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Liquid chromatographic determination of phenol, thymol and
carvacrol in honey using fluorimetric detection
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Abstract

A comparison is made between the use of a silica-based monolithic column and a RP-AmideC16 column for the separation of phenol, thymol
and carvacrol using reversed-phase liquid chromatography. The best results concerning total analysis time and sensitivity were obtained using
the monolithic column. Detection was optimized using a fluorimetric detector which allowed better detection limits that those obtained with a
photo-diode array spectrophotometer. Gradient elution with acetonitrile–water mixtures as mobile phases permitted good separation of the phenols.
Identification of the peaks was based on their retention characteristics, varying the flow-rate, nature and composition of the mobile phase as well
as the nature of the stationary phase, and using the fluorimetric detector to continuously measure the spectrum when the solute passed through the
flow cell. Linearity, precision, recovery and sensitivity were satisfactory. The procedure was applied to the analysis of phenol, thymol and carvacrol
in honey of different types. The extraction process was very simple, only involving dissolution of honey with water. Detection limits in the honey
samples using the proposed procedure were between 1 and 4 ng g−1.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The global evaluation of honey requires the study of pos-
sible contamination by harmful substances. According to EC
norm 2001/110/EC (2002), honey must be exempt of antibi-
otics, pesticides, atmospheric pollutants and heavy metals [1].
Phenol is present in honey at microgram level. The Spanish plan
for residue control and healthy food (Plan CREHA) of 2004 has
established a maximum limit for phenol in honey at 300 ng g−1

[2], while in other countries, such as Germany, the maximum
limit is only 50 ng g−1. A recent study established that is dif-
ficult to find honey containing less than 40 ng g−1 of phenol
[3]. The presence of phenol in honey is controversial because
it was first used as a bee repellent. However, even beekeepers
who did not follow this practice found phenol in honey, prob-
ably as a result of diffusion, as phenol is a volatile compound,
from the varnish of barrels. An alternative theory [4] suggests
that phenol is a natural component and, even for non-treated

∗ Corresponding author. Fax: +34 968364148.
E-mail address: hcordoba@um.es (M. Hernández-Córdoba).

honeys, it is a natural constituent. Thymol is frequently used
as disinfectant and for the control of varroasis in beekeeping.
Ecological beekeepers use natural products, such as thyme oil
(Thymus vulgaris), which is very rich in thymol and carvacrol.
However, it was recommended to apply it only when there is
no nectar flow, to reduce the appearance of residues in honey
since, although not toxic, thymol residues can devalue honey
quality.

Phenols can be successfully determined using liquid chro-
matography (LC) in the reversed-phase mode, but selection of
the stationary phase is very important. For rapid chromato-
graphic analysis, the use of monolithic columns [5,6] which
are formed from a single piece of porous silica-gel that contains
mesopores with diameters of approximately 13 nm and macro-
pores with diameters of approximately 2 �m, could be used.
In contrast with conventional LC columns, monolithic columns
have a single silica skeleton, giving greater porosity and per-
meability, they can be operated at higher flow-rates maintaining
a low back pressure and, because of their better mass transfer
properties, they maintain high separation efficiency [5].

Chromatographic procedures for the determination of phe-
nol in honey or beeswax are very scarce. LC has been used

0039-9140/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.talanta.2005.12.030


