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a b s t r a c t

Rosemary (Rosmarinus officinalis L.) is a perennial herb with an intensive aromatic flavor. Its
most important chemical constituents are essential oils (e.g., 1,8-cineole and camphor) and
antioxidants (e.g., carnosic acid and rosmarinic acid). The common methods to extract the
essential oil of rosemary are steamor hydro distillation. The aim of thiswork is to investigate
the residual antioxidants after hydro distillation, especially rosmarinic acid and carnosic
acid. For this purpose, the hydro distillation water residues were analyzed by HPLC-UV.
Moreover, the influence of the extraction duration on the concentration of the antioxi-
dants was investigated. Also, the residual amount of these compounds in the leaves was
examined. The total antioxidant activity of the extracts and of the pure compounds was
determined by DPPH assays. It is shown that after 2.5 h of hydro distillation the amount of
rosmarinic acid and the antioxidant activity in the water residue reaches a maximumvalue.
In addition, the yield and the quality of the essential oil were investigated to draw a com-
parison between steam and hydro distillations of Moroccan rosemary leaves.

© 2016 Acad�emie des sciences. Published by Elsevier Masson SAS. All rights reserved.

r é s u m é

Le romarin (Rosmarinus officinalis L.) est une plante aromatique p�erenne. Ses composants
chimiques principaux sont les huiles essentielles (par exemple de 1,8-cineol, de camphre) et
les antioxydants (par exemple l'acide carnosique, l'acide rosmarinique). Les m�ethodes tradi-
tionnelles pour extraire l'huile essentielle de romarin sont la distillation par entraînement �a la
vapeur et l'hydrodistillation. L'objectif de ce travail est l'�etudedes antioxydants r�esiduels apr�es
l'hydrodistillation, en particulier de l'acide rosmarinique et carnosique. Pour atteindre cet
objectif, l'eau r�esiduelle de l'hydrodistillation a �et�e analys�ee par HPLC-UV. De plus, l'influence
de la dur�ee d'extraction sur la concentration des antioxydants a �et�e �etudi�ee. La quantit�e
r�esiduelle de ces composants dans les feuilles a �egalement �et�eexamin�ee. L'activit�e antioxydant
totale de ces extraits et celle des composants purs a �et�ed�etermin�ee enutilisant leDPPHcomme
mol�ecule test. Il a �et�e montr�e que la quantit�e d'acide rosmarinique et l'activit�e antioxydant de
l'eau r�esiduelle atteignent une valeur maximale apr�es 2,5 h d'hydrodistillation. Le rendement
et la qualit�e de l'huile essentielle ont �egalement �et�e �etudi�es pour comparer la distillation par
entraînement �a la vapeur et l'hydrodistillation des feuilles de romarin marocain.
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1. Introduction

Rosemary (Rosmarinus officinalis L.) is a perennial shrub,
which is originated in the Mediterranean area. The plant is
also cultivated in Spain, Morocco, Tunisia, and the south-
east of Europe. Leaves of rosemary have an intense aro-
matic flavor and bitter, slightly spicy taste. Rosemary is
widely used for seasoning and flavoring foods, as a pre-
servative agent and an antioxidant. Also pharmaceutical
applications are known [1].

The essential oil from rosemary is commonly gained by
hydro (HD) or steam distillation (SD) with a maximum
extraction yield of 1.0e2.5%. The colorless or slightly yellow
oil contains 1,8-cineole (15e30%), camphor (10e25%),
a-pinene (10e25%), and borneol (3e20%). The chemical
structures of these substances are presented in Fig. 1. Other
compounds are bornyl acetate (1e5%), camphene (5e10%),
a-/b-terpineol, myrcene, limonene, and caryophyllene.
Essential oils fromSpain or Tunisia can additionally contain a
relatively high amount of verbenone. The ratio of these ter-
penes varies depending on the origin and chemo type of the
rosemary plant [1e3]. The essential oil is located in glandular
trichomes on the surface of the rosemary leaves [4]. Rose-
maryoil is usedasanantibacterial, antifungal, andanticancer
agent [5]. Hydro and steam distillations are easy methods to
extract the essential oil from rosemary leaves. For hydro
distillation, rosemary leaves andwaterareput together intoa
flask. Thesuspension isheateduntil boiling. Thisprocedure is
in contrast to steam distillation, where the steam is gener-
ated in a separate flask and guided through the plant mate-
rial. The steam takes the essential oil along and thewater/oil
mixture and is condensed. A two phase system with water
and the essential oil is produced, where the oil can be dec-
anted and recovered [6]. The distilled and condensed water
phase is calledhydrosol. If this hydrosol is recycled and taken
to carry out another steamorhydro distillation the process is

called cohobation [7]. Hydro and steam distillations merely
work because of the coexistence of two immiscible liquids
(water and essential oil). The vapor pressure of the system is
equal to the sum of the vapor pressures of the pure com-
pounds. The boiling point of the mixture is lower than the
boiling points of water and the essential oil. Thus, the
essential oil can be extracted without reaching the boiling
point of the single compounds. A limitation of thismethod is
that low volatile substances can only be recovered in small
quantities [2,8]. Alternative methods to extract the essential
oil from rosemary are supercritical carbon dioxide extraction
[5,9] and subcritical water extraction [10].

Antioxidants (AO) are compounds which can inhibit or
retard the oxidation of lipids and other biomolecules. They
prohibit the start of an oxidizing chain reaction by radicals or
quench the propagation. These reactions can cause func-
tional damage to the human body, like cancer or cardiovas-
cular diseases. Antioxidants can prevent this process due to
their redox properties like reductive behavior, the donation
of hydrogen or quenching of singlet oxygen [11,12]. Rose-
mary is one of the major resources for natural antioxidants.
The most important compounds are the phenolic diterpene
carnosic acid (CAc) and the phenolic rosmarinic acid (RAc).
Carnosol (CA) and rosmanol are formed by oxidative
degradationof carnosic acidandarenot contained initially in
the leaves. Thus, these compounds are artifacts of the
extraction process. The chemical structures of these anti-
oxidants are shown in Fig. 1 [3,13]. The content of these an-
tioxidants in the leavesvaries in a large rangedue to seasonal
variations, environmental influences, species, and growing
origin. Also large fluctuations in the individuals of the same
population have been reported. In the literature the content
of carnosic acid varies from 4 to 30 mg per 1 g of rosemary.
Themass concentration of rosmarinic acid in the leaves is in
the range between 2 and 25 mg/g [14e16]. However, these
compounds do not only show antioxidant activity.

Fig. 1. Chemical structures of the main compounds present in rosemary leaves, subdivided into antioxidants (rosmarinic acid, carnosic acid, and carnosol) and
essential oils (camphor, 1,8-cineol, a-pinene, borneol, and a-terpineol).
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