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Abstract: The hydrosols obtained from rhizomes with roots and aerial part of Angelica L. species were
assessed in relation with their possible influence on plant germination and growth. Tests were carried with
several test-species and germination and growth were evaluated up to 72 h. Germination rates were, in some
cases, reduced following treatment with hydrosols. The development of plantlets, in terms of root and
hypocotyl length, was also inhibited, especially by hydrosols of A. archangelica. Spectrophotometric
analysis in UV range and pH of hydrosols are also presented. Chemical compounds present in hydrosols
belong to aromatic and terpenoid categories, with younger aerial part and rhizome hydrosols exhibiting the
most powerful effect on germination and growth. Thus, a previously not tested potential of mentioned

hydrosols is described.
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1. INTRODUCTION

In the process of hydro distillation for the
purpose of volatile oil production, residual water, also
termed hydrosol or hydrolat, is produced, usually in
fairly large amounts. Hydrosols are usually treated as
waste products, however, they posses remarkable
potential, and are much less studied than
corresponding essential oils (Aazza et al., 2012).
From the chemical composition standpoint, hydrosols
are composed of hydrophilic constituents, being free
of lipophilic ones (Kalemba & Wajs, 2012). They
also contain a certain amount of essential oil
molecules, imparting both scent and biological
properties to the solution (Rose & Earle, 1996; Lis-
Balchin, 2006; Catty, 2001). For certain hydrosols,
antibacterial (Oral et al., 2008; Vatansever et al.,
2008; Hussien et al., 2011; Al-Turki, 2007) and
antioxidant (Lin et al., 2011) effects were shown.
Some hydrosols were effective as fungicides (Ozcan,
2005) or as food sanitizers (Sagdic et al., 2013). In
alternative therapies however, hydrosols have gained
an important place, given their therapeutic properties
coupled with virtually no toxicity (Wilson, 2002; Lis-
Balchin, 2006).

The hydrosols of Angelica species (Apiaceae)

are little investigated (Oral et al., 2008; Lin et al.,
2011), and the literature surveyed does not reveal data
on the chemical composition. The current paper
analyses hydrosols obtained from two Angelica
species, A. archangelica L. and A. sylvestris L. The
former is a rare species, wild populations being met
only within the 500-1500 m altitude interval, especially
in the Carpathians in our country, with specific
ecological requirements (Parvu, 2002; Rugind &
Muititiuc, 2003). The species is regarded as vulnerable,
and it is included in different Red Lists of higher plants
(Muntean et al., 2007; Oprea, 2005). To ensure its
protection, but also for production purposes, the
species is cultivated, including in our country (Paun et
al., 1986; Pop et al., 2011). However, most studies
concerning Angelica archangelica dealt with
composition of various extract types (Gawron &
Glowniak, 1987; Pop et al., 2006; Burzo & Toma,
2013), their bioactivities (Sigurdsson et al., 2005;
Pavela, 2010) and cultivation parameters (Pop, 2011).
The interest rosen by this species is legitimated by the
long stnding use of its extracts in traditional therapies
(Sarker et al., 2005), thus justifying the inclusion of the
taxa in several Pharmacopoeias (FR 1993, Ph. Eur.
2008). The chemical composition is rich in coumarins
and volatile compounds (Cucu et al., 1982; Gawron &
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Glowniak, 1987). These kind of compounds have a
proven role in the interactions of plants with other
organisms, participating thus in the adaptation to the
environment (Seigler, 1998; Zobel, 1997). It is known,
however, that the characteristics of A. archangelica
extracts are dependant on the ecological conditions met
by its individuals. An example is the variation in
volatile oils quantity obtained in different altitude
populations, with higher extraction rates at increased
altitudes (Cucu et al., 1982). Similar variations are
known for coumarins, which play multiple
physiological and ecological roles in plants, including
germination inhibitors, phytoalexins, and UV
protectors. The concentration of such compounds in
plant tissues is reported to be influenced by the
surrounding temperature, time and length of the day,
geographical localization and soil composition (Zobel,
1997). Therefore, it might be worth investigating
properties and composition of wild populations of
plants extracts, since such phytoindividuals might be
adapted to harsher environmental conditions as
compared to cultivated ones. Further investigations of
chemical variability in different populations is
supported by findings that show a phenological
variation at infraspecific level in wild populations of
Angelica spp., as stated by Vashistha et al., (2006) and
Vashistha et al., (2010). In such works, it is shown that
the variations occur due to different locations and
climatic parameters, underlining the fine tuned plant
metabolism to environmental conditions.

A. archangelica is also an important medicinal
species, with both traditional and modern, commercial
uses, various extracts exhibiting antimicrobial, anti-
inflammatory, antiproliferative activities (Sarker &
Nahar, 2004; Stanescu et al., 2004). A. sylvestris is a
species used in traditional preparations and commercial
products with antimicrobial indications (Sarker and
Nahar, 2004; Sarker et al., 2005), its organs containing
volatiles and phenolics (Bernard & Clair, 1997). In the
case of A. sylvestris, it was shown that its flowers
attract a large number of insect species, fact which,
correlated with the long flowering period, might be
useful in the ecological restoration of some areas, as
shown by Niemirski & Zych (2011).

The current study aims to elicit the hydrosol of
the mentioned species as a potential phytoinhibitor
of plant germination and growth, given the major
amounts of water and energy used to produce them
and their discarded use afterwards. Moreover,
biochemical constituents from indigenous plants are
described as bioactive (Boz et al., 2013), but some
rare species are protected in an less than optimal
fashion in our country (Manzu et al., 2013) and A.
archangelica is both a medicinal species as well as a

rare one. Thus, findings in this study will hopefully
add to the mentioned species’ value.

2. MATERIAL AND METHODS
2.1. Plant material

Specimens of A. archangelica and A.
sylvestris were collected during 2012, both
individuals in 1st year of growth (vegetative phase)
as well as in the 2" year, in the flowering stage. The
specimens were collected from wild populations
from Gura Haitei, location situated at approximately
700 m in the mountains area of Calimani National
Park. The materials were dried between paper
sheets, and stored in bags of paper until use.

One specimen from each species was
authenticated by Prof. Nicolae Stefan and deposited at
the Herbarium of the Faculty of Biology from
“Alexandru loan Cuza” University (1137106 -
Angelica  archangelica, 1137107 - Angelica
sylvestris).

2.2. Plant extraction

Volatile oils were extracted through hydro
distillation using a Neo Clevenger type apparatus.
Rhizomes with roots (60 g) or aerial part (80g) were
chopped prior extraction, and the amount of water
used was 4:1. Extraction was performed for 3 h. The
hydrosol (distilled and condensed water) was
collected in flasks and the front 25% were used for
subsequent analysis. The hydrosols of A.
archangelica (1% year, rhizomes with roots and
leaves and flowering umbels, 2™ year, rhizomes
with roots and leaves and flowering umbels) and A.
sylvestris (1% year, leaves and flowering umbels and
2" year, leaves and flowering umbels) were used.

2.3. Seed germination and plant growth
inhibition assay

To assay seed germination and plant growth
inhibition by hydrosols, four test-species were used:
Linum usitatissimum L., Raphanus sativus L., Cucumis
sativus L. and Brassica oleracea L., obtained from
seed retailers (Unisem). These species were selected
due to their fast germination and the relatively well
known germinative preferences. Furthermore, the
commercial packing of these seeds allowed
considering a uniformity of the germinative capacities.
From each species, 50 seeds were placed on filter
paper in a Petri dish. Three Petri dishes per test-species
were designated as controls while three Petri dishes per
same test-species were designated as tests, thus
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resulting 300 seeds used per test-species per hydrosol
(6 plates x 50 seeds). In control plates, the filter paper
was moistened with tap water, while in test plates,
hydrosols were used. The initial quantity of water or
hydrosol (at placing the seeds) was of 4ml for Linum
usitatissum, Raphanus sativus and Brassica oleracea
and 8ml for Cucumis sativus (due to larger seeds and
larger Petri dishes used). The filter papers were
moistened again at 48h with approximately the same
amount of water or hydrosol. The seed germination
rates were counted at 24, 48 and 72h after placing on
filter paper. The length of the roots and of hypocotyls
were measured at 72h, in 15 plantlets from each Petri
dish, thus measuring 45 seeds from the test plates and
45 seeds from the control plates per hydrosol tested.
The conditions of the experiment were
regulated with regard to the environmental
parameters. The plates were kept in a growth chamber
(Snijders Scientific type), at 22°C (12h) — 26°C (12h),
60% relative humidity and a 12:12h photoperiod.

2.4. Absorption spectra and pH evaluation
of hydrosols

The extraction of volatile oils by hydro
distillation affords two phases. A lipidic phase,
represented by volatile oils is maintained, within a
capillary tube, on top of the aqueous phase,
represented by the hydrosol. The aqueous phase is
collected throughout the extraction process, the
volatile oils being collected when the extraction is

completed. The material used led to the extraction of
six volatile oils and the corresponding hydrosols.

The absorption spectra for each hydrosol were
recorded using a Beckmann -  Coulter
spectrophotometer in the 190 — 400 nm range (UV).
For optimal spectrophotometric readings, dilutions
of hydrosols were performed (absorption values
exceeding greatly 1) to a ratio of 1:50 with distilled
water. The pH of each hydrosol was measured with
an electronic pH-meter.

2.5. Statistical analysis

The analysis of germination values and that of
plant growth were performed using descriptive
statistics and ANOVA tests. The results are
expressed as mean + standard error.

3. RESULTS AND DISCUSSIONS

The influence of tested hydrosols on
germination rates (Table 1) is stronger in the case of
extracts obtained from A. archangelica individuals.
The 1% vyear aerial part hydrosol inhibits the
germination in all test-species, while 2™ year rhizome
and 1* year rhizome hydrosols inhibit the germination
process in three and two test-species, respectively. A.
archangelica 2™ year aerial part hydrosol significantly
inhibits the germination only in Raphanus sativus, as
does A. sylvestris 2" year aerial part hydrosol. A.
sylvestris 1% year aerial part hydrosol, however, does
not display any inhibitory effects.

Table 1. Germination rates in control (c) and test (t) plates (values in bold in adjacent columns within the same test
species are significantly different, p<0.05, n=3, A. a. = A. archangelica, A. s. = A. sylvestris, I, Il = 1%/2" year, a =
aerial part, r = rhizome)

Hydrosol\Test | Linum usitatissimum

Raphanus sativus

Cucumis sativus Brassica oleracea

species c t c

t c t c t

A.alr.

24 h

0+0

0+0

6.33+£1.33

4.33+1.66

38+1.52

30+5.77

15.33+2.96

1.66+0.66

48 h

43.6+1.85

33.6£1.85

46.33+0.88

40.33+3.28

45+2

44.66+0.88

47.66+0.33

35.33+0.33

72h

43.66+1.85

41+2.51

48.33+0.66

43.66%1.76

47.33£1.20

46.66+0.66

47.66+0.33

40£1.52

A.ala.

24 h

27+6.02

0+0

14.33+2.40

11+3.60

40+3.78

16.6+3.38

25.33+1.85

16+2

48 h

37.33+4.40

21+0.57

44.66+0.33

41.33+0.66

44.33+2.72

32.66+2.84

45.33+0.33

36.66+1.20

72h

38+3.78

35+1.73

47+0.57

44+0.57

44.33+2.72

36.66+1.85

47.66+0.88

44.66+0.33

A.s. |a.

24 h

8+1.52

3+1.15

28.33+£1.66

31.66+2.60

6+1.15

4+2.64

38.33+3.17

39.33+£3.84

48 h

34.33+0.88

31+4

44.33+2.18

46.33+1.45

39.66+1.85

39+1.73

48+0

45.66+1.20

72h

39.66+1.45

36.33+2.60

44.33+2.18

48.33+0.66

43.33+1.66

41.66+1.20

48.33+0.33

46+1.52

A allr.

24 h

0+0

0+0

3+0.57

0+0

0+0

0+0

3.33+0.66

0+0

48 h

36.33+£3.75

26.33+6.64

45+1.15

371

40.33+0.33

30.66+4.63

46.66+0.88

42.33+0.33

72h

42.33+2.18

39+2.08

46.33+0.33

44.33+0.33

44.33+1.33

36+2.30

47+0.57

46+0.57

A.s. lla.

24 h

0+0

0+0

23+1.57

11.33+£1.76

0+0

0+0

0.33+0.33

0.33+0.33

48 h

42.33+0.88

41.33+0.88

44+1.15

44+1

39+2.51

34.33+0.88

44.33+2.66

41+0.57

72h

44+1.52

44.33+1.66

45+0.57

45.33+0.33

42+2.08

40.66+0.33

47+£1.15

44.33+0.88

A all

24 h

0+0

0+0

9.33+0.66

0+0

0+0

0+0

0.66+0.66

0.66+0.66

48 h

42.33+1.33

44.66+0.33

37.33+2.02

311

39+2

37.66+1.85

42.33+1.33

37+1.08

72h

46.33+0.88

47.66+0.33

46+0

46.6620.66

42+2.08

41.33+1.33

44.66+2.02

43.66+0.33
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It might be noted that inhibitory effects can be
observed in some control — test pairs, even though
not statistically significant. Such situations are met
in Linum or Cucumis seeds treated with A.
archangelica 2™ year rhizome hydrosol.

The growth of test plants is significantly
influenced by treatment with hydrosols (Table 2),
more markedly in the case of A. archangelica ones. A.
archangelica 2™ year rhizome hydrosol inhibits the
growth of plants in all test-species, the 1% year
rhizome and aerial part hydrosols inhibit the growth
of three test-species, while the 2™ year aerial part
hydrosol influences the development of one test-
species. The values of roots and hypocotyls lengths
are 50% reduced in some cases, compared to control
plants (A. a. I r. and A. a. Il r.). A. sylvestris 1* year
aerial part hydrosol inhibits the development of
plantlets in three test-species, while A. sylvestris 2™
year aerial part hydrosol displays inhibitory effect
only in the hypocotyls of Cucumis. A note must be
made regarding the stimulatory effect of A. sylvestris

2" year aerial part hydrosol on the root of Linum,
with a similar effect of A. archangelica 2" year
hydrosol on the hypocotyls of Raphanus.

The absorption spectra of tested hydrosols
displays an increase in contained compounds in the
case of hydrosols of both species aerial part in the 1%
year, as well as in rhizome hydrosols and lower
amounts of compounds in 2™ year aerial part
hydrosols (Fig. 1). Observed differences among the
hydrosols occur, supposedly, due to different
compounds present in different organs as well as to
the differences in the age of the materials used. Both
species accumulate phenols and terpenic constituents
in rhizomes and aerial part, although with qualitative
and quantitative differences. The amount of these
compounds also varies with the age of plants. Such
differences were described for essential oils in several
species from Apiaceae (Olle & Bender, 2012) as well
as for phenols (Wang et al., 2012), findings that apply
to species also belonging to other families (Naghiloo
etal., 2012; Capecka et al., 2012).

Table 2. Length of roots and hypocotyls in control (c) and test (t) plants (values in bold in adjacent columns within the
same test-species indicate significant differences; p<0.05; n=45, A. a. = A. archangelica, A. s. = A. sylvestris, I, Il =
1%/2" year, a = aerial part, r = rhizome)

Hydrosol/Test | Linum usitatissimum

Raphanus sativus

Cucumis sativus Brassica oleracea

species c t c

t c t c t

Aalr.

17.13+0.95

9.22+0.58

32.15+1.66

15.28+0.90

59.35+2.37

29.48+1.12

12.46+0.51

11.22+0.52

10.93+0.54

6.91+0.42

13.15+0.63

7.13+0.41

23.25+1.27

12.62+0.65

9+0.24

8.44+0.40

A ala

13.71+0.83

8.88+0.54

30.84+1.79

14.24+0.81

55.33+2.03

31.64+2.21

18.08+0.98

15.46+1.03

6.26+0.28

3.97+0.17

10.95+0.64

5.51+0.18

16.28+1.04

10.6+0.73

8.84+0.58

7.71+0.59

A.s la

20.33+1.12

13.68+1.27

32.02+1.23

25.24+0.99

47.97+1.26

43.73x1.71

27.82+0.99

26.2+0.96

6.31+0.40

4.2+0.35

14.02+0.67

14.48+0.55

7.82+0.35

7.44+0.31

13.55+0.29

13.57+0.37

13.42+0.75

5.93+0.35

14.88+0.79

9.44+0.45

34.86+0.52

23.86+0.82

14.51+0.66

7.77+0.37

A allr.

2.97+0.11

2.42+0.12

8+0.37

6.73+0.20

5.64+0.11

3.8+0.17

9.2+0.27

5.86+0.18

A.s lla

9.33+0.40

12.4+0.65

20.6+0.74

22.84+1.04

27.28+0.69

28.06+0.73

14.22+0.49

13.4+0.50

3.2+0.13

3.48+0.13

11.04+0.37

10.28+0.35

5.66+0.12

4.73+0.20

4.4+0.18

4.8+0.16

A.alla

12.73+0.55

13.93+0.52

26.73+1.11

29.44+1.17

28.37+0.83

29.26+0.67

14.86+0.59

13.97+0.49

TIT|XO|IT| 0| IT|OI|J|IT|0|I|0

4.35+0.10

3.91+0.10

9.8+0.36

12.17+0.50

5.44+0.19

5.51+0.15

4.9340.15

4.91+0.15

0.4

0.35
0.3

0.25

0.15

0.1

0.05

0

200

300

nm

>
P p v

.
la.
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Figure 1. Absorption spectra for tested hydrosols (dilution 1:50) (A. a. = A. archangelica, A. s. = A. sylvestris, I, I =
1%/2" year, a = aerial part, r = rhizome)
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Table 3. pH values of hydrosols and of water used to prepare them

Solution/pH Aal.r A ala A.s la. Aallr, A.s. lla. A alla.
Hydrosol 5.28 6.19 6.58 6.01 6.75 7.82
Water 7.72 8.10 8.01 7.98 7.85 7.85

The absorption bands visible in spectra are
presumed to occur due to phenolic constituents as
well as to terpenoid ones. The large band peaking
around 260-270nm might indicate aromatic
compounds, while further peaks around 220-240nm
could spot terpenoid components, especially
considering the possible bathochromic effect of
water (Kumar, 2008). The red shift occurs on t—m*
transitions in aromatic compounds, but a blue shift
also occurs on n—m* transitions of ketones or
aldehydes (Kumar, 2008). Recorded absorbance
could be attributed to phenols (270nm) and ketones
or aldehydes (205-240nm) (Kumar, 2008; Kaye &
Laby, 1995; Kalsi, 2004). The large values of
absorbance near 200nm region might be due to the
solvent (water) cut-off effect (Kalsi, 2004). Bearing
such assignments in view, the higher content of
phenols in aerial part hydrosols and increased
terpenic content in rhizome hydrosols becomes
visible. In the case of older aerial part hydrosols
however, the amounts of both categories of
compounds is reduced compared to corresponding
hydrosols from younger aerial part.

The pH values of hydrosols show an acidic
shift from those of water used to prepare them
(Table 3). The acidic character of hydrosols
presumably indicates the presence of some acid type
compounds, given the weak acid characteristics of
phenols in agueous solutions. The same is true for
aldehydes and aliphatic alcohols, thus pointing to
other categories of compounds. The effect of pH on
seed germination, however, is relatively minor, at
least for the range exhibited by tested hydrosols,
herbaceous species germinating in optimum manner
under 4.7-7.7 values (Pérez-Fernandez et al., 2006).
Similar conclusions were stated in the case of the
initial development of herbaceous species (Deska et
al., 2011).

The allelopathic effect of both phenols and
terpenes is known. Phenols exhibit inhibition of
germination in high concentrations only (Williams
& Hoagland, 1982; Reigosa et al., 1999) while
terpenes appear to be potent inhibitors (Vaughn &
Spencer, 1993; Dudai et al.,, 2004). A strong
inhibitory effect on plant growth is assigned to
exogenous sources of phenols (Chandramohan et al.,
1973; Kefeli et al.,, 2003) as well as sources of
terpenes (Khanh et al., 2008; Barney et al., 2005).
Therefore, such effects are conceivable for plant

extracts containing compounds of the mentioned
classes. Nevertheless, a quantitative analysis of
compounds requires chromatographic techniques.

4. POTENTIAL ENVIRONMENTAL
IMPLICATIONS OF THE RESULTS

The results presented in the current paper led
us to the belief that the potential of investigated
hydrosols but also of hydrosols in general may
imply environmental consequences. This is due to
two facts that can be stated about this type of
solutions.

Firstly, hydrosols are, mostly, treated as waste
products, and discarded immediately after
completion of the extraction. On another hand, the
process of extraction of volatile oils by hydro
distillation is an energy consuming one. A heat
source (generally fossil fuels) as well as a running
coolant (generally water) is required for the entire
duration of the extraction process. In order to cool
the extraction apparatus to allow condensation of the
solvent, a continuous flow of coolant is necessary.
This can be achieved by using running tap water,
leading to high amounts of water used or by
recirculating the same quantity of water by means of
electricity consuming devices.

Considering that a typical extraction lasts
usually 3-4 hours, the amounts of used resources can
be regarded as high, especially when taking into
account that only 0.1 — 1 ml of volatile oils are
generally obtained for most species. The use of
hydrosols, in any applicative form, with an yield of
50-200 ml per extraction, may justify the demands
of the extraction process.

Secondly, the chemical composition and
proven effects of analyzed hydrosols suggests that
such solutions can be further evaluated for control of
species which cause economic loss, such as weeds.
This type of use of hydrosols could be attractive due
to, on one hand, the availability of hydrosols as
byproducts, and to, on another, the “greenness” of
hydrosols. When applied to man consumed crops, an
aqueous natural solution is desirable as an
alternative to chemicals. Not only the extraction
process for hydrosols is relatively straightforward,
but the costs may be lower than the ones generated
by chemical products formulation. Furthermore, a
hydrosol will, presumably, produce fewer side
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effects than a chemical synthetic agent.

With an already established market for
volatile oils, production of hydrosols is warranted.
Variable composition of essential oils of various
species can also indicate variable constituents of
hydrosols, and possibly various properties and
activities of these extracts.

Therefore, the use of hydrosols as scenting
agents, sanitizers or allelopathic agents may lead to
economical benefits as well as to environmental
ones.

5. CONCLUSIONS

The tested hydrosols display an obvious
inhibitory effect on both plant germination and
growth. A stronger effect is exerted by the hydrosols
from 1% year aerial part and 2™ year rhizomes, with
marked reduction in plant growth in the case of A.
archangelica hydrosols. The inhibitory influences
occur due to bioactive constituents such as phenols
and terpenoids synthesized in different organs of the
tested species. Such compounds participate in plant
adaptation to the environment. The minute amounts
in hydrosols but the above shown activity underlines
the allelopathic influence exerted, helping the plants
to cope with nearby biotic factors. It is worth to
underline that the effects recorded are generated by
aqueous solutions which dilute a number of times
the quantities, small from the start, of compounds
present in vegetal tissues. Therefore, we might
consider that such compounds play nearly essential
roles in the response of plants to the ecological
conditions and various types of stimuli met.

Thus, a novel potential for a residual product
is presented, which complements other activities
such as antimicrobial or antioxidative. Further
testing of such products and identification of
contained compounds becomes therefore justified.

Acknowledgements

This work was supported by the the European
Social Fund in Romania, under the responsibility of the
Managing Authority for the Sectoral Operational
Programme for Human Resources Development 2007-
2013 [grant POSDRU/107/1.5/S/78342]

REFERENCES
Aazza, 1., Lyoussi, B. & Miguel, M. G., 2012.

Antioxidant activity of eight hydrosols from
Morocco. Asian Journal of Plant Sciences, 11, 3,

137-142.
Al-Turki, A. 1., 2007. Antibacterial effect of thyme,
peppermint, sage, black pepper and garlic

hydrosols against Bacillus subtilis and Salmonella
enteritidis, Journal of Food, Agriculture &
Environment, 5, 2, 92-94.

Barney, J. N., Hay, A. G. & Weston, Leslie A., 2005.
Isolation and characterization of allelopathic
volatiles from mugwort (Artemisia vulgaris),
Journal of Chemical Ecology, 31, 2, 247-265

Bernard, C. & Clair, G., 1997. Essential oils of three
Angelica L. species growing in France. I. Root
oils, Journal of essential oil research, 9, 3, 289-
294.

Boz, I., Dobrescu, A., Zamfirache, M. M., Toma, C. &
Cojocaru, D., 2013. Data regarding the essential
oils from seven populations of Thymus balcanicus
Borbas, Carpathian Journal of Earth and
Environmental Sciences, 8, 1, 217-222.

Burzo, I. & Toma, C., 2013, Secretory tissues and
volatile substances in plants, Ed. a 1l-a, Ed. Univ.
“Al. I. Cuza”, Iasi, 81-96. In Romanian

Capecka, E., Geszprych, A., Przyby, J. L., Kunicki, E.,
Binder, A., Boczek, K. & Woglarz, Z., 2012.
Accumulation of phenolic compounds in
underground organs of dropwort (Filipendula
vulgaris Moench.), Acta Sci. Pol.,, Hortorum
Cultus 11, 4, 101-109.

Catty, S., 2001. Hydrosols, the next aromatherapy,
Healing Arts Press, 12-14.

Chandramohan, D., Purushothaman, D. &
Kothandaraman R., 1973. Soil phenolics and
plant growth inhibition, Plant and Soil, 39, 2, 303-
308.

Cucu, V., Bodea, C. & Cioaca, C., 1982. Tratat de
biochimie vegetald, Partea a II-a, vol. IV, (Plant
biochemistry treatise, 2" Part, 4™ Vol.), Ed.
Academiei  Republicii  Socialiste  Romania,
Bucuresti, 33-37. In Romanian

Deska, J., Jankowski, K., Bombik, A. & Jankowska,
J., 2011. Effect of growing medium pH on
germination and initial development of some
grassland plants, Acta Sci. Pol., Agricultura 10, 4,

45-56.

Dudai, N., Ben-Ami, M., Chaimovich, R. &
Chaimovitsh, D., 2004. Essential Oils as
Allelopathic Agents: Bioconversion of

Monoterpenes by Germinating Wheat Seeds, Proc.
XXVI IHC ce Future for Medicinal and Aromatic
Plants, Eds. L.E. Craker et al., Acta Hort. 629,

505-508.
FR, 1993, ***Farmacopeea Romdnd, ed. a X-a,
(Romanian Pharmacopoeia, Xth Ed.), Ed.

Medicala Bucuresti, 190-191. In Romanian

Gawron, A. & Glowniak, K., 1987. Cytostatic activity of
coumarins in vitro, Planta Medica, 53, 6, 526-529.

Hussien, J., Teshale, C. & Mohammed, J., 2011.
Assessment of the antimicrobial effects of some
ethiopian spice and herb hydrosol. International
Journal of Pharmacology, 7, 5, 635-640.

Kalemba, D. & Wajs, A., 2012. Essential oils and
spices, in Food Flavors: Chemical, Sensory and
Technological Properties, Henryk, Jelen (Ed.),

138



CRC Press, 201.

Kalsi, P.S., 2004. Spectroscopy of Organic Compounds,
New Age International, 9-64

Kaye, G. W. C & Laby T. H, 1995. Tables of Physical
& Chemical Constants, 16™ Ed., Longman, 120-
123.

Kefeli, V. I., Kalevitch, M. V. & Borsari, B., 2003,
Phenolic cycle in plants and environment, Journal
of Cell and Molecular Biology, 2, 13-18.

Khanh, T. D., Cong, L. C., Xuan, T. D., Lee, S. J,,
Kong, D. S. & Chung, I. M., 2008. Weed-
Suppressing Potential of Dodder (Cuscuta
hygrophilae) and its Phytotoxic Constituents.
Weed Science, 56, 1, 119-127.

Kumar, S., 2008, Spectroscopy of Organic Compounds,
Guru Nanak Dev University, Amritsar

Lin, C.-C., Yang, C.-H., Wu, P.-S., Kwan, C.-C. &
Chen, Y.-S., 2011. Antimicrobial, anti-tyrosinase
and antioxidant activities of aqueous aromatic
extracts from forty-eight selected herbs, Journal of
Medicinal Plants Research, 5, 26, 6203-62009.

Lis-Balchin, M., 2006. Aromatherapy science,
Pharmaceutical press, 38.

Manzu, C., Gherghel, 1., Zamfirescu, S., Zamfirescu,
0., Rosca, I. & Strugariu, A., 2013. Current and
future potential of glacial relict Ligularia sibirica
(Asteraceae) in  Romania and temporal
contribution of NATURA 2000 to protect the
species in light of global change, Carpathian
Journal of Earth and Environmental Sciences, 8, 2,
77-87.

Muntean, L. S., Tamas, M., Muntean, S., Muntean, L.,
Duda, M. M., Varban, D. I. & Florian, S., 2007,
Tratat de plante medicinale cultivate i spontane
(Cultivated and wild medicinal plants treatise), Ed.
Risoprint, Cluj-Napoca, 298-306.

Naghiloo, S., Movafeghi, A., Delazar, A., Nazemiyeh,
H., Asnhaashari, S. & Dadpour, M. R., 2012.
Ontogenetic variation of volatiles and antioxidant
activity in aerial part of Astragalus compactus
Lam. (Fabaceae), EXCLI Journal, 11, 436-443.

Niemirski, R. & Zych, M., 2011, Fly pollination of
dichogamous Angelica sylvestris (Apiaceae): how
(functionally) specialized can a (morphologically)
generalized plant be?, Plant Syst Evol, 294, 147-
158.

Olle, M. & Bender, 1., 2010. The content of oils in
umbelliferous crops and its formation, Agronomy
Research 8 (Special Issue I11), 687-696.

Oprea, A., 2005, Lista critica a plantelor superioare din
Roméania (The critical list of higher plants of
Romania), Ed. Universitatii “Alexandru Ioan
Cuza” Iasi, 201. In Romanian

Oral, N., Vatansever, L., Guven, A. & Gulmez, M.,
2008. Antibacterial Activity of Some Turkish Plant
Hydrosols. Kafkas Univ Vet Fak Derg,14, 2, 205-
209.

Ozcan, M., 2005. Effect of Spice Hydrosols on the
Growth of Aspergillus parasiticus NRRL 2999
Strain, Journal of Medicinal Food, 8, 2, 275-278.

Pavela, R., 2010, Antifeedant activity of plant extracts on
Leptinotarsa decemlineata Say. and Spodoptera
littoralis Bois. larvae, Industrial Crops and
Products, 32, 213-219.

Piun, E., Mihalea, A., Dumitrescu, Anela, Verzea,
Maria & Cosocariu, O., 1986, Tratat de plante
medicinale §i aromatice cultivate (Cultivated
medicinal and aromatic plants treatise), vol. I, Ed.
Academiei  Republicii  Socialiste  Romania,
Bucuresti. 202, In Romanian

Parvu, C., 2002. Enciclopedia plantelor. Plante din flora
Romaniei, vol. 1, (Plant encyclopedia. Plants from
Romania’s flora, 1% Vol.), Ed. Tehnica, Bucuresti,
97-99. In Romanian

Ph. Eur., 2008, ***European Pharmacopoeia, 6.0, vol.2,
EDQM, Strasbourg, 322.

Pop M. R., Sand C. & Barbu, C. H., 2006, The volatile
oil qualitative variation in the underground organs
of the Angelica archangelica L. families
descendants, Buletinul USAMYV — CN, 62, 212.

Pop, M., Sand, C., Bobit, D., Antofie, M., Spénu, S.,
Barbu, H., Blaj R., Ciortea, G., Muntean, L. &
Savatti, M., 2011, Influence of the Angelica
archangelica L. seeds harvesting area on
germinative faculty, Journal of Horticulture,
Forestry and Biotechnology, 15, 1, 161- 164.

Pop, M. R., 2011, The correlation created between some
morphological characters of the Angelica
archangelica L. inflorescences and the seeds size,
Journal  of  Horticulture,  Forestry  and
Biotechnology, 15, 1, 165- 169.

Pérez-Fernandez, M. A., Calvo-Magro, E.,
Montanero-Fernandez, J. & Oyola-Velasco,
J.A., 2006. Seed germination in response to
chemicals: Effect of nitrogen and pH in the media,
Journal of Environmental Biology, 27, 1, 13-20

Reigosa, M.J., Souto, X.C. & Gonzalez, L., 1999. Effect
of phenolic compounds on the germination of six
weeds species, Plant Growth Regulation, 28, 2, 83-
88.

Rose, J. & Earle, S., 1996. The world of aromatherapy,
Frog, Berkeley, 27-29.

Rugina, R. & Mititiuc, M., 2003. Plante ocrotite din
Roménia (Protected plants in Romania), Ed.
Universitatii “Alexandru Ioan Cuza”, Iasi 51. In
Romanian

Sagdic, O., Ozturk, I. & Tornuk, F., 2013. Inactivation
of non-toxigenic and toxigenic Escherichia coli
0157:H7 inoculated on minimally processed
tomatoes and cucumbers: Ultilization of hydrosols
of Lamiaceae spices as natural food sanitizers,
Food Control, 30, 1, 7-14.

Sarker, S. D. & Nahar, L., 2004. Natural Medicine:The
Genus Angelica, Current Medicinal Chemistry, 11,
1479-1500.

Sarker, S. D., Nahar, L., Rahman, M. M., Siakalima,
M., Middleton, M., Byres, M., Kumarasamy, Y.
& Murphy, E., 2005. Bioactivity of umbelliprenin,
the major component found in the seeds of
Angelica sylvestris, Ars Pharm, 46, 1, 35-41.

139



Seigler, D. S., 1998. Plant secondary metabolism, Kluwer
Academic Publishers, 1-3.

Sigurdsson, S., Ogmundsdottir, H. M., Hallgrimsson,
J. & Gudbjarnason, S., 2005, Antitumour Activity
of Angelica archangelica Leaf Extract, In Vivo,
19, 191-194.

Stanescu, U., Miron, A., Hancianu, M. & Aprotosoaie,
C., 2004. Plante medicinale de la A la Z:
mnografii ale produselor de interes terapeutic
(Medicinal plants A to Z: monographs of
therapeutic interest products), vol. I, 42-45. In
Romanian

Vatansever, L., Gulmez, M., Oral, N., Guven, A. &
Otlu, A., 2008. Effects of Sumac ( Rhus coriaria
L), Oregano ( Oreganum vulgare L.) and Lactic
Acid on Microbiological Decontamination and
Shelf-life of Raw Broiler Drumsticks. Kafkas Univ
Vet Fak Derg, 14, 2, 211-216.

Vashistha, R. K., Butola, J. S., Nautiyal, B. P. &
Nautiyal, M. C., 2010, Phenological attributes of
Angelica glauca and A. archangelica expressed at
two different climatic zones in Western Himalaya,

Received at: 27. 08. 2013

Revised at: 16. 12. 2013

Accepted for publication at: 07. 01. 2014
Published online at: 11. 01. 2014

Open Access Journal of Medicinal and Aromatic
Plants, 1, 1, 7-12.

Vashistha, R., Nautiyal, B. P. & Nautiyal, M. C., 2006,
Conservation status and morphological variations
between populations of Angelica glauca Edgew.
and Angelica archangelica Linn. in Garhwal
Himalaya, Current Science, 91, 11, 1537-1542.

Vaughn, S. F. & Spencer, G. F., 1993. Volatile
Monoterpenes as Potential Parent Structures for
New Herbicides, Weed Science, 41, 114-119

Wang, P., Su, Z., Yuan, W., Deng, G. & Li, S., 2012.
Phytochemical Constituents and Pharmacological
Activities  of  Eryngium L.  (Apiaceae),
Pharmaceutical Crops, 3, 99-120.

Williams, R. D. & Hoagland, R. E., 1982, The Effects of
Naturally Occurring Phenolic Compounds on Seed
Germination, Weed Science, 30, 2, 206-212.

Wilson, R., 2002. Aromatherapy: Essential Oils for
Vibrant Health and Beauty, Avery Books, 22.

Zobel, A. M., 1997. Coumarins in fruit and vegetables, in
Phytochemistry of fruit and vegetables, Tomas-
Barberan, F. A., Robins, R. J., (ed.), Oxford
Science Publications

140



