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The authenticity of grape musts is normally checked through the
stable isotopic analysis of carbon (63C) after fermentation and
distillation by following the official OIV MA AS-312-06 method.
Unfortunately, it presents some issues that are difficult to over-
come. Grape must samples can only be analysed after they
have been fermented to obtain ethanol. The process must be
carried out under careful control of the fermentation to avoid
the presence of unwanted by-products arising from a premature
fermentation interruption. Moreover, if the musts have been
preserved by the addition of sulphur dioxide (S0,), they must
undergo an additional step to eliminate the SO,, which would
affect the fermentation. Once the product has been fermented,
the ethanol must be separated using specific distillation columns
(such as the Cadiot ones) making it possible to obtain ethanol free
of isotopic fractionation with a minimum alcohol degree of 95%
vol.

In this study, the alternative use of a technique based on §'C
isotopic analysis of the major sugars of the grape must by liquid
chromatography coupled with isotope ratio mass spectrometry
(LC-IRMS) is provided. In LC-IRMS, analytes are separated on an
LC system and consecutively oxidized in an online reactor to CO,,
which is required for the determination of compound-specific
carbon isotopic ratios. This technique has been already used in
the study of matrices such as wine [1], ethanol [1,2], glycerol [2],
and honey [3] to detect fraudulent alterations of their natural
composition such as the addition of exogenous sugars to the
products. The LC-IRMS allows a single separation of the individual
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components of a sample and makes it possible to determine
their 6"C values online, avoiding both the disadvantages of
off-line methods and the disadvantages of methods requiring a
derivatization step (such as GC-C-IRMS), causing the addition of
extra carbons.

In order to discriminate between musts from different areas
of Italy, a preliminary dataset was considered; the §"*C isotopic
ratios of glucose and fructose of around 100 authentic Italian
must samples from 16 different sampling regions were analysed.
In addition, the 6'3C variability in authentic and fake must (added
with increasing percentages of exogenous sugars) has been
explored and tested to verify their validity as fraud detectors.
The two analysed parameters, ranging from —29.8%. to —21.9%,,
are well correlated (R? = 0.7802) and the northern Italian regions
showed significantly more negative 6'3C values for both sugars
than the rest of the dataset (Figure 1). By using the LC-IRMS
technique, the addition of exogenous sugars, such as fructose and
glucose from C, photosynthetic cycle plants, is easily detectable
as it modifies the '3C of the individual sugars.
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Honey is a substance derived from nectar and secretions from
different plant species and is produced by honeybees. It is
mixture of various types of sugars and water, which combined
represent up to 95 % of the total weight. The remainder is made
up from proteins, amino acids, vitamins, and minerals [1].

The composition of honey, presence and ratios of its
components, is indicative of the botanical (plant species) and
geographical origin (geology, climate) [2,3].

Mineral content in honey is very low (below 0.2 %) and is
somewhat linked to its colour — lighter honeys have lower
metal content, while darker honeys contain higher levels of
minerals. Despite this it has been shown that the mineral
content is dependent on the nectar or secretion source of the
honey and thus it is possible to differentiate honeys by their
botanical origin [2,3].

To achieve this an elemental analysis of many honey samples
is done and the results are statistically evaluated (e.g., Principal
Component Analysis) [1-4].

The present study focused on Slovenian honeys of many types
and the possibility to differentiate them by their botanical
origin based on the mineral content. For this purpose, 142
honey samples of five varieties (floral, forest, acacia, linden,
and chestnut) were collected and digested in a microwave
digestion system using a mixture of concentrated nitric(V)
acid and hydrogen peroxide. Concentrations of elements in the
sample solutions were measured by ICP-MS.

The mass percentages of 24 elements were determined, some

were found in expectedly significant quantities (Na, Mg, K, Ca,
and Fe), while most in low levels or below the detection limit.

A selection of 12 elemental profiles (B, Mg, Al, K, Mn, Fe, Ni, Cu,
Zn, Rb, Sr, and Ba) were used for PCA analysis to distinguish
between the honey varieties. The first three principal
components were calculated, covering 42.6 %, 18.3 %, and 10.2
% of the variance, respectively. A 2D score and loading plot and
a 3D score plot were graphed.

Successful clustering of honey types was accomplished.
Floral, acacia and linden honeys are close to the origin and are
discernible from each other. Floral and acacia honeys are in
compact clusters, while linden honeys are spread out. Forest
and chestnut honeys are grouped in a wider, oval shape and
reach away from the origin at different angles.
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