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S H O R T  C O M M U N I C A T I O N  I 

Quantitation of Volatile Compounds in Heated Triolein by Static 
Headspace Capillary Gas Chromatography/Infrared 
Spectroscopy-Mass Spectrometry 
Symon M. Mahungu, Steven L. Hansen and William E. Adz* 
Department of Food Science, University of Illinois, Urbana, Illinois 61801 

Static hcadspace and capillary gas chromatography/infra- 
red spectroscopy-mass spectrometry were used to collect, 
separate, identify and quantitate the oxidative and ther- 
mal decomposition products in heated triolein. Approx- 
imately 4 L of triolein was heated in a deep-fat fryer at 
190~ for 12 h each day for a total of 60 h, until it con- 
tained >120% polymeric material. The concentration of hep 
tane and octane increased after 12 h heating, then de~ 
creased upon further heating, while the concentration of 
volatile aldehydes decreased gradually during heating. 
After 12 h of heating, the concentrations of the major 
volatiles changed as follows: heptane {16.36 to 30.17 ppm), 
octane (24.48 to 40.77 ppm), heptanal (21.68 ppm to 9.11 
ppm}, octanal {35.53 to 36.64 ppm), nonanal (68.95 to 43.16 
ppm), (E~2<lecensl (135.00 to 89.00 ppm) and (E~2~undeeenal 
(88.50 to 61.00 ppm). After 60 h of heating, when the oil 
contained over 20% polymeric material, the concentrations 
of heptane, octane, heptanal, octanol, nonanal, (E~2~lecenal 
and {E~2-undecenal were 5.16, 4.39, 5.45, 7.02, 18.07, 12.50 
and 6.00 ppm, respectively. 

KEY WORDS: Capillary gas chromatography/infrared spectroscopy 
and mass spectrometry, static headspace, triolein, volatile oxidation 
products. 

Several reports on the volatile compounds formed by ox- 
idized oleates have been published (1-5). Dynamic headspace 
(DHS) (6) and static headspace (SHS) (7) techniques have 
been used for the volatile analysis of vegetable oils. A com- 
parison of three methods (direct injection, DHS and SHS) 
for the volatile analysis of soybean oil showed that, for rou- 
tine analysis SHS gas chromatography (GC) is superior (8). 

The application of HS and capillary GC in quantitative 
analysis requires that the solute concentrations in the sam- 
ple be determined from measurements of their correspond- 
ing concentrations in the vapor phase (9). Because of the 
increased vapor pressure of the low-molecular weight com- 
pounds, they occur in greater concentration at equilibrium 
in the headspace (6,8). Thue, SHS~ which favors the detec- 
tion of low-molecular weight compounds (8) associated with 
the flavor development of fried foods (5,10,11), is a useful 
technique when combined with gas c h r o m a t o g r a p h ~  
spectroscopy-mass spectrometry (GC/IR-MS) for the iden- 
tification and quantitation of volatiles in heated trigly- 
cerides However, no work has been published that examines 
the change in concentration of volatiles in heated trigly- 
cerides that occurs during heating. The objective of this 
work was to use SHS in combination with capillary GC/IR- 
MS to determine the effect of heating on the concentration 
of volatiles in heated triolein as a function of heating tima 
The information derived from this work is important in 
determining the concentrations of volatfles consumed in 
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fried foods because the volatiles may occur in the food pr~ 
duct if the food absorbs any oil. 

EXPERIMENTAL PROCEDURES 

Materials. Triolein, synthesized from oleic acid (99%) and 
glycerol (ARCO Chemical Co., Newtown Squar~ PA), was 
heated at 190~ for 12 h for 5 consecutive days. The 
triolein did not contain any added antioxidants. An elec- 
tric deep-fat fryer (model F175A; Intedge Industries Inc, 
Whippany, NJ) was used for heating the oil. After each 
12-h heating period, the oil was allowed to cool to <95~ 
A 100-mL sample was removed, placed in a brown glass 
bottle, purged with nitrogen and stored in the dark at 
3-5~ until the following day for analysis. This heating 
process was repeated each day until the oil contained at 
least 20% polymeric material, as determined with high- 
performance size-exclusion chromatography (HPSEC) (12, 
13). A high-performance liquid chromatography system 
(Rainin Instruments, Woburn, MA) with 2 size-exclusion 
columns in series (each column was 500 mm X 8 mm) with 
a particle size of 5 ~ was used for the HPSEC. The pack- 
ing in the first column had a pore size of 100 A. The detec- 
tor was an evaporative light scattering detector, ELSD 
II (Varex, Burtonsville, MD). 

Static HS-GC/IRD-MSD analysis. A static HS sam- 
pler HS-40 (Perkin-Elmer, Norwalk, CT) with a heated 
150-cm transfer line was used to transfer the volatiles to 
the GC capillary column. A 5890 series II capillary GC 
was connected to an IRD 5965B and an MSD 5970 (Hew- 
lett-Packard, Naperville, IL). Approximately, 1 g of sam- 
ple was weighed into each HS vial, and the vial was placed 
in the HS-40. PTFE/silicone vial septa, secured by alu- 
minum caps, were used to seal the sample vials. The sep- 
ta were held at 55~ under vacuum for i>2 d to remove 
contaminating volatiles. The oil sample was held at 150~ 
for 10 min in the vial. The HS injection needle was main- 
tained at 170~ while the transfer line temperature was 
175~ The sample vial was pressurized for 7 min at 
22500/kg/m 2 (32 psi). Then the volatfles were transferred 
for 5 min and simultaneously collected at the head of the 
capillary column (-50~ The column was held at the 
cryofocusing temperature of -50~ for 1 min after sam- 
ple transfer. Next, the column temperature was pro- 
trammed at 20~ to 60~ then 10~ to 120~ 
and finally 20~ to 220~ Helium was used as the 
carrier gas. A fused-silica capillary column (crosslinked 
5% phenyl methyl silicone; 50 m X 0.32 mm, d~ = 0.52 
Win; Hewlett-Packard) was used. The injection port tempeP 
ature was 200~ A column head pressure of 17,600 
kg/m 2 (25 psi) with a volumetric flow rate of 10 mL/min 
were used. The injector purge was off from 0 to 0.5 rain, 
then continually on after 0.5 rain. The detector B (IRD 
5965B) temperature was 250~ Each sample was ana- 
lyzed in triplicate. 
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TABLE 1 

External Standards Used to Quantitate the Volatile Compounds 
in Triolein 

Compound Standard used 

Heptane, 1-heptene Heptane 
Octane, 1-octene Octane 
Nonane Nonane 
Propanal Propanal 
Acetic acid, pentanal Pentanal 
Heptanal, 1-heptanol Heptanal  
Octanal, 1-octanol Octanal 
Nonanal, E-2-nonenal Nonanal 
E-2-Decenal, F~2-undecenal Decanal 

Quantitative analysis. F o r  q u a n t i t a t i v e  work,  e x t e r n a l  
s t a n d a r d s  were used .  E x t e r n a l  s t a n d a r d s  were u s e d  to  
avo id  c o n f u s i n g  any  vo la t i l e s  f rom t h e  s t a n d a r d s  w i t h  
those  der ived  from the  oil. So lu t ions  were p repa red  in fresh 
soybean  oil t h a t  h a d  no  de t ec t ab l e  volat i les.  The  s t a n d a r d  
s a m p l e s  were  a n a l y z e d  u n d e r  t he  s a m e  cond i t i ons  as  t h e  
unknown.  A c a l i b r a t i o n  curve  of t o t a l  ion c h r o m a t o g r a m  
{TIC} p e a k  a rea  vs. c o n c e n t r a t i o n  was  p l o t t e d  (14). The  
d a t a  f rom t h e  c a l i b r a t i o n  curves  were u s e d  to  q u a n t i t a t e  

t h e  vo la t i l e s  in h e a t e d  t r io le in .  F o r  example ,  a l inea r  p lo t  
of T I C  p e a k  a r ea  vs. c o n c e n t r a t i o n  (0-50 ppm)  for hep- 
t a n e  h a d  a co r r e l a t i on  coeff ic ient  of 0.98 and  a s lope  of 
0.23. Thus ,  for  hep tane ,  as  well  as  1-heptene, t he i r  T I C  
p e a k  areas  were d iv ided  by  0.23 to  de te rmine  the  1-heptene 
a n d  he p t a ne  c o n c e n t r a t i o n s  (ppm) in t he  t r io le in  samples .  
Table  1 shows t h e  s t a n d a r d s  u s e d  for  q u a n t i t a t i o n  of t he  
vo la t i l e s  in t h e  u n s t a b i l i z e d  t r io le in  samples .  

p-Anisidine value (p-AV}. The  p-AVs of  t h e  oil s a m p l e s  
were d e t e r m i n e d  in  t r i p l i c a t e  b y  t h e  off ic ial  m e t h o d  Cd 
18-90 of t h e  A m e r i c a n  Oil  C h e m i s t s '  Soc i e ty  (15). 

RESULTS AND DISCUSSION 

The  triolein, w i thou t  added  an t iox idan ts ,  a t t a ined  approx- 
x i m a t e l y  20% po lymer i c  m a t e r i a l s  a f te r  a p p r o x i m a t e l y  60 
h of hea t ing .  A p o l y m e r i c  m a t e r i a l  c o n c e n t r a t i o n  of 20% 
c o r r e s p o n d s  to  27% p o l a r  ma t e r i a l s ,  wh ich  is t h e  max-  
i m u m  a m o u n t  of  p o l a r  m a t e r i a l  r e c o m m e n d e d  in f r y i n g  
oil (16). The  m a j o r  volat i le  compounds  (concentra t ions  >110 
ppm),  hep tane ,  hep t ana l ,  oc tane ,  oc tanal ,  nonana l ,  (E}-2- 
decena l  a n d  (E)-2-undecenal ,  were t he  s a m e  t h r o u g h o u t  
t h e  60 -h  h e a t i n g  per iod.  The  c o n c e n t r a t i o n  of d i s so lved  
vo la t i l e s  f rom h e a t e d  t r io le in  are  shown in Table 2. Selke  
et al. (1} o b s e r v e d  ear l ie r  t h a t  hep tane ,  octane,  hep tana l ,  

TABLE 2 

Effect of Heating on Concentration of Individual Volatiles Formed by Triolein 

Concentration (ppm) 

Volatile compound 0 h 12 h 24 h 

Propanal 0.07 +_ 0.03 a 0.25 • 0.00 ND b 
Pentanal ND 3.07 • 0.41 2.68 • 0.22 
Acetic acid 1.95 • 0.73 ND ND 
1-Heptene 1.02 • 0.03 1.02 • 0.19 0.68 • 0.15 
Heptane 16.36 • 1.99 30.17 • 1.19 26.14 • 0.97 
1-Octene 1.12 • 0.08 ND ND 
Octane 24.48 • 0.21 40.77 • 1.68 33.93 • 0.87 
Heptanal  21.68 • 1.49 9.11 • 3.96 7.52 • 1.39 
1-Heptanol 7.82 • 1.29 3.96 • 0.00 2.67 • 0.00 
Nonane ND 1.86 • 0.09 1.22 • 0.14 
Octanal 35.53 • 2.13 36.64 • 0.53 13.19 • 1.81 
1-Octanol 6.91 • 0.30 4.89 • 0.00 3.72 • 0.38 
Nonanal 68.95 • 2.81 43.16 • 4.74 41.23 • 4.04 
(E}-2-Nonenal 2.28 • 1.39 ND ND 
(E)-2-Decenal 135.00 • 8.00 89.00 • 13.00 74.50 • 7.00 
(EF2-Undecenal 88.50 • 4.00 61.00 • 11.00 50.00 • 7.50 

36 h 48 h 60 h 

Propanal 0.13 • 0.00 ND 0.25 • 0.21 
Pentanal 1.95 • 0.34 2.68 • 0.00 1.17 • 0.27 
Acetic acid ND ND ND 
1-Heptene 0.42 • 0.00 ND ND 
Heptane 13.18 • 0.81 10.55 • 0.18 5.16 • 0.97 
1-Octene ND ND ND 
Octane 17.96 • 1.07 15.10 • 0.21 4.39 • 1.12 
Heptanal 9.01 • 0.84 11.49 • 1.19 5.45 • 0.77 
1-Heptanol 3.37 • 0.10 5.25 • 0.10 1.09 • 0.30 
Nonane 0.83 • 0.00 ND ND 
Octanal 15.21 • 0.45 18.19 • 2.23 7.02 • 2.34 
1-Octanol 3.83 • 0.45 4.68 • 0.62 1.91 • 0.68 
Nonanal 40.53 • 0.00 49.47 • 6.32 18.07 • 6.14 
(EF2-Nonenal 4.74 • 0.00 6.84 • 2.11 0.61 • 0.00 
(E}-2-Decenal 65.00 • 7.00 89.0 +- 10.50 12.50 • 0.50 
{E)-2-Undecenal 45.50 • 3.55 79.00 • 13.00 6.00 • 2.55 

aMean concentration • standard deviation; n = 3. 
bND = not detected. 
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octanal, nonanal, (E)-2-decenal and (E)-2-undecenal were 
the major  volatile compounds in heated triolein. The trio- 
lein did not  contain any added antioxidants.  

The concentration of heptane and octane in unstabilized 
triolein increased after  heat ing for 12 h. However, upon 
further heating, there was a continual decrease in the con- 
centrat ions of heptane  and octane. I t  is likely t ha t  hep- 
tane and octan~ similar to other  volatiles, are formed 
rapidly during deep-fat f rying unti l  a balance is reached 
between the rate  of formation and the rate of evaporation 
(17). After  a 12-h heat ing period, the rate  of evaporat ion 
exceeded the rate  of formation. 

The volatile aldehydes in unstabilized triolein decreased 
significantly during heating. The concentrations of (E)-2- 
decenal and (E)-2-undecenal after  60 h of heat ing were 9.3 
and 6.8%, respectively, of the concentrat ions in the un- 
heated triolein. A similar t rend was observed for the sat- 
urated aldehydes, heptanal, octanal and nonanal with con- 
centrat ions a t  60 h tha t  were 25.1, 19.8 and 26.2%, respec- 
tively, of the concentrat ions at  t ime 0. This observat ion 
concurs with previous work, which reported tha t  aldehyde 
concentrat ions in oils decrease wi th  t ime due to their  ox- 
idation to acids (18). For (E)-2-decenal and (E)-2-undecenal, 
the decrease in concentrat ion could also be  due to their  
decomposi t ion to lower-molecular weight compounds,  a 
phenomena tha t  has been observed for 2,4-decadienal (19). 

The AVs for the heated triolein increased with an in- 
crease in heating t ime (Table 3). However, the total  volatile 
aldehydes generally decreased (Table 3), suggest ing tha t  
they are not  the only ones cont r ibut ing  to the AVs. Al- 
though  the unheated  triolein had a low AV, the AVs after  
each heat ing interval  indicated an increase in aldehyde 
concentrat ion with  an increase in heat ing t i m e  As hep- 
tane and octane are formed, l l-oxo-9-undecenoate and 
10-oxo-8-decenoate are formed, bo th  of which remain at- 
tached to the rest  of the triacylglycerol (3). The formation 
of the volatile alkenes 1-nonene and 1-decene would result  

TABLE 3 

Anisidine Values and Total Volatile Aldehydes in Heated Triolein 

Heating time Total volatile aldehydes 
(h) Anisidine values (ppm) 

0 2.06 _+ 0.44 352.01 
12 48.29 + 0.29 242.33 
24 72.84 +_ 0.41 189.12 
36 87.89 + 1.53 182.07 
48 97.89 _ 2.38 256.67 
60 98.26 __ 2.18 51.07 

in the format ion of 9-oxononanoate and 8-oxooctanoat~ 
respectively, which will remain a t tached to the remainder 
of the original triacylglycerol. Thus, the formation of non- 
volatile oxo-compounds would account for the increase in 
AV, despite a decrease in the concentrat ion of volatile 
aldehydes on heating. Even though volatile formation con- 
tinued during heating, the concentrations did not increase 
during heat ing due to evaporation, effectively preventing 
buildup of the volatiles in the oil. In  contrast ,  the concen- 
t ra t ion of the nonvolatfles will increase during heat ing as 
a result  of dimer and polymer  format ion  {11-13,20). Fur- 
ther  oxidat ion/ thermal  degradat ion and not  evaporat ion 
would be the only mechanism of nonvolatile loss. 
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