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a b s t r a c t

A new analytical methodology was developed by EKC enabling the fast enantiomeric separation of
Ornithine in complex mixtures of amino acids. A previous derivatization step with 6-aminoquinolyl-N-
hydroxysuccinimidyl carbamate (AQC) was achieved to enable the sensitive UV detection of amino acids
as well as to make possible their interaction with the CDs employed as chiral selectors. A dual CD system
containing an anionic and a neutral CD in phosphate buffer at acid pH showed a high resolving power
allowing the enantiomeric separation of 18 protein amino acids and Orn. The method was applied to the
analysis of fermented foods to investigate the extent of the presence of Orn enantiomers.

© 2008 Elsevier B.V. All rights reserved.
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. Introduction

Chiral analysis of free amino acids in foods is an increas-
ngly active area of research since they can be indicative of the
uality and safety of foods. In fact, it has been recognized that

and l enantiomers differ in their biological or physiological
ctivities [1,2]. Although amino acids in nature occur in l-forms,
everal investigations have demonstrated high levels of d-amino
cids in diverse foods as products formed during food processing
r as a consequence of heat treatment (roasting, pasteurization,
tc.), the use of alkaline conditions or fermentation processes
3]. Fermentation can produce different degrees of racemiza-
ion from free amino acids conversing l enantiomers in d forms

hrough substrate-specific enzymes contained in microorganisms
3–5].

Besides the 20 protein amino acids, there are other amino acids
f non-protein origin present in foodstuffs [6]. �-Aminobutyric

� This paper is part of the Special Issue ‘Enantioseparations’, dedicated to W.
indner, edited by B. Chankvetadze and E. Francotte.
∗ Corresponding author. Fax: +34 91 8854971.
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cid (GABA) and Ornithine (Orn) are examples of non-protein
mino acids found in fermented beverages like wines and beers
1,5,7–15]. GABA is widely distributed in nature and has several
ell-known physiological functions; moreover, it can be produced

y microorganisms such as lactic acid bacteria used as starters in
he production of fermented foods [16]. Orn can produce undesir-
ble effects in fermented foods. It is the precursor of compounds
hat provides the bad taste (mousy off-flavor) in wines [17] and
iogenic amines (BA), i.e. putrescine present in beers and wines
hich are undesired components of food products due to their toxic

ffects to humans at high concentrations [18–20]. As a consequence,
he determination of Orn in foods has been found to have a high
nterest. Moreover, Orn is a chiral compound which enantiomeric
etermination is important due to the different biological activities
f its enantiomers [2,21]. In fact, d-Orn has shown toxicity at high
evels and other unhealthy effects on animals [22,23]. Thus, some
tudies in rats about the effect in the synthesis of urea of some
ompounds including d- and l-Orn, showed that the d-form inhib-

ted the urea synthesis by competition with l-Orn in the enzymatic
ystem, coming into a toxic effect due to the increase of ammonia
n the organism [22]. Other authors had found other differences
etween l- and d-Orn [24,25], including that d-Orn is much less
ffective transported by proteins [25]. As a consequence, adequate

http://www.sciencedirect.com/science/journal/15700232
mailto:mluisa.marina@uah.es
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nalytical methodologies for the enantiomeric determination of
rn in foods are needed.

Up to date, only a few works on the chiral separation of Orn
ave been published by HPLC [26,27], GC [5,28,29], and CE [30,31].
ost of the HPLC and GC methods were applied to food analysis

5,26,27,29] but long separation times were needed to detect Orn
nantiomers (from 35 to 60 min). However, the two works found
y CE were not applied to food analysis. In these works, micellar
lectrokinetic chromatography (MEKC) methods were devel-
ped, using a chiral surfactant as (S)- and (R)-dodecanoylvaline
nd 6-aminoquinolyl-N-hydroxysuccinimidyl carbamate (AQC) as
erivatizing reagent [30], or �-CD as chiral selector in a SDS
icellar media with an additive (acetonitrile or 2-propanol) and

uorescein isothiocyanate as derivatizing reagent [31]. Due to
he potential of CE in the chiral field and the possibilities that
ffers to reduce the separation times, it was chosen in this
ork.

The aim of this work was the development of a new analytical
ethodology enabling the simple and fast enantiomeric separation

f Orn in complex mixtures of amino acids by CE and to apply CE
or the first time to the analysis of fermented foods to investigate
he presence of Orn enantiomers.

. Experimental

.1. Reagents and samples

All reagents employed for the preparation of the separation
uffers were of analytical grade. Orthophosphoric acid, sodium
ydroxide, dodecyl sulfate sodium salt (SDS) and ethanol (EtOH)
ere supplied from Merck (Darmstadt, Germany). Hydrochloride

cid, 1-propanol (1-PrOH) and 1-butanol (1-ButOH) were from
charlau (Barcelona, Spain); triethanolamine was obtained from
iedel-de Haën (Seelze, Germany), methanol (MeOH) was supplied

rom Panreac (Barcelona, Spain) and Brij 35 was from Acros (Mor-
is Plains, NJ, USA). Distilled water was purified through a Milli-Q
ystem from Millipore (Bedford, MA, USA).

Chiral selectors, �-CD, �-CD, �-CD, methyl-�-CD,
-hydroxypropyl-�-CD, 2,6-di-O-methyl-�-CD, heptakis(2,3,6-tri-
-methyl)-�-CD, succinyl-�-CD, highly sulfated-�-CD (HS-�-CD)
nd carboxymethyl-�-CD, were purchased from Fluka (Madrid,
pain). Acetylated-�-CD, acetylated-�-CD, succinyl-�-CD,
arboxymethyl-�-CD, carboxymethyl-�-CD, carboxyethyl-�-CD
nd carboxyethyl-�-CD were obtained from Cyclolab (Budapest,
ungary).

The derivatization reagent 6-aminoquinolyl-N-hydroxysucci-
imidyl carbamate (AQC) was purchased from Waters (Mildford,
A, USA) in a reagent kit containing borate buffer, reagent pow-

er (AQC) and reagent diluent (acetonitrile). d- and l-Leu, dl- and
-Val, dl- and l-Met, dl- and d-Orn, dl- and l-His, dl- and l-Ser,
l- and l-Arg, dl-and l-Cys, dl- and l-Lys, dl- and l-Thr, d- and l-
yr, d- and l-Trp, l-Glu, dl-Ala, l-Phe, l-Pro, l-Asn, d-Gln, and Gly
mino acids were from Fluka, dl- and l-Asp, l-Gln, dl- and l-Ile,
nd dl-Pro were from Aldrich (Madrid, Spain), dl-Phe, d-Glu, l-Ala,
l-Asn, and GABA were from Sigma (Darmstadt, Germany), and l-
istine ((Cys)2) was from Merck. Beer, wine and vinegar samples
ere supplied from a food store of Madrid, Spain.

Standard solutions of amino acids were prepared dissolving the

ppropriate amount in Milli-Q water. Beer was degassed for 30 min
o remove CO2 in an ultrasonic bath. Wine and vinegar did not
equire any pretreatment. All solvents and samples were filtered
rior to use through 0.45 �m pore size disposable nylon filters from
ugelabor (Madrid, Spain).
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u
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.2. Derivatization procedure

For the preparation of AQC-amino acids, solutions of amino
cids, 200 mM borate buffer (pH 8.8) and reconstituted AQC reagent
approximately 10 mM AQC in acetonitrile) were mixed in a 1:3:1
olume ratio, respectively, to obtain an amino acid:AQC molar
atio ≥10. Resulting solutions were sonicated with Ultrasons-H
rom J.P. Selecta (Barcelona, Spain) for 10 min and kept at ambi-
nt temperature for one hour previously to their injection in the CE
ystem.

.3. CE conditions

CE experiments were carried out with an HP3D CE instrument
Agilent Technologies, Waldbron, Germany) equipped with an on-
olumn DAD working at 260 nm with a bandwidth of 2 nm and
response time of 0.1 s. The instrument was controlled by a PC

unning the 3D-CE ChemStation from Agilent Technologies. Sep-
rations were performed on uncoated fused-silica capillaries of
0 �m ID (375 �m OD) with a total length of 48.5 cm (40 cm to the
etector) or with a total length of 72.5 cm (64 cm to the detector)
urchased from Composite Metal Services (Worcester, England).

njections were made at the cathodic end using a pressure of
066.25 Pa (50 mbar) for 3 or 5 s followed by injection of BGE
50 mbar for 5 s). The electrophoretic separation was achieved with
voltage ranging from −15 to −30 kV (reverse-polarity mode). The

emperature of the capillary was 15 ◦C.
Before its first use, the new capillary was rinsed with 1 M

aOH for 30 min, followed by 5 min with water and conditioned
ith phosphate buffer (pH 2.0) for 60 min and the separation
edia (background electrolyte, BGE) for 30 min. Between injec-

ions of samples, the capillary was conditioned with phosphoric
cid 0.1 M (2 min), Milli-Q water (2 min) and BGE (2 min). A pressure
f 101325 Pa (1 bar) was applied in all steps.

Buffer solutions were prepared diluting the appropriate volume
f orthophosphoric acid with Milli-Q water, adjusting the pH to the
esired value (pH 2.0) with trietanolamine pure solution before
ompleting the volume with water to get the desired buffer con-
entration (50 mM). The BGE was elaborated dissolving the suitable
mount of chiral selector (CDs) in the separation buffer. A pH meter
Metrohn 744, Herisau, Switzerland) was used for the pH adjust-

ent of the separation buffers. An ultrasonic bath (Ultrasons-H)
as used for the preparation and degassing of the BGEs and all
repared solutions.

.4. Data treatment

Resolution of the enantiomers was obtained from the Chemsta-
ion software using the equation:

s = 1.18
t2 − t1

w1/2,1 + w1/2,2

here t1 and t2 are the migration times of the first- and second-
igrating enantiomers, respectively, and w1/2,1, w1/2,2 their peak
idths at half height.

Corrected peak areas (Ac) were used to compensate fluctuations
n electrophoretic conditions and to obtain a good reproducibility

f data. They were calculated dividing the peak area (Ai) by the
orresponding migration time (ti), that is, Ac = Ai/ti.

Experimental data analysis and parameters were calculated
sing Excel Microsoft XP® and Origin 7.0. Graphs with different
lectrophoregrams were composed in Origin 7.0.
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increasing concentrations of the anionic CD under these conditions.
Fig. 2 shows that the best separation between Lys enantiomers and
the first-migrating enantiomer of Orn was obtained for 5% (m/v) of
HS-�-CD. Moreover, a shorter analysis time and a better separation
Fig. 1. Derivatization scheme of AQC with Orn s

. Results and discussion

.1. Development of an analytical methodology for the
nantiomeric separation of Orn in complex mixtures of amino
cids by EKC

For the separation of Orn enantiomers in complex mixtures of
mino acids, a derivatization step with AQC was performed because
t is a fast labeling agent producing stable amino acid derivatives.
ig. 1 shows the derivatization scheme of AQC with Orn showing
he chemical structure of the derivatized Orn (AQC-Orn).

Preliminary experiments were achieved with a group of six
mino acids including Orn and other five protein amino acids usu-
lly present in fermented foods (Lys, Arg, Glu, Asp, and Gln). First,
ue to the good enantiomeric separations obtained for some com-
ounds using highly anionic CDs as chiral selectors under acidic
onditions [32,33], HS-�-CD was selected as chiral selector. This CD
as employed in an acidic buffer (50 mM phosphate buffer at pH
.0) and with reverse polarity due to its high electrophoretic mobil-

ty towards the anode and the negligible EOF at pH 2.0. Moreover,
temperature of 15 ◦C was chosen since it is well known that the

nantiomeric resolution of chiral compounds can increase when
ecreasing the working temperature [34]. Under these conditions,
study on the influence of HS-�-CD concentration on the enan-

iomeric separation of the six amino acids studied was performed.
able 1 groups the values obtained for the enantiomeric resolution
hen the CD concentration was varied from 1.0 to 5.0% (m/v). An

nhancement of the enantiomeric resolution when increasing the
D concentration was generally observed for all the amino acids
tudied, except for Glu. A 3.5% (m/v) HS-�-CD was selected for
urther experiments since this concentration originated the best
nantiomeric resolution for Orn and a slight discrimination for Lys

nantiomers.

Different additives such as surfactants (SDS or Brij 35) and
rganic solvents (MeOH, EtOH, 1-PrOH, and 1-ButOH at 5% (v/v))
ere tested to separate Lys enantiomers. Only 1-PrOH improved

able 1
nantiomeric resolution (Rs) for the six amino acids Arg, Lys, Orn, Gln, Glu, and Asp,
btained with different concentrations of HS-�-CD

% HS-�-CD (m/v)

1 2.5 3 3.5 5

rg 3.1 5.0 4.6 5.2 4.1
ys 0 0 0 0.6 0
rn 2.5 4.5 5.0 5.6 5.4
ln 2.9 3.4 3.9 4.0 4.3
lu 2.1 1.8 1.4 1.4 0.8
sp 0.5 1.0 1.2 1.4 1.5

xperimental conditions: BGE, % (m/v) HS-�-CD in 50 mM phosphate buffer
pH 2.0); uncoated fused-silica capillary, 48.5 cm (40 cm to the detector win-
ow) × 50 �m ID; UV detection at 260 nm; applied voltage, −25 kV; temperature,
5 ◦C; injection by pressure in the cathodic end, 5066.25 Pa for 3 s of sample followed
f 5 s of BGE.

F
c
E
f
f
B

g the chemical structure of the derivatized Orn.

lightly their separation but the increasing migration times
btained lead us to reject these working conditions. Therefore, the
ombination of two CDs (the anionic one and one neutral) was
nvestigated. 16 neutral CDs (�-CD, �-CD, �-CD, 2-hydroxypropyl-
-CD, methyl-�-CD, 2,6-di-O-methyl-�-CD, heptakis(2,3,6-tri-O-
ethyl)-�-CD, acetylated-�-CD, acetylated-�-CD, carboxymethyl-
-CD, carboxymethyl-�-CD, carboxymethyl-�-CD, carboxyethyl-
-CD, carboxyethyl-�-CD, succinyl-�-CD, succinyl-�-CD) at a
oncentration of 0.5% (m/v) were combined with 3.5% (m/v)
S-�-CD at the working pH. Lys enantiomers were only sep-
rated (Rs = 1.0) when using the dual CD system consisting of
S-�-CD and acetylated-�-CD. In addition, the enantioresolu-

ions obtained for the other five amino acids were only slightly
ffected.

In order to improve the separation of the amino acids studied
Lys and Glu showed Rs = 1.0) different concentrations of the neu-
ral CD (ranging from 0.5 to 2% (m/v)) in the dual CD system at a
.5% (m/v) concentration of the anionic CD were tested. Concen-
rations higher than 2% (m/v) of the neutral CD were not used due
o its limited water solubility (0.2 g/ml). The baseline resolution for
ys and Glu enantiomers was achieved when the concentration of
cetylated-�-CD in the BGE was 1.5 or 2.0% (m/v). However, under
hese conditions, the first-migrating enantiomer of Orn eluted very
lose to the second enantiomer of Lys. Then, the highest concen-
ration of acetylated-�-CD% (m/v) was chosen to study the effect of
ig. 2. Enantiomeric separation of a mixture of Arg, Orn and Lys using different
oncentrations of HS-�-CD with 2% (m/v) acetylated-�-CD in the separation buffer.
xperimental conditions: BGE, CDs in 50 mM phosphate buffer at pH 2.0; uncoated
used-silica, 50 �m × 48.5 cm; injection by pressure in the cathodic end, 5066.25 Pa
or 3 s of sample (1.25 mM racemic mixture of each amino acid) followed by 5 s of
GE; applied voltage, −25 kV; temperature, 15 ◦C; detection wavelength, 260 nm.
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ig. 3. Separation of a mixture of the 20 protein amino acids, Orn, and GABA (upper c
one. Experimental conditions: 50 mM phosphate buffer at pH 2.0 containing 5%
njection by pressure in the cathodic end, 5066.25 Pa for 5 s of sample (0.25 mM
emperature, 15 ◦C; detection wavelength, 260 nm. (*) Unknown peaks.

f the impurities comigrating with the first-migrating enantiomer
f Arg were observed. As a consequence, a BGE composed by 5%
m/v) HS-�-CD and 2% (m/v) acetylated-�-CD in 50 mM phosphate
uffer (pH 2.0) was chosen for further experiments.

The effect of instrumental parameters was also studied. As
xpected, the use of a longer capillary (total length 72.5 cm) lead to
etter separations between enantiomers and among amino acids
ogether with a reduction of the BGE current (from 165 to 110 �A).

ith this capillary length, different applied voltages (−15, −20,
25, and −30 kV) were tested observing the best separations at
25 kV.
A mixture of 22 amino acids, the 20 protein amino acids
19 chiral + Gly) together with the non-protein amino acids Orn
chiral) and GABA (achiral), was injected under the optimized
lectrophoretic conditions. Fig. 3 shows the electropherogram
orresponding to this complex mixture of amino acids. The identifi-

n
e
i
s
t

) divided in two migration zones: (a) first-migrating zone, and (b) second-migrating
HS-�-CD and 2% (m/v) acetylated-�-CD; uncoated fused-silica, 50 �m × 72.5 cm;
ic mixture of each amino acid) followed by 5 s of BGE; applied voltage, −25 kV;

ation of peaks was carried out by spiking individually the mixture
ith racemic mixtures of each amino acid. The identification of

he amino acid enantiomers was performed by injecting individ-
ally each pair of d/l enantiomers at a concentration ratio of 1:3.
ig. 3a shows the first-migrating zone where peaks corresponding
o the enantiomers of 5 amino acids (Arg, Lys, Orn, His, and Cys)
nd one peak corresponding to the Cys dimmer [(Cys)2] were iden-
ified. Fig. 3b displays the second migration zone where the peaks
orresponding to other 16 protein amino acids and GABA were iden-
ified. In this case, the enantiomers of 14 protein amino acids were
eparated since Ile was not enantiomerically separated and Gly is

ot chiral. Although some co-elutions existed, Fig. 3 shows that the
nantiomers of Orn were separated with high resolution without
nterferences from any other amino acid of the mixture. This fact
hows the huge potential of the chiral method. As far as we know,
his is the first chiral method by CE enabling the simultaneous sep-
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Table 2
Analytical performance of the CE chiral method for Orn enantiomers

l-Orn d-Orn

Linear working concentration range 5.0 × 10−5–5.0 × 10−4 M
Correlation coefficient (r) 0.993
Limit of detection (LOD)a 9.0 × 10−6 M
Limit of quantitation (LOQ)a 3.0 × 10−5 M

Precision
Instrumental repeatability (n = 5)b

Ac 4.2 3.4
t 1.4 1.7

Method repeatability (n = 6)c

Ac 6.8 7.2
t 1.1 1.5

E

ained from 5 consecutive injections of a standard sample 10−4 M in each enantiomer.
ained from 2 individual standard samples injected by triplicate in the same day.
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Fig. 4. Electrophoregrams corresponding to different fermented foods derivatized
with AQC (a) a rose wine and (b) a beer. Experimental conditions: (a) uncoated
fused-silica, 50 �m × 72.5 cm; injection by pressure in the cathodic end, 5066.25 Pa
for 20 s of sample followed of 5 s of BGE; non-spiked sample and sample spiked with
xperimental conditions as in Fig. 3.
a Values calculated considering a S/N ratio of 3 for the LOD and 10 for the LOQ.
b Expressed as R.S.D. (%) for corrected peak areas (Ac) and migration times (t) obt
c Expressed as R.S.D. (%) for corrected peak areas (Ac) and migration times (t) obt

ration of most protein amino acids and also in the presence of two
on-protein amino acids.

However, under the selected conditions, an increase in the
igration times of the last peaks in the separation was observed
ith the time. Different protocols for capillary preconditioning

etween injections were studied with the uncoated fused-silica
apillaries used. A preconditioning with 0.1 M H3PO4, water and
GE (2 min each) with an exchange of vials between injections was
elected because it enabled to get the best repeatability for migra-
ion times of peaks corresponding to two amino acids selected in
he first- and second-migrating zone (Orn, R.S.D. < 1.0%, and Thr,
.S.D. < 1.4%, for ten consecutive injections).

.2. Application of the chiral EKC method to the analysis of
ermented foods

With the aim of applying the chiral method developed to the
nantiomeric determination of Orn in fermented foods, the analyt-
cal characteristics of the method were studied. Table 2 shows the
inear working range, LOD and LOQ, and precision of the method.
OD and LOQ were 9.0 × 10−6 and 3 × 10−5 M, respectively, for both
nantiomers. Acceptable values of precision (R.S.D. < 1.7% for migra-
ion times and <4.2% for corrected peak areas) were obtained. In
ddition, the existence of possible matrix interferences was investi-
ated by comparing the calibration slopes obtained by the external
tandard and the standard addition calibration methods. The results
btained by comparing the two calibration lines (confidence lim-
ts of the slopes, P < 0.05) showed that there were not statistically
ignificant differences between the slopes obtained by the two
alibration methods for both enantiomers. Then, the external stan-
ard calibration method was used to determine Orn enantiomers

n fermented foods such as a rose wine, a beer, and vinegar. Orn
as not detected in the vinegar sample while l-Orn was deter-
ined in the rose wine and l-Orn and d-Orn were determined

n the beer sample. l-Orn concentration in the wine sample was
.2 × 10−5 M, while concentrations for l-Orn and d-Orn in the beer
ample were 1.5 × 10−4 and 1.4 × 10−5 M, respectively. Recoveries
igher than 80% were obtained. As an example, Fig. 4a shows the
lectropherogram corresponding to the rose wine analyzed show-
ng that Orn could be determined in an analysis time lower than
5 min with a total capillary length of 72.5 cm. Another advantage

f the method was the possibility of shorting even more the anal-
sis time using shorter capillaries depending on the complexity of
he sample. Thus, Fig. 4b shows the electropherogram correspond-
ng to the beer sample obtained with a capillary length of 48.5 cm

hich enabled Orn analysis in less than 6 min.

2.5 × 10−5 M racemic Orn; (b) uncoated fused-silica, 50 �m × 48.5 cm; injection by
pressure in the cathodic end, 5066.25 Pa for 5 s of sample followed of 5 s of BGE; non-
spiked sample and sample spiked with 5 × 10−4 M racemic Orn. Other conditions as
in Fig. 3.
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. Conclusions

A new analytical methodology was developed by EKC enabling
he simple and fast (<15 min) enantiomeric separation of Orn in
omplex mixtures of amino acids. AQC derivatives for all the amino
cids were obtained prior to their analysis by chiral EKC. The best
nantiomeric separations were achieved with a dual CD system
omposed by 5% (m/v) HS-�-CD and 2% (m/v) acetylated-�-CD in
0 mM phosphate buffer (pH 2.0) at −25 kV and 15 ◦C. 19 chiral
mino acids including 18 protein ones and Orn were enantiomer-
cally separated in about 45 min. Orn enantiomers were separated

ith high resolution (>20) and without interferences from the 20
rotein amino acids and the non-protein achiral amino acid GABA
howing the huge potential of the method developed for food anal-
sis.

The developed method showed enough sensitivity for the detec-
ion of Orn enantiomers in samples with complex matrices such as
ermented foods. This is the first time that CE was applied to the
etermination of Orn enantiomers in fermented foods. Orn was
etermined in a rose wine and a beer but it was not detected in
he vinegar sample analyzed.
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[5] T. Erbe, H. Brückner, J. Chromatogr. A 881 (2000) 81.
[6] M. Castro-Puyana, A.L. Crego, M.L. Marina, C. Garcı́a-Ruiz, Electrophoresis 28

(2007) 4031.
[7] H. Brückner, M. Hausch, Chromatographia 28 (1989) 487.
[8] T. Bauza, A. Blaise, F. Daumas, J.C. Cabanis, J. Chromatogr. A 707 (1995) 373.
[9] K.R. Kim, J.H. Kim, E.-J. Cheong, C.-M. Jeong, J. Chromatogr. A 722 (1996) 303.
10] G. Nouadje, N. Simeón, F. Dedieu, M. Nertz, Ph. Puig, F. Couderec, J. Chromatogr.

A 765 (1997) 337.
11] Q. Dong, W. Jin, J. Shan, Electrophoresis 23 (2002) 559.
12] D. Kutlán, I. Molnár-Perl, J. Chromatogr. A 987 (2003) 311.
13] V. Lozanov, S. Petrov, V. Mitev, J. Chromatogr. A 1025 (2004) 201.
14] B. Suárez-Valles, N. Palacios-Garcı́a, R. Rodrı́guez- Madrera, A. Picinelli-Lobo, J.

Agric. Food Chem. 53 (2005) 6408.
15] R. Mayadunne, T.-T. Nguyen, P.J. Marriott, Anal. Bioanal. Chem. 382 (2005) 836.
16] N. Komatsuzaki, J. Shima, S. Kawamoto, H. Momose, T. Kimura, Food Microbiol.

22 (2005) 497.
17] E.M. Snowdon, M.C. Bowyer, P.R. Grbin, P.K. Bowyer, J. Agric. Food Chem. 54

(2006) 6465.
18] S. Mangani, S. Guerrini, L. Granchi, M. Vincenzini, Curr. Microbiol. 51 (2005)

6.
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