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A method has been developed for the simultaneous analysis of biogenic amines, amino acids, and
the ammonium ion in wine and beer. Aminoenones formed by the reaction of amino acids, biogenic
amines, and the ammonium ion with the derivatization reagent diethyl ethoxymethylenemalonate are
separated by HPLC. Reaction takes place in methanolic alkaline medium for 30 min in an ultrasonic
bath. Further heating at 70 °C for 2 h produces complete degradation of excess derivatization reagent
and byproducts. Comparison of the results of ammonium analysis and enzymatic analysis showed a
good correlation (r = 0.953). The proposed analytical method has the following advantages: easy
derivatization of wines and beers; quantification of 24 amino acids, nine biogenic amines, and the
ammonium ion in a single injection; use of the photodiode array detector; complete degradation of
excess derivatization reagent during sample preparation; and detection limits below 0.40 mg/L for
amino acids and below 0.06 mg/L for biogenic amines.
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INTRODUCTION oenological practices. For instance, some authors have used
amino acid and biogenic amine composition or the combination
of both with the composition of polyphenols, organic acids, or
volatile compounds as a method for differentiating the grape
varieties used to produce the wing—9), their geographical

Amino acids and the ammonium ion are essential growth
factors for proper implementation and growth of yeasts and lactic
acid bacteria during the course of alcoholic and malolactic
fermentation, respectivelyl(2). Some biogenic amines form - . .
in variable amofnts in )f/lv(in()as by deca?boxylation of their M9 (7__9)’ the vintage 4—8), or t_he genuineness of some
precursor amino acids due to the action of yeasts during ldueur wines prepared from botrytized grapes1@).
alcoholic fermentation, lactic acid bacteria during malolactic ~ The analysis of these two important families of compounds
fermentation, or other contaminating microorganisi® As of the nitrogenated fraction is difficult due to their different
in wine, biogenic amines are also present in other fermented structures and the absence of a specific chromophore, and hence,
foods or beverages such as cheese and beer. Some of thedbey are normally derivatized using different chemical com-
amines, such as histamine, tyramine, and phenylethylamine, argpounds to improve detection limits and to avoid matrix inter-
harmful to one’s health, causing sensitive individuals to suffer ferences. Itis usual to analyze biogenic amines and amino acids
nausea, headaches, and respiratory disorders, particularly whegeparately by HPLC after pre- or post-column derivatization:
accompanied by alcohol and acetaldehyde (4). For this reasonas fluorescent derivatives witl-phthaldialdehyde (OPA),
despite the fact that no official method has been developed yetalthough the main amino acid in wine, proline, does not react
for its analysis, some countries have established legal orin this case§); or with 6-aminoquinolyIN-hydroxysuccinimidyl

The final concentration of the previous compounds in wine derivatives with ninhydrin (8) or dansyl chloride (12).
varies depending on a number of factors, including grape variety - gome recent methods have been published that allow the joint
and root stock, nitrogenated fertilizer, season, ripeness, andanaysis of amino acids and biogenic amines in wine. However,
despite their expected advantages over separate analysis of these
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polyamines after derivatization witN-(9-fluorenylmethoxy-  Table 1. Eluent Gradient for HPLC Determination of Aminoenone
carbonyloxy)-succinimide (FMOC-Su); however, the excess Derivatives of Amino Acids, Biogenic Amines, and Ammonium lon
reagent and its hydrolysis product (FMOC-OH) are still present

as majority peaks in the chromatogram, and the method doesgmgrf{“/_i\”()o/) 98-0 Sg-o gg-5 22-5 gg-o ;g.o Zg-o 85-0 83-0
not determine the aromatic biogenic amines histamine and centB(%) 10 10 17 17 40 72 8 100 100

tyramine, which are the most important given their effects for
consumer health, op-aminobutyric acid (GABA), a charac-
teristic amino acid in grapes. Another simultaneous analysis min. For detection, a photodiode array detector monitored at 280, 269,
based on OPA derivatization quantifies 20 amino acids and 17 and 300 nm was used. In the proposed conditions, 34 compounds were
amines, but the reagent does not serve to determine proline separated, identified, and quantified in a single injection: 24 amino
guantitatively the most important amino acid in grape and wine acids (plus the internal standard), the ammonium ion, and nine biogenic
(14). A third simultaneous method requires dual OPA/FMOC amines.
derivatization and also uses a fluorescence detetfr ( The target compounds were identified according to the retention
The present paper reports the development of a new methodtimes and p\Lvis spectral characteristi_c; of the deri\_/atives of the
for simultaneous analysis of biogenic amines, amino acids, andcorrespondlng s_tand_argis and were quantified using the internal standard
amm_o_n_ium ion in wines and beer_s. Itis bas_ed on a method thatg}gghoo(;j'(zijﬁt(;]cet't?‘g é”g'stzvrii:i Sc?rl]ceuggg"?f;cgg?&? o the OIV- Geno
was initially dev_elop(_i'd for analysis of protein hydrolysats, ( Statistical Analysis. Statistical analysis was performed using SPSS
17) and other blploglcgl sample]s&) and subsequently gsed 0 12 statistical software (SPSS Inc., Chicago, IL).
analyze free amino acids in foodkd( 20) but had never hitherto
been used to a_nalyze biogenic amines. It consists of reversedwegyL TS AND DISCUSSION
phase separation by HPLC and BVis detection of the
aminoenones formed by the reaction of amino acids, biogenic Method Development.On the basis of an original method
amines, and ammonium ion with the derivatization reagent designed for the analysis of only free amino acids @®, we
diethyl ethoxymethylenemalonate (DEEMM). developed a new method that improved amino acid separation
and allowed us to extend the analysis to other nitrogenated
compounds. The amino acids asparagine and serine, which
coeluted in the original method, were successfully separated,
and a new compound, hydroxyproline, was also introduced with
the amino acids analyzed. At the same time, further changes
were necessary to separate the aminoenone derivatives of nine
biogenic amines in the same chromatogram. To do this, it was
necessary to extend the chromatographic running time from 40
to 85 min and also to change the composition of the mobile
phase B, which acts as an organic modifier, from 100%
acetonitrile to a mixture of 80% acetonitrile and 20% methanol.
With the analytical method developed, correct chromato-
graphic separation of 24 amino acids, nine biogenic amines,
and ammonium ion was successfully achievieigjre 1). The
maximum absorption wavelengths in the UV of the aminoenone

MATERIALS AND METHODS

Reagents.Super-gradient HPLC grade acetonitrile and methanol
were obtained from Labscan (Dublin, Ireland), and ultrapure water
generated by the Milli-Q system Millipore (Bedford, MA) was used.
L-Cysteine L-leucine,L-phenylalaninel.-lysine, ammonium chloride,
L-histidine, agmatine sulfate, cadaverinesarginine, histamine,
L-proline, L-o-alanine, spermidine, glycing-alanine L-aspartic acid,
L-glutamic acid,L-tyrosine,L-valine, andL-serine were from Fluka
Chemie (Buchs, Switzerland); isoamylamine, diethylethoxymethylen-
emalonate (DEEMM), putrescine;glutamine, tyramine, anglans-4-
hydroxy+-proline were from Aldrich Chemie (Steinhein, Germany);
L-2-aminoadipic acidi-ornithine monohydrochloride,-tryptophan,
L-asparagine,-threonine,;y-aminobutyric acid (GABA)-isoleucine,
L-methionine, phenylethylamine, and sodium azide were from Sigma

Chemie (Steinhein, Germany). Solutions of amino acids and biogenic derivati f . ids. bi . - d -
amines were prepared with HCI 0.1 N. erivatives of amino acids, biogenic amines, and ammonium

Materials. Twenty-eight red wines and 14 white wines from the 0N Were found betwgen 269 nm (amlnqenone of the ammonium
2005 harvest were kindly supplied by 10 different wineries from the 10n) and 292 nm (aminoenones of proline and hydroxyproline),
Spanish region of Castilla-La Mancha. Beer was purchased in a retail and the intermediate maximum absorption wavelengths were
store. 279-284 nm (aminoenones of the primary amino acids),277

Enzymatic Determination of Ammonium lon. Ammonia was 278 nm (aminoenones of lysine and ornithine), and 278—280
determined with an enzymatic kit for the determination of urea and nm (aminoenones of the polyamines or biogenic amines). On
ammonium ion in foodstuffs from Boehringer Mannhein/R-Biopharm  the basis of these data, we selected 280 nm as the wavelength
(Darmstadt, Germany). Wine samples were previously treated with ¢q, quantifying all the biogenic amines and most of the amino
polyvinylpolypyrrolidone (PVPP) to avoid the interference of tannins acids, with the exception of asparagine, serine, and hydroxy-
as specified by the manufacturer. I ' ks 3, 4, and 5); as ShOWI,’I Iﬁiguré 1 these

Reaction of Derivatization. Aminoenone derivatives were obtained ~ Pro'N€ (pea o ! . S
by reaction of 1.75 mL of borate buffe. M (pH = 9), 750 4L of displayed better separation at 300lnm since hydroxyproline only
methanol, 1 mL of target sample without any pretreatmeniy2@f appeared as a shoulder of serine in the chromatogram recorded
internal standard.¢2-aminoadipic acid, 1 g/L), and 30 of DEEMM at 280 nm. The ammonium ion could also have been quantified
in a screw-cap test tube over 30 min in an ultrasound bath. The sampleat 280 nm, but it was decided to use the response at 269 nm to
was then heated at 7 for 2 h to allow complete degradation of increase the intensity of its signal.
excess DEEMM and reagent byproducts. This analytical procedure has various advantages over the

HPLC Analysis. The analyses were performed on a Varian ProStar methods reported in the literature for simultaneous analysis of
HPLC (Varian Inc., Walnut Creek, CA) comprising a ProStar 240  3mino acids and biogenic aminds8{15). An important feature
ternary pump, a ProStar 410 autosampler, and a ProStar 330 aray.,mmon to all these other methods is the use of fluorescent
photodiode detector. derivatizing agents, which requires HPLC equipment with this

Chromatographic separation was performed in an ACE HPLC t f detector. H th - derivati f d
column (5 C18-HL) particle size &m (250 mm x 4.6 mm) ype of detector. However, the aminoenone derivatives forme

thermostatized at 16C in an MFE-01 oven (Analisis Vinicos,
Tomelloso, Spain) through the binary gradient showhable 1 (phase

A, 25 mM acetate buffer pH= 5.8 with 0.02% sodium azide; phase
B, 80:20 mixture of acetonitrile and methanol) and a flow rate 0.9 mL/

by reaction with DEEMM can be detected with a photodiode
array detector and also with an ultraviolet detector, the two most
common detectors in HPLC equipment. Some ultraviolet
detectors can be set at several simultaneous detection wave-
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Figure 1. HPLC chromatogram of aminoenone derivatives of amino acids, ammonium ion, and biogenic amines at 280 nm. (a) Standard solution and
(b) red wine. Peak assignments: 1, aspartic acid; 2, glutamic acid; |.S., internal standard (L-2-aminoadipic acid); 3, asparagine; 4, serine; 5, HO-proline;
6, glutamine; 7, histidine; 8, glycine; 9, threonine; 10, S-alaning; 11, arginine; 12, a-alanine; 13, GABA; 14, proline; 15, histamine; 16, tyrosine; 17,
ammonium ion; 18, agmatine; 19, valine; 20, methionine; 21, cysteine; 22, isoleucine; 23, tryptophan; 24, leucine; 25, phenylalanine; 26, ornithine; 27,
lysine; 28, spermidine; 29, tyramine; 30, putrescine; 31, tryptamine; 32, cadaverine; 33, phenylethylamine; and 34, isoamylamine.

lengths, but, if this is not possible, the quantification can be important aromatic biogenic amines given their effects on
performed at 280 nm as well, although in that case, there is aconsumer health, ang-aminobutyric acid, an amino acid
probability of considerable error in the quantification of characteristic of grapes.

hydroxyproline. Compared with the analytical procedure de-  Table 2 shows the quantification wavelengths, linear calibra-
veloped by Herbert et al16), our method resolved the same tion interval,r? coefficients, variation coefficients obtained in
number of compounds in a much shorter analysis time (85 min the consecutive analysis of 10 samples, and the detection limits.
instead of 135 min) and was also more reproducible and The calibration curves with the commercial standards were
accurate. As regards the method proposed by Kutlan andplotted by covering the range of concentrations normally present
Molnéar-Perl (14), our method enabled us to quantify proline, in oenological products. These yielded regression coefficients
the most abundant free amino acid in grape and wine, and also(r?) above 0.995 in almost all cases, with the exception of
hydroxyproline, which did not react with the derivatizing agent hydroxyproline, proline, methionine, and cadaverine, indicating
used by them. When compared with the method developed byexcellent linearity of the response of the derivatives.

Lozanov et al. (13), the advantage of our method was that it  The test of repeatability of the method consists of consecutive
enabled us to determine histamine and tyramine, the mostanalysis of 10 replicates of a standard mixture and 10 replicates
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Table 2. Measured Wavelengths, Calibration Parameters, Table 3. HPLC Recovery for Determination of Aminoenone Derivatives
Repeatability, and Detection Limit for Aminoenone Derivatives of of Amino Acids and Biogenic Amines in Wine and Beer
Amino Acids, Biogenic Amines, and Ammonium lon

initial added recovery  recovery

calibration repeatability (CV %)  pL concentration concentration wine beer
compound  A(nm) range(mg/l) 2  standard  wine (mglL) (mg/L) (mg/L) (%) (%)

aspartic acid 280 2.28-91.00 09996 353 296 011 compound wine  beer ~ min  max mean SD mean SD
glutamlc.aud 280 9.98-399.2  0.9991 1.44 1.53 0.05 aspartic acid 7.43 556 319 1318 972 47 964 1.7
asparagine 300 2.01-8020 09%2 164 387 040 glutamic acid 51.99 629 1264 5710 961 2.7 10L7 46
serine 300 2.05-81.80  0.9996 1.04 1.70 0.32 asparagine 11.96 1.97 271 1197 981 26 1035 1.1
HO-prqune 300 0.53-21.00 0.9941 2.94 4.07 0.14 serine 6.02 1.22 233 11.06 1029 48 1039 3.6
glutamine 280 1.00-39.80 0997 382 3% 010 HO-proline 186 041 072 296 1023 26 1015 3.1
histidine 280 173-6920 09997 204 462 013 glutamine 11.84 313 037 155 1002 34 1003 3.9
glycmg 280 2.79-111.4  0.9991 1.83 3.21 0.06 histidine 6.90 857 1.87 869 977 11 965 16
threonine 280 4.87-186.6  0.9995 2.20 3.05 0.05 glycine 1642 1181 337 1561 957 21 1021 35
f-alanine 280 1.00-4020 09998 431 399 003 threonine 772 153 551 2596 964 1.1 1021 44
arginine 280 18.00-360.5 0.9975 1.86 2.90 0.05 B-alanine 158 071 098 463 997 22 1008 09
a-alanine 280 248-9920 09993 106 191 002 arginine 3445 643 2049 97.00 935 11 1041 22
GABA 280 402-1606 09986 102 199 003 a-alanine 4709 2533 296 1413 957 33 956 16
proline 280 124.20-2484 0.9949 2.88 2.85 0.25 GABA 2130 3242 496 2283 990 36 979 30
histamine 280 167-6680 09993 128 249 004 proline 853.56 219.27 155.89 726.66 100.6 3.0 1015 5.0
tyrosine 280 288-1150 09997 171 49 004 histamine 579 034 209 950 1011 16 955 3.1
ammoniumion 269 230-37.8  0.99% 252 346 001 tyrosine 444 119 320 1528 955 16 1047 0.3
agmatine 280 1.80-72.00 0.9992 2.24 n.d.2 0.06 agmatine 0.00 6.96 1.95 917 957 40 988 23
valine 280 2.20-88.00  0.9995 1.18 2.70 0.01 valine 5.06 1145 231 1263 990 20 979 1.2
methionine 280 107-4260 09672 406 49 004 methionine 281 061 187 759 977 15 953 34
cystenine 280 170-6800 09997 169 418 003 cystenine 260 063 182 801 964 26 1005 5.1
isoleucine 280 2.02-80.80 0.9994 1.01 4,55 0.01 isoleucine 2.95 2.45 2.40 11.27 953 1.8 991 49
tryptophan 280 191-7620 09991 266 336 002 tryptophan 381 1253 278 1133 1008 27 966 25
leucine 280 201-8040 09997 121 314 001 leucine 385 413 225 1081 956 22 1019 57
phgnylalanlne 280 2.07-82.80 0.9994 1.09 351 0.02 phenylalanine 346 1130 226 1080 985 2.7 1003 36
ornithine 280 3.61-144.20 0.9989 1.15 4.28 0.01 orithine 224 233 443 2097 970 25 1026 2.2
lysine 280 316-126.40 09988 109 180 001 lysine 758 178 390 1838 954 16 1049 48
spermldme 280 0.62-24.60  0.9963 4.35 4.06 0.06 spermidine 0.64 0.14 0.52 262 1004 42 955 0.9
tyramlng 280 0.99-39.60  0.9992 1.37 2.72 0.02 tyramine 051 1851 1.08 536 1015 3.4 1005 2.2
putrescine 280 4.90-734 09975 107 242 001 putrescine 1430 168 598 2698 904 17 1043 3.1
tryptamine 280 057-228 0991 083  nd 0.04 tryptamine nd? 010 067 310 991 17 993 03
cadaverine . 280 1.96-78.20  0.9870 1.12 3.42 0.01 cadaverine 0.37 0.20 268 1261 982 1.6 1028 2.8
phenylethylamine 280  0.62-24.8 0.9993 1.07 n.d. 0.02 phenylethylamine n.d. 0.10 0.73 343 966 1.8 1022 45
isoamylamine 280 124-4960 09988 116 165 001 isoamylamine nd. nd 153 7.7 1000 12 1042 09

an.d.: nondetectable. an.d.. nondetectable.

of a red wine produced with Cencibel grapes. All the resulting 60 _
variation coefficients were below 5% (i.e. within normally 7004 —a— Proline; —m— L-Arginine; —e— L-Histidine; '55 %
acceptable Iimits). —v— Histamine; —A— Putrescine ' =
The detection limits for the amino acids were below 0.1 mg/ I | 50 %
L, with the exception of aspartic acid, asparagine, serine, E: 600 ] =
hydroxyproline, histidine, and proline, for which the limits were g =4 g
below 0.4 mg/L. In the case of the biogenic amines analyzed, g 20 é
the detection limits were below 0.06 mg/L in all cases. These & pa
. . . . 500 — 15
limits were lower than required for the proposed applications 2 e
and at the same time similar to, or below, those reported in the -§ 10 8
literature (13—15). < L 2
Recovery in the analytical method was also studied by adding = 0T u., . S 3
three increasing amounts of each target compound to a red wine et I . e

to cover th(_a expe_cted range of concentrations and then analyzing o 3 A b E 10 12 T 1 18 20 22 4 28 28
each one in t_nphcate. The results are shownTable 3 the Days after sample derivatization
mean recoveries were between 95 and 103%, except in the cases i i . ) )
of arginine and putrescine, which were 94 and 90%, respectively. Figure _2' E_V olution of the aminoenone derlv_atlves of amino acids and
To determine whether the method developed in this study P109€Nc amines after the derivatization reaction.
could be applied to other fermented foods, we decided to
perform the recovery study on beer. The datdable 3 show . ‘
that the analytical procedure can be applied to beer since thefligh correlation (== 0.9529;p < 0.0001) between the results
results were as good as or better than those achieved in wine@chieved with both methods.
The recoveries in the case of beer ranged from 95% of Study of Stability of Aminoenone Derivatives.To determine
methionine to 105% of lysine. the stability of the derivatives, a same sample was analyzed in
In the case of the ammonium ion, results of the HPLC triplicate at the time of preparation, after 1, 2, and 4 days and
analysis of its aminoenone derivatives were also compared withafter 1 and 4 weeksFigure 2 shows the variations in the
those achieved with an enzymatic kit. For this purpose, concentrations of three amino acids and two amines over time,
ammonium content in 28 red wines produced with Cencibel by way of example. As can be seen, in most cases, the

grapes was analyzed using both methdedgure 4 shows the
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a) o o Table 4. Amino Acid, Biogenic Amine, and Ammonium lon Content of
R & o R L o Cencibel Red Wines and Airén White Wines from Castilla-La Mancha
\\ 7 \ 7
N—H + EtO—CH=C N—CH=C
R/ “C—OFEt i R/ “C—OEt red wine@ (n = 18) white wine? (n = 14)
& EroH g compound mean  SD min max mean SD min  max
hmino , DEEWM , Aminoenone aspartic acid 1245 503 609 1994 1448 643 295 2458
compoun mex= 245 nm mex = 269-292 nm glutamic acid 5116 2552 2351 7994 2722 1092 979 49.96
asparagine 1976 821 1059 3265 1513 725 340 2849
b) c) serine 965 495 325 1619 1031 739 346 3341
COOEt COOEt COOEY HO-proline 433 056 360 541 1256 166 896 1531
— y - glutamine 1696 929 484 3268 963 7.95 316 3105
R— OBt === RN’ Ny okt R )r—OEt histidine 1769 17.78 285 6112 912 290 557 1479
o8 H R d glycine 2209 9.08 1194 3631 7.89 308 464 1546
Amino form 1minG form Aminoenones of threonine 12.80 814 454 30.35 846 381 285 16.61
secondary amines f-alanine 292 098 128 411 237 061 157 354
arginine 4822 3322 1321 10580 2595 551 1789 3675
Figure 3. Structure of aminoenone derivatives: (a) derivatization reaction; a-alanine 5365 27.30 2391 9568 26.95 13.16 11.84 53.60
(b) primary amino acid derivative; and (c) secondary amino acid derivative. GABA 43.77 3430 1082 11580 2233 19.05 7.55 6742
proline 1511 217 1131 1798 904 105 592 1013
30 histamine 274 361 055 1195 030 020 nd? 067
tyrosine 767 305 458 1155 889 344 352 1621
- ammonium ion 10.29 3.89 6.66 16.95 436 279 129 1281
25 agmatine 050 037 nd 107 070 020 044 107
valine 793 451 233 1524 853 312 268 1312
methionine 486 280 207 957 365 118 224 6.0
— 204 cystenine 548 241 195 916 7.94 426 233 1589
o isoleucine 612 264 321 1074 584 245 181 964
g tryptophan 722 263 347 1112 279 224 037 760
o 151 leucine 962 575 416 2153 1527 766 406 29.42
e phenylalanine 6.07 331 285 1313 1104 489 387 2059
T ornithine 2420 3354 104 10914 460 296 118 11.09
4 104 lysine 1127 507 439 1977 2296 1174 899 47.94
2 spermidine 267 067 191 384 093 058 027 235
tyramine 109 068 047 263 091 138 nd 548
5 putrescine 816 437 392 1535 616 368 383 1843
tryptamine 006 002 003 007 010 010 nd. 0.27
cadaverine 065 014 035 080 023 005 015 033
0 . ' . ' , ' . ' , ' . phenylethylamine  0.04 001  n.d. 0.06 0.04 002 nd 0.09
0 5 10 15 20 25 30 isoamylamine 0.01 0.00 n.d. 0.02 007 005 nd. 0.15
total amino acids 1917 413 1301 2431 1187 238 707 1583
total amines 1592 795 1039 3350 997 503 541 2671

NH, Enzymatic [mg/L]

Figure 4. Ammon_ium content detgrmineq by HPI__C VS ammonium content 2 Concentration expressed as mglL. ®n.d.. nondetectable.
as determined using an enzymatic kit, in Cencibel red wines (n = 28).

Since the aminoenone system in the cases of proline and
compounds produced by the derivatization reaction were hydroxyproline was unable to adopt a preferential planar
perfectly stable, at least over the first week. The observed arrangement, the N—C bond was weaker. The lack of planarity
differences between the first and the last analyses did notalso meant that the molar absorption coefficients of the proline
normally exceed 0.1 mg/L and were below 0.2 mg/L in the case and hydroxyproline aminoenones were substantially lower than
of histidine, glycine, arginine, and putrescine. The only com- those corresponding to aminoenones derived from primary
pounds that were not stable over time in the reaction conditions amines; it also accounts for the fact that their chromatographic
were proline and hydroxyproline; hence, if these are to be peaks were proportionally less intense than expected from their
quantified, the analysis would have to be performed within 24 concentration.

h of the derivatization reaction. Analysis of Wine SamplesAs a specific application of the
The aminoenone derivatives of proline and hydroxyproline proposed method, 18 red wines produced with Cencibel grapes
were less stable due to the nature of the secondary amino groupvere analyzed upon conclusion of malolactic fermentation, and
of these two compounds. Formation of the aminoenone deriva-14 white wines produced with Airén grapes were analyzed as
tive entails substitution of the ethoxy group in DEEMM by the well. All the wines were of the 2005 vintage and were obtained
amino group Figure 3a). If the amino group involved in the  from wineries in the region of Castilla-La Mancha (Spain).
reaction is primary (R-Nb), as occurs in most amino acids and Table 4 shows the mean results for red and white wines.
biogenic amines, the resulting aminoenone is stabilized par- The first noteworthy aspect was the enormous variation
ticularly by the formation of a hydrogen bridge between the among the different red and white wines, as revealed by the
free amino hydrogen and the oxygen of one of the carbonyl standard deviation values of amino acids and biogenic amines.
groups of the derivatizing reageritigure 3b). This hydrogen The most abundant amino acid in both types of wine was
bridge enables the aminoenone group to adopt a planarproline, with concentrations ranging from 1100 to 1800 mg/L
arrangement that facilitates the balance of amino-imino tau- and from 590 to 1010 mg/L in red and white wines, respectively.
tomerism, resulting in a stronger-NC bond in the aminoenone  The next amino acids in order of abundance we+alanine,
since there is a certain degree of double bonding. In the case ofarginine, GABA, and glutamic acid, together with ornithine in
proline and hydroxyproline, the hydrogen bridge cannot be red wines and lysine in white wines. All other amino acids were
formed in the resulting aminoenone because there is no freepresent in mean amounts that did not exceed 20 mg/L in the
hydrogen bonded to the nitrogen. Consequently, the single bondscase of the red wines and 15 mg/L in the white wines. It is also
(N—C and C—C) of the aminoenone system, lacking the interesting to note that the red wines displayed higher mean
characteristics of double bonds, can rotate freEigyre 3c). amino acid contents. This difference was probably due to
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maceration with grape skins during alcoholic fermentation in
the case of red wines to extract their characteristic cday.(
Also, concentrations of biogenic amines were higher in red
wines; this difference was probably due to the malolactic
fermentation of red wines following alcoholic fermentati@). (
As reported in the literaturé®(23, 24), the main biogenic amine
in both types of wine was putrescine, followed in terms of
abundance by histamine, spermidine, cadaverine, tyramine, an
agmatine. The minority biogenic amines, present in concentra-
tions close to their detection limits, were tryptamine, phenyl-
ethylamine, and isoamylamine. In the case of histamine, the
principal biogenic amine from the standpoint of effects on
human health, the mean values in the red wines were below
the threshold considered to produce adverse effébtnd only
exceeded 10 mg/L in one of the wines. White wines do not
undergo malolactic fermentation, and therefore, the concentra-
tions of this biogenic amine were much lower, the maximum
value being 0.67 mg/L in the white wines studied here.
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