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Abstract

Grape seed oil was aromatised by mixing it witredrand ground marjoram herb. Headspace volatiles of
marjoram and aromatised oil were assessed by pblide microextraction gas chromatography — mass
spectrometry (SPME-GS-MS).y-Terpinene (14.6 ), 4-terpineol (11.7%)-terpinene (11.5%),
B-phellandrene (11.1%), sabinene (11.0%) amthujene (7.0%) were major constituents among
22 compounds identified in dry marjoram headspBicavever only 10 hydrocarbon terpenes were detected
in aromatised oil headspace; their concentrationeeased when higher amount of herb (6% compared to
3%) was added and kept longer time (4 weeks cordpard8 hours and 1 week). Percentage composition
of volatiles was almost similar for all oil samplé&svo tocopherols isomers; andy- were found in oil
samples, the major being:-tocopherol (241.8-274.3 mgky The concentration of tocopherols
significantly increased in the oils aromatised witlarjoram. Colour of oils was evaluated using CIBLA
method; maceration of oil with herb additives résdilin the changes of a* and b* colour characiessif

oil. Most likely, these changes were due to theratign of chlorophyll and carotene type pigmentafr
herb to the oil.
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Introduction

Lipid rich foods, fats and oils deteriorate durifgng term storage and/or heating.
Deterioration process proceeds through several adaton reactions. Using of
antioxidants is one of the ways to inhibit oxidatidntioxidants in terms of their origin
can be classified in two main groups, synthetic matiral. The most popular antioxidants
in food production are synthetic phenols, such B3 BBHA, TBHQ and PG. However,
there is some uncertainty regarding health riskso@ated with the consumption of
synthetic additives. Therefore, the interest iruratadditives has been increasing during
last decades (Yanishlieva et al, 2006). Since tlogeat times various parts of plants and
their extracts have been used for food flavourimg) preservation (Hinneburg et al., 2006;
Pokorny 2001; Nakatani, 1997). Lamiaceae familysaontaining phenolic and volatile
compounds were extensively studied as a sourceatfral antioxidants (Fecka and
Turek, 2008; Politeo et al., 2006; Triantaphylldwak, 2001).

The composition of marjoram volatile compounds waseviously studied and
4-terpinenol, y-terpinene, a-terpinene, sabinend}-phellandrene andp-cymene were
reported as the most important volatiles in marjoessential oil. However, it was shown
that chemical composition of marjoram is ratherialsle and depends on geographical
origin, plant vegetation phase and handling prooesiuof harvested herb
(Baranauskiefet al., 2006; Politeo et al., 2006).

Seed oils are good sources of tocopherols. The tdvadividual tocopherols in seed oil
also depends on many factors. For instance, it neperted that tocopherol content in
grape seed oil was dependant on the productioonegil quality and some other factors
(Beveridge et al., 2005; Crews et al., 2006).

The aim of this work was to evaluate the changesot#tile compounds, tocopherols and
colour during aromatization process of grape sdadith marjoram herb.
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Materials and Methods

Materials and preparation of aromatised oil

Refined grape seed oil was obtained from a speeilietailer in Belgium and stored in dark
glass bottles at 4C. Dried marjoram herbQriganum majorand..) was purchased in a local
market in Lithuania and stored in dark and dry elbefore analysis.

Aromatised oils were prepared by adding 3% and &) of marjoram herb to 100 ml
grape seed oil and keeping the samples 48 hoansd ¥ weeks at 2 °C temperature. After
aromatization the samples were filtered and kepbwol dark place before further analysis.
Analysis of volatile compound®ne g of marjoram, 2.5 g of grape seed oil and atised
oils were weighed in vials and closed with a sept(@erstel, Mulheim-an-der-Ruhr,
Germany). Solid phase microextraction (SPME) armdpda injection into a chromatograph
was performed by using Gerstel MPS-2 autosamplex.Shmples were preheated for 2 min at
30 °C and headspace volatiles were extracted on/OXB/PDMS fiber (Supelco, Inc.,
Bellefonte, PA, USA) during 60 min, at 3C followed by desorption for 5 min at 25G.
GC-MS analysis was performed on a Hewlett-Pack&8@06GC Plus coupled with a HP
5973MSD and equipped with a CIS-4PTV injector and5HMS capillary column (30 m
length, 0.25 mm i.d., 0.2bm film thickness). Injector operating in splitles®de was heated
at 250°C, GC oven temperature was programmed fron’@Q2 min hold) to 150C at
5°C min* and from 150 to 256C at 10°C min™* (2 min hold). Temperature of transfer line
to MSD was 268C. Helium was used as a carrier gas at 1 mi'milocity. MSD parameters
were as follows: ionization EI 70 eV; acquisitioargmeters in full scan mode: scanned m/z
40-200 (0—20 min), 40-400 (>20 mif)he analytes were identified by comparison of their
mass spectra with mass spectral libraries (Nis288 Wiley 8" and by comparing calculated
GC peak retention index (IR) with data presentterature (Adams, 2007).

Analysis of tocopherolsTocopherols were determined by HPLC equipped with diode
array detector which was set at 292 nm wavelengf@Qs, 1999). Two g of oil were
dissolved in 25 ml of LC-MS grade hexane and diyedjected into a normal phase Altima
Silica column (250 mm length 4.6 mm id, particleesbum). Tocopherols were eluted in
20 min with hexane/isopropanol (99.5:0.5) at a fiate 1.5 ml miit. The concentrations of
tocopherols were determined from a calibration eusthich was plotted using data obtained
by measurements of reference compounds.

Colourimetric measurement$he colour was evaluated orC3ELAB instrument under CIE
llluminant D65 by using 10 g of aromatised oil inpkastic Petri dish; each sample was
measured ten times with spectrophotometer (CM-2&300d Konica Minolta) connected to
a computer.

Statistical analysisStatistical analysis was made using software MmftoExcel 2003. The
results were compared by t-test and p-value.

Results and Discussion

Volatile compounds in marjoram and aromatised oils

Twenty-two volatile compounds (Table 1) were ideed in dry marjoram herb. The major
compounds were y-terpinene (14.6%), 4-terpineol (11.7%)—terpinene (11.5%),
B-phellandrene (11.1%), sabinene (11.0%) atkujene (7.0%). Aromatisation of grape seed
oil proceeds due to a migration of herb constitsi@nto oil. The process depends on various
parameters, such as temperature, surface areaaaf piaterial, contact time and the
properties of constituents present in herb. Morgovtke release of dissolved in oll
constituents from oil, their concentration in hgztse and consequently possible impact on
flavour of aromatised oil will depend on the solitpiof individual constituents and their
vapour pressure.
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Table 1
Volatile compounds in marjoram
Compound RI RI GC peak % of PA
calculated| literature ®| areax 10’

a-thujene 926 931 15.6 7.0
a-pinene 931 939 3.1 1.4
sabinene 973 976 24.4 11.0
myrcene 993 991 9.2 4.2
a-phellandrene 1004 1005 7.3 3.3
a-terpinene 1017 1018 25.2 11.5
p-cymene 1024 1026 10.1 4.6
B-phellandrene 1029 1031 25.1 11.1
E-B-ocimene 1049 1050 1.2 0.5
y-terpinene 1060 1062 32.0 14.6
cis-sabinene hydrate 1069 1065 13.8 6.2
terpinolene 1087 1088 10.9 4.9
camphor 1143 1143 2.3 1.1
4-terpineol 1180 1179 25.8 11.7
E-dihydrocarvone 1198 1200 3.8 1.7
carvone 1244 1242 0.5 0.3
anethole 1285 1283 1.6 0.7
copaene 1379 1376 0.2 0.1
B-caryophyllene 1421 1418 6.8 3.1
a-humulene 1457 1454 0.7 0.3
curcumene 1486 1482 1.3 0.6
B-bisabolene 1511 1510 tr tr

®_Adams. (2007) Identification of essential oil campnts by gas chromatography/ mass
spectrometry. tr= traces, <0.05

The number of compounds detected in headspaceoofatised oils was from 8 to 12. For
instance, 8 compounds were detected when oil wats4&hours with 3% of herb, while this
number increased to 9 and 12 when the time wagased to 1 and 4 weeks, respectively.
When higher amount of herb (6%) was added to the 1@ compounds were detected
independently on the maceration time. The headspaociles of aromatised oils were
different from those of the marjoram herb. All iti&ed in the headspace of aromatised oils
compounds were hydrocarbon monoterpenes, sabinedey-terpinene being the major
guantitatively constituents. Other detected compsumeren-thujene,a-terpinene g-pinene,
myrcene, o-phellandrene,p-cymene, B-phellandrene and terpinolene. The percentage of
monoterpenes in headspace was quite similar imladhmples: GC peak area of sabinene was
19.7-25.5%, y-terpinene 13.915.0%, a-thujene 11.413.4%, a-terpinene 8.712.6%. The
same hydrocarbon monoterpenes were major condstuenherb headspace, however,
important oxygenated compounds, 4-terpineol anesamsnene hydrate (Table 1) were not
detected among oil headspace volatiles. Most ljkekygenated constituents as possessing
polar hydroxyl groups were less soluble in grapls®l. It is in agreement with Adams et al.
(2011) who recently reported that hydrocarbon merpenes where dominating in headspace
of aromatised with herbal material oil.

Although percentage composition of aromatised eddspace volatiles was quite similar, the
concentration of detected compounds, as it candiged from their peak area, increased with
increasing the amount of added to oil herb and nasica time (Figure 1). It indicates that
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diffusion of marjoram volatile components to oil aslong process. For instance, the t
amount of headspace volatiles in oil kept with 3f4nmarjoram during 4 weeks was higl
4.5 timesthan that in oil macerated 48 hou

1200000 -

8000000t -

GC peak area

4000000t -

3% 6%
Concentration of herb, %
Eafter 48 h Dafter 1 wee @after 4 weeks

Figure 1. Total content of headspace volatile compads (total GC peak area) above
grape seed oil aromatised with marjoran

Effect of aromatisation on the concentration ofojaleerol
Tocopherols are important csoluble antioxidants naturally present oil bearing seeds,
which are also present in other plant materialtiging aromatic herb Gomez-Coronado et
al. (2004) reported that 1'g of fresh marjoram leaves contain : mg a-tocopherol and
0.42 mgy-tocopherol. In our study and c-tocopherols were found in analysed grape
oils (Table 2). The concentration of tocopherolsy@ased in aromatised oils, which indice
migration of tocopherols from herb to oil during eeaation. It may be obseed that this
process continues during all timof maceration; e.g. significanihcrease (p>0.05) in
y-tocopherol concentration was observed after 4 wasksompared to - hours and 1 week.
The concentration of tocopherols was also depermlatiie addeherb amoun

Table 2

Concentration of a- and y-tocopherol, mg/kg in pure (GSO) and aromatised witt
marjoram (GSOM) grape seed oll

Oil sample a—tocopherol y—tocopherol
GSO 232.6+1.7 30.6+0.9
GSOM (3%) 48 241.8+6.8 33.9+1.7
GSOM (3%) 1v 248.1+8.8 37.245.2
GSOM (3%) 4v 257.6+6.1 40.0+£3.9
GSOM (6%) 4 256.0+11.7 38.3+11.€
GSOM (6%) 1v 262.0+6.3 45.9+9.6
GSOM (6%) 4v 274.3+1.8 59.0+9.9

Effect of aromatisation on oil colo

Colour is important quality characteristic influemg food acceptability and depending on 1
presence of pigments (Esccetal.,2007). Therefore, the measurements
spectrophotometric characteristics were performedorder to assess the impact
aromatisation on oil colou
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Figure 2. Effect of marjoram maceration (extraction) time on CIELab — a* and b*values
of grape seed oll

An L* value reflects relative lightness of oil. hay be observed that aromatisation did not
have any effect on this colour characteristic; disvin the range of 60.9-61.9 for all samples.
The negative a* value is related to the greenisi, @ghich is related with chlorophyll content
(Giacomelli et al., 2006). Obtained results shovatta* value during aromatisation
significantly changed (p<0.05) and became more theggan the course of maceration. It also
depended on the amount of added to oil herb (Figur&he positive b* value is related with
the carotene content (Giacomelli et al, 2006). Bhealue of grape seed oil also significantly
changed (p<0.05) during aromatisation and becamee positive. These changes may be
explained by the migration of marjoram pigmentsito

Conclusions

The results obtained in this study demonstraterttejoram constituents, particularly volatile
aroma compounds, tocopherols and pigments disswmivgrape seed oil during herb
maceration (extraction). It seems, that this preqa®ceeds rather slowly during the whole
period of maceration and depends on the amounddédito oil herb. The main volatile
compounds identified in the headspace of aromatigdd marjoram oils were hydrocarbon
terpenes, sabinene apderpinene, while abundant in dried herb terpecelalls 4-terpineol
and sabinene hydrate were not detected in oil. ddmeentration ofi-tocopherols steadily
increased in oils in the course of aromatisatiomchScolour characteristics as a* and b*
values were also influenced by marjoram herb; thenges of these characteristics were
maceration time and herb concentration dependant.
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