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Abstract

Study of the fixed fraction of 101 vinegars has been performed. Cluster analysis is ablc 1o separate
the different vinegar from the different vegetal sources. The main important parameters seem to be
glycerol, tartaric acid and proline for wine products; sorbitol for apple vinegar and a genceral lack of
alf the fixed compounds in alcohol vinegars always well distinguished from the others.

Introduction

By law vinegar is the yicld of the acetic farmentation of agricultural alcoholics like wine, cider, beer
and sc on. These products belong to fermented vinegar, to be distinguished from that deriving from
the fermentation of diluted distilled cthancl {distilled vinegar). All these products may be
commercialised in EEC under the denomination of vinegar (1) and at lcast in four countries also
dituted acetic acid solutions arc present on the market, not always clearly distinguished from the

others.,

Each country uses the typical alcoholic product to elaborate its own vincgar: Italy and Spain wine,
France wine and cider, etc. Nevertheless vinegar was for long considered a spoilage product without
particular interest. Only recently has this tendency weakened showing a new trend to differentiate the

product, particularly regarding origin and alcohelic matrix.
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Erom this there arises the necessity to specify objective parametcrs of quality able to discriminate the
different products, particularly for wine vincgar, a typically Mediterranean product. It must be
emphasized that not only the genuiness of the product is our main purpose, for which specific
analyses have already been developed (2), but determination of vinegar quality and the related
parameter for its identification This task is even more difficult for vinegar compared to other

fermented products, because it undergoes double fermentation.

This paper is a preliminary attempt to face this problem particularly with analysis of the fixed
compounds. It will be completed with volatile compounds and sensory cvaluation.

Matenals and methods

The vinegars analysed, were purchased on the market. They are divided into different classes
according to the different alcoholic source. Another classification was made taking into account the
different total acidity content {<7% and >7 %) according 10 [talian law {3} that distinguishes
between normal (6%} and quality vinegar {7%).

The analyses performed are reported in tables 1 and 2 where the means and their standard errors of
wine and other source vinegars are shown. The statistical elaboration of the outcomes was
performed with SPSS/PC package.

Some of the samples werc not statistically elaborated for two reasons. In some cases the small
amount of the sample did not allow us to perform the whole set of analyses, n others the presence of
only one sample made any statistical claboration impossible. In this last case some considerations

were made with all the limiations for the outlined situation

Resulis and Discussion

Table 3 shows the results of the Duncan test. Letter "a" indicates the lowest mean and the others the

greater ones organised in alphabetical order of size.

Alcohol vinegars of are the most casily recognizable due to their extremely poor composition. All the
substances are at the lowest levels except for acidity whose value is only dug to the volatile fraction.
Other substances worthy of mention are the polyols, such as arabitol and mannitol, and acetoin

produced by bacterial metabolism since distilled alcohol is an extremely pure product.
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DETERMINATIONS ALCOHOL APPLE HONEY MALT
Drensily L0010 = 0.0002 LOOBD + 00010 10200 L0100
Aleohgl b ol 046 £ (31 022 + 0 0.5 0.06
Tolal acidity gF100 mL 746 £ 064 516 = 013 648 &.12
Volalile acidity /100 mlL 159 & 064 465 £ 013 582 549
Fixed acidity /100 mL 0067 =+ 000 097 £+ 014 n.x2 1.05
Reduced extract /L 1.73 = 0.93 1580 = }.34 25.00 2.50
Ash gL D23 £ 003 223 = 0.4 0.56 1.20
Alkalinity of ash megf. 147 £ Q.13 ML+ 172 2.60 £.40
Glycerol gL 021+ 012 1o £ 027 342 160
Proline mefl 3o+ 2 13 + 3 2 179
pH 234 £ D02 gz £ 03 272 278
Tartaric acid gL 009 = 008 007 £ 00] G 0
Malic acid L o006 £ 0.04 068 £ 026 0,18 0.57
Lactic acid /L 002 = (2 072 =+ 002 0.68 0.43
Citric acid L 002 = 001 013 £ 005 04l a
Succinic acid gL 003 + 002 053 £ 006 0.20 0.35
Total polyphenols mg/L T % 7 GOl £ 205 133 239
Tannic polyphenals mg/L 7+ 7 138 4 27 4% 32
Non-tannic polyphenols mg/l 0+ 0 463 & 186G 84 207
Calechins mg/l. A - i 50 = 18 13 7
Proanthocyanidine mp/L 7+ 4 220 + 58 134 2l
O.D. 420 om 0190 £ 0,190 .330 £ 0040 G170 0.390
Luminagsity - % 070 £ 006 077 £ 002 0.80 ¢.70
Saluration Yo 220 £ 6.0 283 + 21 15.5 344
Dominance nre 579 £ 054 576 + 0 575 515
Iron mg/L. 060 £ 008 1M £ 045 354 0.37
Copper mg/L. 002 £ 002 067 £ 002 0.1 03
Zing ing/L 003 £ 003 g16 £+ 002 010 0.10
Manpanese mgfL. 001 = D0l 042 + 007 L.i5 0.10
Lead mg/L 001 &£ 001 002 + 001 005 0.23
Sodium mg/L 14 % 4 FF 5 26 15
Caleium mg/L 73+ 4 113 + 16 49 26
Potassinm mpefL 38 & e} 294 = 8] 433 365
Magnesium mgfL, 1+ 7 46 % 5 27 32
Acetoin mg/L T & 35 493 + 1184 1874 08
Erythritol mp/L 1« 1.1 24 = 28 10 11
Xylitol g, 0= 0.1 45 = 9.5 2 11
Arabitol mg/L 18 = 6.9 117 £ 215 39 5
Mannitol mg/L 34 o+ 2.5 110 £ 275 607 43
Sorbitol mgfL 12 + 93 3172 £ 4750 393 185
scylle-Inosilol mgfl, I+ 0.7 4 + 1.2 10 I
myo-Inosital mg/L il + 6.2 T8 % 98 76 86

Tab.1: Analytical determinations of non-wine vincgars. Means and standard errors for each class of products.
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ITALIAN VINEGARS

NOX . ITALLAN VINEGARS

DETERMINATIONG Drecol ared White Rrd White Bed
&7 < -1 < e <7 =78 =75 =
Denaily 012 & 0000 Loy « 0000 1082 + 000l L0713 & GO0G | 1004 & 0OO 1001 = D000 ;1000 = GO0 TOLS 1 OO oy
Alenhol % vot W x 008 0% x F0L i 050 & D15 13 e 004 D 0N DI 025 ¢+ 007 Q87+ 0% 038 e AL 063
Toal cidity glioml] 61t . o7 62 2 Q05 ¢ Talx 407 7 + 005 1 TXe 0I9 §% 4 DM ; 68 r 037 g3 L fad nii
Yalule acidicy glooem] 399 . 013 613 + DLy TBF r 017 BG7 = 0 1 R8T e 02} 4%+ 037 D $12c O3 387 ¢ 0 14
Fraed sadity glam] o021 oo 62 : 002 i 040+ BIY DI O D 03 = ahd 08T £ Q0 b7z e 07 adl o+ ouI b
Reducsd extract Pk WIE e 175 158 £ 042 1508 = 0D 123 = Q7L 148% = DOB8S 1210 ¢ Fow 120 = F2 |4%8 ¢ 2723 187
Ash 15 182 009 2% . 0Ly ! IO e BI4 LR T L T PR 1N D48 1% OW 27t 05 LR
Alkaliruty of 42 1280 & 03V 1701 ¢ 114 LGSR 1+ 144 1504 ¢ 004 %45 = |35 [P e 541 1931 = 7135 bt 3 15
Glyemal 167 & 115 1wwe 020 1 aT s 0N Iz 016 P 3TH e 029 1%« 01 PRE e DY 241k 138 il
Proline BTt b THor 41 1 MM+ s k1 L0 3y s 45 a3 . 14 213 = b 347 i
pH T65 b Q09 1790 0QF i 241 & 008 S . 0 1T 04 1900+ 60 185+ 0l 2R 281 ¢ DO
Tartaric acid gl o b U25 Ldg = Qi3 177 ¢+ OOCB 154 & 015 t DCT 084t Glb 1313 ¢ C0& LAz 13+ 0ID
hdahe acid oL 013 & Qe 93T s Qo4 03T : 0GR 017 & 003 P Y ) It ol D&% t 0 o1y i e 014
Lacns s1d L 06} = 022 N4+ 010 065 £ Q17 Q48 £ OO0 013 Qa1+ Q0 0% ¢ ¢l 019 32 2 Q25
Citne acid #l (|3 CO T Gl6 + 004 : 03 & 404 GOk« Q02 + D93 D1 e 002 3 013 & 60% 00w olf = 007
Succimue acid L GA7T ¢ BOR D58 ¢ 0QOS 0&l £ O0% Bis ¢ Q0 x 095 031 ¢ 002 037 + 0407 D3z 037 = 004
Tota! polyphenals mg'L g2 & 13 63+ 13 i X™Ex 12 % £ 4% = 5% 4 or 83 1 S+ 143 &0 43 1 120
Tannwe pelyphenols mg L 43 & L] e 15 [ 4 13 235 » 43 = 59 58 = . . LI 24« S 173 « 4%
Won-tanme polyphenss mg'l a4 = b3 [T 1% lal = 1% 280 = 13 = 15 lag = 4| 134 2 18 337 4+ 43 aTE = g4
Anthocramdin mg L. na W ta Ne i &N 'L m = : B | LY ir | A ax ot 3 = 1
Cheching mg'L g 2 0 s 1 b e 7 ste 1 s 8 16 = I R 1V I 3 EERPO ™2 8
Proanthocvancans mg'i 14 ¢ 7 45 x g ] - L3 48 ¢ &1 & T 55z 24 50 2 o9 Wi oe |26 ELETE S o]
OD. 420 nm anl = QAN M = a2 | D& : 013 081 ¢+ 008 £ 012 O o+ O 0 1D £ 077 153« 037 oz 039
O0 $30nm *d i N THEETY #e DED £ 008 £ 612 aa va L ae ka DE = 012 LMot G
{nnensity Y ke 'y £4 1 WX #d 162 ¢ 01 | : D4 "r " T va 218 = 0% 29 & 057
Torality I Y] xe s En [T i 102 ¢ 004 | £ 01t ne NE kN LY ] 157 = G4 166 2 OS2
Lurmincnts * BET + 00l o84 ¢ 001 | 077 a OOM R E P T £ 003 093+ Q42 . 078 + 0N 017« 003 0%+ 0%
Saluretign i 246 = Q10 640t 05T 0 1973 r 510 500 ¢ 293 | £ 308 043 & 247§ 1466 & | &5 54 = £30 1 TIGE & 353
Deminrtané ot SBF x| gl 4 1 st a0 598 4 I PR A6 e I 1S s ¥ 0 MDD 5
tran gl | 70 2 s 30b = 08K i 472 & 117 a0l & 080 = 139 412 117 ] Tz |00 o931 + 267 | W00z L9GD
Copper mgl | 04 &+ A Q10 = 062 L 013 & 003 013 & 06 £ 0ol Olb = GO 0moa 00l 939+ 1T P 045 : 004
Zine mgL 0OF ¢+ 04 n1as 04 85+ 0l R 04 44 BT L by e D 16 01§ 112 03
Mangancac gl B4 01 G5 s DI ms ¢ O 07T 01 | £ 0l g « o1 | B3 = Ol 06 @1 i 08+ 4l
Lead mg'L OO0 2 OO0 0 & 001 ang o+ B2 610 £ 002 i P 400 = amt P A6T + 603 BO0% + 003 L Gmd o= 0N
Sodium mgil 60 & 13 B & 11 T84 18 220 1T P AR SR T S far 17, M= ®
Caleram mg'h 601 & 17 g £ 21 97 ¢ 15 L SO R x 12 Nre 3 [ 1%k 19 M 33 By W
Potasaizm mgl. st 17 70 £ 50 WE 8 819+ 41 CE 582 ¢ 138 [ M9 : 358 B37 ¢ 48 1 647 = 169
Magnoyium 'L 4 8 e 5 s 3 55 = 5| 5 B T i 46y LD T & 1 Mz 8
Aceioin me'l e 109 W e 121 1028 & 184 £ L -1 N PR ga2 ¢zl 1278 = 192 2T+ 140 1 185 & 212
Erythrite] mg'l 3 s 4 W 3 T e |3 Wi o4 4 2 LT I L NP a8 ¢ 10 P s 18
Xyluol gL a4 3 e 1 2 1 a1 te 1P 3 ] 6+« 2z | 5=z
Arabitol mg'L 18l = 37 13 = 43 91 = A B4+ 31§ 0% o+ 29 154 ¢ 42 i 183+ @ 194+ &4 1 M2z W
Mannsits] mg'L ET PR 1 s+ 25 7 S s 1D 2B 45 i 10t 0+ 4 1 M 43 59 &+ 7 0 W0z 100
Serbaiod gL 15+ 12 M 4 7 e 3 W 6 f 4t 4 11+ 3 © 144+ 4 iy 5 i ¥Wx 6
seylle-looaital mg'L 1t = 13 i« 2 | s 3 2t 2 F 3 14 & (I 1B + ¥ M4 & i 35z 1
fiky o= [nemital g T o+ 5% 31+ 17 i 43 x4 6 ¢ 13 P ifr s 4 108 £ 12 P 135 & 24 16§ + 3 | 195 & 15

Tab 1. Analibyed] deterrnirmsaons of wine vinegsrs Mewns and standard emocy [or each claas of products,




TUALLAN WINE VINEGAR NONITALLAN WINE VINEGAR NON-WINE VINEGAR
Derwlorydl Wb TWhhis Med Hed (I Whie Whiwe Hed Rrd Akcahal Apple Hak fiency
[ =™ =T - »T mxade « M »m 7 M LD o - " & »
[epairy abe Jabedel sdegh fabedelg ceh 2 ahcd : cdeigh [bcdelfgh cdelgh ab |abedelgh wbcde [cdeTgh
Alcoluob L PO ] ¥ T [ 8 = ¥ 1 2 N ' » s
Tural euibaty ahed hede ar bedle | dT ibc als cdarl kede | cded ar ] shed [sbede
Wolinike scmbry tdel | d=lg AT delg © fh a als i abe bede @ bede I ] abed |abede
Foed aowhiy i » : Fl & : & T becd ef b : 13 n beod bede 1be
Hedoced corrac ab bed | beel brig | beefl {3 bede , bdelg hcllel'i bederl . vel 1] "
el ibe cde fh cde fy Ieh cdel bed | bc bede | bede » b 1be calgh
Proknt abd ad § A FL I 1hd wd D wbd d 1d N abe abca a1
i bod bed iow kel bed bedef | boda bed bed | bed a cefl be b
[Tartanc scud ac " d c - P LE - &d £ ¢ . ab » sk
Mabc wrwd abe at-ul:l’é:hcnl:fg abcde aligdef 13 abhedel abedelg ab D abedefg . bedfg Jubcdelg| abed
e it il she L b b b ah bed o bede b I bede a ce ibe vda
Succvnec scud be Lo b be e bt b hc be bc " £ be bc
Total pobypdwols b abcd fabedsf| beghe - ¢l Jabedelghfubedeiabrdelghy bc:;hl?nhul:f’]h . beephl Jabedeflgl abc
|Prosritwcyariding | a abc abede | BfRI 0 1 Jabedefgh| abed i abcd {abafghjabedefgh| & |absderg| ab  Jabede
Potawm ik [ LI b ol b b b 1 ] ] ab
Erythntod bedef|bedefy 1 hedefgihelgh n bedei ahed |bdefghi fgh L 1he ihb ibe
Kyl ' s ' " N v ' T " 1 b % N
Atuich shed | scd © ahbe abe D oawe atic acd i acd acldl | ad b e a abe
hannitel ak T Y shedelinbode ibed a b sbcdef i _ bdf 2 rbede Y "
Fortwied a E x [l I a PR N a a . b a '
scylio-incutol abed | mede i wcef | acdel | df e abe D abedel | acdel dr N xh ' abe
myo-fraraiid 2l bede bdfgh btllcl'i dh 1 bnlcfkél.:cdtlgh dg b dh 3 be abed b

Tab.3: Dumncan test (p =0.05) for all the samples,

Apple vinegars are lower in total acidily and have higher pH, probably due te the low alcoholic
strength of cider, the presence of malic acid easily metabolised by lactic bacteria and the lack of
tartaric acid. Also proling is present in low quantities. On the other hand, polyphenolic {fractions are
more represented in apple products, particularly leucoanthocyanidins probably due to easily

oxydizable composition of apple and sometimes to wine-making technolegy. According to Santa
Maria and coll. (4) the polyalcohols, with the exclusion of glycerol, could be considered a fingerprint
of the raw material particularly in the case of the apple. In these samples sorbitol is the main
compound of this class and as a matter of fact its content, over 80% of the wholc class, is indicative

of its apple origin. In a less sharp way mannitol characterizes our honey vinegar,

All these vinegars are characterized by very low quantitics of tartaric acid, this being a fingerprint of

wine origin. Also proline and glycerine are typical of wine products. The former is in any case, found
in comparable amounts in malt vincgar while the latter is well represented in honey vinegars (fig. 1).
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Fig. 1: Non-wine vinegars.




Among 1he non-Italian wine vinegars there are slight or no differences, with the exception of fixed
acidity. This surprising fact is due to the widc variability of the samples because of their geographical
ongn, the lechnology adopted for their production and their composition which enhance the
varniance within cach class. The Swiss samples are characterised by poorer compositions of all the
fixed parameters compared to the ftalian oncs. French and German vinegars are in an intermediate

situation as shown in figure 2.

Glyeerol (g

Aocloin (g1) Proline {nyg10 ml)

1 et e I.?
Hosttol {10 mil} . E o Total acudity (pi) —_—
[E VY YW E
h —_— l
Cathechin (rg/100 ml) Tartaric acid (g1}
-]
Total pelyphenols img' 10 ml) Malic acid (mg’ 10 ml)

Fig 2: While winc vincgars

The use of ciuster analysis applied to ali white vinegars, employing all the determinations, gave the
dendrogram of figure 3 where three main groups are defined: wine, aleohol and apple vincgars.
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tig. 3: Clusters ul the while vinegars.
Legend: W = wine, A - alewhol, C - apple, | = laly; CH = Swiss; F = France;, D ~ Gerrany, d = decolorized
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Among the wine samples there are situations of great similarily: the first four samples (7, 8, 1, 46)
ate produced by the same firm but commercialised with dilTercmt labels. Similar events are shown for

samples S and 26, and for samples 30 and 31

Concerning total acidity, in conformily with Italian law, no cluster is recognizable. It must be said
that sometimes the cxperimental acidity was not in accordance with that declared particularly for
non-Italian vinegar. In a further cluster analysis considering only the Italian samples this classification

is perfectly defincd as a direct consequence of Italian legislation.

Different-country vinegars are not gathered in different clusters either, the similarity of composition
on geographic origin being prevalent as for samples 16 and 18 {Switzerland) grouped with samples 3
and 14 (France), all of them characterised by a weak composition of the fixed compounds.

Apple vinegars are well resolved from other products and the classification of the different country 1s
better defined than for wine: samples 22, 23 and 47 are French, sample 42, well separated from the
others, is Swiss, but the situation is more complex for German samples. In (his last case the cluster
includes a French and an Italian sample. A cluster claboration performed on this class alone gave a
different distribution of the samples regardless of origin, In this analysis quality seems to be more
important as a grouping factor as confirmed by organoleptic assays still in progress. In any case this
last consideration is still under investigation at the moment, and in furure works we shall probably be

able to be more precise.

The best results of cluster analysis are achieved for alcohol vinegar. In fact, these samples are strictly
ciustered together (samples 27, 41 and 29). This behaviour is due to the simple compesition of these

products very diversified compared to other vincgars.

Conclusions

The use of cluster analysis seems to give some help for this first approach to the complex problem of
 vinegar quality and to identification of its descriptors. Using of the analytical parameters we are able

o distinguish products of different botanical and geographical origin.

Exploiting all the analyses in our possession and the whole potential of statistics (principal
component analysis, discriminant analysis) this goat will probably be reached. In further papers we
are: going, to study these problems considering also aroma compounds.
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