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Abstract: Qualitative and quantitative chemical composition,
activity against bacteria, yeasts and moulds and antioxidant ac-
tivity of two variants (HV400 and HV3200) of hydrolates from
dried lavender flowers (Lavandula angustifolia) were determined.
The main chemical compounds were linalool (39.2% - HV400,
29.0% - HV3200), α-terpineol (7.1% - HV400, 12.7% - HV3200),
borneol (4.8% - HV400, 9.3% - HV3200) and terpinen-4-ol (4.8% -
HV400, 6.9% - HV3200). The hydrolate variants did not show the
presence of monoterpene hydrocarbons and linalyl acetate, the
main compounds present in the essential oil of lavender. Laven-
der hydrolates showed little antimicrobial activity against bacte-
ria, fungi and moulds; the number of cells in their populations
decreased only by 0.05% in the presence of the HV400 and 0.00%
for the HV3200. The ORACFL values obtained for lavender hy-
drolates ranged from about 21µM TE (HV3200) to 266µM TE
(HV400).

1. Introduction

Hydrolates, also referred to as hydrosols or aromatic waters, are obtained during the
isolation of essential oils by steam distillation. A hydrolate consists of the water
contained in the raw plant material as well as introduced in the process, contain-
ing biologically active volatile compounds. Hydrolates have a much softer scent and
are less biologically active than corresponding essential oils. Hydrolates increasingly
replace water in cosmetics, providing additional active ingredients. In the standard
INCI description, the type of hydrolate is indicated on the packaging of cosmetics
by the word Aqua or Water preceded by the type of the plant material, for example
Lavender Water. Hydrolates are used in foods and cosmetics because of their antimi-
crobial and antioxidant properties. A big advantage of hydrolates is the possibility of
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applying them directly to skin without dilution. Hydrolates are used as the aqueous
phase in the manufacture of lotions, creams and soaps, or independently as tonics and
air fresheners (Price and Price, 2004; Edris, 2009; Rajeswara et al., 2006; Saǧdiç and
Özcan, 2003).

The growing interest in plant-derived components makes it necessary to determine
their antimicrobial and antioxidant properties. Although there are many publications
determining antioxidant and microbiological properties of various hydrolates, there is
no such information for lavender hydrolate (Saǧdiç and Özcan, 2003; Tornuk et al.,
2011; Sutour et al., 2008; Saǧdiç and Özcan, 2003).

The present study investigated the qualitative and quantitative composition, an-
tioxidant and antimicrobial properties of two variants of hydrolates from dried laven-
der flowers (Lavandula angustifolia).

2. Materials and methods

2.1. Material

The plant material consisted of dried lavender flowers (Lavandula angustifolia) from
plants grown in the Wielkopolska region of Poland in 2012 (KAWON-HURT). Flowers
were air-dried at 25◦C, for 3 weeks, to constant weight. Identification of the plant ma-
terial was done at the Quality Control Department of KAWON-HURT and a voucher
specimen 16/11/2 is kept at KAWON-HURT, Gostyń, Poland.

2.2. Isolation of hydrolate (H)

Isolation of the hydrolates was carried out in a hydrodestillation unit. The plant
material was put in a two-necked round-bottom flask (2000 mL) connected to an
external source of steam. 60.0 g of dried lavender flowers (Lavandula angustifolia) were
placed in the flask and about 1200 mL of distilled water was added. The distillation
process was carried out for 4 hours (3 repetitions). Hydrolate variants were isolated
in the following volumes: 400 mL (VH400), and 3200 mL (VH3200). Concurrently
with obtaining hydrolates, essential oil (OeH) was isolated in the following quantities:
0.59± 0.03 g essential oil/100 g dried material in the 400 mL variant, and 0.73±0.05
g of essential oil/100 g dried material in the 3200 mL variant.

2.3. Extraction

At the extraction step, 200.0 mL of each hydrolate variant was salted with 10 g NaCl
and extracted five times with 40 mL pentane. The extract was concentrated to a
volume of about 2 mL and transferred into a volumetric flask. Subsequently, 1.0
mL of 10% C14 internal standard in pentane was added, then pentane was added to
volume of 5.0 mL (Śmigielski et al., 2013). Qualitative and quantitative analysis was
conducted by means of gas chromatography coupled with mass spectrometry.

2.4. Gas chromatography coupled with mass spectrometry

A Trace GC Ultra gas chromatograph coupled with a DSQ II mass spectrometer
from Thermo Electron Corporation was used. An Rtx-1ms capillary column was
obtained from Restek (length 60 m, internal diameter 0.25 mm, film thickness 0.25
pm). Signals were simultaneously collected from two detectors (FID, MS) using a
flow divider (ms-Column Flow Splitter) from SGE. The following parameters were
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used: programmed temperature 50◦C (3 min) – 300◦C (30 min), temperature gradient
of 4◦C/min injector temperature (SSL) 280◦C, detector temperature (FID) 300◦C,
carrier gas – helium, carrier gas flow rate at a constant pressure of 200 kPa, split
1:20. The mass spectrometer parameters were as follows: ionization energy 70 eV,
ion source temperature 200◦C, full scan mode in the mass range 33–420. We used
NIST Library, Wiley 8th edition, Adams.

2.5. Antimicrobial properties

Microorganisms cultivation and inocula preparation

The following strains of microorganisms were used: Gram-positive bacteria Bacillus
subtilis ATCC 6633 and Staphylococcus aureus ATCC 1803; Gram-negative bacte-
ria Escherichia coli ATCC 1627 and Pseudomonas aeruginosa ATCC 1555; yeast
Candida sp. LOCK 0008; moulds Aspergillus niger LOCK 0436 and Penicillium ex-
pansum LOCK 0535. Microorganisms were obtained from the American Type Culture
Collection ATCC and the Microorganisms Pure Culture Collection of Institute of Fer-
mentation Technology and Microbiology, Technical University of Lodz Poland, LOCK
105. The stock cultures of bacteria were maintained on Trypticase Soy Agar (TSA,
Oxoid) slants; yeast and moulds on Sabouraud Dextrose Agar (SDA, bioMerieux)
slants at 4◦C. Before each experiment strains were twice subcultured in Trypticase
Soy Broth (TSB, Oxoid) and Sabouraud Dextrose Liquid Broth (SDLB, bioMerieux),
respectively. The inoculated broths of B. subtilis were incubated at 30◦C for 24 h,
E. coli, S. aureus and P. aeruginosa at 37◦C for 24 h. Yeast and moulds inoculated
broths were incubated at 25◦C for 24-72 h. The fresh prepared slant cultures were
used for experiments. Inoculum of each strain was prepared in a standard saline
solution (0.85% NaCl) and adjusted to the final concentration of approximately 107

CFU/mL.

Assessment of the antimicrobial activity of hydrolates

The antimicrobial activity of hydrolates was determined by dilution. 1 mL of stan-
dardized suspension of a bacterial strain or fungus was introduced and 100 mL of
hydrolate was added to100 mL of double-concentrated TSB or SDLB media. The
cultures were incubated for 72 h in the case of bacteria and 120 h in the case of
moulds and yeasts at the optimal growth temperatures for the microorganisms. Pop-
ulation control was carried out by the plate count method on PCA medium. The
results are expressed as % population inhibition in the presence of hydrolate. All
experiments were conducted in triplicate.

2.6. Antioxidant activity

ORAC assays were carried out on a FluoroMax2 spectrofluorimeter (Jobin Yvon Spex)
equipped with a thermostated cell holder and a magnetic stirrer at excitation and
emission wavelengths equal to 493 nm and 515 nm, respectively. The temperature
during the assay was maintained at 37.0±0.3◦C. The changes of DPPH free radical
concentration were monitored at room temperature using a Nicolet Evolution 300
UV-Vis spectrophotometer.

ORACFL assay - antioxidative capacity of samples was estimated by the method
developed and described in detail by Ou et al. (2001) and Huang et al. (2002). In
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principle, the ORACFL method is based on the oxidation of fluorescent probe, i.e.,
fluorescein, by peroxyl radicals generated during the thermal decomposition of AAPH.
The degree of fluorescent probe damage decreases significantly in the presence of
chain-breaking antioxidants. The antioxidant scavenging property of the unknown
sample may be estimated by comparing results for that sample with results obtained
for a well-known synthetic or natural antioxidant.

In the current study the method described above was applied with minor mod-
ifications in order to perform the ORACFL assay manually. The total volume of
reaction mixture was 2400 µL. 2000 µL of fluorescein (60 nM, final concentration)
prepared in a phosphate buffer (75 mM, pH = 7.4) and 200 µL of sample were mixed
in the standard quartz cuvette and incubated at 37oC for 15 min directly in the cell
holder. After the incubation period, 200 µL of 0.150 M AAPH solutions prepared in a
phosphate buffer was injected rapidly in the reaction mixture. The fluorescence of the
probe was recorded every 30 s over the first 35 min of reaction. Prior to the measure-
ments, hydrolates were initially solubilized 1:1 in 1% acetone and subsequently diluted
with a buffer solution 5-fold and 10-fold, respectively (final dilution). The blank and
reference sample were prepared using a phosphate buffer or properly diluted Trolox
solutions instead of hydrolate sample, respectively. Quantification of antioxidant scav-
enging properties was performed according to the procedure described in literature
(Ou et al., 2001), using the regression equation between the net area under kinetic
curves for Trolox (AUC) vs. Trolox concentration. The ORAC values were expressed
as micromoles of Trolox equivalent per litre (µM TE).

3. Results and discussion

Both variants of hydrolates had a mild odour h with a clear stretched lavender back-
ground. HV400 has an intense herbal aroma and HV3200 a barely perceptible note
of lavender. 95.5% of the chemical composition of HV400 and 80.0% of HV3200
was identified. Main compounds were: linalool (respectively 39.2% and 29.0%), cis-
linalyl oxide (respectively 10.1% and 17.2%), trans-linalyl oxide (respectively 8.2%
and 1.9%), borneol (respectively 4.8% and 9.3%), α-terpineol (respectively 7.1% and
12.7%). Monoterpene alcohols formed the largest fraction (respectively 61.3% and
58.0%) (Tab. 1). The hydrolate variants did not show the presence of monoterpene
hydrocarbons or linalyl acetate, the chemical compound present in large amounts in
the essential oil.

Using the calibration curves (Śmigielski et al., 2013) it was estimated that the
essential oil content in the HV400 is 97.23 ± 6.10 mg/100 ml and in the HV3200, 4.11
± 0.26 mg/100 ml.

2Nd – not detected
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Tab. 1. Chemical composition of hydrolate variants derived from dried flowers of
lavender (Lavandula angustifolia)2

Nr Compound HV400 HV3200 RI RI lit

1 Octan-3-one 0.6 Nd 965 952

2 Lavender lactone 0.3 Nd 999 996

3 1,4-cineole 2.7 1.4 1017 1025

4 (Z)-linalool oxide 10.1 17.2 1057 1080

5 (E)-linalool oxide 8.2 1.9 1072 1080

6 Linalool 39.2 29.0 1088 1093

7 Oct-1-en-3-yl acetate 0.3 Nd 1093 1109

8 Nopinone 0.3 Nd 1106 1108

9 Camphor 1.3 3.0 1118 1121

10 Trans-pinocarveol 0.4 Nd 1121 1131

11 Verbenol 0.3 Nd 1127 1136

12 Neroloxide 0.3 Nd 1137 1125

13 Dipentene dioxide 0.3 Nd 1139 1128

14 Borneol 4.8 9.3 1149 1152

15 Linalool oxide 0.9 Nd 1153 1163

16 Crypton 3.6 Nd 1156 1153

17 Terpinen-4-ol 4.6 6.9 1161 1160

18 Myrtenal 0.1 Nd 1168 1169

19 α-Terpinol 7.1 12.7 1173 1172

20 Isopulegol 0.2 Nd 1176 1156

21 Myrtenol 0.3 Nd 1178 1180

22 Verbenone 0.6 Nd 1180 1183

23 2,6-Dimethylocta-3,5,7-triene-2-ol 0.4 Nd 1185 1187

24 Carveol 0.3 Nd 1197 1192

25 Nerol 0.9 Nd 1209 1209

26 Methyl-3-phenylpropanal 0.4 Nd 1211 1224

27 Carvone 0.4 Nd 1215 1215

28 P-Menth-1-en-3-one 0.0 Nd 1226 1228

29 Geraniol 2.9 Nd 1234 1232

30 Cuminol 0.4 Nd 1264 1266

31 Lavandulyl acetate 0.6 Nd 1269 1270

32 7a-Methyl-1,4,5,6,7,7a-hexahydro-2H-inden-2-one 0.2 Nd 1277 1237

33 Neryl acetate 0.1 Nd 1340 1342

34 2,6-Dimethylocta-2,7-diene-1,6-diol 0.1 Nd 1510 1513

35 2,6-Dimethylocta-2,6-dien-8-yl acetate 0.4 Nd 1357 1352

36 Santalol 0.1 Nd 1504 1454

37 Caryophyllene epoxide 0.4 Nd 1566 1571

38 α-Cadinol 0.0 Nd 1622 1628
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Monoterpene hydrocarbons 0.0 0.0

Oxygen derivatives of monoterpenes 91.2 80.0

Monoterpene ketones 5.8 1.6

Monoterpene aldehydes 0.5 0.0

Monoterpene alcohols 61.3 58.0

Monoterpene ethers 22.6 20.4

Monoterpene esters 1.0 0.0

Sesquiterpene hydrocarbons 0.1 0.0

Oxygen derivatives of sesquiterpenes 0.5 0.0

Epoksygenes sesquiterpene 0.4 0.0

Aliphatic compounds 2.2 0.0

Alcohols 0.4 0.0

Ketones 0.8 0.0

Esters 0.7 0.0

Aldehydes 0.4 0.0

TOTAL 94.0 80.0

Lavender hydrolate variants showed low activity against the tested bacteria, fungi
and moulds. The number of cells in their populations decreased only by 0.05% in
the presence of the HV400 and by 0.00% for the HV3200 (Tab. 2). The ORACFL
values obtained for lavender hydrolate ranged from about 21 µM TE (HV3200) to
266 µM TE (HV400). Low levels of antimicrobial and antioxidant activity of lavender
hydrolates compared to the activity of essential oils were due to the small amount of
oil in these products. This hypothesis is confirmed by studies Moon et al. (2007).

The hydrolates isolation process ending criteria is achieved by a product of ap-
propriate organoleptic properties - positive assessment of fragrance, with the largest
quantity of produced hydrolate. Thus by known methods, from a single piece of ma-
terial, only one type of hydrolate with defined organoleptic properties can be obtained
without consideration of antioxidant or antimicrobial activity.

There were no reports in the literature indicating that properties of hydrolates,
both aromatic and antimicrobial or antioxidant, depend on the method of production

Tab. 2. Antimicrobial activity of hydrolate variants from lavender (Lavandula angus-
tifolia) given as percentage population inhibition in the presence of hydrolates

Gram-positive
bacteria

Gram-negative
bacteria

Yeasts Moulds

Bacillus
subtilis

Staphylo-
coccus
aureus

Esche-
richia
coli

Pseudo-
monas
aerugi-
nosa

Candida
sp.

Asper-
gillus
niger

Penicillium
expansum

ATCC
6633

ATCC
1803

ATCC
1627

ATCC
1555

LOCK
0008

LOCK
0436

LOCK
0535

HV400 0.05% 0.05% 0.05% 0.05% 0.05% 0.05% 0.05%

HV3200 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
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or the amount of volatile biologically active compounds.
Hydrolates variants, in which the content of biologically active compounds and es-

tablished biological activity is the criterion for volume, allows direct their application
to various cosmetic products and thus drives the search for new generation of organic
and natural cosmetics. A new method of obtaining hydrolates put on target markets
– of natural and organic cosmetics - the new components of the preparation with
so-called code of intelligence, which eliminates or significantly reduces introducing
synthetic preservatives.
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cacy of various plant hydrosols as natural food sanitizers in reducing escherichia coli
o157:h7 and salmonella typhimurium on fresh cut carrots and apples’, International
Journal of Food Microbiology 148, 30–35.

Śmigielski, K., R. Prusinowska, K. Krosowiak and M. Sikora (2013), ‘Comparison of
qualitative an quantitative chemical composition of hydrolate and essential oils of
lavender (lavandula angustifolia)’, Journal of Essential Oil Research .


	Introduction
	Materials and methods
	Material
	Isolation of hydrolate (H)
	Extraction
	Gas chromatography coupled with mass spectrometry
	Antimicrobial properties
	Microorganisms cultivation and inocula preparation
	Assessment of the antimicrobial activity of hydrolates

	Antioxidant activity

	Results and discussion

