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Abstract: Fast determination of the volatile components of widely used culi-
nary herbs and spices, without prior preparation of the sample, using headspace
sampling (HS) and GC-MS/FID analysis, is presented. Generally, monoter-
penes were the dominant class in HS volatiles (HSV): monoterpene hydrocar-
bons in dill, celery, parsnip and parsley, and oxygenated monoterpenes in cori-
ander, bay laurel and rosemary. The HSV of ginger and clove samples differed
from the others due to their high content of sesquiterpene hydrocarbons and
phenylpropanoids, respectively. The most extreme case of limited distribution
was related to the samples of garlic-HSV comprised organosulfur compounds
and none of the above mentioned classes. Furthermore, the HSV data were
processed via principal component analysis, making visible the variability and
tendency between the investigated samples. Lastly, the research provides insights
in many HS profiles of culinary herbs and spices, giving relative representation
of volatiles as well as differences and deviation in terms of HSV content.

Keywords: chemical composition; spice; herbs; HS-GC-MS/FID; principal
component analysis.

INTRODUCTION

Spices and culinary herbs are known as flavouring, colouring, preservative
and healing agents.! The characteristic flavour of spices and herbs originate both
from aroma compounds in essential oils (more volatile) and oleoresins (less vol-
atile) compounds that impart taste.2 Qualitative and quantitative composition of
volatiles in spices and herbs are in direct relation to aroma experience and del-
ivery. Therefore, the analysis of volatiles is a required step in quality assessment.
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1002 JOVANOVIC ez al.

Monoterpenes, sesquiterpenes, and miscellaneous compounds make up the volat-
ile (aroma) fraction of spices and herbs.3 There are different applicable methods
for aroma compound isolation: stem distillation, Soxhlet extraction, simultaneous
distillation—extraction, supercritical fluid extraction, and headspace (HS) tech-
niques such as static-headspace sampling, purge and trap, and solid-phase micro-
extraction.# Data on spice and herb volatiles mostly originate from studies that
examined chemical composition and different biological activities of essential
oils isolated from specific plants (organs). One procedure that is often used for
the isolation of essential oil is hydrodistillation. It is a time-consuming method
and the plant material is exposed to high temperatures, which often allows vari-
ous (undesirable) chemical changes of essential oil volatiles.!> Also, the proce-
dure requires larger amounts of sample, posttreatment of isolated essential oil
(partitioning and preparation for further analysis), and it is not suitable for
screening a large number of samples.5 On the other hand, headspace sampling of
volatiles is simple, quick, requires small amount of the sample, no artefacts are
formed and, if properly used, no contaminants are introduced.® Modern techno-
logy enables easily automated procedure, which means subsequent injection of
vapour, from a vial with the sample, into GC for further analysis. Static head-
space coupled with GC is a frequently applied technique for the analysis of vol-
atiles in solid matrices, applicable for the isolation and characterization of flavour
and fragrance compounds.*> There are studies that consider both headspace and
essential oil volatiles. In general, the chemical composition of headspace volat-
iles differs from that of hydrodistillated oil regarding the content of more volatile
monoterpene fraction.”-? Finally, a recent study has demonstrated that headspace
sampling is applicable in the quality assessment of sage essential oil as a comple-
mentary extraction technique for rapid screening.>

With the intention to contribute to and enrich scientific insights using fast
analytical procedures such as automated HS-GC-MS/FID, this study aims to
show and compare the chemical profiles and distribution of volatile compounds
from numerous spices and culinary herbs. Therefore, the study was done on 20
different commercial spices and culinary herbs (84 samples) from various manu-
facturers. Aroma compounds were sampled by HS technique and analysed by
GC-MS/FID. The study also includes chemometric approach via conducted
principal component analysis (PCA) which picturized the characteristic variation
of the volatiles and the aggregation of samples affected by the different chemical
composition of the headspace volatiles (HSV).

EXPERIMENTAL

Plant material — purchased spices and herbs

The study includes 84 samples from 8 different plant families: Myristicaceae, Pipera-
ceae, Lauraceae, Zingiberaceae, Amaryllidaceae, Myrtaceae, Lamiaceae and Apiaceae. They
were purchased ftom the local markets in Ni§ (Serbia) in bags of net mass up to 30 g. A speci-
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fications and details on the studied spices and herbs are given in Table I and in Supplementary
material to this paper.

TABLE 1. General information of studied spices and culinary herbs; commercial name is
given in both English and Serbian language. Abbreviations: L — leaves, S — seeds, F — fruits,
SB — stem bark, Bb — bulbs, Bd —buds, R —roots and Rh — rhizomes. AM assigns average
mass of samples taken for headspace analysis (with standard deviation not higher than 0.01)

Family No.  Species  Common name Plant Countr'y(.l cs) Noof —AM
organ of origin samples g
Myrist- I Myristica Nutmeg S Belgium, India, 3 0.1167
icaceae fragrans ~ Muskantni orah  milled Indonesia
Piperaceae 11 Piper nigrum  Black paper F Vietnam, 6 0.1100
Crni biber milled Poland
Lauraceae 111 Cinnamo- Cinnamon SB Indonesia 6 0.1150
mum verum Cimet powdered
Lauraceae 1V Laurus Bay laurel L Turkey, Indonesia 6 0.1083
nobilis Lovor whole
Zingibe- V  Curcuma Turmeric Rh India 2 0.1150
raceae longa Kurkuma milled
Zingi_ber- V1  Zingiber Ginger Rh China, India 2 0.1050
aceae officinale Pumbir milled
Amaryl- VII  Allium Garlic Bb China, India 6 0.1283
lidaceae sativum Beli luk granulated
Myrtaceae VIII  Syzygium Clove Bd whole  Comoro Islands, 4 0.1425
aromaticum Karanfili¢ powdered Madagascar, Brasil
Lamiaceae 1X  Ocimum Basil L Serbia, Spain, Egypt 7 0.1114
basilicum Bosiljak chopped
Lamiaceae X  Origanum Marjoram L Egypt 2 0.1050
majorana Majoran chopped
Lamiaceae X1  Origanum Oregano L Serbia, Turkey, 6 0.1083
vulgare Origano chopped Netherlands, Greece
Lamiaceae XII Rosmarinus Rosemary L Serbia, Spain, Egypt, 5 0.1220
officinalis Ruzmarin chopped  Tunisia, Albania
Lamiaceae XIII  Thymus Thyme H Serbia, Poland, 3 0.1067
vulgaris Timijan chopped Brasil
Apiaceae  XIV  Anethum Dill L Serbia 8 0.1075
graveolens Mirodija chopped
Apiaceae XV Apium Celery L China 1 0.1109
graveolens Celer chopped
Apiaceae  XV1 Carum carvi Caraway F Egypt, Turkey, 6 0.1267
Kim whole Lithuanian
Apiaceae  XVII Coriandrum Coriander S Ukraine 2 0.1100
sativum Korijander whole
milled
Apiaceae  XVII Levisticum Lovage L Serbia 1 0.1083
1 officinale Selen chopped
Apiaceae  XIX Pastinaca Parsnip R Serbia 1 0.1922
sativa Paskanat chopped
Apiaceae XX Petroselinum Parsley L Serbia 7 0.1143
crispum PerSun chopped

Available on line at www.shd.org.rs/JSCS/

(CC) 2020 SCS.



1004 JOVANOVIC ez al.

Headspace sampling, GC-MS/FID analysis and identification

Headspace (HS) sampling, gas chromatography—mass spectrometry (GC-MS) analysis
and identification of volatiles were done in accordance with already published procedure.’
Sample preparation for analysis was done immediately on opening the bags, by measuring the
spice into 20-mL headspace vials and subsequently adding 1 mL of distilled water (AM (g)
assigns average mass of sample taken for headspace analysis, Table I). HS volatiles were
isolated by automatized procedure: the sample was heated at 80 °C for 20 min with shaking
for 5 s and pausing for 2 s, after which the aliquot of volatiles was injected into the GC.
Qualitative and quantitative data of HS volatiles were obtained by GC-MS and GC-flame
ionization detector (GC/FID) analyses. Samples were analyzed on Agilent Technologies
7890B GC equipped with a fused silica capillary column (HP-5MS, 250 pmx25 m, film thick-
ness 0.25 um, Agilent Technologies, Santa Clara, CA, USA) and coupled with a 7890A FID
and 7000B MS/MS spectrometer (operating in MS1 scan mode) from the same company. The
GC was operated under the following conditions: injector temperature 250 °C; GC-MS
interface temperature 300 °C; oven temperature programmed from 50 °C for 2.25 min, then to
290 °C at 4 °C/min (carrier gas He, 1.0 mL/min, constant flow mode). MS conditions were as
follows: ionization voltage of 70 eV; acquisition mass range 40-440; scan time 0.32 s. HSV
were identified from total ion chromatogram (TIC) by comparison of their linear retention
indices relative to Cg—Cy( n-alkanes recorded, on the same column/temperature program, with
literature values — NIST Chemistry WebBook and Adams.!%!11 Their mass spectra were com-
pared with those of standards from Wiley 6, NIST02, Adams by the application of the auto-
mated mass spectral deconvolution and identification system (AMDIS) software (ver. 2.7,
distributed within software package for 7890-7000 BGC-MS/MS triple quadrupole system).
The percentage composition of the oil was computed from the GC peak areas without any cor-
rections.

Statistical data analysis
Statistical data processing was carried out by Statistica 8 software. Statistical matrices
included the content (in percentage) of HSV as original variables. From the total data set of

the 120 detected original HSV, 39 compounds (present with an average concentration higher
than 5 % at the level of study species) were selected for principal component analysis (PCA).

RESULTS AND DISCUSSION
Profiling of the headspace volatiles in spices and herbs

According to the results obtained, it is evident that the chemical profiles of
samples which belong to the same spice or culinary herb can differ from each
other, in some cases drastically. These differences are usually related to quanti-
tative composition, while qualitative composition was not drastically different
among the samples. In Supplementary material, Table S-I displays the average
values of contents (mean values), except for spices/herbs which were included
with one sample (lovage, celery, parsnip), while the chemical profiles of HSV of
all samples, with the original percentage representation, are provided as Tables
S-II-S-XXI (Supplementary material).

In general, monoterpenes (hydrocarbons and/or oxygenated derivatives) are
the dominant class of HSV among the samples studied. The distribution of mono-
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terpenes, sesquiterpenes and phenylpropanoids, as frequently present classes in
the samples studied, is diverse. The dill, celery, parsnip and parsley samples were
most abundant in monoterpene hydrocarbons, while the highest content of oxy-
genated monoterpenes was observed in the HSV of coriander, bay laurel and
rosemary. Ginger and clove stand out from the others due to the highest content
of sesquiterpene hydrocarbons and phenylpropanoids, respectively. Oxygenated
sesquiterpenes and other hydrocarbons (like aliphatic alcohols, aldehydes, ket-
ones and esters) are not present in a significant percentage. HSV of garlic con-
sisted of sulfides, with none of the mentioned classes present (Fig. 1).

EMH ®MO SH #mSsO PP mO mS

Fig. 1. Graphical representation of HSV distribution in studied spices and herbs respecting the
following classification (average contents): MH — monoterpene hydrocarbons, MO — oxy-
genated monoterepenes, SH — sesquiterpene hydrocarbons, SO — oxygenated sesquiterpenes,
PP — phenylpropanoids, S — sulfides and O — aliphatic alcohols, aldehydes, ketones, esters.
I-nutmeg, [I-black peper, [II-cinnamon, I[V-bay laurel, V—curcuma, VI-ginger, VIl-garlic,
VllI-clove, [X-basil, X—marjoram, XI-oregano, XII-rosemary, XIII-thyme, XIV—dill,
XV—celery, XVI-caraway, XVII—coriander, XVIII-lovage, XIX—parsnip, XX—parsley.

Samples listed under the Apiaceae family comprise leaves, seeds, fruits and
roots. The volatile profile of dill samples includes 9 compounds among which
monoterpene hydrocarbons account for more than 90 % (mostly a- and S-phel-
landrene: mean valuetstandard deviation = 72.4+11.3 and 12.6+2.4 %, respecti-
vely), while the content of dill ether in HSV is generally low. p-Cymene is the
most variable compound in dill-leaf HSV (10.1£7.6 %). In the HSV of coriander
seeds, oxygenated monoterpenes are significantly prevalent (linalool, 87.8+1.3
%). Although monoterpenes are the dominant class in the HSV of caraway
samples, a very small amount of sesquiterpene (£)-caryophyllene (1.5 %) was
detected in one sample. Among monoterpenes, carvone followed by limonene are
the two most dominant volatiles of caraway seeds (56.7+18.0 and 39.0+18.3 %,
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respectively). f-Phellandrene (42.8+7.9 %) and 1,3,8-p-menthatriene (15.4+15.0
%) are dominant monoterpenes in parsley-leaf HSV. According to the standard
deviation value, besides 1,3,8-p-menthatriene, most parsley volatiles showed sig-
nificant variance. Monoterpene hydrocarbons and oxygenated monoterpenes
HSV of lovage are approximately represented with S-phellandrene (38.5 %) and
o-terpinyl acetate (39.7 %) as dominant components of both fractions respect-
ively. The HSV of parsnip root abound in terpinolene (70.9 %), while myristicin
is present in the amount of 2.4 %. One sample of celery leaves contains limonene
and myrcene dominantly (74.1 and 18.9 %, respectively).

The group of Lamiaceae family is more homogenous since all samples stu-
died are classified as culinary herbs (basil, oregano, marjoram, rosemary and
thyme). Regarding the distribution of the most abundant volatiles among the
seven samples, the HSV profile of basil proved to be very inconstant: 1,8-cineole
(syn. eucalyptol, 11.7£7.7 %), very variable content of linalool (43.8+35.2 %)
and estragole (40.0+33.2 %). Despite belonging to the same plant genus and
same plant organ (leaves), oregano and marjoram samples are quite different in
HSV composition. The dominant compounds in oregano HSV are carvacrol
(23.5£22.2 %), p-cymene (20.3£10.6 %), y-terpinene (19.0+13.9 %) and linalool
(11.7£15.7 %), while in marjoram HSV: y-terpinene (15.1£1.1 %), trans- and
cis-sabinene hydrate (17.3+4.9 and 6.1+0.1 %, respectively), sabinene (12.5+0.8
%), terpinene-4-ol (12.8+4.2 %) and o-terpinene (10.8+1.3 %). Unlike the com-
plex HSV of oregano and marjoram, about 70 % of the HSV fraction of rosemary
samples is made up of two compounds: 1,8-cineole (54.3£23.7 %) followed by
a-pinene (14.5+11.0 %). Although the HSV profile of thyme consists of 34 vol-
atiles, among all volatiles p-cymene convincingly dominates (66.2+19.0 %).

Headspace volatiles of two representatives of the Lauraceae family, cin-
namon and bay laurel, showed quite different representation of HSV which is
expected since the differences of examined material. HSV of bay laurel are
mostly consisted of 1,8-cineole (88.6£2.6 %), which is, after (F)-cinnamaldehyde
(50.9£4.2 %), the second most abundant volatile (16.0£3.9 %) in HSV of
cinnamon samples.

According to the mean values of contents, among all the HSV of examined
nutmeg samples (Myristicaceae), terpinen-4-ol (29.8+26.1 %) and a-pinene
(11.948.7 %) are dominant, while sabinene and f-pinene are significantly present
in one sample (10.3 and 11.8 %, respectively). Eugenol (68.6£19.6 %) and
(E)-caryophyllene (24.6+19.0 %) make up about 90 % of HSV of clove buds
(Myrtaceae). The rhizomes of Zingiberaceae representatives differ from each
other regarding their sesquiterpenes content. While the HSV of ginger root
abound in this class (a-zingiberene (34.0£17.1 %), o~curcumene (12.9+£5.2 %)),
f-sesquiphellandrene (11.946.9 %), S-bisabolene (9.1+3.3 %) and 1,8-cineole
(7.3£7.1 %)), the HSV of turmeric contain monoterpenes, a-phellandrene (56.9+
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+0.4 %) and 1,8-cineole (10.0+0.8 %), mostly. Limonene (14.6+5.1 %) and
(E)-caryophyllene (38.6+17.3 %) make up about 50 % of HSV of examined
black pepper fruits (Piperaceae). Moreover, the presence of sabinene, f-pinene
and J-3-carene is significant in several samples (more than 10 %). Finally, the
HSV of granulated garlic, included in the study with 7 samples, contain only org-
anosulfur compounds where diallyl trisulfide (41.3£13.9 %) dominates followed
by diallyl disulfide (18.7+6.4 %), methyl allyl trisulfide (17.9£5.8 %) and diallyl
sulfide (10.6+10.0 %).

Principal component analysis: variability and tendency

The conducted PCA visualizes the variability and tendency between the 20
investigated species of spices and culinary herbs. The scatter plot in the pro-
jection of the first two principal component axes shows a tendency towards the
formation of three sample groups, see Fig. 2. (al). The first group, composed
only of Allium sativum samples, had negative values for both axes. As shown in
Fig. 2 (b1), their clear separation was influenced by high contents of five sulfide
metabolites: diallyl sulfide, methyl allyl disulfide, diallyl disulfide, methyl allyl
trisulfide and diallyl trisulfide. This result was expected considering the limited
distribution of sulfides, as well as the fact that in garlic bulbs none of the other
compound classes were detected. Two samples of Zingiber officinale formed the
second group at the positive part of axis 2. The diversity of ginger was caused by
high contents of four sesquiterpenes (Fig. 2 (b1)): a-curcumene, a-zingiberene,
p-bisabolene and f-sesquiphellandrene. These four compounds represent 67.6 %
of total HSV in ginger rhizomes, and it is interesting that they were additionally
found only in the rhizomes of Curcuma longa. However, their contents in tur-
meric rhizomes were very low (8.6 % for all four compounds collectively). Fin-
ally, the third and largest group, consisting of samples of all the other inves-
tigated species, showed positive values for axis 1. This group was characterrized
by an abundance of all the other tested characters (mono-, sesquiterpenes and/or
phenylpropanoids), which had a more even distribution between species.

The grouping obtained implicated further data processing by performing new
PCA without the garlic and ginger samples. The PCA showed an overlap of most
samples (Fig. 2 (a2)). However, along the first axis clear separation of two
samples of Origanum majorana was evident. Their separation was influenced by
the highest contents of four monoterpenes (Fig. 2 (b2)): trans-sabinene hydrate,
cis-sabinene hydrate, a-terpinene and sabinene. The most represented between
them, trans-sabinene hydrate, was detected only in marjoram leaves, while its
isomer, cis-sabinene hydrate, was found in another four species, but with an aver-
age concentration of less than 1 %. Moreover, if we compare the HS profile of
marjoram with the other species, it is evident that no other species has so many
compounds (five) present in the concentration above 10 %. Besides marjoram,
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two additional species showed a certain degree of separation from the remaining
samples. Seven samples of Petroselinum crispum formed a group at the negative
part of axis 2. The diversity of parsley was caused by the highest contents of
three monoterpenes: S-phellandrene, 1,3,8-p-menthatriene and p-cymenene. As
somewhat expected, 1,3,8-p-menthatriene and p-cymenene were compounds
exclusive to the HS profile of parsley.

Zingiber officinale Myristica fragrans

= Piper nigrum

+ Cinnamomum verum
Laurus nobilis
Curcuma longa
Zingiber officinale
Allium sativum
Syzygium aromaticum
+ Ocimum basilicum
Origanum majorana
Qriganum vulgare
Rosamrinus officinalis
Thymus vulgaris
Anethum graveolens
Apium graveolens
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Coriandrum sativum
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Pastinaca sativa 10
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Fig. 2. al) Principal component analysis (PCA) of 84 samples of 20 investigated spices and
culinary herbs. bl) Representation of 39 selected variables (HSV) on the plane of the first two
axes. a2) PCA of 80 samples of 18 spices and culinary herbs (without garlic and ginger
samples). b2) Representation of 30 selected variables (HSV) on the plane of the first
two axes. The numbers represent the entries of the components, cf. Table S-1.

Finally, Cinnamomum verum samples, which had the most negative values
for axis 1 and positive values for axis 2, were characterized by a unique presence
and high abundance of phenylpropanoid (£)-cinnamaldehyde as well as the high-
est content of two monoterpenes: isobornyl acetate and a-copaene. The analysis
was done under the same principle for culinary herbs, and the results lead to an
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identical observation as for the previous set of data; parsley and marjoram were
also separated from the other herbs examined.

CONCLUSION

The research provides insights in headspace profiles of aromatic culinary
plants and spices, giving relative representation of volatiles, differences and devi-
ation in terms of HSV content as well as the distribution of HSV depending on
manufacturers. The described isolation process of the aromatic compounds
(HSV) is partly comparable to the average cooking procedure. In this sense, the
results make a connection between the chemical composition/content of volatile
compounds in the vapour (HSV) with the first sensation in the process of prepar-
ing and consuming food. PCA analysis enables visualization of the tendency of
relationships, grouping and extraction in the mass of data. Thus, the analysis,
conducted, visualizes the variability of a large number of spices tested with res-
pect to the content of volatile compounds that define the aroma of a commercial
product. From the raw data, the observer senses the range of variation in the
quality of the spices, while looking at the resulting graphical representation of the
PCA has a broader insight into variability. Considering that many samples from
different spices and herbs are included, the contribution of this study is reflected
in the comprehensive data on the chemical profiles/composition of the most
volatile part of the flavour and the variation pattern at the level of a very diverse
group. In this sense, fast automated HS-GC-MS method of isolation and analysis
is applicable as complementary in assessing the quality of spices and herbs reg-
arding volatile fraction.

SUPPLEMENTARY MATERIAL

Additional data are available electronically at the pages of journal website: http://
//www.shd.org.rs/JSCS/, or from the corresponding author on request.
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U3BOJ
XEMHUJCKU CACTAB U IUCTPUBYLIUJA XEJICIIEJC UCITAPJBUBUX JETULEBA Y
KOMEPIIUJAJTHUM 3AYNMHUMA U 3AYHUHCKOM BUJBY: XEMOMETPUJICKHU ITPUCTVYII
CHEXAHA Y. JOBAHOBUR, OJITA I1. JOBAHOBHR', 30PHLIA C. MUTUR’, TOPAH M. IETPOBUR' 1
TOPZIAHA C. CTOJAHOBUR'

’,Heﬂapmman 3a xemujy, IIpupogrno—maitiematmiuuxy paxynieid, Ynusepsuiiewi y Huuy, Buweipagcka 33,
18000 Huwi u Zﬂeﬂapmman 3a duonotujy u exonoiujy, IIpupogro—maiiiematiuuxy Gpaxynield,
Ynusepsuinew y Huwy, Buweipagcexa 33, 18000 Huw

CrpoBeqieH je Op3 u ayToMaTHU3oBaH mocrynak T3B. xexncrejc (headspace, HS) usonosama
1 GC—MS/FID aHanu3e ncnap/euBux jenumerma (HSV) u3 Bemukor dpoja koMepidjarHo noc-
TYNHUX 33a4YMHa W 3a4MHCKOr Ouba Oe3 mpeTxogHe MpHUIpeMe y3opka. ['eHepasHO, MOHO-
TEPNEHU Cy Haj3acTyIub€HHWja Kkiaaca jegumewma y HSV: MoHOTEpHEeHCKH yI/bOBOJOHMLHU Y
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1010 JOVANOVIC ez al.

mupobhujy, uenepy, NepliyHy M NalIKaHATy; OKCMUI€HOBAaHH YIJbOBOAOHMLM y KODHjaHZEDY,
JI0OBOPY U py3mapuHy. CacTaB XelcIiejc UCIIap/buBUX jenumera hymdupa u kapandunnha ce
BEOMa Da3HKyje y OJHOCY Ha OCTajJe y30pKE NpeMa CafpKajy CEeCKBUTEPIEHCKHX YIJbO-
BOJOHMKA U (peHUnnponaHouna. Hajynaamusuje oacTyname y norneny cacrasa HSV npume-
heH je xon y3opaxa Oenor igyka o03upoM Jja UCHAp/bUBY (paKiMjy YWHE OPraHoCyNMOpHaA
jenvimema U HHjeIHO Ol TepHeHCKUX Win QeHWITPONaHOUIHUX jenumbena. Kako je y ucrpa-
KUBalbe YK/byYeH BeJUKU Opoj y3opaka, CHpOBeleHa je MyJITHBapHjaHTHA CTaTHCTHYKA
aHa/IM3a [JIJaBHUX KOMIIOHEHAaTa Kako OM ce youWsa Y MpefcTaBuia TeHJeHlIHja UCITUTUBaHUX
y30paka ka Ipynucamwy y Cckiany ca BapujadbunHomhy y cacrapy HSV. UctpaxuBame naje HS
npodwuie 3a4YMHa M 3aYMHCKOr OWba: peraTHBHA 3aCTYIUBEHOCT jemumema y HS dpakuuju,
pasjyKe y cacTaBy U OZCTylawa Ha HUBOY PasIMYUTUX U3BOpa U Npor3Bohaya.

(ITpumsmeno 21. HoBembpa 2019, peBunupaHo 24. janyapa, npuxsaheHo 29. janyapa 2020)

REFERENCES

1. D. Gottardi, D. Bukvicki, S. Prasad, A.K. Tyagi, Front. Microbiol. 7 (2016) 1394
(https://doi.org/10.3389/fmicb.2016.01394)

2. V. A. Parthasarathy, B. Chempakam, T. J. Zachariah, in Chemistry of Spices, V.A.
Parthasarathy, B. Chempakam, T.J. Zachariah, Eds.,: CAB International, Oxfordshire,
2008, pp. 1-21 (ISBN-13: 978 1 84593 405 7)

3. T.J. Zachariah, N. K. Leela, in Handbook of Herbs and Spices, K.V. Peter, Ed.,
Woodhead Publishing Limite, Cambridge, 2006. p. 177 (ISBN-13: 978-1-84569-017-5)

4. M.C. Diaz-Maroto, M. S. Pérez-Coello, M. D. Cabezudo, Chromatographia 55 (2002)
723 (https://doi.org/10.1007/BF02491788)

5. L Cvetkovikj, G. Stefkov, J. Acevska, M. Karapandzova, A. Dimitrovska, S. Kulevanova,
Food Chem. 202 (2016)133 (https://doi.org/10.1016/j.foodchem.2016.01.141)

6. N.C. Da Costa, S. Eri, in Chemistry and Technology of Flavors and Fragrances, D. J.
Rowe, Ed., Blackwell Publishing Ltd., Oxford, 2005 p. 12
(https://doi.org/10.1002/9781444305517)

7.  G. Stojanovi¢, O. Jovanovié, G. Petrovi¢, V. Miti¢, V. Stankov Jovanovié, S. Jovanovic,
Natural Prod. Commun. 9 (2014) 1609
(https://journals.sagepub.com/doi/pdf/10.1177/1934578X1400901120)

8. S.Jovanovi¢, O. Jovanovi¢, G. Petrovi¢, G. Stojanovié, Natural Prod. Commun. 10
(2015) 661 (https://doi.org/10.1177/1934578X1501000434)

9. S.Jovanovi¢, O. Jovanovié, Z. Miti¢, T. Golubovi¢, B. Zlatkovié, G. Stojanovié, Flavour
Fragr. J. 32 (2017) 446 (https://doi.org/10.1002/ff].3401)

10. NIST Chemistry WebBook, Nist Standard Reference database, NIST — National Institute
of Standards and Technology (June 24, 2018), available from:
http://webbook.nist.gov/chemistry/

11. R. P. Adams, Identification of essential oil components by gas chromatography/mass
spectroscopy, Allured Publishing Corporation, Carol Stream, IL, 2007, pp.1-809 (ISBN
978-1-932633-21-4).

Available on line at www.shd.org.rs/JSCS/

(CC) 2020 SCS.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




