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HPLC ANALYSIS OF ALDEHYDES AND 
KETONES IN SHERRY 

C. Polo and J .  A h y *  
Instituto d e  Fermen tacion es Industria les, CSIC 

Juan d e  la Cierva 3 
28006 Madrid, Spain 

ABSTRACT 

A method was developed t o  o b t a i n  comparat ive da ta  on 
aldehydes and ketones which c o n t a i n  3-10 carbon atoms i n  v a r i o u s  
t ypes  o f  she r ry .  The method c o n s i s t s  o f  c o n t i n u o u s l y  e x t r a c t i n g  
s h e r r y  samples w i t h  Freon 11 and then  t r e a t i n g  t h e  concen t ra ted  
e x t r a c t s  w i t h  2 ,4 -d in i t ropheny lhydraz ine  i n  a hexane-water s o l v e n t  
system. The hexane s o l u t i o n  i s  separated and then  e x t r a c t e d  
w i t h  a c e t o n i t r i l e ;  t h e  a c e t o n i t r i l e  s o l u t i o n  i s  submi t ted  t o  
HPLC a n a l y s i s .  O v e r a l l  r e c o v e r i e s  ( s t a r t i n g  f rom model s h e r r y  
s o l u t i o n s )  o f  r e p r e s e n t a t i v e  compounds ( n o t  c o n t a i n i n g  hydroxy 
groups)  were between 37 and 100 pe rcen t .  

The method i n t e n t i o n a l l y  g i v e s  poor  r e c o v e r i e s  f o r  
aceta ldehyde which, because o f  i t s  h i g h  c o n c e n t r a t i o n  i n  she r ry ,  
would o the rw ise  mask l e s s  concen t ra ted  aldehydes and ketones 
i n t h e  chroma t o g  ram. 

Comparison o f  t h e  chromatograms o f  F ino,  Amon t i l l ado ,  and 
Oloroso s h e r r i e s  revea l  t h a t  aldehyde/ketone p r o d u c t i o n  i s  c l e a r l y  
assoc i  a t e d  w i t h  t i m e  i n  s h e r r y  p roduc t i on .  D i f f e r e n c e s  between 
gas chromatograms o f  t h e  Freon e x t r a c t s  o f  these s h e r r i e s  a r e  
l e s s  pronounced. 

* 
V i s i t i n g  s c i e n t i s t  f rom C a l i f o r n i a  S t a t e  U n i v e r s i t y ,  S tan is laus ,  

Tu r lock ,  CA 95380, USA 
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INTRODUCTION 

POLO AND ALMY 

A number of s ens i t i ve  methods a re  ava i lab le  f o r  i den t i f i ca t ion  
and ana lys i s  of aldehydes and ketones present i n  wine (l), beer 
( 2 )  a n d  whiskey ( 3 )  e t c .  Most of these analyses have made use 
of H i g h  Performance Liquid Chromatography ( H P L C )  of der iva t ives  
of these compounds. While f luorescent  der iva t ives  a re  well su i ted  
f o r  t r ace  ana lys i s ,  the  2,4-dinitrophenyl hydrazone de r iva t ives  
a re  e a s i e r  t o  form and are  l e s s  subjec t  t o  a r t e f a c t  formation. 

Continuous ex t rac t ion  of wine followed by cap i l l a ry  gas 
chromatography has provided a grea t  deal of useful data on aroma 
compounds which a r e  obtained i n  good y i e lds  from wine ( 4 ) .  I t  
i s  probable, however, t h a t  many inf luenc ia l  compounds a re  masked 
or covered over by l e s s  i n f luenc ia l ,  b u t  more a b u n d a n t  ones 
in  the chromatograms. GC-sniff techniques have been successful 
in aiding the  i so l a t ion  a n d  i den t i f i ca t ion  of highly aromatic 
compounds (eg 5 ) .  Other compounds, however, which a re  less 
aromatic b u t  nevertheless a r e  accurate ind ica tors  of a wine ' s  
age, qua l i t y ,  e t c .  may a l so  be in low enough concentration t o  
be hidden in chromatograms produced with nonspecific de tec t ion  
devices. 

I t  occurred t o  us t h a t  aldehydes and  ketones may be ind ica t ive  
of a s h e r r y ' s  h i s tory  and t h a t  t h e i r  i den t i f i ca t ion  and 
measurement, f r e e  from in te r fe rence  from other  compound types,  
would show d i f fe rences  between she r r i e s  t h a t  a re  otherwise 
d i f f i c u l t  t o  d i s t inguish .  I n  this paper we report  a method of 
ana lys i s  of sherry f o r  aldehydes and ketones containing between 
3 and 11 carbon atoms and n o t  containing hydroxy groups. 

MATERIALS A N D  METHODS 

C hemi cal s. 
Solvents used were: deionized and f i l t e r e d  ("Mi l l i -Q")  water; 

HPLC grade a c e t o n i t r i l e  (Scharlau) which was passed through 
a 0.45 pm f i l t e r ;  spectrofluorometric grade hexane (Merck); 
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ALDEHYDES AND KETONES FROM SHERRY 1167 

Freon-11 which was d i s t i l l e d  through 30 cm o f  g l a s s  c o l l a r s  

s h o r t l y  b e f o r e  use. A u t h e n t i c  samples o f  aldehydes and ketones 

were ob ta ined  commerc ia l ly .  

i n s t r u m e n t a t i o n .  

HPLC separa t i ons  were performed on a Waters Assoc ia tes  

assembly c o n s i s t i n g  o f  two Model 6000A pumps, a Model 660 s o l v e n t  

programmer, a U6K i n j e c t o r  and a Model 481 Spectrophotometer 

whose wavelength was s e t  a t  336 nm and whose s e n s i t i v i t y  was 

s e t  a t  0.1 AUFS. A 250 x 4.6 mm C P t m  Spher c18 (Chrompack) column 

was used. 

Gas chromatographic analyses were made w i t h  a Shimadzu 

Model R1A i n s t r u m e n t  u s i n g  a 10 x 0.8 mm g l a s s  column which 

con ta ined  80% IGEPAL and 20% Carbowax 20M on Volaspher. Hydrogen 

( f l o w  r a t e  20 ml /min)  was used as c a r r i e r  gas. The i n i t i a l  

temperature,  h e a t i n g  r a t e  p e r  m inu te  and f i n a l  temperature were 

60, 3, and 180 degrees r e s p e c t i v e l y .  

E x t r a c t i o n ,  Concen t ra t i on ,  and D e r i v a t i z a t i o n .  

Sher ry  samples o r  model s o l u t i o n s  (250 m l )  were t r e a t e d  

w i t h  0.083 mg o f  undecanal and then c o n t i n u o u s l y  e x t r a c t e d  f o r  
8 h r  w i t h  app rox ima te l y  100 m l  o f  Freon. A f r i t t e d  d i s k  was 

used t o  d i s t r i b u t e  d r o p l e t s  e v e n l y  ove r  t h e  aqueous phase. 

The e x t r a c t  was then  concen t ra ted  a t  300 C u s i n g  a 30 cm 

Vigreaux column f o r  app rox ima te l y  5 h r  t o  a volume o f  0.5 m l .  

The d e r i v a t i z a t i o n  s tep  f o l l o w e d  immediate ly .  

To t h e  concen t ra ted  m i x t u r e  ( o r  r e p r e s e n t a t i v e  compound) 

was added 20 m l  o f  hexane, 10 m l  o f  wa te r  and 18 m l  o f  2.4M 
aqueous HC1 c o n t a i n i n g  54 mg o f  2,4-dinitrophenylhydrazine. 
The m i x t u r e  was s t i r r e d  a t  room temperature f o r  16 h r  and then  

t r a n s f e r r e d  t o  a separa to ry  f u n n e l .  The aqueous l a y e r  was 

d i sca rded  and t h e  hexane s o l u t i o n  was washed t w i c e  w i t h  20 m l  

o f  water, t hen  e x t r a c t e d  10 t imes  w i t h  2 m l  o f  a c e t o n i t r i l e .  

The l a t t e r  s o l u t i o n  was passed th rough  a 0.45 pm f i l t e r  b e f o r e  

HPLC a n a l y s i s .  

HPLC Ana lys i s .  

Samples o f  ca. 10 11 were c o i n j e c t e d  w i t h  0.02 p g  o f  nonanal 

2,4-dinitrophenylhydrazone. The s o l v e n t ,  w i t h  a f l o w  r a t e  o f  
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POLO AND ALMY 1168 

2 ml/min, was programmed l i n e a r l y  f rom 40% t o  99% a c e t o n i t r i l e  

i n  wa te r  ove r  14 min. The program was begun a t  sample i n t r o d u c t i o n  

and t h e  a n a l y s i s  t i m e  was 20 min. Peak areas f o r  t h e  r e c o v e r y  

t e s t s  were c a l c u l a t e d  f rom peak h e i g h t  x w i d t h  a t  h a l f  h e i g h t ;  

areas f o r  t h e  r e p r e s e n t a t i v e  compounds were compared t o  t h a t  

f o r  t h e  nonanal. Recover ies f o r  s h e r r y  samples were es t ima ted  

by comparing t h e  peak areas o f  uncecanal and nonanal. 
Model S o l u t i o n s .  

The model s o l u t i o n s  c o n t a i n i n g  one o r  more o f  t h e  

r e p r e s e n t a t i v e  compounds (Tab le  1) c o n s i s t e d  o f  250 m l  o f  15% 

e thano l  i n  wa te r  t o  which 1 g o f  t a r t a r i c  ac id ,  0.12 ml o f  a c e t i c  

a c i d  and t h e  i n i t i a l  amount (0.28 mg) o f  aldehyde o r  ketone. 

The e x t r a c t i o n ,  concen t ra t i on ,  d e r i v a t i z a t i o n  and a n a l y s i s  were 

conducted as above. 

RE,SULTS AND D I S C U S S I O N  

Recovery o f  Compounds f rom t h e  Model S o l u t i o n s .  

Recovery da ta  a r e  presented i n  Table 1. Two t e s t s  were 

made f o r  each r e p r e s e n t a t i v e  compound. The f i r s t  column ("From 

D e r i v a t i z a t i o n " )  l i s t s  t h e  recove ry  of each compound when i t  

was i n t r o d u c e d  a t  t h e  d e r i v a t i z a t i o n  s tep  and c o n t i n u i n g  t o  

HPLC a n a l y s i s .  The mixed phase method which was r e p o r t e d  by 

S e l i m  ( 6 )  g i v e s  reasonble r e c o v e r i e s  f o r  t h e  compounds t r i e d ;  

s h o r t e r  r e a c t i o n  p e r i o d s  gave reduced y i e l d s .  

The r e c o v e r y  d a t a  f o r  t h e  i n d i v i d u a l  compounds when t h e y  

were i n t r o d u c e d  t o  a model s o l u t i o n  a t  t h e  i n i t i a l  e x t r a c t i o n  

s tage a r e  p resen ted  under t h e  second column and r e f l e c t  t h e  

e f f i c i e n c y  f o r  t h e  e n t i r e  method. Lower r e c o v e r i e s  i n d i c a t e  

i ncomp le te  e x t r a c t i o n  and/or  l o s s e s  d u r i n g  c o n c e n t r a t i o n ,  

p a r t i c u l a r l y  f o r  aceta ldehyde whose r e l a t i v e l y  h i g h  p o l a r i t y  

prevented complete e x t r a c t i o n  and low  b o i l i n g  p o i n t  which caused 

f u r t h e r  l o s s e s  d u r i n g  c o n c e n t r a t i o n ;  l o w  r e c o v e r y  of 

propionaldehyde was s i m i l a r  b u t  n o t  as severe. Carbonyl compounds 
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ALDEHYDES AND KETONES FROM SHERRY 1169 

Compound 

TABLE 1 
Recovery Data f o r  Representative Compounds 

Acetaldehyde 
Propional dehyde 
Benzaldehyde 
Cycl ohexanone 
Cinnamaldehyde 
Heptaldehyde 

Percent Recovery 
From From I n i t i a l  

Derivatization Extraction 

- 
83 
7 1  
79 
90 
74  

1 2  
22  
45 
37 
90 
50 

having 4 o r  more carbon atoms a re  ex t rac ted  and concentrated 
with reasonable recovery. 

The low recovery of the acetaldehyde i s  beneficial  f o r  
the method because i t  i s  a t  l e a s t  10 times more concentrated 
t h a n  any of the  o ther  aldehydes o r  ketones ( 7 ) ;  s ince  methods 
a re  ava i lab le  for quan t i t a t ive ly  determining acetaldehyde (8), 

e f f o r t s  were made t o  reduce i t s  amount before de r iva t i za t ion .  
Chromatograms of the  Sherry Samples 

The aldehyde/ketone chromatograms of two Fino she r r i e s  
a re  shown in Figure 1 a n d  those f o r  the  Oloroso and Amontillado 
types a re  shown in Figure 2. A solvent program s imi l a r  t o  t h a t  
reported by Demko ( 9 )  was used. Numbered peaks were iden t i f i ed  
by peak enhancement when the  sherry sample was coinjected w i t h  
au thent ic  samples of the  aldehyde/ketone der iva t ives .  

A comparison of the four  chromatograms shows c l e a r  
d i f fe rences  between sherry types. The longer time needed f o r  
barrel  and yeas t  contact f o r  t he  Oloroso and Amontillado she r r i e s  
i s  c l e a r l y  indicated by aldehyde/ketone formation. The 
chromatograms f o r  t he  Fino types show di f fe rences  between brands. 

Gas chromatograms of the  Freon e x t r a c t s  of the  sherry samples 
studied a r e  presented in Figure 3. While there  a r e  c l e a r  
d i f fe rences  between them, they a r e  f a r  l e s s  pronounced than 
for  the  HPLC analyses i n  Figures 1 and 2. 
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1170 POLO AND ALMY 

Figure 1. HPLC chromatograms of aldehyde/ketone de r iva t ives  
from Fino type she r r i e s .  In jec t ion  a t  arrow. Peak i d e n t i f i c a t i o n :  
l=ace ta l  dehyde; 2=ethyl pyruvate; 3=furfural  dehyde; 4=propion- 
aldehyde; 5=crotonal dehyde; 6=benzal dehyde; 7 = i  soval era1 dehyde; 
8=cinnamaldehyde and/or trans-2-hexenal ; 9=nonanal; lO=undecanal 
(RT=18.5 min). 
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ALDEHYDES AND KETONES FROM SHERRY 1171 

w 
Figure 2. HPLC chromatograms of aldehyde/ketone der iva t ives .  
Peak iden t i f i ca t ion  as i n  Fig. 1. 
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1172 POLO AND ALMY 

I 

I 

5 

u 

ex t r ac t s .  Peak iden t i -  Figure 3. Gas chromatograms of Freon 
f i ca t ion :  l=isoamyl alcohol ; 2=ethyl l a c t a t e ;  3=diethyl succinate;  
4=2-phenylethanol; 5=cinnamaldehyde (RT=73 min). 
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