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In order to study the complex biochem~M ~ansformafions which take phce  
during the controlled ~rmentat ion of veg~ables, it is impo~ant  to have anMyticM 
m~hods  avNNb~ that Mlow the d~ermination of the mNn compounds invNved. 
The sugars and the m~or i ty  of organ~ ands (ffu~ose, Nucose, mannitoL sucrose, 
lact~ add,  acetic and,  mM~ add)  can be satNfactorily d~ermined by Ngh-perform- 
ance ~quid chromatography [1]. Ethanol, another impo~ant  componenL can also be 
d~ermined by this ~chnique [2] but, owing to its volatifity, gas chromatography 
(GC), and particMa~y the headspace ~chnique (HSGC), is more appropriate [3]. 
This paper describes a fimple, rapid m~hod  for the ~multaneous de t e rm~a t~n  of 
ethanol and other volatile components in brines of ~rmented veg~aNes by HSGC. 
The study was cen~ed on green table ofives, which, together with cucumbers, cabbag- 
es and pepper~ account for the hrgest  volume of veg~ab~s and ~ui~  commerdM~ 
brined and ~rmented in the West [4]. 

EXPERIMENTAL 

AnMyticN~eagent grade anhydrous soNum s ~ p h a ~  (Panrea~ Montpl~  and 
Es~ban, Barcdon~ Spain) was used as ionic reagent. Standard substances were 
obtained ~om Merck (Darmstadt, F.R.G.) and Fluka (Buchs, S w i ~ N n d ) .  An 
aqueous solution contaiNng 5.682 m~ml  of ~oxane  (Fluk~ was used as an internal 
standard. 

Preparat~n o f  ~ e  6amp~ 

Recovery and ~ p r o d u ~ i N f i ~  studies were carried out with a ~rmenmfion 
brine ~om Nck~d g~en  ofives, p ~ p a ~ d  in our Depa~ment  ufing lhe d a t u m  dab-  
oration proc~s  [5]. At the time of  this ~udy, 6 months aRer br iNn~ the 1Nmr had pH 
4.50, ~ee adNty  ~ x p ~ e d  as hct ic  add) 0.60% and so~um cNofide con~nt  5.8%. 

Brine (1 ml) and internal standard solution ~ .2  mO were added to a 20-ml ~al  
contai~ng 1.0 g of  anhydrous soNum sMphate. TNs ioNc reagent was used to in- 
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crease the vapour  pressure of  volafik compounds in the brine. The ~a l  was dosed 
with a rubber ~opper  and aluminium cap and immediately placed in a thermo~ated 
bath at 60°C for 15 min. Next, a 0.1-0.2-ml s ampk  of vapour  was removed through 
the ~oppeL u~ng a 0.5-ml ga~tight  syringe (Hamilton 1750), and returned to the 
~al .  Th~ operation was repeated three more times, and finally the sample was in- 
jecmd into the gas chromatograph.  A~er each injection, and immediatdy before 
making the next, the syringe was cleaned by remo~ng  the plunger and pas~ng a 
cu~ent  of  ni~ogen through the in~f io~ at the same time warming the exterior with a 
hand drier. 

Chromatographk condit~ns 
A Perkin-Elmer 3920B gas chromatograph equipped with a flame ionization 

detector was used. A Supdcowax 10 fused-silva capi~ary column (30 m x 0.53 mm 
I.D., 1.0-tim film thickness, Supe~o 2-5301) was used for anMyfical separations. The 
column was programmed from 50°C (held for 4 min) to 120°C at 8°C/min. The 
injection p o ~  was mMntMned at 150°C and the detector at 200°C. Ni~ogen was used 
as cartier gas at a flow-ram of 9 m~min. The chromatograms and peak areas were 
obtained from a H e w ~ - P a c k a r d  Mod~  3394A recording integratoa 

Peak identification 
The m ~ o r  peaks on the chromatograms were identified fi~t by comparison of 

thNr r~ention times with those of authentic ~andards.  The a ~ n m e n t s  were l a i r  
confirmed u~ng the syringe reaction mchnique of Hoff  and FeR[@ 

Quantificat~n 
The response f a ~ o ~  of acetaldehyde, m~hanol ,  ethanol, 2-butanN and n-pro- 

panol with respect to the in~rnal  standard were dmermined from indi~dual aqueous 
solutions at the fo~owing concen~ations: ac~aldehyde 0.187, methanol 8.656, etha- 
nol 1.015, 2-butanol 0.329 and n-propanol 1.649 mg/ml. The same procedure was 
used as for lhe brine samples, plating 1 ml of solution in the 20-ml ~M. The numerical 
values of  the indi~dual response fac to~ (RF) determined from a minimum of three 
injections of  each standard were 2. 157, ~32% ~ 9 9 ~  4.038 and 2.238 for acetaldehyde, 
m~hanol ,  ethanol, 2-butan~ and n-propanol, respect ivd~ where 

~ = A m i d '  

A and A' are the total peak areas of  component  and internal ~andard,  respectivdy, 
and W and W' are the w ~ g h ~  of component  (mg) and internal ~andard  (mg) in the 
vial. 

RESULTS AND D~CUS~ON 

Ana~f is  of  the headspace of the ~rmenmt ion  brine of  p~kled green olives as 
d~cr ibed gave the c h r o m ~ o g r a m  shown in Fig. 1. The m ~ o r  peaks we~  Menfified as 
acetaldehyde, m ~ h a n ~ ,  ~ h a n ~ ,  ~ b u t a n d  and mpropanM. The presence of ~hanol  
and acetaldehyde in d ive  brines has Mready been d e m o n ~ r a ~ d  by Fleming et aL [~ 
ufing HSGC-mass  spemrom~ry.  They Mso Mentified m e ~  sMpNde and ~ b u t a n ~ ,  
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F~.  1. ~ e  ~ s  c ~ o m ~ o ~ a m  ~ ~ m ~ f i ~  brine ~om ~ c ~ e d  g~en  d ~ e .  P ~ k ~  1 = a ~ m ~  
hyd~ 2 = m ~ h ~  s ~ p h ~  3 = ~ o n ~  4 = e ~  ~ a ~  5 = mmhan~;  6 = mhan~;  7 = 2~manM;  
8 = mpmpanM; 9 = dioxane ~ 1  ~ a n d ~ .  See ~x t  ~ ~ 

Mthough the h ~ e r  only in '~bnormM" brines. In pre~ous ~ud~s,  ac~one and e th~ 
acetate were also identified, based on thor  retention times on three packed columns 
of different pohr i ty  ~]; these compounds were Mso found by Vlahov et aL [9] in 
brines of p ~ k ~ d  green ohves and naturM bhck  ofives. 

The wid~bore capillary column used in this work provides sharper and be~er 
separa~d peaks than a packed column and the problem of rapid lo~  of effidency 
with packed columns ~] is elimina~d. 

The recoveries of different known amoun~ of compounds added to the ~ 
mentafion brine of p~k~d  green ~ives are Nven in Table I. The graph obtNned on 
plowing the values added agNn~ those recovered was linear in N1 in~ances with 
coeffiden~ of determination (R~ of 0.992, 0.998, 0.999, 0.997 and 0.999 for acetNd~ 
hyde, mmhanol, ethanol, ~-butanol and n-propanol, respectivdy. The predfion of the 
method was measured from ~ght consecutive anMyses of the same brine and the 
results are Nven in Table II. 

The resul~ were obtained using the indi~duM response facto~ indicated under 
Quant(~'cat~n. We found that these facto~ did not show fignificant statisticN differ- 
ences (P < 0.05) with respect to those ca~ulated from a standard mNture of the five 
component~ Consequenfl~ quantification can be effec~d without any problems 
from such mixture~ as is usual in mult i~omponent  analyses of liquid samples by GC. 

We conclude that the method described here permi~ the Nmultaneous, repro- 
dudble and accurate determination of the mNn volati~ compounds in the headspace 
(aroma) o f a  ~rmentat ion brine of green ofives. The advantages of this method are i~ 
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TABLE II 

R E P R O D U C I ~ M T Y  OF THE HSGC M E T H O D  

157 

Compound  Concen~ation" (mg/1) Rdafive 
~andard  de~af ion (%) 

Acetaldehyde 12.3 ± 1.1 8.9 
Methanol 578.8± 12.1 2.1 
Ethanol 523.1 ± 16.0 3. I 
2-Butanol 16.4± 0.9 5.5 
n-Propanol 154.7 ± 7.5 4.8 

" M ~ n  ± ED .  o f d g N  d ~ m i n a t i o ~  uNng ~ e  ~ m e  brine. 

~mplicity Gample preparation ~ minimM) and rapidity (the chromatographic anMy- 
ses time is ~ss than 10 min). In additiom because the matrix effects are ~milar, there 
should be no problem in app~ing this m~hod to brines of black ofives or other 
~rmented vegetable produ~s, such as cucumbers, cabbages and capers. 
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