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PETIJUMA AKTUALIT ATE

GarSaugus tikas produktu garSas uzlaboSanai lieta \pasaud. Eiropa
daAdu produktu gatavoSanai tagaSi daudz izmanto Vidusps valsis,
paEréjot gan svaig, gan kalgta, gan saldta veida. Latvija garSaugu
izmantoSana lkvusi popuira Edgjos gados,itlz ar to nowrota tendence
komercila nolika audzt baziliku, timanu, oregano, kalnu@ru un citus
garSaugus.

GarSaugiem ir liela name uztud, un tos lieto, lai uzlabotu aptikas
produktu aroratu un garSu, ko nodroSina garSaugu Basesods &terislas
ellas. Bez arof@ta uzlaboSanas garSaugiem pierman antioksidatvas
(Yanishlieva et.al, 2006; Tomaino, 2005; Lee, 2005), antimikebds
(Souza, 2007; Baydat al, 2004)ipadbas, k arf tie pozitvi ietekn® cilveka
veseibu (Sahin, 2004), rosina afietveicina gremosanas sulu iziéanos.

Nozimigakie savienojumi, kuri nodroSina isS ipa3bas ir fenolu
savienojumi, terpendi, taukskibju un aminoskbju atvasigjumi. Dda
garSaugos esoSo biglieki akivo savienojumu ir §a SkistoSi, idg] viens no
garSaugu izmantoSanas veidiem ifrtixas dlu aromatizSanai. Savuict
atfisfitas valsts ir pieprattas dlas ar paaugstitu uztunértibu, la, piengram,
ellas ar zemurans taukskibju, palieliritu omega-3 taukglbju saturu, k an
paaugstiatu taukos EistoSo vitarmu saturu (Murphy, 2006).

Patretaji velas iegdaties prtikas produktus, kuri nesatur dsitiskas
piedevas, apec tiek mekétas iespjas izmantot augu antioksideds ipasbas.
Pedejos gados daudzefitas dabisko garSaugpa3bas, izmantoSanas i€gas,
ka an dazdu ekstraktu iegsana no garSaugiem un ipa3bas. Rtijjumos
pieradits, ka dabiskiem garSaugiem pigraugsika antioksidava aktivitate,
saidzinot ar to ekstraktiem dados &idinatajos (Proestos, 2006). Litefad ir
plasi apraksts garSaugu gaistoSo, araton veidojoSo un fenolu savienojumu
sasivs, tau praktiski nav datu par So savienojumu ekstrakcija
likumsakatham no garSaugiem uzllem. Hlu izmanto ar antioksidaivo
savienojumu ekstr&Banai no garSaugiem (Pokoretyal., 2001).

Eiropa pieaug das razatju skaits, kuri raZzo dagu auksti spiestugptika
izmantojamu rapSulle. Rafireto partikas dlu tirgus ir stabils — ar nelielu
pieaugumu, savakt, auksti spiestas rapSllas piepragums strauji pieaug, it
seviki Vacija (Matthauset al, 2006). Aromatigjot €|]lu ar garSaugiem, to
sasiva esoSie aroftu veidojoSie un biolgiski akfivie savienojumi ekstraias
€lla, ta paaugstinotas uztunértibu.

Promocijasdarba merkis — petit Latvija audZtu garSaugu bazilika,
oregano un timina piengrotibu aromatiztas rapSuléu ieguvei.



Darba ngrka sasniegSanai izvitzSadi uzdevumi:

1) noteikt optinalos cieds fazes mikroekstrakcijas metodes
parametrus gaistoSo savienojumu noteikSanai gawSaugn
aromatizta €lla,

2) salkdzinat gaistoSo savienojumu sasti un saturu Latvlj audztos
un komercili pieejamos garSaugos, &tet to piengrotibu dlu
aromatizSanai,

3) salkdzimt gaistoSo savienojumu sast garSaugos un aromatias
ellas,

4) noteikt fenolu savienojumus garSaugos un to eksijesk pakpi
aromatiztas 4las,

5) analizt aromatizSanas apsklu ietekmi uz rapSulms kvalitites
raditajiem — perokslskaitli, skibes skaitli, taukstbju sasivu,

6) izpetit aromatizSanas parametru ietekmi uz gaistoSo savienojumu
sasivu un saturu §a.

Darbanovitate un zinatniskais noAmigums.

Pirmo reizi Latvip petits:

1) Latvija audZtu garSaugu bazilika, oregano un fima gaistoSo un
fenolu savienojumu sasts,

2) gaistoSo aroatu veidojoSo savienojumu ekstrakcija no garSaugiem
€lla, atkafba no aromatizSanas apakliem,

3) fenolu savienojumu sasts ar Latvii audZtiem un komerdila
sisema piecavatiem garSaugiem aromatizs dlas.

Zinatniska darba &ma un #s izstdde saista ar Valsts gtjumu
programmu agrobiotehnalga ,Inovafivas tehnolgijas augstertigu, droSu un
veselgu partikas produktu ieguvei ngergtiski, fiziologiski un bidimiski
daudzveitga augu un denieku izejmatetla” projektu ,Jaunu, funkciaiiam
sasivdaam bagditu partikas produktu razoSanas tehngjas”.

Darba tautsaimnieciska nozmiba — izpetits ar daZdiem garSaugiem
aromatiztu dlu sasivs, la afn aromatizSanas apsklu ietekme uz aroatvielu
sasivu. Hlu aromatizSanas metode ar ketiem garSaugiem paaugstia
temperaira tiek eksperimeiati parbaudta SIA ,lecavnieks”.

ZIN ATNISK A DARBA APROBACIJA

Par darba gaitu un rezitiem sniegti vienpadsmit Fojumi
starptautiskajs ziratniskas konferenes Latvija, Lietuva, Griekija, Francif,
Turcija, Cehija un Sgnija.

1. Kruma Z. (2008) Plant family Lamiaceae herbs for oil
aromatization. ¥ Workshop of EFCE and EFFoST. Francija,
Pafize, 26.—27. maijs (refats / oral presentation).

2. Kruma Z., Andjelkovic M., Verhe R., Kreicbergs V. (2008)
Phenolic compounds in basil, oregano and thyml&. Baltic
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Conference on Food Science and Technology FoodBaS.
Latvija, Jelgad, 17.—18. aptis (refeiats / oral presentation).

3. Kruma Z., Adams A., Kreicbergs V., Verhe R., Kimpe N. (2D07
Volatile aroma compounds in rapeseed oil aromatizét basil.
5" International Congress of Food Technology. @jée Saloniki,
9.—11. marts (stenda red&s / poster presentation).

4. Kruma Z., Andjelkovic M., Verhe R., Kreicbergs V. (2006)
Phenolic compounds in spices and in aromatized . oils
4™ EuroFedLipid Congress Oils, Fats and Lipids for ealthier
Future. Spnija, Madride, 1.—4. oktobris (stenda reifisr / poster
presentation).

5. Kruma Z., Kreicbergs V., Adams A. (2006) Volatile compounds i
aromtised oils with basil, oregano and thyme. Dokttu
konference Research for Rural Develpoment 200&ijaatlelgava,
17.-19. maijs (refats / oral presentation).

6. Kruma Z., Kreicbergs V. (2006) Latvij audztu garSaugu
kimiskais saais. Rirtikas tehnolgijas fakulates konference.
Latvija, Jelgava, 10. maijs (refids / oral presentation).

7. Kruma Z., Kreicbergs V., Adams A. (2006) Volatile compounds i
oils aromatised with spices grown in Latvia® Tonference
FoodBalt 2006. Lietuva, Kaa, 25.-26. aplis (refeiats / oral
presentation).

8. Kruma Z., Kreicbergs V. (2005) Dynamics of aromatised oil
oxidation. 28' World Congress and Exibition of the ISF Modern
Aspects of Fats and Oil€ehija, Paga, 25.—28. septembris, (stenda
refefats / poster presentation).

9. Kruma Z., Kreicbergs V. (2005) Dynamics of flavoured oil
oxidation ability. ' International Food and Nutrition Congress —
Food Safety and Quality Throught The Food Chainrcifay
Stambula, 15.-18upijs (stenda refats / poster presentation).

10. Kruma Z., Kreicbergs V. (2005) Dynamics of Peroxide Value in
Flavoured Rapeseed oil. Doktorantu konference Relsefar rural
development 2005. Latvija, Jelgava, 18.-20. maie@ts / oral
presentation).

11. Kruma Z., Strautniece E.Kreicbergs V. (2005) Aromatétu dlu
un majorzu sensorais newtejums. PTF ziatniska konference
Jaunakas tehnolgijas tradicionala partika. Latvija, Jelgava,
11. maijs (refeats / oral presentation).

Darba rezultti atspoguoti 7 zinatniskapas publilacijas andgu valodi, no
kuram — 7 LZP at#tos izdevumos.

1. Kruma Z., Andjelkovic M., Verhe R., Kreicbergs V. (2008)
Phenolic compounds in oils aromatised with basikgano and
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thyme.CIGR International Conference of Agricultural Engering
2008 ProceedingLD format.

2. Kruma Z., Andjelkovic M., Verhe R., Kreicbergs V. (2008)
Phenolic compounds in basil, oregano and thyr&. Baltic
Conference on Food Science and Technology Procggdialgava,
p. 99-103.

3. Kruma Z., Adams A., Kreicbergs V., Verhe R., Kimpe N. (2D07
Volatile aroma compounds in rapeseed oil aromatigighal basil.5"
International Congress of Food Technology Proceggin
p. 488—494.

4. Kruma Z., Kreicbergs V., Adams A. (2006) Volatile compourls
aromatized oils with basil, oregano and thymResearch for Rural
Development 2006 Proceedindglgava, p. 21223.

5. Kruma Z ., Kreicbergs V., Adams A. (2006) Volatile composrid
oils aromatized with spices grown in Latvi@hemina Technologja
4 (42), p.74-79.

6. Kruma Z., Strautniece E. (2005) Sensory Evaluation of Aatised
oils and mayonnaise&onference New Technologies in Traditional
Food Proceedings]elgava, p. 21&21.

7. Kruma Z., Kreicbergs V., Karklina D. Dynamics of Peroxide
Value in Flavoured Rapeseed diesearch for Rural Development
2005 Jelgava, p. 213-221.

MATERI ALI UN METODES

Petijumu laiks un vieta
Petijumi veikti laika no 2004. septembrzdkz 2007. gada augustam:

e Latvijas Lauksaimnigbas universittes Firtikas tehnolgijas
fakultate (skabes skaifn, peroksmlu skaita un viskoziites
noteikSana);

e Gentes universite Belgija (gaistoSo un fenolu savienojumu
noteik8ana garSaugos ulag

* PVD Nacionlaja diagnostikas ceritr— (dlas taukskbju sasiva
noteikSana);

» lzstade Rga Food 2003 uniga Food 2004 (senogsrandizes).

Pétijuma izmantotie materiali

Petijumos izmantoti sepfi Latvijas Lauksaimniabas universiites
Lauksaimniethas fakulites izngginajumu laukos auddi, ka an tris
komercihla sisema iegadati garSaugi. GarSaugus pirms izmantoSanfs e
aromatizSanai sasmalcina (flau lielums 0,5-2 mm). AromagZanai
izmantota gan rafgta, gan nerafigta rapsSu Ba.



Aromatizétu ellu un majongzu gatavosanas tehnolgija
Aromatiztas élas gatavojagr 2 metodm (1. att.):

1) izturot dlu ar garSaugiem 18+2 °C temparat Pudeli ar 8u un
garSaugiem no&tiz ar plastmasasku un elaggo lentu (Parafilm).
Paraugu iztur 18+2 °C tempelied 1-28 dienas. & izturcSanas
ellas paraugus filercaur filtru ar acu lielumu 0,3 mm un analiz

2) izturot dlu ar garSaugiem paaugdtim temperaira. Pudelei ar Bu
un garSaugiem uzliekaku, bet herretiski nenostdz un ievieto
adens van@, kura uztur temperau: 50 °C, 60 °C, 70 °C, 80 °C un
90 °C un silda,itlz dla sasniedz iAleto temperatru.

Rapsu Ha / Sasmalciati garSaugi /
Rapeseed oil Chopped herbs
I
I
UzsildiSana un iztwSana
paaugstiata  temperaira  /
Preheating and holding 4t
increased temperature
t = 50-90°C,
T uzsildanas / preheating 7-12 min
T izturesanas= 0—60 min IztureSana / Holding
¢ t=18+2 °C
Tizturesanas /holdinﬁl_28 dienas /
IzturéSana / Holding days
t=18+2°C,
1=24-1€8 F
|
v
Filtresana / |, Ekstrafeti garSaugi /
Filtration Herb residue
v

Aromatizta dla /Aromatised o

1. att. Ellu aromatizéSanas metodes
Fig. 1. Methods of oil aromatisation

Majorezu gatavoSana ir viens no iégmiem aromati&u dlu
izmantoSanas veidiem. Pamatojoties uz jau adstn majortzu gatavoSanas
tehnolgiju (SIA ,Balttur-R”) tika gatavoti 2 majoftu veidi: majogze ar
aromatiztu dlu un majoRze ar izekstrattiem garSaugiem.
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Pettfjumu strukt ara
Petijuma analizja garSaugus, rapSule, ar garSaugiem aromadia rapSu
ellu, majorezi. Darbu var iedal pieas sadis.

1. GaistoSo savienojumu ekstrakcijas metodes 3Fgietfazes
mikroekstrakcija) optilo parametru noteikSana. Optilo raditaju
noteikSanai frbaudja mikroekstrakcijasidedras ar is dazdiem
parklajumiem, ekstrakcijas ilgumu no 10idz 120 mimtem,
ekstrakcijas temper@atu no 20-60 °C.

2. GarSaugu atlaselle aromatizSanai, pamatojoties uz gaistoSo
savienojumu un sensom anaizem.

3. Ellas izle, pamatojoties uz perakiskaita un sensam anaizem.

4. Aromatiztu dlu kvalitates @tijumi (2. att.)

Aromatizta dla (aromatizSanas apskli — 70 °C, 20 min) /
Aromatised oil (aromatisation conditions — 70 °G,rgin)

Gaistosie savienojumi /Volatile compounds

* Nearomatizta dla / unaromatised oil

» Ella aromatizta ar garSaugiem / oil aromatised with herbga(z
baziliku / basil Green, citronbaziliku / Lemon Hagiomercilo
baziliku / commercial basil, git& oregano / Greek oregan
komercilo oregano / commercial oregano, timi / thyme,
komercklo timianu / commercial thyme

D

=4

Fenolu savienojumi /Phenolic compounds

» Nearomatizta d]a / unaromatised oil

 Ella aromatizta ar garSaugiem / oil aromatised with herbgo(z
baziliku / basil Green, citronbaziliku / Lemon Hagomercélo
baziliku / commercial basil, grii@& oregano / Greek oregan
komercilo oregano / commercial oregano, timii / thyme,
komercélo timianu / commercial thyrr

[

=4

Taukskabes / Fatty acids, Skbes skaitlis / Acid value,

Perokgdskaitlis / Peroxide value

* Nearomatizta dla / unaromatised oil

 Ella aromatizta ar garSaugiem / oil aromatised with herbs
(komercilo baziliku / commercial basil, kome&td oregano /
commercial oregano, kome#to timianu / commercial thyme)

2. att. Aromatizetu ellu kvalitates Etjumu shema
Fig. 2. Investigations scheme of aromatised oil qlity



5. AromatizSanas apskju ietekme uz gaistoSo savienojumu dast
ella, tas oksid¢Sanos un viskoziti (3. att.).

AromatizeSanas apstklu ietekme uz gaistoSo savienojumu sastu
ella / Influence of aromatisation conditions to contenbf volatile
compounds in oil
[

v v
Ella aromatizeta ar komercialo Ella aromatizéta ar grieku
baziliku / Oil aromatised with oregano / Oil aromatised

commercial basil with Greek oregano

AromatiZSanas metodes / AromatizSanas metode /

Aromatisation methods: Aromatisation methode:

* lzturot dlu 18+2 °C temperata Izturot dlu paaugstiata
1-28 dienas / holding of oil at temperaira 50-90 °C
18+2 °C temperature 1-28 days,| | temperaira 0-60 mirites /

* lzturot dlu paaugstiata holding of oil increased
temperaira 60-80 °C, ilgums temperature 50-90 °C,
10-60 minmites / holding of oil duration 0—60 minutes.
increased temperature 60—80 °C
duration 10—-60 minutes.

3. att. AromatizeSanas metodes ietekme uz gaistoSo savienojumu
daudzumu un sasivu dla
Fig. 3. Influence of aromatisation method to contemand amount
of volatiles in aromatised oil

AromatizSanas apsklu ietekme uz kas oksidSanos ptita ar oregano
aromatiztos dlas paraugos. Viskozie noteikta nearomatitai dlai, atkatba
no temperatras
Petijuma noteiktie raditaji un izmantotas metodes

GarSaugiem, lgam un majoRzei noteiktie #ditaji paraditi 1. tabué.

GaistoSo savienojumu noteikSana.zdakiSanai izmantota cigs fazes
mikroekstrakcija, gaistoSo savienojumu noteikSangizu hromatogifs ko
ar masspektometru.

Fenolu savienojumu noteik8ana.Fenolu savienojumi no garSaugiem
ekstralati, izmantojot divus Kidinatajus: metanolu un dietteri, no élam tie
ekstralati izmantojot cieis fazes ekstrakciju. Fenolu savienojumu noteikSanai
izmantoja reveids fizes &idruma hromatodifa Agilent 1100 LC-MSD
sisemu.

Viskozitates noteikSana. Rafingtas élas viskoziite noteikta ar
programmjamo reometru DV-IIIUltra Rheometer BROOKFIELDPetijuma
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iegatie dati ir viskoziate (mPa s) atbilsta3emperaira (°C). Paraugaakotrgja
temperaira 18+0,5 °C. Has parauga viskozie noteikta 18, 20, 30, 40, 50,
60, 70, 80 un 90 °C tempetat. Dati apstidati ar datorprogramm&heocalc

1. tabula/ Table 1
GarSaugu, nearomati#tas un aromatiztas dlas, majorezes [Etjumi /
Investigations of herbs, unaromatised and aromatiskoils, mayonnaises

Analizetie raditaji /
Analysed
parameters
GarSaugi / Herbs
Nearomatizéta dla /
Unaromatised oil
Aromatizeta dla /
Aromatised oil
Majoneze /
Mayonnaise

GaistoSie savienojumi
Volatile compounds

Fenolu savienojumi / +
Phenolic compounds
Taukskibju sasivs / - + + -
Fatty acid composition
Skabes skaitlis / - + + -
Acid value
Peroksdskaitlis / - + + -
Peroxide value
Sensof verteSana / - - + +
Sensory evaluation
Viskozitate / - + - -
Viscosity

+

+

+
I

+
+
I

Senso#s \ert éSanas metodesStarptautiskaj partikas izstide ,Riga Food
2003” un ,Riga Food 2004 tika veikta aroma&tiz d]u un majodzu sensar
vérteSana, lai noskaidrotu métaju viedokli par pie@vatajiem produktiem
(hedoniska skala).

Perokgdskaitlis noteikts ar standartmetodi LVS EN 1SO 3960:2005.

Oksidejamibu raksturo fas perok&lskaitlis, kas noteikts & paraugu
iztureSanas 48 stundas 60 °C tempa@{Matiseks, 1998).

Skabes skaitlisnoteikts ar standartmetodi LVS EN I1SO 660:2001.

Taukskabju sastavs noteikts ar standartmetodi LVS EN 1SO 5590:2001.

Datu matematiska apstrade veikta ar mategtiskas statistikas metaan.
legutajiem rezulitiem apekinati Sadi raditaji:  vidgjais aritngtiskais,
standartnovirze. Datu interpfetjai izmantota vienfaktora un divfaktoru
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dispersijas anale, koreicija, lietojot Microsoft Excel for Window.0 un
SPSS 11.0 programmas paketi (Arhipova, 2003).

PETIJUMU REZULT ATI UN DISKUSIJA

1. Optimalo cietas fazes mikroekstrakcijas parametru iz\Ele

Cietas fazes mikroekstrakcijas nomigakie parametri ir mikroekstrakcijas
Skiedras @rklajums, ekstrakcijas ilgums un tempeirat Optinalo parametru
izvélei tiek parbaudta timiana gaistoSo arofitu veidojoSo savienojumu
ekstrakcija. Mikroekstrakcijas kidru piemdrotibu [Etijumam ietekm
absorlgjosa parklajuma matedla ipa3bas. Rtijjuma parbaudtas tis
mikroekstrakcijas Igedras ar atdrigiem m@rklajumiem (polidimetilsilok&nu
(PDMS) — nepalrs, poliakriitu (PA) — pofirs, kombirgtu &iedras jarklajumu,
kur§ sagtv no tis materliem: divinilbenZna (DVB) - nepdrs,
polidimetilsilokeana (PDMS) — nepats, karboksna (Car) — pairs).
Identificéto gaistoSo savienojumu skaitu un to denéukumu latiski (p<0,05)
ietekneja izmantols cietis fazes mikroekstrakcijas kiedras prklajuma
materbls (4.att.). Visliefikais kojo identificeto savienojumu smhai laukums
konstatts, izmantojot DVB/CAR/PDMS Igedru. Ar PA un PDMS I§edram
iegito gaistoSo savienojumu srhailaukumi Hitiski (p<0,05) neaidras.
Rezulitu pamatoSanai agkinaja ekstrakcijas efektiviti N,, kuru izmanto
metozu optimizcijai (Sanche-Silvaet al, 2005). Ekstrakcijas efektidte PA
un PDMS &iedram, saidzinot ar DVB/CAR/PDMS, ir attiagi 47% un 47,7%.
Terpeniem p-cimeénam, linaloolam ury-terpirenam liekkais smailes laukums
iegits, izmantojot DVB/CAR/PDMS Id8edru, savukrt, aronitiskam
savienojumam timolam ligkais smailes laukums bija, izmantojot Piesiru.
Ari literatiras dati paada, ka PA Kiedra ir piendrota aromtisko savienojumu
noteikSanai (Czerwinsket al, 1996). Pamatojoties uz Siem reztidm ka
pienerotaka turprmekiem petijjumiem iz\eléta DVB/CAR/PDMS giedra.

Cietas fazes mikroekstrakcija iridzsvara tehnolgja, tatad savienojumi
netiek pilnba izdakti no parauga, bet @rkis ir parikt aronatu veidojoSo
savienojumuibdzsvaru starp 16 fazém: paraugu, tvaikaaki virs parauga un
Siedras arklajumu. Lidzsvara iegSanos ietekmekstrakcijas tempeiia un
ilgums.

Ekstrakcijas ilguma optiméanai garSaugu paraugus eksiraf, 20, 30,
45, 60, 120 mintes. Ka optimalais ekstrakcijas ilgums i2Zlets 60 mirites, jo
butiski (p<0,05) nesamazis viegli gaistoSo savienojumu saturs, betdgaps
iegat lielaku grtak gaistoSu savienojumu saturagdd ar to iegtie rezultti
labak raksturo paraugu sast.
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4. att. Cietas fazes mikroekstrakcijas %kiedras ietekme uz
ekstrahgto gaistoSo savienojumu sméi laukumu timi ana parauga
(ekstrakcijas temperatiira 30 °C, ilgums 20 mirtites)
Fig. 4. The influence of solid phase microextractiofiber to peak
area of extracted volatile aroma compounds of thyméextraction
temperature 30 °C, duration 20 minutes)

TreSais faktors, kas ietekm gaisto50 savienojumu ekstrakciju ir
temperaira. Timiana gaisto50 savienojumu sagt un daudzumu tvaikaae
butiski ietekn® ekstrakcijas tempefat. Tikai viena savienojuma (timola)
smailes laukums palielis, ja temperata tiek paaugstita virs 30 °C, bet
pargjiem savienojumiem Sajtemperaira tiek sasniegts maksitais smailes
laukums (vai ar tas kutiski neatiras no maksima), tad k optimala
ekstrakcijas temperata turpnakiem pEtijjumiem iz\eléta 30 °C.

2. GarSaugu un #as iz\Ele aromatizéSanai
Ellas aromatigSanai ir nommiga gan garSaugu, galas kvaliite.
GarSaugu iz\ele aromatizeSanai
GaistoSie savienojumi veido produktu garSu un atamtde] €lu

aromatizSanai ieteicams izmantot garSaugus, kuros ikaronatu veidojoso
savienojumu.

Baziliks. Petijumiem tika iz\€leti cetru &kirnu bazilika paraugi, kuri
aud#ti LLU Lauksaimnietbas fakulites izngginajumu laukos (zkis baziliks,
Opal baziliks, citronbaziliks, baziliks Minette) wiens komerdila sisEma
piedavatais baziliks. Kopjais identifiGto gaistoSo savienojumu srai
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laukums bazilika paraugiem utiski atkiras, faktisik testa @rtiba
Fra=277>F+.=3,48. Visliefikais tvaika §ze identificeto gaistoSo savienojumu
smaiu laukums ir komerala bazilika tvaika fz¢ (5. att.).

08

baziliks Minnete / basil Minettg

citronbaziliks / lemon basi £+08

baziliks Opal / basil Op 5.33E+08

zdais baziliks / green basil 6.34E+08

24E+09
komerciilais baziliks / commercial bas

0.00E+00 3.50E+08 7.00E+08 1.05E+09 1.40E+09

Smailu laukumi / Peak area

5. att. Petitajos bazilika paraugos identifigto gaistosSo
savienojumu korgjie smailu laukumi
Fig. 5. Total peak areas of identified compounds ianalysed basil
samples

Latvija audzto bazilika &irpu tvaika fizé identificeto gaistoSo
savienojumu sm@a laukumi ir divas 1z tis reizes maiki nela
komercilajam bazilikam. Atgiribas vagtu skaidrot ar datliem audzSanas
apstkliem, jo komerdilo baziliku audz citos klimatiskos apsklos (Santa
Maria garSaugi tiek impogti no Azijas, Eiropas dienvidiem u.c. vaeh).
Bitiska ietekme uz aroftu veidojoSo savienojumu saturu ir1 d@lteSanas
apstikliem. Latvia audZtos garSaugus kaltgaisa vid, kas veicina aroatu
veidojoSo vielu zudumus, bet, komaitai bazilika kaleSanai, iesgjams,
izmantotas modefdkas tehnolgijas, & saglalsjot aronfitu veidojoSos
savienojumus. Turpakiem pEtijumiem dlu aromatizSanai iz€léeti tris veidu
baziliki — komercilais, zdais baziliks un citronbaziliks. Kome#tais un zdais
baziliks izwlets tde], ka tajos ir visvaik gaistoSo aromiu veidojoSo
savienojumu. Citronbazilika i2li noteica pairétaju senscds \erteSanas
rezulfti.

Oregano. Petijumos izmantoti is oregano — Latvij audzta raudene un
grieku oregano, k ai komercilais oregano. Kofais identifiGéto gaistoSo
savienojumu smai laukums daidiem oregangintij piederoSiem garSaugiem
butiski atkiras (p<0,05). Turpikiem Etijjumiem dlu aromatizSanai ize€léti
divi oregano — komerglais un grigu oregano, jo tajos ir vaik aronatu
veidojoSo vielu.
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Timians. Petjjuma tika analizti divi timiana paraugi — Latvij audztais
un komerdilais timians. Kogjais identificcto gaistoSo savienojumu smai
laukums komeraiajam timanam un Latvij audztajam timinam hutiski
neat&iras (p>0,05). Turpakiem Etijumiem élu aromatizSanai izmantoti abi
timiana paraugi.

Ellas iz\ele aromatizeSanai

Petijuma €llu aromatizSanai izeleta rapSu Bu, jo rapsis ir noumigakais
ellas augs, kurs tiek augtz un m@rstradats Latvija, un dlai ir af augsta
uztunertiba. Rirtika izmanto gan nerafétu, gan rafigtu rapSu 8u, un, lai
izveletos @Etjumam atbilstogko, veica aromatiétu €lu sensoro narteSanu,
ka an analizja perok¥dskaila izmahas uzglabSanas laik.

Perokgdskaitla izmaipas rafinéta un nerafinéta ella. Nerafirétai un
rafinétai dlai perok®dskaitli noteikts, uziot petijumu un uzglabSanas laik
péc 2 un 6 neélam, 9 neEneSiem. Turp@kos Etijlumos aromatiztu dlu
iegiSanai nepiecieSams rapSliuesildit, tapec saidzinatas perokiskaila
izmaipas nesiltta un sildta (20 mimites 80 °C) Ha. Gan rafigtai, gan
nerafiretai dlai uzglalaSanas laik peroksdskaitlis pieaug un koratijas
koeficients ir attiergi 0,98 un 0,99 (6. att.).

C

E3

10

o]
I

5

POS / POV, mmol kg*

ldiena/ 1day 14 dienas / 14 days 42 dienas /y@ da  270dienas / 270 days

UzglalaSanas ilgums, dienas / Storage duration, days

O nerafirsta nesildta dla / unrefined unheated old nerafirgta sildta dla / unrefined heated oil

m rafinéta nesildta dla / refined unheated oil W rafingta sildta dla / refined heated oil

* - vertibas, kas afmetas ar vienu un to pasu burtu nawtiski atirigas sag starpi pie p>0,05.
AtSirbu hitiskums drtéts katram uzglai@Sanas periodam atseyi§ values, marked with the same
letter did not differ significantly p>0,05. Sigrafince of diferences is estimated for each storage
duration separately

6. att. Perokddskaitla izmainas rafinéta un nerafinéta dla

uzglabasanas laila
Fig. 6. Changes of peroxide value in refined and uefined
rapeseed oil
Nerafireta €]]a ir straujS peroKslskaita pieaugums, unép 9 nenesiem tas

ir palielinajies 4 reizes, bet rafétai dlai perok¥dkailis pieaudzis tikai
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1,7 reizes. Rafigta rapSu #a oksidicijas procesi ftijumu period noris Eni,
un peroksdskaila izmahas ir loti mazas, ko var izskaidrot ar antioksidantu
iesfgjamo khtbatni €lla, ka an rafineSanas procesa ietekmi, kura mitiek
atdaiti oksideSanos veicinoSie savienojumill&s sildSana 80 °C temperat
20 minates lutiski (p<0,05) ietekrgja nerafirgtas ¢las oksidSanos, un silda
€lla peroksdu veidoSads ir straujika, savuRrt batiski neat&iras sildtas un
nesildtas rafirttas élas perok&lskaitlis. Ta ka gan nesiltta, gan sildta
rafinéta €]la peroksdu veidoSahs bija Enaka ka nerafireta €la, aromatizSanai
pienerotaka ir rafirgta dla.

Sensoa vértéSana. PFartikas izside ,Riga Food 2004 pa&tetaju
veértejumam piedvati divi ar zdo baziliku aromatizti ellas paraugi, kuru
gatavoSanai izmantota nerafia rapSu Ba un rafigta rapSu Ba. Rezuliti
panadija, ka patikSanas @ nav hitiskas atgiribas starp abiem Siem
paraugiem. Viens no aromaiim dlu izmantoSanas veidiem an bat
majorezes gatavoSana. lades ,Riga Food 2004” apmekijiem piedivaja
NOVErtet am majorezes paraugus, kuru gatavodamantota aromatéta dla un
rezuléiti pamdija, ka augsiks nowrtejums bija majodzei, kuras gatavosan
izmantota rafidta dla. Pamatojoties uz Siem reztiém, aromatizSanai
izvéleta rafiréta rapSu Ba.

3. Gaistosie savienojumi aromatietas dlas

Visu analizto dlu tvaika fizé identificcto gaistoSo savienojumu kgjpis
smalu laukums paidits 7. atéla.

zalais baziliks / green basil

citronbaziliks / lemon basi H* 2.50E+07

2.88E+07

komercilais baziliks / commercial bas|f 1.49E+07

grieku oregano / Greek oregan

komercilais oregano / commercial orega A7E+07

timians / thyme 34 4.67E+07

3.47E+07

0.00E+00 4.00E+07 8.00E+07 1.20E+08

komercilais timans / commercial thy

Smailu laukumi / Peak area

7. att. Kopgjie gaistoSie savienojumi aromatiztu ellu tvaika faze
Fig. 7. Total volatile aroma compounds in aromatise oils
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Visvairak gaistoSo arostu veidojoSo savienojumu irlles ar grigu
oregano tvaikaakze. Lidzigi an tvaika &ze virs griku oregano ir visvaiik
kopejo gaistoSo savienojumu, Idinot ar citiem ptitajiem garSaugiem.
Vismazk gaistoSo savienojumu ir ar komatoi baziliku aromatiztas élas
tvaika fze, bet saldzinot visu gtito baziliku tvaika #ze identificeto
savienojumu daudzumu, komerl@i bazilika tvaika 4z¢ bija visvaik gaistoSo
savienojumu. Lai va&tu saidzinat gaistoSo savienojumu daudzumakaibas
garSauga unlms tvaika 4z€, apgkinata smailes laukumu attidma E, starp
savienojumu smai laukumu garSauga tvaikazé un savienojuma smailes
laukumu ar So garSaugu aromatize]la. Ja smdu laukumu attietba E, ir
100%, tad aromatitas élas un garSauga tvaikazé ir vienads gaistoSo
savienojumu saturs. Vismakz no garSauga tvaikaafe esoSiem aroatu
veidojoSiem savienojumiem identiéicc ellas ar komerdilo baziliku tvaika fize
(9,6%), savukrt, visaugsikie raditaji ir Latvija audztam timanam,
citronbazilikam, un Zajam bazilikam, attiagi 40,1; 38,0 un 36,3 %. Snhai
laukumu attiethas atgiribas garSaugiem ieteknvairaki faktori: gan augu
fiziologija, t.i., terisko éJu izvietojums auga strulkta, gan garSaugu sast
esoSo savienojumpalbas
Baziliks

Petijuma analiztajos bazilika paraugos kopdrtika identificcti 54 dazdi
savienojumi, no tiem 10 ir atrodami visosstretitajos bazilika paraugos. No
tiem var izdat tris noimigakos fEtitos bazilika paraugus raksturojosos
savienojumus — oksitbs monoterpnus: linaloolu un 1,8-cineolu, akan
seskviterpnu transa-bergamoréinu. Linalools un 1,8-cineols ak galvenie
savienojumi  bazilka sasta mineti vairaku autoru  ptijlumos
(Leeet al, 2005; Barbieret al, 2004; Marottiet al,, 1996).

Komercila bazilika tvaika fize tika identificgti 42 gaistoSie savienojumi,
no tiem nommigakie savienojumi ir  metilhavikols, linalools,
trans-a-bergamortns, 1,8-cineols, E-metilcinnamoiifits, #&tad komerdla
bazilika tvaika fzé nozmigakie ir aronatiskie savienojumi un oksidie
monoter@ni. Komerchla bazilika un ar So garSaugu aromatéis ¢las tvaika
fazes sagws ir at¥kirigs, unidz ar to ir svagi saidzinat tvaiku fazes gaistoSo
savienojumu procendlo sasivu virs garSauga un aromatias élas (8. att.).

Komercila bazilika nozmigaka gaistod savienojuma metilhavikola
(43%) procentalais saturs Ba ir batiski mazks (26,9%). Metilhavikols ir
aronitiskais savienojums, kura gaistdma ir mazka, ko pafda ar ta aiztures
laiks 16,9 mirtes, bet oksieta monotergna 1,8-cineola procertlais saturs
palielinas no 4,5% garSaadidz 33% aromatitaja €lla.

No komerciila bazilika tvaika #z& identificctiem savienojumiem, kuriat
sasiva bija vailak par 3%, #as tvaika fizeé netika identifiéti seskvitergns
trans-a-bergamor@ns un aroratiskais savienojumg-metilcinnamoits.
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Komerchlais bazilks / |::::
Commercial basil

Ella, aromatieta ar
komerciilo baziliku / :
Oil aromatised with |-

commercial basil

38

0% 20% 40% 60% 80% 100%

E3 metihavikols / methyl chavicol & linalools / linalool
transe-bergamortins / transe-bergamontene @ 1,8-cineols / 1,8-cineole
B E-metilcinnamoilts / E-methylcinnamate M imongéns / limonene

D B-pinens /B-pinene & parcjie / others

8. att. Komerciala bazilika un ar komercialo baziliku aromatizétas dlas
gaistoSo savienojumu procentalais sastivs
Fig. 8. Volatile compounds in commercial basil andil aromatised with
commercial basil

Zala bazilikatvaika &z¢ tika identificeti 26 gaistoSie savienojumi, no tiem
nozmigakie ir linalools, 1,8-cineols, transbergamoriins, miréns, mentons,
pargjie 21 savienojumi tvaikaake ir mazak par 2%. Linalools ir galvenais
gaistosais savienojumslzaazilika tvaika #z&. Tvaika fizé virs dlas ar zk
baziliku tika identifieti 12 savienojumi, no tiem namigakie — linalools,
1,8-cineols, mirens, mentons. Salzinot ar garSauga saetl, dlas tvaika 4z&
nebija iespjams identifi€t nevienu aroritisko savienojumu un sekvitenpu,
iznemot B-bisaboénu. Tvaika fizé virs dlas ar zp baziliku, fipat ka virs
garSauga, namigakais savienojums ir oksithis monotergns linalools,
attieagi 53,4% un 63,7%, ta dla samazias @ procentdlais saturs. Otrs
nozZmigakais savienojumsl|t ir 1,8-cineols (21,9 %), kura procehnlais saturs
butiski pieaug, jo garSadgtas bija tikai 9%. Ar mircena procentiais saturs
ella ir lielaks ka garSaua, attieagi, 7% un 3%.

Citronbazilika tvaika fize tika identificcti 21 gaistoSie savienojumi, un
galvenie gaistoSie savienojumi ir linalools, nerala gerarils. Visi tfis
savienojumi pieder oksitiem monoterpniem, un citronbazilika tvaikaate
identificetos oksi@&tos monoterpnus geraniolu un nerolu, kas ir 36,8% no
kopgjiem identificstiem savienojumiem, nebija iegams identifiét citu
baziliku sastva. Tvaika fizé virs dlas ar citronbaziliku tika identiféti
17 savienojumi, no tiem vak par 2% (no kofa identificcto gaistoSo
savienojumu daudzuma) bija seSi savienojumi. Citeailika un ar
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citronbaziliku aromati@as élas tvaika 4ze tris nozmigakie savienojumi ir
vienadi, bet élas tvaiku fizé to procentalais saturs palielids par 1,5-4%. Ar
citronbaziliku aromatizta €lla batiski samazias citronbazilika cetusit
nozmigaka savienojuma -E-kariofillena saturs, attieégi 10% un 1,7%,itdzgu
tendenci pada ar transe-bergamoriins, un 4 saturs tvaikaaizé virs garSauga
un aromatiztas glas ir attietgi 4% un 0,8%.
Oregano

Petijuma analiftajos oregano kopuin tika identificcti 42 dazdi
savienojumi, no tiem 11 ir atrodami viso&tifejos paraugos. So savienojumu
procentalais sastvs garSaugos biski atXiras, piengram, karvakrols ir
nozmigakais savienojums gri® oregano sa®ta (63%), savulrt raudenes un
komercila oregano sasta attiedgi tikai 1,7% un 0,4%. idzgi ani
cis-sabirgna hidats nozmiga daudzura atrodams tikai raudenes sast

Komercila oreganosasiva tika identificgti 39 gaistoSie savienojumi,
noZmigakie no tiemp-ciméns untrans-sabirena hidats, kam seko linaloola
acefits, karvakrola meteris, terpin-4-ols. Ha ar komercilo oregano
noZmigakais savienojums ip-ciméns, un i procentdlais sastvs dla ir par
14% auggiks ka garSauga tvaikaate. Par 7-9% samazijies divu oregano
sasiva esoS0 savienojumu — oksid monoterpna linaloola acata un
aronatiska savienojuma karvakrola metiera saturs, & ai €lla nebija
iesyejams identifi€t aronatisko savienojumu timolu.

Grieku oreganotvaika fize tika identificcti 14 gaistoSie savienojumi,
noZmigakais no tiem karvakrols, unaknakamos nommigakos savienojumus
var miret p-cimenu, E-kariofillenu uny-terpirénu (9. att.).

0% 20% 40% 60% 80% 100%
O karvakrols / carvacrol @ p-cinEns / p-cymene B E-kariofilens
y-terpiréns /y-terpinene @ mircéns / Myrcene B a-tujens /a-Thujene
O o-terpirens /a-terpinene @ a-pinéns /a-pinene O pargjie / others

1 - Grigku oregano / Greek oregano, 2 JaEaromatizta ar gri&u oregano / oil aromatisedith
Greek oregano

9. att. Grieku oregano un ar gridku oregano aromati£tas dlas gaistoso
savienojumu procentialais sasfivs
Fig. 9. Volatile compounds in Greek oregano and odromatised with
Greek oregano
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Augsts karvakrola up-ciména saturs ir atspogpts [Etijumos par oregano,
kuri audzti Griekijas dienvidos (Kokkiniet al, 1997), lalija (Russo, 1998).
Juliani (2002) ptijumos mirets oregano, kura sast galvenie savienojumi ir
karvakrols uny-terpirens. Tis noZmigakie savienojumi gan gri@ oregano,
gan aromatiztas dlas tvaika 4z bija karvakrolsp-cimens uny-terpirens, ta&u
butiski (p<0,05) atkiras to procentilais saturs. Aromtiska savienojuma
karvakrola saturs samazjas no 58,7% garSaaglidz 18,5% #a, turpret
monotergnuy-terpiréna unp-cimena sagivs palielirajas divas reizes.
Timians

Petijuma analizto timianu sastva kopuns tika identificcti 28 dazdi
savienojumi, no tiem 16 ir atrodami abostif@jos garSaugosp-cimens ir
noZmigakais savienojums komefti timiana tvaika #ze, ka an Latvija
audzta timiana sastva tas veido 7,2% no gaistoSiem savienojumiem.

Komercila timiana sasiva identificéti 37 gaistoSie savienojumi, no tiem
divi galvenie irp-ciméns un timols (10. att.). I&ge dati ir idzgi citu autoru
iegatiem rezultiem, un analigtais timans pieder pig-ciménakimiska tipa,
kura sadiva ir 32% p-cimens, 21% timols, 9,5%-terpirens, 2,8% linalools
(Kaloustian, 2005).

2 |
1f
0% 20% 40% 60% 80% 100%
B p-cinéns / p-cymene B timols / thymol
@ y-terpiréns /y-terpinene m linalools / linalool
B timola metileteris / thymol methylether B limonéns / limonene
B karvakrola metéteris / carvacrol methylether B mirceéns / mircene

@ pargjie / others

1 — komerdilais timians
2 — arkomerdilo timianu aromatizta dla
10. att. Komerciala timiana un ar komercialo timianu aromatizétas dlas
gaisto3o savienojumu procentalais sastivs
Fig. 10. Volatile compounds in commercial thyme andil aromatised with
commercial thyme

20



Ella ar komerdilo timianu tika identifiéti 11 no komerdila timiana
sastiva esoSiem 35 savienojumiem. No savienojumiem, kaniSaug bija
vairak ka 2%, dla netika identifieti aromstiskie savienojumi timola un
karvakrola metiteris, & ar seskviterpns E-kariofillens.

Latvija audzta timiana tvaika fze tika identificti 19 gaistoSie
savienojumi, no tiem namigakie ir skabekli saturoSais monotemps linaloola
acefits, cis-sabirgna hidats un monotergns p-ciméns. Timiana tvaika fizes
sasivs hitiski atkiras no élas tvaika 4zes, linaloola acéta sastvs bija par
21% maazks, savukrt, par 10-13% lia@ks ir monoterpna miréna un oksidta
monotergnacis-sabirena hidata saturs.

GarSauga un aromati#tas dlas tvaika fazes saldzinajums, izmantojot
novirzu kvadratu summu

Aromatiz&tas élas tvaika dze ir procentdli augstiks monoterpnu un
oksidkto monoterpnu saturs, savuakt, seskviterpnu un aroratisko
savienojumu ir maz, vai nav iggpms tos identifiet. Tam izskaidrojums
varetu bat savienojumuipa3bas, # gaistariba, kK tas ekstragjas dla, ka ail
tvaika fizesipadbas virs produktiem, t.i.,aksavienojums izdas no substta.
Ja garSauga un ar garSaugu arorgitiz dlas gaistoSo savienojumu
procentdlais sastvs ir vierads, tad novirzu kvadtu summa ir O, atad jo
mazka novirzu kvaditu summa, jo Bas tvaika izes sagws lidzigaks
garSaugam. Agkinatas novirzu kvaditu summas apkopotas 11 .chat

zalais baziks / green basilfEd 310

citronbazilks / lemon basill| 142

komercilais bazilks / commercial bas REEIIIIIIIIIIIIIINN 2535
grieku oregano / Greek oregan I 3046

komerciilais oregano / commercial orega 457

timians / thyme 765

komerciilais timans / commercial thyme, ', 1,1, | 1274
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11. att. GarSaugu un aromatiztas dlas gaistoSo savienojumu
salidzinajums, izmantojot novirZzu kvadratu summu
Fig. 11. Comparison of volatile compounds of herband aromatised oils,
using deviation square sum
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Mazaka novirzu kvadiitu summa ir citronbazilikam, jo norigakie
garSauga samsta esoSie savienojumi oksitle monoterpni linalools, nerols un
geraniols idzigas proporcifs ekstrabjas dla. Lielakas novirzu kvaditu
summas ir grieu oregano un komemtam bazilikam, jo nounigakie
savienojumi karvakrols un metilhavikols ir m#zgaistoSi, un to procerttlais
saturs aromatétas dlas ir attie@gi 63% un 41%. Rezuiti parada, ka gatavojot
€llu no garSaugiem, kuros no#gakie ir vieghk gaistoSie savienojumi,ak
oksidetie monoterpni, aromatiztu dlu sasivs ir tuvaks garSauga sastam.

4. Fenolu savienojumi garSaugos un aromatitas dlas

Ta ka augu fenolu savienojumi ir vieni no nodgakajiem prinariem
antioksidantiem, fitiski ir noteikt to daudzumu garSaugos un arorgtjas
ellas. Koggjais fenolu savienojumu saturs garSaugosski atiras (p<0,05)
(12. att.). Auggikais kojo fenolu saturs bija komeidh timiana, Latvip
audzta timiana, K af grigku oregano saa¥a. Vismazk fenolu savienojumu
bija abu ptito baziliku sagiva. GarSaugu sasta esoSie fenolu savienojumi
pieder daidam klagm: fenolskbes un to atvasajumi, flavonadi. Katrai
klasei ir savas uzives ipatribas, unidz ar to ar savienojumu ekstrakcijai
izmanto atBirigas metodes un k#&linatajus. Rtijumam iz\Elétas divas
ekstrakcijas metodes: 1) ekstrakcija ar metanalua lpiengrota fenolu skbju
ekstrakcijai, 2) ekstrakcija ar dietiéri, kura pierarota flavonadu ekstrakcijai
no garSaugiem. @iski atkiras fenolu savienojumu saturs, ko igsms
identificet garSaugos, izmantojot &iSgas ekstrakcijas metodes (12. att.).

zalais baziliks / green basil
komerciilais baziliks / commercial bas
grieku oregano / Greek oregan i

72.12

komercilais oregano / commercial orega 58.24

timians / thyme

76.41
komercilais timans / commercial thyme T | 73.19
0 20 40 60 80 100

Fenolu savienojumi / Phenolic compounds, mg 100b

@ Ekstrakcija ar dietdtteri / extraction with dietilether
B Ekstrakcija ar metanolu / extraction with methanol

12. att. Fenolu savienojumi garSaugu sa&¥a
Fig. 12. Phenolic compounds in herbs
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Vairak fenolu savienojumu no garSaugiem eksttializmantojot metanolu.
Analizetajos garSaugos kopunidentificsti seSi fenolu savienojumi, kuri pieder
dazdam klagm: fenolskbe (kafijskibe), fenolskbju atvasigjumi
(kafijskabes dindrs — rozmainskabe), flavoni (apigeims, lutedins) un
flavononi (eriodiktiols, naringans). Rozmanskibe ir nozmigakais fenolu
savienojums visos giitajos garSaugos, urist saturs nosaka kgjp fenolu
saturu garSaugos, joaggjo savienojumu saturs proporciinir Joti mazs
(Ildz 4%). Rozmanskibe visvaidk ir timiana, komerdla timiana un grigu
oregano sasta. No fenolskibem petito garSaugu sasta ir kafijskabe, un 1
identificeta tikai abos titos timana paraugos: LatdjaudZ£ta timiana sastva
0,26 mg 100 @, un komercila timiana sastva 0,38 mg 1009. Apigenns tika
identificets oregano un timha sagtva, un auggtks apigemna saturs ir Latvij
audzta timiana un grigu oregano sasta. Otrs flavons — lutedhs [Etitajos
garSaugos bija makos daudzumos, gdkinot ar apigeimu, un visvaiik
luteolina ir komerdila timiana sagiva. Ari vairak ka 40 analiztos M&edonip
audztos timina paraugos apigers un lutedhs bija gande visos
(Marin et al, 2003). Augstkais eriodiktiola saturs konsti$ griku oregano
sasiva. Naringefns tika identifiéts oregano un timna sasiva, un augsikais
ta saturs ir griku oregano un komefa timiana sastva.

Aromati&tas élas sagiva bija iesgjams identifiét piecus fenolu
savienojumus, un visaugkais fenolu savienojumu saturs itlaear grigku
oregano (13. att.).

grieku oregano / Gree e
oregano

komerciilais oregano /
commercial oregano

timians / thyme L

komerciilais timians / [
commercial thyme

0.000 0.004 0.008 0.012 0.016 0.020

Fenolu savienojumi/ Phenolic compounds, mg 180 g
-1 -1
B Ells ar garfauge SOl with spices, 30 gk EElla ar garfaugu /Ol with spices, 60 gkg L

13. att. Kopgjie identific &tie fenolu savienojumi aromatiZtajas dlas
Fig. 13. Total phenolic compounds in aromatised il
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Ellas ar z& un komerdlo baziliku nebija iesgjams identifiét fenolu
savienojumus. Aromatizas élas gatavoSanizmantots ai§rigs garSaugu
saturs — 30 g k§un 60 g kg. Ella, kuras gatavo$anizmantotais gar$augu
saturs ir 60 g kg, fenolu savienojumu saturs ir 1,9-2,1 reizeskielka e|ja ar
30 g kg' garSauga,atad [Etitaja apgaba fenolu savienojumu saturg]@
pieaug proporciaili ellai pievienoi garSauga daudzumam. GarSauguasast
noZmigako fenolu savienojumu — rozmaskibi bija iesgjams identifiGt
ellas, kuras aromatétas ar oregano un Lat@ijpaudZtu timianu. Savienojumu
bija iesgjams identifi¢t tikai €las paraugos, kuru gatavodaizmantots
60 g kg grieku oregano un tinina. Kafijskibe identifiGta tikai dla ar Latvia
audztu timianu un s saturs ir 0.0004 mg 100" qun 0.0006 mg 100y
attiedgi ella ar 30 g kg un 60 g kg timiana. No @tito gar$augu sasta
esoSiem flavoniem]ia netika identifiéts luteoins. Otrs flavons apigems tika
identificets ar gri&u oregano, komerglio oregano un Latvij audztu timianu
aromatiztas élas sagiva. Lai vagtu saidzinat fenolu savienojumu daudzumu
garSaugos unlis, rkinaja katra savienojuma ekstrakcijulae E. Fenolu
savienojumu ekstrakcijdle atkiras gan starp identifétajiem savienojumiem,
gan [Etitajiem garSaugiem. GarSaugu 8§est esod noZmigaka fenolu
savienojumu rozmamskibes ekstrakcijalt ir zema — 1,4%. Arkafijskabes
ekstrakcija #a ir tikai 0,8%. No flavonadiem, dla vislatek ekstrakjas
apigefins (idz 10,49%) (14. att.), naringea un eriodiktiola ekstrakcija bija
butiski mazka (0,19-1,89%).

12.00

©

10-4
1TUA,

1.691.87 1.891.86
m| 0 0.19 mam0-510.58

compounds in oil, %

Apigerins / Apigenin Eriodiktiols / Naringenns /
Eriodyctiol Naringenin

Fenolu savienojumu ekstrakcij
ella / Extraction of phenolic

0O Hlla ar grigu oregano / Oil with Greek oregano

B Ela ar komerdio oregano / Oil with commercial oregano
& Hlla ar timinu / Oil with thyme

B Hla ar komerdilo timianu / Oil with commercial thyme

14. att. Fenolu savienojumu ekstrakcija Ba
Fig. 14. Extraction of phenolic compounds in aromased oil
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To vaktu izskaidrot ar atsevi® fenolu savienojumu, tai skaigpigenna,
atraSanos augu lapgjos sknos (virsmas flavoridi), un kidz ar to tie viegik
afi ekstralgjas dla. Lielaka dda flavonadu darbojas & antioksidanti, bet
literatiras dati pada, ka narinems var darboties arka prooksidants
(Miranda, 2000). T ka narine@na ekstrakcijal¢s ir zema, tas po4iti ietekne
€llas kvalifiti un netiek veiciata s bopSaras.

5. Augu dlu kvalitates raditaju izmainas aromatiztas dlas

Aromati&tas ¢las tika gatavotas, sildotlle 70 °C temperata
20 mimtes. AromatizSanai izmantoti 16 garSaugi — komerais baziliks,
komercilais oregano, komerlais timians. Kvaliites &ditaji noteikti €lam,
kuru aromatizSanai izmantots a#igs garSaugu daudzums — 30 g'kgn
60 g kg". Uzsikot petijumu, kvaliites &ditajus noteica nesilthi un sildtai
rapSu dai. Aromatiztas élas tika analiztas [gc nenesi ilgas uzglaisanas.

Taukskabju sastavs. Augu dlu ipa3bas Mitiski ietekn® taukskibju
sasivs, &de] petits to sagivs rapSu Ba, ka an aromatiztajas dlas. Rtijjumiem
izmanto# rafinéta rapSu fa satur 12 datlas taukskbes, nommigakas no &m
ir oleinskabe, linolskibe un linoénskabe. Aromatiztu dlu taukskbju saturs
pec nenesi ilgas uzglad®anas btiski neat&iras no kontroles un &mesi
uzglalatas sildtas un nesililas élas, dg] talakos [Etijjumos taukskbes nav
analiftas.

Skabes skaitlis. Gan nesiltta, gan sildta €]la, kura uzglabta nenesi,
saidzinot ar kontroli, skbes skaitlis ir btiski (p<0,05) palieligjies. Savuért,
sildita un nesildta €ellas paraug tas lutiski neatg&iras. Hitiski skabes skaitli
ietekngja dlu aromatizSara izmantotais garSaugs ul daudzums 3. Ellas,
kuras aromati#as ar baziliku un oregano,afles skaitlis btiski neatgiras no
silditas un nesildas nearomatétas élas, savuit, ar timanu aromatizta €lla
skabes skaitlis ir augsks ka nearomatiztos dlas paraugos.

Peroksdskaitlis. Perok®dskailis pieauga uzglabanas laik, tadu
sildiSana a izmaipas neietekiEja. Baziliks veicina perokdu veidoSanos, ta
garSauga daudzumgla buatiski neietekmja perok®dksaitli. A iepriekEjie
petijlumi paiadija, ka baziliki darbojasaprooksidanti. legtie rezultti neatbilst
literatiira dotiem datiem, jo @ijumi liecina, ka 1 sasiva esoSie savienojumi ir
specigi antioksidanti. So pretrunu \&u izskaidrot citu autoru atiijumi, ka
pasfiv S[ECIgS sinegisms un antigonisms starp savienojumiem, kas ietekm
antioksidanta ipa3bas. Peroksskaitlis hitiski neatgiras ar oregano
aromatiztai dlai un nearomatétas élas paraugiem. Tirans ieteknd ellas
oksidkSanos, un tas atkgs no pievienat garSauga daudzuma. Ja tima
daudzums &z ir 30 g kg', peroksdskaitlis ir mazks ka nearomatiztas élas
paraugiem, savikt, ja timiana daudzums|g ir 60 g kg', peroksdskaitlis taji
ir augstiks ka nearomatizta €lla.
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6. AromatizeSanas apstklu ietekme uz aromatiztu ellu
kvalit ates raditajiem

AromatizSanas apsklu ietekme uz aromatitas élas sagivu petita,
izmantojot divus garSaugus — komelai baziliku un grigu oregano. Abu
garSaugu gaistosSo savienojumu dasat&iras, un tajos namigos daudzumos
ir savienojumi no dadam klasm — terg@ni, aronatiskie savienojumi.

Ellas ar komerchlo baziliku aromatizeSanas apsiklu analize

Petijuma analizti aromatiztas élas paraugi, kuri gatavoti gan izmantojot
sildiSanu, gan izturot|ki ar garSaugiem istabas temperat Nesildtos dlas
paraugos gaistoSo savienojumu ekstrakcija eotiek Eni. Pasiv batiska
lineara pozitva korekcija (r=0,97) starp lgas iztueSanas laiku un smiai
laukumiem. Rtitaja laika period lidz 28 dieam nav sasniegts gaistoSo
savienojumu Tidzsvars Ha, jo gaistoSo savienojumu saturs, palielinot
iztureSanas laiku, pieaug. Sihnas temperata un ilgums btiski (p<0,05)
ietekn® aromatiztu dlu gaistoso savienojumu daudzumu (15. att.)id3alot
smalu laukumus daitlas temperatras aromatiztos dlas paraugos, redzams,
ka hitiski neatgiras 60 °C temperata 60 mirites un 70 °C 10 mities sildtu
ellu gaistoSo savienojumu smalaukums.

5.00E+07
4.00E+07
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2.00E+07-
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Smaiu laukums / Peak area

Temperaiira / Temperature, °C

10 min & 20 min B 40 min W 60 min

= =raksturo gaistoSo savienojumu stoailaukumu nesildlz €j/a pec 28 dieam /
charaterize volatile compounds in unheated oilre& day
* - vertibas, kas afmétas ar vienu un to pasu burtu naiwtiski atSirigas sag starp, ja p>0,05 /
values, marked with the same letter do not difgmiEcantly p>0,05.
15. att. Kopejie gaistoSo savienojumu smail laukumi sildita
€lla ar baziliku
Fig. 15. Total peak areas of volatile compounds ineated
oil with basil
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Lidzigu tendenci var n@vot, saidzinot 70 °C temperata 60 mirites un
80 °C 10 minmtes sildtu d]u. Tatad vieradu gaistoSo savienojumu daudzumu
iesfEjams iedit, aromatizjot zentka temperaira ilgaku laiku vai augsika
temperaira isaku laiku. Nesildtos dlas paraugos gaistoSo savienojumu fmai
laukums pieaugachi, un visos siltos aromatiztu dlu paraugos gaistoSo
savienojumu smai laukumi bija liefiki ka pec 24 stundm analiZta nesildta
aromatigtas élas paraug Tatad sildSana veicina gaistoSo savienojumu
daudzumu Bas tvaika 4z&, un aromatiztas élas iespjas iedit 1saka laika
periodi. Bitiski neatiras (p<0,05) nesilitas aromatiztas élas gaistoSo
savienojumu satursép septiau dienu iztugSanas un 60 °C tempeiigt 10 un
20 mimtes sildtu dlu gaistoSo savienojumu smailaukumi. Kogjais
identificeto gaistoSo savienojumu sralaukums #a, kura sildta 40 mirites
80 °C bija divas reizes lighs ka nesildta €las paraug pec 28 dieam.
Rezultti parmda, K mainot aromati@Sanas apsklus var samazit ellas
aromatizSanas ilgumu, unge 48 stundm var pasakt tadu paSu arogtvielu
daudzumu, k izturot istabas temperat cetras neélas. GaistoSo savienojumu
ekstrakciju €a var ar veicimat ellas viskoziites samaziBaras sildSanas
proced. Rezulfiti parada, ka rafigtai dlai 18 °C temperata viskoziite ir
72 mPa s, betlla, kura uzsil@ta fidz 90 °C 1 ir 9,6 mPa s,atad & samazias
vairak ka septhas reizes. Aromatéganas apakli batiski (p<0,05) ietekra ai
atsevi&u savienojumu ekstrakcijule. Silditas un nesifdlas aromatiztas é¢las
sasivs hitiski atkiras. Visos silttas un nesilidas élas paraugos bija
iesfEjams identifi€t tris noZmigakos savienojumus — linaloolu, 1,8-cineolu,
metilhavikolu, &de] ai Sie savienojumi anakii sikak. GarSauga sasta Sie
tris savienojumi sa@tla vaieik ka 65% no visiem gaistoSiem savienojumiem.
Istabas temperata linaloola un metilhavikola ekstrakcija ll& notiek
palapeniski, un pagv pozitva linera korehcija starp smailes laukuma
pieaugumu un izt@anas ilgumu (abiem savienojumiem R=0,96). Santpk
1,8-cineols sasniedz makgilo smailes laukumu jaugp 14 die@am, un [&c
tam hutiski nemainas (p<0,05). Ttad ilgak iztureta nesildta aromatizta €]la ir
augsiks linaloola un metilhavikola procemiais sastvs, bet samaziis
1,8-cineola saturs. Linalola srhailaukumu izmaju tendences atkdna no
aromatiZSanas apakliem ir idzigas, k nowerots koggjiem smaju laukumiem.
1,8-cinecla sméail laukums nesilifa €lla pec 28 diemam bija tikai 27% no
80 °C 40 mimtes aromatiztas élas 1,8-cineola smiai laukuma. Btiski
neatgiras 1,8-cineola smhi laukumi éla, kura 60 °C temperata 60 minites
un 28 dienas izt@ta nesildta €lla. 60 °C temperata batisks metilhavikola
satura pieaugums tvaikaz bija tikai dla, kura sildta 60 mimtes. 70 un 80 °C
temperaira metilhavikola smau laukuma pieaugums irgkojams sildot Hu
I[idz 40 mimitém, un @Ec tam tas & samaziaties. Turpret linaloola un
1,8-cineola smail laukums pc sildiSanas 70 °C tempefai lidz 60 mirtiteém
nesamazifijas.
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Lidzgi ka 1,8-cineols, ar metilhavikola saturs g sildiSanas 80 °C
temperaira 60 mirites samaz#jas divas reizes, Salkzinot ar 40 mintes
silditu paraugu (16. att.). Nesitd €lla pec 28 dieam metilhavikola smai
laukums bija 1,2 reizes lights ka 80 °C 40 minmtes sildta €lla. Metilhavikols ir
gritak gaistoSs savienojums, jo pieder aatiskajiem savienojumiem, urat
ekstrakcijai nepiecieSams idlks laiks, Kk afi tas ir juigaks pret augaku
temperairu un lalak ekstragjas istabas temperas.
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16. att. Metilhavikola smaiu laukumi sildita €lla ar baziliku
Fig. 16. Peak areas of methylchavicol in heated ailith basil

Gan kogjais gaistoSo savienojumu srhai laukums, gan visu 1
nozmigako savienojumu — linaloola, 1,8-cineola, metilhal&smalju laukumi
sasniedz maksimumu, jdle tiek aromatigta 80 °C temperata 40 mirtes.
Tatad Sos aromatiBanas apsklus var uzskat par optimaliem dlam ar zdo
baziliku, jo nerkis ir iegit maksinali daudz gaistoSo savienojumu.

Metilhavikols ir noZmigakais savienojums kome#ti bazilika tvaika ize
(43%), bet aromaté&as dlas f saturs ir latiski maziks. Nesildta €]la ta saturs
ir 31%, turpret 80 °C 40 mimtes sildta €]la tikai 13%. Noimigakais
procentdlais pieaugums bija 1,8-cineolam, kura saturs g@davaika iz
bija tikai 4,5%, savuit, nesildta €]la ta saturs pc 28 diemm un 80 °C
40 minites sildta €la bija attie@gi 19% un 34%. 1,8-cineola procefifis
pieaugums Ka bija vairak ka 7 reizes, salizinot ar garSauga tvaikazi.
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AromatizSanas apskli ietekne aromatiztas élas sagivu, un tdg] ir svafgi

noteikt, ar kuru metodi igdga dla procentala sasiva zina ir lidzigaka bazilika
sasivam. Bazilika un ar baziliku aromatias élas procentila sasiva
saldzinaSanai €kinaja novirzu kvaditu summu (17. att.). AromatiZanas
laika pieaug gaistoSo savienojumu saturs un A%af to procentalais saturs.
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17. att. Novirzu kvadratu summas sildta dla ar baziliku
Fig. 17. Deviation square sum in heated oil with Lzl

Nesilditi aromatiztas élas paraugu gaistoSo savienojumu @mestir
Iidzigaks garSauga gaistoSo savienojumuasash, K paaugstiata temperaira
aromatiztas élas paraugi.

Ellas ar grieku oregano aromati£Sanas apstklu analize

Petijuma analizti ar oregano aromatii ellu paraugi, kuri aromatiti
dazidos apsgtklos. AromatizSanas apsklu petijumu rezulsti analizti pec
kvantitatva un kvalitalva sasiva, t.i., smdu laukuma jeb konceritijas
tvaika fize, un aromatizto dlu tvaika fizes procentila sasiva. Kopgja
gaistoSo savienojumu konceidija aromatiztas élas tvaiku fizé mairas
atkafba no aromatizgSanas apskliem. BHlu paraugos, kuri siitl 50, 60 un
70 °C temperata gaistoSo savienojumu konceatija tvaika fizé pieaug
palielinot sildSanas ilgumu. Savak, aromatizjot 80 un 90 °C temperat
petitaja laika intendla tiek sasniegts maksimums um@kas koncenficijas
samaziaSaras. Paraugiem, kuri siitli 80 °C temperdara maksimums tiek
sasniegts ¢ 20 mimiSu sildSanas, bet 90 °C tempanat aromatiztiem
paraugiem jau g 10 mimtém, bet ltiski (p>0,05) nesamazis af pec
20 miniSu sildSanas. Sadizinot visus paraugus, nevar iztiaiienus optimlus
apstklus, lai iedgitu maksinalo gaistoSo savienojumu konceatiju, jo batiski
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neatkiras (p>0,05) kogais gaistoSo savienojumu srai laukumstis
paraugos, kuri silti sados apsgiklos: 80 °C 20 miates, 90 °C 10 midtes,
90 °C 20 mimtes (18. att.).
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18. att. Kopejie gaistoSo savienojumu smail laukumi
sildita ella ar oregano
Fig. 18.Total volatile compounds in heated oil wittoregano

Turpmikos Etijumos liekka uzmartba pieérsta oregano sasta €soSo
noZmigako savienojumu p-ciména, a-tujena, karvakrola unvy-terpiréna
ekstrakcijai §a un tie sakrtoti segba pec to aiztures laikiem.

p-ciména koncenticija dlu tvaika fize 50, 60 un 70 °C tempefad pieaug
Ieni un maksimums netiek sasniegts. 70 °C temperatérojams straujs
p-ciména koncentcijas pieaugums, jala sildta ilgak par 40 mimtem. 80 °C
temperaira silditai €la maksinalais p-ciména smdu laukums tiek sasniegts
sildot dlu 20 mimtes, kam seko konceatijas samazi#Saris. 90 °C
temperaira silditiem paraugiem maksita p-ciména koncenticija tiek
sasniegta jauge 10 mirutem, ta&u afl koncenticijas samazifBaras notiek
strauji. Blu paraugi, kuri sildi 60 minites 90 °C un 70 °C tempeiiad, batiski
(p>0,05) neatgras.

Monoterfgna y-terpirena maksinlais smaju laukums tiek sasniegts
paraugu sildot 90 °C tempeiigd 10 mirites, bet, ja paraugs tiek gifl ilgak,
smalu laukums samazis, un 60 miates sildta paraug y-terpirena smau
laukums ir 2 reizes maks.

AtSkirtha no o-tujena un p-ciména 80 °C temperata sildita €|la
y-terpirena maksirala koncenticija tiek sasniegtage 40 mirutem.
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Nozimigakais savienojums oregano $a&t ir aromnatiskais savienojums
karvakrols, un & ekstrakcija Ha ieteknt kopgjo gaistoSo savienojumu
koncenticiju €llas tvaiku fize. Ellu sildot 50, 60 un 70 °C tempeiet
karvakrola koncenicija tvaika fize, palielinot sildSanas ilgumu, pieaugri.
Savulart, 80 un 90 °C temper@i karvakrola koncendcija strauji pieaug, un
maksimums ais temperatras tiek sasniegts, ja paraugs tiek #8820 mirutes.
Ellas paraugu sildot 90 °C tempairat verojams stradgiks karvakrola
koncentécijas pieaugums, &80 °C temperata silditos paraugos, ta pec
maksimuma sashiegSanas 90 °C tempefaterojams ar straufiks karvakrola
koncentécijas samazigums.

Optimalo €llas aromatigSanas parametru noteikSanai papildesta dlu
oksidcgjamiba (19. att.).
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19.att. Hlu ar grieku oregano oksi@&amiba
Fig. 19. Oxidation ability of oil with Greek oregaro

PeroKkdskaitli hitiski ietekn€ja dlas sildSanas temper@aa. 50, 60, un
70 °C temperata silditos dlas paraugos perakiskaitlis kutiski neat&iras,
pieaugums bija arojams tikai #las paraugos, kuri sifil 80 un 90 °C
temperaira ilgak par 20 mimtem. Ta ka peroksdskaitlis lutiski neat&iras
80 °C 20 minmtes, 90 °C 10 miites, un 90 °C 20 mittes sildtos paraugos, tad
€llu aromatizSanai var izelgties jebkuru no Siem agpgdiem.
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SECINAJUMI

GaistoSo savienojumu cist fazes mikroekstrakcijai no garSaugiem un
aromatiztam  dlam  optinala  ir DvB/Car/PDMS  Kiedra,
mikroekstrakcijas ilgums 60 mites, temperata — 30 °C.
Vislielakais gaistoSo savienojumu saturs korgsakomercila un grigu
oregano, k an komercila bazilika sagtva. Petito garSaugu tvaikaate
identificeti 76 savienojumi, kas pieder teérpem, aroratiskiem
savienojumiem, ketoniem un spirtiem. &fo garSaugu gaistoSo
savienojumu sa®ts ir atkirigs, tongr var izdait katru garSaugu
raksturojo$os savienojumus:

* bazilika - linalools, 1,8-cineols, metilhavikols,

e oregano -p-cimens, karvakrols vatis sabirgna hidats,

e timiana —p-cimens, timols vai linaloola ac#s.
GaistoSo savienojumu sag$ garSaugun aromatizta €lla batiski atiras.
Aromatiztajas dlas saidzinot ar garSaugu ir procentulielaks viegkk
gaistoSo savienojumu (monoténp), bet mazks seskvitergnu un
aronitisko savienojumu saturs. Ar garSaugiem arordatid]u sasiva
noZmigakie savienojumi ir:

* ¢lla ar baziliku — linalools, 1,8-cineols,

e ¢€lla ar oregano p-cimens,

e ¢€lla ar timanu —p-cimeéns.
Petitajos garSaugos identiéit 6 fenolu savienojumi, no tiem nodigakais
savienojums ir rozmanskabe. Koggjais identificto fenolu savienojumu
saturs:

«  bazilika — 12-18 mg 100y

« oregano — 53-72 mg 100 g

timiana — 73-76 mg 1004
Fenolu savienojumu ekstrakcijiiabija zema, tikai 0,1-10% no garSaugos
esoSiem fenolu savienojumiem ekstjah dla, un #@ katram
savienojumam ak¥ras:

« visvairak ekstraljas apigems — idz 10%,

« viszenika ekstrakcija bija rozmamskabei — idz 0,5%.
Taukskibju sasivs aromatiztas €las hiatiski neizmainas, bet @u
aromatizSana ietek@ €llas kvaliites &ditajus skibes skaitli un
peroksdskaitli:

e augsiks skibes skaitlis, & nearomatizta €lla, ir ar komerdcilo

timianu aromatizta €lla,
« peroksdu veido$anos kavimians, ja & saturs #a ir 30 g kg', bet
veicina komerdilais baziliks.
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Ellu aromatizjot dazdos apgiklos, &s sastvs hitiski at¥kiras. Istabas
temperaira aromatizta €]la gaistoSo savienojumu sasg$ ir tuvaks
garSauga sastam, t&u paaugstifita temperaira (50-90 °C) aromatétas
ellas ir procentali augstiks monoterpnu saturs.
Ellas aromatigot paaugstiata temperaira, maksinalais gaistoSo
savienojumu saturs tiek sasniegts :

e ¢lla ar komerdilo baziliku — 80 °C temperat 40 mirites,

e ¢lla ar griku oregano — 80 °C tempearat 20 min un 90 °C

temperaira 10-20 mintes.
AromatiZ&jot €llu ar garSaugiem 1812 °C temparat

maksinilais smaliu laukums netiek sasniegtsg28 dienu aromat&anas.

IETEIKUMI RAZOT AJIEM

AromatizSanai labk izveleties garSaugus, kuru ara@ta veido viegik
gaistoSie savienojumi, jo tad var ig@romnatiskaku d]u.
Aromatizjot €]u istabas temper@t iesggjams iedit €lu, kuras aromts ir
l[idzgs izmantat garSauga aroftam.
Atrai dlu aromatizSanai var izmantot garSaugu iZEmnu ¢a
paaugstiata temperaira. Petitajiem garSaugiem optidtie aromatizSanas
apstkli ir:

e komercilam bazilikam — 80 °C tempefad 40 mirtites,

e grieku oregano - 80 °C tempeiie@ 20 mimtes vai 90 °C

temperaira 10 mirates.

Augst\ertigaku dlu var iedit, aromatizjot to ar gri&u oregano, jo &ls
produkts satur visvaik flavonadu, kuri ir daligie antioksidanti.
Ellu aromatizSanai ieteicams izleties rafiretu dlu, jo @ lenak oksicjas
un produkts ilgk saglal kvalitati.
Ekstralgtie garSaugi, kuri veidojasalblakusprodukti Bu aromatizsars ir
vertiga izejviela aromatétas majodzes gatavosan
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TOPICALITY OF THE RESEARCH

Herbs are used all over the world to improve ttetetaf food products. In
Europe, this is particularly common in Mediterramezountries, where they
may be utilised in the fresh, dried or frozen statse of herbs in Latvia has
become popular recently and commercial productiobasil, thyme, oregano,
savory and other herbs is increasing.

Herbs are important in the diet and they are usddhprove the taste and
aroma of food products through the volatile oilsytitontain. In addition, they
have antioxidant (Yanishlievat al, 2006; Tomaino, 2005; Lee, 2005) and
antimicrobial (Souza, 2007; Baydat al, 2004) qualities, and they improve
health (Sahin, 2004), arouse the appetite and perntiwe production of
digestive juices. The most important compounds khimsure these
characteristics are the phenolic compounds, teigerand derivatives of fatty
acids and amino acids. Some of the biologicallwaatompounds in herbs are
oil-soluble, therefore one of the uses of herbsisromatise edible oils. In
developed countries, oils with a higher food vadwe being demanded, as, for
example, oils with a lower trans fat content, higbmega-3 fatty acid content,
and a higher content of oil-soluble vitamins (MuypR006).

Consumers want food products which do not contgitthetic additives.
For this reason, opportunities are being soughtttiise the antioxidative
qualities of plants. In recent years, many stutlieage been done regarding the
characteristics of natural herbs, possibilitiestfair use, extracts which can be
obtained from them and the characteristics of theeacts. These studies
show that natural herbs have higher levels of aittadive activity compared
with their extracts in different kinds of solven{®roestos, 2006). The
composition of herbs with their volatile, aroma ¢uoing and
phenol-containing compounds is broadly describetthénliterature, but there is
practically no data about the extraction of thesmpounds from the herb to
oil. Oil is also used to extract antioxidative camapds from herbs
(Pokornyet al, 2001).

The number of oil manufacturers producing natucddl pressed rapeseed
oil for consumption in food is increasing in Europée refined food oil market
is stable with some growth, but the demand for quielssed rapeseed oil is
growing rapidly, especially in Germany (Matthausakt 2006).Aromatising
oil with herbs, the aroma producing and biologigadlctive compounds are
extracted into the oil, thus raising its food value

The goal of this thesis is to research the suitability afdian-grown basil,
oregano and thyme for the production of aromatekd
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To reach the goal, thtaskswhich have been set forward are as follows:

1. optimization of the parameters of the solid phaseraextraction
method of determining the presence of volatile coamgls in herbs
and aromatised oll,

2. comparison of the composition and content of vidatbmpounds
in commercially available herbs and herbs growrLatvia, and
evaluation of their suitability for oil aromatisati,

3. comparison of volatile compound content in herbd aromatised
oil,

4. determination of phenolic compound levels in hedrsl their
extraction level in aromatised oils,

5. analysis of the effect of aromatisation conditions quality
indicators of rapeseed oil — peroxide value, actue, fatty acid
composition,

6. study the effect of aromatisation parameters onctitaposition of
volatile compounds and their content in oil.

Thenovelty and scientific significance of the work

For the first time in Latvia, the following has Imeievestigated:

1. the volatile and phenolic compound composition afvian-grown
basil, oregano and thyme,

2. the extraction of volatile aroma compounds fronbkeanto oil, and
the conditions necessary for aromatisation,

3. the composition of phenolic compounds found in @ifsmatised
with Latvian-grown herbs and with herbs offeredtie commercial
system.

The theme of this scientific work and its developinis connected to the
national research program in agrobiotechnologyndhrative technologies for
the production of high quality, safe and healthgdfigroducts from genetically,
physiologically and biochemically varied plant aacimal raw materials” and
one of its projects, “New manufacturing technolsgier food products rich in
functional ingredients.”

Thesignificance of the work to the national economy the content of oil
aromatised with different herbs is studied, as waslthe effect of the conditions
of the aromatisation process on the compositiothef aromatic substances.
The aromatisation method of using increased temyresm is being
experimentally tested at the company SIA “lecavsiek

THE SCIENTIFIC WORK APPROBATION

The results have been reported in scientific armbaeh conferences of
LLU (Latvia University of Agriculture), in internainal conferences in
Lithuania, the Czech Republic, Greece, France, awriSpain. The work
results have been reflected in 7 scientific pulilices in English, and 7 of
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them - in issues approved by the Latvia Scientiflouncil (the list of
publications and attended conferences see on pages

MATERIALS AND METHODS

Time and place of research.The research was carried out from
September 2004 to August 2007 at the following tiocs:

e Latvia University of Agriculture, Faculty of Foodethnology
(determination of acid and peroxide values, vidgdsi

« Gent University, Belgium (determination of volatiéend phenolic
compounds in herbs and oil);

« PVD National Diagnostic Centre (determination ohtemt of fatty
acids in oil);

e exhibition ,Riga Food 2003” and ,Riga Food 2004"eifsory
analysis).

Materials used in research

Seven herbs were obtained from the experimentddsfief the Latvia
University of Agriculture, Faculty of Agricultureand three were obtained in
the commercial system. Before using herbs for oilneatisation, they were
chopped (particle size 0.5—-2 mm). Both refined anckfined rapeseed oil was
used for aromatisation.

Technology for preparation of aromatised oil and mgonnaise

Aromatised oil was prepared by two methods (Fig. 1)

1. Holding the herbs in oil at a temperature of 18+2T@Ge bottle of
oil was sealed with a plastic cap and elastic t@erafilm). The
sample was held at 18+2 °C 1-28 days. After thelihgl period,
the oil samples were filtered through an 0.3 mteffiand analyzed.

2. Holding the herbs in ail at increased temperatufés bottle of oll
and herbs was capped and hermetically sealed acddlin a tank
of water, which was held at a temperature of 5Q, ) 80 and
90 °C, heating it until the oil reached the destetiperature.

One possibility for using aromatised oil is in thgeparation of
mayonnaise. Two mayonnaise types were preparedd basetechnology
already worked out (SIA “Balttur-R”): mayonnaise thwi aromatised oll,
mayonnaise with herb residue.

Structure of research

Herbs, rapeseed oil, rapeseed oil aromatised védthshand mayonnaise
were analyzed in the research work, and it canaded! into 5 sections:

1. Extraction methods for volatile compounds (solighase
microextraction) and determination of optimal pastens. In the
determination of optimal parameters, the followinas tested:

- fibres for microextraction with three different B of
coating (PA, PDMS, DVB/CAR/PDMS),
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e duration of extraction from 10 to 120 minutes,
e extraction temperature from 20-60 °C.
2. Selection of herbs for aromatisation of oil, dthon analysis of
volatile compounds and sensory analysis.
3. Selection of oil, based on peroxide level antksgy analysis.
4. Investigation of quality of aromatised oil (FR).
5. The effects of aromatisation conditions on thmposition of volatile
compounds in the oil, its oxidization and viscogRjg. 3).

The effects of aromatisation conditions on the izgtion of oil were
investigated using oregano in the aromatised oihpdes. Viscosity was
determined for unaromatised oil, depending on teatpee.

The indicators determined and methods used in thewvestigation

The indicators analysed for herbs, oils and mayisenare set forth in
Table 1.

Determination of volatile compounds.Solid phase microextraction was
used for isolation and gas chromotography with assnapectometer for
determination of volatile compounds.

Determination of phenolic compounds. Phenolic compounds were
extracted from herbs using two solvents: methandl diethyl ether. From oils
they were extracted using solid phase extractiothous. Phenolic compounds
were determined using a reversed phase liquid obiagmaph Agilent 100
LC-MSD system.

Determination of viscosity. The viscosity of refined oil was determined
with a programmable DV-IIl Ultra Rheometer BROOKEIE The data
obtained in the investigation represents viscogityPa s) depending on
temperature (°C). The initial temperature is 18405 The viscosity of the oil
samples was determined at 18, 20, 30, 40, 50, 60,80 and 90 °C
temperatures. The data was processed using a Rhisotiavare.

Sensory evaluation methodsThe sensory evaluation of aromatised oils
and mayonnaise was carried out at the internatifowd exhibitions ,Riga
Food 2003” and ,Riga Food 2004", in order to deteenthe opinions of
consumers regarding the products offered.

Peroxide valueswere determined by the standard method LVS EN ISO
3960:2005.

Oxidizability is characterized by the peroxide value, which was
determined after holding the sample 48 hours atmaperature of 60 °C
(Matiseks, 1998).

Acid value was determined by standard method LVS EN I1SO 6&1:20

Fatty acid compositionwas determined by standard method LVS EN ISO
5590:2001.

Mathematical processing of data. The data was processed using
mathematical statistics methods. The following ¢atiors were calculated for
the results obtained: average, standard devia@ore—factor and two—factor
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dispersion analysis and correlation were used fia dnterpretation, using
Microsoft Excel for Windows 7.0 and the SPSS 1lmgmm package
(Arhipova, 2003).

RESULTS AND DISCUSSION

1. Selection of optimal solid phase microextractioparameters

The most significant parameters of solid phase aeixtraction are coating
of the microextraction fibres, duration of the extion and temperature.
Choosing optimal parameters, the volatile, aromadpcing compound
extraction for thyme was tested. The suitabilityrofroextraction fibres for the
investigation is affected by the characteristicshef absorbent coating material.
Three microextraction fibres with different coatingere tested (Polydimethyl
Siloxane (PDMS) — non polar, polyacrilate (PA) —lgop combined fibre
coating, composed of three materials: divinylbeez¢BVB) — non polar,
polydimethyl siloxane (PDMS) — non polar, carboxi{@AR) — polar). The
volatile compound value identified and its peak aamere substantially
(p<0.05) affected by the coating material usedhenfibres in the solid phase
microextraction process (Fig. 4). The largest tpedk area for the identified
volatile compounds was established using DVB/CARYEDfibre. The peak
area of volatile compounds for PA and PDMS fibres substantially (p<0.05)
the same. The results were based calculating ¢ixtnaeffectiveness, which is
used for optimization of methods (Sanche—S#¢al, 2005). The extraction
effectiveness of PA and PDMS fibres, compared toBIBAR/PDMS, are,
respectively, 47% and 47.7%. The largest peak d@aterpenegp-cymene,
linalool, andy-terpinene were obtained using DVB/CAR/PDMS fibrast the
largest peak area for the volatile compound thymat obtained using PA
fibre. There is literature substantiating the diltty of PA fibre for
determining volatile compounds (Czerwinski al, 1996). Based on these
results, DVB/CAR/PDMS fibre was selected for furthesearch.

Solid phase microextraction is an equilibrium teabgy, therefore, the
compounds are not completely separated from theplsarand the goal is to
achieve equilibrium of the aroma producing compoantng three phases: the
sample, the headspace above the sample and thegcaditthe fibre. The
temperature and duration of the extraction proedfexts the establishment of
the state of equilibrium. To optimize the duratioh extraction, the herb
samples are extracted 10, 20, 30, 45, 60 and 180tes. The optimal duration
of extraction was chosen at 60 minutes, becausklyhigplatile compound
content is not substantially reduced in that tidoet it is possible to obtain
higher content from volatile substances which aaedér to vaporize, and
therefore the results obtained better characténzeomposition of the sample.

The third factor which affects extraction of volaticompounds is
temperature. The content and amount of volatile prmmds in thyme were
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significantly affected by extraction temperaturéheTpeak area of only one
compound (thymol) increases if the temperaturaised above 30 °C, but the
other compounds reach their maximum peak area (eal@e which is not

substantially different from maximum peak areakréfore 30 °C was the
optimal extraction temperature chosen for furtlesearch.

2. Selection of herbs and oil for aromatisation

The quality of both herbs and oil is significantiiiharomatisation.

Selection of herbs for aromatisation.

The volatile compounds determine the taste and arofmthe product,
therefore it is recommended to use herbs whichatemhore aroma producing
compounds in oil aromatisation.

Basil. Samples of four different kinds of basil, grown the Latvia
University of Agriculture, Faculty of Agriculturexperimental fields, were
selected for the investigation (green basil, opilblemon basil and Minette
basil) and one sample of basil offered by the corormaksystem. The total
identified volatile compound peak area of the sasgliffers significantly, the
actual test value is F=277 >,;/=3.48. The largest peak area for volatile
compounds identified in the headspace is in thel$psce for commercial basil
(Fig.5).

The peak areas of volatile compounds of Latvianmgrbasil identified in
the headspace are two to three times smaller thanaf commercial basil.
These differences could be explained by the diffeeein growing conditions,
because commercial basil is grown in dissimilamelies (Santa Maria herbs
are imported from Asia, the south of Europe andeotplaces). Drying
conditions also significantly affect the content tife aroma producing
compounds. The Latvian grown herbs are air-driguickvis conducive to the
loss of the aroma producing substances, but conmahdyasil is likely dried
using more modern technologies, thus preservingerbrthe volatile, aroma
producing compounds. For further research, thrgesyof basil have been
selected—commercial, green and lemon basil. Comaleand green basil
were selected because they contain the most latbma producing
compounds. Lemon basil was selected in the bastheofconsumer sensory
testing results.

Oregano.Three types of oregano were used in the investigatioregano,
which is grown in Latvia, Greek oregano and comia¢raregano. The total
identified volatile compound peak area of the vagieoregano species differed
significantly (p<0.05). Two oregano species werdected for further
research—commercial and Greek oregano, becausectmgin more aroma
producing material.

Thyme. Two samples of thyme were analyzed in the inveStiga- thyme
grown in Latvia, and commercial thyme. The totantified volatile compound
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peak area for commercial thyme and Latvian growymih did not differ
significantly (p<0.05). Both thyme samples were duse the following
research.

Selection of oil for aromatisation

Rapeseed oil was chosen for aromatisation because the most
significant oil producing plant grown and processedlatvia and it also has a
high nutritional value. Both refined and unrefineitlis used for food, and in
the selection process to determine the most apjptepsil, sensory evaluation
was done and peroxide value changes were analyzed.

Peroxide value changes in refined and unrefined oiPeroxide values for
both refined and unrefined oil were establishedtha beginning of the
investigation and during storage after 2 and 6 wemid again after 9 months.
It is necessary in further research to heat rapesédetherefore the peroxide
values were compared for both unheated and he2tean{nutes 80 °C) oil.
During storage, peroxide values for both refined anrefined oil increased
and the correlation coefficient is respectively8ahd 0.99 (Fig. 6).

There is a rapid increase in peroxide values foefimed oil, and after nine
months it has increased 4 times, contrasted wifime@ oil, where it has
increased only 1.7 times. The oxidization processnd the research period
occurs very slowly in refined rapeseed oil, andittogease in peroxide value is
very small, which could be explained by the possitnlesence of antioxidants
in the oil, as well as the effect of the refinemenbcess, during which the
oxidation facilitating compounds are separated d¢igating of the oil for
20 minutes at a temperature of 80 °C significar({hx0.05) affected the
oxidation of unrefined oil, and peroxide formationheated oil is more rapid,
but the peroxide value of heated and unheated ecfioil does not differ
significantly. As peroxide formation was slowerhboth heated and unheated
refined oil than in unrefined oil, refined oil isome suitable for aromatisation.

Sensory evaluation.At the food exhibition “Riga Food 2004, consumers
were offered for evaluation two oil samples flawbreith green basil, one with
refined and the other with unrefined rapeseedTdié results showed that there
were no significant differences in consumer prafeee between the two
samples. One possible use of aromatised oil ipthparation of mayonnaise.
At the food exhibition “Riga Food 2004”, consumevsre also offered for
evaluation two samples of mayonnaise prepared avitimatised oil, and they
evaluated significantly higher the sample prepasiti refined oil. Based on
these results, refined rapeseed oil was selecteatdmnatisation.
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3. Volatile compounds in aromatised oils

Total volatile compounds were determined in oilsvitich the herb
content was 30 g Kg The total identified volatile compound peak af@athe
headspace of all analyzed oils is shown in Fig. 7.

The highest level of volatile aroma compounds isnfbin the headspace
with oils aromatised with Greek oregano. Similatlye highest level of total
volatile compounds is found in the headspace al@reek oregano, compared
to all other herbs used in the study. The lowestllef volatile compounds is
found in oil aromatised with commercial basil ire theadspace, but comparing
the amount of volatile compounds for all the baainples in the headspace, the
highest level was found in the commercial basil gi@s In order to compare
the differences in concentration of volatile compads in the oil and herb
headspace, the relationship of the peak areas aleglated Ex, between the
compound peak areas in the herb headspace andrtippund peak areas with
that herb in aromatised oil. If the peak area i@tship Ex is 100%, then the
headspace of the aromatised oil and the headsfatiee cherb have equal
volatile compound content. The lowest amount ofatitd aroma producing
compounds from the herb headspace were identifiethe headspace of oils
containing commercial basil (9.6%), but the highieslicators were attained
with thyme, lemon basil and green basil grown intvisa respectively,
40.1, 38.0 and 36.3%. The differences in peak egksionships for herbs are
affected by various factors: physiology of the pldahat is, the location of the
volatile oils in the plant’'s structure, as well #se characteristics of the
compounds in the plant’s composition.

Basil

Altogether, 54 different compounds were identifiadthe basil samples
analyzed in the study. Of those, 10 are found lrtheibe samples, and from
these, the three most significant compounds whibbracterize the basil
samples studied may be separated out — oxygenatedterpenes: linalool and
1,8-cinecle, as well as sesquiviterpemansa-bergamontene. Linalool and
1,8-cineole can be found in studies by various @stlas the major compounds
in the composition of basil (Leet al, 2005; Barvieriet al, 2004; Marotti
et al, 1996).

Fourty two volatile compounds were identified inethheadspace of
commercial basil.Of those, the most significant compounds are niethy
chavicol, linalool, trans-a-bergamotene, 1,8-cineole amftimethylcinnamate;
thus aromatic compounds and oxygenated monoterpamesthe most
significant in the headspace of commercial basie €omposition of headspace
of commercial basil and oil aromatised with it dif§, therefore it is important
to compare the percentage content of volatile camgs in headspace above
the herbs and aromatised oils (Fig. 8). The diffeeein the percentage of
methyl chavicol, the most significant volatile comymd in commercial basil
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and oil aromatised with it, is 43% and 26.9% resipely, much smaller in the
oil. Methyl chavicol is an aromatic compound whisHess volatile, shown by
its retention time of 16.9 minutes, but the peragat of oxygenated
monoterpene 1,8-cineole increased from 4.5% in ttheb to 33% in the
aromatised oil.

Of the compounds identified in commercial basiltle headspace at a
level higher than 3%, sesquiviterpeti@ns-a-bergamontene and the aromatic
compounde-methylcinnamate were not identified in the headspac

Twenty-six volatile compounds were identified iretheadspace of green
basil Of those, the most significant are linalool, t&i8eole,
trans-a-bergamotene, mircene and menthon. The remainingo®ipounds in
the headspace are less than 2%. Linalool is the m@atile compound in the
headspace for green basil. Twelve compounds werdifiéd in the headspace
above oil with green basil. Of those, the most ificgmt were linalool,
1,8-cineole, mircene and menthon. Compared to dingposition of the herb, it
was not possible to identify any aromatic compouaus sesquiterpene, except
B-bisabolene.The most significant compound in the headspace ilofvith
green basil, as well as above the herb alone, igyjemated monoterpene
linalool, 53.5% and 63.7% respectively, neverthglés percentage is smaller
in the oil. The other important compound in oilli8-cineole (21.9%), whereas
in the headspace of herb its percentage was only B8 percentage of
mircene in oil is greater than in the herb alor®é,ahd 3% respectively.

Twenty-one volatile compounds were identified ie treadspace of lemon
basil and the major volatile compounds are linalookah@nd geranial. All
three compounds belong to the oxygenated monotespamd the oxygenated
monoterpenes geraniol and neral, identified in badspace of lemon basil,
which constitute 36.8% of the total identified campds, were not able to be
identified in the composition of any other basievBnteen compounds were
identified in the headspace of oil with lemon basil those more than 2%
(of the total identified volatile compound amountere made up by six
compounds. In the headspace of lemon basil androrhatised with lemon
basil, the percentage of the three most importanmpounds does not differ,
but in the headspace with oil their percentagee@ases to 1.5-4% of the
content. The fourth important compound found in thkemon basil —
E-caryophyllene — decreases in oil with lemon bdsim 10% of the herb
alone to 1.7% in the aromatised oil. A similar tency is observed with
trans-a-bergamotene, and its content in the headspace theerherb and
aromatised oil is 4% and 0.8% respectively.

Oregano

Altogether, 42 different compounds were identifiedhe oregano samples
analyzed in the study. Of those, 11 are foundlithal oregano samples studied.
The percentage of these compounds in the contenthefherbs differs
significantly, for example, carvacrol is the masipiortant compound in Greek
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oregano (63%), while it is only 1.7% and 0.4% cf ttontent in oregano and
commercial oregano, respectively. Similadis-sabinene hydrate in significant
quantity is found only in oregano.

Thirty-nine volatile compounds were identified irhet content of
commercial oreganothe most significant among thermp-cymene and
trans-sabinene hydrate, followed by linalool acetateyaerol methyl ether and
terpen-4-ol. In oil with commercial oregano, thestmsignificant compound is
p-cymene, and the percentage of its content insoil4% higher than in the
headspace of the herb alone. Two compounds foutteeinontent of oregano —
oxygenated monoterpene linalool acetate and arontatmpound carvacrol
methyl ether — decreased by 7-9%, and in thetoilas not possible to identify
the aromatic compound thymol.

Fourteen volatile compounds were identified in theadspace of
Greek oreganothe most significant being carvacrol and somewlests
significantp-cymene E-caryophyllene ang-terpinene (Fig. 9).

A high level of carvacrol ang-cymene is found in studies of oregano
grown in the south of Greece (Kokkigi al, 1997), Italy (Russo, 1998). In the
studies of Juliani (2002), oregano is noted, thinnsampounds of which are
carvacrol andy-terpinene. The three most significant compoundsGneek
oregano as well as the headspace of aromatisegleod carvacrolp-cymene
and y-terpinene, but their percentage differs signifiban(p<0.05). The
carvacrol content in the aromatic compound decrb&sen 58.7% in the herb
alone to 18.5% in the oil, but the monoterpepderpineneand p-cymene
content increased twofold.

Thyme

Altogether, 28 different compounds were identifiadhe thyme samples
analyzed in the study. Of those, 16 are found ith beerb samples studied.
p-cymene is the most important compound in the hgawks of commercial
thyme, and in Latvian-grown thyme it makes up 7.2%b the volatile
compounds.

Thirty-seven volatile compounds are identified ihet content of
commercial thymg of those, the two main ones apecymene and thymol
(Fig. 10). The data obtained are similar to theadditained by other authors,
and the analyzed thyme belongs to pheymene chemical type, the content of
which is 32% p-cymene, 21% thymol, 9.5%-terpinene, 2.8% linalool
(Kaloustian, 2005).

Eleven of the 35 compounds found in commercial thywmere also
identified in oil with commercial thyme. Of the cpounds which were found
in amounts greater than 2% in the herb, the arentatimpounds thymol and
carvacrol methyl ether were not found in the o#, well as sesquiterpene
E-caryophyllene.

Nineteen volatile compounds were identified in treadspace of thyme
grown in Latvia Of those, the most significant are the oxygentaiomg
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monoterpene linalool acetatgs-sabinene hydrate and monoterpprgymene.
The headspace content of thyme differs signifigaftdm the headspace of oil

— linalool acetate content was decreased 21%, lomotarpene mircene and
oxygenated monoterpeneis-sabinene hydrate content was increased by
10-13%.

Comparison of the headspace of aromatised oil andelbs with the
deviation square sum coeffecient K

The percentage of monoterpene and oxygenated nrpeate content in
the headspace of aromatised oil is higher, butw&sgene and aromatic
compounds are minimal or cannot be identified ktTdle explanation for that
may be the characteristics of the compound, itatilisy, how it extracts in oil,
as well as the attributes of the headspace ovedupts, that is, how the
compound separates from the substrate. If theilolmdmpound percentage in
herbs alone and in oil aromatised with the hethéssame, then the coefficient
is 0, consequently, the smaller the coefficiers, tore similar is the content of
the headspace of oil to the herb. The coefficiantsset out in Fig. 11.

The smallest coefficient K is found in lemon badikcause the most
significant compounds in the herb — oxygenated rterpenes linalool, nerol
and geraniol — extract in oil similarly. The gresti coefficients are for Greek
oregano and commercial basil, because the mostfisagrt compounds,
carvacrol and methyl chavicol, are less volatilad aheir percentage in the
content of the aromatised oil is 63% and 41 % retbgely. These results show
that in preparation of oil from herbs with more liligvolatile compounds, such
as oxygenated monoterpenes, the content of aradabi$ is closer to that of
the herb.

4. Phenolic compounds in herbs and aromatised oils

As phenolic compounds in plants are one of the maggtificant primary
antioxidants, it is important to determine theiaqtity in herbs and aromatised
oils. The total content of phenolic compounds imbkediffers significantly
(p<0.05) (Fig. 12). The highest total content oépblic compounds was found
in commercial thyme, thyme grown in Latvia, and €&r®regano. The lowest
content of phenolic compounds was in both basildasstudied. The phenolic
compounds in the herbs belong to various clasdesnglic acids and their
derivatives, flavonoids. Each class has its stratteharacteristics, so that
different methods and solvents are used for extracif the compounds. Two
extraction methods were selected in this studyextjaction with methanol,
which is suitable for extraction of phenolic aci@), extraction with diethyl
ether, which is suitable for extraction of flavot®ifrom herbs. The phenolic
compound content which can be identified in herbisg different extraction
methods differs significantly (Fig. 12).

More phenolic compounds were extracted from herfisgu methanol.
A total of six phenolic compounds were identifiedhich belong to various
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classes: phenolic acid (caffeic acid), phenolicdaderivative (caffeic acid
dimers — rosmarinic acid), flavones (apigenin, dlit§ and flavonoids
(eriodictyol, naringenin). Rosmarinic acid is theosh significant phenolic
compound in all the herbs studied and its contetgrdhines the total phenolic
content in the herbs, because the content of th&iréng compounds is
proportionately very small (to 4%). Rosmarinic agdfound in the greatest
amount in the content of thyme, commercial thyma @neek oregano. Caffeic
acid is one of the phenolic acids found in the kestudied, and it was
identified only in both thyme samples studied: tleymrown in Latvia at
0.26 mg per 100 ¢ and commercial thyme at 0.38 mg per 100 &pigenin
was identified in the composition of oregano anginth, and the highest
content was found in thyme grown in Latvia and ®reeegano. The other
flavon —luteolin — was found in smaller quantiti@s the herbs studied
compared to apigenin, and the greatest amount wolin is found in
commercial thyme. Apigenin and luteolin were alsorfd in almost all of more
than 40 analyzed thyme samples grown in Maceddnaif et al, 2003). The
highest level of eriodictyol was established in tbemposition of Greek
oregano. Naringenin was identified in the compositbf oregano and thyme,
and the highest level was found in the compositténGreek oregano and
commercial thyme.

It was possible to identify 5 phenolic compoundsaiiomatised oil, and the
highest phenolic compound content is in oil witte€t oregano (Fig. 13).

It was not possible to identify phenolic compoumi®ils with green and
commercial basil. Different quantities of herbs eveised in the preparation of
aromatised oil — 30 g kg and 60 g kg. Oil which was prepared using
60 g kg" of herbs had 1.9 to 2.1 times more phenolic comgaontent than
oil prepared with 30 g Kb thus in the researched range, phenolic compound
content increases proportionately to the amouriteobs added to the oil. The
most significant phenolic compound in the compositiof the herbs —
rosmarinic acid — could only be identified in oildich were aromatised with
oregano and Latvian grown thyme. The compound coulg be identified in
oil samples prepared with 60 gkof Greek oregano and thyme. Caffeic acid
was identified only in oil with thyme grown in Lagy as well as by its content
in the oil. Of the flavones in the composition bétherbs studied, luteolin was
not identified in the oil. The other flavon, apiggnwas identified in the
content of oil aromatised with Greek oregano, conaiaéoregano and thyme
grown in Latvia. In order to compare the level ¢iepolic compounds in the
herbs and in the oils, the extraction of compoundbe oil was calculated (E).
Phenolic compound extraction in oil differs amohg tdentified compounds as
well as among the herbs studied. The extractiorosfarinic acid, the most
significant phenolic compound in the compositiorhefbs, is low —1.4%. The
extraction of caffeic acid is also only 0.8%. Ottllavonoids, apigenine
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extracted the best in oil(up to 10.49%) (Fig. TBhe extraction of narigenin
and eriodictyol was significantly lower (0.19-1.8p%

This could be explained by the fact that some plhencompounds,
including apigenen, are found in the outer layefsthe leaves (surface
flavanoids), and therefore are more easily extthoteil. The greatest share of
flavanoids act as antioxidants, but the literatadécates that narinegin can also
act as a prooxidant (Miranda, 2000). As the le¥elarinegin extraction in oil
is low, there is a positive impact on the qualityre oil and it does not spoil.

5. Changes in quality indicators of aromatised oils

Aromatised oils were prepared by heating oil fom@@utes at 70 C. Three
herbs were used for aromatisation — commercial,baminmercial oregano and
commercial thyme. Quality indicators were desigdafer oils in which
differing quantities of herbs were used for arosmton — 30 g kg and
60 g kg". At the beginning of the study, quality indicatevere established for
heated and unheated rapeseed oil. Aromatised eile analyzed after storage
for one month.

Fatty acid content. Vegetable oils are significantly affected by fastyid
composition, therefore, the composition was studnethpeseed oil as well as
in aromatised oils. The refined rapeseed oil usedthe study contains
12 different fatty acids, the most significant bEm being oleic acid, linolic
acid and linolenic acid. In the aromatised oil, fady acid content does not
differ significantly from the control samples ofdted and unheated oils after
both types were stored for a month. For this readatty acids were not
analyzed further in the study.

Acid value. Acid values in heated and unheated oil storecforonth was
significantly (p<0.05) increased compared to theticd samples. They do not
substantially differ between heated and unheatedpks, however. The
greatest effect on acid values was caused by theused in aromatisation of
oil and its content in the oil. Oils aromatised hwitasil and oregano have no
significant differences in acid value compared teated and unheated
unaromatised oils, but the acid value of oil ardaseat with thyme is higher
than that in unaromatised oil.

Peroxide value.Peroxide value increased during storage time, batiig
did not affect these changes. Basil is favourabléhe formation of peroxide,
but the content of the herb in oil did not substdiyt affect peroxide value.
Previous studies also show that basil acts as @xjgant. The results obtained
do not correspond to data found in literature, heeahe studies show that the
compounds it contains are powerful antioxidantsis dontradiction could be
explained by the studies showitiwt there is powerful synergy and antagonism
between compounds, which affects the charactegistic antioxidants. The
peroxide value does not significantly differ betweeil aromatised with
oregano and unaromatised oil samples. Thyme affeetxidization of oil,
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depending on the amount used. At 30 ¢ kgeroxide value is smaller than in
unaromatised oil samples, but at 60 ¢ kigis greater.

6. The effect of aromatisation conditions on the cplity of
aromatised olil

Analysis of aromatisation conditions for oils withcommercial basil

The effect of aromatisation conditions on the cosifian of the
aromatised oil was studied using two herbs — coroi@ebasil and Greek
oregano. The composition of the volatile compoufiois these two herbs
differs, and there are significant amounts of coomuts of various classes —
terpenes and aromatic compounds. Aromatised oilpkesn prepared using
herbs in oil at room temperature as well as hedtiegoil with the herb, were
analyzed in this study. The extraction of volati@mpounds in unheated oil
samples occurs slowly. There is a significant peesitlinear correlation
(R=0.97) between the holding time and peak ared,iarthe range studied,
equilibrium of volatile compounds in the oil hastheen reached in 28 days,
because the content of volatile compounds increasethe holding time is
increased. Heating temperature and duration suietan(p<0.05) affect the
quantity of volatile compounds (Fig. 15). Comparpepk areas for aromatised
oil samples heated at different temperatures, it loa seen that there is no
substantial difference between volatile compoundkpareas for oil heated at
60 °C temperature for 60 minutes and 70 °C for Irfutes.

A similar tendency can be observed comparing owtés at 70 °C
temperature for 60 minutes and at 80 °C for 10 beswThus, it is possible to
achieve equivalent levels of volatile compounddoater temperatures for a
longer period, or higher temperatures for a shoptetiod. In unheated oll
samples, volatile compound peak areas increasdysland the peak areas for
volatile compounds in all the heated aromatisedsaihples were larger than
for unheated oil samples after 24 hours. Thus,iingancreases formation of
volatile compounds in the headspace of the oil ted possibility to obtain
aromatised oils in a shorter time period. Therendgs significant (p<0.05)
difference between the peak areas of volatile camgs in unheated oil held
for 7 days and oil heated for 10 and 20 minuted0atC temperature. The total
identified volatile compound peak areas for oilte€ad0 minutes at 80 °C was
twice as large as unheated oil samples after 28. delyese results show that
changing the temperature and duration of aromaiisathe process can be
shortened considerably, and as aromatic oil cantteined in 48 hours with
heating as at room temperature in four weeks. Tkteagion of volatile
compounds in oil can also promote reductions invikeosity of oil during the
heating process. The results show that the vigcositefined oil at 18 °C is
72 mPa s, but in oil heated to 90 °C, it is 9.6 rePeonsequently, it decreases
more than seven times.
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Aromatisation conditions significantly (p<0.05) edf the extraction of the
certain compounds in oil. The composition of headad unheated oils differs
significantly. It was possible to identify the tbrenost important compounds in
heated and unheated oil samples — linalool, 1,8edhand methyl chavicol.
Therefore, these compounds were studied partiguldHese three compounds
make up more than 65% of all volatile compoundshim composition of the
herbs.

At room temperature, the extraction of linalool andthyl chavicol occurs
gradually, and there is a positive linear correlatbetween the increase in peak
area and the duration of holding (R=0.96 for badimpounds). On the other
hand, 1,8-cineole reaches its maximum peak arebdimays, and does not
change substantially (p<0.05) thereafter. Thusethera higher percentage of
linalool and methyl chavicol in unheated oil heldr fa longer time, but
1,8-cineole decreases. The peak area changesabddintend to be similar,
depending on aromatisation conditions, as notetbtai peak areas.

The peak area of 1,8-cineole after 28 days in uekleail was only 27% of
oil aromatised for 40 minutes at 80 °C. There wasignificant difference in
1,8-cineole peak areas in oils which were heated@minutes at 60 °C and
unheated oil held for 28 days. There was a sigificincrease in methyl
chavicol levels in the headspace at 60 °C onlyililn@ated for 60 minutes. At
temperatures of 70 °C and 80 °C, the peak areanfdhyl chavicol increased
only up to 40 minutes’ duration, and after thatibedo decrease. On the other
hand, the peak area of linalool and 1,8-cineolesdu#t decrease after heating
at 70 °C up to 60 minutes.

Methyl chavicol, similar to 1,8-cineole, when hehtior 60 minutes at
80 °C, decreases two times compared with a sanmgdg¢ett for 40 minutes
(Fig. 16). In unheated oil after 28 days, the pagda for methyl chavicol was
greater (120%) than in oil heated for 40 minute8@t°C. Methyl chavicol
belongs to aromatic compounds and is therefore whifffeult to extract, taking
a longer time. It is also more sensitive to higkemperatures and extracts
better at room temperature.

The total peak area of volatile compounds as wetha peak areas of the
most important compounds linalool, 1,8-cineole amethyl chavicol — reach
their maximum if the oil is aromatised at 80 °C #0 minutes. Thus these
aromatisation conditions may be viewed as optimaldils with green basil,
because the goal is to obtain maximal amounts lattile compounds.

Methyl chavicol is the most important compound amenercial basil in
the headspace (43%), but its content is signiflgasrhaller in aromatised oils.
In unheated oil, its content is 31%, but only 13%t0il heated at 80 °C for
40 minutes. The most significant percentage inereaas for 1.8 cineole. Its
level was only 4.5% in the headspace of herbsaftet 28 days in unheated oil
and 40 minutes in oil at 80 °C, it was 19% and 3#&épectively. The
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percentage of 1,8-cineole in the oil increased ntbam 7 times compared to
the herb headspace.

The composition of aromatised oil is affected by tbonditions of
aromatisation, so it is important to determine Whimethod results in oil
having a percentage composition more similar ta ticbasil. Coefficient K
was calculated to compare the percentage compositio basil and oil
aromatised with basil (Fig. 17).

If the volatile compound percentage composition fmsil and oll
aromatised with basil is the same, then coefficient 0. Thus, the smaller the
coefficient, the greater the similarity of oil withe herb. During the time of
aromatisation, the volatile compound content insesaand the percentages of
its composition also changes.

The volatile compound content of unheated arontisesamples is more
similar to the composition of the volatile compoarid herbs than that of oil
samples aromatised by heating.

Analysis of aromatisation conditions for oils withGreek oregano

Oil samples aromatised with oregano under varioasditions were
analyzed in the study. The results of the studgrofmatisation conditions were
analyzed according to quantitative and qualitatigatent, that is, peak area or
concentration in the headspace, and aromatisechesdldspace percentage
composition. The total volatile compound conceidratin the headspace of
aromatised oil changes depending on the conditafnaromatisation. In oil
samples heated at 50, 60, and 70 °C, the condentiatvolatile compounds in
the headspace increases with the increase in beatie. But heating at 80 and
90 °C the maximum concentration is reached in thdisd time interval and
reduction begins. For samples heated at 80 °Cmdsemum is reached after
20 minutes, but for heating at 90 °C, after only mthutes, however, the
concentration does not begin to decrease signtficgp<0.05) even after
heating 20 minutes. Comparing all samples, it ispassible to identify one set
of conditions which would be optimal for obtaininbe maximum volatile
compound concentration, because there is no signifi(p<0.05) difference
between the total volatile compound peak areashoithree samples heated in
the following conditions: 80 °C 20 minutes, 90 °@ Minutes, 90 °C
20 minutes (Fig. 18).

In further studies, more attention was paid to thest significant
compounds in the content of oregamegymene,a-thuyene, carvacrole and
y-terpenine. They were to be extracted for oil amd arranged in order
according to their retention times.

The concentration gi-cymene in the headspace of oil at 50, 60 and 70 °C
increases slowly and the maximum is not reached/QAfC there is a rapid
increase if the oil is heated for more than 40 @suAt 80 °C, the maximum
p-cymene peak area is reached heating the oil fami2Qites, after which the
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concentration begins to decrease. In samples heat8@ °C, the maximum
p-cymene concentration is reached after only 10 tasjlbut the concentration
also decreases rapidly after that. Oil samplesldefar 60 minutes at 90 °C and
70 °C do not differ significantly (p<0.05).

The maximum peak area for monoterpgraerpinene is reached heating
the sample at 90 °C for 10 minutes, but if the danypheated longer, the peak
area decreases, and in a sample heated for 60 awjntlite peak area for
y-terpinene is two times smaller.

Unlike o-thujene ang-cymene, the maximum concentrationyeterpinine
is reached in 40 minutes heating in oil at 80 °C.

The most important compound in oregano is the atism@ompound
carvacrol, and its extraction in oil affects theéatoconcentration of volatile
compounds in the headspace of oil. Heating theabib0, 60 and 70 °C,
carvacrol concentration in the headspace incregleedy if the duration of
heating is increased. But at 80 and 90 °C, the emanation of carvacrol
increases rapidly, as in samples heated at 80 t@0AC, however, there is a
more rapid decrease after the maximum concentrigiattained.

In order to identify the optimal parameters for raatisation of oil, the
oxidizability of oil was studied (Fig. 19).

Peroxide values were significantly affected by bieating temperature of
the oil. In oil samples heated at 50, 60 and 70th€, peroxide values were
substantially the same. Increases were observgdronil samples which were
heated at 80 and 90 °C longer than 20 minutes.eSiecoxide values do not
differ significantly at 80 °C for 20 minutes, 90 f@ 10 minutes and 90 °C for
20 minutes, any of these conditions may be seldoregiromatisation of oil.

CONCLUSIONS

1. Solid phase microextraction of volatile compoundsnf herbs and
aromatised oil occurs optimally using DVB/Car/PDMSre, duration of
60 minutes, temperature 30 °C.

2. The greatest volatile compound content was estalisn commercial and
Greek oregano and commercial basil. Seventy-six poomds were
identified in the headspace of the studied herldsnigéng to terpenes,
aromatic compounds, ketones and alcohols. Theilotmpound content
of the herbs studied differs, but the characteristimpounds of each herb
can be separated out:

e basil - linalool, 1,8-cineole, methyl chavicol,
e oregano -p-cymene, carvacrol ais sabinene hydrate,
e thyme — p-cymene, thymol or linalool acetate.

3. The content of volatile compounds in herbs aloné Enaromatised oil
differs significantly. Compared to the content @frlts, there is a greater
percentage of highly volatile compounds (monoteesgnbut a lower
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percentage of sesquiterpene in aromatised oils. ost important
compounds found in oil aromatised with herbs are:
» oil with basil — linalool, 1,8-cineole,
» oil with oregano -p-cymene,
* oil with thyme —p-cymene.
4. Six phenolic compounds were identified in tieebs studied. Of those, the
most important is rosmarinic acid. The total idketi phenolic compound
content is:
« for basil — 12-18 mg 1007y
« for oregano — 53-72 mg 100g
« for thyme — 73-76 mg 1007y
5. Phenolic compound levels extracted in oil wiere, only 0.1-10% of the
amounts present in the herbs extracted into theand for each compound it
was different:
» apigenin extracted at the highest levels—up to 10%,
* rosmarinic acid extracted at the lowest levels—aip.5%.
6. The acid content in aromatised oils does r@inge significantly, but
aromatisation of oil affects quality indicators ftiie oil, acid values and
peroxide values:
e oil aromatised with commercial thyme has a highed &alue than
non-aromatised oil,
» formation of peroxide is delayed by thyme if itsntent in oil is
30 g kg', but it is promoted by commercial basil.
7. The composition of oil aromatised under ddéfar conditions differs
significantly. The volatile compound content of aromatised at room
temperature is closer to the content of herbs alouieoils aromatised at higher
temperatures (50-90 °C) contain a higher percerdbgenoterpenes.
8. The maximum volatile compound content of @l®matised at higher
temperatures is reached:
» for commercial basil — 40 minutes at 80 °C,
» for Greek oregano — 20 minutes at 80 °C and 10-Eutes at
90 °C,
Aromatising oil with herbs at 18+2 °C, maximum peaka is not reached
after 28 days’ aromatisation.

RECOMMENDATIONS FOR MANUFACTURERS

1. For aromatisation, it is best to select herbsatloena of which is produced
by highly volatile compounds, because that resultsil which is more
aromatic.

2. Aromatising oil at room temperature, it is possitieobtain oil which has
an aroma very similar to the aroma of the herbsd.use
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For faster aromatisation of oil, herbs can be hidoil at higher
temperatures. The conditions of aromatisation affected by the
composition of the volatile compounds. Optimal aatisation conditions
for herbs studied are:

» commercial basil — 40 minutes at 80 °C,

e Greek regano — 80 °C for 20 minutes or 90 °C fomifutes.
Higher nutritional quality in oil can be obtainetbaatising it with Greek
oregano, because this product contains the higbests of flavanoids,
which are natural antioxidants.
It is recommended to use refined oil for aromaitisatbecause the product
oxidizes more slowly and retains its quality longer
Extracted herbs is a byproduct from oil aromatigatiand they are
valuable raw material for production of aromatisealyonnaise.

52



	Zanda Krūma. Panātru dzimtas garšaugi rapšu eļļas aromatizēšanai : Promocijas darba kopsavilkums inženierzinātņu doktora zinātniskā grāda iegūšanai Pārtikas zinātnē, Pārtikas procesu apakšnozarē. Jelgava: 2008, 52 lpp
	SATURS = CONTENT
	PĒTĪJUMA AKTUALITĀTE
	ZINĀTNISKĀ DARBA APROBĀCIJA
	MATERIĀLI UN METODES
	PĒTĪJUMU REZULTĀTI UN DISKUSIJA
	1. Optimālo cietās fāzes mikroekstrakcijas parametru izvēle
	2. Garšaugu un eļļas izvēle aromatizēšanai
	3. Gaistošie savienojumi aromatizētās eļļās
	4. Fenolu savienojumi garšaugos un aromatizētās eļļās
	5. Augu eļļu kvalitātes rādītāju izmaiņas aromatizētās eļļās
	6. Aromatizēšanas apstākļu ietekme uz aromatizētu eļļu kvalitātes rādītājiem

	SECINĀJUMI
	IETEIKUMI RAŽOTĀJIEM
	TOPICALITY OF THE RESEARCH
	THE SCIENTIFIC WORK APPROBATION
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	1. Selection of optimal solid phase microextraction parameters
	2. Selection of herbs and oil for aromatisation
	3. Volatile compounds in aromatised oils
	4. Phenolic compounds in herbs and aromatised oils
	5. Changes in quality indicators of aromatised oils
	6. The effect of aromatisation conditions on the quality of aromatised oil

	CONCLUSIONS
	RECOMMENDATIONS FOR MANUFACTURERS

