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T A B L E  I 

Effects  of Ana lys i s  on I o d i n e  Va lue  and  R e f r a c t i v e  I n d e x  

F a t t y  Ac ids  A S T M  

I o d i n e  Va lue  R e f r a c t i v e  I n d e x  at  25~ 

F e d e r a l  ASTI'r Fede r a l  

A f t e r  I n i t i a l  A f t e r  I n i t i a l  Af t e r  I n i t i a l  A f t e r  
I n i t i a l  ana ly s i s  ana lys i s  ana lys i s  ana lys i s  

L i n s eed  ........................................ 177 176 177 173 1 .4675  1.4688 1.4675 1 .4693 
Soya ............................................. 139 139 141 138 1 .4633 1.4640 1.4633 1 .4636  
Tall  oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  132 129 131 131 1 .4663 1.4649 1.4663 1 .4665 

TABLE II 

Effects  of Alkyd R e s i n  P r o c e s s i n g  on I o d i n e  V a l u e  and  
R e f r a c t i v e  I n d e x  

A lkyd  
r e s i n  

L i n s e ~ I  .............. 

Soya . . . . . . . . . . . . . . . . . .  

Tai l  oil ................ 

I o d i n e  Va lue  

J l o u r s  of I 
pro( .ess ing I R e s i n  R e s i n  

I orocessed  ])roeessed 
at 4000F.  at 450~  

_ ( -  . . . . .  
, 1 7 0  .174  

!') 172 171 
172 168 

2 141 137 
5 141 138 
9 135 137 

2 126 124 
5 127 125 
9 126 125 

R e f r a c t i v e  I n d e x  
a t  25~ 

R e s i n  R e s i n  
,rocesse processed  
t 400~ at 450~  

L 4 ~  1 . 4 7 0 0  
1.4693 1 .4696  
1 .4685 ] ,4695 

1.4638 1.4645 
1.4637 1.4638 
1.4643 1.4639 

1 .4651 1.4665 
1.4650 1.4648 
1 .4651 1.4649 

iodine values or refractive indexes resulted from any 
analysis. Generally the analyses re, suited in a slight 
decrease in iodine values and a slight increase in re- 
fractive indexes. 

Effects of A l kyd  Resin l'roccssing. Iodine values 
and refractive indexes of the fatty acids separated 
from the alkyd resins are listed iu Table II. Only 
minor changes in the iodine values and refractive 
indexes of the fat ty acids resulted from the alkyd 

resin processing. Slightly ntore changes occurred in 
the linseed fat ty  acids and in the fat ty  acids from 
resins processed at 450~ Decreases in iodine values 
were accompanied usually by increases in refractive 
indexes except for the tall oil acids. Decreases in 
iodine values of tall oil acids were accompanied gen- 
erally by decreases in refractive indexes. 
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Effect of Autoxidation Prior to Deodorization on 

Oxidative and Flavor Stability of Soybean Oil 
C. D. EVANS, E. N. FRANKEL, PATRICIA M. COONEY, and HELEN A. MOSER, 
Northern Regional Research Laboratory, 2 Peoria, Illinois 

D 
EODORIZATION Of vegetable oils is effective in 
removing volatile odor components and in de- 
s t roying  fat hydroperox ides  (1,2,3,24). The 

effect of the hydroperoxide decomposition products 
on the subsequent oxidative stability of the oil is less 
well understood. 

One effect of heating oxidized fats under deodorizer 
conditions is the formation of a reducing material that 
interferes with the Emmerie-Engel tocopherol deter- 
mination (9). Fat  hydroperoxides are known to un- 
dergo rapid destruction when the temperature is 
raised above 100~ (7), and for this reason most 
workers (4,8,11,18,22,23) have used lower tempera- 
tures in both the oxidation and isolation procedures 
used to study products derived from fat autoxidation. 
However temperatures as high as 120~ have been 
employed (13,21). O'Neill (17) and Williamson (25) 

1 P r e s e n t e d  at  fall  mee t ing ,  A m e r i c a n  Oil  Chemis t s '  Society,  October  
2 0 - 2 2 ,  1958,  Chicago,  Ill .  

2 T h i s  is a l a b o r a t o r y  of the  N o r t h e r n  Ut i l i za t ion  R e s e a r c h  and  Devel-  
o p m e n t  D iv i s ion ,  A g r i c u l t u r a l  R e s e a r c h  Service ,  U .  S. D e p a r t m e n t  of 
A g r i c u l t u r e .  

studied the thermal decomposition of fat peroxides 
and purified methyl linoleate hydroperoxide at 100~ 
Even after heating for 23 hrs., followed by molecular 
distillation at 110~ Williamson found that a large 
amount of active peroxidie material remained in the 
distillate. 

Chang et al. (5,6) concluded that oxidative poly- 
mers introduced into soybean oil during processing 
could serve as the precursors of flavor reversion com- 
pounds. Johnson et al. (15) studied the autoxidation 
of ethyl linoleate oxidative polymers and indicated 
that this reaction was a possible source of volatile 
flavor-reversion compounds in soybean oil. Holm et al. 
(14) have stated that high-molecular-weight carbonyl 
compounds, formed through the breakdown of oxida- 
tion products, were the substances responsible for 
poor oil stability and flavor reversion. They believed 
that the concentration of carbonyl compounds in a fat 
or oil was indicative of both the amount of oxidation 
that an oil has undergone and the future stability 
of a finished margarine. Some of these secondary 
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oxidation products  must  be stable to processing con- 
ditions because such substances are found in raw, 
refined, and finished oils. 

This pape r  reports  the effects of mild oxidation 
pr ior  to deodorization on the qual i ty  of edible soy- 
bean oil. Changes in s tabi l i ty  were related to the 
format ion of decomposition products  derived f rom 
fa t  hydroperoxides.  

Methods 
Several lots of commercial ly refined edible soybean 

oil and labora tory  p repared  methyl  esters of soybean 
and safflower f a t t y  acids were used. The esters were 
p repared  by alkaline methanolysis  of the oil, followed 
by the usual  purification and distillation procedures. 
Oxidations were conducted at  room tempera tu re  and 
at  60~ in a thermostat ical ly  controlled bath by  bnb- 
bling oxygen through the fa t  or ester. High  peroxide 
levels were obtained in the methyI  esters by ul t ra-  
violet l ight catalysis. 

Peroxides were destroyed dur ing  the usual labora,  
tory  conditions of deodorization used in p repar ing  
samples for  taste panel  evaluation (16), which consist 
of heating the oil for  3 hrs. at 210~ at  a pressure of 
1 ram. or less. The methyl  ester hydroperoxides  were 
decomposed by heating small quanti t ies of the oxi- 
dized esters under  ni trogen for  15-20 min. at  210~ 
Unoxidized esters and monomeric mater ia ls  were sep- 
arated f rom the high-molecular-weight hydroperoxide  
breakdown products  by  molecular  weight distillation 
in a fal l ing film still at  120~ and under  10 microns 
of pressure. The high-molecular-weight residue was 
distilled at  200~ and undcr  5-10 microns to yield 
about 70% of a dimeric product.  Both the undisti l led 
residue and the distilled dimers were utilized in oxi- 
dative and flavor-stabili ty studies tha t  will be de- 
scribed later. 

The concentrat ion of breakdown material  in alL oil 
or fa t  derived f rom thermal  decomposition of the per- 
oxides can be determined by  the reducing power, a~s 
described previously (9),  or by  the increased earbonyl 
content of the fa t  system (14). The initial  peroxide 
value is also a par t ia l  measure of residual mater ia l  
since only about  10% of the weight of the hydroperox-  
ide is lost th rough volatilization dur ing  deodorization 
and 90% forms high-molecular-weight ,  fat-soluble 
materials.  

U n s a t u r a t e d  ca rbony l s  w e r e  d e t e r m i n e d  by the 
method of Heniek e t  al .  (12), using erotonaldehydc 
as a s tandard  and measur ing the absorbanee at 460 
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FI(t.  1. E f fec t  o f  au tox ida t ion  p r io r  to deodor izat ion on f i le 
f lavor s tab i l i t y  o f  soybean oil. 

m~. The method described by Sidwell e t  al .  (20) was 
used to determine the th iobarbi tur ic  acid ( T B A )  val- 
ues in the oils submit ted for  taste-panel  evaluation. 

Experimental Results 
Figure  1 shows the results of all o rganolept ic  evalu- 

ation of a sample of refined bleached soybean oil tha t  
was submit ted  to three degrees of oxidation pr ior  to 
its deodorization. Several different lots of soybean oil 
gave identical  exper imenta l  results, and these dupli-  
cations are not reported.  The oil in this pa r t i cu la r  
exper iment  (F igure  1) was oxidized with oxygen at 
60~ for  16, 40, and 73 hrs. and  the resul t ing per-  
oxide levels, as measured by  the ferr ic  thiocyanide 
method, increased to 22, 57, and 110 me./kg. ,  respec- 
tively, above the initial value of 8.3. Tocopherol 
content of the oil dropped 4.8, 7.2, and 13.7%, re- 
spectively, f rom an initial value of 1,420 ~,/g. Oils 
were evaluated by the taste panel  a f ter  deodorization 
and af ter  aging for  1, 3, 5, and 7 days in a 60~ oven. 
An organoleptie evaluation by a ]5-member  taste panel  
detected no significant impa i rment  in the init ial  qual- 
i ty  of the deodorized oils at the two lower levels of 
oxidation. A t  the highest level of oxidation (P.V. of 
110) a significant lowering of the initial flavor score 
was observed. 

Af t e r  1 day ' s  aging the panel  distinguislied between 
the flavor of the respective samples. The decrease in 
flavor score of oils was in direct relat ionship to the 
amount  of oxidation they had undergone pr ior  to 
deodorization. All oils behaved in a typical  manner  
in showing the greatest  loss in (luality dur ing  the 
first 3 days of storage. At  all levels of oxidation the 
flavor scores of the most highly oxidized samples were 
always significantly lower t lnm those of the control. 

[ f i [ ( l  of OXIDATION pltlO! tO DIODOtIIZATtON 
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FIG. 2. E f fec t  o f  au tox ida t ion  p r io r  to deo(Lorizatlon on the 
oxidatiw~* and f lavor s tab i l i t y  o f  soybean o i l  Un i t s :  f lavor 
0-10; carbonyl mg./kg.;  TIIA absorb-thee at 530 m~ • 10 -~. 

Chemical data  obtained in the evaluation of these 
aged samples and the comparison with organoleptic 
data  are presented in F igure  2. Peroxide develop- 
mea t  curves are similar for  each of the four  samples, 
showing an induction period of approx imate ly  1 day  
and a ra ther  un i form and rap id  rise in peroxide 
thereaf ter .  T B A  values follow the peroxides ra ther  
closely and also show an induction period, which 
indirect ly corresponds to the amount  of oxidation 
received pr ior  to deodorization by  each of the respec- 
tive samples. This induction-period response for  the 
TBA test has also been observed in other studies. 

Carbonyl  values show a constant  rate  of increase 
regardless of the level or rate  of pr ior  exidation. The 
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initial  value of each of the three oxidized samples in- 
creased over the unoxidized control in direct propor- 
tion to the degree of pr ior  oxidation. This increase 
in carbonyls dur ing  storage for 1, 3, 5, and 7 days did 
not show a linear relat ionship to increase in peroxides. 

The association of the peroxide value before deodor- 
ization to the carbonyl  content a f te r  deodorization is 
shown i n  Figure  3. A good correlation is evident i n  

RELATIONSHIP OF PEROXIDE CONTENT BEFORE DEODORIZATION 
TO CARBONYL CONTENT AFTER DEODORIZATION 
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FI(~. 3. l~elationship of the peroxide ( 'ontent of soybean oil 
before deodorization to the carbonyl conCent a f te r  dedoriz;rtion. 

the conversion of the hydropcroxide  to carbonyls at 
high tcTnt)eratures. This l inear relationship holds at 
all peroxide levels investigated. The rate  of carbonyl  
fornmtion may  change with the nature  of the fa t  per- 
oxides and the conditions of oxidation, such as tent- 
perature ,  presence of metals and metal  inactivators,  
exposure to light, and other" factors influencing fa t  
oxidation. Under conditions of oxidation where per-  
oxides are readi ly  decomposed (i.e., high teniperatures  
and high metal  contents) high carbonyl valnes are 
produced per  uni t  of i)eroxide. The lowest carbonyl 
values were determined in f reshly  deodorized and 
unoxidized oils. The initial values in F igure  3 are 
about  average for  soybean oil, but  some soybean oils 
gave values ranging  f rom 400 to 600 mg. /kg.  Oil 
f rom freshly  extracted beans has shown carbonyl  val- 
ues somewhat less than  100; however the precision of 
measurement  at this level is not good ( •  20%).  Even 
when freshly  distilled and prepared  ordinari ly,  soy- 
bean f a t t y  acid esters have shown about this level 
of carbonyI values. Low carbonyl  values were ob- 
ta ined only with highly purified esters. On the basis 
of cur rent  data  it cannot  be indicated whether  the 
carbonyl  value obtained upon extrapolat ion t e a  0 
peroxide level is a base value or whether  it is indica- 
tive of an equivalent  amount  of pr ior  oxidation. The 
resolution of this problem will offer an interest ing 
s tudy  in autoxidation.  

Effects of Added  Thermal Products. The deleteri- 
ous effect on flavor resul t ing f rom the addit ion of the 
distilled dimeric f rac t ion  to soybean oil is presented 
in F igure  4. The loss in flavor qual i ty  is seen to be 
i~l direct  relation to the concentrat ion of distilled 
dimeric mater ia l  tha t  was added to the oil. Although 
the addit ion of 0.5% of the mater ia l  did not lower the 
flavor store significantly, each increment  caused a 
lowering of quality, which was detected by  the taste 
panel. The higher the percentage of added material ,  

IIFICI OF ADDI~ OXIDATIVE DIMiN OH IOYDEAN Oil STAIILITY 
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FIG. 4. Effect of added distilled oxidative dimer on the or- 
ganoleptic and chemical s tabil i ty of soybean oil. Units are the 
same as in F igure  2. 

the lower was the initial flavor score and the poorer 
the qual i ty  of the oil upon aging. 

F igure  4 depicts chemical data  similar to that  dis- 
cussed in F igure  2 but obtained f rom a different lot 
of soybean oil containing 0.5, 1.0, and 2.0% of added 
distilled dimerie ntaterial. TBA values indicate a 
similar type  of induction period as observed previ- 
ously, and the rate  of development  corresponds to 
the increase in peroxide values in F igurc  2. Since 
the added dimeric mater ial  contains carbony] groups, 
each sample of oil shows the corresponding increasc 
in the initial carbonyl level. The rate  of develop- 
ment  of new (.arbonyl mater ia ls  dur ing  the aging of 
the oil is not influenced by the amount  of demerit  car- 
bonyl added. The rate appears  to remain constant and 
approximate ly  equal to tha t  in the earlier experiments.  

In  previous woi'k it was shown (9) that  these heat 
decomposition l)roduets of peroxides could be removed 
by ehromatograI)hy on silicic acid. F igure  5 presents 
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FIe. 5. Effect  on the stabil i ty of soybean oil th rough removal 
of aldehydes by silicic acid. Uni ts  are th~ same as in F igure  2. 

the results of chemical and flavor evaluations of soy- 
bean oil t rea ted  with silicie acid to remove carbonyls. 
Although the carbonyls are reduced to 20% of the 
original, the rate  of carbonyl  development  dur ing 
storage of the oil is the same in t reated or unt rea ted  
samples. I towever  the rapid  drop in flavor scores of 
the aged silicic acid-treated samples and their  poor 
oxidative stabil i ty could be a t t r ibuted  to the chroma- 
tographic  operation. The next  pair  of graphs  show 
the same oils, one unt rea ted  and the other t rea ted  with 
silicic acid. These two oils were deodorized in the 
presence of 0.01% citric acid. Under  these conditions 
flavor scores and the oxidative stabil i ty values of the 
two are about the same. The effect citric acid. had in 
stabilizing the silieic acid-treated oil indicates that  
metal  contaminat ion occurred dur ing  the chromato- 
graphic  procedure.  I t  also appears  that  citric acid is 
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effective in prevent ing the development  of earbonyls  
upon the aging of oils. The metal- inact ivat ing action 
of citric acid appears to prevent  or reduce the rate of 
peroxide decomposit ion which results in a decreased 
earbonyl  formation.  

Figure  6 shows the rate of  peroxide devehlpment 
in air at 60~ for samples of edible soybean oil 
submitted to oxidation prior to deodorization. Small  
samples (2-g.) were shaken in a Warburg  apparatus,  
from which 20-rag. samples were removed periodically 
for the peroxide determiuation.  F igure  7 shows the 
oxidation curves for soybean oil containing added dis- 
tilled oxidative dimer. Oxidation rates in both sets 
of experiments indicates a lowered stabil ity corre- 
sponding to the amount  of dimer added or to the 
extent of prior oxidation. These experiments confirm 
results obtained on the tas%-panel samples. 
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10IG. 6. Oxidative stabili ty of soybean oil oxidized to (lif]'ert,nt 
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Discussion 

No (lifferenees couhl lie establish(,(l hi  the flavor or 
oxidative stability of s(/ybean oil whether tile I}ro(hl(~ts 
(if thermal  deeompositiol~ of the hyilroperoxides were 
(levelot)ed in  s i tu  or adde(I to lhe (l{,(}(loriz{,d oil. ()r- 
ganolel)ti( B evaluaiions in(lieaie thai at low hwels of 
oxidation unusual flavors or o(tors (lid no{ resulI from 
these thermal-(lerive(t lirodueis. Flavor and o(lor de- 
scriptions are, those nornla]iy ('n(!ouiltere(l ill (les('rib- 
ing aged soybean oils. The l)llre (lislille(1 (linleri(( 
material isolate(I fronl the I11elhyl ester ]lydrol)eroxide 
has a mi ld,  tangy, bi t ter,  an(l l iersistent taste thai  
clings to the tongne. \Vhell this iilalol'iaI is ad(h,d at 
high levels (2%) to an oil, bitterne.~s is the eolIIlilOll 
flavor description. Although the h~wering in flavor 
scores parallels oxidative treatment,  statistically sig- 
uifieant differences in scores were usually obtained 
only between the control sanll)le an(1 the nlost highly 
oxidized sample. Thus, in the flaw)r exanlinatioll (if 
soybean oil, where the oxidations were carried Olfly to 
a peroxide level of 10, no differences were obtained 
between the control and the oxidize(t saml)les in either 
the initial flavor score or in the age(t flavor s('ores. 
Our taste-panel data would in(tieate that, prior to 
deodorization, peroxide levels of 20 or 25 are neees- 
sary before a detectable differen(.e in the flavor of 
aged oils cau be established. I I igher  initial peroxide 
levels would be required to show significant differ- 
enees in the flavor of freshly deodorized oils. 

The chemical tests used to evaluate oxidative sta- 
bility of the various oils gave results that were in 

OXIDATION OF SOYBEAN OIL WITH ADDED OXIDATIVE OIMER 
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FIG. 7. Oxidative stabil i ty of soybean oil containing a d d e d  
distilled oxidative dimer. 

agreement with the oxidative treatment  of the sam- 
ples, even at the lowest oxidation levels. These tests, 
a l though high in sensit ivity  like the taste test, are 
however  nonspeeifie as to the cause of the lowered 
stability. In  a sinlilar way l lohn ct al. (14) used a 
benzidine test which measures the concentration of 
oxidation products thought  to be m~saturated r~o,- 
volatile aldehydes. They iutcrpreted the test as a 
measure of the future  stability of the fat and propose 
this test as a measure of the oxidative history of 
crmle arid refilwd oils. Rosehen <,t el. (19) obtained 
results on lard similar to that presemed here. They 
showed that tim stability of fresh l a rd  was imlmired 
by dilution with lard oxidized prior to deodorization. 
These workers found that the catalytic effect of the 
de(}(h>rized lards was not caused by l)oroxi(les and t){'- 
lieved rather 1hat lhe effect was cause(1 hy nonvolaiih, 
aldehydes. 

\Vhen the earbonyl test used in our experiments 
is enlI)h)ye(t on freshly (l('odorizod oils, the iiwrease 
iu <'arbonyl content over lh(' Ulmxi(lized e(mtr(}l is in 
a~r(!(~lllellt w i t h  the l)ast oxi(laiive i r e a t n , ' . t  of the 
samllles. Initial earbonyl vahles lOT' soybean oil wtried 
f r o n l  2 0 0 - 4 0 0  7 / ~ .  \ V h e { h e r  these inat(,rials rea('tin~ 
as (,arb(}nyl (,Oml}omlds r(,sult {inly t'r{)m The break- 
(lown of hydroperoxid{,s ('ann(}{ be staie(I at thin time. 
ITntil the nature and stru{'ture ()IT lhes{, materials are 
kill)Wit a n d  t h e  l l lecbal l iSnl  o1-' t h e i r  formation is l l l ldeP- 
sLoe(I, it, would not lie justifiable to exlrapolate such 
data. All types of hydr(fl)eroxides are de(',omp()sed 
l111(ler' deod()rization eo.ditions, and any volatile, U]l- 
stahh! a](lehydes or ketoues w(mhl not be nleasure(]. 

D)were(I flavor quality and poor stability of soy- 
bean oil cannot be ~ttribuie(t to the loss (if antioxi- 
dams at these relatively h)w levels of oxidation. This 
is evideltt because 87% of the toeol)herol remained 
in the oil at the highest levels of oxidations studied 
(P.V. (if 110 FeCNS Tnethod), an(l, in other expeT'i- 
Tnents where thermal decomposition l}rodu(.ts were 
added, there was no reduction in the toeol)herol (,m- 
lent. Earlier we reported that, by r'emoving one-half 
to two-thirds of the toeopherol, the flavor stability (if 
soybean oil is oceasionally improved and the oxida- 
tive stability is usually improved (10) .  

The experimental evideneee l)T'esente(1 here indi- 
cates, that, during the aetive oxidation of soybean oil, 
both peroxides and earbonyl material showed an in- 
crease but  that  no sitnple direet relatiouship existed 
betweell the two. IIowever Heniek et at. (12) showed 
a linear relationship duT'ing the oxi(lation of both 
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soybean oil and corn oil. Sidwell et al. (20), in ap- 
plying this method, found no increase in earbonyls 
dur ing  the oxidation of but ter  but  did find an in- 
crease dur ing  the oxidation of lard  and vegetable 
oils. The labile na ture  of aldehydes, especially the 
a,/~-unsaturated and the dialdehydes formed in fa t  
oxidation products,  makes any  determinat ion of these 
compounds difficult to reproduce. Bet ter  and more 
specific methods, along with improved techniques, are 
definitely needed to evaluate and in te rpre t  chemical 
(lata in flavor work. 

Summary 
Oxidation prior  to deodorization was shown to be 

detrime|~tal to the flavor and oxidative stabil i ty of 
soybean oil. The increase in the nonvolatile carbonyl  
(,,o|ttent of f reshly deodorized oils was proport ional  
to the I)croxide value of the oils before deodorization. 
Rate of loss of flaw)r and oxidative stabil i ty of the 
oil were related to the extent of earbonyl deveh)p- 
meat .  All oils, whether  or not they had be(,n sub- 
mit ted to any  known oxidation, contained some non- 
volatile carbonyls.  The loss in stabil i ty was not due 
to a loss of the an t |ox idant  toeopherol. 

Oxidized soybean oil methyl esters were shown to 
develop nonvolatile earl)onyl ('Oml)ounds upon heat- 
ing at  deodorization tenq)cratures. The addition of 
isolated methyl  ester per(~xide deemnposition prod- 
ucts to deodorize(t soybean oil redue, cd its flavor 
and oxidatiw, stabil i ty in prol)ortion to the amount  
added. The resulls obtai| |ed were I)arallel and simi- 
lar  to those obtained by oxidizing soybean oil prior  
1o de(idorizatio|l. 

Flavor deleriorati(m a| |d u||(lesirablc flavors wore 
lypieal of agin~ soybean oil whelh('r or not lhe oils 
were oxidized befo|'e deo(lorization or whether an 
e(luivale| |t  an |ount  of |mnvolalile |her |hal  dee, omposi- 

tion products  was added to the oil. These oxidatively 
derived, nonvolatile earbonyl materials  are believed 
to enter into the sequence of reactions tha t  contribute 
to flavor instabi l i ty and quali ty deteriorat ion of soy- 
bean oil. The s t ruc ture  of these materials  is not known. 

This work indicates the importance of minimizing 
autoxidation in soybean oil par t icu lar ly  before deodor- 
ization to insure good oxidative and flavor stability. 
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Quantitative Gas Chromatography of Fatty Derivatives. 
Relative Detector Responses to C0-C,. 
Saturated Methyl Esters 
J. V. KILLHEFFER JR. and ERIC JUNGERMANN, Armour Industrial Chemical Company, Chicago, Illinois 

The relative response of a thermal c(;nductivity cell, in terms 
of peak area produced per mole of compound, has been deter- 
milled for th, e fatty methyl esters eaproate through myristtlte. 
The values were found to lm a lineqr function of molecular 
weight, 

I 
N GAS C HROMATOGI~APHY of f a t t y  derivatives, using 
thermal  conduct ivi ty  detectors, claims have been 
made that  the peak areas are propor t ional  to the 

weights of the corresponding components of the sam- 
pie, and this assumption has been applied in the 
quant i ta t ive  analysis of such mater ia ls  (2,5).  In-  
creasingly sophisticated approaches to quant i ta t ive 
gas ch romatography  have revealed tha t  the si tuat ion 
is not as simple as previously thought,  and two dif- 
ferent  effects have been postulated to account for  the 

fact  that,  in homologous series, the peak areas become 
progressively smaller than  would have been predicted. 
One mechanism is tha t  advanced by Orr  and Callen 
(8) :  transesterifieation occurr ing between the sam- 
ple components and polyester  column liquids results 
in a decrease in the amounts  of these c o m p o n e n t s  
actual ly reaching the detector. The extent of the 
reaction, and corresponding decrease in the amounts 
eluted, would be progressively greater  for  those sub- 
stances with longer retention-t imes;  the effect was 
emphasized at  higher temperatures .  Other  workers 
have a t t r ibuted  this t rend to " m i n o r  errors  associ- 
ated with the technique of calculating a r e a s "  (6). 

The second mechanism has been elegantly docu- 
mented by  Ros iee t  al. (7,9) for an impressive var ie ty  


