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ABSTRACT AND SUMMARY 
Recently, a direct gas chromatographic method for 

examining volatiles in vegetable oils was reported 
[Dupuy et al., JAOCS 50:340 (1973); and Dupuy et 
al., Ibid. 53:628 (1976)].  The procedure stimulated 
the development of instrumental techniques for 
d e t e r m i n i n g  odor and flavor characteristics of  
vegetable oils. This symposium paper describes 
modifications of  the original direct gas chromato- 
graphic procedure that substantially enhance its 
sensitivity and applicability. Profiles of volatiles for 
several experimental oils obtained by the modified 
system are presented, together with mass spectral 
data characterizing significant flavor-related peaks. 
Regression analysis of  the instrumental data, with oil 
flavor scores, indicates that reliable flavor character- 
istics of  high- and low-quality vegetable oils may be 
obtained rapidly and efficiently by instrumentation. 

INTRODUCTION AND REVIEW 
The detect ion and evaluation of volatile (flavor) 

components in food products has, until very recently, been 
limited to taste panel procedures. Such operations are 
complex (1). Establishing the necessary physical installa- 
tions (2), training and selecting qualified sensory judges, 
and statistically treating the data involves much time, 
effort, and expense (3). Even under optimum conditions, 
sensory testing is limited by the taster's subjectivity. Early 
attempts to objectively measure volatile materials with the 
gas chromatograph (GC) centered on various enrichment 
techniques for providing volatiles in sufficient concentra- 
tion to meet instrumental requirements. Solvent extraction 
and distillation (4,5) have been used frequently; however, 
solvent extraction is not quantitative and in some instances 
may introduce extraneous volatiles that originate in the 
solvent. Distillation procedures (6) are inherently slow and 
tedious, and the heat they require tends to induce chemical 
changes in the analytical sample. Although high-vacuum 
distillation (7-9) reduces the amount of heat required, it 
remains a complex and time-consuming operation. The 
analysis of headspace vapors for detecting vegetable and 
fruit aroma (10), and the direct vapor analysis of various 
food products (11) have been reported, but these methods 
require special preparation of the analytical sample and 
subsequent transfer of a vapor aliquot to the GC. 

More recently, an innovative direct gas chromatographic 
method for the examination of volatiles in salad oils and 
shortenings was introduced (12). This method requires no 
preanalysis of the sample. The oil is simply placed directly 
into a GC inlet liner tube packed with glass wool and 
inserted into the heated inlet of the GC. When properly 
secured, the combination of  heat and carrier gas sweeps the 
volatiles from the oil onto the chromatographic packing. 
The adsorbed volatiles are then resolved into a profile 
pattern by temperature programming. Oil flavor scores have 
been correlated with profiles of volatiles obtained by this 
method (13). These correlations indicate that the flavor 

characteristics of vegetable oils can be reliably assessed by 
this simple, direct technique. In addiiton, compounds 
a s soc i a t ed  with off-flavors can be identified. Other 
researchers have examined the potential of this procedure 
with positive results. Williams (14) substantiated the effec- 
tiveness of  the method for evaluating flavor characteristics 
o f  fresh and light-treated soybean oils, stating that 
"extremely high correlation between the volatiles profile 
data and the flavor scores was found." Jackson (15) 
obtained increased sensitivity and improved reproducibility 
by adding the oil sample in one leg of a 2 ft U-tube packed 
loosely with volatile-free glass wool. The details of other 
useful variations of the basic, direct GC concept are con- 
tained in the symposium papers which follow. 

This paper reports modifications of the original direct 
gas chromatographic method (13) for determining oil flavor 
quality. The described changes materially enhance sensi- 
tivity and resolution, yet the innate simplicity of  applica- 
tion is retained. Profiles of volatiles obtained by the 
improved technique are given for several experimental oils. 
Mass spectral data are presented that characterize several 
significant flavor-related peaks. Regression analysis of the 
instrument data, with oil flavor scores, indicates that flavor 
characteristics of vegetable oils can be obtained objectively 
by instrumentation. 

EXPERIMENTAL PROCEDURES 
Sample Preparation and Analysis for GC 

A 3-3/8 in. length of 3/8 in. OD borosilicate glass tubing 
was packed with volatile-free glass wool, loose enough to 
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FIG. 1. Cross section of inlet of gas chromatograph showing inlet 
liner with sample. 
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TABLE I 

Mass Fragment Table 

Compound Fragment (m/e)a 

Pentane 
Hexane 
Pentanal 
Hexanal 
Hepta dienals 
Decadiena l s  

43-42-41-57-44-55-72-39 
57-43-41- 56-42-71-86-39 
44-41- 58-43-57-71-86 
44-41-56-57-43-72-82-67 
81-110-41-43-39 
81-41-55-39-95-110-152 

aLis ted  in decreasing relative intensit ies of  standards and un- 
knowns for  first four compounds.  Standards for  heptadienals  and 
decadienals  w e r e  no t  available. 
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FIG. 2. Profdes of volatiles for three soybean oils obtained by 
direct gas chromatography. A, pentane; B, hexane; C, pentanal; D, 
hexanal; E, ' trans- 2,cis-4-heptadienal ; F, trans- 2,trans-4-heptadienal ; 
G, trans-2,cis-4-decadienal; H, trans-2,trans-4-decadienal. 

permit diffusion of oil throughout the packing, yet tight 
enough to prevent seepage of the sample from the liner 
onto the GC column. Clearance of 1/4 in. was allowed at 
the bot tom of the liner and 1/2 in. at the top. A 600 mg 
vegetable oil sample was added at the top. The septum nut, 
septum, and retainer nut of the GC were removed, and the 
liner containing the sample was inserted in the inlet of the 
GC on top of the silicone O-ring. When the retainer nut  was 
tightened above the upper lip of the liner, a seal was formed 
between the base of the inlet and the lower lip of the liner. 
On closing the inlet system with the septum and septum 
nut, the carrier gas was forced to flow upward and then 
down through the sample, as is shown in Figure 1. Volatiles 
were rapidly eluted from the sample as the carrier gas swept 
through the heated liner and were adsorbed on the top 
portion of the column, which was maintained at 30 C 
during the initial hold period of 40 min. The liner con- 
raining the spent sample was removed from the inlet, the 
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FIG. 3. Profile of voIatiles for three soybean oils obtained by 
direct gas chromatography. A, pentane; B, hexane; C, pentanal; D, 
hexanal; E, trans-2,cis-4-heptadienal; F, trans-2,trans-4-heptadienal; 
G, trans-2,cis-4-decadienal; H, trans-2Jrans-4-decadienal. 

integrator and programmer were turned on immediately, 
and the temperature was raised to 100 C in 5 min. 
Temperature programming was then begun; when complete, 
the temperature was maintained on final hold to elute and 
resolve all of the volatiles adsorbed on the column. The 
oven was then cooled to 30 C in preparation for the next 
sample. 

Sample Preparation for Mass Spectrometry 
A silicone membrane separator was used to interface the 

GC with the mass spectrometer. The quantity of volatiles 
t h a t  permeates this membrane and enters the mass 
s p e c t r o m e t e r  varies considerably, depending on the 
temperature and the polarity of the compour/d. When small 
peaks from a profile of volatiles are to be identified by mass 
spectrometry (MS), it is sometimes necessary to increase 
the oil sample size to adequately supply the mass spec- 
trometer with detectable quantities of the volatiles. This is 
achieved by following the method described under "Sample 
Preparation and Analysis for GC" to the stage where the 
inlet liner is discarded. At this time, a second inlet liner 
(prepared in a manner similar to the first) is inserted in the 
GC inlet, and the process of elution is repeated. When 
complete, normal temperature programming is carried out. 
Using this technique, the quantity of oil sample and the 
volatiles eluted are effectively doubled. This "double liner" 
technique is useful not only for mass spectral application, 
but also for substantially increasing the sensitivity of the 
GC method for obtaining profiles of volatiles of high 
quality oils whose low volatiles concentration require 
maximum detection potential. 

Materials: Tenax GC, 60-80 mesh; a thermostable porous 
polymer (2,6-diphenyl-paraphenylene oxide); Poly MPE 
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(poly-metaphenoxylene) (16), and silicone O-rings were 
obtained from Applied Science Laboratories, State College, 
PA. The silicone O-rings were heated at 200 C for 2 hr to 
remove volatiles. Pyrex glass wool, obtained from Corning 
Glass Works, Coming, NY, was heated at 200 C for 16 hr to 
remove volatiles. The partially hydrogenated, flavor-scored, 
light-treated soybean oils were provided by the AOCS 
Flavor and Nomenclature Committee (AOCS-FNC). The 
oils were flavor scored by twelve industrial taste panels on a 
1 to 10 flavor scale. The number of sensory judges in an 
individual panel varied from 5 to 18, and in all, comprised 
150 panelists. These are considered to be the most 
accurately flavor-scored oils available and thus, very 
suitable for this type of study. 

Gas Chromatography: The following conditions were 
used to obtain profiles of volatiles from the oils. 

Instrument:  Tracor MT-220 gas chromatograph with 
d u a l  i n d e p e n d e n t  h y d r o g e n  flame detectors, a 
Westronics MT22 recorder, and a Hewlett-Packard 
Integrator, Model 3380A. 

Columns: Stainless steel U-tubes, 1/8 in. OD, 9 ft long, 
packed with Tenax GC which had been coated with 10% 
Poly MPE. 

Flow Rates: Nitrogen carrier gas, 60 ml/min in each 
c o l u m n ;  hydrogen 6 0 m l / m i n  to each flame; air, 
1.2 f t3/hr  (fuel and scavenger gas for both flames). 

Temperatures: Inlet temperature was 170 C. Detector 
was at 250 C. Column oven maintained at 30 C during 
initial 40 min hold period. After removal of inlet liner, 
colunn heated to 100 C within 5 min, then programmed 
3 C/min for 30 min. Final hold at 190 C for 30 min. 

Special seal: A silicone O-ring was positioned around the 
1/4 in. stainless steel adaptor, which projected into the 
bot tom of the inlet of the GC. 

Attenuation: 10 x 4. 

Mass Spectrometry: 

Instruments: Tracor Model 222 GC interfaced with a 
Hewlett-Packard (Quadrapole) spectrometer, Model No. 
5930A. 

Ionization Potential: 70 eV. 

Scan range: 31 to 235. 

Data Processing: INCOS 2000 mass spectrometer data 
system. 

GC Conditions: For GC/MS analysis, the same condi- 
tions were used as for GC described earlier, except that 
helium was the carrier gas. 

R E S U L T S  A N D  D I S C U S S I O N  

Lightly hydrogenated soybean oils exposed to light for 

'o F 
8 . 0  

w 
o o 0 7.0 

o 
(n 

0 
6.0 

, . J  
u. C 

5.0 A - P E N T A N E  
B- TOTAL VOLATILES 
C - t , t - 2 ,  4 - D E C A O I E N A L  

4.0  I I I J I I I I 
- I .5  - I .0  - 0 . 5  0.O 0.5 1.0 1.5 2 .0  2 .5  

LOG VOLATILES 

FIG. 4. Regression of the flavor scores on the log of the gas 
chromatographic volatile peaks: A, pentane; B, total volatiles; C, 
tra ns- 2r ns-4-decadienal. 

0, 43, 86, 160, 256, and 344 hr, were evaluated by direct 
GC. These oils were also examined by direct GC/MS, and 
prominent volatiles such as pentane, hexane, pentanal, 
hexanal, heptadienals, and decadienals were characterized 
by their mass fragmentation patterns, as shown in Table I. 
Based on GC retention times, the heptadienals and deca- 
dienals were further characterized as trans-2,cis-4 and trans- 
2,trans-4 geometric isomers. 

Although the light treatments resulted in only slight 
deterioration of these oils as indicated by the AOCS-FNC 
flavor scores, the profiles of volatiles shown in Figures 2 
and 3 indicate a gradual increase in the intensity of  
individual and total volatiles (TV) with prolonged light 
exposure. Certain volatiles appear to be uniquely sensitive 
in this regard, hence they are good indicators of changes 
that occur in oils exposed to light. As shown in Figure 4, 
regression plots were obtained for the AOCS-FNC flavor 
score on logarithms of the GC volatile peaks of pentane, 
TV, and trans-2,trans-4-decadienal. Although all three of 
these volatile components correlate well with flavor scores, 
the trans-2,trans-4-decadienal appears to be the most sensi- 
tive and accurate. 

Predictions of  oil flavor scores were made by regression 
for each oil, using the GC data obtained on the pentane, 
TV, and trans-2,trans-4-decadienal peaks. The predicted 
scores are listed in Table II. Of the three peak indicators, 

TABLE II 

Flavor Scores of Soybean Oils Subjected to Light Exposure 

GC flavor score predictions 
Oil sample Light exposure (hr) (1) a (2) b (3) c 

A 0 7.1 7.2 7.3 
B 43 7.0  6.9 7 .0  
C 86 6.9 7.0 7.0 
D 160 6.7 6.8 6.4 
E 256  6.4 6.4 6.5 
F 344 6.0 6.1 6.1 

Taste panel flavor score 
(4) d 

7.3 
6.9 
7.1 
6.4 
6.5 
6.1 

abased on log of pentane peak concentration. 
bBased on log of total area urlder the curve. 
CBased on log of trans-2,trans-4-decadienal peak concentration. 
dAverage of 150 panelists. 
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TABLE III 

Correlation C o e f f i c i e n t s  o f  Soybean Oil Volatiles with Flavor Scores  or Light  E x p o s u r e  

Volat i les  and flavor scores  a Volat i l es  and l ight e x p o s u r e  

Volatiles linear log linear log 

Total volatiles -0.82 *b -0.89" -0.95 **c -0.98** 
Pentane -0.83* -0.90** -0.95** -0.99** 
Pentanal -0.85 * -0.86" -0.84" -0.78 
Hexanal -0.71 -0.66 -0.90* * -0.83" 
Pentanal & Hexanal -0.82* -0.83* -0.94** -0.91"* 
trans-2,cis-4-heptadienal -0.62 -0.64 -0.80* -0.80* 
trans.2,trans-4-heptadienal -0.93" * -0.93"* -0.85 * -0.86" 
trans-2,cis-4-decadienal -0.89* -0.94"* -0.98** -0.99** 
trans-2,trans.4-decadienal -0.97"* -0.99"* -0.96"* -0.95"* 

aOverall average of all accepted scores. 
b'Significant at the 95% confidence level. 
c**significant at the 99% confidence level. 

TABLE IV 

Comparison of Effectiveness of a Typical Industrial Panel and the Direct Gas Chromatographic (GC) Method for Determining Oil Flavor Quality 

Product moment correlation coeffcient 

AOCS-FNC flavor score Light exposure time 

Spearman Ranking corre la t ion  c o e f f i c i e n t  

AOCS-FNC flavor score  a Light e x p o s u r e  t i m e  

Industrial taste panel b +0.62 -0.64 +0.59 -0.59 
GC volatile peak, pentane -0.83 0.95 -0.98 1.00 
GC total volatiles -0.82 0.95 -0.94 0.94 
GC volatile peak, 
trans-2,trans-4-decadienal -0.97 0.95 -0.94 0.94 

aRanking based on the results of Duncan's multiple range test .  

bAverage of the 12 correlation coefficients for the 12 individual panels. 

t he  trans-2,trans-4-decadienal values are essent ial ly  the  same 
as t hose  r e p o r t e d  by  t he  AOCS-FNC tas te  panels.  In addi-  
t ion ,  it is ev ident  f rom the  prof i les  of  volat i les  t ha t  th is  is a 
p r o m i n e n t  peak ,  t ha t  can be  de t ec t ed  qu i te  easily us ing the  
Tenax  GC coa ted  to  a level of  10% wi th  Poly MPE (17) .  
This  c o l u m n  pack ing  p roduces  b e t t e r  r e so lu t ion  of  volat i les  

With less c o l u m n  bleed  t h a n  was expe r i enced  w i th  the  
Porapak  P pack ing  c i ted  in our  previous  w o r k  (12 ,13) .  The  
r e so lu t ion  of  t he  trans-2,trans-4-decadienal peak  is an 
i m p o r t a n t  cons ide ra t ion  in the  analysis  of  h igh  qua l i ty  oils 

because  it  IS a peal~ of  cons iderab le  magn i tude ,  easily 
de t ec t ab le  w h e n  volat i les  are l ikely to  be  p resen t  in low 
c o n c e n t r a t i o n .  

The co r re l a t ion  of  oil f lavor  scores d e t e r m i n e d  by  
various GC prof i le  peaks  wi th  ac tua l  t as te  pane l  f lavor  
scores shou ld  p rov ide  useful  i n f o r m a t i o n  on  the  val id i ty  of  
t he  GC m e t h o d .  Such  data ,  however ,  m ay  no t  a lways be 
comple t e ly  rel iable  because  tas te  panels  are themse lves  
subjec t  to  the  i n h e r e n t  weakness  of  subject ive  var ia t ion .  
Thus,  since tas te  panel  values are n o t  necessar i ly  abso lu te  
ind ica tors  of  ac tua l  f lavor  score,  the  GC cor re la t ions  so 
der ived are t h e r e b y  l imi ted  b y  the  p ro f i c i ency  of  the  tas te  
panels  employed .  

Oil f lavor  qua l i ty  -is k n o w n  to  de t e r io ra t e  progressively 
w i t h  exposure  to  l ight ;  t he re fo re ,  a co r re l a t ion  of  the  
var ious  GC volat i le  prof i le  ind ica to rs  wi th  l ight  exposure  
t ime  would  seem to  be more  mean ing fu l  in es t imat ing  the  
ef fec t iveness  of  the  d i rec t  GC m e t h o d  for  assessing f lavor 
qua l i ty  of  oils. Table  III  lists the  co r re l a t ion  coeff ic ients  of  
n ine  GC volat i le  prof i le  ind ica to r s  for  the  six e x p e r i m e n t a l  
otis, on  a l inear  and  log basis,  using b o t h  tas te  pane l  f lavor 
scores and  oil l ight  exposure  indices  of  f lavor qual i ty .  The  
cor re la t ions  derived using l ight  exposure  t imes  are b e t t e r  
t h a n  t hose  based  on  t he  AOCS-FNC flavor scores. This  
wou ld  suggest t h a t  f lavor  scores o b t a i n e d  wi th  the  direct  
GC m e t h o d  are as good as, if  n o t  be t t e r ,  t h a n  those  der ived 
by  tas te  pane l  evalua t ion .  

The  AOCS-FNC f lavor  scores suppl ied  for  these  oils were 
the  c o m b i n e d  resul ts  of  12 indus t r ia l  t as te  panels.  Analysis  
of  t he  f lavor  scores f rom the  indiv idual  t as te  panels  and  o f  
the  GC peak  values enables  a d i rec t  c o m p a r i s o n  to  be m a d e  
b e t w e e n  the  capabi l i t ies  of  each  to  de t ec t  small  d i f fe rences  
in  oil f lavor  qual i ty .  Using t he  f lavor score da ta  f rom each  
of  the  12 tas te  panels ,  co r re l a t ion  coef f ic ien ts  were calcu- 
la ted  b e t w e e n  the  pane ls '  scores and  the  overall  c o m b i n e d  

scores and  b e t w e e n  t he  panels '  scores and  the  oil l ight  
exposure  t ime.  Two types  of  co r re l a t ion  coef f ic ien ts  were 
ca lcu la ted :  (a) t he  s imple p r o d u c t - m o m e n t  coef f ic ien t  of  
cor re la t ion ;  and  (b)  the  Spea rman  r ank ing  co r re l a t ion  
coeff ic ient .  The  results ,  s u m m a r i z e d  in Table  IV, are 
c o m p a r e d  w i t h  s imilar  co r re l a t ion  coef f ic ien ts  ca lcula ted  
for  the  GC p e n t a n e ,  TV, and  trans-2,trans-4-decadienal 
peak.  In  all cases t he  GC results  p r o d u c e d  h igher  co r r e l a t i on  
coeff ic ients .  Tas te  panels  such  as t hose  cu r r en t l y  be ing  used 
in i n d u s t r y  were n o t  as ef fec t ive  as GC for  e i the r  e s t ima t ing  
f lavor score or d e t e r m i n i n g  the  relat ive r ank ing  of  f lavor  
qua l i ty  of  the  oils e x a m i n e d  in th is  s tudy .  

The  resul ts  o f  t he  work  w i th  these  six otis ind ica te  t h a t  
f lavor re la ted  volat i les  can be e lu ted  effect ively  f rom h igh  
qua l i ty  as well  as p o o r e r  qua l i ty  otis, bu t  more  work  is still 
needed .  A larger n u m b e r  of  oil samples  and  d i f fe ren t  types  
of oils shou ld  be  s tud ied ,  and  d i f fe ren t  c o l u m n  packings  
and  t e c h n i q u e s  shou ld  be  eva lua ted  to  improve  r e so lu t i on  
and  assessment  of  t he  volat i les  e lu ted .  
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