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PETIJUMA AKTUALITATE

Konditorejas izstradajumi ir iecienita produkcija, bez kuras neiztikt ne
ikdiena, ne svinigos pasakumos. Cukura konditorejas izstradajumi ir attistiti
gadsimtu gaita, pieaugot patérétaju prasibam, paslaik tie tiek izgatavoti
neskaitamas formas ar dazadu salduma pakapi, garSas niansém, aromatu un
struktiiru. Tie ir loti iecieniti naski be&rniem un vecaka gadagajuma laudim, Iidz ar
to So produktu popularitate un patérin$ pieaug (Duran et al., 2009; MapiankuHa,
1978). Petijumos noskaidrots, ka salda garSa cilvékam ir ttkamaka neka sala vai
rigta. Saldas garSas pievilciba ir gengtiski noteikta, un ta saistas ar garastavokla
uzlabosanos, ta secinajusi amerikanu petnieki. Saldumus un to lietoSanu saista ar
tadam iezimeém ka laimes izjiita un bauda (Edwards, 2000).

Cukura konditorejas izstradajumu garSu pilnveide ir populara jaunu
produktu inovacija tirgl. Pie jaunakajam tendenc€m var mingt saldumu
bagatinasanu ar ingveru, kardamonu, sivo papriku (¢ili pipars) un sali.
Zinatnieki pieradijusi, ka ziedputekspiem ir liela nozime bisu dzives cikla, tapec
ir gluzi saprotama cilvéku interese par to sastavu un izmanto$anas iespgjam
cilveku wuztura papildinasanai un pilnveidoSanai. Ziedputek$pus lieto ka
koncentrétu produktu, lai papildinatu uzturu ar vielam, kuru ikdienas uztura ir
loti maz vai vispar nav, bet kas cilvéka organismam ir nepiecie$amas.
Ziedputeks$ni ir augstvertigs, biologiski aktivs augu valsts produkts, kura
koncentrétas dziva organisma uzbiivei un attistibai nepiecieSamas pamatvielas:
olbaltumvielas, tauki, oglhidrati, mineralvielas, vitamini. Ziedputeksnus cilveki
lieto partika, bagatinot ikdienas uzturu ar $o organismam nepiecieSsamo vielu
koncentratu. Tap&c, bagatinot cukura konditorejas izstradajumus ar
ziedputeks$niem, biitu iesp&jams papildinat uzturu ar biologiski aktivam vielam.

Attistoties cukura konditorejas izstradajumu klastam, aizvien aktualaks
klust jautajums par min€to produktu nemainigas kvalitates saglabasanu ilgaku
laiku, patérétajam ertu lietosanu, ka arT iesp&ju produktu veiksmigak eksportet.

Kvalitate var biit atSkiriga katra individa vertgjuma, bet kopuma ar
kvalitati saprot partikai (taja skaita saldumiem) piemitoso 1pasibu kopumu, kas
nodros§ina to sp&u apmierinat paterétaju vajadzibas un izpauzas produkta
kimiskaja sastava, fizikalajas ipasibas, izskata, krasa, smarza, gar$a un
uzturvertiba. Kvalitates TpasSibu mérkis ir nodrosinat drosu, nekaitigu, ka arT ar
uzturvielam bagatu partiku.

Paslaik konditorejas izstradajumus tirdznieciba Latvija realiz€ divos
veidos — ka sveramos produktus, ko izsver tirdzniecibas vietas, un produkciju,
kas safas€ta jau razotajuzp@émumos noteikta lieluma paterétajiepakojumos ar
konkrétu svaru.

Produktu nemainigu kvalitati realizacijas laika butiski ietekme vide, kas
appem produktu. Skabekla vidé partikas produktos notiek neatgriezeniskas
izmainas, pieméram, tauki un ellas oksidgjas, tie klast riigti, produktos
samazinas vitaminu saturs, mainas Kkrasa, ziid aromatvielas, un norit aerobo
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mikroorganismu attistiba. Partikas produktu kvalitates pazeminasanos skabekla
klatbutn€ wveicina arT paaugstinata temperatlira; mitrums; gaisma, 1pasi
ultravioletais starojums. Laika gaitd tiek raditas arvien jaunas iespgjas, ka
saglabat partikas produktu kvalitati, un zinatnieki v&l aizvien nak klaja ar
jaunam tehnologijam iepakosanas industrija.

Misdienas viena no perspektivakajam metodém, ka pagarinat partikas
produktu uzglabasanas laiku, ir iepako$ana izmainita vidé — vakuuma vai
aizsarggazu vide, kur skabekla saturs tiek samazinats Iidz minimumam, bet
oglskabas gazes saturs palielinats, laujot produktu uzglabasanas laiku pagarinat
par dazam dienam vai pat vairakiem ménesSiem.

Aktivais iepakojums ir novatoriska iepakojuma tehnologija, kuru veiksmigi
izmantojot iepakojuma iesp&jams samazinat skabekla saturu <0,1%, tadgjadi butiski
pagarinat partikas produktu deriguma terminu. Tas saglaba razZotaju un paterétaju
interesi par iesp&jamo partikas produktu kvalitati un drosibu.

Lai nodro$inatu nemainigu produktu kvalitati un pagarinatu realizacijas
terminu, ieteicams lietot iepakojuma materialus ar augstam barjeripasibam, ka
arT mekl8t jaunus risindjumus, jaunakas paaudzes biomaterialus un aktiva
iepakojuma tehnologijas.
tehnologiju un materialu ietekmi uz cukura konditorejas izstradajumu kvalitati
uzglabasanas laika paslaik nav.

Veértéjot un analizEjot zinatniskaja literatiira un elektronisko resursu
avotos pieejamo informaciju par cukura konditorejas izstradajumiem un to
kvalitati uzglabasanas laika, promocijas darbam izvirzita hipotéze — cukura
konditorejas izstradajumu realizacijas terminu var pagarinat, izv€loties
progresivas iepakojuma tehnologijas un atbilstosus materialus.

Pétijjuma objekts: klasiskie un ar ziedputekSniem bagatinati cukura
konditorejas izstradajumi — Serbets un zefirs.

Promocijas darba meérkis: klasisko un ar ziedputek$piem bagatinatu
cukura konditorejas izstradajumu— Serbeta un zefira— kvalitates izpéte
uzglabasanas laika, izmantojot progresivus iepakojuma risinajumus.

Darba mérka sasniegSanai izvirziti $adi uzdevumi:

e veikt cukura konditorejas izstradajumu tirgus izp&ti Latvija, aptaujajot
paterétajus par Serbeta un zefira atpazistamibu, kvalitati, pieprasijumu un
optimalo iepakojumu;

e analizét progresivo iepakoSanas tehnologiju ietekmi uz klasiska un ar
ziedputekSpiem bagatinata Serbeta fizikali kimiskajiem raditajiem un
mikrobiologisko kvalitati uzglabasanas laika dazados iepakojuma materialos;

o izvertet dazadu iepakojuma tehnologiju un materialu ietekmi uz klasiska un ar
ziedputeks$niem bagatinata Serbeta sensoro Tpasibu izmainam uzglabasanas laika;
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e pétit progresivo iepakojuma tehnologiju un materialu ietekmi uz klasiska un
ar ziedputekSniem bagatinata zefira fizikali kimiskajiem raditajiem un
mikrobiologisko kvalitati uzglabasanas laika.

Promocijas darba hipotézi pierada ar §adam tezém:

e cukura konditorejas izstradajumu pieprasijumu tirgl nosaka produkta
kvalitate, kuru batiski ietekmé realizacijas veids;

e Serbeta kvalitati uzglabasanas laika bitiski ietekmé izmantotie iepakojuma
materiali un iepako$anas tehnologijas;

e ziedputek$nu pievienoSana Serbetam butiski izmaina produkta kvalitati
uzglabasanas laika dazados iepakojumos, ietekméjot realizacijas terminu;

e klasiska un ar ziedputekSniem bagatinata zefira kvalitati uzglabasanas laika
bitiski ietekmé izmantotie iepakojuma materiali un tehnologijas.

Promocijas darba novitate un zinatniskais nozimigums.

e Pétita dazadu iepakoSanas tehnologiju un iepakojuma materialu ietekme uz
cukura konditorejas izstradajumu realizacijas laika pagarinasanu.

e Izvertetas cukura konditorejas izstradajumu fizikali Kkimisko un
mikrobiologisko raditaju izmainas uzglabasanas laika.

e Pétita jaunako dabai draudzigo iepakojuma materialu un aktiva iepakojuma
tehnologijas ietekme uz cukura konditorejas izstradajumu realizacijas terminu.

e P&titi ar ziedputekSpiem bagatinatu cukura konditorejas izstradajumu
kvalitates raditaji, realizacijas termin$ un izvértétas jauno produktu sensoras
Tpasibas.

Promocijas darba tautsaimnieciska nozime.

e Cukura konditorejas izstradajumu realizacijas termina pagarinasana,
saglabajot saldumu kvalitati, varétu palielinat tirgus pieprasijjumu.

e Cukura konditorejas izstradajumu realizacijas termina pagarinasana dos
iesp€ju razotajiem eksportét produkciju uz arvalstu realizacijas tirgiem.

e Ar ziedputekSniem bagatinatie cukura konditorejas izstradajumi razo$ana
paplasinas patérétajiem piedavajamo cukura konditorejas izstradajumu
sortimentu.
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presentation)

Ungure E., MuiZniece-Brasava S., Dukalska L. (2010) Serbets sikaja
iepakojuma. 15. starptautiska partikas izstade “Riga Food 2010”. Zinatniski
praktiskaja seminara “P&tnieciba un inovacijas partikas nozaré” sadala
»Inovacijas partikas produktu iepakosana”. Latvija, Riga, 10. septembris,
2010. (mutiskais referats / oral presentation)

Vorma (Ungure) E., Muizniece-Brasava S., Dukalska L. (2010) Effect of
packaging materials and technologies on the milk pomade sweet sherbet
with crunchy peanut chips colour at the shelf life. 12™ International
Symposium ,,Materials, Methods & TechnologlES (MMT)”. Bulgarija,
Burgasa, 11.—15. junijs, 2010. (stenda referats / poster presentation)

Vorma (Ungure) E., Muizniece-Brasava S., Dukalska L, Skalbe J. (2010)
Shelf life extension of milk pomade sweet — sherbet with crunchy peanut
chips by MAP in various packaging materials. Conference World Academy
of Science, Engineering and Technology 2010. Japana, Tokija, 26.—
28. maijs, 2010. (mutiskais referats / oral presentation)
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17. Vorma (Ungure) E., Muizniece-Brasava S., Dukalska L. (2010) Piena
pomades konfekSu kvalitates izmainas uzglabasanas laika. Latvijas
Lauksaimniecibas universitates zinatniski praktiska konference ,,Augstskolu
pétnieciskais potencials — regionalas attistibas veicinaanai”. Latvija,
Jelgava, 6. maijs, 2010. (stenda referats / poster presentation)

18. Vorma (Ungure) E., Muizniece-Brasava S., Dukalska L. (2010) Iepakojuma
tehnologiju ietekme uz piena pomades konfekSu cietibas izmainam
uzglabasanas laika. Izstade ,,Razots Latvija 20107, Latvija, Riga 25.—
27. marts, 2010. (stenda referats / poster presentation)

19. Vorma (Ungure) E., Dukalska L., Kunkulberga D., MuiZniece-Brasava S.
(2009) Iepakojuma tehnologiju ietekme uz piena pomades konfeksu kvalitati
uzglabasanas laika. Starptautiska izstade “Riga Food 2009”, Latvija, Riga, 9.—
12. septembris, 2009. (stenda referats / poster presentation)

MATERIALI UN METODES

Pétijumu laiks un vieta

Eksperimenti veikti laika no 2009. gada septembra lidz 2012. gada septembrim.
Petijumi veikti:
e Latvijas Lauksaimniecibas universitates Partikas tehnologijas katedras
Iepakojuma materialu Tpasibu izp&tes laboratorija;
o LLU Partikas tehnologijas katedras Sensoro analizu laboratorija;
e AS Laima laboratorijas;
o Latvijas Lauksaimniecibas universitates Agronomisko analizu zinatniskaja
laboratorija;
e partikas drosibas, dzivnieku veselibas un vides zinatniskais institlits
"BIOR".

Pétijuma izmantotie materiali

Pé&tijuma objekts — cukura konditorejas izstradajumi:
o piena pomades konfekte — Serbets;
o zefirs.

Pétijumu struktiira

Petijuma vertetas paslaik visplasak lietotas tradicionalas iepakosanas
tehnologijas (gaisa vidé, vakuuma un aizsarggazu vid€) konvencionalajos
iepakojuma materialos un inovativos (dabai draudzigos) iepakojuma materialos,
ka ari izmantota viena no musdienu jaunakajam iepakoSanas tehnologijam —
aktivais iepakojums — un pétita ta ietekme uz cukura konditorejas izstradajumu
kvalitati uzglabasanas laika. Izstradatas visparigas tehnologijas Serbeta un zefira
bagatinasanai ar ziedputek$niem. PEtfjuma struktiira paradita 1. attéla.
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Cukura konditorejas izstradajumi /
Sugar confectionery

v

y

Ziedputeksni /
Bee pollen

Piena pomades konfektes

Serbets / Milk pomade Zefirs /| Marshmallow
sweets sherbet

—— ]

v v v Ekstrakta
Klasiskie izstradajumi / Izstradajumi, bagatinati ar ziedputek$niem / 12g1;ve§ /
Classical products Products enriched with bee pollen tract

production

l 2 v

‘ Patérétaju aptauja / Consumers’ inquiry

A 4

Sensora novertésana, fizikali kimiskie raditaji, mikrobiologiskie raditaji /
Sensory evaluation, physico-chemical properties, microbiological analyses
v

Iepakojuma materialu un iepakosanas tehnologiju izvéle, uzglabasana /
The option of packaging materials and technologies, shelf life detection

v
Konvencionalie iepakojuma Biodegradgjamie (dabai draudzigie) iepakojuma
materiali / Conventional materiali / Biodegradable (environmentally
packaging materials friendly) packaging materials
v
v v v v
Gaisa vide / Vakuums / Aizsarggazu Aktivais iepakojums /
Air ambience Vacuum iepakojums / MAP Active packaging

' | | |
v

Kvalitates kontrole uzglabasanas laika /
Quality control during the storage time

v
v
Fizikali kimiskie raditaji / Mikrobiologiskie raditaji / Sensora vertésana /
Physico-chemical properties Microbiological analyses Sensory evaluation

1. att. Pétljuma struktira /
Fig. 1. Structure of the research
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Patérctaju aptauja

Lai noskaidrotu Latvijas patérétaju viedokli par Serbetu un zefiru, to
kvalitati, pieprasijumu, optimalo iepakojumu un noform&umu, izmantota
socialo petjumu kvantitativa pieeja. Ta paredz izmantot lielus socialas
informacijas apjomus sabiedriba notiekoSo procesu tendencu noskaidroSanai un
palidz dazadu klientu grupu apsekoana tirgus pétijumos. ST pétfjuma ietvaros
ka kvantitativas pieejas datu ieguves metode izmantota paterétaju aptauja, kas
realizeta anket€Sanas veida.
Iepakojuma materialu raksturojums

Nemot vera cukura konditorejas izstradajumu realizacijas veidus tirgi, to
uzglabasanas nosacijumus un iepakoSanas materialu T1pasibas, produktu
kvalitates izp€tei pétijuma lietoti konvencionalie iepakojuma materiali, to
raksturojums apkopots 1.tabula. Aizvien pieaugot raZotaju un patérétaju
interesei par dabai draudzigo iepakojumu, Sobrid vairakus biodegrad€jamos
poliméru veidus no dazadam kategorijam lieto partikas iepakojumam ar
ievérojamu potencialu nakotng. P&tjjuma lietotie dabai draudzigie iepakojuma
materiali raksturoti 2. tabula.

1. tabula / Table 1
Eksperimentos lietoto konvencionalo iepakojuma materialu raksturojums /
Characteristics of conventional packaging materials used in experiments

Iepakojuma Biezums

materials / Raksturojums un sastavs / 0, pm/ mé:}l[l’;:“/)?;i ked
Packaging | Characteristics and composition Thickness | P roduct
material o, um P
Vienslana, caurspidigs, OPP / Serbets, zefirs /
OPP . 4042 Sherbet,
Single layer, transparent OPP
marshmallow

Caurspidigs laminats,

Multibarrier |APA/TIE/PA/EVOH/PA/TIE/PE/PE/
60 HFP Transparent laminate,

APA/TIE/PA/EVOH/PA/TIE/PE/PE

Serbets, zefirs /
6012 Sherbet,
marshmallow

BIALON 50 | Matéti balts, laminats, BOPA/PE, 5043 Serbets / Sherbet

HFP Frosty white, laminate, BOPA/PE
BIALON 65 | Caurspidigs laminats, BOPA/PE / 6543 Serbets /
HFP Transparent laminate, BOPA/PE B Sherbet
Lo L Serbets, zefirs /
o et S
gle tayer, 5P marshmallow
et Metalizets laminats Serbets, zefirs /
BOPET;/PE BOPET/ALU/PE, /Metallised 6512 Sherbet,
laminate BOPET/ALU/PE marshmallow
Aluthen Metalizéts laminats PET/ALU/PE / 8042 Sorbets / Sherbet

Metallised laminate PET/ALU/PE
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2. tabula / Table 2
Eksperimentos lietoto biodegradéjamo iepakojuma materialu raksturojums /
Characteristics of biodegradable packaging materials used in experiments

Iepakojuma Biezums .
o . = Iepakotais
materials / Raksturojums un sastavs / o, nm /
. L . .. . produkts /
Packaging Characteristics and composition Thickness
X Packed product
material J, um
Vienslana, caurspidigs, NVS
biodegradgjama pléve uz celofana y
BIONVS bazes / Single layer, transparent, 25+1 Serbets / Sherbet
cellophane based biodegradable
NVS film
Ceramis®- arztigs’tgilr l}(Jl:rtjse:TrpE;?bza'u—n/ gerbets,
PLA PLA coated with SiOx High barrier 60+2 zefirs / Sherbet,
; marshmallow
properties
Metaliz&ta virsma/starpkarta/
met. caurspidiga celulozes pléve/ 5
NatureFlex parklajums /Metallised surface/ 2312 Serbets / Sherbet
23NM coating/transparent cellulose
film/coating
Nativia™ Caurspidiga BOPLA / &
NTSS-30 Transparent BOPLA 302 Serbets / Sherbet
Nativia™ Metalizéta BOPLA pléve / &
NZSS-20 Metallised BOPLA film 2082 | Serbets / Sherbet
Vienslana, balts,40% Ca/60% PE / &
ECOLEAN Single layer, white, 40% Ca/60% PE 78+4 Serbets / Sherbet

Paraugu sagatavoSana un uzglabasana

Piena pomades konfektes — Serbets. Serbets iepakots pa diviem
gabaliniem katra iepakojuma, kop&ja produkta masa viena iepakojuma — 6012 g.
Katra iepakojuma maisina lielums 80 mm x 120 mm. Paraugi iepakoti gaisa
vide, vakuumiepakojuma, aizsarggazu vidé un aktivaja iepakojuma, uzglabati
istabas temperatura +18,0+3,0 °C, gaisa relativais mitrums (RH) 40%. Paraugi
analiz€ti pirms iepakoSanas (0. diena) un péc 2, 4, 6, 8, 10, 12, 14 un
16 uzglabasanas nedélam. Klasiska un ar ziedputekSpiem bagatinata Serbeta
iepakoSanai izmantoto tehnologiju un materialu shéma paradita 2. un 3. attela.

Zefirs. Katra iepakojuma ievietots viens zefira gabalins (masa — 141 g),
iepakojuma lielums 80 x 80 mm. Paraugi iepakoti gaisa vide un uzglabati
istabas temperatiira +18,0+3,0 °C, gaisa relativais mitrums (RH) 40%. Paraugi
analizeti pirms iepakoSanas (0. diend) un péc 4, 8§, 12, 16 un 20 uzglabasanas
nedélam. Klasiska un ar ziedputekSpiem bagatinata zefira iepakoSanai izmantoto
tehnologiju un materialu shéma paradita 4. un 5. attela.
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Iepakosanas tehnologiju raksturojums

IepakoSana gaisa vide.

Paslaik visbiezak lietotais cukura konditorejas izstradajumu iepakojums tirdznieciba
ir gaisa vide kartona karbas, caurspidigos PP maisinos un metaliz&ta PP pakas.

Iepako$ana izmainita vide.

Iepakojums vakuuma. Produktus ievieto ieprieks termiski sakaus€tos maisinos, kas
izgatavoti no polimera materialu pléves, pec produkta ievietoSanas no iepakojuma
aizvada gaisu jeb rada vakuumu, paku hermétiski aizkaus€ (Robertson, 2006).
lepakojums aizsarggazu vide. Produktus iepako materialos ar dazadam
barjeripasibam. Partikas iepakojumam lieto aizsarggazes — oglekla dioksidu CO,
(E 290) un slapekli N, (E 941), ko piegada SIA ,,AGA”. Eksperimentos
izmantoti $adi gazu maisijumi: 30% CO, un 70% N,; 70% CO, un 30% N,;
100% CO,. leprieks sagatavotos pléves maisinos ievieto produktu, no maisiniem
aizvada gaisu, ievada gazu jaucgja KM 100-2MEM iepriek$ sagatavoto gazu
maistjumu, tad paku hermétiski aizkaus€ (Robertson, 2006).

Akfivais iepakojums. No poliméru materialiem izveidotajos iepakojumos
ievieto produktu, Tsi pirms iepakojuma hermétiskas aizkaus€Sanas tajos ievieto
skabekla absorbentus Ageless. Iepakojuma ievietotds paketes paredzetas, lai
samazinatu skabekla (O,) Imeni iepakojuma Iidz mazak neka 0,01%.
Eksperimentiem izveletas aktiva absorbenta paketes ar skabekla adsorbcijas
sp&ju 100 cm’, ta darbiba pamatojas uz dzelzs oksida reakciju ar skabekli. Lai
panaktu efektivaku skabekla aizvadiSanu, iepakojumos aktivais absorbents
kombinéts ar aizsarggazu vidi (100% CO,).

Pétijuma noteiktie raditaji un lietotas metodes

Promocijas darba noteiktie raditaji un lietotas metodes apkopotas 3. tabula.

Serbeta kvalitati iepakojuma uzglabasanas laika raksturo §adi nozimigie fizikali
kimiskie raditaji: krasa, idens aktivitate, masas zudumi, cietiba, mitruma saturs.
Tie noteikti produktu iepakoSanas diena, ka arT paraugu uzglabasanas laika pec
2,4,6,8,10,12, 14 un 16 nedelam.
Zefira kvalitati iepakojuma raksturo $adi nozimigi fizikalie raditaji: fidens
aktivitate, masas zudumi, mitruma saturs, blivums. Tie noteikti produkta
iepakoSanas diena, ka ari paraugu uzglabasanas laika reizi ¢etras nedélas — lidz
divdesmit uzglabasanas nedélam.

Sensoro 1pasibu vértéjums. Izmantojot sensoras vértéSanas aprakstosas
metodes, vispirms veikta vertétaju atlase un apmaciba. Darbam atlasiti
6 eksperti (vidgjais vecums 37 gadi). Pirms sensoras vertéSanas veikta
references produkta novert€Sana un vertéSanas lapu izstrade, pamatojoties uz
vienotu ekspertu izpratni par produktu raksturojosam iezZimém. IzvEletie
eksperti, izvert€jot Serbeta cietibas izmainas uzglabasanas laika dazados
iepakojuma materialos un uzglabaSanas vid€s, izmantojot piecu punktu
h&donisko skalu (5 — viegli sakozams, miksts, 1 — loti ciets), noteica paraugu
cietibas pakapi (ISO 4121:2003).
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Ar ziedputeks$niem bagatinata Serbeta un zefira paraugu patikSanas pakape
noteikta izmantojot h&donisko skalu (ISO 4121:2003). Savukart, izmantojot
Imijskalu (ISO 4121:2003), noteikta kontroles Serbeta un ar 1,5% ziedputeksniem
bagatinata Serbeta sensoro 1pasibu intensitate.

3. tabula / Table 3

Fizikali kimisko raditaju noteikSanas metodes /
Determination methods of physical and chemical parameters

Nr Analizétais
k. / Raditaji / Testa metodes / produkts /
p-x Parameters Test methods Analysed
No
product
1 Krasa / Colour CIE L*a*b* krasu sistema/ Serbets /
’ CIE L*a*b* colour system Sherbet
- e Serbets, zefirs /
2. ;ijg;s‘;‘cl;g”a;ae /) 1SO 21807:2004 Sherbet,
y (@ marshmallow
Blivums / Density, . .. . Zefirs /
3. kg m> Gravimetrija / Gravimetry Marshmallow
4 Masas zudumi / SvérSanas metode / Serbets /
’ Mass losses, % Method of weighing Sherbet
5 Mitruma saturs / Svérsanas metode / Serbets /
" | Moisture content,% Method of weighing Sherbet
6 Cietiba / Struktiiras analizators / Serbets /
’ Hardness, N Texture analyser TA. XT.plus. Sherbet
.. Serbets, zefirs,
K, Ca, Mg, Na, Zn, Atomg absorbcuvas metode / ziedputekini /
7 Fe. Cu Atomic absorption method Sherbet
’ A AOAC Official Method ,
mg 100 g marshmallow,
999.11
bee pollen

Mikrobiologisko raditaju noteik$anai lietotas metodes. Mezofili aecrobo un
fakultativi anaerobo mikroorganismu (MAFAM) koloniju veidojoSo vienibu skaita
noteikSana — lietota standarta metode LVS EN ISO 4833:2003. Raugu un pelgjumu
koloniju veidojoSo vienibu skaita noteikSanai — LVS ISO 21527-2:2008.

Datu matematiska apstrade

Darba pétnieciskaja sadala att€li un tabulas izveidotas un aprékini veikti
MS Excel programma un SPSS 16 statistikas programma. Izvirzitas hipot€zes
parbauditas ar p vértibas metodi. Faktori noverteti ka biitiski, ja p vertiba <o gs.
Rezultatu interpretacijai pienemts, ka 0=0,05 ar 95% ticamibu, ja nav noradits
citadi (Bower, 2009; Marques de Sa, 2007; Casatura, Findaly, 2006; Field, 2005).
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Izmantoti §adi testi un analizes: vienfaktoru un divfaktoru dispersijas
analize (ANOVA), Tjikija tests, korelacijas un regresijas analize, ka arT mazako
kvadratu metode. Izvertgjot dazadu pazimju savstarp&jo kopsakaribu, lieto
korelacijas un regresijas analizi un mazako kvadratu metodi. Ja sakariba starp
pazimém ir lineara, determinacijas koeficients sakrit ar korelacijas koeficientu:
R? vienads ar r’. Ja korelacijas koeficienta vértiba ir 0,5<[r|<0,8, starp
petamajam pazimém ir vid&ji cieSa lineara sakariba. Ja [r[>0,8, tad starp
petamajam pazimém ir ciesa lineara sakariba (Arhipova, Balina, 2006).

PETIJUMA REZULTATI UN DISKUSIJA

1. Aptaujas rezultatu analize

Lai noskaidrotu Latvijas patérétaju viedokli par Serbeta un zefira
piedavajumu tirgd, ta kvalitati, optimalo iepakojuma apjomu un noformé&jumu,
izmantota socialo pétjjumu kvantitativa metode. Aptauja atbildes par Serbetu
sniedza 800 respondenti (32% virieSu, 68% sieviesu, savukart par zefiru —
900 respondentu (28% viriesu, 72% sieviesu).

Apkopojot rezultatus iegiitie dati liecina, ka mingtie konditorejas
izstradajumi ir Latvija labi pazistami, un iecieniti, bet respondenti v&rs
uzmanibu uz vairakiem kvalitates trikumiem, kas novéroti minéto cukura
konditorejas izstradajumu realizacijas laika. Serbetam ka bitiskakie trikumi
noraditi cietiba un iesp&ja iegadaties produktu ka izsveramu preci tirdzniecibas
vieta. Savukart zefiram — ikdienas pat€rinam nepraktisks iepakojums.

Analizgjot Serbeta biezak novérotos defektus, 553 (n>800) respondenti
atziméja, ka tas gandriz vienmér ir par cietu. So Serbeta defektu varétu skaidrot
ar pasreiz tirgli esoSo Serbeta iepakojumu, kas ir kartona kaste (5 kg).
Noskaidrojot respondentu viedokli par optimalo Serbeta un zefira daudzumu viena
iepakojuma (tirgojot produktu ka gabalpreci), konstatéts, ka liclaka dala
respondentu noradijusi — optimali tie varétu bt 2—6 gabalini viena iepakojuma,
kas paradzeti ikdienas pat€rinam. Izvert&jot respondentu zinasanas par iepakojuma
materialu iesp&jamo ietekmi uz produktu kvalitati uzglabasanas laika, konstatets,
ka tikai puse respondentu (50,2%) zina to, ka dazada veida iepakojums var
atSkirigi ietekmet Serbeta kvalitati uzglabasanas laika.

Aptauju rezultata noskaidrots, ka paterétaji labprat tirgus piedavajuma
redzetu ar1 ar ziedputekSniem bagatinatus cukura konditorejas izstradajumus, jo
tie butu ne vien tikai ar savdabigu garsu, bet arT ar paaugstinatu uzturvertibu.

Apkopojot aptauja iegilitos rezultatus, var secinat, ka Latvijas tirgl varétu
palielinat cukura konditorejas izstradajumiem pieprasijumu, nodro§inot
nemainigu kvalitati uzglabasanas laika, ka arT patérétajiem piedavatu produktus
nelielos iepakojumos ka gabalpreci.
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2. Iepakosanas tehnologiju ietekmes salidzinajums
uz Serbeta kvalitati

Sebetu tirdzniecibas tikla piedava ka sveramu preci (kartona karbas). To
realizacijas termin$ ir 45-60 dienas. Lai arT realizacijas termin$ ir gandriz divi
ménesi, tomer jaatzist, ka produkta kvalitatei raksturigas iezimes zoid daudz
atrak — tas zaude mitrumu un sacietg.

Lai noskaidrotu iepakojuma ietekmi uz cukura konditorejas izstradajumu
Serbeta kvalitati, salidzinatas produkta cietibas izmainas uzglabasanas laika gaisa
vide (6. att.) un 100% CO, aizsarggazu vidg (7. att.) dazados iepakojuma materialos.
Izmantojot piecu punktu hédonisko skalu, noteikta paraugu cietibas robeza, kad
produkts V&l ir pienemams lietoSanai. Sensora verteSana veikta Iidztekus
instrumentali analiz€tajiem ciefibas mérfjumiem. Salidzinot ekspertu sensoro
vertejumu rezultatus ar instrumentali noteiktajiem cietibas mérfjjumiem, konstatéts,
ka produkts ir uzskatams par lietojamu lidz ta cietibas neparsniedz 300 N.
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Cietiba /Hardness, N
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o

2-G 3-G 4-G 5-G 6-G 7-G 8-G
Serbeta paraugi/ Samples of sherbet

00 ned./ weeks HE 2 ned./weeks B 4 ned./weeks B 6 ned./weeks P 8 ned./weeks
O 10 ned./weeks [ 12 ned./weeks M 14 ned./weeks B 16 ned./weeks

6. att. Serbeta cietibas dinamika uzglabasanas laika gaisa vide /
Fig. 6. The dynamics of sherbet hardness during the storage time in air
ambience

1-G — kartona karba / cardboard box; 2-G — OPP; 3-G — Multibarrier 60 HFP; 4-G — BIALON 50 HFP;
5-G — BIALON 65 HFP; 6-G — ECOLEAN, 7-G — PP; 8-G — BIO NV'S.

Sensori noteikta paraugu cietibas robeza / Sensory estimated maximum hardness level
= = Sakotngja Serbeta cietiba 55,80+2,96 N / Initial hardness of sherbet 55.8042.96 N
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Redzams, ka iepakojuma materiala ietekme uz produkta cietibu
uzglabasanas laika ir butiski atskiriga (p<0,05). Sakotngja Serbeta cietiba tika
noteikta 55,80+2,96 N. Salidzinot gaisa vidé un aizsarggazu vide uzglabatos
paraugus, noverots, ka pastav bitiska (p<0,05) atSkirtba starp paraugiem.
Kartona karba esosais paraugs jau pec divu nedélu uzglabasanas ir sasniedzis
300 N cietibas robezu. Biodegradgjamos iepakojuma materialos Serbetu var
uzglabat 2 Iidz 6 nedélas. Savukart pargjos iepakojuma materialos Serbetu var
uzglabat no 6 Iidz 16 nedélam.

Salidzinot iepakoSanas tehnologiju ietekmi uz Serbeta cietibas izmainam
uzglabasanas laika, nove@rots, ka Serbeta uzglabasanas laiks viena iepakojuma
materiala ir atSkirigs (8. att.). Ja kartona karba ieteicamais realizacijas termins ir
divas nedelas, tad Multibarrier 60 HFP iepakojuma tas svarstas no 8 lidz
16 nedélam. Jaatzime, ka Multibarrier 60 HFP iepakojuma 100% CO, vide
Serbeta realizacijas termin$ tiek nodro$inats Iidz 16 nedélam, tomér aktivaja
iepakojuma $aja pasa laika ta cietiba ir par 11,5% mazaka, kas vertgjams pozitivi.
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IepakoS$anas tehnologija / Packaging technolgy

00 ned./weeks M2 ned./weeks B 4 ned./weeks H 6 ned./weeks @ 8 ned./weeks
O 10 ned./weeks E 12 ned./weeks B 14 ned./weeks B 16 ned./weeks
8. att. Serbeta cietibas dinamika uzglabasanas laika Multibarrier 60 HFP
iepakojuma uzglabasanas laika /
Fig. 8. The dynamics of sherbet hardness Multibarrier 60 HFP material in
during the storage time

K — kartona karba / cardboard box; G — gaisa vide / air ambience;

V — vakuumiepakojums / vacuum packaging;

AG-1-30% CO,+70% Ny; AG-2 — 70% CO,+30% N,; AG-3 — 100% CO;
AG-3-A - 100% CO, + skabekla absorbents / oxygen absorber.

Sensori noteikta paraugu cietibas robeza / Sensory estimated maximum hardness level
= = Sakotngja Serbeta cietiba 55,80+2,96 N / Initial hardness of sherbet 55.8042.96 N

Linearas regresijas analize apstiprina, ka Serbeta cietibas izmainas visos
iepakojuma veidos un materialos uzglabasanas laika ir cieSi saistitas ar ta
mitruma saturu (9. att.), savukart mitruma satura izmainas ietekme iepakojuma
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materiala barjeripasibas, vides sastavs iepakojuma, ka arT skabekla klatbttne,
kuru regule skabekla absorbenti (aktivais iepakojums).
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9. att. Serbeta cietibas un mitruma satura korelacija /
Fig. 9. Correlation of the hardness and moisture content of sherbet

Ka butiskaka Serbetu raksturojosa kvalitates iezime ir cietiba. Salidzinot
dazadu iepako$anas tehnologiju un materialu ietekmi uz $erbeta mitruma satura,
masas zudumu, cietibas, un krasas izmainam uzglabasanas laika, noteikts
Serbeta ieteicamais realizacijas termin$ un izvEleti atbilstosakie iepakosanas
materiali (4. tab.). Ekspertu vertdjuma maksimali pienemama Serbeta cietibas
robeza tika noteikta 300 N, ko iepakojuma kartona karbas tas sasniedz jau pe&c
divam nedelam. Realizacijas terminu var biitiski pagarinat augstu barjeripasibu
materialu  iepakojuma: Ilidz 10-12 ned€lam gaisa vide OPP un
Multibarrier 60 HFP materiala; Iidz 16 nedélam 100% CO, aizsarggazu vidé
Multibarrier 60 HFP, metalizéta BOPET/PE un Aluthen materiala; ka ar1 lidz
16 nedélam aktivaja iepakojuma metaliz€ta BOPET/PE un Aluthen materiala,
bet neparsniedzot pienemto cietibu 300 N. Aktivaja iepakojuma Serbeta cietiba
pec 16 uzglabasanas nedélam Multibarrier 60 HFP materiala ir 261,18+8,32 N,
metalizéta BOPET/PE — 146,01+7,54 N; Aluthen — 117,6148,64 N. Salidzinot ar
100% CO, aizsarggazu vidi tas ir par 11,5%, 20% un 35,7% mazak, kas
vertgjams pozitivi. Biodegradgjamie poliméri ar uzlabotam barjeripasibam
nodroSina klasiska Serbeta 1slaicigu realizacijas terminu gaisa vidé maksimali
lidz 4 ned€lam, aizsarggazu vide (100% CO,) — maksimali 1idz 6 ned€lam.

Lai pilnigak izvertetu Serbeta kvalitati ietekm&joSos faktorus dazados
uzglabasanas apstaklos, veikta produktu mikrobiologisko raditaju kontrole,
nosakot mezofili aerobo un fakultativi anaerobo mikroorganismu (MAFAM),
raugu un pelgjumu dinamiku uzglabaSanas laika. Paraugu mikrobiologisko
analizu dati dazadas iepakoSanas tehnologijas wun materialos péc
16 uzglabasanas nedélam apkopoti 5. tabula.
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4. tabula / Table 4
Ieteicamais Serbeta realizacijas termins /
The recommended shelf life of sherbet

Iepakosanas tehnologija /
Packaging technology
Aizsarggazu vide / MAP
Aktivais
sy~ | E| % -
Materiala 2 5 2 § § § « achagin
nosaukums / =3 s 3 = A 8 packaging
Packaging material b § Z 3 + + ;S 100% CO, +
Fs | &~ | © o s 5
G > O O S skabekla
2 2 = absorbents /
* 4 oxygen
absorber
Uzglabasanas laiks, ned¢las / Storage time, weeks
Kartona karba / 2 ) ) ) ) )
Cardboard box
OPP 12 14 14 12-14 14 -
Multibarrier 60 HFP 10-12 14 12 6 16 16*
BIALON 50 HFP 6 6-8 10 6 8 -
BIALON 65 HFP 8 8 6-8 4 6 -
PP 8 14 14 12 6 -
met. BOPET/PE - - - - 16* 16*
met. Aluthen - - - - 16* 16*
BIO NVS 2 2 2 2 2 -
Ceramis™-PLA 4 - - - 4-6 4-6
met. NatureFlex 23NM 4 - - - 6 6
Nativia™ NTSS-30 - - - - 6 6
Nativia™ NZSS-20 - - - - 6 6
ECOLEAN 10 12-14 14 12 12 -

*pEc 16 uzglabasanas nedélam nav sasniegta sensori noteikta cietibas robeza 300 N /
after 16 weeks of storage the hardness level 300 N is not reached

Cukura konditorejas izstradajuma Serbeta maksimali pielaujama MAFAM
robeza ir <4 g KVV g (CaulluH 2.3.2.1078-01)". P&c 16 uzglabasanas nedglam
ta tiek parsniegta tikai paraugos kartona karba un OPP iepakojuma gaisa vide.
Tuvu 8ai robezai mikroorganismi aug pétita biodegrad€jama materiala

'CaHuTapHO - SMHIEMHONOTHYECKHE TIPABIIA M HOPMATHBb! "THrHeHHYecKHe TpeGOBaHMS K
6€30I1aCHOCTH M NMHUILIEBOI EHHOCTH MUIIEBbIX npoaykToB. CanlluH 2.3.2.1078-01" (01.07.2002.)/
Enactment date of sanitary and epidemiological rules and regulations ,, Hygienic Requirements for
Safety and Nutrition Value of Food Products. Sanitary Rules and Regulations (SanPin) 2.3.2.107§-
01”(01.07.2002.)
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Ceramis"-PLA un met. NatureFlex 23NM iepakojuma, sasniedzot 3,81 Ig KVV g
Savukart Multibarrier 60 HFP, met. BOPET/PE un Aluthen iepakoSanas
materialos mikroorganismu attistiba Serbeta paraugos norit daudz 1&€nak. Mingtajos
materialos Serbeta paraugos aktivaja iepakojuma péc 16 uzglabaSanas nedélam
MAFAM KVYV skaits Serbeta paraugos sasniedz 2,42-2,85 Ig KVV g

5. tabula / Table 5
MAFAM KVYV skaits Serbeta paraugos péc 16 nedélu uzglabasanas /
TPC in the sherbet samples after 16 weeks storage

Iepakosanas tehnologija /
Packaging technology
Aizsarggazu vide / MAP
‘s . aktivais iepakojums
Materiala Gaisa (100% CO + skabekla
nosaukums / vide / o
Packaging material Air 100% absorbents) /
ging . .
ambience CO, active packaging
(100% CO,+ oxygen
absorber)
MAFAM IgKVV g / TPC log cfu g
Kartona karba / 410 i i
Cardboard box )
OPP 2.89 2.60 -
PP 4.00 3.54 -
Multibarrier 60 HF P 2.69 2438 2.42
Ceramis®™-PLA - 3.92 3.81
met. NatureFlex23NM - 3.57 3.49
met. BOPET/PE - 2.97 2.85
met. Aluthen - 2.60 2.46

*pielaujama MAFAM robeza < 4,0 Ig KVV g / admissible level of TPC less than 4.0 log cfu g

Eksperimentali analizétajos Serbeta paraugos uzglabasanas laika noteikts
raugu un pel&jumu koloniju veidojoSo vienibu skaits. Gan raugu, gan pelgjumu
pielaujama robeza ir 50 KVV g'. Neviena no pétitajiem paraugiem visa
uzglabasanas laika to skaits neparsniedza pielaujamo robezu.

3. Ar ziedputeksniem bagatinats Serbets
Péetits jauns produkts — ar ziedputekSniem bagatinats Serbets. P&c sensoras
vertéSanas rezultatiem izraudzits optimalais pievienojamo ziedputeksnu
daudzums — 1,5% produkta masas. Salidzinot klasisko un ar ziedputekSpiem

bagatinatu Serbetu, noteikts, ka dzelzs saturs palielinas par 34%, kalija un
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cinka — par 25%, vara — par 21%, kalcija par 12%, kas dod iesp&ju ar1 ar
saldumiem uzpemt organismam tik nepiecieSamas mineralvielas.

Ziedputeks$nu pievienoSana palielina Serbeta sakotn&jo cietibu par 29,60%,
kas ir butiska atSkiriba starp paraugiem (p<0,05). Klasiska (10. att.) un ar
ziedputek$piem bagatinata (11.att.) Serbeta cietiba p&c divu nedelu
uzglabasanas  visos pétitajos iepakojumos ir sasniegusi  aptuveni
192,81+11,04 N, un savstarpgji biitiski neatSkiras (p>0,05). Visstraujak abu
veidu Serbeta paraugi sacieté biodegradéjama Ceramis®™-PLA iepakojuma — ta
ciettba péc 16 vuzglabasanas nedélam, salidzinot ar paraugiem citos
iepakojumos, palielinajusies par 41,35-79,88% (lidz 686,42+14,27 N).
Vismazakas abu veidu Serbeta paraugu cietibas izmainas novérotas metalizeta
BOPET/PE un Aluthen iepakojuma ka aizsarggazu vidg, ta aktivaja iepakojuma,
kur péc 16 uzglabasanas nedélam cietiba neparsniedz 223,71£11,43 N.
Eksperimenta rezultati apstiprina cietibas un mitruma satura savstarpgju
mijiedarbibu, kas butiski neatSkiras starp klasiska un ar ziedputekSniem

_____
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10. att. Klasiska Serbeta cietibas dinamika uzglabasSanas laika /
Fig. 10. The dynamics of classical sherbet hardness during the storage time

3-G — Multibarrier 60 HFP (gaisa vide / air ambience); 3-AG — Multibarrier 60 HFP (100% CO,);
3-AG-A — Multibarrier 60 HFP (100% CO, + skabekla absorbents/ oxygen absorber);

9-AG — Ceramis®-PLA (100% CO,);

9-AG-A — Ceramis®-PLA (100% CO, + skabekla absorbents / oxygen absorber);

13-AG — met. BOPET/PE (100% CO,);

13-AG-A — met. BOPET/PE (100% CO, + skabekla absorbents / oxygen absorber);

14-AG — Aluthen (100% CO,);

14-AG-A — Aluthen (100% CO, + skabekla absorbents / oxygen absorber).

= Sensori noteikta paraugu cietibas robeza / Sensory estimated maximum hardness level
= = Sakotngja Serbeta cietiba 62,54+4,82 N / Initial hardness of sherbet 62.54+4.82 N
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11. att. Ar ziedputekSniem bagatinata Serbeta cietibas dinamika
uzglabasanas laika /
Fig. 11. The dynamics of hardness of bee pollen enriched sherbet
during the storage time

3-G — Multibarrier 60 HFP (gaisa vide / air ambience); 3-AG — Multibarrier 60 HFP (100% CO.);
3-AG-A — Multibarrier 60 HFP (100% CO, + skabekla absorbents/ oxygen absorber);

9-AG — Ceramis®-PLA (100% CO,);

9-AG-A — Ceramis®-PLA (100% CO, + skabekla absorbents / oxygen absorber);

13-AG — met. BOPET/PE (100% CO,);

13-AG-A — met. BOPET/PE (100% CO, + skabekla absorbents / oxygen absorber);

14-AG — Aluthen (100% CO,);

14-AG-A — Aluthen (100% CO, + skabekla absorbents / oxygen absorber).

= Sensori noteikta paraugu cietibas robeza / Sensory estimated maximum hardness level
= = Sakotngja Serbeta cietiba 62,54+4,82 N / Initial hardness of sherbet 62.5444.82 N

Uzglabasanas laika dazados iepakojuma materialos, izmantojot atSkirigas
iepakosanas tehnologijas, novérotas klasiska un ar ziedputek$niem bagatinata
Serbeta krasas izmainas. Krasas komponensu izmainu bitiskuma ITmenis
uzglabasanas laika atkariba no iepakojuma materiala un iepakoSanas
tehnologijas paradits 6. tabula. Rezultati liecina, ka iepakoSanas materialiem un
tehnologijai ir atSkiriga ietekme uz atseviskam krasas komponentém. Starp
klasiska un ar ziedputekSpiem bagatinata Serbeta atseviskam krasu
kompenenteém ir biitiska atskiriba.

Klasiska un ar ziedputek$piem bagatinata Serbeta paraugu kopgjas krasu
diferences AE* salidzinajums dazados iepakojuma materialos, izmantojot
dazadas iepakoSanas tehnologijas, paraditas 12. attéla. P&c matematiskas datu
apstrades iegiitic p&tijuma rezultati liecina par butisku ziedputeksnu ietekmi uz
AE* vertibu.
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6. tabula / Table 6
Klasiska (A) un ar ziedputekSniem bagatinata (B) Serbeta L*, a* un b*
bitiskuma Iimenis atkariba no iepakoSanas tehnologijas /
L * a * b * significance level of classical (A) and bee pollen enriched (B)
sherbet depending on the packaging technology

IepakoSanas tehnologija /
Packaging technology
Krisu Aktivais iepakojums
o =
komponente / Aizsarggazu vide / MAP (100% CO, + skabekla
o absorbents) /
Colour component 100% CO, . .
Active packaging
(100% COjt+oxygen absorber)
A B A B
L* p<0.001 p<0.001 p<0.001 p<0.05
a* p<0.001 p<0.001 p>0.05 p>0.05
b* p>0.05 p<0.001 p<0.05 p<0.05

AE*
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O Klasiskais Serbets / Classic sherbet
@ Ar ziedputeksniem bagatinats Serbets / Sherbet with bee pollen

12. att. Klasiska un ar ziedputekSniem bagatinata Serbeta kopéja krasu
diference AE* uzglabasanas laika /
Fig. 12. The total colour difference AE* of classical and with bee pollen
enriched sherbet the during storage time

3-G — Multibarrier 60 HFP (gaisa vide / air ambience); 3-AG — Multibarrier 60 HFP (100% CO,);
3-AG-A — Multibarrier 60 HFP (100% CO, + skabekla absorbents/ oxygen absorber);

9-AG — Ceramis™-PLA (100% CO,);

9-AG-A — Ceramis®-PLA (100% CO, + skabekla absorbents/ oxygen absorber);

13-AG — met. BOPET/PE (100% CO,);

13-AG-A — met. BOPET/PE (100% CO, + skabekla absorbents / oxygen absorber),

14-AG — Aluthen (100% CO,);

14-AG-A — Aluthen (100% CO, + skabekla absorbents / oxygen absorber).
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Udens aktivitates vértiba uzglabasanas laikda abu veidu Serbeta paraugos
svarstas robezas no 0,856 Iidz 0,728. Tas norada, ka §is produkts nav pilnigi
dro§s pret mikrobiologisko bojasanos. Sakotngjais MAFAM KVV skaits
klasiskaja Serbeta ir 2,55 Ig KVV g', ar ziedputeksniem bagatinata —
2,88 Ig KVV g'. Biitiski atskiriga ir arf mikroorganismu skaita dinamika abos
paraugos uzglabasanas laika. Ziedputek$nu pievienoSana neatkarigi no izveleta
iepakojuma materiala un iepakoSanas tehnologijas veicina mikroorganismu
attistibu. Klasiska Serbeta paraugos raugu un pelgjumu skaits uzglabasanas laika
visos pétitajos paraugos svarstas no 10 KVV g lidz 30 KVV g, neviena no
paraugiem neparsniedzot maksimali pielaujamo robezu, bet ar ziedputeksSniem
bagatinatos paraugos ir vérojama tendence tuvinaties maksimali pielaujamai
robeZai, dazos paraugos pat parsniedzot 40 KVV g

Klasiska (A) un ar ziedputekSpiem bagatinata Serbeta (B) 1pasibu
intensitates (krasa, cietiba) izmaigu staru diagrammas dazados iepakojuma
materialos uzglabasanas laika paraditas 13. att€la. P&c ekspertu sensoras
verteSanas rezultatiem, ar ziedputekSniem bagatinata Serbeta cietibas izmainas
metaliz€ta BOPET/PE un Aluthen iepakojuma nav biitiskas, tomér produktu nav
ieteicams uzglabat ilgstosi, jo eksperti atzime, ka pec 12 ned€lu uzglabasanas ir
jitama siva, nepatikama ziedputekSnu piegarSa. Savukart péc 16 nede€lam ar
ziedputek$niem bagatinats Serbets nav lietojams uztura, jo tas neatbilst
mikrobiologiskajam kvalitates prasibam. Biodegradéjamo materialu iepakojuma
ar ziedputekSniem bagatinata Serbeta garSa, ziedputeksnu garSa un pecgarsa ir
piepemama, tomér pec instrumentalas analizes, ta cietiba parsniedz 300 N.
Savukart ar ziedputek$niem bagatinata Serbeta kvalitate Multibarrier 60 HFP
iepakojuma uzglabasanas laika noverteta ka laba. P&c ekspertu sensoras
vértesanas, biodegradéjama Ceramis™-PLA iepakojuma klasiska Serbeta cietiba
jau p&c Cetram nedelam palielinas lidz 11,27 vienibam (max iesp&jams 12), kas
ir augsta cietibas intensitate, turklat biitiski mainas produkta krasas intensitate —
tas klaost gaiSaks. Savukart met. BOPET/PE un Aluthen (neatkarigi no
iepakoSanas tehnologijas) iepakojuma klasiska Serbeta paraugi uzglabasanas
laika k]ast mikstaki. GarSa bitiski nemainas, bet struktiira, salidzinot ar
sakotngjo, kltst viendabigaka.

Izvertgjot sensoro Tpasibu intensitati, ka optimalaka ir atzita aktiva iepakoSanas
tehnologija ar skabekla absorbentiem, klasiska Serbeta iepakoSanai metalizétaja
BOPET/PE un Aluthen materiala nodro$inot kvalitati Iidz 16 ned€lam, ar
ziedputekSpiem bagatinata Serbeta iepakoSanai — Multibarrier 60 HFP — 1idz
14 nedelam, un metaliz&tajos BOPET/PE un Aluthen — Iidz 12 nedélam.
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o— kontrole / contro]l ==={J===1 mén./month — A& =2 mén./months

= =O= =3mén./months == =4 men./months
13. att. Klasiska (A) un ar ziedputekSniem bagatinata (B) Serbeta ipasibu
intensitates staru diagrammas uzglabasanas laika /
Fig. 13. Star diagrams of the intensity of classical (A) and bee pollen enriched
(B) sherbet properties during the storage time in

K - kartona karba / cardboard box;

3-G — Multibarrier 60 HFP (gaisa vide / air ambience);

3-AG— Multibarrier 60 HFP (100% CO,);

3-AG-A — Multibarrier 60 HFP (100% CO, + skabekla absorbents / oxygen absorber);
9-AG — Ceramis®-PLA (100% CO,);

9-AG-A — Ceramis®-PLA (100% CO, + skabekla absorbents / oxygen absorber);
13-AG — met. BOPET/PE (100% CO,);

13-AG-A — met. BOPET/PE (100% CO, + skabekla absorbents / oxygen absorber),
14-AG — Aluthen (100% CO,);

14-AG-A — Aluthen 100% CO, + skabekla absorbents / oxygen absorber).
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4. Ar ziedputekSpiem bagatinats zefirs

Zefiru uzskata par specifisku konditorejas izstradajumu, kuram ir svarigi
nodro§inat uzputotu struktiiru. Eksperimentali tika izverteéts optimalais
pievienojamo ziedputekSpu daudzums — 1,5% produkta masas, ka ari, lai
nodro$inatu uzputosanas pakapi, ziedputeksni pievienoti zefira masas putosanas
beigas. Konstatéts, ka, lidzigi ka Serbetu bagatinot ar ziedputekS$niem, ar1
zefiram, pievienojot ziedputeksSnus, iesp&jams palielinat mineralvielu saturu
produkta. Salidzinot klasiska zefira un ar ziedputekSpiem bagatinata zefira
mineralvielu saturu, kalija saturs ar ziedputekSpiem bagatinata zefira
palielingjies par 52%, magnija — par 25%, kalcija — par 18%. Savukart dzelzs un
natrija daudzums palielinas mazak, attiecigi par 8% un 9%.

Eksperimentali analizétajam zefiram razotaja noteiktais realizacijas termins
ir 16 nedélas (blivums 606 kg m™). Klasiska zefira un ar ziedputek$piem
bagatinata zefira blivuma izmainas uzglabasanas laika gaisa vidé redzamas
14. attela, aktivaja iepakojuma — 15. attéla.
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14. att. Klasiska (A) un ar ziedputekSniem bagatinata (B) zefira blivama
dinamika uzglabasanas laika gaisa vide /
Fig. 14. The dynamics of classical (A) and bee pollen enriched (B)
marshmallow density during the storage in air ambience
2-G — OPP; 3-G — Multibarrier 60 HFP; 7-G — PP; 9-G — Ceramis®-PLA; 13-G — met. BOPET/PE
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Klasiska un ar ziedputekSpiem bagatinata zefira blivums bitiski atSkiras.
Tikko gatavota klasiskd zefira blivums ir 569 kgm®, ar ziedputek$piem
bagatinata — 683 kg m™. Zefira realizacijas termigu var pagarinat, ta iepakojumam
izveloties materialus ar augstam barjeripasibam. Gaisa videé Multibarrier 60 HFP
un metalizé&ta BOPET/PE iepakojuma p&c 20 ned€lu uzglabasanas blivums
palielinas lidz 593-597 kg m> (ti., par 4-5%), neparsniedzot razotaja noteikto.
Savukart OPP; PP un Ceramis"-PLA iepakojuma zefira blivums péc
20 uzglabasanas nedglam gan gaisa vidé, gan aktivaja iepakojuma ir no
623-701 kgm™. Ar ziedputekdniem bagatindta zefira blivums p&c
20 uzglabasanas nedélam neatkarigi no izveletas iepakoSanas tehnologijas
palielinas $adi: Multibarrier 60 HFP un metaliz&taja BOPET/PE iepakojuma —lidz
722-750 kg m™; OPP; PP un Ceramis®-PLA — lidz 770-805 kg m™.
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15. att. Klasiska (A) un ar ziedputekSniem bagatinata (B) zefira blivuma
dinamika uzglabaSanas laika aktivaja iepakojuma /

Fig. 15. The density dynamics of classical (A) and bee pollen enriched (B)
marshmallow during the storage in active packaging

2-G — OPP; 3-G — Multibarrier 60 HFP; 7-G — PP; 9-G — Ceramis®-PLA; 13-G — met. BOPET/PE

Klasiska zefira blivuma izmainas uzglabasanas laika skaidrojamas ar
iepakojuma ievietota skabekla absorbenta darbibas principu. Tas absorbé skabekli
ne tikai no iepakojuma brivas telpas, bet arT no zefira struktiiras poras ieslegta gaisa,
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kas tur ir ievadits raZoSanas procesa zefira masas putosanas procesa. Savukart ar
ziedputekSpiem bagatinatam zefiram blivuma izmainas nav tik btiskas, jo
pievienotie ziedputekSni ietekmé zefira blivumu jau zefira pagatavoSanas bridi,
tadgjadi produkts jau sakotngji tiek iegiits ar blivaku struktiiru, ko turpmakaja
uzglabasanas laika skabekla absorbenta darbiba ietekmé& mazak. Turklat ar
ziedputeksSpiem bagatinata zefira ir noverota strupa noslanosanas tendence. Minéta
probléma ir plasi petita, un ir noverots, ka §1 struktiira ir nestabila, jo gravitacijas
speka ietekmé $kidra faze notek no fazu sadales virsmas, kuras parrausanas
rezultata, starp blakus esoSiem pisliSiem, notiek to sapliiSana; notiek pusliSu
disproprcionésanas, kad gaiss ar spiedienu no mazakiem pisliSiem tiek parspiests
uz lielakajiem, ka rezultata uz mazo paslisu rékina pieaug lielako paslisu tilpums;
ka ar blivumu atskiribas dél Skidraja fazé (cukura sirups) un pusliSos esosaja
gaisa, notiek gaisa plsliSu un $kidras fazes noslanosanas.

Eksperimentali analizéto paraugu tidens aktivitate a,, uzglabasanas laika mainas
no 0,832 Iidz 0,548, tade] ir iesp&jama dazu mikroorganismu attistiba. Klasiska
zefira un ar ziedputekSpiem bagatinata zefira MAFAM KVV skaita izmainas
uzglabasanas laika gaisa vide redzamas 16. att€la, aktivaja iepakojuma — 17. attela.

4 4
"o “no
=
S o3 S
g N
o “on
< >
> 24
< Cf <
b =0
1 T T T T 1 1 T T T T 1
0 4 8 12 16 20 0 4 8 12 16 20
Uzglabasanas laiks, ned. / Uzglabasanas laiks, ned. /
Storage time, weeks Storage time, weeks
A B
—=—2-G 3-G —2=7-G —* -9-G : —x=-13-G

16. att. MAFAM KVYV skaita dinamika klasiska (A) un ar ziedputekSniem
bagatinata (B) zefira paraugos uzglabasanas laika gaisa vide/
Fig. 16. The TPC dynamics in classical (A) and bee pollen enriched (B)
marshmallow samples during the storage time in air ambiance
2-G — OPP; 3-G — Multibarrier 60 HFP; 7-G — PP; 9-G — Ceramis®-PLA; 13-G — met. BOPET/PE.
== piclaujama MAFAM robeza < 3 1g KVV g / admissible level of TPC less than 3 log cfu g
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Klasiska zefira paraugos sakotngjais mikroorganismu skaits ir 1,90 Ig KVV g,
kas p&c 20 uzglabasanas nedélam iepakojuma gaisa vide un aktivaja iepakojuma
neviena no pétitajiem iepakojuma veidiem nesasniedz maksimali pielauto
robezu <3 Ig KVV g'. Ar ziedputekiniem bagatinata zefira paraugos sakotngjais
mikroorganismu skaits ir 2,28 Ig KVV g, kas péc 20 uzglabaganas nedélam PP
un Ceramis®™-PLA iepakojumos parsniedz maksimali pielaujamo MAFAM KVV

skaita robezu.
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17. att. MAFAM KVYV skaita dinamika klasiska (A) un ar ziedputekSpiem
bagatinata (B) zefira paraugos uzglabasanas laika aktivaja iepakojuma /
Fig. 17. The TPC dynamics in classical (A) and bee pollen enriched (B)
marshmallow samples during the storage time in active packaging

2-G — OPP; 3-G — Multibarrier 60 HFP; 7-G — PP; 9-G — Ceramis®-PLA; 13-G — met. BOPET/PE.
m piclaujama MAFAM robeza < 3 g KVV g / admissible level of TPC less than 3 log cfu g’

Zefira uzglabasanas laiku var ietekmet ne tikai MAFAM KVV skaits, bet
arT raugu un pel&jumu klatbiitne, kas attistas produktos, kuru tidens aktivitate ir
robezas no 0,60 Iidz 0,83. Klasiska zefira paraugos gaisa vidé un aktivaja
iepakojuma 12 uzglabasanas ned€lu laika raugu un pel&jumu klatblitne netika
konstatéta. Savukart ar ziedputeksSpiem bagatinata zefira paraugos gan gaisa
vide, gan aktivaja iepakojuma konstatéta raugu un pelgjumu koloniju klatbiitne,
kuru attistibu ietekmé ka iepakojuma materials, ta vide iepakojuma.

Raugu un pelgjumu attistibai ir cieSa mijiedarbiba ar produkta mitruma
saturu. Ta ka klasiska zefira paraugiem nav konstateti raugi un pel&jumi, tad var
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secinat, ka ziedputek$ni veicina produktu mikrobiologisko bojasanos. Turklat, ja
produkta tiek nodro§inats mitruma saturs, tad ar ziedputekSpiem bagatinata
zefira mikroorganismu augSana norit intensivak.

Eksperimentali noteikts, ka klasiska zefira kvalitati un realizacijas terminu
iesp&jams nodrosinat lidz 20 ned€lam, bet ar ziedputekSpiem bagatinata —
16 nedelas, jo ziedputekSpi batiski ietekm& produkta struktiru un
mikrobiologisko kvalitati, veicinot bojasanos.

SECINAJUMI

1. Vertgjot Serbeta kvalitati — 88,0% respondentu ka svarigu kvalitates raditaju
atzimé cietibu. 87,0% respondentu norada, ka optimalais Serbeta un zefira
daudzums viena iepakojuma 2—-6 gabali. Tikai 50,2% respondentu ir
informéti, ka dazada veida iepakojums var atSkirigi ietekmét produktu
kvalitati uzglabasanas laika.

2. Ekspertu vertgjuma maksimali pienemama Serbeta cietibas robeza ir
noteikta 300 N, kas iepakojuma kartona karba tiek sasniegta jau p&c divam
nedélam. Realizacijas terminu var bitiski pagarinat konvencionalo
poliméru iepakojuma ar augstam barjeripasibam: Iidz 10—12 ned€lam gaisa
vid€ OPP un Multibarrier 60 HF P materiala; 1idz 16 nedélam 100% CO,
aizsarggazu videé Multibarrier 60 HFP, metalizéta BOPET/PE un Aluthen
materiala, neparsniedzot ne pienemto cietibu 300 N, ne pielaujamo
MAFAM robezu (KVV g < 10%).

3. Akfivaja iepakojuma Serbeta cietiba péc 16 uzglabasanas nedelam
Multibarrier 60 HFP materiala ir 261,1848,32 N, metalizéta BOPET/PE —
146,01+£7,54 N; Aluthen —117,6148,64 N. Salidzinot ar 100% CO, aizsarggazu
vidi, ta ir par 11,5%, 20% un 35,7% zemaka, kas vert€jams pozitivi.

4. Biodegradgjamie polimeri ar uzlabotam barjeripasibam nodrosina klasiska
Serbeta Tslaicigu realizacijas terminu gaisa vidé — maksimali 1idz 4 nedélam,
aizsarggazu videé (100% CO,) — maksimali [idz 6 nedelam. Savukart zefira
iepakosanai péfitie biodegradgjamie materiali nav piemérojami.

5. Linearas regresijas analize apstiprina cieSu korelaciju visos pétitajos
iepakojuma veidos starp Serbeta cietibu un mitruma saturu, savukart
mitruma satura dinamiku un intensitati produkta uzglabasanas laika ietekme
iepakojuma materialu barjeripasibas.

6. Ar ziedputekspiem bagatinati cukura konditorejas izstradajumi Serbets un
zefirs patikSanas zina butiski neatSkiras no klasiskajiem izstradajumiem.
Pec ekspertu vert§juma, ka patikamakie atziti Serbets un zefirs, kas
bagatinati ar 1,5% ziedputeksnu.
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10.

11.

Ziedputeksnpu pievienosana bitiski (p<0,05) paaugstina Serbeta sakotngjo
cietibu — par 29,6% — un mikroorganismu kopskaitu — par 11,5%, kas pieaug
uzglabasanas laika, samazinot realizacijas terminu no 16 nedelam
(klasiskajam) Iidz 10—12 nedglam.

Izverteéjot sensoro TIpaSibu intensitati, klasiska Serbeta iepakoSanai
piemérotakie ir met. BOPET/PE un Aluthen materiali, kas nodroSina
kvalitati Iidz 16 ned€lam, turpretim ar ziedputekSniem bagatinata Serbeta
iepakoSanai Multibarrier 60 HFP — 1idz 14 nedé]lam — un metalizetie
BOPET/PE un Aluthen — lidz 12 nedélam.

Zefira realizacijas termigu var nodro$inat lidz 20 nedglam konvencionalo
poliméru iepakojuma ar augstam barjeripasibam: Multibarrier 60 HFP un
metalizéta BOPET/PE iepakojuma gaisa vide. Zefira specifiskas struktiiras
del| aktiva iepakojuma tehnologija nav piemérojama.

Ziedputek$nu pievienoSana butiski (p<0,05) palielina zefira sakotngjos
fizikali ktmiskos parametrus: blivumu, Gdens aktivitati un mikroorganismu
kopskaitu. Ar ziedputekSpiem bagatinata zefira realizacijas terminu var
nodro$inat 1idz 16 nedélam metalizéto BOPET/PE un Aluthen iepakojuma
gaisa vide.

Darba izvirzita hipot€ze — cukura konditorejas izstradajumu realizacijas
terminu var pagarinat, izv€loties progresivas iepakojuma tehnologijas un
atbilstosus materialus, ir apstiprinajusies.
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TOPICALITY OF THE RESEARCH

Confectionery products are favourite foodstuffs which you cannot do
without either in everyday life or in celebrations. Sugar confectionery products
have been developed throughout centuries, and with advancing of consumers’
requirements, nowadays they are produced of uncountable types with various
levels of sweetness, taste nuances, aroma, and texture. They are especially popular
among children and elderly people, thus the popularity and consumption of these
products are increasing (Duran et al., 2009; Mapmankuna, 1978). Investigations
have found out that in humans a sweet taste is more pleasant than salty or bitter.
Attractiveness of the sweet taste is genetically determined, and it is associated
with improvement of one’s mood, American researchers have come to such a
conclusion. Sweets and their consumption are associated with such features as
feelings of happiness and pleasure (Edwards, 2000).

Improvement of sugar confectionery taste is popular of new products
innovation in the market. As new tendencies, the enrichment of sweets with
ginger, cardamom, chili pepper, and salt can be mentioned. Scientists have proved
that bee pollen has a great importance in the bees’ life cycle; therefore, the
people’s interest in its content and application in and enrichment of human’s diet
is understandable. Bee pollen is used as a concentrated product to supplement the
food with substances which are little or are absent altogether in the everyday diet
but which are necessary for the human’s organism. Bee pollen is a high quality
biologically active product of the plant kingdom in which basic substances
necessary for a live organism structure and development are present: proteins, fats,
carbohydrates, and vitamins. People use bee pollen in their food thus enriching
their everyday diet with this concentrate of substances needed for the organism.
Therefore, by enriching sugar confectionery products with bee pollen, it could be
possible to enrich food with biologically active substances.

With development of the choice of sugar confectionery products, most
actual becomes the question about the preservation of a shelf-stable quality of
the above mentioned products for a longer time, convenient use for consumers
as well as opportunity to export the product more successfully.

The quality may be different of every individual evaluation, but in total,
by quality we understand the total characteristics typical of foodstuffs (including
sweets) that assure their ability to satisfy consumers’ needs and are manifested
in the chemical composition, physical properties, appearance, colour, smell,
taste, and nutritive value of the product. The aim of the quality characteristics
was to provide a safe, harmless, and nutritionally rich food.

At present in Latvia, confectionery products are sold in two ways — as bulk
products which are weighed at the trading place, and as products packed at the
manufacturing enterprises in a certain size of commercial packaging and mass.

Constancy of the product quality is affected significantly during shelf life
by environment that surrounds the product. In oxygen environment, irreversible
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changes take place in foodstuffs, for instance fats and oils oxidize and become
bitter, vitamin content reduces, colour changes, product loses its aromatic
substances, and aerobic microorganism growth takes place. A decrease of
foodstuff quality in the presence of oxygen is also facilitated by increased
temperature, moisture, light, especially ultraviolet light. During the course of time,
more and more new opportunities are created how to preserve food quality, and
scientists always suggest new technologies in the packaging industry.

Nowadays, one of the most perspective methods how to extend the
product shelf life is packaging in modified environment — vacuum or modified
atmosphere packaging (MAP), where oxygen content is decreased to minimum
but the carbon dioxide content is increased allowing to extend the storage time
of the product by some days or even several months.

Active packaging is an innovative packaging technology, when applying it
successfully, it is possible to reduce the oxygen content below <0.1%, thus
increasing significantly the storage time of foodstuffs. This maintains the
manufacturers and consumers interest in the possible product quality and safety.

In order to provide the product quality constancy and extend its shelf life,
it is recommended to use packaging materials with high barrier properties as
well as to seek for new developments, the latest generation of biomaterials and
active packaging technologies.

In Latvia, such profound and wide scientific investigations on the effect
of packaging technologies and materials on the quality of sugar confectionery
products have not been carried out till now.

Evaluating and analyzing scientific literature and electronic resources
information available on the sugar confectionery and their quality during the
storage time, the following hypothesis was set for the doctoral thesis — the shelf
life of sugar confectionery products can be extended by selecting advanced
packaging technologies and appropriate materials.

Object of the research — classical and enriched with bee pollen sugar
confectionery products — sherbet (milk pomade sweet) and marshmallow.

Aim of the doctoral thesis — quality investigation of classical and
enriched with bee pollen sugar confectionery products — sherbet and
marshmallow — during their storage time by using advanced packaging.

The following objectives have been set to reach the aim:

e to investigate the market of sugar confectionery products in Latvia by
inquiring customers about the sherbet and marshmallow recognition, quality,
demand, and optimal packaging;

e to analyze the effect of advanced packaging technologies on the classical and
enriched with bee pollen sherbet physical and chemical parameters and
microbiological quality during the storage time in different packaging materials;
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to evaluate the effect of different packaging technologies and materials on the
changes of sensory properties of the classical and enriched with bee pollen
sherbet during the storage time;

to study the effect of advanced packaging technologies and materials on the
classical and enriched with bee pollen marshmallow physical and chemical
parameters and microbiological quality during the storage time.

Hypothesis of the promotion work is approved by the following thesis:
demand for sugar confectionery products in the market is determined by the
product quality, which is significantly affected by the way of its realization;
quality of sherbet during the storage time is significantly affected by the
applied packaging materials and packaging technologies;
addition of bee pollen to sherbet significantly changes the product quality
during the storage time in different packaging affecting its shelf life;
quality of classical and bee pollen enriched marshmallow during the storage time
is significantly affected by the applied packaging materials and technologies.

Novelty and scientific significance of the doctoral thesis.
The effect of various packaging technologies and packaging materials on the
extension of shelf life of sugar confectionery products was investigated.
Changes of physical, chemical and microbiological parameters of sugar
confectionery products during the storage time were evaluated.
The effect of the new biodegradable packaging materials and active packaging
technology on the shelf life of sugar confectionery products was studied.
The quality indices of sugar confectionery products enriched with bee pollen
and their shelf life were investigated, and the sensory properties of the new
product were evaluated.

Economic significance of the research.
Extension of shelf life of sugar confectionery products, preserving the sweets
quality, might increase the market demand.
Extension of shelf life of sugar confectionery products will enable producers
to export their product to the markets abroad.
Manufacturing of sugar confectionery products enriched with bee pollen will
enlarge the assortment of sugar confectionery products offered to consumers.
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APPROBATION OF THE RESEARCH WORK

Results have been reported at 19 international scientific conferences and
congresses in Latvia, Bulgaria, South Africa, France, Croatia, Ireland, Japan, the
Netherlands, Spain, Germany, International Food Exhibition “Riga Food 2009,
2010, 20117, and exhibition “Razots Latvija 2010” (Made in Latvia).

The research results have been summarized and published in
12 reviewed scientific publications, out of which three publications are published
in the international citation database SCOPUS and EBSCOhost, and in a
monograph (the list of attended conferences and publications see on pages 7—11).

MATERIALS AND METHODS

Time and place of the research
Experiments were carried out during the period from September 2009 to
September 2012.
Investigations were performed in:
e Quality Testing Laboratory of Packaging Materials of Food Technology
Department of Latvia University of Agriculture (LUA);
o Sensory Analyses Laboratory of Food Technology Department LUA,;
e Shareholder Laima laboratories;
o Scientific Laboratory of Agricultural Analyses of Latvia University of
Agriculture;
¢ Scientific Institute of Food Safety, Animal Health and Environment BIOR.

Materials used for the research

Object of the research — sugar confectionery products:
¢ milk pomade sweets — sherbet;
e marshmallow.

Structure of the research

At present research the most widely used traditional packaging technologies
(in air ambience, vacuum and MAP) in conventional packaging materials and
innovative (environmentally friendly) materials were studied; also, one of
nowadays newest technologies — oxygen absorbers in active packaging — was
applied, and its effect on the quality of sugar confectionery products during the
storage time was estimated. General technologies for sherbet and marshmallow
enrichment with bee pollen were worked out. The structure of the research is
shown in Figure 1.
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Consumers’ inquiry

To find out Latvian consumers’ opinion about the offer of marshmallow on
the market, its quality, optimum packaging and design, a quantitative method of
social investigation was applied. The method is intended to use large amount of
social information in order to find out tendencies of the processes taking place
in society, and it helps survey of various client groups in the market research.
Within the scope of this research, consumers’ inquiry was used as a quantitative
method of data obtaining, and was carried out in the form of a questionnaire.

Characteristics of packaging materials

Taking into account the ways of selling of sugar confectionery products in the
market, their storage requirements and properties of packaging materials,
conventional packaging materials were applied for the quality investigation of
products, and their characteristics are summarized in Table 1. Due to
manufacturers and consumers continuously increasing interest in environmentally
friendly packaging, at present several types of biodegradable polymers of different
categories are used for foodstuffs packaging with a remarkable potential in the
future. Characteristics of environmentally friendly packaging materials used in
the experiments are presented in Table 2.

Preparation and storage of samples

Milk pomade sweets — sherbet. Sherbet was packed by two pieces in a
package, the total weight per package — 60+2g. The size of each bag was
80mm x 120mm. Samples were packed in air ambience, vacuum packaging,
MAP, and in active packaging with oxygen absorbers, stored at room temperature
+18.043.0 °C, relative air moisture (RH) 40%. Samples were analyzed before
packaging (on day 0) and after 2, 4, 6, 8, 10, 12, 14, and 16 weeks of storage. The
scheme of technologies and materials used for packaging of classical and bee
pollen enriched sherbet is given in Figure 2 and 3.

Marshmallow. In each packaging, there was one piece of marshmallow (its
mass 14+1g), and its size was 80mm x 80mm. Samples were packed in air ambience
and stored at room temperature +18.0+£3.0 °C, relative air moisture (RH) 40%.
Samples were analyzed before packaging (on day 0) and after 4, 6, 8, 12, 16, and
20 weeks of storage. The scheme of technologies and materials used for packaging
of classical and bee pollen enriched marshmallow is given in Figure 4 and 5.

Characteristics of packaging technologies

Packaging in air ambience.
At present, the most often commercially applied packaging of sugar confectionery
products is cardboard boxes, in transparent PP bags and metallised PP pouches.
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Packaging in modified environment.
Vacuum packaging. Products were put into initially from polymer film
thermally sealed bag; after that, the air was removed or vacuum was created in
the package, and then the bag was made airtight (Robertson, 2006).
Modified Atmosphere Packaging. Products were packed into packaging
materials with different barrier properties. For food packaging, MAP of carbon
dioxide CO, (E 290) and nitrogen N, (E 941) were used, supplied by “AGA”,
Ltd. In experiments, the following gas mixtures were used: 30% CO, and
70% Ny; 70% CO, and 30% N,; 100% CO,. The product was put into initially
made polymer film bags; then, the air was removed from the bags; after that, the
gas mixture prepared in gas mixer KM100-2MEM was injected into the bag,
and the package was hermetically sealed (Robinson, 2006).
Active packaging. The product was put into pouches made of polymer material
and prior to hermetical sealing oxygen absorber sackets Ageless were put in the
pouch. The oxygen absorbers are foreseen for reduction of oxygen (O,) level in
the packaging to less than 0.01%. Active iron based absorber sachets with an
absorption capacity 100cm® were selected for the experiment; its action was
based upon the iron oxide reaction with oxygen. To achieve a more effective
oxygen removal, the active absorber was combined with MAP (100% CO,).

Determined parameters and methods used in the research

The determined parameters and methods used in the research are

summarized in Table 3. The sherbet quality in the package during the storage
time is characterized by such significant physical and chemical parameters as:
colour, water activity, mass losses, hardness, moisture content. They were
determined on the day of product packaging as well as during the storage time
after 2, 4, 6, 8, 10, 12, 14, and 16 weeks.
The quality of marshmallow is characterized by such significant physical
parameters as: water activity, mass losses, moisture content, and density. They
were determined on the day of product packaging as well as during the storage
time once every four weeks — to 20 storage weeks.

Evaluation of sensory qualities. Using the descriptive methods of sensory
evaluation, first of all, evaluators were selected and trained. Six experts were
selected for the work (average age of 37 years). Prior to sensory evaluation, the
reference product evaluation was carried out and evaluation forms were prepared
on the basis of experts’ shared understanding about the product characteristic
features. The selected experts, evaluating the dynamics of sherbet hardness during
the storage time in various packaging materials and storage environment, and
applying a five-point hedonic scale (5 — easy chewing, soft, 1 — very hard),
determined the hardness level of samples (ISO 4121:2003).

The liking level of bee pollen enriched sherbet and marshmallow was
determined by using a hedonic scale (ISO 4121:2003). In turn, using a line scale
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(ISO 4121:2003), the intensity of sensory properties of control sherbet and
enriched with 1.5% of bee pollen sherbet was determined.

Methods applied for determination of microbiological parameters. For
determination of total plate count (TPC) a standard method was used LVS EN
ISO 4833:2003. For determination of yeasts and moulds colony forming units
count LVS ISO 21527-2:2008 was used.

Data mathematical processing

In the results of the work, Figures and Tables were developed and
calculations were carried out with MS Excel program and SPSS 16 statistics
program. The hypotheses were checked with a p value method. Factors were
estimated as significant when the p value was <oy ¢s. For interpretation of results it
was accepted that 0=0.05 with 95% of confidence if not indicated otherwise
(Bower, 2009; Marques de Sa, 2007; Casatura, Findaly, 2006; Field, 2005).

The following tests and analyses were used: one way and two way variance
analyses (ANOVA), Tukey test, correlation and regression analysis as well as
the least squares method. Analyzing correlations between different variables,
analyses of correlation and regression, and the least squares method were used.
If the correlation between the variables is linear, the determination coefficient
coincides with the correlation coefficient: R* is equal to r’. If the value of
correlation coefficient is 0.5<r[<0.8, then there is a medium close linear
correlation between the examined variables. If |r[>0.8, there is a close linear
correlation between the examined variables (Arhipova, Balina, 2006).

RESULTS AND DISCUSSION

1. Analysis of inquiry results

To find out Latvian consumers’ opinion about the offer of marshmallow on
the market, its quality, optimum packaging amount and design, a quantitative
method of social investigation was applied. In total, 800 respondents completed
a questionnaire about sherbet (32% men, 68% women), while about
marshmallow — 900 respondents participated (28% men, 72% women).

The obtained data show that the above mentioned confectionery products are
well recognized and quite popular in Latvia; however the respondents have drawn
attention to several quality drawbacks they have observed during the products
shelf life. For sherbet, as significant drawbacks were mentioned hardness and its
selling by weight at the selling place. In turn, marshmallow was considered having
an unpractical packaging for everyday usage.

Analyzing the most often observed defects of sherbet, 553 (n>800) respondents
have noted that it is always too hard. This sherbet defect could be explained by the
packaging at present existing in the market, namely, cardboard box (5kg). Findings
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of most part respondents’ opinion on the optimal sherbet and marshmallow quantity
in one packaging (selling as a piece-goods), it was established that the most part of
respondents had indicated that 2—6 pieces could be optimum foreseen for daily
consumption. Analyzing the respondents’ knowledge about the possible effect of the
packaging material on the product quality during the storage time, it is detected that
only half of the respondents (50.2%) are aware of the fact that different types of
packaging might affect differently the sherbet quality during the storage time.

As a result of consumers’ inquiry, it is found out that consumers on the
market supply willingly would like to see sugar confectionery products enriched
with bee pollen. Thus the product would have not only a peculiar taste but also
an increased nutritional value.

Summarizing the obtained results, a conclusion may be drawn that the demand
for sugar confectionery could be increased by ensuring a stable quality during the
storage time as well as offering products in small packaging as piece-goods.

2. Comparison of packaging technologies’ influence
on the sherbet quality

On the commercial network, sherbet is marketed as a product sold by weight
(in cardboard boxes). Even though its shelf life defined by producer is almost two
months, admittedly that the product loses its characteristic properties much
earlier — moisture content decreases and it becomes hard.

In order to find out the effect of the packaging materials on the sugar
confectionery product sherbet, the dynamics of the product hardness during the
storage time in air ambience (Fig. 6) and MAP 100% CO, (Fig. 7) in different
packaging materials are compared. Using a five-point hedonic scale, the hardness
level of samples was determined; when the product is still good for consumption.
Sensory evaluation was carried out alongside with the instrumentally analyzed
hardness measurements. Comparing the experts’ sensory evaluation results with
those of instrumentally determined hardness measurements, it is recognized that the
product could be considered usable for consumption not over its hardness of 300 N.

It is obvious that the effect of the packaging material on the product hardness
during the storage time is significantly different (p<0.05). The initial sherbet
hardness have been determined 55.80+2.96 N. Comparing samples stored in air
ambience and MAP, a significant (p<0.05) difference between the samples is
observed. The sample kept in a cardboard box, in two weeks of storage had
already reached 300 N. It is observed that sherbet packaged in biodegradable
packaging materials could be stored 2 to 6 weeks; while in other packaging
materials, sherbet could be stored from 6 to 16 weeks.

Comparing the effect of packaging technologies on the dynamics of sherbet
hardness during the storage time, it has been approved that the sherbet storage
time in one packaging material is different (Fig. 8). If the recommended shelf
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life in a cardboard box is 2 weeks, then in Multibarrie 60HFP it was ranging
from 8 to 16 weeks. It should be mentioned that in Multibarrie 60 HFP
packaging in 100% CO, ambience the sherbet shelf life could be provided to
16 weeks, however in the active packaging using oxygen absorbers during the
same time its hardness was by 11.5% less; that could be assessed as positive.

Linear regression analysis affirms that close correlation exists between the
sherbet hardness changes and moisture content apart from the packaging
technology and material (Fig. 9). The dynamics of moisture content, in its turn,
was affected by the packaging material barrier properties, environment
composition within the packaging, and presence of oxygen which could be
regulated by the oxygen absorbers (active packaging).

As the most significant characteristic feature of the sherbet quality is
hardness. Comparing the effect of various packaging technologies and materials
on the sherbet moisture content, mass loss, hardness, and colour changes during
the storage time, the recommended shelf life is estimated, and the most suitable
packaging materials selected (Tab. 4). According to the experts’ evaluation, the
maximum acceptable hardness level of sherbet could be 300 N that was reached
already after two weeks in a cardboard box packaging. The shelf life could be
extended significantly using packaging materials with high barrier properties: to
10-12 weeks in OPP and Multibarrier 60 HFP materials in air ambiance; to
16 weeks in Multibarrier 60 HFP, metallised BOPET/PE and Aluthen materials in
MAP (100% CO,) ambience; as well as to 16 weeks using oxygen absorbers
(active packaging) in metallised BOPET/PE and Aluthen materials not exceeding
the estimated hardness 300 N. The sherbet hardness in active packaging after
16 weeks in Multibarrier 60 HFP was determined 261.18+8.32 N, in metallised
BOPET/PE — 146.01+£7.54 N and in Aluthen — 117.61+£8.64 N. By the side of
packaging in MAP (100% CO,), in active packaging it is for 11,5%, 20% and
35,7% less that can be assessed as positive. Biodegradable polymers with
improved barrier properties provid a short-time shelf life of classical sherbet in
air ambience maximum to 4 weeks, in MAP (100% CO,) — to 6 weeks.

In order to determine the sherbet quality affecting factors in-depth in
various packaging and storage conditions, control of microbiological parameters
is carried out by detecting dynamics of total plate count (TPC) of mesophilic
aerobic and facultative anaerobic microorganisms, as well as yeasts and moulds
during the storage. Data about microbiological analyses in various packaging
technologies and materials after 16 weeks of storage are summarized in Table 5.

The maximum permissible TPC in sugar confectionery sherbet is
<4 log cfu g'1 (CanlTuH 2.3.2.1078-01). After 16 weeks of storage it has been

*CaHuTApHO - SMHIEMHUONOTHYECKHE TIPABIIIA M HOPMATHBHI "THrHeHnYecKHe TPeGOBaHMS K
6€30I1aCHOCTH M NMHUILIEBOI IEHHOCTH MUIIEeBbIX npoaykToB. CanlluH 2.3.2.1078-01" (01.07.2002.)/
Enactment date of sanitary and epidemiological rules and regulations ,, Hygienic Requirements for
Safety and Nutrition Value of Food Products. Sanitary Rules and Regulations (SanPin) 2.3.2.107§-
01”(01.07.2002.)
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exceeded only in samples packed in cardboard box and OPP film in air ambiance.
Close to this level, aerobic and facultative anaerobic microorganisms grow in
biodegradable Ceramis™-PLA and NatureFlex 23NM packaging materials, reaching
3.81 log cfu g'. In Multibarrier 60 HFP, met. BOPET/PE and Aluthen packaging
materials, in turn, the growth of microorganisms in sherbet samples happens more
slowly. During 16 weeks of storage, in the sherbet samples in the above mentioned
materials in active packaging TPC in the sherbet samples have reached
2.42-2.85logcfug’.

In experimentally analyzed sherbet samples during the storage time, the
number of yeast and mould colony forming units has been estimated. The
premissible level of both yeasts and moulds is 50 cfu g”'. In any of the tasted
samples throughout the storage time, their number does not exceed the
premissible level.

3. Sherbet enriched with bee pollen

A new product — sherbet enriched with bee pollen has been investigated. In
accordance with the results of sensory evaluation the optimum amount of bee
pollen to be added has been selected — 1.5% of the product mass. Comparing the
classical and bee pollen enriched sherbet, it was determined that the iron content
had increased by 34%, potassium and zinc — by 25%, copper — by 21%, and
calcium — by 12%; therefore, that also enables consumers to intake, together with
sweets, mineral substances so necessary for our organism.

Addition of bee pollen increases the initial hardness of sherbet by
29.60% that is a significant difference between the samples (p<0.05). Hardness of
classical (Fig. 10) and enriched with bee pollen (Fig. 11) sherbet samples during
two weeks of storage in all investigated packaging have reached roughly
192.81+11.04 N, and differs insignificantly (p>0.05). Samples of both types of
sherbet hardened most rapidly in biodegradable Ceramis”™-PLA film packaging: its
hardness during 16 weeks of storage, compared to samples in other packaging
materials, has increased by 41.35% —79.88% (till 686.42+14.27 N). The smallest
hardness changes of both types of sherbet samples were observed in metallised
BOPET/PE and Aluthen packaging both in MAP and active packaging in which
during 16 weeks of storage the hardness does not exceed 223.71£11.43 N. The
experiment results approved interaction between the hardness and moisture
content, which substantially does not differ between mentioned properties of
classical and bee pollen enriched sherbet.

Throughout the storage time, colour changes were observed of classical and
bee pollen enriched sherbet packed in various packaging materials and using
different packaging technologies. The significance level of changes of colour
components during the storage time depending on the packaging material and
packaging technology is presented in Table 6. Results show evidence that the
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packaging materials and technology had a different effect on some colour
components. There is a significant difference between some colour components
of classical and bee pollen enriched sherbet. Comparison of total colour
difference AE* of classical and bee pollen enriched sherbet samples in various
packaging materials using different packaging technologies is given in
Figure 12. After mathematical data processing, the obtained research results
show a significant bee pollen effect on AE* value.

The water activity value during the storage time in both types of sherbet has
been determined within the range from 0.856 to 0.728. That indicates that this
product is not fully safe against microbiological spoilage. The initial TPC in
classical sherbet samples is determined 2.55 log cfu g, in bee pollen enriched
sherbet samples — 2.88 log cfu g”'. Significantly different is also dynamics of the
microbial TPC in both samples during the storage time. Independently of the
used packaging material and applied packaging technology, addition of bee
pollen promotes the growth of microorganisms. In samples of classical sherbet,
the total number of yeasts and moulds during the storage time in all the
examined samples is ranging from 10 cfu g” to 30 cfu g’ not exceeding the
maximum level in all of the samples; while in bee pollen enriched samples, a
tendency to advance towards the maximum admissible level have been
observed, and in some samples even exceeding 40 cfu g

Star diagrams of quality (colour, hardness) intensity changes of classical
(A) and bee pollen enriched (B) sherbet in different packaging materials during
the storage time are given in Figure 13. According to the sensory evaluation
results, the dynamics of hardness of bee pollen enriched sherbet in metallised
BOPET/PE and Aluthen packaging were insignificant; however, the product can
not be recommended for long time storage. Experts remarked that after
12 weeks of storage a poignant unpleasant taste of bee pollen is felt. In turn,
after 16 weeks of storage, the sherbet enriched with bee pollen could not be used
for consumption as it did not meet the microbiological quality requirements.
Taste of the sherbet enriched with bee pollen in biodegradable packaging, bee
pollen taste and aftertaste were acceptable; however, after instrumental analysis
its hardness exceeded 300 N. In turn, the quality of sherbet enriched with bee
pollen in Multibarrier 60 HFP packaging during the storage time has been
evaluated as good. According to the experts’ evaluation, hardness of the
classical sherbet in the biodegradable Ceramis®“-PLA packaging increased
already after four weeks to 11.27 units (max. 12) that is high hardness intensity;
moreover, colour of the product was changed significantly — it become lighter.
The classical sherbet samples in met. BOPET/PE and Aluthen packaging
(independently of packaging technology) became softer during the storage time.
Taste did not change significantly but the texture, compared to that of the initial,
became more homogeneous.

Evaluating the intensity of sensory properties, the active packaging
technology using oxygen absorbers is considered as optimal one: for the classical
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sherbet the packaging in met. BOPET/PE and Aluthen materials provide its quality
to 16 weeks, but for the bee pollen enriched sherbet packaging in
Multibarrier 60 HFP — to 14 weeks, and in metallised BOPET/PE and Aluthen
material — to 12 weeks.

4. Marshmallow enriched with bee pollen

Marshmallow is considered as a specific confectionery product that needs
to maintain a foamed texture. The optimum amount of bee pollen to be added —
1.5% of the product mass have been experimentally studied. To provide the
whipping level, bee pollen could be added to the marshmallow paste at the end
of whipping. It is detected that, similarly to sherbet by enriching with bee
pollen, also in marshmallow addition of bee pollen increases the content of
mineral substances. Comparing the mineral content of classical and bee pollen
enriched marshmallow, potassium content in marshmallow enriched with bee
pollen have increased by 52%, magnesium — by 25%, and calcium — by 18%. In
turn, iron and sodium content increase is less — by 8% and 9%, respectively.

The shelf life of experimentally analyzed marshmallow estimated by
manufacturers is 16 weeks (density 606 kg m?). The density dynamics of
classical marshmallow and enriched with bee pollen during the storage time in
air ambience are shown in Figure 14, and in active packaging — in Figure 15.

The density of classical marshmallow and that of enriched with bee pollen
differs significantly. The density of freshly made marshmallow has been
determined 569 kg m”, but that of marshmallow enriched with bee pollen —
683 kg m”. The marshmallow shelf life may be extended by selecting packaging
materials with high barrier properties. In air ambience Multibarrier 60 HFP and
metallised BOPET/PE film packaging, during 20 weeks of storage the density
has increased to 593-597 kg m™ (i.e. by 4-5%), not exceeding that of the
estimated by manufacturers. In turn, in OPP, PP and Ceramis®-PLA film
packaging, the increase of marshmallow density during 20 weeks of storage
both in air ambience and active packaging is higher — from 623-701 kg m™. The
density of bee pollen enriched marshmallow after 20 weeks of storage,
independently of the selected packaging technology, is as follows: in
Multibarrier 60 HFP and metallised BOPET/PE packaging — to 722-
750 kg m™; in OPP, PP and Ceramis®-PLA — to 770-805 kg m™.

Changes of the density of marshmallow during the storage time may be
explained by the principle of absorber’s activity placed into the package. It
absorbs oxygen not only from the headspace of the package but also from the air
enclosed in the pores of marshmallow, which is infused in it during the
whipping process of marshmallow production. In turn, the density changes of
bee pollen enriched marshmallow is not so significant because the added bee
pollen affects the marshmallow density already at the time of making it;
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therefore, the product initially acquired a more dense structure, and it was less
affected by an oxygen absorber during the storage time. Moreover, in
marshmallow enriched with bee pollen, syrup stratification tendency was
observed. The above mentioned problem is widely studied, and it has been
observed that this structure is unstable because, under the influence of the
gravity forces, the liquid phase flows down the surface of the phase division,
and as a result of its disruption among the neighboring bubbles their blending
takes place. Disproportionation takes place when air under pressure is pushed
from the smaller bubbles into the larger ones resulting in the volume increase of
the larger bubbles on the smaller ones account. Also, due to the density
differences in the liquid phase (sugar syrup) and bubbles present in the air,
stratification of the liquid phase and air bubbles takes place.

The water activity a,, of experimentally analyzed samples during the storage
time has changed from 0.832 to 0.548 that is why the growth of some
microorganisms was possible. The TPC dynamics of classical and bee pollen
enriched marshmallow during the storage time in air ambience is shown in
Figure 16, and in active packaging — in Figure 17.

In classical marshmallow samples the TPC is determined 1.90 log cfu g,
which during 20 weeks of storage in air ambience packaging and active
packaging do not reach the maximum permitted TPC level <3 log cfu g in any
of the examined packaging types. In bee pollen enriched marshmallow samples,
the initial number of microorganisms is determined 2.28 log cfu g’ which
during 20 weeks of storage in PP and Ceramis®-PLA packaging exceeds the
maximum permissible TPC level of cfu g™

The storage time of marshmallow may be affected not only by
microorganisms TPC but also by the presence of yeasts and moulds that develop
in products when water activity of which is within the range from 0.60 to 0.83.
In classical marshmallow samples, yeast and mould presence during 12 weeks
of storage not detected. In turn, in samples of marshmallow enriched with bee
pollen both in air ambience and active packaging, yeast and mould colony
presence is detected. Their growth could be affected by the packaging material
and environment within the packaging.

Since in the samples of classical marshmallow yeasts and moulds are not
identified, a conclusion may be drawn that bee pollen facilitates the
microbiological spoilage. Moreover, if the moisture content in the product has
been maintained, the growth of microorganisms in marshmallow enriched with
bee pollen took place more intensively.

Experimentally has been determined that the quality and shelf life of
classical marshmallow is possible to provide up to 20 weeks, but that of
enriched with bee pollen — up to 16 weeks because bee pollen affects the
product texture and microbiological quality, thus contributing to its spoilage.
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CONCLUSIONS

Evaluating the sherbet quality, 88.0% of respondents indicate hardness as a
significant quality parameter. 87.0% of respondents note that the optimal
amount of sherbet and marshmallow is 2—6 pieces per package. Only 50.2%
of respondents are informed that different types of packaging can affect
differently the product quality during the storage time.

According to the experts’ evaluation, the maximal hardness level of sherbet
is estimated 300 N, which in cardboard box packaging has been reached
already after two weeks of storage. Shelf life can be extended significantly
in conventional polymer packaging with high barrier properties: to
10-12 weeks in air ambience OPP and Multibarrier 60 HFP material; to
16 weeks in MAP 100% CO, within Multibarrier 60 HFP, metallised
BOPET/PE and Aluthen material, exceeding neither experts’ accepted
hardness of 300 N nor permissible total plate count of microorganisms’
level (cfu g'<10%.

The sherbet hardness in active packaging after 16 weeks of storage in
Multibarrier 60 HFP is 261.18+8.32 N, in metallised BOPET/PE —
146.01+7.54 N, in Aluthen — 117.61£8.64 N. In comparison with MAP
100% CO, environment, it is by 11.5%, 20% and 35.7% lower, that is
valued as positive.

Biodegradable polymers with improved barrier properties provide a short- time
shelf life of classical sherbet in air ambience — maximum to 4 weeks, in MAP
100% CO, — maximum to 6 weeks. In turn, for marshmallow packaging, the
examined biodegradable packaging materials are not appropriate.

Linear regression analysis prove a close correlation between the sherbet
hardness and moisture content in all the studied packaging types, while the
dynamics and intensity of moisture content in the product during the storage
time are affected by the packaging material barrier properties.

In terms of liking, sugar confectionery products enriched with bee pollen
sherbet and marshmallow do not differ significantly from the classical
products. According to the experts’ evaluation, sherbet and marshmallow
enriched with 1.5% of bee pollen were considered as more pleasant.

Addition of bee pollen increases significantly (p<0.05) the sherbet initial
hardness by 29.6%, and the total plate count (TPC) of microorganisms — by
11.5%, which increases during the storage time resulting in decrease of the
product shelf life from 16 weeks (classical sherbet) to 10—-12 weeks.
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10.

11.

Evaluating intensity of sensory properties, as more appropriate materials for
classical sherbet packaging are considered metallised BOPET/PE and
Aluthen, which ensure quality to 16 weeks; in contrast, for bee pollen
enriched sherbet packaging Multibarrier 60 HFP — to 14 weeks, and
metallised BOPET/PE and Aluthen —to 12 weeks.

Shelf life of marshmallow can be provided to 20 weeks in air ambience
using conventional polymer packaging materials Multibarrier 60 HFP and
metallised BOPET/PE with high barrier properties. Due to specific texture
of marshmallow, active packaging technology is not applicable.

Addition of bee pollen increases significantly (p<0.05) the marshmallow
initial physical and chemical parameters: density, water activity and the
total plate count (TPC) of microorganisms. The shelf life of marshmallow
enriched with bee pollen can be provided to 16 weeks using metallised
BOPET/PE and Aluthen packaging materials in air ambience.

Hypothesis set for the doctoral thesis — the shelf life of sugar confectionery
products can be extended by selecting advanced packaging technologies
and appropriate materials — is proved.
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