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Abstract 
 
The caraway (Carum carvi L.) samples were collected from little meadows situated in Harghita Mountain (Mădăraş Ciuc, 
Harghita Băi, Jigodin, Tuşnadu Nou), where a relatively small area was covered by a group of rich populations of wild cumin. 
The harvested plants are dried by: a) convective laboratory dryer in thick layer, b) static outdoors in sunshine, and (c) static in a 
warm indoor place in darkness. The hand-picked seeds were separated from debris by sieving and elutriation. The essential oil 
was obtained with electrically heated Clevenger-type laboratory steam distillation equipment both with and without microwave 
pretreatment. The variation of the obtained essential oil volume in time was measured and the final yield was determined. For 
comparison the composition, supercritical fluid extraction of the caraway essential oil with carbon dioxide in a laboratory scale 
batch supercritical extractor was made. Each sample was analyzed by gas chromatography, following the influence of drying and 
extraction method on the carvone/limonene ratio. The investigation shows that the essential oil yield is around 7 mL/100 g, less 
in the case of green plant (6 mL/100 g) and higher in case of the mature plant (10 mL/100 g). The results show that by batch 
supercritical fluid extraction with CO2 (at first purge) lowest carvone/limonene ratio was obtained. 
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1. Introduction 
 
The wild caraway (Carum carvi L.) is a well-

known spice belonging to Apiaceae family, raw 
material for food aroma and for pharmaceutical 
industry (Bernáth, 2000; Csedő, 1980; Sváb, 1992). 
The caraway is widely used in ethnopharmacology 
(Johri, 2011), given by effects of their bioactive 
compounds, namely, the essential oil components. 

The health-beneficial properties included 
carminative (Madisch, 2004), intestinal spasmolytic 
(Csedő, 1980), antiseptic (i.e. against Escherichia 
coli and Staphylococcus aureus (Bonyadian and 

Karim, 2002; Seidler-Łożykowska et al., 2013)), 
antimycotic (Grigore et al., 2012) and antiasthmatic 
effects (Haggag et al., 2003). Recently, pronounced 
antiulcerogenic gastroprotective effect of the 
essential oil extracted with supercritical carbon 
dioxide was demonstrated (Baananou et al., 2013). 
The caraway extracts (in special their main 
components) are used in environmental-friendly 
organic pest control and vegetable product storage. 
The insect repellent effect is demonstrated, S-carvone 
is antisprouting and antifungal agent used in potato 
storage (de Carvalho et al., 2006; Oosterhaven et al., 
1995; Toxopeus and Bouwmeester, 1993). The whole 
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essential oil is effective against crown gall disease of 
plants (El-Zemity, 2008), caused by Rhizobium 
radiobacter (formerly known as Agrobacterium 
tumefaciens). The essential oil content of the caraway 
seed has a wide variability: for annual variety are 
about 2.5% for biennial variety reach even exceed 
7% (Bernáth, 2000; Csedő, 1980), and for wild 
caraway may reach 6.5-7.5 mL/100 g dry material, 
even higher, about 9-11 mL/100 g dry material 
(Bouwmeester, 1998; Csedő, 1980).  

The factors involved in the essential oil 
content and composition are: the characteristics and 
the tillage of soil, the annual precipitation and 
fertilization amount, breeding, the maturation, 
harvesting, drying and the extraction technologies 
(Kolta and Hornok, 1992), and even the 
microelement content (heavy metals) of the soil 
(Abu-Darwis and Ofir, 2014). The main quality 
criterion for caraway essential oil is the 
carvone/limonene ratio (Kallio et al., 1994; 
Sedláková et al., 2003), which is variable during 
ripening. In green, immature seeds the limonene 
concentration is higher (Chizolla, 2014). The 
antimicrobial activity of the essential oil is given by 
its composition, the higher carvone content results 
the rising of antimicrobial effect (Seidler-
Łożykowska et al., 2013). Having antioxidant and 
antimycotic activity, the essential oil could be used as 
natural preservative in bakery products containing 
fats (Darougheh et al., 2014). 

The aim of the research is the study of the 
effects of pretreatment and extraction methods on 
wild caraway essential oil yield and composition for 
plant probes from different geographical locations. 
As the kinetic of the extraction process is an 
important factor from tehnological point of view 
(Ciubota-Roşie et al., 2009) also the kinetic data was 
represented and a model was fitted. 

 
2. Materials and methods 

 
The wild caraway probes were collected in 

time period of 2012-2014. The geographical location 
of the collection point was Mădăraş-Ciuc, Băile 
Harghita, Jigodin and Tuşnadul Nou (Harghita 
County). The plant material harvested together with 
stem was firstly sorted, separating the green and 
mature shoots, and then it was dried. The seed was 
picked out and was purified further by sieving and 
elutriation of the powder-like debris. The such-
obtained seeds were stored in a dry place till the 
extraction of the samples was performed. The seed 
was ground with Retsch Grindomix GM 200 
laboratory scale knife mill, with different milling 
time, at room temperature. The plant material was 
dried by three different methods: a) drying in free 
space; b) drying in closed, cold and dark space; c) 
convective laboratory drying of the freshly picked 
seeds. The extraction of the essential oil of the dried 
(to the equilibrium moisture) caraway seed probes 
was made by the following, environmentally friendly 
(so called “green”) extraction methods, without 

solvent residues and artefacts (András et al., 2002; 
Chemat et al., 2013; Sovová et al., 2006; Sovová and 
Stateva, 2011). 

Hydrodistillation (HD): The laboratory-scale 
hydrodistillation apparatus, described in European 
Pharmacopoeia (EDQM, 2014), contains 500 mL 
volume round-bottom flask connected to a slightly 
modified Clevenger-head (Kapás et al., 2011), 
capillary collector tube with 1.5 mL (0.01 mL 
scaling), electric heating power P=125 W. Each 
probe was an amount of 10 g solid suspended in 200 
mL distilled water. The heating power was P=125 W. 

Steam distillation (SD): The steam was 
generated by electric heating mantle from a 250 mL 
volume round-bottom flask containing distilled 
water. The plant material (in 10 g amount) was 
packed in a glass tube connected to steam generator. 
The steam leaving the column was condensed in a 
heat exchanger, and the formed two phases was 
separated in the Clevenger-head. 

Microwave hydrodistillation (MWHD) 
(Chemat et al., 2013; Kapás et al., 2011): the round-
bottom flask containing 200 mL distilled water and 
10 g of caraway seed powder in suspension was 
introduced in a modified domestic microwave oven 
(Hinari S110) and a Clevenger-head was attached. 
The hydrodistillation was performed 30 minutes, 
with heating power of P=125 W. 

Hydrodistillation with microwave pretreat-
ment (HDMP) (Navarrete et al., 2011): the round-
bottom flask containing 200 mL distilled water and 
10 g of caraway seed powder in suspension was 
introduced in a modified domestic microwave oven 
(Hinari S110) and a reflux condenser was attached, to 
recycling the steam containing the released essential 
oil from the plant matrix. 

Supercritical fluid extraction (SFE) (András et 
al., 2002; Sovová et al., 1994; Sovová and Stateva, 
2011): The extraction was made with food-grade 
(99,99% purity) carbon dioxide (Linde, Romania) 
using SFT 100 laboratory scale extraction apparatus 
(Supercritical Fluid Technology, Inc., Newark, USA) 
represented on Fig. 1. 

 

 
 

Fig. 1. Schematic representation of the laboratory scale 
supercritical fluid extraction apparatus (1. Tank of liquid CO2 with 

a siphon tube; 2. Peltier-cooler; 3. Pump command module;4. 
Command module of the heater; 5. High pressure piston pump; 6. 

Cooler ventilator; 7. Tubular extraction vessel; 8. 
Depressurization/restrictor valve; 9. Probe collector; 10. 

Isothermal oven; 11. Heater resistor) 
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The apparatus was equipped with a tubular 
extraction vessel with an effective volume of 10 mL. 
The extraction was performed batchwise, using 
extraction parameters T=40 C, and pressure over 
p=100 atm. The condensed essential oil probes were 
collected from the heated restrictor valve at 42 oC in a 
glass vial, by purging the extractor content at 
different moments (purging time was 1 minutes). 
 
3. Qualitative analysis and data processing 
 

The composition (in relative mass percentage) 
of the essential oil was performed by gas 
chromatography. For dehydration of the obtained 
essential oil, anhydrous sodium sulfate was added 
(Sigma Aldrich) and the probes was stored in sealed 
glass vials at 2 C until analysis. In the injected probe 
(V=1 μl) the essential oil was diluted in amount of 
1:15 (V/V) with chromatographic grade n-hexane 
(Sigma Aldrich).  

The measurement was made with a Varian 
CP-3380 gas chromatograph equipped with flame 
ionization detector (GC-FID). The setting parameters 
and chromatographic conditions was the same for the 
each probes, as follows: quartz-capillary column 
100×0.25 mm CP-Sil88 (FAME) film-coated 
stationary phase; Injector and detector temperature: 
270 C; Carrier gas: H2 at p=235 kPa. Heat gradient 
program: heating to 50 C in 1 minute; heating with 5 
C/minute gradient to 250 C. For component peaks 
identification, a reference chromatogram was used 
(Kubeczka, 2002). The data analysis was made with 
Excel (Microsoft, Redmond, USA) and Statistica 8 
(Statsoft, Inc., Tulsa, USA). 

 
4. Results and discussion 
 
4.1. The effect of pretreatment and extraction 
methods on essential oil yield 
 

The yield of the hydrodistillation-obtained 
essential oil from dried and ground caraway seed was 
represented on two types of diagrams. On first type 
of diagrams the yield (V, mL oil/100 g dry matter) 
variation in time (minutes), on the second type, a 
linearized function, and the natural logarithm of the 
relative yield variation (ln (1-V/V0)) vs. distillation 
time (τ, min) was represented. As can be seen on Fig. 
2, the drying method has little effect on the 
distillation kinetic. The yield was nearly the same for 
the three drying method. The effect of grinding times 
on yield can be observed on Fig. 3 (caraway from 
Mădăraş).  

 The kinetic of the essential oil 
hydrodistillation is well described for many plant 
materials by the simple, one-term, two parameter 
exponential model (Kapás et al., 2011; Milojević et 
al., 2008; Milojević et al., 2013), given by the Eq. 
(1), where: V0 - final (maximum) yield (mL/100 g dry 
matter); V - current yield (mL/100 g dry matter);  
τ - distillation time (minute); A - integration constant; 

k- kinetic constant (minute-1), including the effective 
diffusion coefficient. The initial distillation rate is 
given by the Eq. (2). 

 

keA
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Using nonlinear regression, (Statistica 8, 

quasi-Newton estimation method), the kinetic curves 
was fitted on experimental points and the kinetic 
parameters will be obtained for different grinding 
time. For every case, the value of integration constant 
A (with the physical mean of remained relative 
amount of essential oil at the initial moment) was 
very close to unity. The highest initial distillation rate 
(0.803 mL/(100 g.min)) and highest yield (8.3 
mL/100 g) was obtained at the grinding time of 15 s. 

 

 
 

Fig. 2. The effect of drying method on essential oil yield 
(caraway from Jigodin, ground for 30 s) 

 

 
 

Fig. 3. The effect of grinding time on essential oil yield 
(ripe caraway dried on free surface, from Mădăraş) 

 
For increased grinding times (30, 60 and 90 s) 

the initial rate increase (from 0.582 to 0.824 mL/(100 
g.min)), but the final yields was close to the value for 
whole seeds (7.1 mL/100 g). In contrast, the 



 
András et al./Environmental Engineering and Management Journal 14 (2015), 2, 341-347 

 

 344 

hydrodistillation of ungrounded seeds was much 
slower (0.103 mL/(100 g.min)) and the depletion 
time is more than double and half in comparison with 
grounded seeds. This behavior is due by two contrary 
effects. At long grinding time the particle size 
decrease and the internal diffusion (the velocity 
determining process) increase, but the increasing 
temperature cause higher essential oil loss. 

By linearization of the Eq. (1) and imposing 
for A to be equal with unity, the kinetic data vs. 
distillation time is presented on Fig. 4. The extraction 
rate was described satisfactory by the two parameter 
semi-empirical model for HD, MWHD and HDMP 
of grounded and ungrounded seeds both. Slightly 
modifying the model, we included the effect of the 
grinding time. The kinetic constants were further 
represented in function of grinding time in interval of 
30-90 s; a linear regression was made (Fig. 5). 

The chosen hydrodistillation model (Eq. 3), 
with the fitted parameters describes close enough the 
effect of grinding and distillation time both. To find 
the optimum grinding time, more experiments are 
needed. 
 

  )027.00008.0(

0

1 te
V

V   (3) 

 

where: η- relative yield; V- current yield (mL/100 g 
dry matter); V0- final yield (mL/100 g dry matter); t- 
grinding time (s); τ- distillation time (minute).  

The fitted equation reflects well the negative 
effect of the grinding time on essential oil yield. The 
obtaining methods have more pronounced influence 
on the yield in comparison with drying method and 
grinding time (Fig. 6). The rate of the MWHD was 
the highest, whilst of the HDMP the lowest. The 
pretreatment with intermittent microwave heating 
give lower yield, probable due by imbalance between 
the momentary high steam production during the 
heating period, and the moderate capacity of the 
applied condenser. The high loss of essential oil may 
produce by this effect. 

 

 
 

Fig. 4. The validation of the distillation model in function 
of grinding time ripe caraway from Mădăraş) 

 
Comparing the maximal yields obtained for 

caraway probes collected from different growing 
area, harvested years and ripe stage (Fig. 7), it can be 

seen that the environmental conditions, the 
maturation status and growing location have an effect 
on the essential oil contents. 

 

 
 

Fig. 5. The correlation between the kinetic constant and 
grinding time (ripe caraway from Mădăraş) 

 

 
 

Fig. 6. The effect of distillation method on essential oil 
yield (caraway collected from Harghita Băi, 2013) 

 

 
 

Fig. 7. The maximal hydrodistillation yield in function of 
growing area and harvesting year 

 
As can be seen from Fig. 7, the meteoro-

logical conditions was favorable for caraway in year 
2013, for Mădăraş and Harghita Băi growing sites 
both, since the essential oil yield of the picked seeds 
approximate the high value of 10 mL/100 g dry 
matter. 
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4.2. The effect of pretreatment and extraction 
methods on the essential oil yield and the ratio of the 
two main compounds 
 

The pretreatment had the purpose to 
deteriorate or decompose the plant cellulosic matrix, 
to enhance the eliberation of the volatile compounds 
by increase the internal diffusion coefficient. By 
microwave treatment at moderate pressure and dilute 
acid condition even the hydrolysis occure (Balcu et 
al., 2009). At atmospheric pressure only the 
microexplosion of the water-containing plant 
structures should be considered. This phenomenon 
was demonstrated by electron microscopic imaging 
technique (Chemat et al., 2005).  

The main quality criterion for caraway 
essential oil is the carvone/limonene ratio, we 
determined the composition of the essential oil and 
studied the variation of the ratio of the two main 
components. The carvone/limonene ratio is very 
similar for laboratory convective dried (51.5/47.9) 
and for overripe caraway (50.3/47.9) and higher for 
free space dried caraway seeds (58.4/39.3) as seen on 
Fig. 8. 

 

 
 

Fig. 8. The effect of pretreatment method on 
carvone/limonene ratio in the obtained essential oil 

(caraway from Mădăraş, 2012) 
 

Fig. 9 show that in two cases (HD and 
MWHD obtained essential oil) the carvone/limonene 
ratio of was very similar for caraway from Mădăraş 
location. The microwave pretreatment increase the 
proportion of the less volatile component (carvone), 
but, parallel, the total essential oil yield decrease too. 
This is probable due by the insufficient cooling 
surface of the condenser. For hydrodistillation 
variants (HD, SD, HDMP, MWHD) the same trends 
are observable (Fig. 10). In case of SFE, when high 
volatile component are extracted, relatively low 
temperature (40 °C), slightly above the critical value 
(31.1 °C) and low pressures (in order of 10 MPa) 
should be used. By this way we assure high 
selectivity and low solvating power of the 
supercritical solvent (Marcus, 2006). 

This is necessary to avoid the co-extraction of 
fatty oils and waxes (Kallio et al., 1994; András et 
al., 2002). With the increasing extraction pressure 
(up to approx. 207 bar), the limonene amount in the 

extract increase.  This result is in a good agreement 
with the literature data (András et al., 2002; Baysal 
and Starmans, 1999; Cabizza et al., 2001; Sovová et 
al., 1994). The results of SFE experiments showed 
(Figs. 10 and 11) that independently from the applied 
pressure, the limonene content of the drained extract 
decrease with the number of purges. 
 

 
 

Fig. 9. The effect of obtaining method on 
carvone/limonene ratio of the essential oil (caraway from 

Harghita Băi, 2013) 
 

 
 

Fig. 10. The effect of extraction method on 
carvone/limonene ratio (caraway from Mădăraş, 2012) 

 

 
 

Fig. 11. The effect of pressure and purging time on 
carvone/limonene ratio in the SFE-obtained essential oil 

(caraway from Harghita Băi, 2013) 
 

This may be explained with the higher 
solubility of limonene in supercritical CO2. The 
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lower carvone/limonene ratio in case of SFE (first 
purge) in comparison with SD and MWHD is 
explained by two facts. 

Firstly the solubility of limonene in 
supercritical CO2 is higher than the carvone solubility 
(Sovová et al., 2001) and the easier desorption from 
the plant matrix of the limonene, comparative to 
more polar carvone with higher molecular mass. 
Secondly, despite of the lower boiling point of the 
limonene comparison with the carvone, given the 
higher polarity of the carvone, the rate of dissolution 
in the water is higher. The boiling water penetrate the 
plant matrix, dissolve some substances, including the 
essential oil components, too, then the solution 
diffuse backward through plant matrix in the water 
pool, this phenomenon is known as hydrodiffusion 
(Chemat et al., 2006). By this mechanism the amount 
of the carvone in the formed steam will be higher. 
 
5. Conclusions 
 

The drying methods have the lowest effect on 
yield comparative with grinding and the extraction 
modes. The highest yield was obtained with the HD, 
followed by MWHD and batchwise SFE. The 
microwave pretreatment decrease the 
hydrodistillation yield (for the high essential oil 
containing green and ripe caraway seeds, both), but 
the carvone/limonene ratio increased. 

The quality of the essential oil expressed in 
the carvone/limonene ratio varies in function of 
obtaining method. Although the essential oil obtained 
by SD and MWHD show similar carvone/limonene 
ratio, this ratio is different for HDMP and SFE 
function of operation parameters and processing 
time; 

In case of SFE, with pressure increase, the 
limonene amount increase in the first purge. In the 
drained extracts obtained by further purges, 
independently from the extraction pressure, the 
carvone/limonene ratio increase;  

The maximal essential oil yields have high 
influence the growth location as well as the 
environmental and meteorological conditions. The 
highest yield (approx. 10 mL/100 g dry matter) was 
obtained for the probes harvested in year 2013 (for 
Mădăraş- and Harghita Băi-harvested caraway). To 
elucidate the exact correlation between the essential 
oil content and the meteorological factors, further, 
more detailed multiannual observation is needed. 
 
References 
 
Abu-Darwish M.S., Ofir R., (2014), Heavy metals content 

and essential oil yield of Juniperus phoenicea L. in 
different origins in Jordan, Environmental 
Engineering and Management Journal, 13, 3009-
3014. 

András C.D., Simándi B., Farsang R., Hamucska K., 
Héthelyi B.É., Domokos J., Deák A., (2002), The 
extraction of caraway (Carum carvi L.) seeds with 
supercritical carbon dioxide (in Hungarian), Journal of 
Oil Soap Cosmetics, 51, 64-68. 

Balcu I., Segneanu A.E., Mirica M.C., Iorga M.I., Macarie 
C., Martagiu R., (2009), Microwave effects in biomass 
hydrolysis, Environmental Engineering and 
Management Journal, 8, 741-746.  

Baananou S., Bagdonaite E., Marongiu B., Piras A., 
Porcedda S., Falconeri D., Boughattas N., (2013), 
Extraction of the volatile oil from Carum carvi of 
Tunisia and Lithuania by supercritical carbon dioxide: 
Chemical composition and antiulcerogenic activity, 
Natural Product Research, 27, 2132-2136. 

Baysal T., Starmans D.A.J., (1999), Supercritical carbon 
dioxide extraction of carvone and limonene from 
caraway seed, Journal of Supercritical Fluids, 14, 
225-234. 

Bernáth J., (2000), Medicinal and Aromatic Plants 3rd 

edition (in Hungarian), Mezőgazda Kiadó, Budapest, 
230-235.  

Bonyadian M., Karim G., (2002), Study of the effects of 
some volatile oils of herbs (pennyroyal, peppermint, 
tarragon, caraway seed and thyme) against E. coli and 
S. aureus in broth media, Journal of the Faculty of 
Veterinary Medicine, University of Teheran, 57, 81-
83. 

Bouwmeester H.J., (1998), Regulation of Essential Oil 
Formation in Caraway, In: Caraway. The Genus 
Carum, Németh É. (Ed.), Harwood Academic 
Publisher, Amsterdam, 83-101. 

Cabizza M., Cherchi G., Marongiu B., Porcedda S., (2001), 
Isolation of a volatile concentrate of caraway seed, 
Journal of Essential Oil Research, 13, 371-375. 

de Carvalho C.C.C.R., da Fonseca M.M.R., (2006), 
Carvone: Why and how should one bother to produce 
this terpene, Food Chemistry, 95, 413-422. 

Chemat F, Abert-Vian M., Fernandez X., (2013), 
Microwave-assisted Extraction of Essential Oils and 
Aromas, In: Microwave-assisted Extraction for 
Bioactive Compounds. Theory and Practice, Chemat 
F., Cravotto G. (Eds.), Springer Science + Business 
Media, New York, 53-68. 

Chemat F., Lucchesi E.M. (2006), Microwave-assisted 
Extraction of Essential Oils, In: Microwaves in 
Organic Synthesis, 2nd ed., vol. 2, Loupy A. (Ed.), 
Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim, 
959-983.  

Chemat S., Aϊt-Amar H., Lagha A., Esveld C.D., (2005), 
Microwave-assisted extraction kinetics of terpenes 
from caraway seeds, Chemical Engineering and 
Processing, 44, 1320-1326.  

Chizolla R., (2014), Composition of the essential oil of the 
wild grown caraway in meadows of the Vienna region 
(Austria), Natural Product Comunications, 9, 581-
582. 

Csedő K., (1980), Medicinal Plants from Harghita County 
(in Hungarian), UJCOOP, Tipografia Tg. Mureş, 188-
194.  

Ciubotă-Roșie C., Diaconescu R., Volf I., Macoveanu M., 
(2009), Modeling the extraction process of the oil 
from the seeds of white mustard (Sinapis alba), 
Environmental Engineering and Management Journal, 
8, 1429-1432. 

Darougheh F., Barzegar M., Sahari M.A., (2014), 
Antioxidant and anti-fungal effect of caraway (Carum 
carvi L.) essential oil in real food system, Current 
Nutrition & Food Science, 10, 70-76. 

El-Zemity K., (2008), Antibacterial screening of some 
essential oils, monoterpenoids and novel N-methyl 
carbamates based on monoterpenoids against 
Agrobacterium tumefaciens and Erwinia carotovora, 
Archives of Phytopathology and Plant Protection, 41, 



 
Influence of extraction methods on Caraway (Carum carvi L.) essential oil yield and carvone/limonene ratio 

 

 347

451-461. 
EDQM, (2014), Essential Oils in Herbal Drugs 

(Monograph 2.8.12.), In: European Pharmacopoeia 
(Ph. Eur.), 8th Edition, Strasbourg, 273-274. 

Grigore A., Colceru-Mihul S., Paraschiv I., Nița S., 
Christof R., Iuksel R., Ichim M., (2012), Chemical 
analysis and antimicrobial activity of indigenous 
medicinal species volatile oils, Romanian 
Biotechnological Letters, 17, 7620-7627. 

Haggag E.G., Abou-Moustafa M.A., Boucher W., 
Theoharides T.C., (2003), The effect of a herbal water 
extract on histamine release from mast cells and on 
allergic asthma, Journal of Herbal Pharmacotherapy, 
3, 41-54. 

Johri R.K., (2011), Cuminum cyminum and Carum carvi: 
An update, Pharmacognosy Review, 5, 63-72. 

Kallio H., Kerrola K., Alhonmaki P., (1994), Carvone and 
limonene in caraway fruits (Carum carvi L.) analyzed 
by supercritical carbon dioxide extraction-gas 
chromatography, Journal of Agricultural and Food 
Chemistry, 42, 2478-2485. 

Kapás A., András C.D., Dobre T.G., Vass E., Székely G., 
Stroescu M., Lányi S., Ábrahám B., (2011), The 
kinetic of essential oil separation from fennel by 
microwave assisted hydrodistillation (MWHD), UPB 
Scientific Bulletin, Series B: Chemistry and Materials 
Science, 73, 113-120.  

Kolta R., Hornok L., (1992), Extraction processes for 
essential oils, In: Cultivation and Processing of 
Medicinal Plants, Hornok L. (Ed.), John Wiley & 
Sons, Chichester, 93-104. 

Kubeczka K.H., Formacek V., (2002), Essential Oil 
Analysis by Capillary Gas Cromatography and 
Carbon-13 NMR Spectroscopy, John Wiley & Sons, 
Chichester, 37-40. 

Madisch A., Holtmann G., Mayr G., Vinson B., Hotz J., 
(2004), Treatment of functional dyspepsia with a 
herbal preparation, Digestion, 69, 45-52. 

Marcus Y., (2006), Are solubility parameters relevant to 
supercritical fluids?, Journal of Supercritical Fluids, 
38, 7-12. 

Milojević S.Ž., Stojanović T.D., Palić  R., Lazić M.L., 
Veljković V.B., (2008), Kinetics of distillation of 
essential oil from comminuted ripe juniper (Juniperus 
communis L.) berries, Biochemical Engineering 

Journal, 3, 547-553. 
Milojević S.Ž., Radosavljević D.B., Pavićević V.P., 

Pejanović S., Veljković V.B., (2013), Modeling the 
kinetics of essential oil hydrodistillation from plant 
materials, Hemijska Industrija, 67, 843-859. 

Navarrete A., Wallraf S., Mato R.B., Cocero M.J., (2011), 
Improvement of essential oil steam distillation by 
microwave pretreatment, Industrial and Engineering 
Chemistry Research, 50, 4667-4671. 

Oosterhaven K., Poolman B., Smid E.J., (1995), S-Carvone 
as a natural potato sprout inhibiting, fungistatic and 
bacteristatic compounds, Industrial Crops and 
Products, 4, 23-31. 

Sedláková J., Kocourková B., Lojková L., Kubáň V., 
(2003), Determination of essential oil content in 
caraway (Carum carvi L.) species by means of 
supercritical fluid extraction, Plant, Soil and 
Environment, 49, 277-282. 

Seidler-Łożykowska K., Kędzia B., Karpińska E., 
Bocianowski J., (2013), Microbiological activity of 
caraway (Carum carvi L.) essential oil obtained from 
different origin, Acta Scientiarum Agronomy, 35, 495-
500. 

Sovová H., Komers R., Kučera J., Jež J., (1994), 
Supercritical carbon dioxide extraction of caraway 
essential oil, Chemical Engineering Science, 49, 2499-
2505.  

Sovová H., Stateva R.P., Galushko A.A., (2001), Essential 
oils from seeds: solubility of limonene in supercritical 
CO2 and how it is affected by fatty oil, Journal of 
Supercritical Fluids, 20, 113-129. 

Sovová H., Aleskovski S.A., Bocevska M., Stateva, R.P., 
(2006), Supercritical fluid extraction of essential oils - 
Results of joint research, Chemical Industry and 
Chemical Engineering Quarterly, 12, 168-174. 

Sovová H., Stateva R.P., (2011), Supercritical fluid 
extraction from vegetable materials, Reviews in 
Chemical Engineering, 27, 79-156. 

Sváb J., (1992), Caraway, In: Cultivation and Processing 
of Medicinal Plants, Hornok L. (Ed.), John Wiley & 
Sons, Chichester, 154-159. 

Toxopeus H., Bouwmeester H.J., (1993), Improvement of 
caraway essential oil and carvone production in The 
Netherlands, Industrial Crops and Products, 1, 295-
301.

 



<<
  /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 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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


