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PETIJUMA AKTUALITATE

Masdienas arvien vairak tiek pateréti konditorejas izstradajumi, tie ir erti
lietojami un atri remde izsalkumu. Tas sekme konditorejas izstradajumu paterina
pieaugumu pasaul@ un arT Latvija.

Pieaugot konditorejas izstradajumu lietojumam, p&tfjumos lielaka uzmaniba
ir javelta konditorejas izstradajumu sastavam, to nozimei uztura, konditorejas
izstradajumu kvalitates un nekaitiguma nodrosSinasanai, kombingjot dazadas
izcelsmes izejvielas.

No literattiras analizes izriet, ka partikas produktu kvalitati nosaka vairaki
faktori: izejviclas, to sastavs un kvalitate; izejvielu savstarpéja mijiedarbiba,
izejvielu un partikas piedevu mijiedarbiba; nevélamo savienojumu novérSana ar
partikas piedevu palidzibu gatavaja produkcija.

Viens no veselibai nev€lamiem savienojumiem partikas produktos ir
peroksidi, kas veidojas, taukiem oksid&joties. So procesu var veicinat arT metala
joni.

Konditorejas izstradajumu sastava analize lauj spriest par organismam
labveligo un nevelamo savienojumu klatbiitni, to veidoSanas iesp&jam produktu
uzglabasanas laika.

Salidzinot ar plaso partikas produktu klastu un p&tijjumiem par to ietekmi uz
patérétaju, zinatniskaja literattira ir maz atspogulotas pétnieciskas atzinas par
nevélamo savienojumu veido$anos konditorejas izstradajumu razos$anas un
uzglabasanas laika, par iesp&jam aizkavét to raSanos, produktd esoSo
savienojumu vai pievienoto partikas piedevu iedarbibas rezultata. Turklat nav
izzinata konditorejas izstradajumu izejvielu sastava mijiedarbiba un to ietekme
uz produkta kvalitati realizacijas laika.

Lidz ar to darba pétita So procesu norise modelu sist€mas noteikta
temperattira, kas sekmé oksideésanas un hidrolizes procesus. Verojot konditorejas
izstradajumu dazado sastavu, IpaSi augsto tauku saturu, razoSanas procesa
lietotas temperatiiras var veicinat oksidacijas un hidrolizes procesus produktos.
Lai tos ierobezotu, ir javerteé konditorejas izstradajumu sastavdalu savstarpgja
mijiedarbiba, jaanaliz€ So procesu ietekmgjoSie faktori un jaizstrada pasakumu
kopums to noversanai.

Latvija nav veikti pé€tfjumi par konditorejas izstradajumu kvalitates
nodro$inasanu, vertgjot to razosana lietoto izejvielu iesp&jamo mijiedarbibu un
analizgjot atsevisku sastavdalu un partikas piedevu ietekmi kopgjas produktu
kvalitates veidosana. Sadu jautajumu risinajums un glistamas atzinas laus
izstradat priekslikumus konditorejas izstradajumu kvalitates paaugstinasanai un
uzturvertibas saglabasanai, arT iezimet tendences jaunu produktu izstrade un to
kvalitates nodro§inasana.

Promocijas darba hipotéze: konditorejas izstradajumu izejvielu savstarp&ja
mijiedarbiba ietekme produktu kvalitati un uzglabasanas ilgumu.
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Promocijas darba hipotézi pierada ar $adam aizstavamam tézém

1.

2.

Oglhidratu klatblitne nodrosina taukvielu stabilitati model&tajos
uzglabasanas apstaklos.

Taukvielam bagatas daudzkomponentu sist€émas oksidéSanas process
notiek Iénak neka tiros taukos.

Dazados regionos iegiito kakao pupu sastava un kvalitates atSkiribas
ietekm@ konditorejas izstradajumu stabilitati uzglabasanas laika.

Promocijas darba objekts ir konditorejas izstradajumu izejvielas —
taukvielas: sviests, kakao sviests un augu tauki; saldvielas: saharoze, glikoze
(glikozes sirups un beziidens glikoze), fruktoze un laktoze; saldinataji: sorbitols
un maltitols; emulgatori: sojas lecitins un amonija fosfatids; skabes: citronskabe;
aromatvielas: vanilins un vanila; citas izejvielas: kakao pupas un abolu biezenis,

udens.

Promocijas darba meérkis: analizét izejvielu mijiedarbibu konditorejas
izstradajumu stabilitates un kvalitates nodrosinasana.
Lai sasniegtu mérki, izvirziti $adi darba uzdevumi

1.
2.

Vertet oglhidratu ietekmi taukvielu stabilitates nodro§inasana.
Parbaudit dazadu taukvielu stabilitati konditorejas izstradajumu kvalitates
nodros§inasana.

. Analizét konditorejas izstradajumu razoSana lietoto kakao pupu sastavu

un ta ietekmi uz gatavo produktu kvalitati.
Izzinat izejvielas esoSo biologiski aktivo vielu ietekmi konditorejas
izstradajumu kvalitates nodrosSinasana.

Promocijas darba novitate

1.

2.

Izvértéta konditorejas izstradajumu izejvielu savstarpgja mijiedarbiba,
analizgjot to lomu kvalitates nodroSinasana.

Eksperimentu rezultata ieglitas jaunas atzinas par peroksidu un brivo
taukskabju satura samazinasanas iesp&jam konditorejas izstradajumu
razosana un uzglabasana.

Eksperimentali pieradits, ka oglhidratu klatbttng tiek kavets oksidesanas
process taukvielam bagatos konditorejas izstradajumos.



Promocijas darba tautsaimnieciska nozime

1.

Petjjumu rezultati pielietojami klasisko un jauno konditorejas
izstradajumu gatavoSana, produktu kvalitates nodroSinasanai un
uzturvertibas saglabasanai.

Eksperimentos iegiitas atzinas pamato nepiecieSamibu noteikt papildus
kriterijus (peroksidu skaitli, brivas taukskabes, smagos metalus)
konditorejas izstradajumu izejvielam razoto produktu kvalitates
nodros$inasanai.

Darba rezultati lauj izverst talakus p&tijumus, lai samazinatu sint€tisko
piedevu izmantoSanu konditorejas izstradajumos.

ZINATNISKA DARBA APROBACIJA

P&tijumu rezultati apkopoti un publicéti astonos recenz&tos zinatniskos
izdevumos latviesu, anglu un krievu valodas.

Publikacijas zinatniskajos izdevumos

1.

Vitola V., Ozola B. (2017) Effect of various carbohydrate additives on
peroxide formation in fat for confectionery production. In: Chemical
Technology. Lithuania, Kaunas University of Technology. Vol. 68, No 1,
pp. 68-73.

Vitola V., Ciprovica 1. (2016) The effect of cocoa beans heavy and trace
elements on safety and stability of confectionery products. In: Rural
Sustainability Research. Latvia University of Agriculture. Jelgava,
Vol.35, Issue 330, pp. 19-23.

Ozola B., Melgalve 1., Strautnieks A., Vitola, V., Kaulins, U. (2005)
AHTHOKCH/IaHTHBHAs aKTUBHOCTh MOHO-, JIM- M OJIUTOcaxapujaoB. In:
New technologies in traditional food: International scientific practical
conference reports, 2005, Jelgava. Latvia University of Agriculture.
Jelgava: LLU, p. 165-166.

Ozola B., Melgalve 1., Strautnieks A., Vitola V., Kaulin§ U. (2005)
CTaOWIBHOCTB JKHPOB B MHIIEBBIX mpoaykTax. IN: New technologies in
traditional food: International scientific practical conference reports,
2005, Jelgava. Latvia University of Agriculture. Jelgava: LLU, p. 181-
183.

. Vitola V., Karklina D., Strautnieks A. (2005) Antioxidant activity of

extracts from processed cocoa bean products. In: Accessing useful
technologies, Optimizing food safety and nutrition: 4% International
congress on food technology proceedings, 2005, Athens: Vol. 1, p. 274-
278.

Vitola V. (2005) The effect of some ingredients on stability of butter
during the storage time. In: Research for rural development, 2005:



International scientific conference proceedings, 19-22 May, 2005,
Jelgava. Latvia University of Agriculture. Jelgava: LLU, p. 208-212.

7. Vitola V. (2004) The substantiation of functional confectionery. In:
Research for rural development, 2004: International scientific conference
proceedings, 19-22 May, 2004, Jelgava. Latvia University of Agriculture.
Jelgava: LLU, p. 148-153.

8. Vitola V., Strautnieks A. (2004). Biological activity of confectionery
industry by - product - cocoa shell. In: Innovation development trends of
food products: International scientific-practical conference reports, 2004,
Jelgava. Latvia University of Agriculture. Jelgava: LLU, p.129-135.

Patenti

1. Ozola B., Vitola V., Strautnicks A., Kaulin§ U. (2009) Peroksidu
veidoSanas kavésanas panémiens. Patents Nr. 13884

2. Ozola B., Vitola V., Kaulin§ U. (2008) Peroksidu veidoSanas kavésanas
panémiens. Patents Nr. 13701

Publikacijas citos izdevumos

1. Vitola V. (2014) Konditorejas produktu nozime uzturd. Konference
“Uzturs un veseliba. Vélamais un nevélamais Sodienas Latvijas partikas
produktu piedavajuma”. Konferences materiali, Olaine, 30-32 Ipp.

2. Kaulin$ U., Karklina D., Vitola V., Dima M., Strautnieks A., Ozola B.
(2008) Partikas produktu funkcionalitates daudzgjadiba. Rigas
Uznéméejdarbibas koledza, Partika 21. gadsimta, IV Zinatniski praktiska
konference, Rastu krajums, 15-21 lpp.

3. Vitola V., Melgalve 1., Ozola B. (2006) Antioksidanti uztura. Olaines
véstures un makslas muzejs, Olaine mehanikas un tehnologijas koledza,
Zinatniska konference ,,Kimija partikai un partikas rtipniecibai”, Rakstu
krajums, 22-25 Ipp.

4. Skrupskis 1., Melgalve 1., Vitola V., Kozule V., Kaulin§ U. (2004)
Konditorejas izstradajumi un to funkcionala nozime. Macibu
paligmateriali uztura macibas apgiu$anai LLU PTF magistrantiem un
vecako kursu studentiem, Jelgava, 60 Ipp.

Zinatniskas tézes
Vitola V., Strautnicks A. (2006) Indetermination of concept of
functionality in confectionery, International Conference: Molecular and
physiological effects of bioactive food compounds, Vienna, COST
926/927, p. 222.

Petljuma rezultati zinoti starptautiskajas zinatniskajas un zinatniski-

praktiskajas konferences:

1. The 10 ™ Baltic Conference on Food Science and Technology ,,Future
Food: Innovations, Science and Technology” FoodBalt-2015, Kaunas,
Lithuania, May 21-22, 2015. Vitola V., Ozola B. Effect of some
ingredients to quality of confectionery products (stenda referats).
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2. Zinatniska konference: Uztura labestiba, Olaine, Latvija, 23. oktobris,
2008. Kaulin§ U., Vitola V., Ozola B. Uztura funkcionalitate un
epigenétika (mutisks zinojums).

3. International Conference: Molecular and physiological effects of
bioactive food compounds, Vienna, Austria, October 11-14, 2006. Vitola
V., Strautnieks A. Indetermination of concept of functionality in
confectionery (stenda referats).

4. Starptautiska konference ,,Zinatne un jauninajumi-Zemgales attistibai”,
Jelgava, Latvija, 31. janvaris, 2006. Seglina A., Karklina D., Vitola V.,
Strautnieks A., Mikelsone V., Gailite 1., Strautniece E. Smiltsérksku
spiedpalieku paplasinata izmantoSana (stenda referats).

5. International Conference Intradfood 2005 ,, Innovation in traditional
foods”, Polytechnical University, Valencia, Spain, 25. — 28. oktobris,
2005. Vitola V. Functionality of confectionery (stenda referats).

6. International Scientific Conference ,,Research for Rural Development
20057, Jelgava, Latvija, 19. — 22. maijs, 2005. Vitola V. The effect of
some ingredients on stability of butter during the storage time (mutisks
zinojums).

7. International Scientific Conference ,,Research for Rural Development
2004” Jelgava, Latvija, 19. —22. maijs, 2004. Vitola V. The substantiation
of functional confectionery (mutisks zinojums).

MATERIALI UN METODES

Pétijumi veikti laika no 2003. lidz 2018. gadam:

AS ,Laima” razoSanas laboratorija (peroksida skaitla, brivo taukskabju,
sausnas un tauku satura, sensoro raditdju noteikSana) un mikrobiologiska
laboratorija (mezofilo aerobo un fakultativi anaerobo mikroorganismu skaita,
zarnu nijjinu grupas bakteriju, raugu un peléjumu skaita noteikSana).

Latvijas Lauksaimniecibas universitates Partikas tehnologijas fakultates
Kimijas katedras laboratorijas (peroksida skaitla un lizocima aktivitates
noteiksana).

Rigas Tehniskas universitates Materialzinatnes un lietiskas kimijas fakultates
laboratorija (peroksida skaitla noteikSana).

Partikas un veterinara dienesta Nacionala diagnostikas centra Partikas un
vides izmekl&jumu laboratorija (peroksida skaitla, brivo taukskabju, Skiedrvielu,
Ca, Mg, Fe, Na noteiksana).

Partikas droSibas, dzivnieku veselibas un vides zinatniska institiita ,.Bior”
laboratorija (seléna, cinka, kalcija, kalija, dzelzs, natrija, aluminija, dzivsudraba,
arséna, svina un kadmija noteiksana).

Latvijas Universitates Mikrobiologijas un biotehnologijas institlita
(dzintarskabes noteikSana).



AS ,Palsgaard” (Danija) laboratorija (glikuronskabes un glikonskabes
noteiksana).

Pétljuma izmantotie materiali

Saldvielas un saldinataji. P&tijuma lietotie oglhidrati - monosaharidi -
beziidens glikoze un fruktoze, glikozes sirups, disaharidi - saharoze un laktoze,
saldinataji - sorbitols un maltitols.

Taukvielas. Eksperimentu veikSanai lietots sviests ar tauku saturu 82.5 % un
16 % mitruma saturu, kakao sviests, kas iegiits no Ganas kakao pupam, un augu
tauki ,,Confao” un ,,Akofect ” (razotajs “AAK”, Zviedrija), ,,Ekond” (razotajs
“Efko”, Krievija) un ,,Akotres” (razotajs “AAK”, Zviedrija). Eksperimentiem
lietots ripnieciski razotais AS ,,Rigas piena kombinata” saldkr&juma sviests.

Emulgatori. Darba lietots sojas lecitins (E322) un amonija fosfatids (E442).

Aromatvielas un citronskabe. Eksperimentiem lietots Madagaskaras
Burbonas vanilas pulveris, vanilins (identisks dabigajam) un citronskabe.

Citas izejvielas. Darba analizéta kakao pupu kvalitate, izvertjot Kamertinas,
Ekvadoras, Niggrijas un Ganas kakao pupas. Analiz&ta zefira un asorti konfeksu
pildijumu izejviela - abolu biezenis, arT smiltsérksku spiedpaliekas.

Promocijas darba pétijuma virziens ir konditorejas izstradajumu kvalitates
izpéete, analizgjot izejvielu savstarp&jo mijiedarbibu un vertgjot tauku oksidacijas
un hidrolizes produktu veidoSanos un $o procesu kavejoSos faktorus. P&tijums
shematiski paradits 1. attela.
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Konditoreja izmantojamie
oglhidrati un to efektivitate /
Carbohydrates used in
confectionery and their effects

Konditoreja izmantojamas
taukvielas (sviests, kakao

Izejvielu mijiedarbiba /
Interaction of
ingredients

sviests, augu tauki) un to . _
stabilitate / Stability of fats used Eksperimentalo paraugu
in confectionery(butter, cocoa kvalitates izvertejums / —
butter, vegetable fats) Quality assessment of
experimental samples
Konditoreja lietoto aromatvielu
(vanilins, vanila) un citronskabes -
ietekme uz produktu kvalitati / Peroksidu veidosanas /
Effect of aroma compounds Peroxides formation >
(vanillin, vanilla) and c!tric acid Brivo taukskabju veidoganas/
on products quality Formation of free fatty acids [
ﬁﬁf@fﬁ;&d‘ﬁﬂé‘lﬂﬁéﬁﬁﬁﬁ Mikrobiologiska kvalitate/ |
produktu kvalitates Microbiological quality
nodro§inasanai /
Determination of cocoa beans Glikuronskabes un glikonskabes
and apple puree quality indices veidoganas izpéte/ The study of
for confectionary quality formation of glucuronic and ]
gluconic acid
Jaunu recepttiru izstrade
zefiriem, $okoladei / Procesu imitacija ar Cu 2+
The development of new recipes [€ joniem/ Imitation of processes %
for zephyrs and chocolates with Cu #* ions

1. att. Pétijuma struktiira / Fig.1. Structure of the research

Eksperimentos tika parbauditas plasak lietotas konditorejas izejvielas:
sviests, cukurs, kakao, vanilins un vanila. Izvertgjot konditorejas izstradajumu
izejvielu daudzveidibu, to sezonalitati un ieguves vietu atkiribas, darba veiktas
vairakas pétfjumu s€rijas. Tas ir skaidrojums atSkirigajiem sakotngjiem
peroksida skaitliem dazados eksperimentos atSkirigu izejvielu lietojuma un
petljuma norises laika del. Visos eksperimentos iegiitie rezultati (peroksida
skaitlis) izteikti mmol kg™! lipidu.

Petijumos tika izveidotas modelu sisttmas galvenajam konditorejas
izstradajumu izejvielam, kuras pétitas vielu savstarpgjas mijiedarbibas
izzinaSanai un priekSstata giSanai par iesp&amajiem procesiem konditorejas
izstradajumu uzglabasanas laika, salidzinot ar tiru taukvielu oksidéSanas norisi.
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P&tamie paraugi tika sagatavoti vienados apstaklos un uzglabajot termostata
30 un 90 dienas 28 * 2°C temperatiira. Atseviski pétljumos paraugi iztur&ti
5 £ 2°C 210 dienas. Izveleta 28 + 2°C temperatiira atbilst paatrinatai produktu
bojasanas izvertésanai. Ta lauj paatrinat pétjjumu gaitu, spriest par paraugu
kvalitates mainibu/stabilitati un iegiit datus situdcijas vértésanai. Sis process tiek
istenots, lietojot Q10 vertibu. Q10 izsaka ar $adu vienadojumu:

Q10=t (°C)+10°C, (1)

kur: Q10 - paatrinatas bojasanas apstakli;
t - saldumu uzglabasanai pienemta temperatiira (18-20°C), °C.

Ja izveletaja uzglabasanas laika paraugs/produkts ir stabils, tad ierastajos
uzglabasanas apstaklos tas uzradis 2 reizes lielaku stabilitati (Kong, Singh, 2011;
Taoukis et al., 2015).

Sadi pétijuma apstakli tiek praktizéti partikas riipnieciba un izmantoti
eksperimentalajas laboratorijas dazadas arvalstu firmas, lai analizétu partikas
produktu iesp&jamo bojasanos un modelétu procesus un risinadjumus to
kaveésanai.

Eksperimenta sakuma peroksida skaitlis tika noteikts tirai taukvielai un
paraugiem ar dazadam piedevam.

Petfjumu gaita tika parbaudita

1. Oglhidratu un taukvielu maisjjumu kvalitate modelvide, analizgjot

peroksidu un brivo taukskabju veidosanos;

2. Vanilina, vanilas un citronskabes, ka arT Gdens ietekme uz konditorejas

izstradajumu kvalitati;

3. Kakao pupu, abolu biezena, smiltsérksku spiedpalieku ietekme uz

Sokolades un zefiru kvalitati.

4. Kimisko procesu norises vertésanai veikti pétijumi par metala jonu, proti,
Cu ?* jonu, ietekmi uz peroksidu veidoSanos eksperimentalajos paraugos
un parbaudita oglhidratu oksideésanas produktu - glikuronskabes un
glikonskabes klatbiitne paraugos ar 30 % glikozi.

5. Darba analizéta eksperimentalo paraugu mikrobiologiska kvalitate

paatrinatas produktu bojasanas laika.

Petijumu rezultata tika izstradatas jaunas receptiiras Sokolades
konfektem, glaz€tajam zefiram un veikta So receptiiru parbaude razoSanas
apstaklos.

Pétfjumos izmantoto metoZu raksturojums
Darba veikSanai izmantotas metodes un standarti apkopoti 1. tabula.
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1.tabula / Table 1.

Pielietotie standarti un metodes / Applied standards and methods

Nr./ Raditaji / Indicators Standarts un metode/
No Standard and methods
1. Peroksida skaitlis/ Peroxide value Vilera metode /
Wheeler method
2. Peroksida skaitlis Sokolades masam / Peroxide GOST 51487
value in chocolate masses
3. Brivo taukskabju saturs / AOAC 940.28
Free fatty acids content
4. Mikrobiologiskie raditaji/Microbiological
indicators:
Mezofilie aerobie un fakultativi anaerobie LVS EN ISO 4833:2003A
mikroorganismi / Total plate count
Zarnu niijinu grupas LVS ISO 4832: 2006
bakterijas/Coliformbacteria
Raugi un peléjumi / Yeasts and mould LVS ISO 21527-2:2008
5. Glikuronskabe un glikonskabe / Glucuronic Hromatografijas
and gluconic acid metode/Chromatography
method, F — ARE250 M
6. Mikroelementi / Microelements: Se, Zn, Al AOAC 986.15
7. Mikro- un makroelementi / Micro- and AOAC 975.03
macroelements:Fe, Ca, Na, K
3. Fizikali- kimiskie raditaji (kakao pupam) /
Physical-chemical indicators for cocoa beans:
* mitruma saturs / moisture content ISO 2291:1980
 tauku saturs / fat content GOST 5899 - 85
 pH/pH AOAC 970.21
9. Tehniskas prasibas kakao pupam
(argjais izskats, krasa, smarza) /Technical ISO 2451:1973
requirement for cocoa beans ( appearance, ISO 1114:1977
colour, flavour)
10. Smagie metali kakao pupam/ Heavy metals in ISO 6637 — 1984 (E)
cocoa beans: Hg; As, Pb, Cd AOAC 986.15
11. Dzintarskabes koncentracija/ Hromatografijas metode/
Concentration of amber acid Chromatography method,
Shimadzu LC4-AM
12. Kopgjais kabes saturs abolu biezeni / Total GOST 5898 - 87
acid content in apple puree
13. Skiedrvielu saturs / Fiber content GOST 13496.2 —91
14. Lizocima saturs / Lysozyme content Granta turbidimetriska
metode (1973) / Grant (1973)
15. Uzturvertiba / Nutritive value Regula (ES) Nr. 1169/2011
16. Sensorais vertéjums / Sensory evaluation Hedoniska skala /

Hedonic scale
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Datu matematiska apstrade

legiitajiem rezultatiem veikta datu apstrade, aprékinot vidgjo aritmétisko un
standartnovirzi. Petljuma rezultati iegliti piecos atkartojumos. Dati analizeti,
izmantojot vienfaktora dispersijas analizi (Arhipova et al., 1998; Arhipova,
Balina, 2003). Lietotas datorprogrammas MS Excel un SPSS 11.0. Rezultatu
butiskuma pakape raksturota ar p — vertibu, kura apzimé iegiita rezultata
visparpienemto bitisko atSkirtbu (95%) un analizéta faktora ietekme nav
nejausa. Veikta ar1 eksperimentalo datu apstrade, izmantojot MathCad 14
programmu. Balstoties uz mazako kvadratu metodi, atrastas analitiskas sakaribas
peroksidu skaitla atkaribai no pievienota vanilina un glikozes koncentracijas.
Sensoras noverteésanas rezultati analizti ar dispersijas analizi ANOVA.

PETIJUMU REZULTATI UN DISKUSIJA

1. Oglhidrati un saldinataji konditorejas izstradajumu kvalitates
nodroSinasana

Pirmaja pétijjuma etapa analizéta galveno konditorejas izejvielu - taukvielu
un dazadu saldvielu maisijumu stabilitate (2.att.), uzglabajot 28+2°C 30 dienas.
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2. att. Peroksida skaitlis eksperimentalaja parauga dazadu glikozes sirupa
daudzumu 30 dienu uzglabasanas laika 28 + 2 °C temperatiira /
Fig. 2. Peroxide value in the experimental sample in the presence of different quantity
of glucose syrup during 30 days of storage at 28 £2 °C
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Glikozes sirupa klatblitné paraugos ir samazinajusies mikroorganismu
vairo$anas (2. att.), kavgjot peroksida skaitla kapumu paraugos ar glikozes sirupu
15 un 30% apjoma. Visvairak peroksida skaitla kapumu parauga ir bremzgjusi
glikozes sirupa pievieno$ana 50 % apjoma p&c 30 dienu uzglabasanas 28 + 2 °C
temperatira. Glikozes iedarbibu varétu skaidrot ar aldehidgrupas
hidroksilgrupas reducgjoso iedarbibu uz peroksidu veidosanos (Walton et al.,

2003).
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with fructose after 30 and 90
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O ar sorbitolu pgc 30 un 90 dienam /
O with sorbitol after 30 and 90 days

E ar maltitolu péc 30 un 90 dienam /

o

3. att. Peroksidu veidoSanas izpéte eksperimentalajos paraugos ar dazadiem

U with maltitol after 30 and 90 days

oglhidratiem un saldinatajiem péc 30 un 90 dienu uzglabasanas 28 + 2 °C
temperatira /
Fig. 3. Investigation of peroxide formation in experimental samples with different
carbohydrate and sweetener after 30 and 90 days of storage at
28 +£2 °C temperature

un

Peroksida skaitla izmainas paraugos ar dazadu saldvielu un saldinataju
klatbatni péc 30 un 90 dienu uzglabasanas bija atSkirigas un bitiskas no
sakotngjiem datiem (3. att.). Lai gan péc 30 dienu uzglabasanas, paraugos ar
saldvielam peroksida skaitlis bija mazaks vai tuvs sakotngjiem sviesta datiem.
To varétu skaidrot ar mikroorganismu vairoSanos kavéSanu osmotiska spiediena
ietekm@. Savukart péc 90 dienu uzglabasanas visas saldvielas un saldinataji ir
uzradijusi Iidzigus rezultatus (p>0.05). Intensivak peroksidu daudzums ir
samazinajies paraugd ar sorbitolu 30 dienu uzglabasanas laika. Tas ir
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likumsakarigi, jo poliolu struktiira vairak satur brivas hidroksidu grupas, kuras
nodro§ina Udens piesaisti un samazina peroksidu veido$anos (Owen,
McClements, 2012). Paaugstinata temperatira, ka arT uzglabasanas laikam
picaugot, peroksidu daudzums turpina pieaug. Uzglabajot eksperimentalos
paraugus 5 + 2 ° C temperatiira, var novérot lidzigas tendences peroksida skaitla
izmainas. Peroksidu daudzums produkta ir atkarigs no uzglabaSanas
temperatiiras un laika, arT pievienota oglhidrata un/vai saldinataja.

Viens no faktoriem, kas ietekmé produktu kvalitati uzglabasanas laika, ir
tidens saturs. Udens darbojoties ka $kidinatajs, veicina tauku hidrolizi. Sis
process ir atkarigs no izejvielu kimiskas dabas (skaba vai baziska), to var
ietekm@t arT izejvielu un produkta pH.
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4. att. Peroksidu veidoSanas izpéte eksperimentalajos paraugos tidens un glikozes
strupa klatbiitné 30 un 90 dienu uzglaba$anas laika 28 + 2°C temperatiira /
Fig. 4. The study on peroxides formation in experimental samples presence of water
and glucose syrup during 30 and 90 days of storage at 28 +2 °C temperature

Eksperimentalie rezultati paradija, ka glikozes sirupa klatbiitne
eksperimentala parauga ir aizkav&jusi peroksidu veidosanos p&c 30 un 90 dienu
izturéSanas 28 + 2°C temperatiira (4. att.). Oglhidrati saista Gideni, samazinot
briva tidens daudzumu, un tauku molekulu saskarsmi ar skabekli, tadgjadi
noveérSot skabekla absorbciju parauga (Jeffrey, Saenger 1994). Analizgjot
rezultatus, ir jaatzime, ka saistita idens klatbiitné peroksidu veidoSanas parauga
ar glikozes strupu noritgjusi 1€nak neka briva tidens klatbatne.
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5. att. Peroksidu veidoS$anas izpéte eksperimentalajos paraugos ar glikozes sirupu
un/ bez citronskabes 30 un 90 dienu uzglabasanas laika 28 + 2°C temperatara /
Fig. 5. The study on peroxides formation in experimental samples with glucose syrup
with/without citric acid during 30 and 90 days of storage at 28 +2 °C temperature

Eksperimentalajos paraugos citronskabe nav kav€jusi peroksidu veidosanos.
Citronskabes klatbtuitng peroksidu daudzums parauga ir palielinajies, pretgji tas
zinamajai antioksidanta funkcijai partikas produktos. Ari glikozes sirupa
klatbttng citronskabe peroksidu veidoSanos nav kavgjusi. Péc 90 dienu
izturéSanas peroksida skaitlis $aja parauga ir pieaudzis vairak neka divas reizes,
salidzinot ar kontroli (5. att.).

Tas norada, ka dazadu izejvielu un piedevu atskirigas iedarbibas d€] butu
javerté to antioksidativas ipasibas, lai var€tu sniegt ieteikumus konditorejas
izstradajumu razoSana. Izvert€jot petjumu rezultatus, taukvielam bagatos
pildijumos pievienota auglu, ogu biezenu piedeva citronskabes klatbiitné var
veicinat produktu kvalitates pazeminasanos (peroksidu, brivo taukskabju
veidoSanos) ilgstosa uzglabasanas laika.

2. Konditorejas izstradajumos lietota vanilina un vanilas analize produktu
kvalitates nodrosinasana

Darba bija nepiecieSams parbaudit plasak lietoto aromatizétaju ietekmi uz
produkta kvalitati, lietojot vanilinu un Madagaskaras Burbonas vanilas pulveri.
Vanilins, tapat ka dazi oglhidrati (glikoze, galaktoze, mannoze, glikozi
saturoSie cietes hidrolizati), satur aldehidgrupu un hidroksilgrupu, kas var
nodro$inat ta aizsargsp€jas pret peroksidu veidosanos (Walton et al., 2003).
P&ttjumu rezultati apkopoti 6. attela.
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6. att. Peroksidu veidoS$anas izpéte eksperimentalos paraugos ar vanilinu un vanilu
30 un 90 dienu uzglabasanas laika 28 + 2°C temperatira /
Fig. 6. The study on peroxides formation in experimental sample with vanillin and
vanilla during 30 and 90 days of storage at 28 +2 °C temperature

Petijumu rezultati paradija, ka vanilinam ir zinama iedarbiba uz peroksidu
veidoSanas atrumu, kas bitiski neatskiras paraugiem ar 0.05 % un 0.2 % vanilina
(p > 0.05) pec 30 un 90 dienu izturesanas 28 + 2°C temperatiira. Paraugos ar
vanilu novéroja straujaku peroksidu veidoSanos analogas koncentracijas (6. att.).
Var secinat, ka ar taukvielam bagatos izstradajumos labak pievienot vanilinu
neka vanilu.

Darba parbaudita ari eksperimentalo paraugu ar glikozi un vanilinu stabilitate
uzglabasanas laika, dati apkopoti 7. att.
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7. att. Peroksidu veidoSanas izpéte eksperimentala parauga ar glikozi un
vanilinu 30 un 90 dienu uzglabasanas laika 28 + 2°C temperatira /
Fig. 7. The study on peroxides formation in experimental sample with glucose
and vanillin during 30 and 90 days of storage at 28 #2 °C temperature

Petijuma noskaidrots, ka paraugos ar glikozi un vanilinu peroksida skaitlis
audzis straujak neka parauga bez vanilina. Vanilina un glikozes savstarp&jo
iedarbibu uz peroksida skaitli parada sakaribas konttrplaknés (8. att., 9. att.).

Salidzinot 30 un 90 dienas uzglabatu paraugu datus, var redzet, ka peroksidu
daudzumu produkta ietekm& pievienotais glikozes daudzums. Visvairak
peroksidi ir veidojusies parauga ar 30 % glikozes un 0.5 % vanilina p&c 30 un 90
dienam (8. un 9. att. P 1.2-1.4). Maksimalo efektu rada 5 % glikozes un 0.4 lidz

Okontrole péc 30 un 90
dienam/ control after 30
and 90 days

mar 30% glikozi péc 30 un
90 dienam/ with 30% of
glucose after 30 and 90
days

ar 30% glikozi un 0.2%
vanilinu p&c 30 un 90
dienam/ with 30% of
glucose and 0.2% of
vanillin after 30 and 90
days

0.5 % vanilina paraugos (8. att.) 30 dienu uzglabasanas laika.
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8.att. Sakariba vanilina un glikozes ietekmei uz peroksida skaitli eksperimentala
parauga péc 30 dienu uzglabasanas /
Fig. 8. Correlation of the effect of vanillin and glucose on the peroxide value in
experimental sample after 30 days of storage
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9.att. Sakariba vanilina un glikozes ietekmei uz peroksida skaitli eksperimentala
parauga péc 90 dienu uzglabasanas /
Fig. 9. Correlation of the effect of vanillin and glucose on the peroxide value in
experimental sample after 90 days of storage
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Paraugus uzglabajot 90 dienas, pozitivu efektu rada pievienotais vanilins
robezas no 0.4 lidz 0.5 % (9. att.).

Peroksidu veidoSanas sakaribas kontirlinijas, paraugos ar vanilinu
uzglabasanas laika paradija, ka vanilina piedeva no 0.2 lidz 0.3 % bremzg
peroksidu veidosanos ar maksimalo vertibu 0.26 % (10. att.). Ja parauga vanilins
nav pievienots, peroksidi pieaug straujak.

'\l

Vanilins / Vanillin, %

Dienas / Days

10.att. Peroksidu veidoSanas izpéte eksperimentala parauga ar vanilinu
uzglabasanas laika /
Fig. 10. The study on peroxides formation in experimental sample at the presence of
vanillin during of storage

Pievienojot glikozi, peroksida skaitla kapums ir lielaks, salidzinot ar
kontroles datiem un paraugu ar glikozes strupu. Tas biitu izskaidrojams ar
vienmerigak izklied&jamo glikozes strupu taukviela.

3. Monosaharidu oksidésanas konditorejas izstradajumos

Darba tika pétita glikozes oksidéSanas paraugos, uzglabajot paaugstinata
temperatira skabekla klatbuitng, turklat svarigi bija apzinat ar1 glikozes
oksidésanas produktu ietekmi uz tauku stabilitati uzglabasSanas laika.

Lai parbauditu glikozes oksideéSanas produktu iedarbibu uz taukvielu
stabilitati, sviestam tika pievienoti 0.5 % glikonskabes un 0.5 % glikuronskabes.
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11. attla redzams, ka glikonskabe un glikuronskabe ir veicinajusas peroksida
skaitla pieaugumu péc paraugu 30 un 90 dienu izturéSanas.
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11.att. Glikuronskabes un glikonskabes ietekmes izpéte peroksidu veido$ana
eksperimentalajos paraugos 30 un 90 dienu uzglabasanas laika 28 + 2°C

temperatiira /

Fig. 11. Effect of glucuronic and gluconic acid on the formation of peroxides in

experimental samples during 30 and 90 days storage
at28+x2°C

Analizéta eksperimentala parauga ar 30% glikozi, kas izturéts 90 dienas 28+
* 2°C temperatiira, glikonskabes un glikuronskabes klatbiitnes veidosanas netika

noverota.

4. Vara jonu ietekmes izpéte peroksidu veidoSana eksperimentalajos

paraugos

Darba tika parbaudita vara jonu ietekme uz eksperimentalo paraugu
stabilitati. Eksperimenti ar varu apstiprindja, ka daudzkomponentu sisttema
metala jonu ietekme oksidéSanas procesa veicinasana ir le€naka neka tiriem
taukiem (12. att.).
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12.att. Peroksidu veidoSanas izpéte eksperimentalajos paraugos ar vara joniem
30 dienu uzglabasanas laika 28 + 2°C temperatiira /
Fig. 12. Investigation of peroxide formation in experimental samples with copper ions

Sviests satur apméram 0.08 mg kg *! dazadu metalu piemaistjumu, kas var
sekm@t peroksidu veidosanos, ka ari citi mineralvielu parstavji, kas no piena ir

41.72
T

|.
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Okontrole ar vara joniem péc 30
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Oar vara joniem un 0.2%
vaniltnu/ with copper ions and
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M ar vara joniem un ar 30%
saharozi un 0.1% BHT/ with
copper ion and with 30%
sucrose and 0.1% BHT

during 30 days of storage at 28 + 2 ° C temperature

pargajusi sviesta.

Lai gan pievienotais antioksidants - butilétais hidroksitoluols (BHT) nesp&ja
kavet tauku oksidaciju, tomer paraugos ar vara joniem BHT efektivitate Tpasi

izc€las saharozes klatbutne (12. att.).

5. Dazadu taukvielu izpéte konditorejas izstradajumu kvalitates

We =W

nodroSinasanai

5.1. Cis- un trans- taukskabju jutiba peroksidu veido$ana

Darba analizéta konditorejas izstradajumu razoSana lietoto taukvielu

stabilitate modelvides, kuru var iespaidot citas sastavdalas.
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13. attela redzams, ka 30 dienas uzglabajot ,,Ekond” taukus 28 + 2°C
temperatiira, tie uzradija vismazako (0.27 + 0.02 mmol kg ') peroksida skaitli.
Eksperimenta sakuma peroksida skaitlis biitiski neatskiras ,,Acofect”, “Ekond”
un ,,Akotres” taukiem (p > 0.05). Augu taukiem “Confao”, “Acofect” un
“Akotres” peroksidu daudzums neatskiras pec 90 dienu izturéSanas (p > 0.05).
Tas norada, ka no oksidésanas viedokla nav biitisku atskiribu starp trans- un cis-
taukskabes saturoSajiem taukiem. Ta ka konditorejas izstradajumu receptiiras
tiek izmantotas dazadu izejvielu kombinacijas, So atzinu parbaudijam turpmakos
petijumos.

0.7 1
Bsakuma Ekond taukiem
(trans-)/ before storage
0.6 1 Bpéec 30 dienam/ after 30 days
o Bpéec 90 dienam/ after 90 days
2 05 1
= Osakuma Confao taukiem
E (trans-)/ before storage
<
> 0.4 Opéc 30 dienam/ after 30 days
=]
=
e
e Opéc 90 dienam/ after 90 days
2 0.3 -
E Osakuma Acofect taukiem
5 (trans-)/ before storage
'% 0.2 A Opéc 30 dienam/ after 30 days
5]
A~ .
Opéc 90 dienam/ after 90 days
0.1 1
A sakuma Akotres taukiem
(trans-)/ before storage
0 J

13.att. Peroksidu veidoSanas izpéte dazados konditoreja lietoto augu tauku
paraugos, uzglabajot 28 + 2°C temperatiira /
Fig. 13. The study on peroxides formation in various vegetable fat samples used in
confectionary during storage at 28 + 2 °C temperature

Konditorejas izstradajumos plasi tiek lietoti emulgatori. Parsvara
konditorejas izstradajumu razoSana izmanto sojas lecitinu un amonija fosfatidu,
ieglitu no rapsu, sojas un saulespuku ellam. Darba bija nepieciesams parbaudit
vai emulgatori var ietekmét peroksidu veidosanos.

Eksperimentu rezultati paradija, ka paraugos ar sojas lecitinu un amonija
fosfatidu palielinajas peroksidu veidosanas p&c 30 un 90 dienu iztur&Sanas
paaugstinata temperatiira (2. tab.).
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2. tabula / Table 2.

Peroksidu veido$anas izpéte sviesta ar emulgatoriem 30 un 90 dienu uzglabasanas
laika 28+ 2°C temperatiira /
The study of peroxide formation in butter samples with emulsifiers during 30 and 90

days of storage at 28 £2 °C temperature

Parauga nosaukums /
Sample

Peroksida
skaitlis pirms
izturéSanas /

Peroksida skaitlis
péc 30 dienam /
Peroxide value

Peroksida skaitlis
péc 90 dienam /
Peroxide value

amonija fosfatidu /

Butter with 1 % of
ammonium
phosphatide

Peroxide value after 30 days, after 90 days,
before storage, mmol kg * mmol kg *
mmol kg *
Sviests — kontrole / 0.18+0.02 0.30+0.02 0.48 £0.01
butter - control
Sviests ar 1 % sojas 0.18£0.02 0.53+£0.01 0.58 £0.01
lecitinu / Butter with
1 % of soy lechitin
Sviests ar 1 % 0.18 £0.02 0.73 £0.02 0.74 +0.01

Eksperimenta rezultata tika konstatets, ka emulgatori ir veicinajusi peroksidu
veidosanos. Emulggjot taukvielu, notiek taukskabju un skabekla mijiedarbiba.
Pievienotas izejvielas un partikas piedevas var ietekmé&t tauku oksidésanos,
veicinot vai bremzgjot peroksidu veidosanos (14. att.).
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(trans-)/ before storage

=
[\
1

Ear piedevam péc 30 dienam/
with additives after 30 days

_;I_ Osakuma Ekond taukiem
L (trans-)/ before storage
0.6 - [ Dlar piedevam p&c 30 dienam/
- with additives after 30 days
o [ K52 Oar piedevam péc 90 dienam/
E 0.5 4 - :::: with additives after 90 days
GE; [ 043 :’;: Dar piedevam péc 30 dienam/
= - T [ with additives after 30 days
S 0391 039 e
@ 0.4 1 i T [ Oar piedevam péc 30 dienam/
2 O with additives after 30 days
3
& Oar piedevam péc 90 dienam/
%03 with additives after 90 days
E Esakuma Acofect taukiem
e
=
Y
o
5
&

Ear piedevam péc 90 dienam/

0.1 4 with additives after 90 days
Esakuma Akotres taukiem
(trans-)/ before storage
0 m

14.att. Peroksida skaitla izmainas taukvielu paraugos ar 30 % saharozes, 10 %
ddens un 1 % emulgatoru piedevu 30 un 90 dienu uzglabasanas laika 28 + 2°C
temperatiira /
Fig. 14. Changes of peroxide value in vegetable fat samples with 30 % of sucrose,
10 % water and 1% emulsifier during 30 and 90 days of storage at 28 £2 °C
temperature

legltie rezultati paradija, ka peroksidu veidoSanos konditorejas
izstradajumos var veicinat arT to pildijumu sastava ietilpstosas izejvielas, lietotas
partikas piedevas, tehnologiska procesa rezimi, ka ari uzglabasanas apstakli.
Pildijumos, pieméram, konfektes ar auglu — ogu biezeni, iebiezinato pienu un
citam tdeni saturosam izejvielam, labak izmantot “Acofect” taukus, jo tie ir
stabilaki ilgstosas uzglabasanas laika.

5.2. Brivo taukskabju veidoSanas izpéte konditorejas izstradajumu
modelvidés dazadu izejvielu ietekme

Neatrisinats literatira un praksg ir jautajums par brivo taukskabju veidoSanos
konditorejas izstradajumos. Tauku hidrolizes laika radusas taukskabes var
ietekmé@t produktu sensoras Ipasibas, seviski smarzu. Tas radija nepiecieSamibu
petjuma noskaidrot tauku hidrolizi veicinoSos un kavgjoSos faktorus.
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Eksperimentalajos paraugos ar mono- un disaharidiem, ka arT ar polioliem
veidojas dazads brivo taukskabju saturs (15. att.). 15. att. ir redzams, ka paraugos
ar dazadiem oglhidratiem (iznemot laktozi) ir notikusi brivo taukskabju
veidosanas 90 dienu izturéSanas laika. Sviestam ar saharozi brivo taukskabju
saturs bija mazaks gan p&c 30 dienu (0.51 £ 0.01 %), gan p&c 90 dienu (0.67 +
+ 0.01%) uzglabasanas, salidzinot ar vienadas koncentracijas pievienoto glikozi,
fruktozi un laktozi. Brivo taukskabju saturs butiski at$kiras paraugos ar sorbitolu
un maltitolu p&c 30 dienu uzglabasanas, salidzinot ar kontroli.

1.6 - Okontrole p&c 30 un 90 dienam/
control after 30 and 90 days

14 1 ar sharozi péc 30 un 90 dienam/

with sucrose after 30 and 90
days

Bar glikozi péc 30 un 90 dienam/
with glucose after 30 and 90
days

Bar lakotozi péc 30 dienam/ with

0.75  lactose after 30 days
=

0.8

B ar fruktozi péc 30 un 90 dienam/
with fructose after 30 and 90
days

0.4 1 B ar sorbitolu péc 30 un 90

dienam/ with sorbitol after 30
and 90 days

Oar maltitolu péc 30 un 90
dienam/ with maltitol after 30
and 90 days

Brivo taukskabju daudzums/ Free fatty acids %

([ ILTETTIII T TETEETTEIIO

15. att. Brivo taukskabju veidoSanas eksperimentalajos paraugos ar 30%
oglhidratu un saldinataju piedevu péc 30 un 90 dienu uzglabasanas 28 =2 °C
temperatiira /

Fig.15. The formation of free fatty acids in experimental samples with 30% of
carbohydrates and sweeteners after 30 and 90 days of storage at 28 + 2 °C

Salidzinot brivo taukskabju veidoSanos ar peroksidu veidosanos paraugos ar
oglhidratiem un saldinatajiem (2. att.), konstatéts, ka izveletie uzglabasanas
apstakli ir veicinajusi brivo taukskabju un peroksidu veidoSanos.

Brivo taukskabju saturu ietekmé& ari tGdens saturs produkta. Pievienojot
citronskabi, brivo taukskabju veidoSanas eksperimentalajiem paraugiem ar
glikozes sTrupu ir strauji pieaugusi péc 90 dienu uzglabasanas (16. att.).
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16. att. Brivo taukskabju veido$anas izpéte eksperimentala parauga ar 30%
glikozes sirupa piedevu citronskabes klatbaitné 30 un 90 dienu uzglabasanas laika

Okontrole p&c 30 un 90 dienam/
control after 30 and 90 days

War 30% glikozes sirupu péc 30 un
90 dienam/ with 30% of glucose
syrup after 30 and 90 days

War 30% glikozes sirupu un 1%
citronskabi p&c 30 un 90 dienam/
with 30% of glucose syrup and
1% of citric acid after 30 and 90
days

Bar 10% tidens péc 30 un 90
dienam/ with 10% of water after
30 and 90 days

28 + 2°C temperatara /

Fig. 16. The study on formation of free fatty acids in experimental sample with 30% of
glucose syrup in the presence of citric acid during 30 and 90 days of storage at

28 £2 °C temperature

Petfjumos tika konstatéts, ka brivo taukskabju veidoSanos ietekmé& arl
vanilins, kas paraugos ar glikozes sirupu un glikozi ir palielindjis brivo
taukskabju veidoSanos, salidzinot parauga ar tiru glikozi rezultatus uzglabasanas

laika (17. att.).
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1.6 4 Okontrole péc 30 un 90 dienam/
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§ 1.4 A
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8 1.2 1 90 dienam/ with 30% of glucose
8 syrup after 30 and 90 days
= ] 094
% =] War 30 % glikozes sirupu un 0.2%
ksl vanilinu péc 30 un 90 dienam/
= .
= 0.8 1 with 30% of glucose syrup and
2, 0.2% of vanillin after 30 and 90
§ days
2 0.6 1 Dar 30 % glikozi p&c 30 un 90
§ dienam/ with 30% of glucose after
o 30 and 90 days
|E 04 T
m
Bar 30 % glikozi un 0.2% vanilinu
0.2 1 péc 30 un 90 dienam/ with 30% of
glucose and 0.2% of vanillin after
0 4 30 and 90 days

17. att. Brivo taukskabju veidoSanas izpéte eksperimentala parauga ar 30 %
glikozes sirupa/glikozes piedevu un vanilinu 30 un 90 dienu uzglabasanas laika
28+ 2°C temperatiira /

Fig. 17. The study on free fatty acids formation in experimental sample with 30% of
glucose syrup/ glucose and vanillin during 30 and 90 days of storage at
28 £2 °C temperature

Konditorejas izstradajumos cukura daudzums ir loti atskirigs, tapéc petijuma
bija janoskaidro ka taukvielu stabilitati ietekm& pievienotais oglhidratu
daudzums, arT varamais sals.

Lai noteiktu taukvielu stabilitati, visam taukvielam tika pievienota 15 un 30%
saharoze un 1% varamais sals.
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3. tabula / Table 3.

Brivo taukskabju veido$anas izpéte dazadas taukvielas ar saharozi un varamo sali /
The study of free fatty acids formation in various fats with sucrose and salt

Paraugi / Samples Brivas Brivas Brivas
taukskabes | taukskabes | taukskabes
sakuma/ péc 30 pec 90
Free fatty dienam / dienam /
acids Free fatty Free fatty
before acids after acids after
storage, % | 30days, % | 90 days, %
Sviests/ Butter 0.85 +0.01 0.96 £0.01 1.24 +£0.01
Sviests ar 15 % saharozi/ 0.81 +0.02 0.99 +0.01
Butter with 15 % sucrose
Sviests ar 30 % saharozi/ 0.51+0.01 0.67+0.01
Butter with 30 % sucrose
Sviests ar 1 % varamo sali/ 0.72 £0.01 1.0 +£0.02
Butter with 1 % salt
Kakao sviests/ 1.56 £0.01 1.58 £0.01 1.61 £0.02
Cocoa butter
Kakao sviests ar 15 % saharozi/ 1.53 +£0.01 1.55 +0.03
Cocoa butter with 15 % sucrose
Kakao sviests ar 30 % saharozi/ 1.28 £0.01 1.32 £0.02
Cocoa butter with 30 % sucrose
Kakao sviests ar 1 % NaCl / 1.53 £0.02 1.54 £0.01
Cocoa butter with 1 % NaCl
Augu tauki ,,Confao”/ 0.08 +0.02 0.11 £0.01 0.13 £0.01
Vegetable fat ,, Confao”
Augu tauki ,,Confao” ar 15 % 0.10 +0.01 0.12 +0.01
saharozi / Vegetable fat
,, Confao "with 15 % sucrose
Augu tauki ,,Confao” ar 30 % 0.07 £0.01 0.09 £0.01
saharozi / Vegetable fat
,, Confao "with 30 % sucrose
Augu tauki ,,Confao” ar 0.08 +0.02 0.10 +0.01
1 % varamo sali / Vegetable fat
,, Confao” with 1 % salt

legttie rezultati norada wuz atS8kirigu brivo taukskabju saturu
eksperimentalajos paraugos (3. tab.). Turklat rezultatus var skaidrot ar1 ar
atSkirigu produktu sastavu. Hidrogeng&tie tauki satur pamata taukus, bet sviests
arT mineralvielas, laktozi, olbaltumvielas un vitaminus, arT enzimus.

Brivo taukskabju saturu p€tamajos paraugos ietekm& gan pievienotais
saharozes daudzums, gan uzglabasanas laiks un temperattira, gan taukvielas
daudzums. Brivas taukskabes paraugos ar sviestu dazadas saharozes
koncentracijas ietekmé p&c 30 un 90 dienu izturésanas ir veidojusas 1eénak neka
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tira sviesta. Brivo taukskabju saturs butiski neatskiras parauga ar kakao sviestu
un 15 % saharozi péc 30 un 90 dienu izturé$anas (p > 0.05), bet paraugos ar
30 % saharozi brivo taukskabju veidoSanas ir notikusi l&nak. Parauga ar
hidrogenétiem augu taukiem un 15 un 30 % saharozi brivo taukskabju saturs pec
30 un 90 dienu uzglabasanas nav bitiski mainijies.

P&c iegiitajiem rezultatiem var secinat, ka arT NaCl kavé brivo taukskabju
saturu produkta. Ipasi parauga ar sviestu (3. tab.). Sviestam ar 1 % varamo sali
brivo taukskabju saturs pec 30 dienu iztur€Sanas ir 0.72 = 0.01 %, bet kontrolei
0.96 = 0.01%. P&tjjuma rezultata var secinat, ka varamais sals konditorejas
izstradajumos kave brivo taukskabju veidoSanos uzglabasanas laika.

5.3. Eksperimentalo paraugu mikrobiologisko raditaju izpéte

Darba tika parbauditi eksperimentalo paraugu mikrobiologiskie raditaji.
Eksperimentalajiem paraugiem ar 10 un 30 % oglhidratu tika noteikts mezofilo
aerobo un fakultativi anaerobo mikroorganismu skaits, zarnu niijinu grupas
bakteriju klatbiitne, raugi un pel&jumi péc 30 dienu uzglabasanas 28 + 2 °C
temperatura.

Parauga ar 10% glikozi konstatéts ievérojams mezofilo aerobo un fakultativi
anaerobo mikroorganismu KVV skaits (18. att.). 30% koncentracija glikoze un
saharoze ir konservgjosi darbojusas mikroorganismu augsSanas kav&Sana. Arl
saharozes 30% koncentracija ir bremz&jusi raugu un pelgjumu vairoSanos
analiz€taja parauga (19. att.).

Pelgjumu KVV skaits samazinas, pievienoto oglhidratu osmotiska spiediena
rezultata. Oglhidrati samazina paraugu Gdens aktivitati, attiecigi briva tidens
daudzumu, kas nepiecie$ams raugu un pel&jumu vairos$anai (Parish, 2007).
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18. att. Mezofilo aerobo un fakultativi anaerobo mikroorganismu skaits
eksperimentalajos paraugos péc 30 dienu uzglabasanas 28 + 2°C temperatira /
Fig. 18. Total plate count in experimental samples after 30 days of storage at 28 +2 °C
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19. att. Pelejumu KVYV skaits eksperimentilajos paraugos ar oglhidratiem 30 dienu
uzglabasanas laika 28 + 2°C temperatiira /
Fig. 19. Molds CFU in experimental samples with carbohydrates during 30 days of
storage at 28 +2 °C temperature

P&tjjuma vertéta vanilina iedarbiba mikroorganismu vairoSanas kavéSana
eksperimentala parauga uzglabasana. Paraugam ar vanilinu mezofilo aerobo un
fakultativi anaerobo mikroorganismu koloniju veidojoso vienibu skaits
uzglabasanas laika praktiski nav mainijies (20., 21. att.). ArT varamais sals 1 %
koncentracija ir kav&jis mezofilo aerobo un fakultativi - anaerobo
mikroorganismu vairoSanos (20. att.).
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20. att. Mezofilo aerobo un fakultativi anaerobo mikroorganismu
skaits eksperimentalos paraugos ar vanilinu un varamo sali 30 dienu uzglabasanas
laika 28 + 2°C temperatiira /

Fig. 20. The total plate count in the experimental samples with vanillin and salt
during 30 days of storage at 28 +2 °C temperature
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21. att. Peléjumu KVV skaits eksperimentalos paraugos ar vanilinu un varamo sali
30 dienu uzglabasanas laika 28 + 2°C temperatiira /
Fig. 21. Mold CFU in the experimental samples with vanillin and salt during 30 days
of storage at 28 +2 °C temperature

Galvenie faktori, kas ietekm& pelgjuma augSanu, ir produkta sastavs,
uzglabasanas apstakli (temperattira, gaisa relativais mitrums), produkta pH un
tdens aktivitate. Petfjumu rezultata var secinat, ka oglhidratu pievienosana 30 %
koncentracija spgj kavét mikroorganismu vairoSanos, uzglabajot paraugus
paaugstinatas temperattiras apstaklos. Turklat izmantotas sals koncentracija, ar
vanilins spgj aizkavét mikroorganismu vairo$anos. Ir jaatzime, ka konditorejas
izstradajumi ir bagatigi taukus saturosi produkti un no kvalitates viedokla
galvenais ir kavét/noverst tauku oksidésanos un hidrolizi.
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6. Dazu konditorejas izstradajumu izejvielu un gatavo produktu kvalitates
veértéSana

Konditorejas izstradajumu izejvielas un razoSanas procesa radusies
savienojumi var ietekmé&t gatava produkta kvalitati. Partikas produktu razoSana
ka primarais ir jaizvirza jautajums par kvalitattvu produktu razoSanu, tapec ir
svarigi novertét izejvielu kvalitati saldumu razosana, jo tos iegadajas praktiski
visos pasaules regionos.

6.1. Kakao pupu kvalitativie raditaji

Petijuma tika analizétas Forastero Skirnes kakao pupas, kas audzgtas
Kamertina, Ekvadora, Nigérija un Gana. Tam noteikts mikroelementu un smago
metalu saturs, analizGta kakao pupu oksidativa stabilitate konditorejas
izstradajumu kvalitates nodroSinasana.

Dazadas izcelsmes kakao pupas noteiktais smago metalu saturs paradits 4.
tabula. Rezultati atklaja ieveérojamu atskiribu smago metalu satura kakao pupas,
Ipasi svina un kadmija koncentracija. Dzivsudraba un arséna koncentracijas
butiskas atskiribas (p>0.05) netika noverotas. Lielaka kadmija koncentracija tika
noteikta Ekvadoras kakao pupas. Cinka saturs butiski neatSkiras (p> 0.05)
analizetajiem kakao pupu kodolu paraugiem. Cinka saturs bija lielaks kakao
pupu mizas, 1pasi no Ekvadoras kakao pupam iegiitas (p <0.05), turklat atskiribas
starp paraugiem bija bitiskas (p <0.001) (5. tab.).

4. tabula / Table 4.
Smago metalu saturs kakao pupas /
The content of heavy metals in cocoa beans

Noteiktie | **Robez- Kakao pupu izcelsmes vieta/ Cocoa beans origin
| ; g?é;];:, s Yﬁ?rl : i/ Kamertina/ | Ekvadora/ Ni_ géri_j a/ Gana/
hold, Camerooln, Ecuadog, ngerlal, Ghanal,
mg kg ! mg kg - mg kg - mg kg - mg kg -
*Dzivsud 0.1 <0.01 <0.01 <0.01 <0.01
-rabs/
Mercury
Arséns/ 1.0 <0.06 <0.06 <0.06 <0.06
Arsenic
Svins/ 1.0 0.37+0.05% |0.33+£0.04® | 0.52+£0.07* | 0.32+0.04°
Lead
Kadmijs/ 0.5 0.05+£0.01% | 0.20+0.04* |0.020+0.003¢ |0.017+0.003¢
Cadmium

* NoteikSanas robeza 0.01 mg kg'/The detection threshold 0.01 mg kg*.
** Komisijas Regula Nr. 1881/2006/ Commission Regulation No. 1881/2006

Vienadi burti apzimé paraugus bez bitiskam atSkiribam /Similar letters indicate no

significant difference among samples (p>0.05)
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5.tabula /Table 5.

Seléna, cinka un aluminija saturs kakao pupas /
Selenium, zinc and aluminium content in cocoa beans

Kakao pupu Kodoli / Kernels Mizas / Shells
iegliSanas
vieta/
Place of Se* Zn Al Se* Zn Al
cocoa beans mgkg' | mgkg! | mgkg' | mgkg )| mgkg! | mgkg-!
origin
Kameruna / <0.1 5045 | 9.240.9¢ | <0.1 606> | +6%0-3
Cameroon
b
Ekvadora / <0.1 sgr60 | 121¢ | <01 | 190s200 | 0109
Ecuador
T — .. b
Nigerija / <0.1 495 | 162> | <01 | e1zev | 0809
Nigeria
Gana (Ghana |, | S1e5 | s4xse | <01 | esep | 8T

*Noteik3anas robeza 0.1 mg kg'!/The detection threshold 0.1 mg kg,
Vienadi burti apzimé paraugus bez butiskam atskirtbam/Similar letters indicate no
significant difference among samples (p>0.05)

Kakao pupu oksidativa stabilitate tika apstiprinata, veicot eksperimentalo
paraugu test€Sanu paatrinatas bojasanas apstaklos. Tika analiz&ta kakao pupu
antioksidativa iedarbiba pievienojot sviestam grauzd&tus un sasmalcinatus kakao
pupu kodolus 36 % koncentracija un izturot paraugus modelvidé 30 dienas
2842°C. Izvéletais kakao saturs paraugos bija lidzigs kakao koncentracijai piena
Sokoladé. Eksperiments paradija, ka uzglabasanas laika netika konstatStas
butiskas atSkiribas starp Ganas un Niggrijas kakao pupu kodolu paraugiem
(p<0.05) un to oksidativa stabilitate bija praktiski vienada.

Petijuma konstatgts, ka visefektivak peroksidu veidoSanos kaveéja Ekvadoras
kakao pupas.

Analizgjot noteiktos raditajus, var izveéleties piemerotakas kakao pupas jaunu
receptiiru izstradei. Receptiiras, kur parsvara tiek izmantoti piena tauki, labak
izveleties kakao pupas ar augstaku antioksidativo iedarbibu, pieméram,
Ekvadoras kakao pupas, kas visefektivak novérsa peroksidu veidoSanos
analiz&tajos paraugos.
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6.2. Sokolades un zefira kvalitates novertesana

Darba tika analize€ta ari1 dazadu sastavu Sokolades masas stabilitate
uzglabasanas laika. Analizei izmantotas Sokolade ,Laima Piena”, tumsa
Sokolade ,,Lukss” un Sokolade ,,L.aima Riigta” ar kakao produktu saturu attiecigi
36 %, 53 % un 70 %. Eksperimentos konstatgts, ka peroksidu daudzums piena,
tum$aja un riigtaja Sokoladé bija praktiski vienads. Tas nozimé, ka piena
Sokolade esosais polifenolu daudzums, ir pietiekams, lai nomaktu peroksidu
veidoSanos. Palielinats kakao produktu daudzums var bitiski izmainit citu
biologiski aktivo savienojumu, tai skaitd mikro- un makroelementu daudzumu,
l1dz ar to konditorejas izstradajumu kvalitati (Sager, 2012).

6. tabula / Table 6.

Mikro- un makroelementu daudzums ,,Laimas” $okolades /
Quantity of micro- macroelements in ,,Laima” chocolates

Sokolades veids / Dzelzs / Kalcijs / Kalijs /
Type of chocolate Iron, Calcium, Potassium,

mg kg ! mg kg ! mg kg !

Piena Sokolade 36 % kakao / 30+4 1240 £ 120 43+£04
Milk chocolate 36 % cocoa

Tumsa Sokolade “Lukss”/ 53+7 290 £ 30 2.7+£0.3

Dark chocolate “Lukss”

Rugta Sokolade 70 % kakao / 124+ 18 420+40 6.3+0.6

Bitter chocolate 70 % cocoa

6. tabula redzams, ka dzelzs, natrija un kalija saturs vislielakais ir rigtaja
Sokolade. Kalciju vairak satur piena Sokolade.

Pamatojoties uz iepriekSmin&to p&tijumu atzinam, darba izstradata Sokolades
konfeksu “Asorti” receptiira ar 99.9 % kakao, nepievienojot cukuru. Konfeksu
pildijumu sastava izmantots abolu biezenis, cukurs, bet uzturvertibas
paaugstinasanai pievienots mentols, Korejas Zensena ekstrakts un ingvers.

Tika izstradata receptiira zefiriem glazétiem Sokolad€, izmantojot abolu
biezeni un smiltsérksku spiedpalieku piedevu (7. tab.). Izstradajot receptiras, ir
svarigi izmantot izejvielas ar biologiski aktivam vielam, ka ari saglabat $o vielu
aktivitati raZzoSanas procesa.
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7. tabula / Table 7.

Skiedrvielu saturs zefiros /Fiber content in zephyr

Nr./ Parauga nosaukums / Skiedrvielu daudzums/
No Sample Fibers content , %
1. ,.Kréjuma” zefirs Sokolade (99.9% kakao 0.42

saturs)/ Zephyr ,, Kréjuma” in chocolate
(99.9%o0f cocoa)

2. »Kréjuma” zefirs ar 3% smiltserksku piedevu 1.20
Sokolade (99.9% kakao saturs) /
Zephyr,, Kréjuma” with 3 % of sea buckthorn
marc in chocolate (99.9% of cocoa)

Rezultati paradija, ka 3 % smiltsérksku spiedpalieku pievienoSana zefira
palielinagja Skiedrvielu saturu un wuzlaboja produkta sensoros raditajus,
neizmainot biologiski aktivo savienojumu saturu un kvalitati. Zefira paraugos ar
smiltserk$ku spiedpaliekam lizocima saturs bija 1-2 pg ml™.

7. Eksperimentos iegiito rezultatu kopsavilkums un priekslikumi

Eksperimentos tika konstatéts, ka oglhidratu klatbiitn€ tiek kavéta peroksidu
veidos$anas un/vai nodroSinata eksperimentalo paraugu stabilitate.

Peroksidu un brivo taukskabju veidosanas produkta ir atkariga no receptiiru
sastava ietilpstosajam izejvielam, to sastava, arT lietotajam partikas piedevam,
tehnologiska procesa reZimiem un uzglabasanas apstakliem.

Petfjumos iegiitos rezultatus var izmantot, izstradajot jaunas konditorejas
izstradajumu receptiiras un produktus.

Darba tika apstiprinata izvirzita hipotéze, ka konditorejas izstradajumu
sastavdalu savstarp&ja mijiedarbiba ietekme produktu kvalitati un uzglabasanas
ilgumu.

Varigjot izejvielas, var aizkavét nevélamo savienojumu veidoS$anos un
nodros$inat kvalitativas produkcijas razoSanu.

Lai uzlabotu un nodroSinatu konditorejas izstradajumu Kkvalitati,
paaugstinatu to uzturvertibu, raZotajiem, izstradajot receptiiras ieteicams

1. Parbaudit receptira izmantoto sastavdalu mijiedarbibu peroksidu

veidoSana, nepiecieSamibas gadijuma varigjot piedevu izveli, pieméram,
aizvietojot oglhidratus ar saldinatajiem, ieteicams parbaudit to
mijiedarbibu ar citam receptiira esoSajam sastavdalam, pamata taukiem.

2. Receptiiras izmantotam taukvielam parbaudit hidrolizes iespgjamibu un

oksidésanos temperatiiras, kas raksturigas tehnologiskajiem procesiem,
receptiird izmantoto citu izejvielu un partikas piedevu klatbuitng.
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. Taukvielam bagatos pildijumos, pievienojot auglu-ogu biezenus, var
novérot peroksidu un brivo taukskabju veidosanos ilgstosa uzglabasanas
laika.

. lepérkot kakao pupas un citas izejvielas, parbaudit mikro- un
makroelementu saturu.

. Peétniecisko darbu ietvaros biitu jaizstrada efektivakas analitiskas metodes
un iegiitie rezultati jaizmanto kvalitativas produkcijas nodroSinasanai.

SECINAJUMI

. Petfjumos iegilitie rezultati apstiprina izvirzito hipotézi: konditorejas
izstradajumu izejvielu savstarpéja mijiedarbiba ietekmé produktu
kvalitati un uzglabasanas ilgumu.

Petitie oglhidrati un saldinataji (polioli) atSkirigi ietekm& taukvielu
stabilitati uzglabasanas laika, pievienojot tos vienadas koncentracijas.
Polioli satur vairak brivas hidroksilgrupas, nodro$inot tidens piesaisti un
kavgjot peroksidu veidosanos.

Pievienotais glikozes strups, ta daudzums (15 Iidz 50%) batiski ietekmé
taukvielu stabilitati. Palielinoties saistita Gidens daudzumam taukvielu
maisijuma, samazinas peroksidu veido$anas pétitajas modelvides.

. Briva Gdens klatbiitne taukvielu maisTjuma veicina straujaku peroksida
skaitla pieaugumu model&taja produktu uzglabasanas laika.

. Pétijuma noskaidrots, ka paraugiem ar vanilinu peroksida skaitla
pieaugums ir [€naks neka ar vanilu. To skaidro at$kirigais vanilina sastavs
un funkcionalo grupu pasibas.

. Butileta hidroksitoluola mijiedarbiba ar saharozi mazinaja vara jonu
veicinato peroksidu veidoSanos paraugos péc 30 dienu iztur€Sanas
28+2°C, pieradot, ka daudzkomponentu sisttma metala jonu ietekme ir
lenaka neka tiriem taukiem.

. Brivo taukskabju saturu petamajos paraugos ietekmé taukvielas un
saharozes daudzums, gan uzglabasanas laiks un temperattira.

. Izveletas eksperimentalo paraugu sastava kombinacijas sp&j ierobezot
mikroorganismu vairo$anos, tostarp raugu un pel&§jumu darbibu.

. Analizétas kakao pupas atSkiras ar pH, @idens, tauku, svina, kadmija,
aluminija un cinka saturu. Sastava un kvalitates atSkiribas ir janem vera,
izveloties receptiru sastavdalas konditorejas izstradajumiem, to kvalitates
nodro§inasanai un oksidacijas procesa kavésanai.
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TOPICALITY OF THE RESEARCH

Consumption of confectionery products is growing globally, including
Latvia. Therefore, it is necessary to pay more attention to studies related to
confectionery, particularly to the content of composition of sweets and
importance of it in nutrition and quality assurance by combining ingredients of
different origins.

According to literature review, it is justified that the several factors determine
the quality of food products: confectionary ingredients, their composition and
quality; mutual interactions among them, interaction of ingredients and food
additives; prevention of undesirable compounds in the products using food
additives as well as compounds which are formed during interaction of
ingredients.

One of undesirable compounds in food products are peroxides, which are
formed during oxidation of fats. This process can be promoted by other factors,
for instance, the presence of metal ions in ingredients.

The analysis of confectionery product composition allows to discuss the
presence of undesirable compounds as well as formation possibilities of them
during product storage time.

Comparing wide range of foods and analyzing studies about their impact on
the consumer health and well-being, there is not enough research findings in the
scientific literature about the formation of undesirable compounds during
production and storage of confectionery products as well as the possibilities to
prevent their formation; moreover, the interaction among ingredients in the
confectionery products and their impact on product quality during the shelf-life
has not been studied.

Therefore, in this research work the formation of the peroxides has been
studied in the model systems in an accelerated storage conditions that can
promote the oxidation and hydrolysis processes, as well as the possibility to
analyse the potential catalytic effect of heavy metals on the formation of
peroxides in fat containing confectionery.

Comparing confectionery product compositions, those with a high fat
content, treated in production process within high temperatures, can show higher
oxidation and hydrolysis process rates in the ready products. To limit this, in
further research more attention must be paid to mutual interactions of ingredients
used in confectionery production, analysing factors that can influence these
processes and to work out the measures to prevent them.

In Latvia, the scientific studies aren’t provided about confectionery products
quality assurance as well as evaluation of interaction among ingredients used in
confectionery production and analyses of separate ingredient effect on food
product quality.

The solution of these issues and knowledge can develop the proposals for
improving the quality of confectionery products and maintaining the nutritional
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value, as well as highlighting trends in the development of new functional
products and their quality assurance.

Hypothesis of the Doctoral dissertation: interactions among confectionery
ingredients affect the quality and shelf life of products.
Hypothesis of the Doctoral dissertation is proved by the defended thesis

1.

2.

The presence of carbohydrates ensures the stability of fats in modelated
storage conditions.

The oxidation process in fat-rich multicomponent systems is slower
compared to pure fats.

The differences in the composition and quality of cocoa beans grown in
different world regions affect the stability of confectionery products
during storage.

Object of the Doctoral dissertation is confectionery ingredients — lipids:
butter, cocoa butter and vegetable fat; sweet substances: sucrose, glucose
(glucose syrup and anhydrous glucose), fructose, lactose; sweeteners: sorbitol
and maltitol; emulsifiers: soy lecithin, ammonium phosfatide; acids: citric acid;
flavourings: vanillin and vanilla; other ingredients: cocoa beans and apple puree,

water.

The objective of the Doctoral dissertation is to analyze the interaction of
confectionery ingredients to ensure confectionery products stability and quality.

The tasks of the Doctoral dissertation are

1.
2.

To evaluate the effect of carbohydrates to ensure stability of fats.
To verify the stability of various fats to ensure confectionery products
quality.

. To analyze cocoa beans composition and its impacts on the final product

quality.
To investigate the influence of the biologically active components to
ensure confectionary products quality.

Scientific novelty of the Doctoral dissertation

1.

2.

Evaluated mutual interaction of ingredients used in confectionery
analyzing their role in quality assurance.

During experimental studies there are obtained new ideas about
possibilities to minimize content of peroxides and free fatty acids during
production and storage processes of confectionery.

Approved by experiments that carbohydrates prevent oxidation processes
in fat-rich confectionery products.
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Economical significance of the Doctoral thesis

1. The results of the research are applicable to the production of classical
and new confectionery products to ensure quality and maintain their
nutritional value.

2. The findings of the experiments justify the necessity to determine
additional criteria for ingredients (peroxides, free fatty acids, heavy
metals) to ensure the quality of the ingredients used for the production of
confectionery products.

3. The results of the doctoral thesis allow to continue investigations with the
aim to reduce the usage of the synthetic food additives in confectionery
products.

APPROBATION OF THE RESEARCH WORK

The study results are summarized and published in 8 peer-reviewed
scientific publications (see the list on page 7).

The results of the research work have been presented in 7 international
scientific conferences: Latvia, Lithuania, Austria and Spain (see the list on

page 9).
MATERIALS AND METHODS

The research has been performed from 2003 until 2018 year at the:

Laboratory of SC Laima (determination of peroxides, free fatty acids, dry
matter and fat content, sensory indicators) and Microbiological laboratory
(determination of total plate count, coliform bacteria, yeasts and moulds).

Laboratory of Chemistry at the Faculty of Food Technology of Latvia
University of Agriculture (determination of peroxides, lysozyme activity).

Laboratory of the Faculty of Materials Science and Applied Chemistry of the
Riga Technical University (determination of peroxides).

Laboratory of Food Surveillance of the Food and Veterinary Service
(determination of peroxides, composition and quantity of free fatty acids, fiber
content, macro- and microelements (Ca, Mg, Fe, Na).

Institute of Food safety, Animal Health and Environment "BIOR"
(determination of Se, Zn, Ca, K, Fe, Na, Al, Hg, As, Pb, Cd). Laboratory of
Institute of Microbiology and Biotechnology of the University of Latvia
(determination of concentration of amber acid).

Laboratory of SC “Palsgaard” (Denmark) (determination of glucuronic acid
and gluconic acid).

Materials used in the study

Sugars and sweeteners. Monosaccharides (anhydrous glucose, glucose syrup
and fructose), disaccharides (sucrose, lactose) and sweeteners - polyols (sorbitol,
maltitol) are used in the study.
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Lipids. Butter with fat content 82.5 % and moisture 16 % produced at SC
»Riga dairy”, cocoa butter produced from Ghana’s cocoa beans and vegetable
fats ,,Confao” and ,,Akofect ” (producer “AAK”, Sweden), ,,Ekond” (producer
“Efko”, Russia) and ,,Akotres” (producer “AAK”, Sweden) were used for
experiments.

Emulsifiers. Soy lecithin (E322) and ammonium phosphate (E442) were used
in the study.

Flavourings and citric acid. In the experiments Madagascar Bourbon vanilla
powder, vanillin (identical natural) and citric acid were used.

Other ingredients. The quality of cocoa beans was analyzed evaluating
Cameroon, Ecuador, Nigeria, Ghana cocoa beans, an apple puree was tested. as
well.

The direction of the doctoral dissertation is the study of the quality of
confectionery products, by analyzing the mutual interaction of ingredients and
by evaluating the formation of fat oxidation and hydrolyses products as well as
factors that inhibit these processes. The study's structure schematically is shown
in Fig. 1.

The most widely used confectionery ingredients like butter, sugar, cocoa,
vanillin and vanilla were used in experiments. The variety of confectionery
ingredients, their seasonality and differences in origin were evaluated and series
of studies were carried out in the work. This can explain the different peroxide
values in different experiments due to the use of diverse ingredients and time in
the study. The results obtained in all experiments (peroxide value) are expressed
in mmol kg! lipid.

Special model systems with basic confectionery ingredients were developed
for the study to investigate mutual interactions and processes in confectionery
products during storage time compared to oxidation of pure fat.

Test samples were prepared under the same conditions and stored in a
thermostat during 30 and 90 days at 28 + 2 °C. Separated studies were performed
with samples stored at 5 & 2°C for 210 days. The selected temperature of 28+ 2°C
corresponds to the conditions of accelerated product deterioration.

It allows to accelerate research progress, to judge the quality / stability of
samples and to obtain data for the assessment of the situation.

This process is implemented using Q10 value. Q10 value means the
temperature difference (10°C) expressed by the following equation:

Ql10=t (°C)+10°C (1)
where: Q10-accelerated damage conditions
t- accepted temperature for storage of sweets (18-20°C), °C.

If the sample/ product is stable during the selected storage period, it will show
2 times more stability under normal storage conditions (Kong, Singh, 2011;
Taoukis et al., 2015).
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Such research conditions are practiced in the food industry and used in
experimental laboratories of various foreign firms to analyze the possible
deterioration of food products and to model processes and solutions to prevent
them.

At the beginning of the experiment, the peroxide value in pure fat and in
samples with different additives measured.

In the study was controlled:

1. Quality of mix of carbohydrates and fats in model systems, by analyzing
formation of peroxides and free fatty acids. Butter was used as a basic
ingredient to study fat stability, therefore peroxides and free fatty acids
were determined.

2. Effect of vanillin, vanilla and citric acid as well as influence of water to
the quality of confectionery products.

3. Influence of cocoa beans, apple puree and sea buckthorn on chocolate and
zephyr quality.

4. The influence of metal ions (Cu?*) on the formation of peroxides in
experimental samples and the presence of carbohydrates oxidation
products - glucuronic acid and gluconic acid was checked.

5. The microbiological quality of experimental samples during accelerated
product deterioration time.

In the study new recipes of chocolate sweets and zephyr in chocolate were
developed, and verification of recipes was carried out in production conditions.

Tested samples were prepared under the same conditions and stored in a
thermostat during 30 and 90 days at 28 + 2 °C. Separated studies were performed
with samples that were stored at 5 £+ 2°C for 210 days. The selected modes allow
to evaluate the stability of the products, including changes of quality in
accelerated deterioration conditions.

Applied research methods
Analyses methods and standards have been summarized in Table 1.

The data analysis

Data analysis was performed using data statistical methods. Mean value and
standard deviation were determined from the experimental results obtained in
five repetition. Data were analyzed by one factor dispersion analysis using MS
Excel and SPSS program package SPSS 11.0. and program package MathCad
14. Analytical connections among amount of peroxides and vanilla and glucose
concentration were developed on the short — range order quadratic method.
Results of sensory evaluation were analyzed by analysis of variance ANOVA.
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RESULTS AND DISCUSSION

1. Carbohydrates and sweeteners for ensuring of confectionery stability

In the first stage of the study, the stability of the main confectionery
ingredients - fats and carbohydrates, its blends (Fig. 2) - was analyzed at 28+2°C
for 30 days.

In the presence of glucose syrup, the growth of microorganisms has been
delayed reducing the oxidation speed of samples with 15% and 30% of glucose
syrup. Addition of 50% of glucose syrup inhibited peroxides formation in the
sample after 30 days of storage at 28 £ 2 °C.

The effect of peroxides formation reduction can be explained by the presence
of glucose aldehyde group and hydroxyl groups influence on peroxide formation
(Walton et al., 2003).

The amount of peroxides in the samples with carbohydrates and sweeteners
was different and relevant to the original data after 30 and 90 days of samples
storage. (Fig. 3). After 30 days of storage, the peroxide value in the samples with
carbohydrates was lower or close to the initial data, which could be attributed to
inhibition of microorganism growth at higher osmotic pressure. After 90 days of
storage, samples with carbohydrates and sweeteners have shown similar results
(p> 0.05).

The amount of peroxides in the sample with sorbitol has decreased more
intensively during 30 days of storage. The polyol structure contains hydroxyl
groups that provide higher water binding capacity and reduce peroxide formation
(Owen, McClements, 2012). Effect to inhibition of peroxides formation of
carbohydrate due to the temperature and storage time was decreased, that in its
turn has increase the quantity of peroxides. It was established that storage
conditions at lower temperature (5 £ 2 °C) and prolonged storage time showed
the same tendencies in peroxide value changes. The amount of peroxides in the
product depends on the storage conditions as well as on the type of added
carbohydrates and their concentration.

One of the factors that can influence the quality of products during storage
time is water content and because of this, performance of ingredients in the recipe
is different as water acts as a solvent and can contribute to the hydrolysis of fat.
This process depends on the chemical nature of the ingredients (acid or alkaline),
it can also affect pH of ingredients and products.

Experiments showed that peroxides formation was reduced in the
experimental samples with different glucose syrup concentration after 30 and 90
days of the storage at 28 £ 2 °C temperature (Fig. 4). Carbohydrates can bind free
water, reducing the contact of fat molecules with oxygen leading to preventing
oxygen absorption in the samples (Jeffrey, Saenger 1994). Analyzing the study
results, it is noted that peroxide formation in the sample with the presence of
glucose syrup was slower compared to the samples with presence of water.
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Addition of citric acid in the experimental samples has not inhibited the
peroxides formation during accelerated storage conditions. On the contrary, in
the presence of citric acid, the amount of peroxides has increased in the samples,
in contrast to its known antioxidant functions. In the presence of glucose syrup
citric acid has not reduced peroxides formation but doubled them after 90 days
of storage (Fig. 5).

The study results revealed that it is necessary to work out the specific action
of antioxidant activity for different ingredients and additives, which could help
to make suggestions for better combinations in formulas for production of
confectionery products. Consequently, fruit, berry puree added to fat-rich fillings
in presence of citric acid can promote the quality decrease (formation of
peroxides and free fatty acids) during long term storage.

2. Analysis of vanillin and vanilla used in confectionery products product
quality assurance

In the study was necessary to verify the effect of some widely used flavorings,

for instance, vanillin and its natural analogue - vanilla beans extract - to the
quality of the products. The results of the research are summarized in Figure 6.
Molecule of vanillin like some carbohydrates (glucose, galactose, mannose,
starch hydrolysates) has a group of aldehyde and hydroxyl- group, which can
ensure its protection against peroxides formation (Walton et al., 2003). The
results showed that vanillin has some effect on peroxides formation speed which
was not significantly different in the samples with 0.05 % and 0.2% of vanillin
(p > 0.05) after they have been stored for 30 and for 90 days at the temperature
0f28 °+2 °C. In the samples with vanilla was observed rapid peroxide formation
in some concentrations (Fig. 6). It can be concluded that, in fat-rich products it
is better to add vanillin instead of vanilla.
The stability of experimental samples with glucose and vanillin during
accelerated storage condition was also analyzed, data are summarized in Figure
7. In the study it was established that in the samples with glucose and vanillin
peroxide value is rising faster than in the sample without vanillin.

Mutual effect of vanillin and glucose on peroxides formation has showed
planar contours (Fig.8, Fig. 9). To compare data from samples that were stored
30 and 90 days we can see that amount of peroxides in product is affected by
quantity of added glucose. Most of all peroxides were growing in the sample with
30 % of glucose and 0.5 % of vanillin after 30 and 90 days (Fig. 8 and Fig. 9, P
1.2-1.4). Maximum effect gave 5 % of glucose and vanillin from 0.4 till 0.5 % in
samples (Fig.8). In samples stored for 90 days, positive effect gave vanillin
which was added from 0.4 till 0.5 % (Fig.9).

Forming of peroxides in butter with vanillin additive during storage shows
that vanillin in dosage from 0.2 - 0.3 % hinder formation of peroxides with
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maximal value 0.26% (Fig.10). If vanillin is not added or added more, the
quantity of peroxides increases faster.

It should be noted that the addition of pure glucose increases peroxide value
comparing with control sample and sample with glucose syrup. It could be
explained with distribution of glucose at the whole sample instead of glucose
syrup distribution.

3. Monosaccharide oxidation in confectionery products

In the research work, glucose oxidation was studied in samples stored at
accelerated storage conditions. In addition, it was important to identify the effect
of glucose oxidation products on the fat stability.

The effect of glucose oxidation products was tested to the fat stability adding
gluconic and glucuronic acids at the concentration of 0.5% to the experimental
samples.

Figure 11 shows that gluconic and glucuronic acids have promoted the
increasing of peroxide value after 30 and 90 days of samples storage. The glucose
oxidation products: gluconic and glucuronic acids were not observed during the
accelerated storage conditions of experimental samples with 30% glucose after
90 days of storage at 28+ 2°C temperature.

4. Research of affect of copper ions on peroxide formation in experimental
samples

In the research the effect of synthetic antioxidant (butylated hydroxytoluene
(BHT)) was analyzed to ensure experimental samples stability. The results
clearly demonstrated that BHT addition did not inhibit the formation of peroxides
in the experimental samples after 30 days of storage at 28 & 2 °C.

In the research also the influence of copper ions was evaluated to
experimental samples stability. The results had approved that the impact of
metals ions on the multi-component system oxidation is slower than on pure fats
(Fig. 12).

Butter contains approximately 0.08 mg kg ~' of various metals that can
contribute to the formation of peroxides, as well as other minerals that have
passed from milk to butter. Although the addition of BHT had not inhibited fat
oxidation, although the presence of copper ions intensified the effectiveness of
BHT especially in the experimental samples with sucrose.

1
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5. The study of different vegetable fats on confectionery quality assurance
5.1. Sensibility of cis- and trans- fatty acids to peroxides formation

The stability of the different fats in model systems had been analyzed and
results showed that the multicomponent samples were more stable than pure fats.

Figure 13 shows that the lowest peroxide value (0.27 + 0.02 mmol kg ') was
detected in ,,Ekond” fats after 30 days of storage at 28 + 2°C temperature. At the
beginning of experiments ,,Acofect”, “Ekond” and ,,Akotres” fats peroxide value
did not change significantly (p > 0.05). The amount of peroxides in the vegetable
fats “Confao”, “Acofect” and “Akotres” was not significantly differ after 90 days
of storage (p > 0.05). It was established that molecule configuration —cis or -
trans has not significant influence on fat oxidation.

Different combinations of ingredients are used in confectionery recipes,
therefore we analyzed these findings in the further studies.

Soy lecithin and ammonium phosphatide derived from rapeseed, soy and
sunflower oils are mostly used in confectionery. In the study, the effect of
emulsifiers was analyzed to check how and why emulsifiers do affect peroxides
formation.

The results showed, that peroxides formation has increased in samples with
soy lecithin or ammonium phosphatide during 30 and 90 days of storage at
28 °+ 2 °C temperature (Table 2). Because of the experiment, emulsifiers have
been found to contribute to the formation of peroxides. When emulsifying fatty
acids, there is an interaction between fatty acids and oxygen.

Presence of additives can affect formation of peroxides in mixtures with
different configurations of fats, to promote or inhibit formation of peroxides
(Fig.14).

The obtained results have showed that peroxides formation in confectionery
products can promote ingredients used in fillings as well as parameters of
technological processes and storage conditions. In fillings of sweets with fruit-
berry puree, condensed milk and other water-based ingredients, it is better to use
“Acofect” fat, because it is more stable during long-term storage.

5.2. The study of free fatty acids formation in confectionery model
systems under influence of different ingredients

There are still a lot of uncertain questions concerning free fatty acid formation
in the confectionery products. It created the necessity to clarify free fatty acid
formation promoting and inhibiting factors. In the experimental samples with
mono- and disaccharides, as well as with polyols, different free fatty acid
concentration was formed (Fig. 15). Figure 15 shows that in samples with
different carbohydrates (except lactose) free fatty acids have been formed after
90 days of storage at high temperatures. The quantity of free fatty acids in butter
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with sucrose additive was low after storage for 30 days (0.51 = 0.01 %), as well
as after storage for 90 days (0.67 = 0.01%).

Quantity of free fatty acids differ significantly from control after storage for
30 days in samples with sorbitol and maltitol. Comparing the formation of free
fatty acids with the peroxides in the samples with carbohydrates and sweeteners
(Fig. 2), it was found that storage conditions was promoted the formation of free
fatty acids and peroxides. The amount of free fatty acids in analyzed samples
affected the water content in the product. The formation of free fatty acids in the
experimental samples with glucose syrup has increased rapidly at the presence
of citric acid after 90 days of storage (Fig.16).

The formation of free fatty acids in butter has been affected by vanillin, which
in the sample with glucose syrup and also with glucose has increase the formation
of free fatty acids by comparing results in the sample with pure glucose during
storage (Fig.17).

In confectionery products the amount of sugar varies a lot, therefore in the
study it was needed to find out how stability of fats is affected by the amount of
carbohydrates added, also by NaCl as possible promoter of hydrolysis. To
determine the stability of fats, sucrose was added at the concentration of 15%
and 30% and 1% NaCl in all fats. The obtained results showed the different levels
of free fatty acids content in the experimental samples (Table 3). In addition,
results can also be explained by the different composition of products.
Hydrogenated fats contain only fat, but butter additionally contains minerals,
lactose, proteins, vitamins and also enzymes.

The research established, that formation of free fatty acids is affected by
amount of sucrose, storage time and temperature as well as quantity of fatty acids
during the storage period. Free fatty acids in butter with added sucrose of
different concentrations after 30 and 90 days of storage has been slower than in
pure butter. The quantity of free fatty acids in cocoa butter containing 15 % of
sucrose did not substantially differ after 30 and 90 days of storage ( p> 0.05), but
the quantity of free fatty acids in butter with 30 % of sucrose was lower. In the
sample with hydrogenated vegetable fat and 15% sucrose, as well as with 30%
sucrose, free fatty acid content has not changed significantly after 30 and 90 days
of storage.

According the results showed, the formation of free fatty acids in product has
been affected by NaCl. In the sample with butter especially (see sample 4 in
Table 3). The quantity of free fatty acids in butter sample with 1 % of salt was
0.72 £ 0.01 %, but in control - 0.96 + 0.01% after 30 days of storage.

Our study results showed that free fatty acid formation was delayed in the
presence of salt in confectionery products during storage time.
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5.3. The study of microbiological indices of experimental samples

Microbiological parameters of experimental samples were checked in the
research. Total plate count, Enterobacteriaceae, yeasts and molds were
determined in the experimental samples with 10 and 30 % of carbohydrates after
30 days of storage at 28 °+2 °C temperature. In the sample with 10 % of glucose
has higher total plate count CFU (Fig. 18) comparing to samples with 30 % of
glucose as well as with 30 % of sucrose has prevented the growth of yeast and
mold in the analyzed sample (Fig. 19).

Molds CFU decrease and this is affected by osmotic pressure by reducing
water activity in product means reducing the amount of free water that is needed
for yeast and mold growth (Parish, 2007).

In the research was evaluated the preservative effect of vanillin to inhibit the
growth of microorganisms in the experimental sample during storage.

In the sample with vanillin colony forming units did not change during
storage time (Fig. 20, 21). Also 1% of NaCl additive hinders the propagation of
aerobic mesophilic and facultative anaerobic microorganisms (Fig.20).

The main factors affecting mold growth are product composition, storage
conditions (temperature, relative humidity), product pH and water activity.

We can conclude from results of research that addition of 30% carbohydrates
is able to inhibit the growth of microorganisms during storage of samples in high
temperature. In addition, the used concentration of salt and flavoring (vanillin),
can prevent the growth of microorganisms.

It should be noted that confectionery products are rich in fat and from the
quality point of view it is important to inhibit / prevent the oxidation and
hydrolysis of fat, which is a guarantee of quality and safety of these products.

6. Evaluation of quality parameters of some confectionery ingredients and
products

Confectionery ingredients and compounds formed during production process
can influence the end products quality. During production process, the main
question should be product quality. In confectionery industry it is very important
to check quality for ingredients, as they are sourced practically in all regions of
the world.

6.1. Indicators of cocoa beans quality
Forastero varieties of cocoa beans from Cameroon, Ecuador, Nigeria and
Ghana research were analyzed. The number of microelements and heavy metals

was determined as well as oxidative stability of cocoa beans was analyzed to
ensure quality of confectionery products.

49



Table 4 shows the content of heavy metals in cocoa beans from different
origins. The results showed a significant difference in the content of heavy
metals in cocoa beans, especially in lead and cadmium concentrations. There
were no differences in mercury and arsenic concentrations. The highest cadmium
concentration was found in Ecuadorian cocoa beans.

The content of zinc did not differ significantly (p > 0.05) in the analyzed
cocoa bean kernel samples. Content of zinc was higher in shell of cocoa beans,
especially in shell of Ecuador cocoa beans (p < 0.05), and differences between
samples were significant (p < 0.001) (Table 5).

The properties of the antioxidants effect of cocoa beans were confirmed by
testing experimental samples during accelerated auto-oxidation.

The antioxidant effect of cocoa beans in butter was determined by adding
36 % of roasted and grinded cocoa bean kernels and kept the samples in the
model environment 30 days at 28 °©+2 ° C. The content of cocoa was chosen
similar to the concentration of cocoa in milk chocolate.

The experiment showed that no significant differences in the samples with
cocoa beans kernels from Ghana and Nigeria (p <0.05) during storage time and
their oxidative stability was practically the same. The research established that
Ecuador cocoa beans most effectively eliminated the peroxide formation in
samples. Analyzing the certain indicators, we can choose the most appropriate
cocoa beans to develop new recipes.

In formulations where milk fat is predominantly used, it is recommended to
select cocoa beans with higher antioxidant capacity, such as Ecuador cocoa
beans, which most effectively prevented the formation of peroxides in the
analyzed samples.

6.2. Quality evaluation of chocolate and zephyr

Antioxidant stability of various chocolate masses with different content of
cocoa - 36 %, 53 %, 70 % during storage time were determined in the work. By
comparing quantity of peroxides in milk, dark and bitter chocolate, we can
conclude, that antioxidant stability of cocoa was practically the same. That
means, the quantity of polyphenols in cocoa mass is enough to inhibit formation
of peroxides. In its turn, addition of cocoa in recipes can change content of other
biological active compounds in product, like amount of micro- and macro
elements and therefore influencing quality of confectionery products (Sager,
2012). As you can see in Table 6 amount of iron and potassium was the highest
in bitter chocolate. Calcium was the highest in milk chocolate.

Based on the findings of the research, the recipe for assorted chocolate with
99.9 % of cocoa content in chocolate without sugar was developed, and sensory
evaluation was performed. In content of fillings was added apple puree, sugar
but menthol, ginseng extract and ginger were added to increase biological value
of sweets.
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New recipe was developed for zephyr using apple puree and sea buckthorn
marc, that increased the content of carboxylic acids and content of fibers
(Table 7). Zephyr was coated with chocolate with 99.9% of cocoa content. It is
important in development of recipes to use ingredients with biologically active
compounds as well as to maintain their activity during production process.

According to results, it was established, that 3 % of sea buckthorn marc
additive increased content of fibers in zephyr and perfected sensory indicators
but did not change activity and quantity of bioactive compounds. In zephyr
samples with sea buckthorn marc content of lysozyme was 1-2 ug ml".

7. Summary of results obtained from experiments and suggestions

It was experimentally established, that presence of carbohydrates inhibits
formation of peroxides and/ or ensure stability of experimental samples. It was
established that formation of peroxides and free fatty acids in the products is
affected by ingredients that are used in composition of recipe, their content,
presence of food additives, parameters of technological process and storage
conditions. Experimental data from researches can be used for new recipe
development of confectionery products.

In this study of the promotion work experimentally was established
hypotheses that ingredients used for production of confectionery products affect
quality of products and storage time by mutual interaction between them. It is
possible to prevent formation of undesirable compounds and wherewith to ensure
production of qualitative products by changing their ingredients. Developing
confectionery formulations with higher nutrition value and quality, it is
necessary to consider

1. Before development of recipe it is necessary to verify interaction of
ingredients used in recipe to peroxides formation, if necessary, varying
the choice of additives, for example by replacing carbohydrates with
sweeteners, and testing their interaction with other ingredients in the
recipe, mainly fat.

2. Stability of fats against hydrolyses and oxidation must be verified in
temperatures that are specific in technological process. It is also necessary
to check the stability of fats in presence of additives which are used in the
recipe as well.

3. In high fat fillings addition of fruit and berry purees can lead to the
formation of peroxides, free fatty acids during prolonged storage.

4. Basic ingredients — cocoa beans and others must be verified regarding
content of micro, - macro elements.

5. Within research works more effective analytical methods should be
developed and obtained results should be used to ensure quality of
products.
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CONCLUSIONS

. Acquired results of the study confirm the proposed hypothesis:
interactions among confectionery ingredients affect the quality and shelf
life of products.

. Investigated carbohydrates and sweeteners (polyols) differently affect fat
stability during storage time, added in the same concentrations. Polyols
contain more free hydroxyl groups ensuring water binding properties and
delaying peroxide formation.

. Added glucose syrup, its amount (15 to 50%) has a significant impact on
the stability of fat blends. Increasing the amount of binded water in the fat
blends, it reduces the formation of peroxides in studied model systems.

. The presence of free water in fat blends contributes to faster growth of
peroxides during simulated storage conditions.

. In the research was established, that vanillin inhibits more efficiently
peroxides formation than wvanilla. This is explained by vanillin
composition and its functional groups properties.

. The interaction of butylated hydroxytoluene with sucrose reduced the
formation of copper ions-boosted peroxides in samples after 30 days at
28+2°C, demonstrating that the effect of metal ions is slower in the multi-
component system than in pure fats.

. The content of free fatty acids in the investigated experimental samples is
influenced by the amount of added sucrose and fat, as well as storage time
and temperature.

. Selected ingredients combinations of experimental samples are able to
prevent the growth of total plate count, as well as yeasts and molds.

. The analysed cocoa beans differ in pH, water, fat, lead, cadmium,
aluminium and zinc content. Differences in composition and quality
should be taken into account selecting ingredients for confectionery
products quality ensurance and oxidation process delaying.
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