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Zusammenfassung. Gasch roma tog raph i sch -massen -  
spekt romet r i sche  Ana lyse  der  w/ihrend der  G/ i rung ei- 
her  Saccharose l6sung  gebi ldeten flfichtigen Subs tan-  
zen ha t  zur  endgfi l t igen Ident i f iz ierung von 8 A l k o h o -  
len, 6 Ca rbony lve rb indungen ,  9 Aceta len ,  25 Estern 
und  17 S/iuren gefiihrt.  Es werden  auch vorl/iufige Be- 
weise fiir die Anwesenhe i t  von  15 anderen  K o m p o n e n -  
ten erbracht .  

Summary. Gas  ch roma tog raph i c -mass  spec t rometr ic  
examina t ion  o f  the volat i les  p r o d u c e d  dur ing  the fer- 
m e n t a t i o n  o f  a sucrose so lu t ion  has  led to the definite 
ident i f ica t ion  o f  8 alcohols ,  6 carbonyls ,  9 acetals,  25 
esters, and  17 acids,  tenta t ive  evidence being presented  
for  a fur ther  15 componen t s .  

The  volat i les  p r o d u c e d  dur ing  the fe rmenta t ion  o f  syn- 
thetic med ia  have been invest igated a number  o f  t imes 
since the adven t  o f  gas c h r o m a t o g r a p h y  bo th  in con-  
nect ion with a lcohol ic  beverages  [1-5] and  b read  fer- 
men ta t ions  [6, 7]. A l t h o u g h  recent  pape r s  have investi-  
ga ted  the results o f  using m a n y  different  sugars  for  the 
p r ima ry  ca rbon  source [3], and  o f  different  yeas t  s t rains  
[4] for  car ry ing  out  the fermenta t ion ,  only  a few com-  
p o u n d s  have been ident if ied by  techniques o ther  than  
gas c h r o m a t o g r a p h i c  [4] re tent ion  times. 

As  pa r t  o f  a p r o g r a m m e  of  research into the factors  
inf luencing the f o r m a t i o n  o f  the volat i le  componen t s  o f  
ciders, in pa r t i cu la r  the effect o f  the var ious  const i tu-  
ents o f  the apple ,  a coupled  gas ch roma tog raph i c -ma ss  
spec t rometr ic  inves t igat ion into  the volat i les  p roduced  
dur ing  the f e rmen ta t ion  o f  a solut ion in which sucrose 

was the ca rbon  source, o ther  nutr ients  being kep t  to a 
m i n i m u m  compa t ib le  wi th  reasonable  yeast  growth,  
was carr ied  out. The  fol lowing pape r  repor ts  on the re- 
sults o f  such an examinat ion .  

Materials and Methods 

1. Solvents and Reagents 

All solvents and reagents used in large quantities were purified prior 
to use as described previously [8]. Sucrose was of normal commercial 
grade obtained from Tate& Lyle Ltd. 

2. Fermentation 

A sucrose solution (38 litres) of specific gravity 1.050, containing 1% 
of Yeast Nitrogen Base [9] (Difco Laboratories), pasteurized by pass- 
ing through a tube pasteurizer, was inoculated with 12 x 104 cells of 
Saecharomyees eerevisiae (AWY 350R) and fermented at 25 °C over 
a period of three weeks until all the sucrose had been metabolized. 
After fermentation was completed the supernatant liquid was centri- 
fuged free of the yeast residues and stored at 0 °C until stripped of 
volatiles. 

3. Isolation of Neutral Volatile Constituents 

The volatiles were removed from a portion of the fermented liquor 
(30 litres) under vacuum (6,300 N/m 2) using a Kestner climbing-film 
evaporator [ 101. The aroma distillate (7.75 litres) was saturated with 
sodium chloride (300 g/litre) and extracted in batches of 2 litres with 
trichlorofluoromethane (300 ml per batch) using a continuous ex- 
tractor. The bulked extracts were dried over anhydrous sodium sul- 
phate (300 g/litre), concentrated to approximately 150 ml using a 
91 x 2.5 cm fractionating column packed with Fenske helices, and 
washed with saturated sodium bicarbonate solution (2 x 75 ml). The 
aqueous layer was washed with further trichlorofluoromethane 
(2 x 75 ml), the organic layer was bulked with the original extract, 
dried over anhydrous sodium sulphate, and concentrated to approx- 
imately 2 ml, the final stage of concentration being performed via a 
25 x 1 cm Vigreux fractionating column. 

Quantitative information on major components was obtained 
both by direct injection of a sample of the fermented sucrose solu- 
tion, and by simple extraction of 100 ml of the liquid with 10 ml of 
ether and concentrating the extract to 1 ml. External standards were 
used in the former case and an internal standard (2-ethylhexanol) in 
the latter. Amounts of minor components that would only be de- 
tected in the large-scale examination were estimated by comparison 
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of their peak heights with the chromatographically nearest major 
component of similar chemical class, whose concentration had been 
estimated by direct injection or simple extraction. 

4. Isolation o f  Volatile Acids 

The sodium bicarbonate solution obtained from washing the 
trichlorofluoromethane extract from the large scale distillation was 
evaporated to dryness on a rotary evaporator, the last traces of vo- 
latile material being removed by applying vacuum from a rotary oil 
pump. The solid material was dissolved in 100 ml of distilled water 
and acidified to pH 6.0 with 4 N hydrochloric acid. Sodium chloride 
(30 g) was added and the aqueous solution of acids was extracted 
with ethyl ether (1 x 100 + 2 x 50 ml). The extracts were bulked, dried 
over anhydrous sodium sulphate, and concentrated to approximately 
0.5 mi using the fractionating columns previously described for con- 
centrating the neutral fraction. 

Quantitative information on acids and further confirmation of 
identity was obtained by distilling 1 litre of the fermented liquor in 
an apparatus similar to, but larger than, described for the determina- 
tion of fusel alcohols [10]. Once 500 ml had been distilled, distilled 
water (500 ml) was added and a further 500 ml was removed. The dis- 
tillate was made alkaline (pH 11) with N sodium hydroxide (Analar 
grade) and evaporated to dryness as previously described. Free acids 
were either regenerated as outlined above, or by using the minimum 
quantity of 30% hydrochloric acid (B.D.H. Analar grade) in redistil- 
led dioxan. 

Portions of the ether extracts obtained by both the large and 
small scale distillations were converted to methyl esters by reaction 
with diazomethane saturated ether (3 ml) as described by De Boer 
[11], the final solution being concentrated to 1 ml before examina- 
tion. 

Sodium salts from the small scale distillation were also converted 
directly to methyl esters by refluxing for 5 rain with sufficient 14% 
boron trifluoride in methanol (B.D.H.) to ensure solution (5 ml). The 
resultant mixture was extracted with pentane (3 X 2 ml), and the ex- 
tract was concentrated to approximately 0.5 ml and made up to 1 ml 
with hexane. In all cases amounts of components were estimated by 
comparison with external standards. 

5. Examination of  Extracts 

Gas chromatography was accomplished using either a FM 810, a 
Hewlett Packard 7620, 5710 or 5830 gas chromatograph fitted with 
flame ionisation detectors and using the following columns: 
a) Stainless steel capillary column 150 m x 0.76 mm i.d. coated with 
Carbowax 20 M, held isothermally for 15 rain and then programmed 
from 65-110 °C at 2 °C/min, 110-145 °C at 4 °C/rain and 145- 
210 °C at 2 °C/rain. Injection port and detector temperatures were 
held at 250 °C and the nitrogen flow maintained at 3 ml/min. 

b) Stainless steel capillary column (150 m x 0.76 mm i.d. coated 
with SP 1200 (Supelco Ltd.) and operated under similar conditions 
to column (a) except that the programme rate was maintained at 
3 °C/min throughout the run. 

c) Stainless steel capillary column 150 m x 0.76 mm i.d. coated 
with SE 30 and operating under similar conditions to column (b). 

d) Glass column (2 m x 3.2 mm o.d. packed with 10% SP 1200 
(Supelco Ltd.) and 1% phosphoric acid on Chromosorb W 60- 
80 mesh and programmed from 65-200 °C at 6 °C/min. The injection 
port was held at 250 °C and fitted with glass liners packed with glass 
wool prewashed in phosphoric acid. The detector was held at 250 °C 
and the nitrogen flow was maintained at 30 ml/min. 

e) Glass column (3.6mx3.2mm o.d.) packed with 10% 
Carbowax 20 M and 1% potassium hydrogen sulphate on Chro- 
mosorb W (60-80mesh) and programmed from 100-210°C at' 
8 °C/min. The injection port was held at 250 °C and fitted with a 
glass-wool liner prewashed in potassium hydrogen sulphate solution. 

The detector was held at 250 °C and the nitrogen flow was maintain- 
ed at 30 ml/min. 

f) Copper column (3.6mx3.2mm o.d.) packed with 10% 
Carbowax 400 on Chromosorb W (60-80 mesh) held isothermal for 
4 rain and then programmed from 65-100 °C at 4 °C/min. Injection 
port and detector temperature were held at 150 °C and the nitrogen 
flow was maintained at 20 ml/min. 

g) Glass column (6.1 m x 3.2 mm o.d.) packed with 10% Car- 
bowax 20 M on Chromosorb W (60-80 mesh) held isothermally for 
4 min and then programmed from 65-210 °C at 8 °C/iron. The injec- 
tion port and detector were held at 250 °C and the nitrogen flow was 
maintained at 30 ml/min. 

11) Stainless-steel column (51 cm x 3.2 mm o.d.) packed with 
CCW 982 on 80-100 mesh acid washed, dimethyl dichiorosilane 
treated Chromosorb W (Hewiett Packard Ltd.) and programmed 
from 70-240 °C at 8 °C/rain. Nitrogen flow was maintained at 30 ml/ 
rain. 

The neutral extract was examined using columns (a), (b), and (c), 
free acids on columns (d) and (e) and methyl esters on columns (f), 
(g), and (h). 

Mass spectra were obtained using an LKB 9000 coupled gas 
chromatograph mass spectrometer operating at 70 eV and fitted with 
similar columns and operating under similar conditions to those used 
for analytical gas chromatography. The length of capillary columns, 
however, had to the reduced to 90 m, with a consequential slight re- 
duction in resolution, as this was the maximum length that could be 
accommodated in the oven. Spectra were recorded both manually 
and on magnetic tape for processing off-line at the Food Research 
Institute, Norwich [12]. Compounds in the extracts were identified by 
comparison of their mass spectra and retention times with published 
data, and with those obtained from authentic compounds as previ- 
ously described in connection with cider. 

Results and Discussion 

136 c o m p o n e n t s  were  de t ec t ed  in the  neu t r a l  ex t r ac t  o n  

the  SP-1200 cap i l l a ry  c o l u m n ,  s imi la r  e x a m i n a t i o n s  on  

the  C a r b o w a x  20 M a n d  SE-30 c o l u m n s  r evea l ing  98 

c o m p o u n d s  o n  b o t h  phases .  As  a c o n s e q u e n c e  o f  c o u -  

p l ed  gas  c h r o m a t o g r a p h i c  mass  spec t ro scop i c  e x a m i -  

n a t i o n  o n  all th ree  phases ,  62 neu t r a l  c o m p o n e n t s  h a v e  

b e e n  ident i f ied .  G o o d  ev idence  was  f o u n d  fo r  e igh t  al- 

coho ls ,  six c a rbony l s ,  n ine  acetals ,  25 esters  a n d  one  

c h l o r i n a t e d  c o m p o u n d  ( p r o b a b l y  de r i ved  f r o m  the  ex- 

t r a c t i ng  so lvent )  a n d  t en t a t i ve  ev idence  fo r  a f u r t he r  

two  a lcohols ,  one  c a r b o n y l  a n d  ten  esters.  
E x a m i n a t i o n  o f  the  ac id  ext rac ts ,  b o t h  in the i r  o w n  

r igh t  a n d  as m e t h y l  esters,  gave  def in i te  ev idence  fo r  17 

ac ids  (Tab le  2). C o n v e r s i o n  o f  the  ac ids  to  m e t h y l  

esters  e n a b l e d  h e p t a n o i c  a n d  n o n a n o i c  ac ids  to  be  de-  

t ec ted  conc lus ive ly ,  a n d  p r o v i d e d  ev idence  fo r  the  pre-  

sence o f  C14, C16, C18, a n d  C / o  acids.  
O f  the  79 c o m p o u n d s  f o u n d ,  45 h a v e  n o t  p r e v i o u s l y  

b e e n  r e p o r t e d  as a resul t  o f  a sucrose  f e r m e n t a t i o n ,  al- 
t h o u g h  they  h a v e  b e e n  desc r ibed  in c o n n e c t i o n  wi th  fer-  

m e n t e d  beve rages  [13]. C o n f i r m a t i o n  has  a lso  b e e n  ob -  
t a i n e d  fo r  m a n y  c o m p o u n d s  w h o s e  ident i t ies  h a v e  pre-  

v ious ly  o n l y  b e e n  based  o n  r e t e n t i o n  da ta .  
As  expec ted ,  a l coho l s  c o n s t i t u t e d  the  m a j o r  p a r t  o f  

the  neu t r a l  ex t rac t .  T h e  p re sence  o f  n - b u t a n o l  a n d  n- 
p e n t a n o l  was  a l i t t le su rpr i s ing  since,  desp i te  the  f o r m e r  
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C o m p o n e n t  Ident i f ied by  G C - M S  and  re ten t ion  t imes 
on fol lowing co lumns  

C a r b o w a x  SP 1200 SE 30 
20 M 

A m o u n t  
p p m  

R e p o r t e d  in l i t e ra ture  

Alcohols 
M e t h a n o l  *** 1 
Ethano l  *** ** *** N o t  es t imated  
n -Propano l  *** *** *** 80 
I sobu tano l  *** *** *** 8 
n -Butano l  *** *** 0.5 
2 a n d / o r  3 -Me thy lbu t ano l  *** *** *** 81 
Pen tano l  ** *** t r  
A hexano l  * * t r  
An oc tanol  * * t r  
2 -Phene thanol  *** *** *** 9 

Carbonyls 
Aceta ldehyde  *** 6 
P r o p a n a l  *** ** 2 
Ace tone  *** ** *** 1 
Butana l  *** 0.02 
A b u t a n o n e  ** tr  
A p e n t a n o n e  * tr  
Benza ldehyde  *** 0.02 

Acetals 
Ethoxy -3 -me thy lbu toxye thane  *** *** *** 0.4 
E thoxy-2 -me thy lbu t  oxye thane  *** t r  
D i b u t o x y e t h a n e  . ** t r  
I sobu toxy -2 -me thy lbu toxye thane  *** *** *** t r  
I sobu toxy -3 -me thy lbu toxye thane  *** ** 0.03 
Di -2 -methy lbu t  oxye thane  *** *** *** 0.01 
2 -Methy lbu toxy-3-methy lbu toxye thane  ** 1 
D i -3 -me thy lbu toxye thane  *** *** *** 6 
1,3,4-Trimethyl-2,5-dioxolane *** 1 

Esters 
Ethyl  aceta te  *** *** *** 15 
Propyl  ace ta te  *** *** *** 0.1 
IsobutyI  a c e t a t e  *** * *** 0.02 
n-Butyl  acetate  ** tr  
2 a n d / o r  3 -Methy lbu ty l  ace ta te  *** *** *** 1 
2-Phenethyl  ace ta te  *** *** *** 0.4 
Ethyl  p r o p i o n a t e  * t r  
2 a n d / o r  3 -Methy lbu ty l  p r o p i o n a t e  *** 0.03 
E thy l  bu ty ra te  *** 0.3 
I sobu ty l  bu ty ra te  * t r  
2 a n d / o r  3 -Methy lbu ty l  bu ty ra te  *** ** tr  
2 -Phene thyl  bu ty ra te  * ** * 0.02 
Ethyl  h e x a n o a t e  *** *** 2 
I sobu ty l  hexanoa t e  * ** t r  
2 a n d / o r  3 -Methy lbu ty l  hexanoa t e  * *** *** 0.01 
Ethyl  oc t anoa t e  *** *** *** 2 
P ropy l  oc t anoa t e  * 0.01 
I sobu ty l  oc t anoa t e  * *** *** 0.005 
n-Butyl  oc t anoa te  * tr  
2 a n d / o r  3 -Methy lbu ty l  oc t anoa t e  *** *** *** 0.1 
Ethyl  decanoa te  *** *** *** 0.4 
I sobu ty l  decanoa te  *** *** *** t r  
n-Butyl  decanoa te  *** tr  
2 a n d / o r  3 -Methy lbu ty l  decanoa te  *** *** *** 0.1 
Ethyl  9-decenoate  *** * 0.2 
2 a n d / o r  3 -Methy lbu ty l  9-decenoate  * t r  
E thyl  dodecanoa te  *** *** *** 0.04 

[,l", 2 a, 6 a] 
[,2", 6"] 
[,1", 2", 3a, 4", 6 "] 
['2 a] 
[1 a, 2", 3 a , 4 b, 5 a, 6a] 

[1 a, 2", 3 a, 4 "'b, 5 a, 6 a] 

[6"] 

[6"] 

[P ,  2 a, 3 a] 

[1", 2 a, 3 a, 4 "'b, 5 ~] 

[-4", 5 a] 

[-4"] 

[,l", 2 ~, 3", 4 ",b, 5"] 

[,l", 2a] 
[1 a, 2", 3", 4 ",b, 5 ~] 

[,p, 2"] 
[1 a, 2 a, 4 a,b,c, 5 a] 

[1", 2"] 

[-1", 2 a, 5 ~] 
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C o m p o n e n t  Ident i f ied by  G C - M S  and  re ten t ion  t imes 
on  fo l lowing co lumns  

C a r b o w a x  SP 1200 SE 30 
20 M 

A m o u n t  Repor t ed  in l i t e ra tu re  
p p m  

2 a n d / o r  3 -Methy lbu ty l  dodecanoa t e  *** *** t r  
E thyl  lac ta te  *** 0.04 
2 a n d / o r  3 -Methy lbu ty l  l ac ta te  * t r  
D i m e t h y l  ph tha la t e  * 0.005 
Die thy l  ph tha l a t e  * 0.01 
Di - i sobu ty l  ph tha la t e  * 0.01 
Die thyI  succ ina te  ** ** 0.01 
Di-2  a n d / o r  3 -Methy lbu tyI  succinate  * t r  

Others 
Tr i ch lo ro f i uo rome th ane  *** *** *** Solvent  
C h l o r o f o r m  *** *** *** 0.01 

[3 ~] 

* = ten ta t ive  
** = g o o d  evidence  bu t  no t  as conclus ive  as*** 
*** = defini te  ident i f ica t ion  
tr  = l e s s  t h a n  0.005 p p m  
" = i d e n t i t y  based  on  re ten t ion  index  
b = ident i ty  based  on infra  red  spec t rum 

° = i d e n t i t y  based  on mass  spec t rum 

Table  2. Ac id ic  vo la t i l e  c o m p o n e n t s  ident i f ied in a fe rmented  sucrose  so lu t ion  

C o m p o n e n t  Ident i f ied by  gas  c h r o m a t o g r a p h i c - m a s s  spec t rome t ry  
and  re ten t ion  t imes  

As free ac id  on  As me thy l  esters  on  
SP 1200/H3PO4 
or C a r b o w a x  C a r b o w a x  C a r b o w a x  
20 M / K H S O 4  400 20 M 

U C C W  982 

A m o u n t  
p p m  

R e p o r t e d  in l i t e ra ture  

Acet ic  ** ** *** 124 
P rop ion ic  ** *** * 2 
I sobu ty r i c  ** *** ** 0.5 
Butyr ic  ** *** *** * 1 
2 a n d / o r  3 -Methy lbu ty r i c  ** *** *** * 1 
Pen t ano i c  ** ** * 0.5 
H e x a n o i c  *** *** *** *** 3 
H e p t a n o i c  * *** * 0.25 
O c t a n o i c  *** *** *** 4 
N o n a n o i c  *** * 0.1 
Decano ic  *** *** *** 2.5 
9-Decenoic  *** *** *** 0.1 
D o d e c a n o i c  *** *** *** 0.75 
Te t r adecano ic  * ** * 0.02 
H e x a d e c a n o i c  *** 0.02 
Oc t adecano i c  *** 0.06 
E icosano ic  *** 0.002 

[2 a, 7 a] 
[2", 7"] 
[2 a, 7 a] 
[2", 7"] 
[2", 7 a] 
[2  a, 7 a ] 
[2 a, 7"] 
E2 o, 7.] 
[2", 3 a, 7 ~] 
[7"] 
[2", 3", 7"] 

i-2 =] 
E2 ~] 
[2 ° ] 
[-2 ~] 

* = ten ta t ive  
** = g o o d  evidence  bu t  no t  as conclus ive  as *** 
*** = definite ident i f ica t ion  
a = iden t i ty  based  on  r e t en t ion  index 
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having been reported previously [2], these alcohols are 
not normally considered as fermentation alcohols and 
most  probably arise as by-products of  fatty acid bio- 
synthesis, rather than leakage products from the bio- 
synthesis of  amino acids. 

Esters were also present in abundance, these reflec- 
ting in composition and amounts the acids found in the 
uncombined state. Acids reached a maximum concen- 
tration at octanoic acid and each series of  esters corres- 
pondingly at their octanoates. 

No evidence could be found for esters based on 
acids with an odd number of  carbon atoms, or with 
more than twelve carbon atoms, as reported in the lite- 
rature [1, 2, 7]. Even carbon number acids up to C2o 
were, however, detected, so it is possible that esters ba- 
sed on acids with more than twelve carbon atoms were 
present but were not removed by the vacuum distillati- 
on step in sufficient quantities to enable them to be de- 
tected in the distillate. Trace compounds were detected 
during the examination of  acids at retention times cor- 
responding to methyl esters of  unsaturated C16 and 
C18 acids, but their mass spectra gave little indication 
of their being methyl esters. The use of  trichlorofluoro- 
methane as the main extracting solvent could be the 
reason why no propanediol or butanediol esters were 
found in this examination. 

Despite the "sulphury" odour of  the fermented li- 
quor, no sulphur compounds could be detected. Benz- 
thiazole has been reported in sucrose fermentations and 
an ion at m/e 135, the base peak of  benzthiazole, was 
found in mass spectra taken at the retention time of this 
compound on the Carbowax 20 M column, but was 
not borne out by other ions. An unidentified methyl 
ester, also from its mass spectra, could have been me- 
thylthiopropionate, but no reference compound was 
available for confirmation. 

Comparison of  the volatile components of  this suc- 
rose fermentation with those obtained for ciders [8, 14- 

16] indicates that the major  differences are the lack of 
n-hexanol, cis-3-hexenol and the esters derived from 
these two alcohols, all of  which are significant in apple 
fermentations. Not  surprisingly, there is also no indica- 
tion of  monomeric phenolic compounds derived from 
such compounds as p-coumaryl,  quinic and chloro- 
genic acids and believed to be important  in ciders made 
from bittersweet and bittersharp apple cultivars. Apar t  
from these, all the major  esters of  cider were found, 
clearly indicating the contribution of  the fermentation 
stage and of carbohydrates in particular in influencing 
the aroma of  ciders. 
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