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Histaminol, a minor histamine metabolite originating from imidazole acetaldehyde, has been detec-

ted in a food matrix as complex as wine. The standard molecule was synthesized, and subsequently

the chemical structure was confirmed by ESI-MS and NMR measurements. The development,

optimization, and in-house validation of a HPLC-DAD chromatographic method for the quantitative

determination of histaminol in wine are described and discussed. The expanded uncertainty (U(k=2))

of the procedure was estimated as 11.06%. Twenty commercial Italian wine samples were selected.

All samples (16 red and 4 white wines) were analyzed after a C-18 SPE cartridge fractionation

procedure. The content of this alcohol was in the range of 0.289-1.094 mg/L (minimum and maxi-

mum values were obtained for Nero d’Avola vintage 2007 and Barolo vintage 1969, respectively).
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INTRODUCTION

Wines and, in general, alcoholic beverages are fermented
products obtained through the metabolic action of different
microorganisms, such as yeasts and lactic acid bacteria (1).
During the fermentation process a large number of new com-
pounds are formed, giving different characteristics to the wine
when compared to the initial fruit (Vitis vinifera L.) (2, 3).

Sugars and proteins are the main targets of this process that
provides for microorganisms the energy and nutrients required
for their development (4). The conversion of amino acids is an
important topic in the field of fermented foods. There are two
main molecular groups through which the starting amino acids
are converted: amines or alcohols.

Among microorganisms, lactic acid bacteria can carry out
malolactic fermentation and cause various degradative phenom-
ena, evenwhen they are present in low amounts. In any case, their
desirable or undesirable activity can lead to a biogenic amines
accumulation (5). The main biogenic amines in wine are hista-
mine, tyramine, putrescine, cadaverine, and phenylethylamine;
these are important because they are responsible for health risks
to sensitive individuals (6).

The second catabolic way adopted by microorganisms pro-
duces alcohols. Fusel alcohols (or fusel oils) derive from amino
acid catabolism via a pathway that was first proposed by Felix
Ehrlich (a century ago) (7-9). This pathway consists of three en-
zymatic steps: transamination to formanR-keto acid, decarboxy-
lation to an aldehyde, and reduction to the fusel alcohol (10-12).
Saccharomyces cerevisiae can use tryptophan, phenylalanine, or
tyrosine as the only source of cellular nitrogen, with the main
products of their catabolism being tryptophol, phenylethyl alcohol,

or tyrosol, respectively (13, 14). Tyrosol is a compound of
pharmaceutical interest showing antioxidant activity (15). Tyrosol
and hydroxytyrosol, formed by hydroxylation of the aromatic
ringof tyrosol andwhich are present also in virginolive oil,maybe
responsible for the cardioprotective bioactivity of wine (16, 17).

However, concerning a well-known fermented product such as
wine, the analysis of histaminol, the corresponding alcohol
derived from catabolism of L-histidine, is not reported.

The metabolic pattern of histamine is well-known from several
studies (18,19), the major routes of catabolism beingmethylation
and oxidation. Histaminol is a minor histamine metabolite origi-
nating from imidazole acetaldehyde detectable in human urine (in
a healthy subject, about 2%) (20). With regard to its biological
activity this alcohol has a weak inhibitory activity against diamine
oxidase, affecting only enzymes of mammalian origin (21, 22).

Amongmicroorganisms it is reported that several mycobacter-
ia (M. diernhoferi,M. fortuitum,M. chelonei) oxidize histamine to
histaminol without further change, transforming histamine into
histaminol and imidazolylacetic acid (23). Also, some yeast
strains (Saccharomyces rouxii) are able to transform histamine
into histaminol (24).

On the basis of the assumptions described previously, the
purpose of this work was to synthesize the histaminol standard
molecule and subsequently to develop and validate a HPLC-
DAD chromatographic method for its qualitative and quantita-
tive characterization. Then, after the optimizationof this protocol
of analysis, our research work was planned to investigate if this
molecule was really present because the existence of this com-
pound in wine has never been reported.

MATERIALS AND METHODS

Chemicals. Chromatographic solvents were of HPLC-MS or HPLC
grade, according to their application, andwerepurchased fromSigma-Aldrich
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(Milan, Italy). Water was obtained by Milli-Q instrument (Millipore
Corp., Bedford, MA). All reagents were purchased from Sigma-Aldrich.

Wine Samples.All samples (16 red and 4 white wines) were purchased
in a local wine shop. Eight types of wine were from the 2008 vintage, nine
from 2007, one from 2006, and, to assess the presence of histaminol in
mature samples, two aged red wines, respectively from 1977 and 1969 vint-
ages, were selected. For all samples, histaminol analysis was done immedi-
ately after bottle opening.

C-18 SPE Cartridge Cleanup/Concentration of Wine Samples.

Wine samples were concentrated by C-18 SPE cartridges (SupelClean LC-

18 SPE tubes; bed wt, 1 g; volume, 6 mL; Supelco) following the method
described by Sun et al. (25), with minor modification. Fifty milliliters of

wine was treated, using a rotary evaporator at 30 �C, to remove the

ethanol. Evaporated ethanol was replaced to the original volume and pH

by addition of acidulated distilled water relative to each sample of wine.

Tenmilliliters of this solutionwas used for the concentration process. C-18

SPE cartridges were conditioned with methanol (10 mL) and distilled

water (2� 10mL). The samples were then passed through the cartridges at

a flow rate not higher than2mL/min.Residual histaminol in the cartridges
was eluted by 10 mL of distilled water and collected together with the

previous aqueous fraction; the eluate was evaporated to dryness under

vacuum and redissolved in methanol, final volume of 1.5 mL (6.67 times

more concentrated with respect to the starting wine). The solutions were

stored at -20 �C until use (maximum period of storage = 1 month).
Synthesis and Characterization of Histaminol. 4-Imidazolylacetic

acid (965 mg, 5.94 mmol) was dissolved in methanol (25 mL), and then
thionyl chloride (1.41 g, 11.9mmol) was added. The mixture was stirred at
room temperature for 2 h. After removal of the solvent, the residue was
dried under vacuum (methyl 4-imidazolylacetate hydrochloride, white
solid, 1.44 g, yield 99%). The methyl ester (1.04 g, 7.31 mmol) was sus-
pended in tert-butanol (25mL) and then treated with sodium borohydride
(543 mg, 14.6 mmol) under hot refluxing for 30 min. The solvent was
removed, and the solid residue was dissolved in hot methanol. Borates
were eliminated, whereas supernatantwas evaporated to dryness. The resi-
due (crude histaminol) was purified by gravity column chromatography
using CH2Cl2/MeOH/NH3 8:8:0.2 (v/v/v) to obtain histaminol (colorless
oil, 110 mg, 13.4% yield).

The purified histaminol (C5H8N2O; 112.2 g/mol) was characterized by
means of 1HNMR (CD3OD, 300MHz, 298 K), 13CNMR (CD3OD, 75.4
MHz, 298 K) and mass analysis (ESI/MS(þ): m/z 113 [M - H]þ) as
reported in Figure 1. Purity assessed by 1H NMR (99.25 ( 0.25%) was
determined considering the signals of residual solvent.

Working standard solutions in the range of 0.5-10 mg/L for HPLC
analysis were prepared by appropriate dilution of the stock standard
solution (100mg/L) inmethanol kept at 4 �C for nomore than 2weeks.All
working standard solutions were freshly prepared daily prior to use.

HPLC-DAD-ESI-MS/MS. A Surveyor Thermo Finningan chro-
matography system equipped with a diode array detector (Surveyor PDA)
and an ion-trap mass spectrometer (Thermo Finningan LCQ Deca XP
Plus MS) was used. Separation was performed on a reversed-phase
Supelcosil LC-318 column (250 � 4.6 mm i.d., with particle size of
5 μm, Supelco Park, Bellefonte, PA) at 35 �C. Eluent A was water, eluent
B was water/formic acid 0.1% v/v, and solvent C was methanol. The flow
rate was kept constant throughout the analysis at 1 mL/min. The elution
program was as follows: 1% B isocratic during all of the analysis; 1% C
isocratic from 0 to 6min, 1-99%C linear from 6 to 8min, 99%C isocratic
from 8 to 18 min, 99-0% C linear from 18 to 20 min, and reequilibration
of the column from 20 to 35 min under initial gradient conditions. DAD
was performed at 211, 215, and 254 nm. The injection volume was 1 μL.
The eluate was injected into the electrospray ion source with a splitting of
40%, and theMSandMS/MS spectrawere acquired and interpreted using
the software Xcalibur. Operating conditions on the ion-trap mass spectro-
meter in positive polarity were as follows: source voltage, 5.36 kV; source
current, 7.27 μA; capillary temperature, 350 �C; capillary voltage, 9.73 V;
tube lens voltage,-20.00 V; sheath gas flow rate (N2), 60 AU. Data were
acquired in positiveMSandMS/MS scanningmode fromm/z 50-500; the
precursor isolation window was set at 1 atomic mass unit (amu), and the
collision energy was optimized at 30%.

HPLC-DAD. A Shimadzu LC-20A Prominence chromatographic
system equipped with a diode array detector (DAD; diode array detector
SPD-M20A) was used. Separation was performed in the same chromato-

graphic conditions applied and developed in the HPLC-DAD-ESI-MS/
MS protocol. A wavelength of 211 nmwas set for the in-house validation.
The injection volume was 1 μL.

Statistical Analysis. Results were expressed as mean ( standard
deviation (SD) of at least three independent experiments. Differen-
ces among samples were estimated by analysis of variance (ANOVA)
followed by Tukey’s “Honest Significant Difference”. The statistical signi-
ficance level was set to 0.05. All statistical analyses were performed using
the free statistical software R 2.8.1 version (R Development Core Team,
2008) (26).

In-House Validation Procedure. Linearity. The ordinary least-
squares (OLS) regression method was employed. Linearity of the method
was evaluated at six concentration levels (0.5, 1.0, 2.5, 5.0, 7.5, and 10.0
mg/L) obtained by dilution of the histaminol standard stock solution. The
calibration curvewas obtainedby analyzing eachof these solutions (n=9)
on the same day. Blanks were also prepared as a quality control tool, but
not used for the regression analysis. Outliers were determined using the
Grubbs test. The goodness of calibration functionwas studied on the basis
of requirements such as homoschedasticity (by means of Bartlett test) and
linearity (both lack-of-fit test and Mandel fitting test). Normality of the
residuals and their independence (no autocorrelation) were determined by
Shapiro-Wilk test and Durbin-Watson test, respectively.

Sensitivity, LOD, and LOQ. Sensitivity, limit of detection (LOD),
and limit of quantitation (LOQ) were determined from the calibration
curve data. Sensitivity was calculated by dividing the residual standard
deviation σr

σr ¼

ffiffiffiffiffiffiffiffiffiffiffiffi
Pn
i¼ 1

e2i

n- 2

vuuut

where ei = residual (differences between observed and predicted values),
by the slope of the curve. LOD and LOQ were calculated by multiplying
the sensitivity value by 3.3 and 10, respectively. The LOD concentration
has been experimentally confirmed by injecting in triplicate the related
solution and observing a signal-to-noise of ≈3. In the same way, the real
LOQwas evaluated by three analyses of the standard solution observing a
signal-to-noise of ≈10.

Precision. Precision was evaluated in terms of repeatability and inter-
mediate precision. The repeatability and the intermediate precision were
investigated using three sample solutions formulated at three different
concentration levels of histaminol: 2.5, 5, and 10 mg/L, respectively. For
the repeatability each solutionwas analyzed in triplicate (n=3) during the
same day; repeatability was expressed as relative standard deviation
percentage (RSD%). The intermediate precision was determined by
analyzing the samples at the same concentration levels on three different
days (n=9).RSD%valueswere calculated, and analysis of variance (one-
way ANOVA) was performed.

Bias. Bias was proved in terms of recovery. For the recovery assay
commercial wine samples were spiked with an appropriate volume of
histaminol standard solution to obtain final concentrations of 0.5 and
1 mg/L, respectively. After SPE treatment, each sample was injected three
times. The recovery values and RSD values (n= 3) were calculated from
peak area ratios.

Figure 1. 1H and 13C NMR spectroscopic data of histaminol in CD3OD
solutions at room temperature (298 K).
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Uncertainty Estimation. Measurement uncertainty was estimated on
intralaboratory data: studies of precision, performance data of the analy-
tical process, and quantification of individual component. Contribution
from stock standard solution concentration is not covered by precision
data and was estimated individually. After estimation of all sources of
uncertainty, they were joined according to their laws of combination
obtaining the combined standard uncertainty. To calculate the expanded
uncertainty (U), a coverage factor (k = 2), which corresponds to a 95%
confidence interval, was used (27-30).

RESULTS AND DISCUSSION

The histaminol molecule is not readily available as a standard;
therefore, we plan to obtain it through synthesis. Starting from
commercial 4-imidazoleacetic acidhydrochloric, the carboxyl group

was reduced to obtain the corresponding alcohol (Figure 2).
Purification of the final product was carried out by gravity column
chromatography, and then it was fully characterized by NMR and
mass direct analyses.

Under ESIþ-MS conditions, the mass spectrum of histaminol
showed an abundant [M þ H]þ ion without fragmentation. The
product ion MS/MS spectrum as obtained by low-energy colli-
sion-induced dissociation of protonated molecules showed frag-
mentation patterns dominated by the loss of water (-H2O),
leading to product ions at m/z 95, and the loss of a cyano group
(-HCN) to m/z 68 ions (Figure 3).

Chromatographic characteristics of histaminol (retention time
and mass confirmation) were certified by the HPLC-DAD-ESI-
MS/MS system. Elution under reversed-phase (C-18) partition

Figure 2. Two-step scheme of histaminol synthesis.

Figure 3. Relative abundance of histaminol fragments obtained using the ESIþ-MS source displayed by low-energy collision-induced dissociation of
protonatedmolecules. The fragmentation pattern is dominated by the loss of water (-H2O),m/z 95 ions, and the loss of a cyano group (-HCN),m/z 68 ions.
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conditions allowed histaminol separation in approximately 3min
(the entire chromatographic analysis requires 35 min) with high
repeatability (RSD < 0.19%), and its DAD spectrum showed a
maximum absorption at 211 nm (Figure 4).

The wine samples were not directly analyzed, but they under-
went a phase of cleanup to eliminate anthocyanidinic and
proanthocyanidinic components to obtain both a reduction of
potential interfering substances anda concentration of histaminol.
Sample fractionation was performed using solid-phase extraction
cartridges (C-18); optimal working conditions were adequately
selected as reported under Materials and Methods.

In-House Validation. After optimization of the chromato-
graphic conditions and identification of themolecule, an in-house
validationmethodwas performed byHPLC-DAD.A calibration
curve was constructed by injecting six different concentration
levels of histaminol standard solutions in the range of 0.5-10mg/
L. For each concentration, solutions were prepared indepen-
dently and injected at at least three different times. The linear
regression model (OLS method) showed a good correlation
between the histaminol concentration and the detector response
(y=926.94x- 137.98; r2=0.9982).Homoschedasticity, normal-
ity, and independence of the residuals were verified. Bartlett test
confirmed no significant differences among the variance values at
the different concentration levels, showing p values >0.05 at the
95% confidence level (Table 1). The Shapiro-Wilk test con-
firmedno significant deviation of normality for the residuals (p>
0.05), and no autocorrelation was observed (Durbin-Watson
test, p > 0.05). To verify the goodness of linear regression, the
lack-of-fit test and the Mandel test were also performed, both
indicating that the linear regression model correctly describes the
experimental data (p > 0.05). The results of the regression
statistic obtained for histaminol ratio are reported in Table 1.

System suitability parametersweremeasured to verify the system
performances; the value of retention time of histaminol was 3.01
min, theoretical plate number was 5503, and tailing factor was 1.3.
All of the values for the system suitability parameters were within
acceptable ranges.

LOD and LOQwere determined on the basis of the calibration
curve, following the method suggested by the ICH guidelines
(method based on the standard deviation of the response and the
slope) (31). LOD and LOQ obtained for histaminol standard
solution were 0.489 and 1.482 mg/L, corresponding to 0.073 and
0.222 mg/L of wine, respectively. These results attest to the
potential of this method for the determination of histaminol in
wine samples.

Method precision, evaluated in terms of repeatability and
intermediate precision, was assessed at three different concentra-

tion levels (2.5, 5, and 10 mg/L) of histaminol standard solution
(Table 1). Repeatability (n = 3) gave results between 1.23 and
3.66%, obtained for 10 and 5 mg/L concentrations, respectively.
Intermediate precision was evaluated for the same concentrations
in three different days (n=9), obtaining RSD values in the range
of 1.88-5.06%. The analysis of variance showed no statistically
significant differences among replicates for each concentration,
confirming a high precision of the method.

The bias of the method was proved in terms of recovery at two
different concentration levels of histaminol. Commercial redwine
samples were spiked with an appropriate volume of histaminol
standard solution to obtain final concentrations of 0.5 and 1 mg/
L, respectively. These fortified wine samples were then cleaned
up/concentrated, using the SPE (C-18) cartridge applied proto-
col, and analyzed under the optimized chromatographic proce-
dure. Recovery and precision were calculated. Good percentage
recoveries were obtained, both at the lower amount spiked
(92.05%) and at the higher one (92.53%). In a preliminary stage,
white wine sampleswere also tested, obtaining results comparable
with those relative to red ones (data not shown).A good precision
of results was observed (RSD in the range of 0.29-0.40%)
(Table 1). The level of extraction efficiency was considered to
be sufficient for quantitative analyses. These results showed a
high-quality efficiency of the SPE fractionation technique and a
fine precision of developed chromatographic method.

Figure 4. HPLC-DAD chromatogramand spectrum (maximumabsorption
at 211 nm) of histaminol standard. Elution under reversed phase (C-18)
allows molecule separation in 3 min (high repeatability; RSD < 0.5%).

Table 1. Statistical Evaluation of Histaminol Curve Calibration (Linear
Regression Model), Precision, and Trueness of the Method for the Histaminol
Quantification

calibration equation

(y = mx þ q)a

concentration range (mg/L) 0.5-10

m 926.94

q -137.98

r2 0.9982

regression diagnostic

statistic p value

homoschedasticity (Bartlett test) 10.93 0.053

normality of residuals (Shapiro-Wilk test) 0.986 0.797

independency of residuals (Durbin-Watson test) 2.378 0.899

F (variance ratio) 2.939 � 104 <2.2 � 10-16

lack-of-fit test 1.746 0.155

Mandel test 0.012 0.914

Precision

intermediate precision (n = 9)

concentration

(mg/L) repeatability (n = 3) RSD (%) RSD (%) F valueb pb

2.5 3.275 5.063 4.065 0.076

5 3.658 3.691 0.301 0.750

10 1.231 1.877 1.560 0.285

Bias (n = 3)

concentration

(mg/L) type of sample quantification (mg/L) recovery (%) RSD (%)

0.5 blank 0.464 92.87 0.378

wine 0.460 92.05 0.403

1 blank 0.938 93.80 0.291

wine 0.925 92.53 0.344

a x = concentration; y = area values. bOne-way ANOVA.
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Uncertainty Estimation. To determine histaminol in wine, the
uncertainty (u) sourceswith greater significancewere simplified in
four groups: (i) u associated with histaminol purity and prepara-
tion of its standard stock solution; (ii) u associated with sample
preparation (matrix and SPE cartridges); (iii) u associated with
performances of HPLC (injection, area, DAD and system suit-
ability); and (iv) u of method precision (bias, repeatability, and
intermediate precision).

(i) Reference material purity (given by NMR) was 99.25 (
0.25%. Assuming a rectangular distribution, the purity had a
standard uncertainty of 0.0014 (27). For histaminol standard
solution preparation, the main sources of uncertainty were the
purity, themass (including thebalanceuncertainty), and the volume
of the volumetric flask, including the variability product of tem-
perature. The uncertainty was calculated by the error propagation
approach. In the calculation of standard uncertainty, the purity of
histaminol was considered to be a rectangular distribution, whereas
for the volumetric flask uncertainty, a triangular distribution was
considered. A rectangular distribution was also used for the tem-
perature effect. Therefore, according to the rules of error propaga-
tion, the relative uof histaminol stock solution preparation is 0.0058
(standard concentration = 100 mg/L) (27, 29).

(ii) The uncertainty about both the biological matrix and the
SPE cleanup step was assessed by the difference in recovery of
wine samples compared to a wine-like blank sample (water/
ethanol 88:12, v/v). Both samples were spiked with two known
amounts of histaminol (final concentrations of 0.5 and 1 mg/L).
Recovery data showed a lower percentage of wine samples than
blank ones. This difference adds another source of uncertainty
about the procedure; by combining the effect of biological matrix
with the cleanup treatment, a relative u of 0.0224 was obtained.

(iii) The sources of uncertainty relating HPLC performances
were taken into consideration. The injection precision, peak area
repeatability, and diode array tolerance were derived from the
technical specifications of the instrument. The retention time u
was obtained through the system suitability parameters report.
The combined u, relative on these four sources, is 0.0096.

(iv) The bias u of the analytical procedure was investigated
during the in-house validation study using spiked samples. The

standard uncertainty was calculated as the standard deviation
divided by the square root of the number of repetitions. The
obtained value is 0.0052 (corrected with a coverage Student’s
t factor, confidence limit of 95%). The repeatability u, at three
different concentration levels (2.5, 5, and 10 mg/L; (n = 3), is
0.0142, and the intermediate precision u, evaluated for the same
concentrations on three different days (n = 9), is 0.0469 (both
corrected with relative Student’s t factor).

Table 2 summarizes the seven relative uncertainties in proce-
dure, the combined u calculated (0.0553), and the expanded
U (k = 2) with a value of 0.1106 (corresponding to 11.06%).
This value is within 15%, which is the limit of uncertainty
concerning the biological matrices (30). In this chromatographic
method the main part of the total uncertainty comes from the
intermediate precision, 71%, solid-phase extraction (SPE) step,
16%, and repeatability, 7%. These three components are respon-
sible for 95% of the total uncertainty.

Analytical Application.TheHPLC-DAD-ESI-MS/MSmethod
was then applied to certify themolecule of histaminol inwine; this
step (exclusively qualitative) was based on both the retention time
and the comparison of MS and UV spectra. Afterward, the
quantification of histaminol in wine was performed by applying
the in-house validated HPLC-DAD method.

A set of 20 commercial Italian wine samples, both red and
white samples of different vintages, was analyzed. The quantific-
ation values of histaminol are presented in Table 3. The histami-
nol content was in the range of 0.289-1.094mg/L (minimumand
maximum values were obtained for Nero d’Avola vintage 2007
and Barolo vintage 1969, respectively). All wines considered con-
tained histaminol (as confirmed by HPLC-DAD-ESI-MS/MS
analysis); however, it was not possible to quantify four of them:
three samples showed values lower than LOQ and one showed a
histaminol content lower than LOD.

Subsequently to Barolo 1969, the highest values were from
Sangiovese (Umbria) 2007, Spanna 1977, and Nebbiolo 2006
samples (0.956, 0.868, and 0.827 mg/L, respectively). Among
white wines, Fiano di Avellino 2008 showed the highest value of
histaminol content (0.551 mg/L).

Considering other alcohols produced during the wine fermen-
tation, the literature reports values of concentration that in some
cases may be comparable to those relative to histaminol. With

Table 2. Histogram of Uncertainties in Procedure and Relative Valuesa

description corrected ub description corrected ub

purity 0.0014 repeatability 0.0142

bias 0.0052 matrix and SPE 0.0224

stock solution 0.0058 intermediate precision 0.0469

system suitability 0.0096

combined u 0.0553 expanded U (k = 2) 0.1106

a The main part of the total uncertainty comes from the intermediate precision
71%, solid-phase extraction (SPE) step 16%, and repeatability 7%. bCorrected
standard uncertainty with a coverage Student’s t factor for 2 degrees of freedom to
expand it to a confidence limit of 95%.

Table 3. Histaminol Content in Wine Samples (Mean Value ( SD, n = 3)

wine type of wine year content (mg/L)a RSD%

Barbera red 2008 <LOQ

Cabernet red 2008 0.369( 0.009 g,h 2.44

Dolcetto red 2008 0.436( 0.045 g 10.31

Fiano di Avellino white 2008 0.551( 0.015 f 2.76

Greco di tufo white 2008 nd (<LOD)

Grignolino red 2008 <LOQ

Nero d’Avola red 2008 0.786( 0.032 d 4.12

Sangiovese red 2008 0.374( 0.028 g,h 7.37

Barbera red 2007 0.550( 0.031 f 5.62

Cabernet red 2007 <LOQ

Fiano di Avellino white 2007 0.409( 0.023 g 5.72

Greco di tufo white 2007 0.293( 0.018 h 6.08

Grignolino red 2007 0.680( 0.018 e 2.59

Lambrusco red 2007 0.548 ( 0.006 f 1.16

Nero d’Avola red 2007 0.289( 0.014 h 4.78

Sangiovese (Romagna) red 2007 0.439( 0.034 g 7.81

Sangiovese (Umbria) red 2007 0.956( 0.020 c 2.06

Nebbiolo red 2006 0.827( 0.010 d 1.24

Spanna red 1977 0.868( 0.007 d 0.80

Barolo red 1969 1.094( 0.068 b 6.18

aMean(SD values followed by the same letter are not significantly different (p >
0.05); nd, not detectable; LOD, 0.073 mg/L; LOQ, 0.222 mg/L.
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regard to tryptophol, its average range reported (0.51-2.20mg/L
wine) can be considered essentially uniform and in line with the
histaminol values (32, 33). Values for the formation of hydro-
xytyrosol were reported ranging from a minimum of 1.72 to a
maximum of 4.20 mg/L (34, 35). On the other hand, tyrosol,
characterized by a greater variability of concentration (1.42-
36.00 mg/L wine), is present in higher amount than the previous
alcohols (32, 35).

The existence of a certain variability in the quantification data
of these substances in a complex fermented matrix such as wine
still has a justifiable explanation. Both the relative components of
the grape (genetic and environmental) and the winemaking
process (fermentation conditions) are responsible for a number
of variables that inevitably affect the formation of bioactive
substances.

In conclusion, this preliminary study was focused on the
development of a HPLC-DAD chromatographic method for
the quali/quantitative determination of a novel compound in
wine. The application of thismethod on commercialwines proved
the presence of histaminol in the samples analyzed. By increasing
the number of samples, it will be possible to provide a significant
characterization on its presence inwine. Future studies will aim to
investigate if this molecule is derived from histamine and pro-
duced during the fermentation in winemaking process. It will be
important to understand, if resulting from this biogenic amine,
how to promote the formation of histaminol while reducing the
amount of a harmful bioactive substance such as histamine. In
this context a validated method may prove to be a valuable
analytical support to assess changes of this molecule during the
fermentation.
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