0).

Data mathematical analysis

Statistical analyses. Statistics on completely randomized design were
determined using the General Linear Model (GLM) procedure SPSS 10.0
(Arhipova L. et al., 2003). Two-way analyses of variance (p < 0.05) were used
to determine significance of differences between means of light transmission
and biodestruction of PHB composites, color, mass losses, rheological
properties, pH, peroxide value, and secondary lipid oxidation products of sour
cream. Compare Means, One Way Anova (p < 0.05) were used to determine
significance of differences between means of the mechanical properties,
oxygen and water vapour permeability of composite materials, as well as total
color difference and apparent viscosity of sour cream, calcium and iron ion
migration.

RESULTS AND DISCUSSION

1. Properties of PHB composite materials

One of the main conditions for quality maintenance and shelf life extension
of foods is proper selection of a packaging material with appropriate barrier
properties. Mechanical properties of investigated packaging materials are
summarized in Fig. 2.

Mechanical properties. Pure PHB polymer films are brittle (elongation at
break ~ 3%), therefore they can not be used as a substantive packaging
material. They are recommendable only for lamination of various packing
materials or moulding of composite materials. Mechanical properties of pure
PHB material have been determined experimentally. They are essentially
different from mechanical properties of all other kinds of investigated materials
(p < 0.05). Tensile strength of PHB composite materials considerably
decreases: the least to composite material PHB (B)+B — 1.4 times, the most —
1.9 times — to material PHB(L)+DOS, compared to pure PHB. After sour cream
packing and 18 days storage, tensile strength of the mentioned materials
decreases accordingly 2.0 to 1.7 times, compared to pure PHB film material.

Supposedly, organic acids, proteins and flavour-forming compounds in the
sour cream during storage have an effect on the mechanical properties of
various packaging materials in different ways. However, tensile strength of
PHB composites is higher than it is for environmentally friendly Lean Pouch
material at this moment allready used for dairy product packaging. Compared
to pure PHB films, plasticizers increase elongation at break 2 up to 12 times.

An affirmative assessment of the PHB composite material moulding is
substantial decrease in the values of Joung’s or elasticity modulus (E).
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Compared to pure PHB, the value of Joung’s modulus for composite materials
from PHB, synthesised in Latvia, decreases ~ 20 times, for composite materials
from PHB, commercially produced in Brazil, decreases ~ 3.6 times. Joung’s
modulus value of composite materials from PHB, synthesised in Latvia, is
4648 MPa, which most of all corresponds to the Joung’s modulus value of
comercially widely used polymer polypropylene — 5.2-41 MPa. Thereby,
evaluating all investigated PHB composite materials by values of Joung’s
modulus, they are appropriate for food packaging in various technologies.

Oxygen permeability. Oxygen permeability is one of main parameters
charcterising plastic material barrier properties. The results of investigations on
oxygen permeability of PHB composite material are summarized in Fig. 2.
Plastificators essentially increase the oxygen permeability of composite
materials from PHB derivations: dioctylsebacionate increases it by ~ 1.5 times,
citroflex — by ~ 2.7 times, whereas bisoflex — 3.5 times, compared to pure PHB
films (p < 0.05). Significant is the fact that oxygen permeability of investigated
PHB composite materials is of the same kind as that of conventional plastics:
HDPE, PP, PE covered with graphite layer, and Lean Pouch (p > 0.05); besides
it is approximately two times lower than oxygen permeability of LDPE and PS
packaging materials (p < 0.05).

To describe the barrier properties of polymers, usually used indices of
oxygen permeability (cm® mm™ d' kPa™) are converted according to standard
indices of the diffusion coefficient (m* s'). By multiplying the calculated
coefficient 1.27 x 10" with the experimentally obtained and in the literature
sources found oxygen permeability values for various materials, it is possible to
find an oxygen diffusion coefficient of any material.

Water vapour permeability (WVP). All investigated materials mutually
differ in water vapour permeability (p < 0.05) (Fig. 3). Unfortunately, the
plasticizers increased the WVP of PHB as expected due to an increase in
mobility of the polymer chains. Bisoflex increases the water vapour
permeability 1.5 times, dioctilsebacionate increases it by 2.5 times, whereas
citroflex — 4 times, compared to pure PHB films. The WVP value of
polyethylene film, covered with light protective graphite layer film, is 3 times
lower and that of Lean Pouch films — 6 times lower than that of pure PHB.

To describe the barrier properties of polymers, usualy used indices of WVP
(g mm kPa" h™'m™) are converted according to standard indices of the diffusion
coefficient (m”® s™). By multiplying the calculated coefficient 3.80 x 10™ with
the experimentally obtained and in the literature sources found WVP values for
various materials, it is possible to find an water vapour diffusion coefficient of
any material.

Unfortunately, the values of water vapour diffusion coefficient for PHB
composite materials plasticized with DOS and B, compared to PP, PET, HDPE,
LDPE, and polyethylene films covered with light protective graphite layer, are
higher. Whereas compared to polymer material PS comercially widely used in
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dairy industry, the water vapour diffussion coefficient of PHB composites is
lower. In conclusion, the above mentioned PHB composite materials regardless
of the high water vapour difussion coefficient values could be applicable for
packaging of dairy products.

Light transmission. Light transmission of packaging materials is an
important factor influencing shelf life of the major part of food products such as
milk fats, fruit juices, coffee, wine, beer. No significant difference was found in
the light transmission among both pure PHB material samples (p > 0.05).

Comparison of the experimentally obtained light transmission spectra of the
PHB composite materials of identical density (6 = 35+£3 pm) is demonstrated in
Fig. 4. The kind of the plasticizer minimally influences the various PHB
composite material light transmissions in the visible light wavelength range
from 400 to 750 nm. It is important, that all investigated PHB composite
materials belong to the group of polymers with a high light transmission

(85-90%), like conventional polymers PS and PP traditionally used for dairy
product packing.

Lean Pouch film has a 1.5 times lower light transmission than all PHB-
based films. The PE film is impenetrable to light transition due to the graphite
layer. Lean Pouch and polyethylene films covered with a light protective
graphite layer with probability 95% substantially variously influence the light
transmission, compared to all other types (PHB and PHB composites) of
investigated materials (p < 0.05).

Biodestruction. The biodestruction process of PHB composite materials is
differently influenced by plasticizers (Fig. 5). Experimentally at probability
95% it was established that within 35 days there is no disparity between the
biodestruction rates in soil to samples PHB(L)+DOS and PHB(L) (p>0.05):
mass losses of PHB(L)+DOS was 44.4%, that of PHB(L) —47.9%.

Compared to pure PHB composite material biodestruction rate,
PHB(L)+DOS+Fe (produced from PHB of high molecular weight and with
increased iron content) and PHB(B)+DOS (produced from PHB of low
molecular weight) substantially differ (p < 0.05).

Experimentally it was clarified that within 35 storage days the chemical
composition of the product had no impact on the destruction process of PHB
composites.

A conclusion can be drawn that degradation of polymer materials depends
on the kind of the plasticizer as well as on the molecular weight of the polymer.

Consequently, iron additive prevents the biodestruction process of PHB
composite films. Positively can be valued thenon-essentional difference in the
biodestruction process of all investigated native and for packaging used PHB
composites without increased iron addition.

After 35 days of incubation into soil, the sample mass losses of
PHB(B)+DOS was 55.3% from the initial mass, PHB(B)+DOS used — 48.3%,
PHB(L)+DOS — 44.4%, and PHB(L)+DOS used — 32.1%.
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Consequently, the biodestruction process of the new materials proceeds
more rapidly than the biodestruction rate of the same kind of materials already
used for sour cream packaging. A conclusion can be drawn that some changes
in the composition of films take place at the storage time, nevertheless they are
not substantial.

The empirical mathematical model has been designed by making use of
biodestruction data obtained in the experiments. Time constants t* were found
thus enabling to forcast the biodestruction processes in time for any PHB
composite material.

2. The influence of PHB composite materials on the quality of dairy
products

2.1. Changes in the physical properties of
the sour cream in the storage time

The color of dairy products changes during storage under the influence
of lighting. This phenomenon might occur due to the photo destruction of some
of the brightly colored constituents such as riboflavin, -carotene and vitamin
A which according to Hunter, directly influence color components a* and b*. It
may also be explained by the modification of light scattering structure in dairy
products (photo agglomeration, photolysis, etc.), which has a direct influence
on the color component L* and an indirect influence on color components a*
and b*. The exposure of different unpackaged dairy products to light (skimmed,
raw, pasteurized, condensed milk, coffee cream, sour cream) results in a
decrease in color component L* (less brilliant), in an algebraic increase in the
negative component a* (less greenness), and in a decrease in the positive
component b* (less yellowness) (Bosset J.O. et al., 1994).

The lightness L* of sour cream samples considerably changed in the first
four storage days. Experimentally it was observed that a” value of all samples
very noticeably decreased already during the first two storage days — from -0.8
to -(2.3-2.7). In the following experiment, after 18 days no significant
differences in a* values were found (p > 0.05); at the same time, a* value of the
samples packaged in Lean Pouch film differed from the a* value of samples
packed in PS cups and PHB+DOS+Fe (Latvia) (p < 0.033). The dynamics of
b* value for unpacked dairy products at the storage time of 18 days changed
from 8.0 to 8.6-9.1 (more yellow). A significant difference was found for b*
values among sour cream samples packaged in PHB+DOS composite materials
synthesized in Latvia and industrially produced in Brazil (p = 0.007). The
PHB-+B composite material with probability 95% substantially differently by
influenced the b* value of sour cream samples, compared to those packaged in
all other types of investigated materials (p < 0.049). The b" values of sour
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cream packaged in Lean Pouch film and in PHB+B are disparate (p = 0.004). A
significant difference in yellowness was found for sour cream packaged in
commercially used PS cups and in PHB+DOS (Latvia) and PHB+B (Brazil)
(p <0.05).

Nevertheless, positively can be valued the fact that the influence of all
investigated PHB composite materials on the total color diference (AE*) at the
sour cream storage time (Fig. 6.) mutually is not substantially different
(p>0.05).

Mass losses of the product. Experimentally it was established that mass
losses of the product packed in composite material PHB(L)+DOS+Fe (with an
increased iron content) differ from those packed in all other kinds of
composites (Fig. 7) (p < 0.05). The increased iron addition during synthesis
process increases the outcome of PHB, but, unfortunately, at the same time
increases the mass losses of the product packaged in this material. Apparently
this fact is connected with the increased water wapour permeability of the
films. Within seven storage days the mass losses of sour cream reached 4.5%,
therefore this kind of composite is not recommendable for packaging of food
with increased water content.

And, on the contrary, mass losses from sour cream packed in all other
investigated PHB composite films within 18 storage days were analogous to
those from dairy products packed in conventionally used materials — 0.5-0.7%.
This suggests that PHB composite films can be adequate for dairy product
packaging.

Viscosity. Rheological properties of sour cream within 15 storage days
were defined at the shear rate values as 2-40 s

The results of the apparent viscosity of sour cream at shear rate y =2 s and
spindle rotation time 30 s are presented in Figure 8. Generally the sour cream
packed in PS cups and stored for 15 days was characterised by the highest
apparent viscosity, while the apparent viscosity of sour cream samples before
packaging and samples packed in all investigated PHB composite materials and
stored for 15 days were not disparate. Among all packed samples, sour cream
packed in PHB(B)+DOS had the highest viscosity, whereas for all the rest of
samples apparent viscosity values were identical. A conclusion can be drawn
that investigated PHB composite materials don’t influence rheological
properties of sour cream at the storage time. Considering this phenomenon, the
investigated materials could be applicable for dairy product packaging.

2.2 Changes in the chemical properties of
the sour cream within storage time

pH. Significant differences in pH values during storage time were not found
among all sour cream samples packed in PHB composite materials without an
increased iron content (p > 0.05) (Fig. 9). Whereas the pH value of sour cream
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packed in Lean Pouch film differed significantly from those results (p < 0.05).
This phenomenon can be explained by biochemical changes taking place in the
product at the storage time as well as by calcium ion migration from the film to
sour cream. As a result of this, Ca lactate is forming from lactic acid and pH
value increases.

Peroxide value and secondary lipid oxidation. Although it was
experimentally determined that peroxide values of the sour cream, packaged in
different investigated materials and stored for a certain period of time, mutually
differ (Fig. 10), it is important to mention that peroxide value of sour cream
packaged in all investigated materials does not exceed the allowable value for
the products that are suitable for storage — 12 mmol kg™ (Matiseks et.al., 1998).

As the oxidation process proceeds, secondary lipid oxidation products are
forming, which have an undesirable effect on food sensory properties. It was
experimentally ascertained that during the 18 days of storage no changes were
found in the amount of secondary lipid oxidation products — pentanal and
2-methyl-1-propanol — for the sour cream samples packaged in Lean Pouch
film and PE film, covered with a graphite light protective layer — commercially
used for dairy products packaging.

Whereas the amount of secondary lipid oxidation products in the sour cream
packaged in all investigated PHB composite materials considerably increased
(Table 3). It can be explained by the fact that the light transmission of PHB
composite materials is 1.5 times higher than that of Lean Pouch film. Light
transmission of polyethylene film (PE) covered with light protective graphite
layer is close to zero. Evaluating PHB composite materials by the dynamics of
secondary lipid oxidation products in sour cream, most suitable for packaging
is PHB(B)+B, then follow PHB(B)+*DOS and PHB(L)+DOS composite
materials. The PHB composite material with increased iron content has the
most notable influence on the forming of acetaldehyde and
2-methyl-1-propanol.

One of the secondary lipid oxidation products — 1-butanol — was not found
in the investigated samples on the 0 day; its formation at the storage time was
not ascertained as well.

3. Compatibility between PHB composite materials
and food products

The kind of PHB plasticizer influences the calcium ion migration to
simulant at pH 7 within 10 days (p < 0.05). Obviously, the amounts of calcium
ion migrated from a new and used (materials which before the migration
experiment were used for sour cream packaging and for 18 days storage)
material are essentially disparate (p < 0.05). Consequently, the pH value of the
product significantly influences the structure of the material (Fig. 11).

38



During the poly-B-hydroxybutyrate (PHB) synthesis process, Azotobacter
chroococcum 23 accumulate iron ions in the cells but recovering PHB from the
biomass, iron ions dispose of cells and partially mix with PHB.

Comparing the amounts of iron ions migrating from a new and for sour
cream packaging used material to simulant at pH 4 (Fig. 12), iron ion migration
increases 1.1 to 1.4 times (p < 0.05). It can be explained by the fact that the
products’s sourness promotes the eduction of migration-capable or free iron
ions from the material.

The iron ion migration from a new as well as from used for sour cream
packaging PHB material at pH 7 was not observed (p > 0.05) (Fig. 13).

It was ascertained that pH value of ambience has a substantial influence on
iron ion migration from the material to simulant.

The increased iron content added during the PHB synthesis process
promoted iron ion migration to simulant in a sour ambience promoting
formation of large amounts of acetaldehyde and 2-methyl-1-propanol in the
investigated samples of sour cream.

CONCLUSIONS

1. The biodestruction process of PHB composite materials is differently
influenced by kind of plasticizers and PHB. Within 35 biodegradation days,
PHB(L)+DOS film lost 44.4%, of its initial weight; close to it was
unplasticized PHB(L) film that lost 47.9% of its mass. Whereas mass losses
of the PHB(B)+DOS sample during the same period of time made 55.3%,
and thoseof the PHB(L)+DOS+Fe sample — only 13.49% of the initial mass.

2. Comparing pure PHB with its composite materials, positively can be
evaluated the substantial decrease in Joung’s or elasticity module’s (E)
values: for PHB composite materials synthesised in Latvia ~ 20 times, for
the commercially produced in Brazil ~ 3.6 times. For the PHB composite
material synthesised in Latvia, Joung’s module’s value is 4648 MPa,
which is similar to the Joung’s modulus value of commercially widely used
polymer polypropylene — 5.2—41 MPa.

3. Plastificators substantially increase the oxygen permeability of composites:
DOS - ~ 1.5 times, citroflex — ~ 2.7 times, whereas bisoflex —
approximately 3.5 times, compared to a pure PHB film. It was of
significance to find that oxygene permeability of composite materials is
similar to that of conventionally used polymer materials — HDPE, PP, PE,
Lean Pouch, and PE covered with a graphite layer, besides, it is
approximately two times lower than for LDPE and PS materials.

4. Unfortunately, the plasticizers increase the Water vapour permeability
(WVP): bisoflex — about 1.5 times, dioctylsebacionate — 2.5 times, whereas
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citroflex — 4 times, compared to pure PHB films. WVP value of
polyethylene films covered with a light protective graphite layer is 3 times
and that of Lean Pouch films — 6 times lower than the WVP of pure PHB.

The kind of plasticizer in the visible light wavelength range 400 to 750 nm
minimally influences light transmission of various PHB composite materials
(thickness 35+3 pm). It is important that all investigated PHB composite
materials exhibit light transmission very similarly to conventional dairy
product packaging materials PS and PP.

The most remarkable changes in values of the color components L*, a* and
b* of dairy products packaged in the investigated PHB composite materials
during storage time under the influence of light were observed in the first
2-4 storage days. It is significant to conclude that all investigated PHB
composite materials regarding their influence on total color difference
(AE*) of sour cream at the storage time did not substantially differ one from
the other.

The apparent viscosity of sour cream samples before packaging and that of
the samples packed in all investigated PHB composite materials and stored
15 days were not disparate. A conclusion can be drawn that investigated
PHB composite materials don’t influence the rheological properties of sour
cream at the storage time and therefore can be applicable for dairy product
packaging.

Plasticizers substantially influence the peroxide value of sour cream
packaged in PHB composite materials and stored for 18 days. However, it is
notable that the peroxide value of sour cream packaged in all investigated
materials does not exceed the acceptable value of 12 mmol kg for products
which are applicable for storage.

Acetaldehyde, pentanal and 2-methyl-1-propanol amount in sour cream
samples packed in all investigated composites at the storage time
substantially increases, whereas one of the secondary lipid oxidation
products — 1-butanol was not found.

10. It is essential that the kind of plasticizer influences iron migration from the

11.

material to simulant at pH 4, but has not influence at pH 7. Unfortunately,
the increased iron content added in the PHB synthesis process promotes its
migration to simulant in a sour ambiance, thus accelerating formation of
acetaldehyde and 2-methyl-1-propanol in the investigated sour cream
samples.

All investigated PHB composite materials without an increased iron content
are applicable for food packaging, among them composite PHB+DOS
obtained from the PHB of low molecular mass produced in Brazil can be
considered as the best.
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