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Protection of Volatiles in a Wine with Low Sulfur Dioxide
by Caffeic Acid or Glutathione
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Abstract: Concentrat ions of aromatic volat i les during storaee of white wine with reduced (35 mg/L) ortypical (55
mgil-) free sulfur dioxide for up to 210 da1 s 17 months) \ \ 'ere measured to evaluate how decreased SO, aff-ects wine
volat i les. Addit ions of caffeic acid ( 60 mg, L t.  g lutathione (20 mg/L1, or their mixture (30 mg/L + l0 mg/L, respec-
t ively) to wine with reduced SO. r lere also eramined. In control and treated wines, concentrat ions of acetate es-
ters. ethyl esters. terpenes. and lattv acids decreased during wine storage, while concentrat ions ofhigher alcohols
remained cclnstant. Wine samples uith reduced or typical SO, had stat ist ical ly equal concentrat ions of volat i les,
with the exception of ethl l  acetate. r l  hich was higher in the latter. Caffeic acid, glutathione, or their mixture slowed
the decrease of several volat i le esters and terpenes such as ethyl acetate, isoamyl acetate, ethyl caproate, ethyl
caprl late. ethl lcaprate. and l inalool.  Results suggest that SO, gives only l imited protection to wine volat i les but
that caffeic acid. glutathione, ortheirmixture protect several aromatic volat i les of white wine with reduced SO,.
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Oxidat ive spoi lage of  young whi te wines is  a wel l -
known problem in winemaking. The first step of oxidation
is characterized by transformation of aromatic compounds,
leading to loss of  character is t ic  wine aromas and,  subse-
quently, to formation of new aromas characteristic of older
wines or  atypical  aromas associated wi th wine deter iora-
tion. Oxidative browning is a later step of wine oxidation
(Ferreira et al. 1997, Ferreira et al. 2002, Singleton 1987).

Phenol ic  compounds par t ic ipate in  wine ox idat ion.
Wines are rich in phenolic compounds that have an anti-
oxidant effect on wine that acts as a natural preservative
(Jackson 1994,Yaimakis and Roussis 1993).  Inhib i t ion of
l ina lool  degradat ion dur ing ox idat ive storage of  muscat
wine by caffeic acid or gall ic acid and inhibit ion of volati le
ester and linalool degradation during oxidative storage of
whi te and red wine by caf fe ic  ac id have been repor ted
(Roussis et  a l .  2005a,b) .

Amino acids and peptides containing sulfhydryl groups
are good inhib i tors of  both enzymic and nonenzymic
browning in a wide variety of foods. Among the most ac-
tive is glutathione, a naturally occurring tripeptide (Fried-
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man 1994).  Among rv ine aroma compounds,  g lutath ione
and n-acetyl-cysteine reduced degradation of l inalool dur-
ing ox idat ive storage of  muscat  wine,  and r?-acety l -cys-
te ine inhib i ted degradat ion of  vo lat i le  esters and l ina lool
dur ing ox idat ive storage of  whi te and red wine (Papa-
dopoulou and Roussis 2001,  Roussis et  a l .  2005b).

Sul fur  d iox ide (SOr)  is  the most  common preservat ive
used in winemaking. In addition to antimicrobial activity, it
exhibits antioxidant properties and suppresses the activity
of several oxidases and nonenzymatic oxidative reactions.
However, at free SO, levels between l5 and 40 mg/L most
individuals begin to detect a distinctive burnt match odor.
Moreover, consumption of high concentrations of sulfite
may have adverse heal th ef fects,  such as asthma, on hu-
mans. As a result, the trend is to l imit the use of SO, (Am-
erine and Roessler 1983. Jackson 1994). Here we determine
the concentrations of aromatic volati les during storage of
a whi te wine conta in ing reduced or  typ ical  f ree SO, and
the effect on volati les of adding caffeic acid, glutathione.
or their mixture to wine containing reduced SO,.

Mater ia ls  and Methods

Caffe ic  ac id and g lutath ione were purchased f rom
Sigma (St .  Louis,  MO).  The water  used in the exper iments
was of  HPLC grade (LabScan,  Dubl in ,  I re land) .  Debina
white wine was used (2004 vintage). Debina is a late ripen-
ing,  easi ly  ox id izable var iety  cul t ivated at  Z i tsa (Epi rus.
Greece),  and Debina dry whi te wine is  marked under th is
appel la t ion of  or ig in.  The average composi t ion of  the
whi te Debina wine was the fo l lowing:  a lcohol  content .
l l .57o vol  pH,3.45;  res idual  sugar,  <2 g/L) ;  to ta l  ac id i t l .
5 .5  g lL  as  t a r t a r i c  ac id ,  and  vo la t i l e  ac id i t y ,0 .32  g /L  as
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acet ic  ac id.  Reduced sul fur  Debina wine had tota l  SO. of
143 mglL and free SO, of 35 mglL, and the typical sulfur
control had total SO, of 166 mglL and free SO, of ,55 m-s/
L.  The ant iox idant  ascorbic  ac id (90 mg/L)  rvas added to
al l  rv ine samples.  as i t  is  conlnton pract ice.

Gross composi t ion of  lv ine samples r r ,as deternt ined by '
c l ass i c  me thods  (Ough  and  Amer ine  1988 ) .  A l coho l  r vas
determined wi th a hydrometer .  reducing sugars by the
Lane-Eynon method, pH with a pH meter. total acidity by
volumetr ic  analys is .  and volat i le  ac id i t l '  by s team dist i l la-
t ion.  Tota l  and f ree SO, were determined by the Ripper
method.

Wine samples (45 mL) conta in ing 35 mg/L of  f ree SO,
rvere placed in 50-mL rvine bottles and mixed with 0.2 mL
of aqueous caf'feic acid (final concentration. 60 mg/L), glu-
tathione (20 mg/L), or a mixture of caff 'eic acid (30 mglL)
and glutathione (10 mg/L). Control samples were also pre-
pared by adding 0.2 mL water to 45 mL wine containing 35
or 55 mg/L f ree SO,,  designated as reduced SO, (CR) and
typ i ca l  SO,  (CT) .  r espec t i ve l y .  The  bo t t l es  we re  sea led
using cork and seal ing wax and stored in  a dark room at
20 'C .  A f te r  0 ,90 .  and  210  days  o f  s to rage ,  bo t t l es  we re
taken and wine samples were examined.  (Debina whi te
wine is easily oxidized and usually 50 to 55 mg/L free SO.
i s  used .  Consequen t l y ,  we  used  w ine  samp les  con ta in ing
typical [55 mg/L] or reduced [35 mg/L] free SO,.;

Al l  wine samples were analyzed for  vo lat i les by sol id-
phase microextract ion (SPME) gas chromatography-mass
spectrometry (GC-MS). A 65-4m Carbowax/divinylbenzene
f iber  (Supelco.  Bel le fonte,  PA) rvas used for  the absorp-
t ion of  vo lat i les.  Two mL of  each wine or  the model  me-
dium sample and 50 7.rL of internal standard in l}Vo etha-
nol  (4-methyl - l -pentanol ,  5  mg/L in  f ina l  so lut ion)  was
transferred into a 4-mL screwcap glass vial rvith a Teflon-
rubber septum (12 mm; Sun-Sr i .  Rockwood.  PA).  The con-
ten ts  we re  s t i r r ed  fo r  10  m in  a t  35 'C .  and  a  cons tan t
length of  f iber  was then exposed to the headspace for
another  l5  min under the same condi t ions.  Desorpt ion of
volat i les was at  240'C using a 0.75-mm i .d.  l iner  (Supelco)
for  l0  rn in.  Spl i t isp l i t less mode was used for  2 min and
spl i t  ra t io  was l :20.  GC-MS analys is  rvas carr ied out  on a
HP 5973 quadrupole mass spectrometer  d i rect ly  coupled
to a HP 6890 gas chromatograph (Hewlet t -Packard,  Palo
Al to,  CA).  MS was operated in  the e lect ron impact  mode
w i t h  t h e  e l e c t r o n  e n e r g y  s e t  a t  7 0  e V  u s i n g  G l 7 0  I B A
ChemStat ion.  Source and quadrupole tenrperatures were
se t  a t  230  and  150 'C ,  respec t i ve l y .  An  Innowax  fused -
s i l ica column was used (30 m x 0.32 mm,0.5-zm f i lm th ick-
ness)  (J&W Scient i f ic ,  Folsom, CA).  The carr ier  gas was
hel ium at  a constant  f low rate of  0.7 ml /min and average
ve loc i t y  o f  30  cm/sec .  The  oven  tempera tu re  was  p ro -
grammed f ronr  40 'C for  6. ,5 min,  ra ised to 60,  220,  and
250'C at  rates of  2.0,  5.0,  and l5 'C/min,  respect ive ly ,  and
then held at 250"C for 5.5 min. Mass range, 29 to 400 m/2,
and  2 .35  scan  s rwere  app l i ed .  w i t h  so l ven t  de lay  a t  3 .5
to 5.5 min to avoid the ethanol  oeak.  The t ransfer  l ine rvas
kept  at  260'C.
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AII  peaks rvere ident i f ied b1 conrpar ing mass spectra to
those obta ined f rom the Wi ley 27,5 and NIST 98 l ibrar ies.
I den t i f i ca t i on  o f  many  peaks  r vas  con f i rmed  w i th  mass
spec t ra  and  compar i son  to  re ten t i on  t i r nes  o f  s tanda rd
compor . rnds  de te rm ined  unde r  t he  same cond i t i ons .  Au -
thent ic  s tandards used were ethy l  acetate,  isoamy' l  acetate,
hexyl  acetate,  2-phenyl  ethy l  acetate,  ethy l  lactate,  ethy l
caproate,  d iethy l  succinate,  ethy l  capry late,  ethy l  caprate,
ethyl laurate, l imonene (Merck, Darmstadt, Germany)l l ina-
lool, cr-terpineol. citronellol, isoamyl alcohol, benzene etha-
nol ,  hexanol ,  octanol ,  decanol  (Aldr ich,  Mi lwaukee,  WI) ;
and caproic ,  capry l ic .  capr ic ,  and laur ic  ac ids (Sigma, St .
Louis, MO). Semiquantitative data were expressed in mill i-
grams per  l i ter  [ (area of  compound/area of  in ternal  s tan-
dard)  x  concentrat ion of  in ternal  s tandard] .

Each exper iment  was repeated three t imes and resul ts
repor ted are rneans of  the three t r ia ls .  A one-way analys is
o f  va r i ance  (ANOVA) ,  us ing  Duncan ' s  t es t  a t  p  <  0 .05 ,
was used fbr  s tat is t ica l  analys is  (SPSS Inc. ,  Chicago,  IL) .

Resu l ts
Concentrations of aromatic volati les were determined in

a whi te wine conta in ing reduced (35 mg/L)  or  typ ical  (55
mg/L)  f ree SO, dur ing storage for  up to 210 days (Tables
1 .2 ,  3 ) .  The  e f f ec t  o f  add ing  ca f fe i c  ac id  (60  mg /L ) ,  g l u -
tathione (20 mg/L), or their mixture (-30 mg/L + 10 mg/L, re-
spect ive ly)  in  wine conta in ing reduced SO, on the levels
of  vo lat i les was examined.  Concentrat ions of  acetate es-
ters,  ethy l  esters,  terpenes,  and fat ty  ac ids decreased dur-
i ng  r v i ne  s to rage .  wh i l e  t he  concen t ra t i ons  o f  h i ghe r
alcohols d id not .

Wine sarnples conta in ing reduced SO, showed stat is t i -
ca l ly  equal  concentrat ions of  vo lat i les to wines conta in ing
typical  SO, at  any sampl ing t ime (Table 2) .  The only ex-
cept ion was ethy l  acetate,  which rvas h igher  in  wine wi th
typical SO,. No effect on the concentration of any volati le
was observed at  t  = 0 as a resul t  o f  adding caf fe ic  ac id,
g lu ta th ione ,  o r  t he i r  m ix tu re  t o  w ine  w i th  reduced  SO. .
Caf fe ic  ac id,  g lutath ione.  or  thei r  mixture s lowed the de-
crease of  acetate esters,  ethy l  esters,  and terpenes dur ing
wine storage,  but  had no ef fect  on the tota l  h igher
alcohols and fat ty  ac ids (Table I  ) .  Many volat i le  esters
and  te rpenes  dec reased  du r i ng  w ine  s to rage ,  i nc lud ing
ethyl  acetate,  isoamyl  acetate,  ethy l  caproate,  ethy l  câpry-
la te.  ethy l  caprate,  and l ina lool .  In  contrast ,  e thy l  lactate
and d iethy l  succinate increased dur ing wine storage.  Caf-
fe ic  ac id,  g lutath ione,  or  thei r  mixture protected volat i le
esters and terpenes that  decreased,  but  had no ef fect  on
the concentrat ion of  those that  increased or  were stable
dur ing wine storage (Table 2) .

Discussion
Under  t he  cond i t i ons  o f  ou r  expe r imen ts .  r  c l l a t i l e

losses may be due to ox idat ion or  other  chemical  react ions.
For  exarnple,  ester  concentrat ion may chan-ee because of
hyd ro l ys i s  and  es te r i i ' i ca t i on  (Ran re l  and  Oush  I  980  ) .



Table 1 Sums of the total relat ive concentrat ions of volat i le acetate esters, ethyl esters, terpenes, higher alcohols, and fatty acids of Debina white wine
during storage at 20'C at 0, 90, and 210 days.

CR" (mg/L) CT (mg/L) CR+C (mg/L) CR+G (mg/L) CR+C+G (mg/L)

N)
-.1
O)

I
1

U'
9.
@

o

-
90 210

1 4 . 7 2 b  1 1 . 3 8 d  1 8 . 1 4 a
+  1 . 3 2  +  0 . 6 2  +  1 . 8 7
242.16b 184.O7c 273.19a
t  1 6 . 6 3  +  1 2 . 1 7  +  2 7 . 4 6

0 . 9 2 b  0 . 7 8 c  1 . 1 6 a
+  0 . 0 5  t  0 . 0 5  +  O . 1 2

7 9 . 8 5 a  7 8 . 1 7 a  8 2 . 0 8 a
t  2 .63  +  2 .77  +  2 .67

23.18a 14 .88a 27 .44a
*  2 . 9 3  r  3 . 1 3  t  3 . ' 1 7

90 2't0
1 2 . 9 2 b  9 . 9 1 c  1 7 . 4 8 a
+  1 . 0 8  +  0 . 5 2  +  1 . 6 9

234.39b 159.61b 280 65a
x .  14 .22  t  13 .29  +  29 .33
0 . 9 2 b  0 . 6 8 b  1 . 1 2 a
t  0 . 0 5  *  0 . 0 4  *  0 . 1 8

8 0 . 5 6 a  7 9 . 4 5 a  8 1 . 6 6 a
+  3 . 0 2  +  3 . 5 5  +  2 . 6 4
23.78a |  6 .85a 28 .71a
+ 3 .82  r  3 .43  +  2 .87

1 5 . 0 2 b  1  1 . 7 9 d
r  1 . 4 4  +  0 . 6 6
244 12b 1  88 .1  3c
t  1 6 . 3 8  *  1 1 . 7 4

0 97b O.74bc
r  0 .07  +  0 .07

80.67a 78 .24a
x . 2 . 7 9  t  2 . 9 9

2 3 . 6 6 a  1 6 . 7 3 a
t  3 .56  +  3 .74

210 210 90 210
9.69  Ba 7 .27Ca 17.67a 9 .95a 8 .54b 18 .52a

90

+  1 . 2 4  +  0 . 5 4  t  1 . 7 4  r  1 . 1 5  x . 0 . 4 7  t  1 . 7 9
203.718a 125.14Ca 276.93a 2O7.71a 129.67a 277.30a
+ 16 .74  +  13 .55  +  28 .56  x .  13 .44  +  12 .88  t  26 .51
0  7 9 8 â  0 . 5 0 C a  1 . 1  ' l  a  0 . 8 1 a  0 . 5 3 a  1  .  t 6 a
+  0 . 0 5  +  0 . 0 8  +  0 . 1 4  t  0 . 0 4  +  0 . 0 7  x .  0 . 1 7
8 1 . 7 8 4 a  7 8 . 5 4 A a  8 1 . 7 9 a  8 1  . 2 1 a  7 7 . 2 7 a  8 0 . 5 6 a
+  4 . 6 6  * . 3 . 7 2  r  4 . 6 1  +  2 . 8 5  t  3 . 4 5  x . 3 . 1 2
2 4 j z A a  1 7 . 0 5 8 a  2 8 . 1 3 a  2 2 . 6 9 a  1 5 . 7 7 a  2 6 . 5 5 a
x .  2 .78  r  3 .88  t  3 .79  +  4 .88  i  3 .41  x .3 .21

Acetate
e s t e r s

Ethyl
es ters

Terpenes

Higher
a lcoho ls

Fatty
ac lds

' 1  8 . 3 1 A a
+  1 . 8 6 b

271.584a
t 26.32

1 . 2 4 4 a
* . 0 . 2 3

82.334a
+ 3 .45

27.954a
+ 2 .55
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Table 2 Concentrat ions of volat i le acetate esters, ethyl esters, and terpenes of Debina white wine during storage
at 20"C at 0, 90, and 210 days of storage.

Vo la t i les

0 days 90 days 2 1 0  d a y s

C R " CR+C CR+G CR+C+G C R CT CR+C CR+G CR+C+G

Ethyl acetate

lsoamyl acetate

Hexyl acetate

Ethyl phenyl acetate

2-Phenyl ethyl
acetate

Ethyl isovalerate

Ethyl caproate

t r th \ r l  lâô tâ iê

Ethyl caprylate

Ethyl pelargonate

Ethyl caprate

Die thy l  succ ina te

Ethy l -9 -decanoate

Ethyl laurate

Ethy l -3 -methy lbu ty l -
butanedioate

Ethyl myristate

Ethyl palmitate

L imonene

Linalool

<r-Terpineol

C i t rone l lo l

8 .634b 4 .668a 4 .73 '
*  1 . 2 6  +  0 . 9 0  t  0 . 4 8

6.734 3 .558a 3 .64a
r 1 . 1 8  t 0 . 4 1  r 0 . 3 4

1 . 0 5 4  0 . 4 6 8 a  0 . 5 1 8 a
t  0 . 1 8  t  0 . 0 9  t  0 . 1 0

0.084 0 .038a 0 .038a
t  0 . 0 2  +  0 . 0 1  +  0 . 0 1

1 . 8 2 A  0 . 9 9 8 a  1 . 0 4 a
t 0 . 1 0  r 0 . 1 1  + 0 . 0 9

0.1  0A 0 .044a 0 .05a
r  0 . 0 5  +  0 . 0 2  t  0 . 0 3

20.684 13 .748a 13 .94a
x. 3.02 x. 1 .87 x. 1 .45

4.254 4 .954a 4 .88a
t  0 .75  +  0 .31  * ,  O.22
' 1 2 7  . 1 6 4  1 0 3 . 5 2 8 a  1 0 6 . 1 3 a
x 7 . 2 4  x 4 . 7 2  + 5 . 1 1

0 . 4 1 4  0 . 1 8 8 a  0 . 2 1 a
t  0 .07  t  0 .04  +  0 .03

1 0 3 . 1 2 4  6 8 . 8 5 8 a  7 0 . 1 2 a
t  10 .24  t  5 .34  x .4 .87

4.97  A 6 .688b 6 .60b
r  0 .52  t  0 .63  x  Q.52

0.43A 0 .2884 0 .29a
+  0 . 1 2  t  0 . 0 6  +  0 . 0 5

6 . 9 8 A  3 . 1 2 8 a  3 . 1 0 a
t  0 . 9 1  +  0 . 3 1  t  0 . 2 7

0.354 0 .394a 0 .40a
+ 0 . 0 7  t 0 . 0 2  t 0 . 0 3

2 . 0 7 4  1 . 3 5 4 a  1 . 3 6 a
t  0 . 5 5  x . 0 . 1 7  r  0 . 1 6

1 .06A 0 .61ABa 0 .63a
+ 0 . 2 4  t 0 . 1 0  + 0 . 0 7

0 . 1 0 A  0 . 0 0 B a  0 . 0 0 a
x  O.02 t  0 .00  t  0 .00

0 . 8 7 A  0 . 6 1 8 a  0 . 6 3 a
x .  O . 1 2  +  0 . 0 4  !  0 . 0 4

0 . 1 6 4  0 . 1 0 4 a  0 . 1 2 a
*  0 .03  t  0 .02  +  0 .02

0 . 1  1 A  0 . 0 8 A B a  0 . O 7 a
t  0 .03  +  0 .02  +  0 .02

6 . 8 4 b  6 . 1  1 b  6 . 9 5 b
+ O.72 t  0 .54  t  0 .68

5.55c  4 .87b 5 .76c
+  0 . 4 7  x . 0 . 2 7  r  0 . 3 7

0.75b 0 .59a 0 .72b
r  0 .07  t  0 .05  r  0 .06

0.05a 0 .03a 0 .03a
x . 0 . 0 2  t 0 . 0 1  r 0 . 0 1

1 . 5 3 b  1 . 3 2 b  1  . 5 6 b
r  0 . 1 4  t  0 . 1 0  +  0 . 1 3

0.07a 0 .05a 0 .08a
x . 0 . 0 4  + 0 . 0 2  t 0 . 0 3

1 6 . 9 9 b  1 6 . 2 1 b  1 7 . 3 1 b
t  1 . 6 6  x  1 . 3 7  t  1 . 5 3

4.25a 4 .45a 4 .57a
r  0 . 3 8  +  0 . 3 4  x . 0 . 2 7

1 1 7  . 6 7 h  I  1 4 . 3 1 a b  1  1 8 . 2 5 b
t  4 .63  +  4 .78  r  5 .08

0 . 3 4 b  0 . 2 8 b  0 . 3 1 b
t  0 .04  t  0 .03  t  0 .03

90.22b 86 .54b 90 .78b
t  5 . 6 7  x  4 . 9 2  t  5 . 1 2

5.34a 5 .89ab 5 .78ab
t  0 . 5 3  r  0 . 4 5  +  0 . 4 7

0.36a 0 .30a 0 .37a
+ 0 .06  r  0 .07  t  0 .06

4.O2b 3 .74b 3 .92b
t  0 . 2 5  x .  0 . 2 4  x . 0 . 2 1

0.38a 0 .39a 0 .37a
+ 0 .02  t  0 .03  r  0 .02

1 . 7 1 b  1 . 5 4 a b  1 . 6 2 a b
+ 0 . 1 5  t 0 . 1 8  x . O . 2 0

0 . 8 1 b  0 . 6 9 a b  0 . 7 6 a b
+ 0 .06  *  0 .08  t  0 .06

0.00a 0 .00a 0 .00a
t  0 .00  t  0 .00  t  0 .00

0.72b 0 .68ab 0 .75b
r  0 .03  t  0 .04  t  0 .05

0 . . 1  1 a  0 . 1 3 a  0 . 1 2 a
x , 0 . 0 2  + 0 . 0 2  + 0 . 0 3

0 . 0 9 a  0 . 1  1 a  0 . 1 0 a
t  0 .02  t  0 .03 '  +  0 .02

3.778a 4 .62b
t  0 . 3 7  t  0 . 3 2

2 . 5 1 C a  2 . 8 7 a
r  0 . 3 4  t  0 . 3 0

0.358a 0 .38a
t  0 .03  r  0 .04

0.028a 0 .02a
t  0 . 0 1  +  0 . 0 1

0.62Ca 0 .65a
x .  O.O7 t  0 .07

0.008a 0 .00a
t  0 . 0 0  +  0 . 0 0

9.02Ca 9 .89a
t  1 . 1 5  i 1 . 2 4

5.248a 5 .14a
r  0 .57  +  0 .62

6 3 . 2 1 C a  6 6 . 5 4 a
+ 3 .77  r  4 .55

0 . 1 0 8 4  0 . 1 1 a
+ 0 .04  a  0 .04

37.54Ca 38.05a
t  4 .79  t  4 .66

7.258a 7 .01a
+  1 . 1 2  +  1 . 1 4

0 . 1 2 C a  0 . 1 4 a
+ 0 .04  t  0 .03

1 .1  sOa 1  .23a
t  0 . 1 8  x . 0 . 2 2

0 . 4 0 4 a  0 . 4 1 a
t  0 .03  t  0 .03

0.878a 0 .89a
10.08  t  0 .06

0.248a 0.26a
r  0 .05  t  0 .04

0.008a 0 .00a
t  0 .00  t  0 .00

0 . 3 9 C a  0 . 4 1 a
t  0 .03  t  0 .04

0.058a 0 .06a
t  0 . 0 2  r  0 . 0 1

0.068a 0 .06a
+  0 . 0 2  t  0 . 0 1

5.92d 5 .22c  6 .07d
r  0 . 3 8  t  0 . 2 7  x . 0 . 4 2

4 05c  3 .54b 4 .28c
t  0 . 2 7  +  0 . 2 6  t  0 . 3 2

0 47b 0 .42ab 0 .45b
r  0 .03  t  0 .04  x .  0 .04

0.05a 0 .02a 0  05a
r  0 .03  t  0 .02  t  0 .03

0.89b 0 .71a 0 .94b
r  0 .08  t  0 .06  t  0 .05

0.02ab 0 .00a 0 .03b
t  0 . 0 1  +  0 . 0 0  t  0 . 0 1

14.23b 12 .23b 1  1 .89b
r  1 . 5 8  r  1 . 4 6  x .  1 . 2 7

4 . 5 9 a  4 . 7 8 a  5 . 0 1 a
t  0 . 5 1  +  0 . 4 4  t  0 . 4 9

9 2 . 0 8 c  7 8 . 8 9 b  9 5 . 1 2 c
t  4 . 7 6  t  4 . 1 8  t  4 . 3 8

0 . 2 6 b  0 . 1 6 a  0 . 2 1 b
r  0 .04  t  0 .03  t  0 .02

6 2 . l b  5 3 . 1 4 b  6 5 . 2 0 b
x  5 . 2 1  r  6 . 6 4  t  5 . 6 8

6.52a 7 .12a 6 .95a
t  1 . 2 3  +  0 . 8 8  t  0 . 9 4

0 . 2 3 b  0 . 1 7 a b  0 . 1 9 a b
t  0 .04  +  0 .03  t  0 .03

2 . 3 1 b  1 . 5 4 a  2 . 0 4 b
+  0 . 2 4  r  0 . 1 7  t  0 . 2 8

0.42a 0 .40a 0 .41a
x . 0 . O 2  t 0 . 0 3  t 0 . 0 2

0.94a 0 .90a 0  92a
t  0 . 0 7  t  0 . 0 5  r  0 . 0 5

0.37b 0 .28ab 0 .33ab
t  0 . 0 5  +  0 . 0 6  t  0 . 0 5

0.00a 0 .00a 0 .00a
+ 0 .00  t  0 .00  t  0 .00

0.59bc  0 .52b 0 .65c
r  0 .03  t  0 .03  t  0 .04

0 . 1 0 b  0 . 0 8 a b  0 . 0 1  1 b
t  0 . 0 2  x . 0 . O 2  t  0  0 3

0.09a 0 .08a 0 .08a
t  0 . 0 2  +  0 . 0 1  +  0 . 0 2

,Abbrev ia t ions .  CR:  cont ro l  con ta in ing  reduced f ree  SO,  (35  mg/L) ;  CT:  cont ro l  con ta in ing  typ ica l  f ree  SO,  (55  mg/L) ;  CR+C:  CR +  ca f -
fe ic  ac id  (60  mg/L) ;  CR+G:  CR +  g lu ta th ione (20  mg/L) ;  CR+C+G:  CR +  ca f fe ic  ac id  (30  mg/L)  +  g lu ta ih ione (10  mg/L) .

bVa lues ,  mg/L  as  4-methy l -1 -pentano l ,  a re  the  means o f  th ree  t r ia ls .  D i t fe ren t  cap i ta l  le t te rs  ind ica te  s ign i f i can t  d i f fe rences  among CR
samples  s to red  fo r  0 ,90 ,  and 210 days .  D i f fe ren t  lowercase le t te rs  ind ica te  s ign i f i can t  d i fTerences  among a l l  t rea tments  a f te r  the  same
length  o f  s to rage.
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Table 3 Concentrat ions of volat i le higher alcohols and
fatty acids of Debina white wine during storage at 20"C

and a t  0 ,90 ,  and 210 days .
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2 , 3 - B u t a n e d i o l  0 . 5 1 4  +  0 .  ' | 5  0 . 4 9 A  t  0 .  1 6  0 . 4 5 A  +  0 .  1 4

M e t h i o n o l  0 . 2 1 A  +  0 . 0 4  0 . 1 8 A  t  0 . 0 4  0 . 1 5 A  r  0 . 0 5
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C a p r o i c  a c i d  3 . 1 4 A + 0 . 2 4  2 . 3 0 8  t  0 . 2 1  1 . 6 7 C  t  0 . 1 8

Capry l i c  ac id  8 .47A t  0 .31  6 .128 +0.24  4 .49C +  0 .19

Capr ic  ac id  8 .82A +  0 .54  6 .538 t  0 .42  3 .48C t  0 .46

Laur ic  ac id  0 .53A t  0 .12  0 .44A r  0 .06  0 .338 t  0 .04
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Pa lmi t i c  ac id  3 .01A t  0 .38  3 .63A t  0 .42  3 .32A t  0 .55

avalues, mg/L as 4-methyl-1-pentanol, are the means of three tr ials.
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