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Preface

In the last ten years, the safe use of food pr@dbhes been big acceleration in the field of
scientific studies in order to be able to protagnan health.

Security, in terms of the absence of chemical cuomtants, physical and toxic agents of
biological origin, it must be the most importantiandispensable requirement of quality.

The quality and safety of food can be affected lanynfactors involved in the different stages of
production, such as raw materials, techniques oflystion and conservation. Quality and food
safety, therefore, should be guaranteed not onlyespecting the laws, even for the control
systems implemented by the manufacturer.

In this regard, the Community EC Regulation 178208&stablishing the general rules for the
traceability of food, allowed further protect consers. However, to do the appropriate
monitoring, it is indispensable to have analyticedthodologies more reliable and speedy, that
allow to carry out specific checks with limitedeusf resources.

The sector of beverages (e.g. wine, beer, frutesii soy milk, etc.) needs special attention,
because the biotechnological process of transfaoméat quite complex.

The search for chemical contaminants of naturg@imisuch as biogenic amines and mycotoxins
has been particularly important in recent yearsahse these substances are dangerous to human
health.

Biogenic amines are organic bases which are oftemines and other fermented foods and can
cause a number of problems to humans. Some aradglneresent in the must, others are
produced and accumulated during the winemakingydagts (during alcoholic fermentation), or
bacteria (during malolactic fermentation) or othecroorganism responsible for alterations of
wine.

Mycotoxins, highly toxic molecules produced by sewefungal species, have a stable
configuration and a mutagenic and carcinogenimactConcerning beverages, especially wine,
is present ochratoxin A, produced by various spgetiethePenicillium and Aspergillusgenera
which widely occur in nature. The European Commuestablished, with regulation 123/2005
dated 26th January 2005, the legal limit of ochdaatdA content in the Italian and European
wines that is 2 micrograms/kg (ppb).

The following research has been proposed to validad then apply innovative analytical
methodologies for the determination of ochratoxinaAd biogenic amines in white and red
wines. The study was therefore conducted on difteseparate strands:

A) Simultaneous determination analysis of amino aadsbiogenic amines in wines;
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B)

C)

D)

E)

Validation of a HPLC method for simultaneous deteation of amino acids and amines
with precolumn-derivatization with 9-Fluorenyl-mettycarbonyl chloride (FMOC-CI) and
UV detection using a monolithic column;

A survey of amino acids and biogenic amines in wipeoduced in the Emilia Romagna
region;

Determination of biogenic amines in red wines: uafice of enological practices and
composition of wine;

Evaluation of different clean-up and analytical huets for the determination of OTA.



1 Biogenic amines

1.1 Definition

Biogenic amines are basic nitrogenous compoundsegdrmainly by decarboxylation of amino
acids or by amination and transamination of aldebyand ketones (Askar A. and Treptow H.,
1986; Maijala R.L.et al, 1993; Silla Santos M.H., 1996). They are orgdmses with low
molecular weight and are synthesized by microiadetable and animal metabolisms (Brink B.
et al.,1990). Biogenic amines in food and beverages aradd by enzymes of raw material or
are generated by microbial decarboxylation of anaicids (Brink B.et al. 1990; Halasz Aet al,
1994) but it has been found that some of the aliphemines can be formed “in vivo” by
amination from corresponding aldehydes (Maijala.RLR93).

The chemical structure of biogenic amines can eltlbe

- aliphatic (putrescine, cadaverine, spermine, spna);

- aromatic (tyramine, phenylethylamine);

- heterocyclic (histamine, tryptamine) (Silla Sankb$1., 1996).

Amines such as polyamines, putrescine, spermidspermine and also cadaverine are
indispensable components of living cells and theyimportant in the regulation of nucleic acid
fraction and protein synthesis and probably alsthénstabilization of membranes (Bardocz6.
al., 1993; Maijala R.Let al, 1993; Halasz Aet al, 1994, Silla Santos M.H., 1996).

1.2 Mechanism of amines formation

Amine build-up usually results from decarboxylatiminfree amino acid by enzymes of bacterial
origin. Amino acid decarboxylation takes place bynoval of then-carboxyl group to give the
corresponding amine. Arginine is easily conver@gmatine, or as result of bacterial activity
can be degraded to ornithine from which putres@rfermed by decarboxylation. Lysine can be
converted by bacterial action into cadaverine. itiis¢ can, under certain conditions, be
decarboxylated to histamine. Tyramine, tryptamind @-phenylethylamine come by the same
manner from tyrosine, tryptophan and phenylalanegpectively.

Proteolysis, either autolytic or bacterial, mayypéasignificant role in the release of free amino
acids from tissue proteins which offer a substfatedecarboxylases reactions (Shalaby A.R.,
1996).

The precursors of the main biogenic amines are:
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Prerequisites for biogenic amine formation by mocganisms are:

1) availability of free amino acids (Joosten H.M.L..1988; Marklinder I. and Lonner C., 1992;
Soufleros Eet al,, 1998);

2) presence of decarboxylase-positive microorgasi§hecco T.et al, 1986; Brink B.et al.,
1990; Huis in’'t Veld J.H.Jet al, 1990);

3) conditions that allow bacterial growth, decanylage synthesis and decarboxylase activity
(Brink B. et al.,1990; Silla Santos M.H., 1996; Cotondt al.,1998; Gardini Fet al, 2005).

1.3 Biogenic amines in food
In virtually, all food that contain proteins or &@mino acids are subject to conditions enabling
microbial or biochemical activity; biogenic aminean be expected. The total amount of the



different amines formed strongly depends on theineabf the food and the microorganisms
present (Brink Bet al,, 1990).

Biogenic amines are present in a wide range of fpamucts including fish products, meat
products, dairy products, wine, beer, vegetabtegsf nuts and chocolate (Askar A. and Treptow
H., 1986; Brink B.et al, 1990; Halasz Aet al.,1994; Silla Santos M.H., 1996; Shalaby A.R.,
1996; Soufleros Eet al, 1998).

In non-fermented foods, the presence of biogenim@snabove a certain level is considered as
indicative of undesired microbial activity, therefpthe amine level could be used as an indicator
of microbial spoilage. However, the presence ofgbioc amines in food does not necessary
correlate with the growth of spoilage organisms;aose they are not all decarboxylase-positive
(Santos Cet al, 1985; Vidal-Carou M.Cet al.,1990a;Silla Santos M.H., 1996).

Levels of histamine, putrescine and cadaverinellysugrease during spoilage of fish and meat
whereas levels of spermine and spermidine decckrag®y this process (Brink Bt al., 1990).
During the preparation of fermented food, the pmeseof many kinds of microorganisms can be
expected, some of them are capable of producingebio amines. Most products, in which lactic
bacteria grow, contain considerable amounts ofegaine, cadaverine, histamine, and tyramine
(Brink B. et al, 1990).

FISH. Scombroid fish have most commonly been aaseti with incidents of histamine
intoxication (scombrotoxicosis). The formation a$tamine in scombroid and other marine fish
containing abundant endogenous histidine has biebused to microbial action rather than to
endogenous histidine decardoxylase activity (Banahko J.D. et al, 1985; Halasz Aet al,
1994). The histidine can be catabolized in two wiaylssh muscle. The amino acid deamination
to obtain urocanic acid or the histidine decarbatigh to form histamine (Mackie M. and
Fernandez J., 1977). The deamination activity i phincipal way in normal physiological
conditions; decarboxylation activity can be mospartant in other circumstances, e.g. bacterial
contamination (Vidal M.C. and Mariné A., 1984).

Different biogenic amines (histamine, putrescingdaverine, tyramine, spermine, spermidine)
have been detected in fish such as mackerel, gemuna, sardines (Yoshida A. and Nakamura
A., 1982; Vidal M.C. and Mariné A., 1984; Barandwd.D., 1985; Silla Santos M.H., 1996;
Merialdi G.et al, 2001).

Other amines, such as trimethylamine and dimethylarare present in fish and fish products at
levels determined by the fish freshness (HotchBisk, 1989; Pfundstein Bt al, 1991; Silla
Santos M.H., 1996).



FRESH FRUIT, JUICES AND VEGETABLES. Amines were fouto be widespread in fruits
and vegetables (Lovenberg W., 1973; Shalaby A$06)

Several juices, nectars and lemonades made fromgesa raspberries, lemons, grapefruits,
mandarins, strawberries, currant and grapes corddferent biogenic amines in variable
concentrations: putrescine is the most importargeX®E. and Brandes W., 1993).

Halasz A.et al (1994) have reported high amine levels in orafjgee (noradrenaline,
tryptamine), tomato (tyramine, tryptamine, hista@)in banana (tyramine, noradrenaline,
tryptamine, serotonin) and plum (tyramine, noradliee) and spinach leaves (histamine).
Phenylethylamine is also a natural constituent @foa beans and thus occurs in chocolate,
chocolate products and confectionery containingcolate. Some species of mushrooms also
contain high levels of phenylethylamine and in whand black pepper and soy sauce high levels
of pyrrolidine have been detected (PfundsteietBal.,1991).

Fermented vegetables represent another class dfffom which biogenic amines have been
isolated. The main biogenic amines in sauerkraet l@stamine, tyramine, putrescine and
cadaverine, whilg-phenylethylamine is found only in minor quantit@aylor S.et al., 1978;
Brink B. et al.,1990; Silla Santos M.H., 1996).

MEAT AND FERMENTED MEAT PRODUCT. Meat and meat pradds have been reported to
contain tyramine, cadaverine, putrescine, spernaingé,spermidine (Koehler P.E. and Eitenmiller
R.R., 1978; Santos Buelga €t.al, 1986; Stratton J.Eet al.,1991; Shalaby A.R., 1996).

Maijala R.L. et al. (1993) detected increased concentrations of hisgm@nd tyramine during
sausage fermentation. Fermentation may be impomatite formation of histamine in certain
types of sausage. Semi-dry sausages are fermeoteshért periods often with lactic acid
cultures, while dry sausages are allowed to fernfremb the action of natural microflora for a
long period. During the sausage ripening procéss histamine concentration increases at least
10-fold during the first 3 days of ripening (Silgantos M.H.,1996; Shalaby A.R., 1996). In
general, quite variable quantities of biogenic asinvere reported for sausages. The variable
concentration could be due to the variation ofrthening process time (Cantoni €.al.,1974),

the variation and difference of decarboxylase @gtiof the natural microflora responsible for
fermentation and the biosynthesis and metabolissuoh amines in addition to variations in the
manufacturing process, the great variation in ype &and quality of the meat used, the proportion
of meat content included and the length of matanatShalaby A.R., 1996).

CHEESE AND DAIRY PRODUCTS. After fish, cheese i tinost commonly implicated food
item associated with histamine poisoning and thst freported case occurred in 1967 in
Netherlands and involved Gouda cheese (Strattarefldt.,1991). The most important biogenic
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amines occurring in cheeses are tyramine, histgnpuuteescine, cadaverine, tryptamine ghd
phenylethylamine (Sumner S.&. al, 1985; Stratton J.Eet al, 1991; Besancon et al, 1992;
Celano G.V.et al, 1992; Diaz-Cinco M.Eet al, 1992; Moret Set al., 1992; Halasz Aet
al.,1994 Silla Santos M.H., 1996). During cheese ripeningsein is slowly degraded by
proteolytic enzymes, leading to an increase ok amino acids content (Joosten H.M.L.G. and
Olieman C., 1986), which can be subjected to subes@doreakdown reactions and catalyzed by
specific bacterial decarboxylases to give riseht formation of C@ and amines. Therefore,
biogenic amines are gradually increased with dffiéfevels especially histamine, putrescine and
cadaverine by extending cheese ripening time. Bsatkcheeses which are subjected to high
temperature during manufacturing contained appbéeitevels of biogenic amines (Shalaby
A.R., 1996).

WINE AND BEER. Wine, like other fermented foodsais ideal substrate for amine production,
as its manufacturing process involves not only laké free amino acids, but also the possible
presence of decarboxylase-positive microorganigmistiae environmental conditions that allow
the growth of microorganisms, as well as the atgtiof decarboxylase enzymes.

The formation of biogenic amines has been assattatéhe alcoholic fermentation (Vidal-Carou
M.C. et al, 1990b) and/or the malolactic fermentation (Larkdéunel A. and Joyeux A., 1994;
Coton E.et al.1998; Lonvaud-Funel A., 2001). Bad sanitary coondsi during the winemaking
process, also contributed to an increased formatidnogenic amines (Vidal-Carou M.@t al.,
1991; Zee J.Aet al,1983).

The formation of biogenic amines in wine is dependepon the presence of certain
microorganisms as well as on the content of theyss®r amino acids, duration of the initial
fermentation phase, period of contact of must withpe skin, levels of sulfure dioxide, pH and
duration of wine contact with yeast lees (Vidal-@armM.C. et al, 1990b; Martelli A.et al,
1997). Biogenic amines can also be present in i itself (Daeschel M.A., 1996).

Many types of biogenic amine have been detectetotn white and red wine: tyramine,
histamine, tryptamine, monomethylamine, 2-phenatiyhe, putrescine, cadaverine, spermidine
(Zee J.Aet al.,1983; Lehtonen Ret al, 1992; Bauza Tet al, 1995a; Silla Santos M.H., 1996).

In beer the presence of biogenic amines is rekatélde yeast activity3accharomyces cerevisiae,
Saccharomyces carlsbergensispr to microbiological contamination (Lactobacillus,
Pediococcus)Formation of some amines in beer has been refatedsanitary conditions during
production and to raw material quality, becauséayg (Humulus lupulusis a natural source of
histamine (Martelli Aet al.1997).



Halasz A.et al.(1994) investigated the influence of technologmahditions of beer production
on biogenic amine formation. Barley variety, maitifrechnology, wort processing and
fermentation conditions seem to affect the totagbnic amines content of beer.

The amount of biogenic amines in beer and wineoissiclerably lower than in other fermented
foods such as cheese (Martelligt.al. 1997; Soufleros Eet al.,1998).

1.4 Biogenic amines in wine and factors that influgce their presence

The presence of amines in musts and wines is welimiented in the literature (Ough Ce$al.,
1981; Zee J.Aet al, 1983; Radler F. and Fath K.P., 1991; Mafratlal, 1999). However, the
processes that generate these amines, togethethaitfactors that influence their quantitative
and qualitative presence are in some cases notdeBtied yet (Radler F. and Fath K.P., 1991,
Herbert Pet al.,2005; Guerrini Set al, 2005).

They may be three possible origins of biogenic @nin wines (Lafon-Lafourcade S. and Joyeux
A., 1976):

a) some amines are already present in the musklpdnstamine and tyramine (Mayer K. and
Pause G., 1973; Buteau €8.al.,1984; Vidal-Carou M.Cet al, 1990b);

b) they are formed by yeast during alcoholic fertagan (Buteau Cet al.1984; Vidal-Carou
M.C. and Mariné-Font A., 1985) and/or they are fednoy the action of bacteria involved in the
malolactic fermentation (Aerny J., 1985; Bertrand &k al., 1989; Vidal-Carou M.Cet al,
1990c; Bauza Tet al, 1995b).

Furthermore, Buteau Cet al (1984); Vidal-Carou M.Cet al. (1991); Lehtonen P. (1996);
Bravo-Abad F. (1996) indicated the possibility th&genic amines are formed in wine by the
action of contaminant microorganism such as therenbacteri&KlebsiellaandProteus.Cerutti

G. and Remondi L. (1972) indicated out that “a wpreduced in optimal conditions, from a
hygienic point of view, should be nearly free ofiaes”. Likewise Zappavigna Fet al. (1974)
pointed out that technological conditions of thenevnhaking process and the quality of raw
materials employed have a definite influence onititensity of amine biogenesis. On the basis,
histamine has been proposed as an indicator ottiefenanufacturing (Battaglia R. and Frolich
P., 1978) or as a quality parameter of wines (QupD. et al., 1973; Inigo B. and Bravo F.,
1980).

The amines more commonly found in wine are histamityramine, putrescine, cadaverine
(Vidal-Carou M.C.et al., 1990b; Lehtonen P., 1996; Souflerosek.al., 1998; Vazquez-Lasa
M.B. et al.,1998; Coton Eet al.1999; Lonvaud-Funel A., 2001).



It is generally accepted that red wine contain @rgioncentrations of biogenic amines than white
wines (Lafon-Lafourcade S. and Joyeux A., 1976; Z&e et al, 1983; Cilliers J.D. and Van
Wyk C.L., 1985; Cerutti Get al.,1986; Vidal-Carou M.Cet al, 1990c; Bauza Tet al, 1995b;
Kallay M. and Body-Szalkai M., 1996; Vazquez-LasaBMet al, 1998; Gerbaux V. and
Monamy C., 2000; Arena M.E. and Manca de Nadra M2Q01; Galgano Fet al.,2003; Leitao
M.C. et al., 2005; Bover-Cid Set al., 2006). It can be explained by the difference in the
vinification techniques.

The variability in biogenic amines contents of womild be explained on the basis of differences

in:

- type of soil(Baucom T.L.et al.,1986);

- variety(Zee J.et al.,1983; Beatriz M.A.Get al.,1998; Nicolini G.et al.,2003; Bertoldi D.
et al, 2004; Landete J.Met al., 2005a) and degree of maturation of the grape (CGigh,
1971; Herbert Pet al., 2005);

- raw material quality (Karmas E., 1981; Onal A., 210

- precursor free amino acids (Cerutti€bal.,1978; Soufleros Eet al, 1998);

- contact time of must and grape skin (Ough C.S.119¥go B. and Bravo F., 1980; Guitart
A. etal.,1997; Martin-Alvarez P.xt al.,2006);

- action of yeast in alcoholic fermentation (Vidalr@a M.C.et al.,1990b; Torrea Goni D. and
Ancin Azpilicueta C., 2001; Caruso Mt al.,2002; Torrea Goni D. and Ancin Azpilicueta
C., 2002; Valero Eet al.,2003);

- alcohol content (Landete J.Mt al.,2004; Vidal-Carou M.Cet al.,1990b);

- sulfur dioxide concentration (Rivas-Gonzalo J&.al, 1983; Vidal-Carou M.Cet al.,
1990b; Ferrer S. and Pardo I., 2005);

- added nutrientGloria M.B.A. et al.,1998),

- pH (Cerutti G. and Remondi L., 1972; Aerny J., 199%al-Carou M.C.et al., 1990b;
Lonvaud-Funel A., 2001; Landete J.bt. al.,2004; Landete J.Met al.,2005a; Ferrer S. and
Pardo 1., 2005);

- quantity and type of fining agents (Jakob L., 1988ettoli P., 1971; Kallay M. and Body-
Szalkai B., 1996; Eder Rt al.,2002);

- duration of wine contact with yeast lees and méBzsiza T.et al, 1995a; Coton Eet al.,
1999; Lonvaud-Funel A., 2001);



- action of lactic acid bacteria in the malolacticnfientation (Delfini C., 1989; Vidal-Carou
M.C. et al., 1990b; Lonvaud-Funel A. and Joyeux A., 1994; Cdtoet al.1998; Lonvaud-
Funel A., 2001; Guerrini &t al.,2002; Landete J.Met al.,2005a; Palacios /Aet al.,2005);

- time and storage conditions (Gonzalez Jeial, 1977; Ough C.St al.,1981; Gonzalez A.
and Ancin Azpilicueta C., 2006; Landete J&fal.,2005a);

- possible microbial contamination during winemakiffee J.A.et al., 1983; Vidal-Carou
M.C. et al, 1991).

Some of these factors increase the concentratigmeaiursor amino acids of biogenic amines in

the medium, while other favor the development otroorganisms with the ability to form

amines (Torrea Goni D. and Ancin Azpilicueta C.Q20D

1.5 Influence of winemaking process on the produain of biogenic amines

Some amines, such putrescine, may already be presgmnapes (Brodequis Met al., 1989)
whereas other can be formed and accumulated dwvingmaking (Rivas-Gonzalo J.(&t
al.,1983; Vidal-Carou M.Cet al, 1990b; Bauza Tet al., 1995a; Martin-Alvarez P.Zxt al.,
2006).

The main factor affecting its formation during Vioation are free amino acid concentrations and
the presence of microorganisms able to decarbaxyhaise amino acids.

1.5.1 TYPE OF SOIL AND GRAPES HEALTH

The composition and type of sodlan influence the content of biogenic amines. Did a
polyamine metabolism is dependent on external ¢mmdi and a major shift in nitrogen and
amine metabolism can occur when plants are staiadtrients, or exposed to osmotic shock or
atmospheric pollution (Bouchereau &t.al.,1999).

Some Authors (Broquedis Mt al, 1989; Adams D.Cet al.,1990; Vaz de Arruda Silveira R.L.
et al, 2001) observed that potassium deficiency increasdevels of putrescine in grapevine
leaves. This amine could be accumulated in theegrapnd, as a result, remain in the wine.
Viticulture practices that do not prevent potassideficiency may contribute to increase the
content of putrescine in wine (Leitao M.€t.al.,2005).

In the grapevine, biotic stress, such agrigis cinerea can also alter the composition of grape
berries, increasing amines content (Hajoetzl, 2000).Botrytis cinereametabolism induces a
decrease in the water content of the grapes, whéecontent of sugar, amino acids, biogenic
amines (polyamine) increases and the taste impi@ess-Kiss Aet al, 2000).



1.5.2 VARIETY AND DEGREE OF GRAPES RIPENING

It was noticed that grape variety (Soleas @tJal., 1999; Hernandez-Orte Rt al, 2006;
Soufleros E.Het al.,2007), region of production and vintage can infeeefree amino acids and
amines content of musts and wines (Zeet &l.,1983; Beatriz M.A.Get al.,1998; Nicolini G.

et al.,2003; Bertoldi Det al, 2004; Landete J.Met al.,2005b; Herbert Ret al, 2005).

The different degree of grape maturity and the tilomaof maceration may also influence the
nitrogenous components in the raw materials usetefmentation (Ough C.S., 1971; Herbert P.
et al, 2005).

During maturation, amino acids content increases f2 to 5 timesnd it becomes the main type
of nitrogen(50-90 % of total nitrogen)t decreases, during over ripening and in rotteids in

dry conditions (Ribéreau-Gayon é&.al, 1998b).

1.5.3 DURATION OF SKIN MACERATION

During alcoholic fermentation, the duration of skimaceration is the first factor that affect
extraction of some compounds present in the skich sas phenolic compounds, which are
responsible for wine color. However, maceratioret the extraction not only of phenolics but
also of other grape components, such as proteotgsaccharides and also amino acids, which
are the precursors of biogenic amines (RibéreawG&y, 1998a). For this reason, it is important
to have a thorough knowledge of influence of theatian of maceration on the accumulation of
biogenic amines in wines (Martin-Alvarez Pek al., 2006). These results obtained are in
agreement with previous studies that showed thegdst maceration times could favor a greater
production of biogenic amines (Bauzaet al, 1995b; Guitart Aet al.,1997).

1.5.4 USE OF PECTOLYTIC ENZYMES

Commercial pectolytic enzymes are used in winengakim increase juice yields, facilitate
pressing and filtering, to provide a great clatdymust and wines, to have a good extraction of
phenols and aromas. However, mainly depending encthmposition of these commercial
preparations, they may also produce concomitargctsf such as an important proteolytic
activity, which can lead to hydrolysis of protegnrsd peptides and release of amino acids (Ferrer
S. and Pardo I., 2005). Martin-Alvarez Ref.al. (2006) reported that there was little change in
biogenic amine composition as a consequence afsaef commercial pectolytic enzymes. Only
the mean concentration of phenylethylamine and \cattee were affected by the use of these
enzymes. However, it is interesting to note that tiean values of these amines were lower in
the wines with supplements of pectinases compargd the wines manufactured without
enzymes, showing that, apparently, use of thesgmees does not favor accumulation of amines
in wines.
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1.5.5 CONTACT WITH YEAST LEES

An extended contact with lees of yeast leads thdrigmine content, than a short contact (Cerutti
G. et al, 1987). If wines are maintained in contact widasgt lees, lactic acid bacteria find more
peptides and free amino acids to hydrolyze andrbegglate. This explains the higher level of
amines in some wines which are produced with aaneldd lees contact (Coton é&.al., 1999;
Lonvaud-Funel A., 2001).

Martin-Alvarez P.Jet al. (2006) compared wines aged or not with lees ang finend that the
mean concentration of methylamine and putrescirre Wigher in wines aged on yeast lees. This
was probably because through contact of wine ve&és | the proteins are initially hydrolyzed to
peptides of different molecular weight and thesptiges are later degraded further to amino
acids and amines as consequence of yeast andihdgts. These results agree in part with
those of Bauza Tet al. (1995a), who also found a higher production o&tyine and putrescine
in wines added with lees and inoculated with lab#cteria.

1.5.6 MALOLACTIC FERMENTATION

Malolactic fermentation (MLF) is an important bigloal process in winemaking because it
reduces wine acidity and, if carried out by progémins of lactic acid bacteria (LAB), it
improves the flavor and the microbial stability ihgr the wine aging (Davis C.Rt al, 1985).
MLF is therefore considered essential for mostaed some white wine®©enococcus oendue

to its acid tolerance, is the most frequent baaltapecies occurring in wine having spontaneous
MLF and thus it is also the preferred bacteriundus® starter culture in induced MLF. However,
O. oenihas recently been found capable of producing & wadge of biogenic amines (Lonvaud-
Funel A., 2001; Guerrini &t al.,2002).

1.5.7 LACK OF HYGIENE

Formation of some amines in wines has been rel&dednsanitary conditions during the
winemaking process (Vidal-Carou M.€t al.,1991).

Bacterial contamination in wineries is an importéadtor (Marquardt Pet al.,1963; Coton Eet
al., 1999), especially during the malolactic fermentatiowhere efficient control is necessary to
avoid amine formations; all cleaning and disinfectmethods are important. Addition of sulfur
dioxide in wines inhibits microorganism and dirgdtifluences amine contents (Zee JeAal.,
1983).

In wines, high levels of histamine have been relatespoilage bacteria mainBediococcus spp.
(Aerny J., 1985; Delfini C., 1989Fediococcusan be present in wine, but usually in a few
number of cells.
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1.5.8 WOOD AGING

Wood aging can effect biogenic amines contentsinésv because it could increase the microbial
contamination ris{Bauza T.et al, 1995a; Bauza Tet al.,1995b;Gerbaux V. and Monamy C.,
2000; Woller R., 2005)

An investigation on the evolution of amines in wgithes during aging in American oak barrels
(Quercus alba)and French oak barrel®gercus sessilidyom the Allier and Nevers regions was
carried out by Jimenez Moreno Bk al (2003). The results showed that the evolutioaraines
were similar in all three types of oak woods. Hisitae and tyramine were produced at the
beginning of the aging process, although they weteaccumulated in the wines, probably due to
their degradation. The production of histamine mligithe first months of aging was probably due
to the proliferation of microorganism with decarlglase activity and could be favored by the
release of amino acids at the end of fermentatiecabise of yeast autolysis and alteration of
yeast plasma membrane. Putrescine was the mostiaftiummine in the wines; its concentration
increased to an important extent during aging adglid not undergo degradation. The
concentration of cadaverine increased slighthhatfirst stage of aging and, like putrescine, did
not degrade at all.

1.6 Reduction of biogenic amines content in wine

Clarification is the best oenological treatmentréduce the biogenic amines content in wine.
Clarification can be carried out by physical methg¢skedimentation, flotation, centrifugation and
filtration) or by fining agents addition (gelatinalbumin, casein) or by pectolytic enzymes
addition (Ribéreau-Gayon Bt al, 1998b).

Research carried out by Enartis (www.enarji®it bentonite, pvpp, silica sol, active charcoal,
tannin and albumin showed that only bentonite wsctve in reducing the amines content. A
decrease in the amines content was directly relatétde amount of bentonite (www.enartis.it
Mannino M.et al,, 2006).

Kally M. e Body-Szalkai M. (1996) observed that,rad wines, 80 g/hL of bentonite reduced
histamine content by 60 % and more with a higheowrhof bentonite. The wine color must be
considered, because bentonite reduce it.

Other Authors put in evidence the efficiency of to@ite in amines content decreasing (Jakob L.,
1968; Spettoli P., 197Mannino M.et al.,2006).

Mannino M. et al (2006) carried out trials on different fining age (bentonite, tannin and
gelatin) to verify the possibility to reduce the @amt of bentonite in amines removing. They
found that the addition of tannin before bentoaidielition is useful to reduce amines content of
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2-6 time. So, it is possible to decrease the amotiltentonite added to wine and to preserve
wine sensory characteristics.

The clarification induces a loss of nitrogen commatai The use of silica sol induces a good
decrease of nitrogen compounds, while pectolytzysres improves the amino acids content n
relation to their activity on proteins and peptidésiitart A.et al.,1998).

The clarification carried out with physical treatme not always induces a decrease in amino
acids amount.

1.7 Microorganism producing biogenic amines in wine

Usually amines production results from the presemnde bacteria that are capable of
decarboxylating amino acids (Gale E.F., 1946).

Musts and wines are very selective media, whichstgaport growth of only few species of lactic
acid bacteria (LAB). Four genera are represeritadtobacillus, Pediococcus, Leuconosta
Oenococcus.During alcoholic fermentation, the LAB populatios mainly composed of
Pediococcusalong with Oenococcus oeniThe homofermentative lactobacilli, the major type
present on grapes, disappear quickly after thet sthralcoholic fermentation in favor of
Leuconostoc mesenteroideghich, at the end of the fermentation, is replacsdO. oeni
(Moreno-Arribas M.Vet al, 2003).

Among lactic acid bacteria, O. oeni is the main specg&e present in wine
and the best adapted to carry out the malolactiodatation at the low pH of wine (Wibowo D.
et al, 1985). If biogenic amines formation is assodat® MLF, it would be expected th&l.
oeni has the enzymes for breakdown of peptides and lo@cgation of amino acids present in
wine in this stage (Leitao M.@t al.,2000).

1.8 Factors affecting activity of lactic acid bactea in wine

Sulphur dioxide. The antimicrobial activity of SQis based on their ability to pass across cell
membrane.

The few data in literature regarding the relatiopdietween this antiseptic and biogenic amines
accumulation in wine generally report that Slded at high levels decreases biogenic amines
formation (Rivas-Gonzalo J.@t al.,1983; Vidal-Carou M.Cet al, 1990c) since it inhibits the
development of microorganisms with amino acid decaylase activity (Palacios Aet al.,
2005). In fact, Bauza et al.(1995a) demonstrated that, in the presence of 1§Q and more

of this antiseptic, the accumulation of biogenicireaa in wine was greatly reduced. Red wines
with about 40 mg/L of S@contained more tyramine (8 mg/L) than histaminen(fL), while the
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ratio changed (4 and 7 mg/L respectively) if thitstion reached 85 mg/L (Vidal-Carou M.C.
et al, 1990b).

The SO, effect on biogenic amines accumulation depend atsother variables. In fact, at the
higher pH values an increase of S€used a diminution of tyramine concentration.opposite
effect was observed when pH decreased (Gardet &., 2005).

A sulfitation after racking must be avoid, if thealwlactic fermentation is requested (Aerny J.,
1985; Bauza Tet al., 1995b). Sulphur dioxide delays the start of MLF &esel euconostoc
oenosis negatively influenced. In these conditionsdi®coccusstrains, producer of biogenic
amines, is favored (Aerny J., 1990; Ingargiola Ma@d Bertrand A., 1992). So, the use of
sulphur dioxide must be delayed after MLF.

After malolactic fermentation, wine is sulfited ander to eliminate yeast and bacteria which are
no more desirable. This would normally prevent aciyanges in composition due to
microorganisms. However, several compounds chamdevel and this is the case of biogenic
amines. In Burgundy wines, histamine, tyramine gndrescine showed an increase in
Chardonnay and Pinot noir during malolactic fermagoh, and also during aging (Gerbaux V.
and Monamy C., 2000). Histamine and tyramine cdntentinuously increased. In their study,
Gerbaux V. and Monamy C. showed that a more aginsse was between the fourth and eighth
month after malolactic fermentation. It was obvidliat sulphur dioxide did not completely stop
all the biochemical reactions triggered by bactddiae to high pH, a situation which is becoming
more and more frequent, $0s less active and it is accentuated in red wides to its
combinations to polyphenols (Lonvaud-Funel A., 2001

The use of lysozyme is suggested to replace sulgibxide in lactic bacteria control. Lysozyme
is more specific than SOn lactic bacteria control and its activity impes/when the pH rises
(Gerbaux V. and Monamy C., 2000). An addition 06250 mg/L of lysozyme before MLF
stops the increase of biogenic amines.

pH. It is the most important factor determining notyotile biological activity of bacteria in wine
but also their variety (Lonvaud-Funel A. and Joyéux 1994; Gerbaux V. and Monamy C.,
2000; Landete J.Met al, 2005b). The higher the pH, the more complexbéheterial microflora,
because pH acts as a selective factor of microssgenin wine (Lonvaud-Funel A., 2001). At
high pH, biogenic amines are always produced i laignounts (Lonvaud-Funel A. and Joyeux
A., 1994). This is a consequence of an easier gytakth and of the greater bacterial diversity.
White wines, which are generally rich in acidic gmwunds, contain lower biogenic amine
concentrations than red wines (Gerbaux V. and Mgiian2000).

Ethanol. Lactic bacteria are sensitive to ethanol by 8-1@%cciare more sensitive thdmacilli.
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The influence of ethanol is related to pH and,.S® wines with high pH and low amounts of
SO, MLF can occur also if the ethanol content is ii8bhieri G., 1991).

Temperature. Lactic bacteria can normally growth in a range @3D °C, out of this range their
metabolism is reduced or stopped. The optimum teatpes is 20-25 °C fokLeuconostoand
25-30 °C forLactobacillus At 35 °C the growth of lactic bacteria can beppd (Schieri G.,
1991).

Temperature is influenced by ethanol; if the aldoiso13-14 %, the optimum temperature
decreases (Ribéreau-GayorePal, 1998a).

If MLF starts, lactic bacteria can complete it alfstemperature falls down (Ribéreau-GayoreP.
al., 1998a).

The influence of temperature on lactic bacterianghais also relate to pH and S\ good level

of one of this parameters can positively influertice bacteria metabolism, also if the other
parameters are bad (Palaciosef\al.,2005). For example, if the pH is good, lactic baatean
growth better than in a wine with a low pH, alsahaiigh content of ethanol and (Ribéreau-
Gayon Pet al, 1998b).

Nutrition. The amount of biogenic amines is strictly relatedhe presence of nutrients in wine
(Lonvaud-Funel A. and Joyeux A., 1994; Palaciogt4al.,2005).

The lactic bacteria needs of organic compoundsarsi,i@gmino acids and organic acids.

Sugars are the best nutrient for lactic bacterieabge they provide energy stored in ATP
molecules. Also citric acid and arginine providemgy to lactic bacteria. Malolactic fermentation
and histidine decarboxylation are useful to consenergy (Ribéreau-Gayondt.al.,1998a).
Lactic bacteria are not able to synthesize amimdsaan the contrary of yeasts (Schieri G., 1991).
Amino acids must be present in wine to have ldgéicteria growth (Coton Eet al, 1999). The
different strains have different needs: cocci amramnexigent than bacilli. Normally, alanine,
arginine, cystine, glutamine, histidine, leucinbgpylalanine, serine, tryptamine, tyramine and
valine are necessary together or in part. Amindsaare usually used to synthesize new proteins
or to provide energy (arginine and histidine) (Réa&i-Gayon Ret al.,1998a).

After alcoholic fermentation yeast lees undergaewtysis and release amino acids and peptides
in the medium. This release is useful for the fwilgg activity of lactic bacteria.

Other factors can influence lactic bacteria growth:

Osmotic pressure Most bacteria cannot survive at high osmotic sues or at low water
activity. With sugar concentration of 40 % or mi@etic bacteria cannot growth, even if they can
survive.

15



Oxygen Lactic acid bacteria derive benefit from the inse@f the oxidoreduction potential of
wine in order to multiply or at least to improveeihexistence temporarily (Millet Vet al.,
1995).

1.9 Toxicological effect

Biogenic amines, such as tyramine @idphenylethylamine, have been proposed as the arter
of hypertensive crisis in certain patients andatyeinduced migraine. Another amine, histamine,
has been implicated as the causive agent in semattaleaks of food poisoning. Histamine intake
ranged within 8-40 mg, 40-100 mg and higher thad t@ may cause slight, intermediate and
intensive poisoning, respectively (Parentetal.,2001). Nout M.J.R (1994) pointed out that the
maximum daily intake of histamine and tyramine dtidee in the range of 50-100 mg/kg and
100-800 mg/kg, respectively; over 1080 mg/kg tyrsenbecomes toxic. Putrescine, spermine,
spermidine and cadaverine have not adverse hdétt,eout they may react with nitrite to form
carcinogenic nitrosoamines and also can be propaseadicators of spoilage (Hernandez-Jover
T. et al, 1997). Tryptamine can induce blood pressure aszetherefore causes hypertension,
however there is no regulation on the maximum arhobitryptamine consummation in sausage
in some countries (Shalaby A.R., 1996).

Food poisoning may occur especially in conjunctaeth potentiating factors such as monoamine
oxidase inhibiting (MAOI) drugs, alcohol, gastrastinal diseases and other food containing
amines. Histaminic intoxication, hypertensive idue to interaction between food and MAOI
anti-depressants and food-induced migraines arentis&¢ common reactions associated with the
consumption of food containing large amounts ofjbiic amines (Marine-Font A&t al, 1995).
The diamines (putrescine and cadaverine) and thamines (spermine and spermidine) favor
the intestinal absorption and decrease the catabalf the above amines, thus, potentiating their
toxicity (Bardocz S., 1995). Formation of nitrosones, which are potential carcinogens,
constitutes an additional toxicological risk asateil to biogenic amines, especially in meat
products that contain nitrite and nitrate saltswing agents (Scanlan R.A., 1983).
Determination of the exact toxicity threshold obdenic amines in individuals is extremely
difficult, since the toxic dose is strongly depemden the efficiency of the detoxification
mechanisms of each individual (HalaszeAal, 1994). Normally, during the food intake process
in the human gut, low amounts of biogenic aminesnaetabolized to physiologically less active
degradation products. This detoxification systermudes specific enzymes such as diamine
oxidase (DAO). However, upon intake of high loads ksogenic amines in foods, the
detoxification system is unable to eliminate thbs®enic amines sufficiently. Moreover, in the
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case of insufficient DAO activity, caused for exdenpy generic predisposition, gastrointestinal
disease or inhibition of DAO activity due to secandeffects of medicines or alcohol, even low
amounts of biogenic amines cannot be metabolizBdesftly (Bodmer Set al, 1999). Some
biogenic amines, e.g., histamine and tyramine carsidered as antinutritional compounds. For
sensitive individuals they represent a health résdpecially when their effects is potentiated by
other substances. Poisoning by histamine withliésgy-like symptoms is usually related to the
consumption of scombroid fish such as tuna or matk¥eciana Nogue M.Tet al., 1997) and

is considered to be one of the commonest formeait fntoxication reported.

1.10 Analytical methods

There are two reasons for determination of amindsad: the first is their potential toxicity; the
second is the possibility of using them as foodigumarkers.

Analytical determination of biogenic amines is swhple because of their structure and because
they are usually present at low levels in a comphexrix.

Biogenic amines in food have been determined irfediht ways, including thin-layer
chromatography (TLC), gas chromatography, capillaisctrophoretic method (CE) and high
performance liquid chromatography (HPLC) (Bustoe@al, 1996).All the analytical techniques
mentioned have an associated pre- or post- chrgragibic treatment to improve the selectivity
and sensitivity of different methods. However, st not always necessary to resort to these
treatments because the sample can be directlytédjexs long as there is a suitable detection
system, both in GC and HPLC (Seiler N., 1977).

Many analytical methods have been proposed forataysis of amino acids and biogenic
amines. The most useful RP-HPLC method includeghunean derivatization. Since the aliphatic
biogenic amines do not have chromophore groupshagiiee pronounced absorption in the UV-
Vis region, derivatization techniques have to s®reed in order to increase the sensitivity of the
detection (Seiler S. and Demisch L., 1978).

Obtaining fluorescent derivates is the most wideed method since it can determine low
concentration of amines with great sensitivity aatkctivity.

Typical reagents for precolumn derivatization ahermylisothiocyanate (PITC) (Bidlingmeyer
B.A. et al, 1987); o-phthalaldehyde (OPA) (Jones B.N. anigan J.P., 1983); 9-fluorenyl-
methyl-chloroformate (FMOC-CI) (Einarsson ®t al., 1983); 1-fluoro-2,4-dinitrobenzene
(FDNB) (Morton R.C. and Gerber G.E., 1988)fluoro-2,4-dinitrophenyl-5-L-alanine amide
(DNPAA) (Kochhar S. and Christen P., 1989); andsg&chloride (Thio A.P. and Tompkins
D.H., 1989; Sarwar G. and Botting H.G.,1993; Rontret al.,2000).
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Each of these reagents have particular advantagkeknaitations.

Phenylisothiocyanate (PITC) reacts with both priyn@nd secondary amino acids to yield stable
phenylthiocarbamoyl derivatives, which can be dettwia using UV absorption. The main
drawback of this ligand is its low sensitivity (Bitgmeyer B.A.et al, 1984)

o-Phthalaldehyde (OPA) is itself nonfluorescent,ibteacts rapidly with primary amino acids at
room temperature to form highly fluorescent isoiedo The disadvantages of this method are the
poor reactivity of OPA with secondary amino acidsl édhe low stability of the reaction product
(Lindroth P. and Mopper K., 1970; Roth M., 1971,e@IR.F.et al.,1979;Furst P et al.1990)
1-Dimethylaminonaphthalene-5-sulfonyl (dansyl) clde forms fluorescent adducts with amino
acids band primary and secondary amines but ladkstsvity (it reacts with both -OH and -NH
groups) and requires rather long reaction timeshagll reaction temperatures (Tapukief.al.,
1981; Marquez F.&t al, 1986)

In contrast 9-fluorenyl-methoxycarbonyl chlorideM®C-Cl) reacts rapidly with amino acids to
form highly fluorescent and stable adducts (HayRes et al, 1991; Ou K.t al., 1996). The
advantages of using FMOC-CI are the reaction &gittforward, rapid and can be performed at
ambient temperature; the reaction products ardestdlvoom temperature and can react with both
primary and secondary amines. The major disadvantdg=MOC-CI is its reactivity towards
water; after hydrolysis and decarboxylation, thefescent alcohol, FMOC-OH, elutes in the
middle of the chromatogram. At high concentratidiidOC-OH overlaps with other amino acids
in the chromatogram, complicating the quantificatod these amino acids. In as much as FMOC-
Cl is also fluorescent, excess reagent should ieved before chromatography, by extraction or
by addition of a second reagent (1-aminoadamant@D&M) ADAM is a hydrophobic amine
that reacts with FMOC-CI in excess only to formaanplex (FMOC-ADAM), thus allowing for
the reduction of the chromatographic interferentd-OC-OH formed in alkaline medium
(Einarsson Set al, 1983;Gustavsson B. and Betnér ., 1990; Chan E.€t\l, 2000).
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1.11 Simultaneous determination analysis of aminocads and biogenic amines in wines

1.11.1 Aim of work

The aim of this work was to validate a new HPLC moetfor the simultaneous determination of
amino acids and amines in musts and wines.

The validation of the method was in term of accyragprecision, limit of detection and
quantification.

1.11.2 Experimental

Samples

Four commercial wines from different Italian regsomere analyzed. The samples were analyzed
as the standard solution. The identification of theomatographic peaks was confirmed using
spiked samples.

Apparatus
An LC-1500 HPLC system (Jasco, Tokyo, Japan) waspegd with an MD-1510 diode-array

detector set at 263 nmniax). Data were acquired and processed using BdPbiA Version
1,50 software (JMBS Developments, Grenoble, Fran8amples were injected with a 20 pL
loop using a 7125 valve (Rheodyne, Cotati, CA) antauna RP-18 column (150 x 4 mm, 3 um
I.d.) protected with a guard column of the sameemalt (Phenomenex, Torrance, USA). The
column operated at 25 °C (Jones Chromatography,Gfagnorgan, U.K.) with a flow rate of 0,5
mL/min.

Eluents

The separation was optimized using a mobile phassisting two eluents.

Eluent A: sodium acetate (Na@EIOO) 50 mM (Carlo Erba, Milan, Italy) in ¥ (Merck,
Darmstad, Germany) adjusted to pH = 4,2 with glaagatic acid (Carlo Erba, Milan, Italy).
Eluent B: CHCN (Merck, Darmstad, Germany).

Eluents were filtered through a 0,@&h nylon membrane filter.

The binary gradient was constructed as describéabie 1.
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Luna column
Time A
(min) (%)

0 68

3 68
14 59
40 42
45 35
a0 0
10C 0
10t 68
11C 68

Table 1 - HPLC elution program for amino acids ambenic amines analysis with Luna
column.

Reagents
- borate buffer: 1,24 g boric acid {BO3) (Merk, Germany) in 100 mL of water adjusted to pH

= 8,25 with concentrated sodium hydroxide (NaOH);

- 9-fluorenyl-methoxycarbonyl chloride (FMOC-CI) ($ig-Aldrich, Milan, Italy) 0,015 M in
10 mL of acetonitrile (CECN)(Merck, Darmstad, Germany);

- l-ammino amantadine (ADAM) (Sigma-Aldrich, Milartaly) 0,03 M in 10 mL of water/
acetonitrile (HO/CH;CN)(1:1, viv);

- chloridric acid (HCI)(Carlo Erba, Milan, Italy).

Standard solution

Standards of 24 amino acids and 7 amines wereldessin HCI 0,01M, then derivatized and
filtered through a 0,45 pm polytetrafluorethylenBTEE) membrane (Gyrodisc, Orange
Scientific, Waterloo, Belgium) prior to HPLC analys

Arginine (Arg), Hydroxiproline (HydPro), Asparagir{@sn), Glutamine (Glu), Citrulline (Cit),
Serine (Ser), Aspatrtic acid (Asp), Glutammic a€du), Threonine (Thr), Glycine (Gly), Alanine
(Ala), Tyrosine (Tyr), Proline (Pro), Methionine &%), y-aminobutyric acid (Gaba), Valine (Val),
Phenilalanine (Phe), Triptophan (Trp), Cysteine gCylsoleucine (lle), Leucine (Leu),
Methylamine (Meta), Tyramine (Tyrn), Histidine (Hidysine (Lys), histamine (Hist) Cystine
(Cys-Cys), Putrescine (Put), Cadaverine (Cad), rBigene (Spermd), Spermine (Sperm) were
taken as salts from Sigma-Aldrich, Milan, Italy.
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Derivatization procedure

Amino acids and amines were derivatized (FMOC-AA)o@m temperature using a precolumn
procedure. An aliquot of 300 pL of sample (wineaostandard solution of amino acids and
amines) was added to 600 pL of a 200 mM borateebffiH 10,0). Then, 600 pL of 15 mM
FMOC-CI (in CHCN) was added to the wine and derivatization o@turAfter 2 min, the
reaction was stopped by the addition of 600 pL @ &M ADAM (H,O/CH;CN)(1:1, v/v) to
form the FMOC—-ADAM complex. Then, after 2 minutédse sample was filtered and analyzed
by HPLC.

The derivatization of amino acids with FMOC-CI reées an alkaline pH>( 8,0). Considering
wine acidic pH and its natural buffering capacity,preliminary sample alkalinization with
sodium hydroxide (32 %) was studied and used bef@alerivatization procedure. Best results
were achieved by using a 0,2 M borate buffer atlpHvith a 2:1 buffer—wine ratio. The FMOC-
amino derivatives were tested to be stable up Goriid.

In order to verify the influence of pH and time derivatization several times (2, 3, 5, 8, 10 and
15 minutes) for the first derivatization and seVdraffer at different pH (8,00; 8,25 and 8,40)
were tested. Other Authors (Melucci &.al.,1999)verified that pH 8,25 and 2 minutes are the
best solution for amino acids derivatization.

The simultaneous derivatization of amino acids amdnes moved us to study also amines
kinetics and pH of derivatization.

Validation

In order to assess the accuracy of the methodyveees performances were carried out by
spiking each sample with amino acid and amindgblrae concentration levels (0,04; 0,06; and
0,08 mM). Each of the resulting spiked samples wedyzed in triplicate.

The limits of detection (L.O.D.) were calculatedrfr the amount of amino acids and amines
required to give a signal-to-noise ratio of 3 (S#B) and the limits of quantification (L.O.Q.)
were determined with a signal-to-noise ratio o{$MN = 10).

Linearity was determined with 3 derivatizations Sfdifferent concentrations of amino acids
standard, ranging from 2 to 50 mg/L for each amaeals, ranging from 26 to 655 mg/L for
proline and from 0,5 to 11 mg/L for amines.

Precision was determined in terms of peak chrommaptgc areas and retention times,
repeatability on the base of 7 injection of the sastandard solution, derivatized on the same
condition (pH = 8,25 and derivatization time = i
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1.11.3 Results and discussion

Optimal conditions of derivatization are evaluatedparticular, pH and time needed for a full
and repeatable derivatization of each compoundsswalsiated.

In table 2 can be observed that amino acids hawere stable derivatization at pH 8,25, as
reported by other Authors (Melucci Bt al., 1999) than in the other 2 pH conditions. Also
amines show a good stability at pH 8,25.

The time of 2 minutes resulted to be a good satufitw both, amino acids and amines as shown
in table 2.

Several eluition gradients were tested in orddnaee a good peaks separation. The best one is
showed in table 1, but using this gradient, there still 3 pairs of substances coeluited
(asparagine and glutamine, lysine and cystinegpatne and histamine).

The addition of NaOH 0,1N after the use of boratéfdy and before derivatization was founded
as the best solution to obtain the desired pH.

Figure 1 shows a typical chromatogram obtainedgusima column.
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8 0E+047AU

1) Arginine (Arg) 19) Cystine (Cys-Cys)
2 - 3) Hydroxiproline + Asparagine (HydPro + Ash) 289leucine (lle)
4) Glutamine (Gln) 21) Leucine (Leu)
5) Citrulline (Cit) a 22) Methylamine (Meta)
6 - 7) Serine + Aspartic acid (Ser + Asp) 23) Tyram(figrn) b
8) Glutamic acid (Glu) 24) Histidine (His)
9) Threonine (Thr) 25 -26) Lysine + Cysteine (Lys + Cys)
10) Glycine (Gly) 27 - 28) Putrescine + Histamine (Put + Hist)
6.0E+D4 11) Alanine (Ala) 29) Cadaverine (Cad)
) 12) Tyrosine (Tyr) 30) Spermidine (Spd)
13) Proline (Pro) 31) Spermine (Spm) 31
14) Methionine (Met)
15)y-aminobutyric acid (Gaba) a) Fmoc
16) Valine (Val) 19 b) Fmoc-Adam
17) Phenylalanine (Phe)
18) Tryptophan (Trp)
30
4.0E+04
24
6-7
20
9 10 ’
11 14 7
N E 15 18] 21
2OE+047 13
2-3 12 22
1 25-26
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Figure 1 - Chromatographic separation of a biogammes and amino acids standard solution with laakamn
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pH = 8,00

pH = 8,25

pH = 8,40

Arginine (Arg)
Hydroxyproline (HydPro)
Asparagine (Asn)
Glutamine (GIn)
Citrulline (Cit)
Serine (Ser)
Aspartic acid (Asp)
Glutamic acid (Glu)
Threonine (Thr)
Glycine (Gly)
Alanine (Ala)
Tyrosine (Tyr)
Proline (Pro)
Methionine (Met)
y-Aminobutyric acid (Gaba)
Valine (Val)
Phenylalanine (Phe)
Tryptophan (Trp)
Cystine (Cys-Cys)
Isoleucine (lle)
Leucine (Leu)
Methylamine (Meta)
Tyramine (Tyrn)
Histidine (His)
Cysteine (Cys)
Lysine (Lys)
Histamine (Hist)
Putrescine (Put)
Cadaverine (Cad)
Spermidine (Spermd)
Spermine (Sperm)

y = -871,92x + 358435
y =-200,16x + 320194
y =2988,2x + 316938
y =-905,9x + 185493

y =-392,09x + 355577
y =167,33x + 317344
y = 3089,6x + 294079
y =12973x + 253107
y = -462,57x + 398269

y =-1266,2x + 40398

y =-359,29x + 350648
y = -13449x + 386599
y =-1619,3x + 385865
y =-2693,4x + 370370

y =-394,62x + 367432

y = -2827,2x + 400908

y = -5576,7x + 393032
y = -6647,7x + 454995
y =1197,3x + 731848

y = 2406,8x + 389034
y =-10932x + 533757
y =-1422,5x + 323708
y =-14965x + 297874
y =-16352x + 658099
y = -22034x + 422592
y =-171,86x + 723762
y =-21157x + 417678
y =1149,7x + 657532

y =-115,85x + 236192
y = -2755,6x + 753522
y = 209,76x + 809506

r’=0,1833
r*=0,0133
r’ = 0,7066
r’=0,4574
r*=0,0274
r=0,0061
r’ = 0,8454
r’ = 0,646

= 0,042

r=0,1302
r*=0,013

r’ = 0,9893
r*=0,3579
r’=0,7995
r’ = 0,0249
r’=0,7135
r’=0,9416
r*=0,9178
r’ = 0,2355
°=0,7272
r’ = 0,3863
r’=0,3066
r’ = 0,9259
r’ = 0,9597
r=0,9795
r’ = 0,0053
r* = 0,9788
r’=0,1244
r=0,0157
> = 0,6576
r*=0,0012

y = 1915x + 352901
y = 3275,1x + 337570
y = -1364,5x + 375853
y = -3655,1x + 202109
y = 424,2x + 372470

y = -1659,1x + 428730
y = 7951 + 298808

y = -561,99 + 393877
y = -137,1x + 399619
y = -1558,6x + 404949
y = -2237,1x + 357928
y = -24946x + 373262
y = -1187,1x + 358437
y = -5701,9x + 360286
y = -8992,4x + 396480
y = 2407,6x + 361593
y = -3655,5x + 463428
y = -1870,7x + 475892
y = -2863,3x + 800413
y = -138,78x + 404825
y = 1063,2x + 422123
y = -1384,6x + 318231
y = -16880x + 388394
y = 3550,3x + 646016
y = -1865x + 323238
y = -104,82x + 754958
y = -12009x + 524746
y = -14596x + 667307
y = 639,89x + 232725
y = -1197,5x + 680725
y = -4327,6x + 813621

r>=0,5706
r’=0,9519
r?=0,7766
r?=0,7429
r? = 0,5647
r?=0,2478
r?=0,8171
1’ = 0,1462
r? = 0,0904
r*=0,8133
r’ = 0,8994
r’ = 0,9032
r’=0,6696
r’ = 0,9856
r’=0,8734
r?=0,791

r’=0,5188
r’=0,5349
r?=0,1865
r’=0,0135
r’ = 0,2562
r?=0,3197
r’ = 0,9862
r*=0,9177
r=0,3232
r’=0,0029
r’ =0,8322
r?=0,7587
r*=0,0738
r’=0,0071
’=0,2114

y = -1456,3x + 371308
y = 427,77x + 345669
y = 3320,4x + 323553
y=381,77x + 172274
y = 1224,5x + 368230
y =-1766,7x + 430221
y = 7415,8x + 314408
y = 4201x + 384078

y =414,61x + 401843
y = 402,74x + 391365
y = -355,19x + 361752
y = -17485x + 337322
y =-1132,7x + 384278
y = -2686,1x + 380636
y =-6507,7x + 407128
y = -1895,8x + 400781
y = -3448,8x + 374928
y =-6634,1x + 453576
y = -2616,6x + 759356
y =-816,79x + 410610
y = 829,23x + 548850
y =719,71x + 315556
y =-14743x + 207566
y =-17253x + 691967
y =-27378x + 461547
y =-1098,1x + 748663
y =-22543x + 424314
y = 1190,6x + 783444
y = -458,54x + 241191
y =326,1x + 713768
y = 16608x + 682615

r?=0,3416
r? = 0,0475
r=0,7553
r?=0,0213
r’=0,1749
r?=0,4425
r? = 0,6847
r’=0,7311
r?=0,1111
r’=0,1846
r’=0,1495
r’=0,9267
r?=0,5805
r’ = 0,9534
r’ = 0,6594
r? = 0,8505
1’ =0,8144
r’ = 0,9836
r?=0,6397
1’ = 0,6244
r’ = 0,0629
r?=0,0639
1’ = 0,8624
r’ = 0,9447
r?=0,9478
r’= 0,245

r’ = 0,9866
r’=0,0256
r’=0,0252
r’ = 0,002

r’=0,6516

Table 2 — Correlation between different derivat@atimes (2-15 min) and peak arga\(l X S)

(r’= coefficient of determination)
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Linearity of the method for each amino acids anéthasassayed was tested.
Calibration curve obtained for each compound havegyoad linearity and detemination
coefficients, except for spermine which has 10,6049 (Table 3).

y=ax+b a b r?
Arginine (Arg) 36608 -61076 0,9865
Hydroxyproline (HydPro) 62048 -2172 0,9980
Asparagine (Asn) 59675 -18544 0,9983
Glutamine (GIn) 41669 -82299 0,9933
Citrulline (Cit) 38638 -61676 0,9965
Serine (Ser) 67218 -102317 0,9931
Aspartic acid (Asp) 20085 8834 0,9915
Glutamic acid (Glu) 61867 -149782 0,9865
Threonine (Thr) 60977 -99795 0,9913
Glycine (Gly) 105144 -35424 0,9834
Alanine (Ala) 57352 -280 0,9980
Tyrosine (Tyr) 41387 -26498 0,9795
Proline (Pro) 56707 941066 0,9921
Methionine (Met) 50400 -54027 0,9876
y-Aminobutyric acid (Gab: 57960 -19333 0,9983
Valine (Val) 61774 -54407 0,9916
Phenylalanine (Phe) 55231 46271 0,9951
Tryptophan (Trp) 43922 -12684 0,9850
Cystine (Cys-Cys) 56771 -150618 0,9864
Isoleucine (lle) 50116 41281 0,9682
Leucine (Leu) 59703 -70207 0,9914
Methylamine (Meta) 118544 -23437 0,9840
Tyramine (Tyrn) 48959 -5352 0,9817
Histidine (His) 59593 -205913 0,9900
Cysteine (Cys) 74248 -38037 0,9903
Lysine (Lys) 19170 42765 0,9913
Histamine (Hist) 117690 -14736 0,9821
Putrescine (Put) 78319 -3935 0,9943
Cadaverine (Cad) 71837 11696 0,9949
Spermidine (Spermd) 64046 -7294 0,9684
Spermine (Sperm) 2422 4103 0,604¢

Table 3 - Linearity of calibration curve and

coefficients of determinatio=

ny - (X)X y)
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The recovery of the method was determined. Thdteesbtained are shown in table 4.

Mean

recovery (%) c.v. (%)
Arginine (Arg) 99,6 + 6,20 6,22
Hydroxyproline (HydPro) 102,4 + 1,60 1,56
Asparagine (Asn) 101,7 + 6,05 5,95
Glutamine (GIn) 95,8 £ 4,27 4,45
Citrulline (Cit) 103,9 £ 24,30 23,39
Serine (Ser) 96,7 + 2,44 2,53
Aspartic acid (Asp) 100,8 + 9,89 9,50
Glutamic acid (Glu) 103,9 + 8,27 7,96
Threonine (Thr) 110,6 £ 7,95 7,18
Glycine (Gly) 99,2 +2,15 2,17
Alanine (Ala) 91,6 £ 7,62 8,17
Tyrosine (Tyr) 98,8 £ 5,37 5,26
Proline (Pro) 100,9 + 1,26 1,25
Methionine (Met) 95,8 +4,43 4,62
y-Aminobutyric acid (Gab: 97,4 +£12,75 12,26
Valine (Val) 96,2 £ 9,50 9,88
Phenylalanine (Phe) 100,6 + 8,18 8,13
Tryptophan (Trp) 107,9+7,23 6,49
Cystine (Cys-Cys) 99,6 + 6,19 6,43
Isoleucine (lle) 89,1+ 7,58 8,51
Leucine (Leu) 88,8 £ 8,42 9,13
Methylamine (Meta) 92,7+7,35 7,92
Tyramine (Tyrn) 100,8 + 2,36 2,34
Histidine (His) 96,0 +6,42 6,69
Lysine (Lys) 91,2+2,40 2,73
Cysteine (Cys) 102,6 + 11,53 10,25
Putrescine (Put) 97,3 £ 13,00 12,51
Histamine (Hist) 96,5 + 15,00 19,00
Cadaverine (Cad) 86,9 + 8,26 9,16
Spermine (Sperm) 90,1 +7,48 8,31
Spermidine (Spermd) 91,9 +£6,76 7,36

Table 4 — Accuracy for amino acids and amines detetion

(c.v. = coefficient of variation = standard dewatimean)

For most compound high recovery values were ohiafreB6,9 %),. Some variation coefficients
are higher than 10 %, 23,39 for citrulline, 12,36 §aba, 10,25 for cysteine, and 12,51 for
putrescine. This result can be explained probaplWwer stability of their derivatized products.
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Concerning retention times, precision was calcdldtee same day (intraday) and in different

days (interday) and expressed as c.v. (%). Valnges from 0,01 % to 0,72 % (Table 5).

mean | intraday| mean | interday

time C.v. time C.v.

(min) (%) (min) (%)
Arginine (Arg) 9,28 0,34 9,32 0,40
Hydroxyproline (HydPro) + Asparagine (Asip) 9,73 0,2 7D 0,26
Glutamine (GlIn) 10,12 0,24 10,07% 0,34
Citrulline (Cit) 10,69 0,21 10,63 0,37
Serine (Ser) 11,76 0,25 11,76 0,2%
Aspartic acid (Asp) 12,06 0,30 12,09 0,33
Glutamic acid (Glu) 12,23 0,32 12,17 0,44
Threonine (Thr) 14,34 0,14 14,14 0,73
Glycine (Gly) 15,75 0,11 15,58 0,56
Alanine (Ala) 18,96 0,09 18,78 0,50]
Tyrosine (Tyr) 19,69 0,09 19,51 0,48
Proline (Pro) 21,67 0,08 21,45 0,59
Methionine (Met) 24,58 0,11 24,35 0,49
y-Aminobutyric acid (Gabi 26,51 0,08 26,27 0,45
Valine (Val) 27,18 0,07 26,92 0,48
Phenylalanine (Phe) 30,3( 0,14 30,44 0,45
Tryptophan (Trp) 30,92 0,07 30,6" 0,4
Cystine (Cys-Cys) 32,73 0,29 32,31 0,7
Isoleucine (lle) 33,26 0,07 32,971 0,4
Leucine (Leu) 34,10 0,06 33,81 0,4
Methylamine (Meta) 37,17 0,06 36,8 0,3
Tyramine (Tyrn) 42,75 0,05 42,4 0,3
Histidine (His) 43,41 0,11 42,9 0,50
Cysteine + Lysine (Cys + Lys) 47,44 0,06 47,09 0,38
Putrescine + Histamine (Put + H 63,19 0,03 62,77 0,33
Cadaverine (Cad) 65,74 0,02 65, 0,3
Spermidine (Spermd) 80,76 0,01 80,38 0,
Spermine (Sperm) 91,82 0,01 91, 0,1

Table 5 - Precision of the method in relation teméon times of each compound
(c.v. = coefficient of variation)

Regarding precision on the quantification (peakas)eresults are interesting except those

acquired interday for spermine and gaba (36,74 &:l&R20 % respectively) (Table 6).
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mean intraday mean interday
area C.v. area C.V.
(AU x s) (%) (MAU x s) (%)

Arginine (Arg) 3511191 1,55 3587905 1,83
Hydroxyproline (HydPro) + Asparagine (Asn) 2956227 67, 2952980 0,89
Glutamine (GlIn) 531105 1,15 542250 1,56
Citrulline (Cit) 1483559 1,69 1412228 2,92
Serine (Ser) 4288701 1,09 391719y 4,54
Aspartic acid (Asp) 650030 2,74 686648 3,71
Glutamic acid (Glu) 1990330 2,58 183293p 4,97
Threonine (Thr) 3052503 1,40 2991026 1,70
Glycine (Gly) 2967748 1,44 29737171 1,52
Alanine (Ala) 1321674 1,88 1197714 5,10
Tyrosine (Tyr) 1304165 2,47 1341159 2,74
Proline (Pro) 1497685 3,62 1464598 4,26
Methionine (Met) 1372189 1,63 1338091 2,14
y-Aminobutyric acid (Gabi 139856¢ 1,8¢ 113475! 10,2(
Valine (Val) 1442393 2,09 1423262 2,09
Phenylalanine (Phe) 2507042 1,60 2417399 2,5p
Tryptophan (Trp) 1530675 1,61 153899 1,73
Cystine (Cys-Cys) 3701553 2,32 40255 4,7"
Isoleucine (lle) 1437732 1,97 141102 2,11
Leucine (Leu) 1561890 1,10 152789 1,50
Methylamine (Meta) 1325045 1,17 132635 1,25
Tyramine (Tyrn) 1128478 1,82 118313 2,76
Histidine (His) 2155763 2,18 221119 2,97
Cysteine + Lysine (Lys + Cys)) 2159113 3,24 2060487 44,2
Putrescine + Histamine (Put + H 371838t 2,34 399374 3,9¢
Cadaverine (Cad) 968541 3,31 1002447 3,4%
Spermidine (Spermd) 3009058 2,65 2991577 2.4)
Spermine (Sperm) 4864131 33,84 6867682 36,74

Table 6 - Precision of the method in relation taksearea
(c.v. = coefficient of variation)
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Detection and quantification limits were determirzedl the results obtained are shown in table 7.

L.O.D. L.O.Q.

(mg/L) (mg/L)
Arginine (Arg) 0,72 2,16
Hydroxyproline (HydPro) 0,53 1,60
Asparagine (Asn) 0,31 0,93
Glutamine (GIn) 0,81 2,42
Citrulline (Cit) 0,81 2,42
Serine (Ser) 0,27 0,81
Aspartic acid (Asp) 0,96 2,88
Glutamic acid (Glu) 0,89 2,66
Threonine (Thr) 0,27 0,81
Glycine (Gly) 0,09 0,26
Alanine (Ala) 0,29 0,87
Tyrosine (Tyr) 0,22 0,67
Proline (Pro) 0,15 0,44
Methionine (Met) 0,28 0,84
y-Aminobutyric acid (Gab: 0,30 0,89
Valine (Val) 0,24 0,71
Phenylalanine (Phe) 0,20 0,61
Tryptophan (Trp) 0,21 0,62
Cystine (Cys-Cys) 0,36 1,08
Isoleucine (lle) 0,22 0,67
Leucine (Leu) 0,30 0,89
Methylamine (Meta) 0,10 0,30
Tyramine (Tyrn) 0,17 0,51
Histidine (His) 1,07 3,21
Cysteine (Cys) 0,31 0,92
Lysine (Lys) 0,19 0,56
Histamine (Hist) 0,19 0,57
Putrescine (Put) 0,15 0,44
Cadaverine (Cad) 0,13 0,38
Spermidine (Spermd) 0,17 0,52
Spermine (Sperm) 0,34 1,02

Table 7 - Limit of quantification (L.O.Q) and limiff detection (L.O.D.)
calculated using Luna column

Limit of detection and quantification are good, &eése the values are less than 1 mg/L for many

compounds, suitable for wine composition.
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The method was then applied to the analysis cdléitt wines.
Content of amino acids and amines showed in talike dfferent among the wines, but there

aren’t statistical differences.

Trentin | Tuscan | Sicilian Tuscan
white wine | red winel red wine | red wine
(mg/L) (mg/L) (mg/L) (mg/L)
Arginine (Arg) 39,9 20,9 36,5 19,7
Hydroxyproline (HydPro) + Asparagine (Asmn) n.d. n.d, .d.n n.d.
Glutamine (GIn) n.d. n.d. n.d. n.d.
Citrulline (Cit) 7,75 3,87 3,66 3,71
Serine (Ser) 5,39 4,02 2,60 2,87
Aspartic acid (Asp) 6,34 3,54 n.d. n.d.
Glutamic acid (Glu) 8,04 4,33 3,88 3,30
Threonine (Thr) 4,01 3,85 3,68 3,17
Glycine (Gly) 6,12 10,94 5,79 6,02
Alanine (Ala) 10,70 6,24 4,01 3,52
Tyrosine (Tyr) 7,97 2,71 1,73 2,54
Proline (Pro) 496 554 513 547
Methionine (Met) 3,64 2,89 3,47 3,09
y-Aminobutyric acid (Gabi 10,33 2,58 4,48 2,58
Valine (Val) 4,85 3,63 2,60 2,25
Phenylalanine (Phe) 13,88 7,45 6,85 4,7(
Tryptophan (Trp) 1,46 1,21 1,24 0,77
Cystine (Cys-Cys) 4,90 4,01 3,37 3,26
Isoleucine (lle) 0,92 2,51 1,17 n.g.
Leucine (Leu) 8,35 2,87 3,02 2,43
Methylamine (Meta) 1,15 0,95 n.d. 0,86
Tyramine (Tyrn) n.g. 7,99 5,08 2,63
Histidine (His) 5,36 4,02 5,49 4,24
Cysteint + Lysine (Cys + Lys 6,49 1,96 1,20 1,30
Putrescine + Histamine (Put + H 1,20 8,49 4,52 3,17
Cadaverine (Cad) n.d. 0,38 n.d. n.d.
Spermidine (Spermd) 0,67 n.d. n.d. n.d.
Spermine (Sperm) n.d. n.d. n.d. n.d.

Table 8 — Amino acids and amines content in differénes
Results are the mean of triplicate analyses
(n.d. = not detected (under L.O.D))
(n.g. = not quantified (under L.O.Q))
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Amino acids content is higher in white wine andstltiould be due to the different must

composition, winemaking process and yeast activitye prevailing amino acids are proline

(marker for wine genuineness) that is around 500.ragd arginine around 20-30 mg/L.

Regarding biogenic amines, tyramine, putrescine lasthmine are higher in the red wines that

had malolactic fermentation and this is due to ghowf lactic bacteria that induces an increase of

amines content in wines (Soufleros &.al.,1998).

However, in these wines, the content in total bimge@amines was low and did not represent a

toxicological hazard for human health.

1.11.4 Conclusion

In conclusion,

a)
b)

C)

d)

9)
h)

pH = 8,25 has been chosen as best pH of deriviatiz at

derivatization time of 2 minutes is the best chdimethe simultaneous determination of
amino acids and amines;

to achieve the best conditions of derivatizatiothwvine sample, borate buffat pH = 9,00
and a further addition of 0,1 N NaOH were used;

linearity of calibration curves and coefficient\ariation are good;

the separation of compounds is good even if theratidl three coelutions;

precision and accuracy of the method are high, mxice spermine; however, amines are
usually present in wine at very low levels;

detection and quantification limits are suitableviene matrix;

time analysis is still a bit long (110 min), theyed the further step could be reducing time

analysis.
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1.12 Validation of a HPLC method for simultaneous dtermination of amino acids and
amines with precolumn-derivatization with 9-Fluorenyl-methoxycarbony! chloride (FMOC-
Cl) and UV detection using a monolithic column

1.12.1 Aim of work

In the previous study we applied experimental desaggyoptimize the derivatization reaction of
biogenic amines with FMOC-CI, as a prior step teithtHPLC determination. The influence of
pH, time of derivatization, gradient eluition westudied. In order to improve the resolution
among amino acids and amines to be separated dnder¢he time of analysis, we studied the
influence of different columns (traditional and motithic) and eluition flow rates in the
chromatographic separation.

The reliability of the method in terms of accura@peatability and linearity has been studied.

1.12.2 Experimental

Samples

Application of this method was carried out on 3 pke®: 2 red wines and 1 white wirEhese
samples were treated and analyzed as of the sthadlation.

Apparatus
The chromatographic system consisted of two PU-1580ps (Jasco, Tokyo, Japan), a DAD

MD-1510 detector (Jasco, Tokyo, Japan), a 716leviRheodyne, Cotati, CA, USA) equipped
with a 20uL loop. The detection wavelength was set at 263 nm.

Data acquisition and handling were carried out gisihre Borwin Chromatography software 1,5
version (JMBS Developments, Grenoble, France).

Firstly, a C18 Luna column (Phenomenex, Torranc®i)J (150 x 4,6 mm, 8m) was used and
later two monolithic Chromolith columns RP-18e, 208.6 mm (Merck, Darmstad, Germany) in
series and a precolumn RP-18e, 10 x 4,6 mm (M&aknstad, Germany).

Traditional columns have a packing characterizedgherical or irregular particles of silica with
a variable size (3, 5, 10 mm), derivatized withypeérs containing 18 atoms of C. They have a
length from 100 to 250 mm and an internal diamegeiable from 2 to 4,6 mm.

Monolithic columns are packed with a single rigitbdk of silica, which has an internal
macroporic and mesoporic structure, derivatizedh \pidlymers containing 18 atoms of C. They
are commercially available in two lengths (50 af0 tnm) with a fixed diameter of 4,6 mm.
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Eluents

The separation was optimized using a mobile phassisting two eluents.

Eluent A: sodium acetate 50 mM (Carlo Erba, Milaaly) in H,O (Merck, Darmstad, Germany)
adjusted to pH = 4,2 with glacial acetic acid (Gdtrba, Milan, Italy).

Eluent B: CHCN (Merck, Darmstad, Germany).

Eluents were filtered through a 0,@&h nylon membrane filter.

Two different gradient profiles were used, accogdim each type of column chosen. The gradient
profile was studied by varying the time intervaledahe flow rate of the mobile phase. The
gradients were constructed as described in table 9.

Luna column Chromolith column
Time A Time A
(min) (%) (min) (%)

0 68 0 82

3 68 1 82
14 59 38 64
40 42 50 48
45 35 62 30
9C 0 68 0
10C 0 72 0
10& 68 75 82
11C 68

Table 9 - HPLC elution programs for amino acids hingjenic amines analysis using Luna and
Chromolith columns.

The flow-rate was 0,5 mL/min for the Luna columm&mL/min for the monolithic columns.
Biogenic amines were identified on the basis ofrthetention time and by spiking the samples
with known amounts of standards.

Reagents
- borate buffer: 1,24 g boric acid (Merk, Germanyl®0 mL of water adjusted to pH = 8,25

with concentrated NaOH;

- 9-fluorenyl-methoxycarbonyl chloride (FMOC-CI) ($ig-Aldrich, Milan, Italy) 0,015 M in
10 mL of acetonitrile (Merck, Darmstad, Germany);

- l-ammino amantadine (ADAM) (Sigma-Aldrich, Milartaly) 0,03 M in 10 mL of water
acetonitrile (HO/CHsCN) (1:1, v/iv);

- chloridric acid (Carlo Erba, Milan, Italy).
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Standard solution

A 1 mM standard solution of 25 amino acids and 8nas (glutamine (GlIn), hydroxiproline
(HydPro), asparagine (Asn), arginine (Arg), aspa#cid (Asp), citrulline (Cit), serine (Ser),
glutamic acid (Glu), glycine (Gly), threonine (Thalanine (Ala), agmatine (Agm), proline (Pro),
tyrosine (Tyr), valine (Val)y-aminobutyric acid (Gaba), methionine (Met), meémine (Meta),

tryptophan (Trp), phenylalanine (Phe), isoleucinke), leucine (Leu), cystine (Cys-Cys),
tyramine (Tyrn), histidine (His), cysteine (Cysynithine (Orn), lysine (Lys), histamine (Hist),
cadaverine (Cad), putrescine (Put), spermidine XSggermine (Spm)), in HCI 0,01 M was
prepared (Sigma-Aldrich, Milan, Italy).

Derivatization procedure
The derivatization was carried out by adding 20 ehborate buffer 0,2 M to 10 mL of wine and

adjusted to pH = 8,25 with concentrated sodium &widie. Then, 90QL of this mixture were
added to 60@L of FMOC-CI 15 mM in CHCN.

After 2 minutes 60QuL of ADAM 0,3 M in a solution of HO/CH;CN (1:1, v/v) were added.
After 2 minutes the derivatizated sample was fitethrough a 0,2Rm nylon and immediately
injected.

Validation

Precision of the method was estimated. Repeatahiére assessed by injecting 5 repeated times
the same derivatized solution of amino acids anthesnduring the same day (intraday) and in
different days (interday).

The linearity of the method was determimveith 3 derivatizations of 5 different concentrasoof
amino acids standard, ranging from 2 mg/L to 50Lrfgf each amino acids, ranging from 40
mg/L to 650 mg/L for proline and from 1 mg/L to iat/L for amines.

To evaluate accuracy, recoveries were determinedspiing a red wine sample (already
contaminated with a known amount of biogenic amimgth known amounts in amino acids and
amines.

The limits of detection were calculated from th@@entration of each amines required to give a
signal-to-noise ratio of 3 (S/N = 3).
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1.12.3 Results and discussion

Simultaneous chromatographic separation of 24 amgids and 7 amines was initially carried
out on the Luna column.

The HPLC gradient had permitted to separate 31 comgs in a very long time (110 min) and
despite several attempts to optimize the separgpi@mblems of co-elution (hydroxyproline and
asparagine, lysine and cystine, putrescine andrhise) had not been solved.

In order to improve the chromatographic separa@gomonolithic column was used. This column
has two peculiar characteristics: it can operatehigher flow-rate than traditional column
(Bidlingmaier B.et al.,1999;Castellari M.et al.,2002) and can reduce retention times with the
same efficiency of separation than conventionalimmls. With an adequate modification of the
eluition gradient previously utilized (Table 9), was possible to improve noticeably the
chromatographic separation and 33 compounds we@aed in only 75 min instead of 110
min. Figure 2 shows a typical chromatogram obtaungdg the monolithic column.

In order to improve the performance of separatiosh theefficiency of the column, the number of
total theoretical plates has been increased anar@rmlithic columns in series were used.

The optimal flow was chosen after several atteraptgifferent flows of mobile phase between
1,6 and 4,0 mL/min. The optimal flow value of thebrle phase corresponding to 2 mL/min.
Peaks identification occurred through a single atig;n of each compound and subsequent
comparison with the retention times. Using mondittolumns, compounds were eluted with a
different order from that obtained by traditionalwmn. This is due to the monolithic column
structure which may influence, for steric and meeta factors, the affinity of solutes with
mobile phase.

Linearity was examinated (Table 10). Calibratiomves in the range 2-50 mg/L for amino acids
a part from proline (40-650 mg/L) to quantificaieagte compounds were constructed. For the
amines the range for calibration was 1-14 mg/L efratnation coefficients fy obtained for each
compound were quite good. The values are next &md slightly lower for spermidine and
spermine (0,9859 % and 0,9809 % respectively).
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Figure 2 — Chromatographic separation of a bioganmimes and amino acids standard solution with@wmmolith columns in series




y=ax+b a b r?
Glutamine (GIn) 29176| 661320| 0,9939
Hydroxyproline (Hyp) 18650| 672589 0,9943
Asparagine (Asn) 17114 4518 | 0,9985
Arginine (Arg) 13378 | -81776 | 0,9973
Aspartic acid (Asp) 6211| 72487 | 0,9983
Citrulline (Cit) 36235 | -140589| 0,9968
Serine (Ser) 6690| 18246 | 0,9940
Glutamic acid (Glu) 36923 -206495| 0,9947
Glycine (Gly) 6448 | 67360 | 0,9979
Threonine (Thr) 20154| -231037| 0,9915
Alanine (Ala) 12266 | 13605 | 0,9972
Agmatine (Agm) 29888| 78818 | 0,9966
Proline (Pro) 93225| 1000000 0,9969
Tyrosine (Tyr) 45457 | 4696 | 0,9881
Valine (Val) 18086 | -131421| 0,9949
y-Aminobutyric acid (Gaba] 15670 | -56781 | 0,9989
Methionine (Met) 21471| -232401| 0,9931
Methylamine (Meta) 156831 -44870| 0,9994
Tryptophan (Trp) 19067| -166225| 0,9948
Phenylalanine (Phe) 19034-186470| 0,9906
Isoleucine (lle) 18121 | -111909( 0,9952
Leucine (Leu) 12671| -35165( 0,9941
Cystine (Cys-Cys) 21621 | -190879| 0,9998
Tyramine (Tyrn) 35288 -3314 | 0,9960
Histidine (His) 24494 233461 0,9920
Cysteine (Cys) 25147 232307 | 0,9944
Ornithine (Orn) 108724 37014 | 0,9905
Lysine (Lys) 24263 273035 0,9967
Histamine (Hist) 73253| -37874  0,9959
Cadaverine (Cad) 57922 -40763 | 0,9945
Putrescine (Put) 68941 -22095| 0,9902
Spermidine (Spermd) 6536 -3504 | 0,9859
Spermine (Sperm) 5006 420% | 0,9809

Table 10 - Linearity and determination coeffid&e(r’)
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To validate the HPLC method also precision and r@myuwere determined. Table 11 shows the
results obtained for precision calculated on theis@f retention times of each compound
evaluated on the same day (intraday) and in diftedays (interday).

Coefficients of variation percentage are good smhecompounds (c.v. < 1,0 %).

mean | intraday| mean | interday

time C.V. time C.V.

(min) | (%) | (min) | (%)
Glutamine (GIn) 13,41 0,4 14,44 1,44
Hydroxyproline (Hyp) 14,59 0,51 14,93 1,49
Asparagine (Asn) 15,15 0,46 15,3p 2,01L
Arginine (Arg) 15,5 0,45 16,21 1,82
Aspartic acid (Asp) + Citrulline (Cit) 16,73 0,44 12, 1,39
Serine (Ser) 17,57 0,52 17,7p 1,28
Glutamic acid (Glu) 19,45 0,39 19,7 1,28
Glycine (Gly) 21,3 0,49 21,39 1,16
Threonine (Thr) 25,21 0,38 25,6% 1,1%
Alanine (Ala) 26,6 0,28 26,84 1,1
Agmatine (Agm) 28,22 0.25 28,51 0.35
Proline (Pro) 29,30 0,34 29,44 0,54
Tyrosine (Tyr) 30,21 0,29 30,66 1,2
Valine (Val) 33,89 0,29 33,49 0,77
y-Aminobutyric acid (Gab: 35,20 0,08 35,62 1,04
Methionine (Met) 37,30 0,18 37,71 1,04
Methylamine (Meta) 40,3 0,14 40,38 0,6
Tryptophan (Trp) 42,72 0,13 42,23 0,77
Phenylalanine (Phe) 43,3 0,24 43,15 0,46
Isoleucine (lle) 43,84 0,1 43,94 0,79
Leucine (Leu) 44,41 0,09 44,6% 0,62
Cystine (Cys-Cys) 46,68 0,04 46,9 0,65
Tyramine (Tyrn) 47,6 0,06 47,9 0
Histidine (His) 50,19 0,07 50,45 0,33
Cysteine (Cys) 51,08 0,03 51,4p 0,4p
Ornithine (Orn) 55,52 0.05 55,8 0.15
Lysine (Lys) 56,69 0,02 56,2 0,39
Histamine (Hist) 58,97 0,03 59,8% 0,24
Cadaverine (Cad) 61,69 0,03 61,716 0,44
Putrescine (Put) 64,04 0,04 65,44 0,147
Spermidine (Spermd) 66,36 0,33 66,99 0,13
Spermine (Sperr 67,3¢ 0,0¢ 67,4: 0,12

Table 11 - Precision of the method in term of ratentimes of each compound
(c.v. = coefficient of variation)
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Table 12 shows the results obtained from the pretisalculated on the basis of peaks area,
obtained using the same procedure adopted foetkatron times. In this case, precision resulted
under 5 % except for spermine (c.v. = 10,82) whdesevatization is hardly reproducible.

mean | intraday| mean | interday
area C.V. area C.V.
MAUXsS)[ (%) | @AUXxs)| (%)

Glutamine (GlIn) 465792 1,78 39667 2,22
Hydroxyproline (Hyp) 462778 1,13 42932% 1,97
Asparagine (Asn) 389244 1,41 435448 2,44
Arginine (Arg) 529558 1,65 519554 3,14
Aspartic acid (Asp) + Citrulline (Cit) 117384[L 3,21 190337 4,33
Serine (Ser) 421267 5,15 416000 2,41
Glutamic acid (Glu) 351093 2,29 366514 1,76
Glycine (Gly) 505290 5,18 495908 4,44
Threonine (Thr) 533506 1,86 614748 3,69
Alanine (Ala) 466094 2,95 4813149 3,98
Agmatine (Agm) 311936 2,42 325366 3,14
Proline (Pro) 532140 1,45 536376 1,62
Tyrosine (Tyr) 633800 1,93 666015 1,20
Valine (Val) 548000 4,81 595311 4,59
y-Aminobutyric acid (Gab: 616000 1,57 578743 3,80
Methionine (Met) 475912 3,13 46593% 3,09
Methylamine (Meta) 535726 1,11 4,7p
Tryptophan (Trp) 624415 0,93 2,20
Phenylalanine (Phe) 544504 0,64 3,%7
Isoleucine (lle) 495364 0,87 1,42
Leucine (Leu) 623822 4,11 3,81
Cystine (Cys-Cys) 609591 3,78 2,45
Tyramine (Tyrn) 463756 0,96 1,61
Histidine (His) 1560379 3,46 2,91
Cysteine (Cys) 954643 2,20 1,1
Ornithine (Orn) 409909 2,78 3,2(
Lysine (Lys) 1193018 4,19 2,42
Histamine (Hist) 760335 4,21 4,01
Cadaverine (Cad) 787584 5,09 3,47
Putrescine (Put) 422444 1,13 2,05
Spermidine (Spermd) 354960 3,91 2,42
Spermine (Sperr 34585! 10,8z 3,417

Table 12 - Precision of the method in relationéals area of each compound

(c.v. = coefficient of variation)
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This method allows good recoveries for most ofghalyzed compounds (Table 13).

Mean

recovery (%) c.v. (%)
Glutamine (GIn) 99,5+5,2 2,5
Hydroxyproline (Hyp) 102,4 + 3,2 3,4
Asparagine (Asn) 99,2 £1,5 0,8
Arginine (Arg) 95,8 +1,2 0,8
Aspartic acid (Asp) 101,3+44 3,2
Citrulline (Cit) 97,6 £4,8 3,5
Serine (Ser) 96,5+2,4 2,5
Glutamic acid (Glu) 100,9+1,8 1,5
Glycine (Gly) 101,5+2,3 2,2
Threonine (Thr) 98,2+21 2,3
Alanine (Ala) 995+5,6 55
Agmatine (Agm) 98,3+4,4 3,2
Proline (Pro) 100,2+7,6 4,5
Tyrosine (Tyr) 99,8 +3,2 3,1
Valine (Val) 97,4+24 19
y-Aminobutyric acid (Gabi| 96,8+ 1,9 1,7
Methionine (Met) 96,2+ 4,9 3,2
Methylamine (Meta) 935+7,5 4,7
Tryptophan (Trp) 103,5+8,5 6,5
Phenylalanine (Phe) 100,2 + 6,p 54
Isoleucine (lle) 935+7,2 52
Leucine (Leu) 90,2 +6,5 3,2
Cystine (Cys-Cys) 88,7+£8,2 3,3
Tyramine (Tyrn) 99,6 +2,1 2,8
Histidine (His) 95,6 £5,6 4,4
Cysteine (Cys) 103,1+13,B 10,5
Ornithine (Orn) 95,5+5,8 4,2
Lysine (Lys) 96,5+4,5 4,2
Histamine (Hist) 98,2+4,1 3,8
Cadaverine (Cad) 88,5+7,5 2,8
Putrescine (Put) 90,2 £+ 13/( 12,6
Spermidine (Spermd) 89,5+11, 11,2
Spermine (Sperr 90,3 £ 15, 142

Table 13 - Accuracy for amino acids and aminesrdahation
(c.v. = coefficient of variation)
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Accuracy ranges from 88,5 to 103,5 %. Only for thesteine, putrescine, spermidine and
spermine unsatisfactory recoveries were obtainexhagbly because of derivatization problem or
instability of the derivatized compounds.

For each compound limit of detection (L.O.D.) valweere calculated (Table 14).

L.O.D. (mg/L) |L.O.D. (mg/L)
traditional monolithic
column column
Glutamine (GIn) 0,81 0,18
Hydroxyproline (Hyp) 0,53 0,11
Asparagine (Asn) 0,31 0,11
Arginine (Arg) 0,72 0,21
Aspartic acid (Asp) 0,96 0,08
Citrulline (Cit) 0,81 0,1
Serine (Ser) 0,27 0,12
Glutamic acid (Glu) 0,89 0,2
Glycine (Gly) 0,09 0,07
Threonine (Thr) 0,27 0,13
Alanine (Ala) 0,29 0,11
Agmatine (Agm) - 0,22
Proline (Pro) 0,15 0,04
Tyrosine (Tyr) 0,22 0,02
Valine (Val) 0,24 0,12
y-Aminobutyric acid (Gabi 0,3C 0,14
Methionine (Met) 0,28 0,21
Methylamine (Meta) 0,10 0,11
Tryptophan (Trp) 0,21 0,24
Phenylalanine (Phe) 0,20 0,15
Isoleucine (lle) 0,22 0,12
Leucine (Leu) 0,30 0,13
Cystine (Cys-Cys) 0,36 0,11
Tyramine (Tyrn) 0,17 0,17
Histidine (His) 1,07 0,09
Cysteine (Cys) 0,31 0,06
Ornithine (Orn) - 0,14
Lysine (Lys) 0,19 0,07
Histamine (Hist) 0,19 0,1
Cadaverine (Cad) 0,13 0,11
Putrescine (Put) 0,15 0,2t
Spermidine (Spermd) 0,17 0,32
Spermine (Sperr 0,34 0,31

Table 14 — Comparison between detection limits (D.pfor traditional and monolithic columns

Monolithic column showed L.O.D. (min 0,04 and may6 mg/L) generally lower than
traditional column (min 0,09 and max 1,07 mg/L).
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The influence of flow-rate of the mobile phase be monolithic column separation was also
studied. Table 15 shows the capacity factors (kyutated for each compound obtained at 5
different flow-rates.High capacity factors increase the time of analymml determine an
enlargement of peaks. The lowest k values areat 11,8 followed by 2,0 mL/min; however, the
optimal flow was chosen at 2 mL/min, in order tduee time analysis.

K values
Flow (mL/min) F=16| F=1¢| F=2(|F=28] F=4,
Glutamine (GIn) 8,39 7,27 7,18 10,08 12,02
Hydroxyproline (HydPro) 8,70 7,53 7,53 10,41 12,48
Asparagine (Asn) 9,04 7,84 7,80 11,2F 13,33
Arginine (Arg) 9,04 7,84 7,88 11,25 13,33
Aspartic acid (Asp) 9,94 8,71 8,74 12,4] 14,10
Citrulline (Cit) 9,94 8,71 8,74 12,92 15,31
Serine (Ser) 10,08 8,92 8,90 12,9p 15,33
Glutamic acid (Glu) 10,93 9,71 9,74 14,4 17,33
Glycine (Gly) 12,02 10,75 10,77 16,43 19,50
Threonine (Thr) 12,50 11,25 11,3¢ 16,91 20,26
Alanine (Ala) 14,85 13,40 13,63 16,94 29,0p
Agmatine (Agm) 15,87 14,35 14,54 19,6p 29,49
Proline (Pro) 16,25 14,73 14,84 21,5 29,90
Tyrosine (Tyr) 16,98 15,61 15,73 25,79 29,48
Valine (Val) 19,00 17,50 17,82 27,24 41,4y
y-Aminobutyric acid (Gabi | 19,67 18,28 18,60 29,25 44,71
Methionine (Met) 20,84 19,49 19,74 31,5p 47,49
Methylamine (Meta) 22,22 21,03 21,51 33, 50,11
Tryptophan (Trp) 22,89 22,29 22,9% 34,9p 56,24
Phenylalanine (Phe) 23,1( 22,5b 23,31 41, 57|10
Isoleucine (lle) 23,41 22,83 23,51 42,02 57,50
Leucine (Leu) 23,73 23,22 23,96 43,1D 58,45
Cystine (Cys-Cys) 24,71 24,53 25,55 48,08 62,8%
Tyramine (Tyrn) 25,31 24,84 25,84 48,0 62,945
Histidine (His) 26,92 26,48 27,60 51,30 67,10
Cysteine (Cys) 27,29 27,172 28,25 55, 69,29
Ornithine (Orn) 28,02 27,89 29,09 55,5 71,42
Lysine (Lys) 28,19 28,06 29,27 55,87 71,65
Histamine (Hist) 31,92 31,68 33,14 65,1F 80,33
Cadaverine (Cad) 32,64 32,44 33,95 66,¢ 68,81
Putrescine (Put) 34,14 34,61 36,3 72,14 88,19
Spermidine (Spermd) 34,73 35,3P 37,46 75, 90J33
Spermine (Sperr 34,94 35,6: 37,5(C 76,0¢ 90,9:

Table 15 - Comparison of capacity factors at déferflow-rates of the mobile phase
(k = (t — ty) / ty; t, = retention timest,, = dead times)
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Three wines were assayed to test the applicallitie method on the specific matrix.

The derivatization of the samples was the sambeo$tandard solutions.

The correction of the acid pH of wine has beeniedrout adding 1 N NaOH and then adding
boric buffer.

Table 16 shows the contents of amino acids andesmmsome wine samples.

white wine| red wine 1| red wine }
Glutamine (GIn) 2,56 6,11 4,95
Hydroxyproline (Hyp) 10,0 20,7 16,6
Asparagine (Asn) 2,44 7,46 8,47
Arginine (Arg) 6,03 11,35 n.d.
Aspartic acid (Asp) + Citrulline (Cip) 3,75 16,33 93,
Serine (Ser) 5,19 21,62 9,46
Glutamic acid (Glu) n.d. 20,4 40,4
Glycine (Gly) 6,80 8,15 20,44
Threonine (Thr) 28,6 24,0 20,4
Alanine (Ala) 4,24 11,61 21,9
Agmatine (Agm) n.d. 1,25 n.d.
Proline (Pro) 408 534 615
Tyrosine (Tyr) n.d. 66,1 15,1
Valine (Val) n.d. 47,8 63,5
y-Aminobutyric acid (Gabi 43,65 7,08 n.d.
Methionine (Met) n.d. 4,61 n.d.
Methylamine (Meta) 7,03 6,12 n.d.
Tryptophan (Trp) 3,41 7,36 n.d.
Phenylalanine (Phe) n.d. 1,34 n.d.
Isoleucine (lle) n.d. 11,79 n.d.
Leucine (Leu) n.d. 56,1 n.d.
Cystine (Cys-Cys) n.d. 55,1 n.d.
Tyramine (Tyrn) n.d. 77,9 n.d.
Histidine (His) n.d. n.d. n.d.
Cysteine (Cys) 4,46 3,44 5,52
Ornithine (Orn) n.d. n.d. n.d.
Lysine (Lys) 0,95 0,62 1,55
Histamine (Hist) 13,88 5,50 16,67
Cadaverine (Cad) 18,27 6,17 6,19
Putrescine (Put) 9,67 n.d. 6,31
Spermidine (Spermd) 5,74 5,70 n.d.
Spermine (Sperr 5,45 6,3t n.d

Table 16 - Amino acids and amines content (mg/Lyimes
Results are the mean of triplicate analyses
(n.d. = not detected)
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Profile of amino acids and amines is not partidulaharacterizing the type of sample, due to the

low number of samples.

1.12.4 Conclusion
This method appears to be suitable for the detetion of 25 amino acids and 8 amines in

wines.

The optimization of the chromatographic condititersds to the separation of 33 compounds.
The use of monolithic column reduced the time dlgsis by 35 minutes and implies a higher
amount of solvent because of higher flows, but ceduce the time of analysis increasing

sensitivity.
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1.13 A survey of amino acids and biogenic amines iwines produced in the Emilia
Romagna region

1.13.1 Aim of work
The evaluation of biogenic amines level in red amite wines produced in the Emilia Romagna
region was the main object of the present study.

1.13.2 Experimental

Samples

27 white wines and 37 red wines from 16 differegitacs of the Emilia Romagna region were
analyzed. 13 white and 33 red wines had a totab+aaitic fermentation and 6 white wines had a
partial malo-lactic fermentation.

Chemical analysis

Were performed the following chemical analysis:

- pH, total and volatile acidity, alcohol, malicdalactic acids (Off. J. Eur. 2676/1990);
- reducing sugar@.ane J.H. and Eynon L., 1923);

- total SQ (Ripper M. and Schmitt E., 1896);

- tartaric and citric aci@Castellari M.et al,, 2000);

- amino acids and amines (method up cited).

1.13.3 Results and discussion

64 samples were divided in two groups: white ardiwénes. The chemical characterization of
these samples is shown in table 17. Some statigiftarences have been found between the two
groups of samples.
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white wines red wines

min max mean* min max mean**
Alcohol vol %| 10,32| 14,60 11,76n.s.| 9,67 13,75 12,17 n.$.
Reducing sugaffs g/l <050 59,7 6,6 <1,00( 4,60 2,16 a
pH 2,96 3,57 3,22 A 3,09 3,77 3,36 B

Total acidity g/L 3,99 7,85 5,78 n. 4,29 9,2p 5,89 ps.
Volatile acidity | g/L 0,14 0,55 0,27 A 0,22 0,59 0,40 B

v

Total SQ mg/L 23 131 64 n.s 31 86 60 njs.
Tartaric acid g/L 1,40 3,27 2,34 ns$ 1,68 3,18 2,42 ns.
Malic acid gL | <0,10] 3,48 0,96 b <0,10| 4,16 0,48 a
Lactic acid gL]| <0,05 3,88 0,93 a <0,05( 3,34 1,36 b

Citric acic gL | <0,0z| 0,4z 0,2C n.s| <0,0z| 0,4¢€ 0,17 n.s

Table 17 - Composition of Emilia Romagna wines
Means not identified by the same letters are sicamtly different at p = 0,05 (small letters) or p
= 0,01 (capital letters).
(* = means of 27 samples; ** = means of 37 sampies;= not significant)

These differences are due to the different winenwkprocess, in particular alcoholic
fermentation with grape pomace followed by malataéérmentation for the red wines and a
fermentation under controlled temperature and witheolid part not followed by malolactic
fermentation for the white wines. Reducing sugaeshégher in the white wines because of some
sweet wines while pH is higher in red wines beeauslolactic fermentation leads to an increase
of pH. Volatile acidity is higher in red wines atids can be due to the higher temperature of
fermentation in red wines that determines a diffegeast metabolism and an higher production
of secondary volatile compounds.

Regards malic and lactic acids, they are affectednblolactic fermentation, which decreases
malic acid and increases lactic acid content.

Concerning amino acids and biogenic amines contbatresults of the survey are showed in
table 18.
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white wines (mg/L. red wines (mg/L)
min max mean* min max mean**
Amino acids
Glutamine (GIn) < 0,09 27,8 10,7n.s.| <0,09 29,4 14,0 ns.
Hydroxyproline (HydPro) 3,17 44,3 20,.s. 1,12 42,9 20,3 n.s.
Asparagine + ArginineAsn + Arg) < 0,08 105 20,8 ns.| <0,08 246 16,9 n.s.
Aspartic acid + CitrullineAsp + Cit) <0,04 16,3 4,7 ns.| <0,04 16,1 3,7 ns.
Serine (Ser) < 0,09 24,3 53B < 0,06 24,2 1,7 A
Glutamic acid (Glu) <0,10 44.9 12,5:.s.| <0,01 129 16,5 n.s.
Glycine (Gly) <0,03 66,8 7,1 ns.| <0,03 7,8 2,1 ns.
Threonine (Thr) 0,06 66,5 31,4b 6,74 40,5 22,8 a
Alanine (Ala) < 0,06 49,1 20,1A < 0,06 86,2 324 B
Proline (Pro) 245 1327 490A 280 1197 725 B
Tyrosine (Tyr) 15,55 62 349 np. 4,99 46,8 26,4 p.s.
Valine (Val) < 0,06 23,2 3,9 ns.| <0,06 30,4 6,7 n.s.
y-Aminobutyric acid (Gabi <0,07 6,5 0,6 ns.| <0,07 9,3 0,5 ns.
Methionine (Met) <0,10 21,6 3/4ns.| <0,10 13,8 14 ns.
Tryptophan (Trp) <0,12 22,7 6,1ns.| <0,12 19,5 54 ns.
Phenylalanine (Phe) <0,0f 6,9 1,Ins.| <0,07 7,4 0,9 ns.
Isoleucine (lle) < 0,06 5,5 0,6 ns.|] <0,06 9,4 0,4 ns.
Leucine (Leu) < 0,06 23,7 6,9b < 0,06 26,3 33 a
Cysteine + Cystine (Cys + Cys-Cys) <0,04 4,2 Ods.| <0,04 3,3 0,2 ns.
Histidine (His) 4,49 163 41,3ns.| 4,25 105 47,8 n.s.
Lysine (Lys) 0,06 10,9 52ns.| 1,22 13,4 49 ns.
Ornithine (Orn) <0,03 18,9 7.2ns.| <0,03 49,0 8,1 ns.
Amines

Tyramine (Tyrn) < 0,08 26,9 3,5ns.| <0,08 11,9 11 ns.
Cadaverine (Cad) <0,0% 157 14,hs.| <0,05 97,9 26,9 n.s.
Histamine (Hist) 0,05 45,9 17,8ns.| 7,07 68,6 19,8 n.s.
Agmatine (Agm) <0,01 66,9 8,7ns.|] <0,01 39,4 4,4 n.s.
Methylamine (Meta) <0,10 < 0,14 <0,hs.|] <0,10| <0,10] <0,1 ns.
Spermine (Sperm) <0,34 <03 <O0@s.| <0,34| <0,34] <0,3ns.
Spermidine (Sperm <0,17| <017 | <0,z ns.| <0,17 | <0,17| <0,1 ns.

Table 18 - Contents in amino acids and biogenicyamof Emilia Romagna wines
Means not identified by the same letters are sigamtly different at p = 0,05 (small letters) or
p = 0,01 (capital letters)
(* = means of 27 samples; ** = means of 37 sampies;= not significant)

The content of alanine and proline was higher chwénes. This difference could be due to the
longer contact of solid parts with must, that cauaehigher extraction of amino acids from the
grape pomace, according to Ough C.S., 1971. Alstnesethreonine and leucine showed
significance differences among red and white wirfdss result can be explained taking to
account the different winemaking process and tlfferént wine microorganisms, mainly yeast
and lactic bacteria.

A variable production of some biogenic amines wamil, as presented in figure 3. This is the
case of tyramine, histamine, cadaverine and agmafline content of tyramine, histidine,
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cadaverine and agmatine was low, while methylamspermine and spermidine were not
detected in all the samples.

Biogenic amines content in Emilia Romagna wines

180

160

140

120

100

80

mg/L

60

40

] =L

-20

_T_ Min-Max
] 25%-75%
TYRN HIS CAD AGM O Median value

Figure 3

Correlation between malolactic fermentation andresicontent was studied. The data of this
study didn’t show a correlation between lactic aaitd biogenic amines content and do not
support the opinion that malolactic fermentatios halirect effect on biogenic amine contents of
wines, according to Cerutti Get al, 1987. This study suggests that the biogenic asnin
formation is related not only to the lactic acictteaia, in accord to Soufleros &t al.,1998, but
also to yeast strains, according to Torrea Goraridl. Ancin Azpilicueta C., 2001.

At the same time a correlation between ethanoll@adenic amines content was studied. The
hypothesis that the biogenic amine content depend=thanol content was not confirmed by the
results.

1.13.4 Conclusion

In conclusion, the investigation on amino acids amaines in wines produced in the Emilia
Romagna region permitted to discriminate betwedrarel white wines. Biogenic amines content
in Emilia Romagna wines does not represent a plestikicological problem for human health.
Amino acids content is related to the winemakingcpss, in particular to the presence of grape
pomace and malolactic fermentation, according bemoAuthors (Ough C.S., 1971; Vidal Carou
M.C. et al.,1990c.
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1.14 Determination of biogenic amines in red winesnfluence of enological practices and
wine composition

1.14.1 Aim of work

The aim of this work was to evaluate the influenEéechnological practices on biogenic amines
content in red wine. The influence of wine compgosit{amino acids precursors and pH) and use
of different malolactic starters were determined.

Even though the toxicological significance of bingeamines in wine is still not well established
and their exact toxic threshold is difficult to dehine, it is prudent to prevent any accumulation
in wine. Therefore, an accurate microbiological tooinis necessary to eliminate or to minimize
the activity of the spoilage strains.

1.14.2 Experimental

Material

The study was carried out on cultivar Sangiovesgpeg. After the harvest and crushing-
destemming of grapes, the product was divided m parts to evaluate the influence of pH. The
pH of the first part was 3,18 (wine A); the pH dfetother was adjusted to 3,62 (wine B).
Alcoholic fermentation was carried out adding,80D mg/L) and selected yeas8. (cerevisiae
strain 404 1.M.1.A.). After 7 days of maceratiorgvatting, pressing and racking of the two wines
were carried out. Wine A and wine B are dividedwo parts.

In order to study the effect of free amino acidsaomnes content, a mix of amino acids (lysine:
15 mg/L; arginine: 100 mg/L; histidine: 160 mg/Lhgnylalanine: 15 mg/L; ornithine: 50 mg/L;
tyrosine 20 mg/L) was added to one part of winetAA@) and to one part of wine B (+ AA).
The remaining two parts have not been added.

The amino acids were added instead of having a ¢onmgact with yeast lees which increase the
extraction of these compounds from the solid parts.

To study the influence of lactic bacteria straihe t4 samples were divided in two parts,
inoculated with different bacteria strains (strai@enococcus oenisolated by C.R.L.V.E.
microbiological section with potential skill to mlace amines; strain2: MLF QuicBenococcus
oeniOliver Ogar Italy). The trial was made in dupledtotally 16 wines). The experimental plan
was reported in figure 4 (a and b).
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punching down every 12 hot
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| Secondary fermentation | | Secondary fermentation |
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l Figure 4a — Experimental plan l
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Figure 4b - Experimental plan

1, 2, 3 are the different sampling
+ AA = addition of amino acids
no AA = no addition of amino acids
sl = strain 1
s2 = strain 2
rl = repetition 1
r2 = repiet 2
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In order to study the differences in the biogenitrees content of wines, 3 different sampling
were carried out:

1) the must after inoculation with yeasts and adidibf SQ;

2) the wine at the end of alcoholic fermentation;

3) the wine after malolactic fermentation.

Chemical analysis

The following chemical analysis were performed:

- pH, total and volatile acidity, alcohol, maliccatactic acids (Off. J. Eur., 2676/1990);

- amino acids and amines (method up cited). Théadepreviously described was implemented
in order to determine the 2-phenyl ethylamine. €akbration curve and all the parameters able
to verify the accuracy and precision of the anehjtmethod were calculated;

- reducing sugars (Lane J.H. and Eynon L., 1923);

- phenolic fraction (Castellari Met al.,2002);

- total phenols (Ribereau-Gayon P., 1970);

- total and free Sg{Ripper M. and Schmitt E., 1896);

- total anthocyans (Margheri G. and Falcieri B72);

- color hue e color intensity (Sudraud P., 1958).

1.14.3 Results and discussion

In this study red wine have been chosen becausleeolvinemaking processes to produce red
wine, particularly malolactic fermentation and maten, affect the development of yeasts and,
above all, lactic acid bacteria. Maceration, chiamdmed by diffusion and dissolution phenomena,
can create an environment rich in amino acids, eeging the growth of bacteria and
decarbossilasic activity.

White wines are less rich in biogenic amines bottthieir increased acidity (Lonvaud-Funel A.,
2001), both for the lower concentration of amino acid pirgors due to the intense process of
clarification (Guitart Aet al, 1998).

As shown in table 19 the masses A and B have ardift pH, according to the first phase of the
trial which provided the change of pH for the mBstvithout altering the must composition.

52



must A | must B
pH 3,18 3,62
Reducing sugars g/L 218 219|
Total acidity g/L 55 5,6
Total polyphenols  mg/L 423 402
Malic acic g/L 1,04 1,01

Table 19 - Musts grape composition

Both must A and B have a good sugar content, a g@abae of total acidity and a balanced
amount of malic acid. This value is good to ob&imalolactic fermentation.
The results of the analysis carried out on winésr dhe alcoholic fermentation on mass A and B

are shown in table 20.
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wine A | wine B
Alcohol % vol 12,97 12,87
Reducing sugars g/L 2,29 2,51
pH 3,20 3,48
Total acidity g/L 6,75 5,83
Malic acid g/L 0,93 0,98
Lactic acid g/L 0,13 0,20
Total SQ mg/L 57 56
Free SO2 mg/L 16 16
Total polyphenols mg/L 1451 1452
Total anthocyans mg/L 418 394
0.d. 420 nm 3,65 2,94
0.d. 520 nm 7,22 4,99
Color intensity 10,87 7,93
Color hue 0,51 0,60
Gallic acid mg/L 15,08 16,13
(+) Catechin mg/L 3,22 2,83
(+) Epicatechin mg/L 5,89 5,93
Siringic acid mg/L 2,98 2,84
Rutin mg/L 2,53 1,75
Quercetin mg/L 0,05 0,04
Miricetin mg/L 2,61 3,20
Cutaric acid mg/L 0,97 1,04
Caftaric acid mg/L 9,15 8,06

Amines
Methylamine (Meta) mg/L n.d. n.d.
Agmatine (Agm) mg/L n.d. n.d.
2-Phenyl ethylamine (Pheta) mg/lL n.d n.d
Tyramine (Tyrn) mg/L n.d. n.d.
Putrescine (Put) mg/L 10,44 7,43
Cadaverine (Cad) mg/L 14,34 11,3y
Histamine (Hist) mg/L n.d. n.d.
Spermidine (Spermd) mg/LJ n.d. n.d,
Spermine (Sperm) mg/L n.d. n.d.
Amino acids

Glutamine (GIn) mg/L 45,75 46,08
Hydroxiproline (HydPro) mg/L n.d. n.d.
Asparagine (Asn) mg/L 11,61 15,0
Arginine (Arg) mg/L 7,48 6,22
Aspartic acid + Citrulline (Asp + Cit mg/L n.d. n.d.
Serine (Ser) mg/L n.d. n.d.
Glutamic acid (Glu) mg/L n.d. n.d.
Glycine (Gly) mg/L n.d. n.d.
Threonine (Thr) mg/L 36,83 41,79
Alanine (Ala) mg/L n.d. n.d.
Proline (Pro) mg/L 447,3 450,9
Tyrosine (Tyr) mg/L 9,72 10,05
Valine (Val) mg/L n.d. n.d.
y-Aminobutyric acid (Gabi mg/L n.d. n.d.
Methionine (Met) mg/L n.d. n.d.
Tryptophan (Trp) mg/L 25,22 29,17
Phenylalanine (Phe) mg/L} 9,31 10,1
Isoleucine (lle) mg/L n.d. n.d.
Leucine (Leu) mg/L n.d. n.d.
Cystine (Cys-Cys) mg/L 1,31 1,17
Histidine (His) mg/L 7,21 5,00
Cysteine (Cys) mg/L 2,97 3,99
Lysine (Lys) mg/L 37,72 43,83
Ornithine (Orn mg/L n.d. n.d.

Table 20 - Wines composition after alcoholic fena¢ion
(n.d = not detected)
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Analysis performed on phenolic fraction showed adyoontent in anthocyans, whereas in young
wines their concentrations are above 150 mg/L (MarigG. and Falcieri E., 1972).

The concentration of polyphenols is not very highfor of Sangioveseultivars

Wines were obtained by controlling the various stagf the winemaking process and working in
good hygienic conditions to prevent the developmehtwild strains belonging t@menera
Pediococcughat could increase the production of biogenicreami(Aerny J., 1989;eitao M.C.

et al.,2000).

Sample analysis show a low sulphur dioxide cont8alphiting wasn’t carried out after alcoholic
fermentation in order to promote malolactic fernagioin.

The values of color intensity and color hue aredyooth in wine A and wine B.

However, it can be see how the value of pH affdetscolor propertiesn factthe wine B, with a
higher pH value, has a lower color intensity arghler color hue.

The total anthocyans, responsible for the chanstitered color of wine, have red coloration and
their color decreases when the pH increases. Tiptaies why wine A has a higher total
anthocyans content than wine B.

A phenolic fraction analysis was carried out toeassthe influence of these compounds on the
development of lactic acid bacteria, because aatad in literature show contradictory results. In
1983, Saraiva R. refers to a stimulation of baatbyi gallic acid, while confirming that different
phenolic acids, such coumaric and protocatechidsaaletermine an inhibition of the same
bacteria (Saraiva R., 1983).

Other data relating to the developmentofoenj have clearly demonstrated an inhibitory effect
of vanillic acid and a stimulating effect of gallacid and free anthocyans (Vivas N. and
Lonvaud-Funel A., 1995). Then, the presence ofiggaltid seems to encourage the growth of
lactic acid bacteria and the start of malolactiofentation.

The results indicate that the presence of gallid,agmilar in the 2 wines, which could had a
positive impact on the grown of lactic acid baceri

(+) catechin, (-) epicatechin, syringic acid, rutguercetin, miricetin and coutaric and caftaric
acids are present in wines in similar quantities.

Regarding the determination of amino acids, theteagnof each amino acid is very similar,
comparing the two wines. This shows that yeast hhgesame metabolism at the two different
pH, according to Charoenchai €.al.,1998.

Both wines A and B are rich in proline that is, eédger with arginine, the main amino acid in
wines (Ribéreau-Gayon Bt al,, 1998b).
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The presence of proline in high concentrations loarseen as a marker of wine genuineness
authenticity. In fact, instead of the other amimids, proline is not readily assimilated by yeast
during prefermentative phase (cell multiplicatioifregoni C.et al, 2004). After alcoholic
fermentation, only putrescine and cadaverine weterchined as biogenic amines. Putrescine and
cadaverine may be naturally present in grapesd@rois M.et al.,1989).

Wines composition after malolactic fermentationl{lea21) confirm its normal evolution.

In both wine A and B (Table 21), pH values increblsecause of malolactic fermentation, which
has its main consequence in "biological deacidifice of wine owing to the transformation of
malic acid into lactic acid and carbon dioxide. ®atso show that pH has remained different in
wines A and B and this result is also supportedthtistical data (Table 22).
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wine Ajwine A|wine Afwine A wine AJjwine Alwine A|lwine A wine B|wine B/wine Bwine B wine B|wine B|wine B|wine B
TAA | HAA L HAA L AR T st | sart | s2rz | AR [ TAA | AR A g | stre | s2r1 | s2r2
slrl | slrz | s2rl | s2rz s slrl | slrz | s2rl | s2r2
Alcohol % vol| 13,02| 12,83 12,94 12,88 13,0 12,85 13/04 1291 12,93 1p,& 981 12,75 12,99 12,7 1291 12,16
Reducing sugar gL | 2,1z 2,12 2,0¢ 2,0¢ 2,0€ 2,04 2,11 2,0¢ 2,5z 2,28 2,52 2,2¢ 2,54 2,18 2,4¢ 2,2
pH 3,2¢ 3,3€ 3,2t 3,3€ 3,28 3,3¢ 3,2C 3,27 3,6¢ 3,72 3,6¢ 3,7C 3,61 3,61 3,62 3,62
Total acidity gL| 55¢ | 57¢| 56z | 58 | 55¢ | 582 | 55¢ | 57€ | 485 | 445 | 49 | 432 | 484 | 43t | 4,8¢ | 4,3¢
Malic acic gL| nd n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. n.d
Lactic acic gL | 1,2¢ 1,18 1,21 1,1€ 1,1¢ 1,12 1,0¢ 1,14 1,12 1,12 1,1C 1,1€ 0,9¢ 1,0€ 1,1C 1,0€
Total polyphenol mg/L| 1401 | 139t | 144€ | 1431 | 145F | 1407 | 145t | 1447 | 1431 | 142& | 1447 | 144(C | 141€ | 1407 | 143< | 144C
Total SQ mg/L|l 49 48 51 46 52 52 50 54 46 47| 49 51 4 51L 58 49
Free S@ mg/L] 14 11 13 12 12 13 15 11 15 124 12 11 1 15 16 11
Total anthocyar mg/L| 39t 36¢ 382 37t 38€ 38z 39¢ 37¢ 37z 35E 38t 36€ 37¢ 35¢ 37¢ 368
Color intensit! 10,0¢| 9,8¢ | 10,22 | 10,2C | 9,82z | 9,67 | 10,1¢ | 10,0¢ | 7,6C | 7,45 | 7,4€ | 7,17 | 7,75 | 7,9¢ | 7,5¢ | 7,77
Color hut 0,62 0,62 0,62 0,65 0,62 0,57 0,5¢ 0,5¢ 0,77 0,77 0,7¢ 0,7¢ 0,7€ 0,74 0,7¢ 0,7t
Amines
Methylamine (Mete mg/L| n.d n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. n.d
Agmatine (Agm mg/L{ n.d n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. n.d
2-Phenyl ethylamine (Phe mg/L| n.d n.d. n.d n.d. n.d. n.d n.d. n.d 4,42( | 1,39C | 4,97C| 3,06(| n.d n.d. n.d. n.d
Tyramine (Tyrn mg/L| 0,56C | 0,53C [ 0,56( | 0,53( n.d. n.d n.d. n.d 2,17C | 3,76C | 2,13C| 3,67C(| n.d n.d n.d. n.d
Putrescine (Pu mg/L| 11,2% | 14,1C [ 10,07 | 8,41 | 10,52 | 11,1C| 9,3¢ | 8,47 | 50,8¢ | 46,2¢ | 44,45 | 37,82 | 8,7¢ | 8,2¢ | 10,07 | 11,0%
Cadaverine (Cai mg/L| 15,9¢ | 17,07 [ 13,3% | 17,3¢ | 15,3¢ | 14,9¢ | 14,22 | 13,37 | 13,0¢ | 16,3¢ | 12,61 | 16,7¢| 9,4€ | 811 | 8,3¢ | 8,1z
Histamine (Hist mg/L| 1,07C | 0,55C [ 0,54¢] 0,55C | 1,20C [ 0,95C | 1,25C | 0,75( | 34,23¢| 33,96(| 36,00¢| 45,54(| 0,42¢ | 0,25( | 0,367 | 0,35C
Spermidine (Sperm mg/L| 3,462 | 3,55( | 2,101 ] 2,96( | n.d. n.d n.d. n.d 2,88¢| 1,67C| 2,741| 1,68(| nd n.d. n.d. n.d
Spermine (Sperr mg/L| n.d n.d. n.d n.d. n.d. n.d n.d. n.d nd | 0,25 nd | 0,12C]| n.d n.d. n.d. n.d
Amino acids

Glutamine (GIn mg/L| 43,5 | 48,€ | 445 | 416 | 44,2 | 39,4 | 395 | 43,7 | 44,7 | 46,2 | 45/ | 44,z | 45 | 454 | 451 | 45/«
Hydroxyproline (HydPrc mg/L| 55,2 | 60,1 | 62,5 | 58,1 | 63,1 | 62,1 | 58,z | 54,2 n.d. n.d. n.d n.d. n.d n.d. n.d. n.d
Asparagine (Ast mg/L| 10,0t | 8,80C [ 9,9C 7,64 7,8t 8,3 8,54 7,3t | 12,6( | 12,84 9,0C | 10,32 | 12,4¢ | 11,8( | 11,4C | 11,12
Arginine (Arg) mg/L| 99,1< | 101,6(| 97,85 | 101,6¢| 2,52 | 1,8¢ | 1,8¢ | 2,31 | 96,45 | 94,5¢ | 90,4¢| 92,3¢| 1,7¢ | 1,8¢ | 1,8¢ | 1,6¢
Aspartic acid + Citrulline (Asp + C|mg/L| n.d n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. nd n.d. nd nd n.d. nd
Serine (Se mg/L{ n.d n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. n.d
Glutamic acid (Glu mg/L{ n.d n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. n.d
Glycine (Gly' mg/L{ n.d n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. n.d
Threonine (Thi mg/L| 34,2 | 352 | 351 | 38¢< | 36,2 | 342 | 36 | 36,z | 431 | 42,€ | 41,2 | 39,6 | 40,2 | 39,C | 43,1 | 41;:
Alanine (Ala; mg/L| n.d n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. n.d
Proline (Pro mg/L| 39t 40¢ 46¢ 48C 462 474 45¢ 454 467 46E 45€ 44¢ 457 45€ 46E 462
Tyrosine (Tyr mg/L] 30,¢ | 26,2 [ 28, | 26,6 | 10,2 8,¢ 10,€ 9,1 27,¢ | 28,C | 29, | 26,7 | 11,z | 10,€ | 111 9,
Valine (Val) mg/L{ n.d n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. n.d
y-Aminobutyric acid (Gabs mg/L{ n.d n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. n.d
Methionine (Met mg/L| n.d n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. n.d
Tryptophan (Trg mg/L| 22,15 | 24,1¢ | 22,31 22,1« | 23,1€ | 19,32 | 13,65 | 12,4C | n.d. n.d. n.d n.d. n.d n.d. n.d. n.d
Phenylalanine (Ph mg/L| 23,21 | 24,31 | 25,4€¢ | 26,37 | 11,21 | 10,32 | 10,0C | 10,11 19,8¢ | 19,2¢ | 20,32 | 18,25 | 9,9€ | 9,6¢ | 10,21 | 10,0¢
Isoleucine (lle mg/L| n.d n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. n.d
Leucine (Leu mg/L{ n.d n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. n.d n.d. n.d n.d. n.d. n.d
Cystine (Cys-Cy: mg/L| 2,08 | 2,4¢€ | 1,76 | 1,32 | 1,22 | 0,9¢ | 1,1z | 0,84 n.d. n.d. n.d n.d. n.d n.d. n.d. n.d
Histidine (His mg/L| 161,C | 169,Z [ 159,z ] 165, | 5,1 5k 4.5 4,2 | 139,z | 125, | 126,1| 118, | 5,2 52 45 4,5
Cysteine (Cys mg/L| 2,1< 2,2t 2,11 2,1¢ 2,7¢ 2,8t 3,51 4,0C 2,0€ 2,74 2,9¢ 2,62 3,52 3,6€ 3,6¢ 3,1¢
Lysine (Lys mg/L| 54,2 50,2 55,2 50,2 41,2 35,2 40,z 35,2 54,2 49,2 54.,€ 49,2 41,4 37,2 42,1 39,2
Ornithine (Orn) mg/l  42,5] 43,6 45,3 44, n.d. n.g. n.g. nid.14,1 16,1 15,5 18,1 n.d, n.d n.d. n.g.

Table 21 - Wines composition after malolactic fentagion
(+ AA = addition of amino acids; s1 = strain 1;s8train 2; rl = repetititon 1; r2 = repetitionr2d. = not detected)
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pH strain + AA
wine A wine B 1 2 yes no
Alcohol % vol| 12,94 12,86 n.$. 12,89 12,90 n|s. 12,90 12,90|n.s.
Reducing sugars gL | 2,09 237 nd 223 223 np. 225 2,22 ps.
pH 3,28 366 *| 348 347 ns| 350 3,44 1s.
Total acidity g/L 5,69 4,65 *| 5,17 5,17 n.s 519 5,15 ns.
Malic acid g/L n.d. nd. ng n.d. nd. ng nd. nd. p.s.
Lactic acid gL | 1,163 1,089 * | 1,223 1,129 n.¢. 1,160 1,091 [
Total SQ mg/L| 50 49 ns 49 50 n9g 48 51 1ns.
Free SQ mg/L| 13,0 130 ng4 13,1 125 np. 125 13,1 |ns.
Total polyphenols mg/L| 1429 1430 n.4. 1418 1442 * 1427 1432 p.s.
Total anthocyar mg/L| 38& 37C * 37t 37¢ ns | 37t 377 ns
Color intensity 9,995 7,596 **| 8,783 8,809 ng4 8,736 8,855 f.s.
Color hue 0,611 0,765 *| 0,686 0,690 ng4 0,705 0,671 p.s.
Amines
Methylamine (Meta) mg/L| n.d. nd. nd n.d. nd. ng$ nd. nd. p.s.
Agmatine (Agm) mg/L| n.d. nd. nd n.d. nd. n$ nd nd. h.s.
2-Phenyl ethylamine (Pheta) mg/L] nd. 1,755 * | 0,764 1,041 ng¢. 1,755 nd. |
Tyramine (Tyrn) mg/L| 0,298 1,491 n.4. 0,903 0,886 n|s. 1,739 n.d. |**
Putrescine (Put) mg/L| 10,4 27,2 * 19,5 18,1 ngq 27,9 9,7 A
Cadaverine (Cad) mg/L| 15,2 116 * 13,8 130 ng 153 115 1
Histamine (Hist) mg/L|{ 0,86 18,89 * 9,1 10,7 ngq 19,06 0,69 1
Spermidine (Spermd) mg/L| 1,534 1,147 n.¢. 1,471 1,210 n]s. 2,632 n.d. |**
Spermine (Sperm) mg/L|{ nd. 0,084 ng4. 0,075 0,059 n}s. 0,084 n.d. |ns.
Amino acids
Glutamine (GIn) mg/L| 43 45 nsf 45 44 n9g 45 44 n}s.
Hydroxyproline (HydPro) mg/L| 59,2 nd. *| 30,1 29,1 ns 29,5 29,7 1}s.
Asparagine (Asn) mg/L| 8,6 11,4 *=| 10,6 94 ns| 101 99 n|s.
Arginine (Arg) mg/L| 51 48 n.g 50 49 ng 968 20 ¥
Aspartic acid + Citrulline (Asp + Cit) mg/L| n.d. nd. nd n.d. nd. n$. nd. nd. h.s.
Serine (Ser) mg/L| n.d. nd. nd n.d. nd. ng$ n.d. nd. p.s.
Glutamic acid (Glu) mg/L| n.d. nd. nd n.d. nd. n$. nd nd. h.s.
Glycine (Gly) mg/L| n.d. nd. nd n.d. nd. ng$ nd. nd. p.s.
Threonine (Thr) mg/L| 36 41 38 39 ns. 39 38 np.
Alanine (Ala) mg/L| n.d. nd. n. n.d. nd. ng$ nd. nd. p.s.
Proline (Pro) mg/L| 450 460 n.g 448 462 n.$. 449 461 |p.s.
Tyrosine (Tyr) mg/L| 19,0 192 n 19,2 190 np. 28,0 10,2 p*
Valine (Val) mg/L| n.d. n.d. n.d. nd. n$ nd nd. p.s.
y-Aminobutyric acid (Gab: mg/L| n.d. n.d. n.d. nd. n$. nd nd. h.s.
Methionine (Met) mg/L| n.d. nd. nd n.d. nd. n$ nd nd. p.s.
Tryptophan (Trp) mg/L| 19,9 nd. *| 11,1 88 ns| 114 8,6 ns.
Phenylalanine (Phe) mg/L| 17,6 14,7 n.4 16,0 16,3 np. 22,1 10,2 p*
Isoleucine (lle) mg/L| n.d. nd. nd n.d. nd. n$ nd nd. p.s.
Leucine (Leu) mg/L| n.d. nd. nd n.d. nd. ng$ nd. nd. p.s.
Cystine (Cys-Cys) mg/L| 1,472 nd. **]| 0,865 0,658 nd 0,979 0,544 p.s.
Histidine (His) mg/L| 84 66 n.g 77 73 nd 146 5
Cysteine (Cys) mg/L| 2,73 306 ng 275 3,04 np. 239 3,39 p*
Lysine (Lys) mg/L| 45 46 ng 45 46 n9g 52 39 ¥
Ornithine (Orn mg/L| 22,0 80 nd 14,6 15,4 np. 299 nd. [*

Table 22 - Wines composition after malolactic fetaéon: influence of pH, type of lactic

bacteria strain and addition of amino acids
(*=p <0,01; * =p < 0,05; n.s.= not significant.d. = not detected)
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Depending on different pH, total acidity, keepsiffedent value in wine A and B, according to
the initial treatment of pH modification. This i®mostrated also by statistical analysis (Table
22). Even color intensity and color hue maintaie thfferences showed in table 20, because of
the influence of pH on total anthocyans content amde color (Ribéreau-Gayon PRt al.,
1998b). This is demostrated also by statisticalyais(Table 22).

Depending on different pH, total polyphenols valsbhsw no statistically significant differences.
The difference in pH value does not influence thamdity of extracted polyphenols.

On the contrary, the results obtained from the ymimlof total anthocyans show statistically
significant differences between two wines, in artar there was a greater concentration of these
compounds in wines at low pH (wine A).

These results may be explained by increased ptatigr of tartaric acid as potassium acid
tartrate at higher pH; the potassium acid tartcatereact with free anthocyans and drags them to
the bottom of the tank (Ribéreau-GayonePal, 1998a). As a matter of fact, the wine with a
higher value of pH (wine A), has a lower contenaaids, as a result of a higher precipitation of
of tartaric acid salts.

The pH affects concentration of some amino acisgsparagine and threonine, which are higher
in wine B. These amino acids were already higher in wine Bigemalolactic fermentation
because of a higher lytic activity of yeasts irs tbondition.

The amount othydroxyproline, tryptophan and cystinpresent on the contrary only in wines at
lower pH (Table 22). This is probably due to anréase of cellular mass of bacteria in wine B
(with a more favourable pH) with consequent inceglasonsumption of amino acids. Moreover,
cystine could be also consumed by lactic acid bacte produce sulphur compounds (Seefeldt
K.E. and Weimer B.C., 2000). Tryptophan was notnfibun wine B probably because it is
converted in tryptamine which was not detectedhiy tnethod.

The pH statistically affects also biogenic amires 2-phenyl ethylamine, putrescine, histamine
and cadaverine.

2-Phenyl ethylamine is not produced at low pH aatfthis amine is only determined in wine B.
After malolactic fermentation, also putrescine dmstamine are higher in wine B. The relation
between pH and amines could be explained consgi¢hiat at higher pH a greater number of
bacteria can develop, thus increasing the oppdytuai have strains able to producde amines
(Soufleros Eet al.,1998).

Cadaverine, is higher in wine A because this amiag already higher in wine A after alcoholic
fermentation.

59



The influence of type of strain was studied (T&22¢. The only parameter influenced by the type
of strain is the total polyphenols content as rtesdl statistical elaboration of data. These
compounds can be used by bacteria in a differegtamd positively or negatively influence their
growth and metabolism (Scalbert A., 1992; Vivaseial.,1997).

Chemical data show that amino acids and biogenimesnare not statistically affected by
different strain of lactic acid bacteria inoculatas starters for malolactic fermentation (Table
21). Any hypothetical difference between the twaists couldn’t be proved. The strain 2 in wine
is less than was less active than in a laboratalesexperiment.

In general, the two strains produced very low drdeiectable amounts of amines.

The influence of amino acid precursors on wines mmsition was evaluated (Table 22).
Depending on aminoacidic substrate, the statistisalysis showed significant statistically
differences in the content of lactic acid, highemiines added of amino acids (Table 21). When
there are nutrients in wine, lactic bacteria caosbpbly grow better, producing more lactic acid.
Table 22 shows statistically significant differeader following added amino acids: histidine,
arginine, tyrosine, phenylalanine, ornithine ansirg.

Some of these amino acids have lower concentratioars the one added, and this could be a
consequence of activity of lactic acid bacteria.

Cysteine is also statistically different even ifMas not added to wines. This could be due to the
higher metabolism of lactic bacteria in a more faable medium than in one poorer in amino
acids.

Regarding biogenic amines, 2-phenyl ethylamineetgminined only in wine B added of amino
acid. These results are confirmed by statisticalyais (Table 21 and Table 22).

The enrichment with amino acids as nutrient aldluémces the content of histamine, tyramine,
putrescine, cadaverine and spermidine which wetimmed in wine A and B added with amino
acid precursors. These amines are statisticalhyifgignt because of their amino acids precursors
added to wines: histidine, tyrosine, ornithine,ifgsand arginine respectively (Table 21 and
Table 22).

A statistical analysis of the interaction betwedd and strain of lactic acid bacteria was
performed (Table 23).

Color intensity was the only statistically signdit parameteiThis could be related to a different
B-glycosidase activity of bacteria in different pbinclitions (Grimaldi Aet al, 2005).

The color intensity decreases when the bond an#micysugar is brokelacobucci G.A. and
Sweeny J.G., 1983; Jackman R.L. and Yada R.Y.,)1987
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pH pH strain

strain + AA + AA
Alcohol % vol n.s. n.s. n.s.
Reducing sugars g/L n.s. n.s. n.s|
pH n.s. n.s. n.s.
Total acidity g/L n.s. n.s. n.s.
Malic acid g/L n.s. n.s. n.s.
Lactic acid g/L n.s. n.s. n.s.
Total SQ mg/L n.s. n.s. n.s.
Free SQ mg/L n.s. n.s. n.s.
Total polyphenols mg/L n.s. n.s. n.s.
Total anthocians mg/L n.s. n.s. n.s
Color intensity * * n.s.
Color hue n.s. n.s. n.s.

Amines
Methylamine (Meta) mg/L n.s. n.s. n.s.
Agmatine (Agm) mg/L n.s. n.s. n.s.
2-Phenyl ethylamine (Pheta) ma/lL n.s. ** n.s
Tyramine (Tyrn) mg/L n.s. o n.s.
Putrescine (Put) mg/L n.s. ** n.s.
Cadaverine (Cad) mg/L n.s. * n.s.
Histamine (Hist) mg/L n.s. o n.s.
Spermidine (Spermd) mg/L n.s. n.s. n.s
Spermine (Sperm) mg/L| n.s. n.s. n.s
Amino acids

Glutamine (GIn) mg/L n.s. n.s. n.s.
Hydroxyproline (HydPro) mg/L n.s. n.s. n.s.
Asparagine (Asn) mg/L n.s. n.s. n.s.
Arginine (Arg) mg/L n.s. *k n.s.
Aspartic acid + Citrulline (Asp + Cit mg/L n.s. n.s. .sn
Serine (Ser) mg/L n.s. n.s. n.s.
Glutamic acid (Glu) mg/L n.s. n.s. n.s.
Glycine (Gly) mg/L n.s. n.s. n.s.
Threonine (Thr) mg/L n.s. n.s. n.s.
Alanine (Ala) mg/L n.s. n.s. n.s.
Proline (Pro) mg/L n.s. n.s. n.s.
Tyrosine (Tyr) mg/L n.s. n.s. n.s.
Valine (Val) mg/L n.s. n.s. n.s.
y-Aminobutyric acid (Gab: mg/L n.s. n.s. n.s.
Methionine (Met) mg/L n.s. n.s. n.s.
Tryptophan (Trp) mg/L n.s. n.s. n.s.
Phenylalanine (Phe) mg/l n.s. * n.s.
Isoleucine (lle) mg/L n.s. n.s. n.s.
Leucine (Leu) mg/L n.s. n.s. n.s.
Cystine (Cys-Cys) mg/L n.s. * n.s.
Histidine (His) mg/L n.s. o n.s.
Cysteine (Cys) mg/L n.s. n.s. n.s.
Lysine (Lys) mg/L n.s. n.s. n.s.
Ornithine (Orn) mg/L n.s. i n.s.

Table 23 — Statistical data treatment of interacbetween pH and strain; interaction between pH
and amino acids addition, interation between staathamino acids addition for wines after
malolactic fermentation
(*= p<0,01; *=p < 0,05; n.s.= not significgn
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A statistical analysis of the interaction betweéhgnd amino acids substrate was also performed
(Table 23).

Color intensity is statistically different and ghis probably due to the influence of higher
amounts of biogenic amines in wines at higher pHeddwith amino acids. The amino
compounds can react with anthocyans and influelneecolor intensity (Garcia-Viguera C. and
Bridle P., 1999).

Arginine, phenylalanine, histidine and ornithine atatistically different (Table 23): in particular
they are higher in wines with added amino acida essult of their addition in wines (Table 22).
They are higher in wine A than in wine B becausehigher pH value, there is a greater
consumption of amino acid by lactic acid bactefiae content of these compounds is therefore
affected by the type of wine and the addition ofraoracids.

Tyrosine and lysine content is higher in wine Alhwdadded amino acids (Table 22), but the
results are not statistically different (Table 23).

Considering the amino acids previously describ&ejrtcorresponding amines (spermine, 2-
phenyl ethylamine, histamine, putrescine, tyranainé cadaverine) have a higher content in wine
B added with amino acids (Table 22) and are sitzdibt significant, except for spermine (Table
23).

A statistical analysis of the interaction betweérain of lactic acid bacteria and amino acids
substrate was also performed (Table 23). All theapp@ters considered were not statistically
significant. The presence of amino acid precursimss not seem to modify the metabolism of
the two inoculated strains.

1.14.4 Conclusion

The results of studing the influence of technolsga wine composition proved important
aspects.

pH is a very important factor for wines: wines wihl > 3,5 showed higher concentration of
biogenic amines than wines with lower pH, accordingLonvaud-Funel A. (2001). During
winemaking it is very difficult to control wine pleducing the risk of contamination. As a
consequence it is important to consider other facsnich as vintage, grape variety, yeast and
lactic bacteria type, duration of skin maceratiad atorage with lees.

Original amino acids content influences the conegioins of biogenic amines according to
Soufleros Eet al.(1998).
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2. Ochratoxin A
Ochratoxin A (OTA) is a mycotoxin of current intste Its chemical structure consist of a
chlorine-containing dihydroisocumarin linked thrbutpe 7-carbonyl group to f-phenylalanine

(Figure 5).
H
Cl

Figure 5— Structure of ochratoxin A (OTA)

OTA was discovered in 1965 as a secondary metabuflAspergillus ochraceustrains (Van der
Merwe K.J.et al, 1965). Later, several othAspergillusandPenicillium speciesvere described
as producers of this toxin (Vargael.al, 1996).

Aspergillus ochraceusnd Penicilliun verrucosumare considered the main OTA-producing
species.P. verrucosumproduces OTA in temperate and cold climates arsd been reported
almost exclusively in cereals and cereal producilevA. ochraceusis more commonly
associated with stored foods in warmer and tropltadates (Pitt J.I. and Hocking A.D., 1997).
However, in the mid-1990s, for the first tim&spergillussectionNigri were identified as being
able to produce OTA in grapes and wine (ZimmerliaBd Dick R., 1996). Later, within this
group,A. carbonariuswas considered predominantly responsible for ttoelyction of OTA in
grapes and wine (Bragulat M.Rt al,, 2001; Battilani P. and Pietri A., 2002; Battiléh et al.,
2006a).

2.1 Natural occurrence of OTA in food

OTA has been widely detected in food of vegetajinormainly in cereals (barley, wheat, maize,
oat, etc.) and their by-products (Speijers C.S. dad Egmond H.P., 1993; Trucksess M.®V.
al., 1999), in green coffee (Trucksess M.®¥.al, 1999) and also in spices (Hubner &1.al,
1998).

OTA has also been detected in some drinks as c(Bfeeheli P.et al, 1998; Burdaspal P.A. and
Legarda T.M., 1998), beer (Jorgensen K., 1998; Bokb et al, 2004), grapes juices and wines
(Zimmerli B. and Dick R., 1996; Visconti At al, 1999; Cerutti Get al, 2000; Larcher R. and
Nicolini G., 2001; Markaki Pet al, 2001; Pietri Aet al, 2001; Soleas G.8t al, 2001; Belli N.
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et al, 2002 and 2004).
After cereals, wine is considered a major sourcelaify OTA intake.

2.2 OTA in grape and grape derivates

Several surveys in different countries, MoroccdalFiA. et al, 2001), Spain (Burdaspal P.A.
and Legarda T.M., 1999, Lopez de Cerairefal, 2002; Belli N.et al, 2004), Italy (Tateo Fet
al., 2000; Pietri A.et al, 2001; Cecco A. and Bocchi E., 2003; Piracci éA.al., 2005),
Switzerland (Zimmerli B. and Dick R., 1996; Argerdj and Brasil (Rosa C.A.Rt al., 2002 and
2004; Shundo Let al., 2006), Japan and Australia (Stockley C.S., 200&png S.L.et al.,
2006b) confirmed the contamination of OTA on grapaducts and wine.

The range of OTA content in wine produced in Euregeed between 0,01 and 3;4/L. Values
higher than 0,5ug/L were reported by several European authors @yal P.A. and Legarda
T.M., 1999; Pietri Aet al.,2001) and also from Morocco (Filali At al.,2001).

Only Ospital M.et al. (1998) in France and Festa®t.al. (2000) in Portugal, reported very low
content or absence of OTA, at least in certain gpaality wines. A few samples of dessert wine
contained between 1 and 3@/L (Burdaspal P.A. and Legarda T.M., 1999; Pidtriet al.,
2001).

Grape juice, especially from red grapes has begimlilghted as an important source of OTA in
children’s diets. Values are reported between arib2,32ug/L (Filali A. et al, 2001).

Among grape and its derivates, the highest OTA emintvas measured in dried vine fruits
(MAFF, 1997) with more than 40g/kg (MacDonald Set al, 1999; MAFF, 1999).

OTA was also found in vinegar, especially balsamiegar (Markaki Pet al, 2001), although
the level was low (0,Rg/L).

A gradient was observed through regions and wiharcboth OTA incidence and concentration
were higher in products from southern regions thamines from northern areas and increased in
the order white < rosé < red (Majerus P. and Ottendd., 1996; Ospital Met al., 1998;
Ottender H. and Majerus P., 2000; MarkakiePal, 2001; Pietri Aet al, 2001; Battilani Pet
al., 2003a; Mateo Ret al., 2007). It is evident that the geographical ragib origin has a strong
influence on mould contamination and OTA contamorabf grapes.

Pietri A. et al (2001) found that wines produced in southernylt@hd in the islands were
markedly more contaminated than those from theiMort
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2.3 Sources of OTA contamination in grapes

Fungi responsible for the presence of OTA in grdpese been identified as belonging to the
black aspergilli Aspergillus section Nigri. These species are considered as opportunistic
pathogens of grape and may cause bunch rot (sjuwrrberry rots and raisin mould (Vargeaed.
al., 2004).Black Aspergilliusually attack damaged berries. A recent studicatels thablack
Aspergilliare also responsible for vine canker of grapesliillides T.J.Wet al, 2002).
Amongblack aspergillj Aspergillus carbonariugs the main producer (Abarca M.ét al.,2001;
Cabanes F.Jet al, 2002; Battilani Pet al, 2003a). This species is very invasive because
colonizes and penetrates berries, even withoutdskinage.

Apart from A. carbonarius other black aspergilli including thA. niger aggregateand A.
aculeatushave also been found to produce OTA on grapediiBatP.et al.,2003b).

Due to their ability to produce OTA at a wide rargfjeemperatures, OTA can be continuously
produced in the field. This fact has to be taketo iaccount in commodities such as grapes,
raisins and wine, wher&. carbonariusand member of th&. nigeraggregate are considered to
be the main sources of OTA contamination (Vargend. Kozakiewicz Z., 2006).

The moulds will develop most rapidly between vesaisand maturation. The growth of these
moulds is possible at air humidity levels of 70 @00 % and temperatures (in the range 12-39
°C, optimum 28 °C). OTA can be found on grapes omnth before harvest (Rousseau J.,
2004b).

OTA contamination in wine was observed to incresglk grape maturity (Rousseau J., 2004b).
In countries with colder temperate climates sucBasnany, Northern Hungary, Czech Republic
or northern parts of Portugal, France and Italsgck Aspergillihave not been isolated from grape
berries in spite of the presence of OTA in wine riithosa L.et al., 2001; Torelli E.et al,
2003).

In colder climatesPenicillium species were found to be responsible for OTA coimanon of
several food commodities including cereals (Pitf 2000). AlthoughPenicilliun species are able
to grow and produce mycotoxins in must and wine l{doT. et al., 1997), OTA producing
penicillia have rarely been found on grapes. Howdadtilani P.et al. (2001) and Rousseau J.
(2004a) identified OTA producinBenicillium species from grapes collected in Northern Italy
and France suggesting tHRenicillium species could be responsible for OTA contaminatibn
grapes in these regions (Varga J. and Kozakiewic2QD6).
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2.4 Factors influencing production of OTA concentréon in wine

Several factors could influence fungal colonizatargrapes. Climatic conditions were found to
have a significant effect. OTA contamination ofgga and wines were found to vary from year
to year even in the same vineyard (Rousseau J4b2@elli N. et al., 2005; Bejaoui Het al.,
2006).

Location of vineyard is also important; the Mediéerean bacin is particularly affected, including
southern regions of France and Italy, Greece artdingegions of Portugal and Spain (Rousseau
J., 2004b; Belli Net al.,2005; Tjamos S.Eet al., 2006; Battilani Pet al., 2006b). In a recent
study, ochratoxin producinglack Aspergilliwere mainly isolated from vineyard located in
southern parts of Portugal characterized by hotdagdsummers and hardly ablack Aspergilli
were recovered from vineyards located in northeantspof Portugal where temperatures are
moderate during summer (Abrunhosadt.al, 2001; Serra Ret al, 2003). Similarly, OTA
producingblack Aspergilliwere only isolated from southern parts of Hungafsirga J.et al,
2005).

Soil was found to be the main source of inoculattdnOTA producing black aspergilli in
Australian vineyards. Black aspergilli were isothtaore in frequently cultivated soils than in the
ones of minimally cultivated vineyards. Additionallmould counts were higher in soil under
vines than in soil between vine rows (ClarkeeKal.,2004).

Health of the grapes is very importat for OTA conitaation. Rotted or damaged berries were
found to contain more OTA than healthy berries ($&@au J., 2004b).

Damage can be caused by larvae of grape moth &ed iasectsEudemis, Cochylisp.), fungal
pathogens and by excessive irrigation or rain d@maBesearch carried out by the
Interprofessionel de la Vigne et du Vin France (ITFFxance) indicated that larvae of the grape
moth EudemisandCochylissp.) act as vectors for conidial dispersal of QFrAeucing fungi. A
positive correlation was observed between the numbperforations caused by these larvae and
OTA concentration in grapes (Rousseau J., 2004b).

Recently Battilani P.et al. (2004a) found that different grape varieties diffi@ their
susceptibility toA. carbonariuscolonization and OTA accumulation.

Skin thickness also affect OTA contamination. Geap&h thin and more fragile skin are more
susceptible to be contaminated by moulds. This exgain the presence of OTA in wine made
with very mature grapes of excellent sanitary qugRousseau J., 2004b).

These observations are extremely important, sineg bpen the possibility for breeding grape
varieties resistant toAspergillus contamination and OTA accumulation (Varga J. and
Kozakiewicz Z., 2006). Climatic factor, water awdility (water activity), temperature, grape
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varieties, grape bunch shape, susceptibility o€ warieties, aeration level of grape bunch and
health status of grapes are the main factors infiuig germination, growth and sporulation of
these fungi (Magan N. and Lacey J., 1984; BattiRnand Pietri A., 2002; Mitchell et al.,
2004).

2.5 Prevention strategies in vineyard

Rousseau J. and Blateyron L. (2002) found thabtoeirrence of OTA in wine may decrease by
about 80 % using appropriate vineyard management.

Battilani P.et al. (2004a) suggested that managemenblatk Aspergilliin vineyards should
focus on the status of berries between early vamamsnd ripening and on decreasing the
incidence ofblack aspergilliin vineyard. Recently Emmett Bt al. (2004) have proposed some
strategies for managementAf carbonariusin vineyards. The preliminary strategies includle:
producing small loose bunches that are well digmktisrough well aerated canopies by the use of
vineyard management, vine pruning and irrigaticacpces; 2) preventing pest damage to berries
and bunches, especially between veraison and har&s minimizing mechanical and
environmental damage (e.g. sun burn and rain dashé&géerries and bunches; 4) controlling the
incidence ofA. carbonariusin bunches by vineyard floor management (Roussea@004c).
Integration of these strategies were suggestedinomze the development of bunch rot caused
by A. carbonariusin vineyards, reduce amounts of OTA producedAbyarbonariusin grapes
and minimize the OTA incidence in wine.

Pest and disease control is very important. Leagesoval could be carried out in the grape
cluster zone whilst recognizing the need to lirhi tisk of sun exposition (this must enable the
aeration of clusters). It is also important to:&alpid lesions on the berries and skin damage
caused by diseases, insects, phytotoxicity andegposition; 2) apply vine protection plans in
order to control dangerous fungal diseases affggrape quality (oidium disease, acidic rot); 3)
prevent attacks of grape berry moths, grape meads land grape leafhoppers which promote
mould development on damaged berries; 4) applyogp@te and registered protective plans
against grape rot and mould. Specific treatment@emmended in all the situations which are
favorable to the development of toxin producingcspe

A healthy grape harvest can ensure optimal quality safety of vitivinicultural products. The
date of harvest must be decided taking into accouapes ripeness, their sanitary level and
forecasted climatic changes and epidemic risk. TAQigh risk areas, it is recommended to
advance the harvest date.
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To decrease OTA content in wines, removing rottepes prior to crushing and pressing should
be carried out (Rousseau J., 2004d). Since OTAecbmtf damaged berries was higher than that
of the undamaged ones, selecting grapes seemsthe teest and natural practice to limit OTA
occurrence in wine (Kozakiewicz 2t al, 2003).

Harvested grapes must be transported as quickbpssible to the winery in order to avoid long
waiting, especially for grapes with a high propamtiof juice. It is important to clean containers
after each load operation, especially in the casetten grapes.

2.6 Prevention strategies in winery

Winemaking procedures, which are totally differeuith respect to red or white wine, can affect
OTA concentration in wines. While white grapes ianenediately pressed after being picked, red
grapes are mashed and skin and juice could bentaciofor several days. This stage of the
process good conditions exist for mould growthloag) as there is no fermentation and there are
aerobic conditions. This thesis is well supportgdifie observations on red grape juice, which
also frequently contains elevated amounts of OTin(Zerli B. and Dick R., 1996). This might
be due to the fact that the grapes are treatedpeitholytic enzymes in order to dissolve natural
colorants. During this process there is an intemsgact between skin and juice, there is an high
temperature as well as no alcoholic fermentatidresg factors facilitate mould growth and OTA
production.

Gambuti A. et al. (2005) evaluated the effect of several enologicecfices on OTA
concentration in wines. They showed that intengivessing of pomace, prolonged drying of
grapes and storage in partially empty tanks ine@&T A contamination in wines.

Since 2001, the ICV has followed the evolutiorO3fA in wines. OTA was measured in grapes,
in fermenting must and during wine ageing beford after bottling. This study allowed to
predict the evolution of OTA levels on contaminatades.

OTA appears during the first days of vatting. Afteushing, OTA content rapidly increases and,
within 4 days, reaches levels similar to those messin bottle. The maximum is reached after
malolactic fermentation. Afterwards, OTA levels mEase, also after bottling (Rousseau J.,
2004b).

The use of appropriate technology in food processiay play an important role for reducing the
content of OTA in food and beverages. Several glyschemical and microbiological methods
have been proposed to remove mycotoxin from foedroodities, but few of these methods have
practical application (Blanc Met al.,1998; Bata A. and Lasztity R., 1999; Heilmann &Val.,
1999).
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To reduce OTA in wine, it important to avoid skiraoeration in the case of OTA high risk
harvest or carry out short maceration adaptinggimgs rate to the health status of grapes. In the
case of contamination, small volumes, low pressares quick pressing should be used. In the
case of contaminated grapes, use of pectolyticraagyfor racking must or maceration should be
avoided. Quick clarification with must filtratiorgentrifugation and flotation are preferable.
Heating treatments and aggressive and prolongednatzmns should be avoided.

In the case of contamination, it is preferable &e wnly a low amount of most effective
oenological fining agents in order to avoid lossaodmatic and polyphenolic compounds as the
consequence of the treatment.

Enological fining agents have been shown to redd@@ level in wine during the ordinary
clarification practice (Dumeau F. and Trioné D.0@p

In general, adsorption involves the accumulatiommolecules from a solvent into the exterior
and interior (i.e. pore) surfaces of an adsorb&heé surface phenomenon is a manifestation of
complex interactions (van der Waals, resonanceetextrostatic forces and hydrogen bonding)
between the adsorbent, the adsorbate and the solvenachieve adsorption, the interaction
between OTA and adsorbent should be stronger tharome between OTA and solvent. The
molecular size and the physicochemical propertfe®DA clearly affect the efficiency of the
binding action. OTA is a weak acid with a p¥alue for the carboxyl group of the phenylalanine
moiety of 4,4 (Valenta H., 1998). This implies ti@TA is partially dissociated from the pH of
wine (ca. 3,5) and carries a negative charge tlagtinteract with a positively charged surface. In
addition OTA may also react by means of phenol tyaed carboxylic group. The phenol group
could be adsorbed onto a negatively charged sutfaceigh hydrogen bonding and/or charge-
transfer complexes (Hamaker J.W. and Thompson. 1942). Moreover, adsorption of phenol
onto hydrophobic adsorbent (e.g. carbon) is theltresd the interaction of twarelectron orbital
(Furuya E.G.et al, 1997). Among many relationship used to charaxtethe solid-liquid
adsorption systems, the Freundlich model (Freuhdtic, 1926) is purely empirical but it is
widely used to describe monolayer adsorption bexafsits simplicity and versatility and
assumes an infinite number of adsorption sites.

Activated carbon has a good capacity to absorb @@#vano Fet al.1998; Castellari Met al,
2001; Gambuti Aet al, 2005). Activated carbon is an effective adsortbeving a high surface
area per unit mass and its adsorption ability vadepending on the activation process. The
chemically activated carbon has an irregular serfaompared to steam activated carbon
(Mazzoleni V.et al, 1986). Therefore, former type of carbon has ésgladsorption surface to
bind compounds from the media (Castellarié¥lal, 2001)
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The treatment efficiency depends both on the ing@ncentration of OTA and the adsorbent
amounts (Silva Aet al, 2003). It is well-known that carbon also remogathocyanins and other
colored polyphenols from wine. Using high amoumt$0Q g/hL) of carbon irreversibly changes
red wine characteristics (color and organoleptiopprties) even with preventive addition of
oenological tannins (Silva At al, 2003; Battilani Pet al.,2004Db).

Clear differences can be found considering OTA neahefficiency among different active
carbons applied at the same dose. The ICV studyesdh@n OTA reduction rate of 50 to 80 %,
which was in tight correlation with the adsorbingwer of the activated carbons (Rousseau J.,
20044d).

Other authorized enological fining agents displaprpefficiency with OTA contaminated red o
white wines: bentonite, silica gel, gelatin andnias, used alone or in sinergy, can reduce OTA
only 7 to 14 % (Rousseau J., 2004d; Leong &tlal.,2006a).

Silica gel positively charged showed a good affimltersus OTA, whereas the silica gel
negatively charged was less effective. In fact, O3 A weak acid partially dissociated at the pH
of wine and carries a negative charge. Silica gal$ sols are commonly used to remove haze-
active proteins in wine.

Bentonite, a layer-aluminum silicate with a negatbharged surface showed a relative efficiency
compared to carbons and silica gel. However, béetaemoved a little amount of OTA
compared to most active fining agents. As wineenst are usually adsorbed by bentonite, they
may interfere with the removal of OTA from wine &eallari M. et al.,2001).

Leong S.L.et al. (2004) suggested that perhaps the presence of grapeins in wine may
determine the efficacy of bentonite fining. Thispbthesis was confirmed in a study of Leong
S.L. et al (2006b). The addition of proteinaceous finingragevas less effective than bentonite
for removal OTA, as they did not enhance precitabf the grape proteins to which OTA was
already bound. Rather, the fining proteins werelliko merely compete with grape proteins for
the binding of OTA.

Gelatin and potassium caseinate, which are propmagively charged at the pH of wine, showed
a good affinity for OTA. According to previous fimd)s (Versari A.et al. 1998 and 1999),
Castellari M.et al, (2001) formulated the hypothesis that wine pbbmols could interfere with
the adsorption of OTA by fining agents. In partanlgelatin could interact with the negatively
charged polymers (e.g. tannins) through hydrophiitéractions.

Filtration improve the reduction of fining agenait without exceeding 20 % of total reduction
of OTA. These treatments do not allow a reductib@®A levels of highly contaminated wines
(Rousseau J., 2004d).
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Yeasts or bacteria which have adsorbent propefoesOTA, for alcoholic or malolactic
fermentation can be used. Different decontaminafioocedures usingaccharomycestrains
have recently been proposed for OTA-removal (Bejabet al.,2004; Caridi Aet al.,2006).

The yeast cell wall is made up of two principal @ament: 3-glucans and mannoproteins.
Mannoproteins constitute 25-50 % of the cell wall Saccharomycesand their degree of
glycosilation is variable, as in some cases theyamtain up to 90 % mannose, with 10 % of
peptides being hypermannosylated. Mannoproteingartally water-soluble components that
are released during and, at the end of alcohotimdatation. The mannoproteins located in the
outermost layer of the yeast cell wall make thisidire active and have an important role in
controlling wall's porosity, regulating the equiiibm of proteins in the environment. At different
pH values, the electrical charge of the parietalsyenannoproteins is different and for the pH of
wine, mannoproteins carry negative charges anda asonsequence, they may establish
electrostatic and ionic interactions with the otivare components. In contrast to mannoproteins,
phenolic compounds carry no or negligible negativarges, so that electrostatic and ionic forces
are not determinant to their physico-chemical iedgt In several yeasts, including the genus
Saccharomycesthe glycan portion of mannoproteins is composed anly of neutral
oligasaccharides containing mannose and N-acetgghmine, but also of acidic
oligosaccharides containing mannosylphosphate uanggies which vary from strain to strain.
This structural variability may explain the diffees in the binding activity of wine yeasts
towards phenolic compounds and OTA. Mannoprotemgdcbe implicated in OTA adsorption
from contaminated musts, because of their abiiithind mycotoxins. Moreover, strains’ ability
to bind OTA in physiological sterile saline solutits quite different to their ability in wine. In
wine, mannoproteins adsorb not only OTA, but, dfedént levels of adsorption, also other
components such as phenolic compounds (Caridi Al, 2006).

Aging on lees can help in reducing OTA level (Fades A.et al., 2007). The risk of this
technique related to the organoleptic quality afievmust be evaluated.

Sur-lie ageingwith batonnage lead to a stronger reduction of Qi&n ageing in bottle of the
same filtered wine. A hypothesis for this effectie adsorption of OTA by the mannoprotein of
yeasts wall. However, sur-lie ageing is neitherrappate nor applicable to all wine types
(Rouseeau J., 2004d).

In conclusion, during winemaking, grapes are sutahito many processing steps and the final
result is a decrease in OTA level.

OTA originally present in grapes is partially reded into must during crushing and during
maceration. During fermentation (either alcoholicnmalolactic), OTA content decreases in the
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liquid fraction. The clarification (either naturs¢dimentation or using of fining agents, racking),
contribute to OTA decrease, because of its adswrin the solid sedimented parts. The decrease
in OTA due to natural sedimentation is limited, i&ha decrease due to the use of fining agents
can be relevant depending both on the kind andatheunt of fining agents (Silva At al.,
2003).

Grape selection is a preventive measure to cotitelcontamination and good manufacturing
practices in winemaking which can effectively reglwontamination.

Grape crushing is a crucial step and OTA measuresieuld be done at this stage.

Solid-liquid separation, and the fermentative pssceould effectively reduce OTA. In order to
manage the hazards of OTA in winemaking and tofw@&riOTA content in wine is lower than
the legal limit of 2ug/L defined by the European Commission (EC regotati® 123/2005 of 26
January 2005), at the end of alcoholic fermentatf@fA analysis in must and wine should be
carried out, since the following phases reduce @ditent (Grazioli Bet al, 2006).

2.7 Regulation of OTA levels in grape-derived prodcts.

Maximum level for OTA in dried vine fruits (raisicurrants and sultanas) is fikg according

to Commission Regulation (EC) No 1881/2006 (Offidiaurnal of the European Union, 2006).
In the European Union, currently maximum permitiaeels of 2ug/L have been established for
OTA in wines and grape must based drinks (Offid@mirnal of the European Union, 2005).
Furthermore, there are also national laws and atiguls in the Member States covering other
foodstuffs not regulated by European law or othgcaotoxins. Some countries and buyers (e.g.
Finland, some British supermarkets) also carry ©WA controls and apply their own limits
(sometimes as low as Q5/Kg).

In order to reduce risk associated with OTA contenwine, preventive and corrective measures
were taken into consideration through the applecatof HACCP (Hazard Analysis Critical
Control Point) system in an FP5 EU project WINE-G®A RISK (Risk Assessment and
Integrated Ochratoxin A) (OTA) Management in Graped Wine. Contract n. QLK1-CT-2001-
01761). The control programme based on the HACCProagh involves strategies for
prevention, control, good manufacturing practiced quality control at all stages of production,
from the field to the final consumer (Varga J. &utakiewicz Z., 2006).

2.8 Biological effects of OTA
OTA is receiving increasing attention worldwide dese of the hazard it poses to human and
animal health.
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OTA is a mycotoxin that has nephrotoxic, carcinageteratogenic, immunotoxic and possibly
neurotoxic and genotoxic properties.

In humans, OTA has been implicated as a causalt ageBalkanic Endemic Nephropathy
(BEN), a chronic nephropathy described in seveugdlrregion of Bulgaria, Romania, Serbia,
Croatia and Bosnia and associated with an incresmgdence of tumors of the upper urinary
tract (Castegnaro Met al.,1991).

In the 1993, the International Agency for ReseametCancer (IARC) classified OTA into group
2B as a possible human carcinogenic substance (JAB@3).

2.9 Analytical methods for the detection of OTA

The basic steps of OTA analysis include samplingraetion of the toxin from the matrix,
purification of the extract (clean-up) and concatin, separation, detection, quantification and
confirmation of positive findings. Clean-up and centration are usually necessary when low
detection limits are required (Festagtl.al, 2000). Clean-up can be carried out by liquidsly
partitioning using aqueous Na-bicarbonate or bidgahase extraction (SPE) (Valenta H., 1998),
but sometimes the cleaning effect is not suitatee complexity of matrices.

Ospitalet al (1998) obtained satisfactory results in termeafoveries and sensitivity, operating a
sample clean-up with silica gel SPE cartridges. Agthe recent improvements the application
of a molecularly imprinted SPE method is notableai@! N.M. et al, 2004). One of the main
advantages is that the polymer can be reused imasbrwith immunoaffinity columns. Saez J.M.
et al. (2004) developed a polyethylene glycol based etitna method which is relatively simple,
rapid and does not require the use of organic stdyavhile Gonzalez-Penas & al (2004)
developed a micro-extraction method which was ssiggeto be an inexpensive alternative to
immunoaffinity columns.

Monoclonal antibody based immunoaffinity columnA(k) were developed to substitute the
traditional solvent clean-up (Sharman &f.al, 1992). The main advantage of these columns is
that OTA is bound specifically to the antibody ath@é matrix interferences can be removed
nearly completely. Furthermore, IACs give an optiparformance in terms of precision and
accuracy within a wide range of concentrations #mely also reduce the use of dangerous
solvents (Visconti Aet al, 1999). Nowadays different types of immunoaffindolumns are
commercially available for the analysis of OTA: @&hest (Vicam, USA), Ochraprep (Rhone-
Diagnostic Technologies, UK), RIDA Ochratoxin (ReBharm, Germany) and OchraStarTM
Immunoaffinity Columns (Romer Labs Diagnostic GmbAstria). Castellari Met al. (2000)
compared three immunoaffinity clean-up procedures direct wine clean-up with IACs and one
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IACs clean-up with a preliminary chloroform extract as in the method proposed by Zimmerli
B. and Dick R. (1995). All these procedures gavengarable results in terms of accuracy and
precision, limit of detection and quantificationr f@TA. The time of analysis was reduced if
compared with the reference procedure involving ralipinary extraction of OTA with
chloroform.

More recently Siantar D.Ret al. (2003) compared the performance of IA and SPE oot
discovering that IACs give higher recoveries coragato C18 or cross-linked polymer-based
SPE columns.

The detection and quantification of OTA can be iedrrout by conventional reversed-phase
HPLC or enzyme-linked immunosorbent assays (ELIS#htaining different results and
detection limits depending on sample matrix comipyexChromatographic separation has been
normally performed using RP-C18 columns and isacraiution with diluted acidified
acetonitrile (Valenta H., 1998) while the analysisludes HPLC with fluorescence detection
(Ospital et al. 1998). Later, Brera €t al. (2003) developed an automated HPLC method for
OTA determination in wines, while Dall'’Asta @t al. (2004) developed a simple reversed-phase
HPLC technique which can be applied directly toeviamples without extraction or clean-up.
Leitner A. et al. (2002) compared different analytical methods farACdetermination in wine
and found that SPE combined with HPLC-tandem mpsstsometric (MS-MS) detection and
immunoaffinity clean-up combined with HPLC-fluorest detection offered comparable good
results. A stable isotope dilution assay using HRMLE-MS has also been developed recently;
this technique is relatively expensive but providgsellent accuracy (Shepard Ge$al., 2003;
Lindenmeier M. et al, 2004). Besides, chromatographic techniques anchunochemical
methods have also been developed for rapid scrg@hi@TA in food commodities (Barna-Vetro
l. et al.,1996; Yu F.Y.et al, 2005; Zheng Zet al.,2005). The combination of IACs and ELISA
detection was found to be effective and in comkawith the 2ug/L allowable maximum level
established by the European Union. In a recent-lateratory survey, the ELISA method was
successfully used to determine OTA content in wifieding a comparable amount to that
obtained by using HPLC (Da Rocha C.A.R. and de 8@&us., 2005).

Currently, the method recommended for OTA detertionain wines and beer (European
Standard prEN 14133) uses IACs columns to clea®TA after dilution of the samples in an
agueous solution of polyethylene glycol and NaH@@d the samples are analyzed by HPLC
with fluorescent detection (Visconti A&t al, 1999).
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2.10 Evaluation of different clean-up and analytich methods for the determination of
ochratoxin A

2.10.1 Aim of work

The aim of this study was a comparative evaluatio® analytical methods for the determination
of OTA in wine.

Analytical methodologies were compared in termpretision and accuracy.

2.10.2 Experimental

Samples

A total of 37 wines were analyzed. 10 of these widin’'t contain OTA while the others were
spiked with different concentration of OTA (1,1131; 1,51; 1,81; 2,01; 3,01; 4,02; 6,03; 8,04
Hg/L). The samples were prepared and analyzedpircate.

Each sample was analyzed in order to compare ffezetit clean-up.

The comparison between the 3 different clean-up pefrmed for all the samples, while the
corresponding analytical determinations were cdroigt in HPLC.

A comparison between 2 analytical techniques (HRI@ ELISA) was carried out only on

samples extracted with SPE Mycosep and LLE.

The experimental plan is well detailed in figure 6.

ng/L samples

0 10 HPLC
1.11 3 SPE Mycosep
1.31 3 ELISA
1.51 3
1,81 3 -
> 01 3 )| SPE > HPLC
3.01 3
4.02 3 HPLC
6.03 3 LLE
8.04 3 ELISA

Figure 6 - Experimental plan
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Apparatus
LC system- PU-980 pump (Jasco International, Tokyo, Japan)nected to FP-1520

fluorescence detector (Jasco International, Tokaman). Sample injection was made with a
7725 valve (Rheodyne, Cotati, CA, USA) equippedwitlO0uL loop.

Chromatographic column Inertsil RP-ODS-2 (GL Science, Tokyo, Japanuouh (250 x 4,0
um 1.D., 5um) was used. The column was protected by an irfib@ Security Guard (4,0 x 3
mm 1.D., 5um) cartridge system (Phenomenex, Torrance, CA, USA& column was kept at 35
°C using a heater 7980 (Jones Chromatography, teing<).

Data collection system Data acquisition and handling were carried aihg the Borwin 1,5
software (JMBS Developments, Grenoble, France).

Mobile phase- water-acetonitrile-acetic acid (49,5/49,5/1,/v)v Acetonitrile, methanol, water
and acetic acid were furnished by Sigma-Aldrich (ke Darmstad, Germany).

Extraction cartridges- OchraSta Immunoaffinity Columns were taken from Romer Labs
Diagnostic GmbH (Austria). MycoS&229 Columns were taken from Tecna S.r.|, Trigsady.

Kit I'screen OCHRA ELISA a quantitative immunoassay for the detection ofatcixin A was
obtained from Tecna S.r.l., Trieste, Italy.

Chemicals and materials

OTA standard- A stock solution of OTA (100@ug/L) dissolved in benzene-acetic acid (99:1,
vlv) was furnished by Rhone Diagnostic Technolodi€asgow, UK). The purity of this
standard was checked by UV at 333 nm in benzengzaaeid (99:1), considering a molar

adsorption coefficient} of 5550 M'cm™.

OTA standard solutionsThe working standard (ranging from 0,05 top2fL) were prepared by
evaporating under nitrogen the stock solution aedaiving the residue in an appropriate volume
of mobile phase.

Phosphate-buffered saline (PBS)The buffer was prepared adding potassium chéo¢iKICl)
(0,2 g), potassium dihydrogenphosphate {R€&,) (0,2 g), anhydrous disodium
hydrogenphosphate (MdPQO;) (1,16 g) and sodium chloride (NaCl) (8,0 g) toO9®L of
distilled water. Then the pH was adjusted to 7 d thwe solution made up to 1 L.

All buffer salts were purchased from Carlo Erbal@vj Italy).

Water- Purified distilled, deionized in a Milli-Q purifiteon system (Millipore, Bedford, MA).
Sodiumhydroxide 2 M Was prepared adding 21,198 g in 100 mL of destilwater (Merck,
Darmstad, Germany).
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Ammonium acetate solution 0,2-MVas prepared adding 15,4168 in 1 L of distileter for the
washing of columns (Merck, Darmstad, Germany).

Methanol/acetic acid 98/2 (v/¥)r the elution of columns (Merck, Darmstad, Genyj)a
Chloridric acid 1 M- Carlo Erba (Milan, Italy).

Dichloromethane (Merck, Darmstad, Germany).

Sodium bicarbonate solution 0,13 MNas prepared adding 10,9213 g in 1000 mL of déstill
water (Merck, Darmstad, Germany).

Extraction and Cleanup

Extraction and sample cleanup were performed udiddferent methods. These were evaluated
for linearity and precision.

1) The first method was a solid-liquid extraction (3P& mL of wine were combined with 0,2
mL of glacial acetic acid and 15 mL of acetonitritbe solution was handly shaken for 30
secondsaand 5 mL of this solution was transferred into asgltube; forcing the extract to filter
upwards through the packing material of the colMgcoSep). The interferences were adhered
to the chemical packing in the column and the pdiextract was passed through the membrane
(about 1 mL of filtered extract400 pL of purified extract were transferred in to a yidie
sample was evaporated under nitrogen at 65 °C; coogpletely dry, the sample was redissolved
in 200pL of sodium bicarbonate. The dilution factor was 2.

2) The second method was a direct clean-up on Ochf&Stmmunoaffinity column (IACs).
Each immunoaffinity column was at first washed witimL of PBS at pH 7,4 before use. Then
10 mL of wine adjusted to pH 7,8 using 2 M NaOH evdiluted with 10 mL of PBS. 4 mL of
this solution were applied directly to the IAC flaw-rate of about 1-2 drops/s. After the diluted
extract had completely passed through, the colums washed with 10 mL of PBS at flow-rate
of 3-4 drops/s. Column was successively washed @vixh10 mL of 0,2 M ammonium acetate
solution at flow-rate of 3-4 drops/s. Any remainiiguid was removed from the column through
slight negative pressure from below, while the ootuvas not allowed to dry. The syringe barrel
was removed from the IACs and a suitable vial glasgeder the column for the collection of the
elute. For the elution of OTA 2 mL of methanol/acetcid 98/2 (v/v) were added. The methanol
was left on the column for a short period of tinefdve letting it run off. The column was dried
under a gentle stream of air. The eluate contaiQii@ was collected and mixed with 2 mL of
mobile phase before the HPLC analysis.

3) The third method was a liquid/liquid clean-up (LLE)mL of HCI 1 M were added to 5 mL of
the wine sample and 10 mL of dichloromethane wése added. The solution was shook for 15
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min on a low speed shaker (400 rpm) and centrifugie@200 g. Two phases were formed:
organic (bottom) and aqueous (top). 5 mL of theaoig phase were taken and 2,5 mL of the
sodium bicarbonate solution (0,13 M) were added;dblution was shook for 15 min on a low
speed shaker (400 rpmgnd centrifuged at 2200 xg. The aqueous phase walen tand
centrifuged again for 15 min at 2200 xg to sepaitateom any residual solvent. The aqueous
phase was diluted in 2 times with the bicarbonatat®n (1 mL of aqueous phase + 1 mL of
sodium bicarbonate). The dilution factor was 2.

Liguid Chromatography

The extracts were analyzed by a reversed-phaseatsoddPLC with mobile phase water-
acetonitrile-acetic acid (49,5/49,5/1, v/viv) af®,mL/min. Eluent was freshly prepared and
filtered (0,22um) before use. Detection was made working at aitagian wavelength of 333
nm and an emission wavelength of 460 nm.

For the quantitative analysis, a calibration cuwaes constructed by injecting seven solutions
containing known amounts of the pure standard rapfyom 0,05 to 2Qug/L of OTA.

Kit I'screen OCHRA ELISA

The assay is performed in polystyrene micro-welhsclv have been coated with antibodies (IgG)
and anti-IgG of rabbit. OTA standard solution omgée, the enzyme conjugate ochratoxin-HRP
and the specific antibody anti-Ochratoxin A werededl to the micro-wells. During the
incubation, free ochratoxin-A molecules and ochtet¢iRP compete for the anti-ochratoxin

antibodies binding sites. The anti-ochratoxin amdibs are simultaneously bound to the solid
phase. Any unbound enzyme ochratoxin-HRP is themoved in a washing step. The bound
enzyme (HRP) activity is determined by adding &dixamount of a chromogenic substrate: the
enzyme converts the colorless chromogen into amoeuct and the addition of the stop reagent
leads to a color change from blue to yellow. Theoabance is measured by a microplate reader
at 450 nm. The color development is inversely propoal to the OTA concentration in the
sample. The detection limit of the kit I'screen ORAMA in wine and grapes is 0,1 ppb (BreraeC.

al., 2004). The result is based on the calculatiothefmean absorbance of blank, standards and
samples. The mean absorbance value of each staaddrdsample, subtracted of the mean
absorbance value for the blank, is divided by tle@amabsorbance of maximum binding)(Bnd
multiplied by 100. The maximum binding is thus madgal to 100 % and the absorbance values
is quoted in percentage.

Absorbance of standard (or sample)/ absorbanceagimum binding x 100 = B/B(%)
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The (%) B/B values calculated for each standard against theatwtin A standards
concentration are entered in a semi-logarithmitesysof coordinates and the curve was marked.
The B/B value is interpolated for each sample to the cpoeding concentration on the
calibration curve. The concentration of ochratoRinin the samples was obtained from the
concentration from the calibration curve multipliegthe dilution factor, that for wine was 2.

2.10.3 Results and Discussion

Linearity

Linearity of response (peak area versus the irgeatalyte amount) was obtained by injecting in
HPLC different concentrations of analyte rangingnir 1,11 to 8,04 pg/land reading the
absorbance at = 460 nm. Only SPE (MycoSep) and LLE extracted dampwere also analyzed
by the ELISA method. In the last one, linearityre§ponse was determined using the difference
of absorbance versus concentration.

To construct a regression curve and calculate ¢beriohination coefficients, measurements were
done in triplicate at each concentration (Table 24)

Extraction method Regression equation r?

SPE (MycoSep) HPLC y = 0.00022533x - 0.4430 0,9997
SPE (IAC) HPLC y = 0.00002819 - 0.0652 0,999¢
LLE HPLC 0.00001407x - 0.0211 0.9964
SPE (MycoSep) ELISA 0,1037x exp -2,5572 0.9048
LLE ELISA 0.0862x exp -1.3594 0.9755

Table 24 - Regression equation and determinatiefficents of ELISA and HPLC methods

The immunoaffinity clean-up showed the best lindiar(r> = 0,9999), followed by SPE
(MycoSep) (f = 0,9997) and LLE. The ELISA method showed very besults with a linear
regression; therefore an exponential equation taimkan acceptable fitting with SPE clean—up
and a good fitting with LLE was used.
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Recoveries and Precision
Recoveries were made using spiked samples at efiffeconcentration as detailed in the

experiment plan, taking to account the known amofi@TA originally present.

The best recoveries were obtained with IACs (88-%)%oth at high and low concentrations of
OTA even if also SPE (MycoSep) showed very goodvedes (84-126 %), while LLE obtained
lower recoveries (64-96 %), especially for OTA @minated samples near the legal limit (Table
25), as referred in other works (Gonzalez-Penaet &.,2004).
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Spiked Coefficient Mean
Standard .
concn  Avg. (ng/L) deviation of variation recovery
(Hol/L) (%) (%)

1.11 0.936 0.034 3.6 84

1.31 1.285 0.064 3.6 98

1.51 1.307 0.065 50 87

1.81 1.747 0.120 6.9 97

SPE (MycoSep) HPLC 2.01 2.197 0.076 3.4 109
3.01 3.381 0.294 8.7 112

4.02 4.304 0.091 2.1 107

6.03 6.776 0.328 4.8 112
8.04 10.128 1.109 10.9 126

1.11 1.063 0.041 3.9 96

1.31 1.153 0.037 3.2 88

1.51 1.334 0.080 6.0 88

1.81 1.762 0.086 4.9 97

SPE (IAC) HPLC 2.01 1.915 0.131 6.8 95
3.01 3.331 0.286 8.6 111

4.02 4.287 0.423 9.9 107

6.03 5.928 0.543 9.2 98
8.04 9.281 1.062 11.4 115

1.11 0.908 0.006 0.6 82

1.31 0.870 0.026 3.0 66

1.51 0.963 0.074 7.7 64

1.81 1.183 0.061 5.2 65

LLE HPLC 2.01 1.399 0.039 2.8 70
3.01 2.224 0,187 8.4 74

4.02 3.448 0.068 2.0 86

6.03 4.944 0.102 2.1 82

8.04 7.708 1.182 15.3 96

1.11 1.071 0.071 6.6 96

1.31 0.917 0.042 4.5 70

1.51 0.998 0.107 10.7 66

1.81 1.061 0.113 10.6 59

SPE (MycoSep) ELISA 2.01 1.427 0.040 2.6 71
3.01 2.043 0.256 12.5 68

4.02 2.751 0.424 15.4 68

6.03 4.817 0.733 15.2 80

8.04 5.770 1.740 30.2 72

1.11 0.911 0.094 10.3 82

1.31 1.232 0.120 9.7 94

1.51 1.156 0.148 12.8 77

1.81 1.417 0.051 3.6 78

LLE ELISA 2.01 1.790 0.173 9.7 89
3.01 2.178 0.035 1.6 72

4.02 3.005 0.241 8.0 75

6.03 3.253 0.037 1.1 54

8.04 4.195 0.228 5.4 52

Table 25 - Comparison of different clean-up aneédeination methods in terms of accuracy and
precision.
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In HPLC analysis the precision was good (< 10 %)@ samples of each clean-up apart from
the ones spiked with the highest amount of OTA.

Analysing with the ELISA method the samples cleanpdvith Mycosep and the ones extracted
with LLE, recoveries and precision became worsél@ as).

Particularly, LLE showed the best recoveries (723®84despecially with samples spiked with an
amount of OTA near the legal limit, while becamerse at maximum levels. Using SPE
MycoSep similar recoveries were obtained (59-96 édgn if the technique showed lower
recoveries at lower concentrations.

Precision was not so good because of the variaefficients (CV) going from 1,1 to 12,8 %
for LLE and from 2,6 to 30,2 % for SPE MycoSep.

Considering the HPLC analysis, the three clean-tgraquures, (Table 26) showed a good
correlation. The two SPE clean up gave comparaddelts while LLE underestimated OTA
concentrations.

Clean-up method Regression equation r?
SPE (IAC) vs SPE (MycoSep) y = 1.1155x - 0.1088 0.9874
LLE vs SPE (IAC) y = 1.1534x + 0.2786 0.9848
LLE vs SPE (MycoSep) y =1.2989x + 0.1732 0.9914

Table 26 - Regression equation and determinatiefficents of the 3 clean-up analyzed by
HPLC

Comparing the samples taken from the clean-up proges with two different methods of
analysis, the ELISA method (Table 27) gave lowewults than HPLC analysis, apart from a
discrete correlation.

Determination methods Regression equation r?
HPLC vs ELISA (SPE) y = 0.5634x + 0.2800 0.8685

HPLC vs ELISA (LLE) y = 0.4550x + 0.9348 0.8997
ELISA (SPE vs LLE) y = 0.5688x + 0.8109 0.8745

Table 27 - Regression equation and determinatiefficents of the 2 clean-up analyzed by
HPLC and the ELISA quantification methods

100



2.10.4 Conclusion

The results above discussed proved that the 2 &RB-ap are reliable at the same level, while
the LLE procedures showed results less good. TH&AImethod gave a lower determination
and a low reproducibility than HPLC method insteafdwhat evidenced by other Authors
(Wilkes J.G. and Sutherland J.B., 1998).

LLE and ELISA could be combined in screening analg$ a great number of samples, because
they are faster and less expensive than the SPEIHhdthods.
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