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ABSTRACT AND SUMMARY 

An objective procedure which is relatively simple 
and rapid is under study for the determination of the 
flavor quality of vegetable oils. This procedure 
utilizes the direct injection of an oil sample to which 
has been added an internal standard, into a packed 
precolumn of a gas chromatograph. The volatiles are 
swept from the precolumn through a 10% SE-30 
column under operating parameters which permit 
complete elution of all volatiles and internal standard 
within 20 min. Some 15 to 20 samples can be evalu- 
ated in one day before it is necessary to replace any 
part of  the foot-long precolumn. Evaluations have 
been made by the gas liquid chromatographic (GLC) 
procedure and by a flavor panel of oil samples sub- 
jected to a variety of storage conditions. Generally, 
differences in the GLC pattern are reflected in the 
flavor panel results. 

INTRODUCTION 
Some of the earliest work of the gas liquid chro- 

rnatographic (GLC) evaluation of flavor of vegetable oils 
was reported by Scholz and Ptak. Their published report 
(1) indicated a n  overall correlation between the ppm 
pentane obtained by the GLC and the flavor scores based 
on a ranking system, but not a point to point cor- 
respondence with the pentane concentration. This is 
evident in the scatter of the data presented in Figure 3 of 
their paper. They also noted that an independent correla- 
tion must be established for each oil type. 

More recently Dupuy et al, have reported excellent cor- 
relations with flavor panels of a wide variety of food 
materials (2-8). Duplication of Dupuy's system was found 
to require special equipment and, as his technique matured, 
longer and longer analysis times (3-8). Since it was felt that 
there was a need for a more rapid analysis for use as a 
quality control tool, the following approach was taken. 

1presented at the AOCS Meeting, New Orleans, April 1976. 

TABLE I 

(Evaluation of Corn Off Subjected to Abuse 
(Air-Light-Heat Abused at 95 F) 

Time Flavor strength Flavor pleasantness Volati les 
(weeks)  (adjusted means)a (adjusted means)a ppm 

0 4 .10  4 .80  20 
6 4.42 5.87 71 
8 5.37 5.42 133 

10 6.20 6.05 200  
12 5.80 6.44 199 
14 4 .78  5.78 336 
16 5.92 6.04 255 
21 6.64 7.21 363 
25 7 .36  8.07 577 
35 7.50 7 .86  567 
45 7.57 8.21 978  

aFlavor scores were  adjusted for any individual panelist's statis- 
tically proven bias in the balanced incomplete  b lock  design used for 
the panel evaluations.  

EXPERIMENTAL PROCEDURES 

Gas Chromatography 

A Beckman GC-65 with a flame ionization detector and 
outfit ted with a U-shaped stainless steel column 5 ft x 1/4 in. 
OD packed with 10% SE-30 on 80/100 mesh chromosorb 
W, high purity (HP) was used. Attached to this column was 
a glass precolumn 1 ft x 1/4 in. OD packed with chro- 
mosorb W, (HP) without a liquid phase. The top 3 in. of the 
precolumn was packed only with silanized glass wool. The 
column was prepared by first placing a small plug of  
silanized glass wool at the bot tom end and adding carefully 
1 g of chromosorb W (HP) to the column using a small 
funnel with a 4 cm stem length anda 2.5 mm ID. An orange 
stick 6 in. long with a pencil mark at midpoint was placed 
in the column so that it rested lightly on the packing. The 
column was then tapped gently on the laboratory bench 
until the 3 in. mark on the orange stick coincided with the 
top end of the column. The 3 in. space was then lightly 
packed with silanized glass wool. The glass precolumn and 
the metal column were carefully attached with swagelok 
fittings and graphite ferrules and conditioned for 2 hr at 
200 C. Thereafter operating conditions were as follows: 
Injection port 230 C; Column 180 C; Detector 230 C; 
Helium flow 55 ml/min; Hydrogen flow 45 ml/min; Air 
flow 300 ml/min; sensitivity at 4.0 x 10 -11 amps full scale 
at a chart speed of 0.5 in./min. 

Sample Preparation 

The samples were prepared for injection by first taking 
an aliquot containing 10 mg of the internal standard, n- 
octadecane, from a 10 mg per ml stock solution in hexane 
and transferring it to a 6 oz wide-mouth jar which can be 
fitted with an airtight cap. The solvent was first completely 
evaporated under a stream of nitrogen with application of 
gentle heat, and, when the jar was cool and dry, 100.0 g of 
a vegetable oil were weighed into it on a top-loading 
balance. The jar was swirled but not so vigorously as to 
whip air into the mixture and a 1 /al sample was injected 
directly into the precolumn. Since the internal standard is a 
stable compound, the sample jars with the standard were 
prepared in advance and stored under nitrogen in a freezer. 
This reduced sample preparation time to less than 5 rain 
between the receipt of an oil sample and the injection of 
the final 1 /al sample into the gas chromatograph. 

TABLE II 

Statistical Evaluation of  the Correlation of Gas Liquid 
Chromatographic (GLC) Total  Volati les  vs. Flavor Panel Scores a 

Corn oil flavor evaluation R R 2 

(a) Air-light-heat abused oils 
Flavor strength 0 .83  0.69 
Flavor pleasantness 0.89 0.79 
Product FP x FS 0.89 0.79 

Co) Dark storage oils 
Flavor strength 0 .67  0 .45  
Flavor pleasantness 0.69 0.48 
Product FP x FS 0.74 0 .54  

aCorrelation coeff ic ient  (R) and coeff ic ient  of  determinat ion (R2). 
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T A B L E  I I l  

Corn  Oil S a m p l e s - C o n t r o l l e d  Temperature Storage 

Flavor Flavor Volatiles 
strength pleasantness ppm 

Initial sample 4.10 4.80 20 
Temp. Time 
(~ F) Week 

0 8 4.37 5.'/0 35 
12 4.54 5.29 29 
25 4.37 4.89 42 
35 4.83 5.41 31 

'75 8 4.64 5.50 41 
12 5.14 5.73 44 
25 4.45 5.41 41 
35 5.41 5.73 40 

95 8 5.91 5.59 44 
12 5.04 4.94 35 
25 5.68 6.36 46 
35 5.64 6.04 55 

Name Date 

Block N u m b e r  Sample In i t ia l  Block Temperature _ _  

FLAVOR EVALUATION: Taste the samples. Rinse mouth with yater after each 
evaluation. Rest at least  one minute before tasting 
next sample. Do not repeat any evaluation 

1 2 ) 4 5 6 7 B 9 

 troogt ofF1 .... I..l I 1 I I 1 I I 
Flavorless Moderate Very Strong 

Pleasantness of 1 2 3 4 5 6 7 8 9 

F, .... L.. I l l J I vorl0o01e[ Very Pleasant Neutral sant 

Sample Strength Sco re  P~easantness Score  Description 

Final Block Temperature 

FIG. 1. Flavor Panel Evaluation Form. 

Product Evaluations 

Three  separa te  s torage s tudies  were in i t i a t ed  us ing corn  
oil. A supp ly  of  b o t t l e d  co rn  oil f r om a single lo t  was 
o b t a i n e d  and  s to red  in c losed cases at  0 F, 7 5 F, and  9 5 F. 
A second  p rog ram ut i l ized the  same oil supp ly  bu t  s tored  
the  samples  in  a M a c B e t h  l ight  b o x  in a 95 F s torage room.  
F o r  th i s  la t te r  group,  t he  caps  were r em oved  and  an 
i nc iden t  l ight  of  200  c a n d l e p o w e r  was left  on  con t inuous ly .  
The  t h i rd  g roup  involved samples  d rawn  f rom the  re ta ins  of  
t h r e e  process ing  p lan t s  cover ing  a span  o f  t ime  o f  a lmos t  2 
yr. Oil samples  were r e m o v e d  in acco rdance  wi th  the  
schedule  ind ica ted  in Tables  I and  III. These  were sub- 
j ec ted  to  o rgano lep t i c  and  GLC evaluat ions .  

Flavor Panel 

The f lavor  scores were o b t a i n e d  using a pane l  specif ical ly 
t ra ined  to  f lavor  oils. The  oil samples  were p resen ted  to  the  
pane l  in smal l  glass cups  in h e a t e d  a l u m i n u m  b locks  at  60 C 
and  no  more  t h a n  four  samples  were  eva lua ted  at  any  one  
si t t ing.  Figure  1 is a r e p r e s e n t a t i o n  of  a f lavor  eva lua t ion  
fo rm wi th  the  scales of  s t r eng th  and  p leasan tness  of  flavor. 
This  a p p r o a c h  to  f lavor eva lua t ion  was p r o p o s e d  by  
B l u m e n t h a l  (9). Whereas the  s t r eng th  scale is a c o n t i n u u m ,  
p leasantness  has a neu t r a l  cen te r  po in t  wh ich  is the  
o p t i m u m  po in t  for  f lavor p leasan tness  of  an  oil. 

R E S U L T S  A N D  D I S C U S S I O N  
Our  s tudies  of  the  gas c h r o m a t o g r a p h i c  eva lua t ion  of  
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FIG. 2. The Relationship of Pentane, Peroxide Values, and 
Flavor of Corn Oils. Flavor score based on 5 = excellent and 1 = 
terrible. (a) Flavor scores in the order of increasing PV (3.45, 3.70, 
3.90); (b) Flavor scores in the order of increasing PV (2.35, 3.50). 
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FIG. 3. Chromatogram 1: Corn Oil stored at 0 F for 8 wk in a 
sealed bottle in the dark. Chromatogram 2: Corn Oil stored in an 
open bottle at 95 F for 45 wk in the presence of fight and air. 

f lavor of  vegetable  oils began  in 1965 w h e n  a pr iva te  com- 
m u n i c a t i o n  f r o m  the  C o n t i n e n t a l  Can C o m p a n y  (Scholz  
and  P tak)  i nd ica t ed  t h a t  the  GLC m e a s u r e m e n t  of  hexana l  
was a measure  o f  the  d e v e l o p m e n t  o f  r anc id i ty  in vegetable  
oils. Our  u n r e p o r t e d  w o r k  w h i c h  para l le led  t h a t  of  Scholz  
and  P tak  involved t he  d i rec t  i n j ec t i on  on  a (6 ft  x i / 4  in. 
10% SE-30 on  D i a t o p o r t  S, 8 0 / 1 0 0  mesh)  n o n p o l a r  GLC 
c o l u m n  of  1 # l  of  a 1 ml  oil sample  to  w h i c h  1 /el of  
n -oc t ane  had  been  added  as an  in te rna l  s t andard .  While we 
c o n f i r m e d  t h a t  the  h e x a n a l  p e a k  did  increase  wi th  abuse  of  
the  oil, it was obse rved  t h a t  anot laer  peak  iden t i f i ed  as 
p e n t a n e  showed  grea ter  d e v e l o p m e n t  w i t h  t ime  and  t em-  
pe ra tu r e  abuse  o f  the  oil t h a n  hexanal .  Our  in i t ia l  s tudies  
involved  a co rn  oil wh ich  was i n t e n t i o n a l l y  abused  for  
various t imes  in the  act ive oxygen  m e t h o d  ( A O M ) e q u i p -  
men t .  While t he re  was seeming ly  good co r r e l a t i on  o f  t he  
GLC da ta  to  the  pe rox ide  d e v e l o p m e n t  in  the  oil and in 
o t h e r  oils s to red  in b o t h  ha l f  full  and  full  bo t t l e s  at  95 F 
for  4 roD, the re  was no  co r re l a t ion  w i t h  the  f lavor  pane l  
scores (Fig. 2). 

The  pub l i c a t i on  of  Scholz  and  P t ak  (1)  and  our  lack of  
success led to  a b a n d o n m e n t  o f  the  p ro jec t  un t i l  D u p u y  and  
coworker s  r epo r t ed  the i r  w o r k  in 1971 (2). Since it was 
observed  tha t ,  in all of  D u p u y ' s  papers  in wh ich  he  had  
ind ica t ed  t o t a l  volat i les  (7-8),  th is  measure  was r e p o r t e d  to  
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TABLE IV 

Correlation of Transformed Flavor Panel Scores 
of Dark Storage-Corn Oils Relative 

�9 to Gas Liquid Chromatographic (GLC) 
Total Volatiles (ppm)a 

GC (ppm) a FP x FS + l0 b 

35 35 
29 34 
42 31 
31 36 
41 36 
44 39 
41 34 
40 41 
44 43 
33 35 
46 46 
55 44 
20 30 

aGC = gas chromatography. 
b5% Flavor Panel evaluations of Flavor Pleasantness 

Flavor Strength (FS) 
(FP) and 

have fairly good to good correlat ions wi th  the flavor ratings 
(wi th  corre la t ion coeff icients  f rom 0.7-0.9), it was decided 
that  a viable approach might  involve the elut ion of  the 
volatiles as a group of  merged peaks. An internal  standard 
which would  elute much  later would  provide  the means for  
quant i f ica t ion  and a p r eco lumn  would  be used to trap the 
oil. We had already used such a system (presented in the 
exper imenta l  sect ion)  for the  de tec t ion  of  heat  exchange 
fluids or  solvents in oils which involved direct  in ject ion of  
oils in to  a gas chromatograph.  

Typical  chromatograms  of  two ex t reme corn oils are 
shown in Figure 3. Elu t ion  t ime of  the internal  standard is 
14 min. It  is separated by at least 4 min  f rom any of  the 
preceding peaks. There is only  one peak present  in oils 
in tent ional ly  abused which comes at a later t ime (18 min)  
and its e lu t ion is comple te  by 20 min. In jec t ion  of  the  next  
sample can be made at that  point ,  or  as soon as the integra- 
tor  or c o m p u t e r  used will permit .  Since such extensively 
abused samples are the  excep t ion ,  samples can generally be 
analyzed at a rate of  three an hour  w i thou t  diff iculty.  It has 
been possible to run about  f i f teen samples through the 
system before  the  glass wool  requires rep lacement  and 
about  s ixty samples over 4 or  5 days (when the glass wool  
was changed each night)  before  the  p reco lumn packing 
required changing. The la t ter  change involves the removal  
of  packing f rom the column,  repacking and then  recondi-  
t ioning for  2 hr  at 200 C. Since exper ience should permi t  
be t ter  unders tanding of  the  saturat ion rate of  the pre- 
column,exchange of  the p reco lumn might  be made in the 
future at a convenient  p rede te rmined  point .  There is never 
any danger of  contamina t ing  the chromatographic  co lumn 
if the opera tor  is cognizant  of  the warnings given by the 
system. The internal  standard peak indicates the  need for a 
change in glass wool  by losing its Gaussian shape with  the 
onset  of  tailing. When such tailing is also accompanied  by a 
significant increase (ca. 1 min)  in re ten t ion  t ime, then  the 
p reco lumn packing also requires replacement .  

Calculat ions have been made according to the formula:  

A S x WIS 
GLC Volatiles - x K 

AIS x W S 

A S = area of chromatogram excluding internal standard 
AIS = area of internal standard 
WIS = weight of internal standard 
W S = weight of oil 
K = instrument response factor 

The  ins t rument ' s  response fac tor  (K) can be taken as 1.0 

when using a f lame ionizat ion detector .  
The most  dramat ic  differences were found in the com- 

bined air-, light-, and heat-abused samples. However ,  even 
though the GLC values more  than tr ipled in 6 wk as shown 
in Table I, it required a span of  about  20 wk before  really 
significant changes were evident  in the  flavor panel  scores. 

A statistical analysis of  the  data  f rom the air-, light-, and 
heat-abused samples indicates in Table II a reasonable cor- 
relat ion of  the GLC values wi th  the s t rength and the  
pleasantness as well as the p roduc t  of  these two  flavor 
values. The p roduc t  of  strength and pleasantness was 
proposed  as a way to provide one compos i te  value for  flavor 
and to expand the flavor scale while still giving equal  weight  
to bo th  f lavor characteristics.  

Table III shows the data of  the set s tored in closed con- 
tainers in the dark. The same form of statistical analysis was 
applied and while the correlat ion is not  as good as the  
samples in ten t iona l ly  abused under  control led  condi t ions ,  
the product  value again has the highest corre la t ion (0.74) as 
shown in Table II. The poore r  correlat ions wi th  sealed 
samples are believed caused by some variabil i ty in the  
integri ty  of  the  package. For  example ,  the  t ightness of  the 
cap. The samples which had been assayed by  GLC and the 
flavor panel  had not  come  f rom ident ical  bot t les  but  f rom 
pairs drawn from the same case at the same time. It  was 
observed,  however ,  that  the t ransformat ion  o f  the p roduc t  
value (FP x FS) by the  addi t ion of  10 gave values for  the  
dark storage oils which were in the same order  o f  
magni tude  as the ppm of  the volatiles f rom the GLC (Table 
IV). 

The  final s tudy,  that  o f  the product  drawn f rom dif- 
ferent  locations,  init ially did not  yield a posi t ive correla- 
t ion. Fur ther  evaluations of  these p roduc t ion  retains were 
made to break out  the effects of  some of  the variables such 
as differences due to the three plant locat ions  and a 
mul t ip l ic i ty  of  variations in the storage procedures  to which 
the samples had been subjected.  The results o f  samples 
f rom two of the plants proved to be linear but  slightly 
displaced f rom one another .  The data f rom the third plant 
was spread randomly  over the full range of  values which 
apparent ly  was the result of  a less control led retain storage 
program. This il lustrates what  should be recognized as a 
requi rement  of  many  of  the GLC procedures  repor ted  in 
the l i terature.  Samples have to be t reated under  the condi-  
tions of  prepara t ion  and storage repor ted  for any equat ions  
of  corre la t ion to be valid. 

If  the unknown  factors can be more comple te ly  resolved 
to provide  correlat ions as shown in the control led  storage 
programs, a compu te r  can generate a predict ive equat ion  
f rom the data which will provide an es t imate  o f  the flavor 
panel score f rom the GLC de te rmined  ppm to ta l  flavor 
volatiles. Such an equat ion  generated for the  flavor 
pleasantness of  corn oil when stored in the dark is f lavor 
pleasantness = 4.144 + 0.0349 (ppm GLC to ta l  volatiles). It 
is believed unlikely that  this equa t ion  will hold  for  o ther  oils 
or  o ther  storage condit ions.  Therefore ,  cont inued s tudy is 
planned involving o ther  oils and blends so the l imita t ions  
and advantages of  this analytical  procedure  can be more  
fully evaluated. 
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