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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  
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of C1-C~o compounds. They showed that  the peak 
areas were direct ly propor t ional  to mole-percentages 
when adjusted for  differences in thermal  conductiv- 
i ty by means of empirical  constants, which are l inear 
in molecular  weight for  each homologous series. The 
constants referred to as " re la t ive  responses"  with 
respect  to the area produced by benzene, which was 
a rb i t ra r i ly  assigned the value of 100.0, will be desig- 
nated by  the symbol Rm in the following discussion. 
Johns (4) has repor ted limited data, which agree 
with those of Rosie. 

The general i ty  and accuracy of the foregoing tech- 
niques suggested that  the results repor ted for the 
f a t t y  series might  be caused by for tui tous  combina- 
tion of the facts that,  in homologous series of high 
molecular weight, mole-percentages are very  similar 
to weight  percentages and thermal  conduct ivi ty  dif- 
ferences might  be small. Fo r  the accurate  analysis 
of mixtures  containing a wide range of molecular 
weights it appeared that  a more reliable in terpreta-  
tion of the chromatograms would be possible if a 
set of relative detector responses were known for  the 
individual  compounds encountered. 

Al though H u d y  (3) has thrown doubt on the trans-  
esterification theory by  repor t ing that  similar data  re- 
sult f rom the use of polyester  and Apiezon N columns, 
it remained of interest  to determine whether  the line- 
a r i ty  of the relative responses persists beyond the 
range repor ted by Rosie. This note summarizes results 
obtained on methyl  esters of even-numbered normal  
acids f rom C, through C14. The appara tus  used was a 
l 'odbielniak Chromaeon, Series !)580, equipped with a 
] -mv. M in neal)olis-Itoneywell electron ie recorder and a 
1)all-disk integrator  (Disc Ins t ruments  Inc.).  Hel ium 
was passed at 70. ml . /min,  through the ( 'ohmm, which 
was maintained at 210~ and consisted of 4 ft. of ~ -  
in. o.d. stainless steel tubing,  packed with Craig poly- 
ester on Chromosorb W. The detector cell contained 
lungsten filaments operated at 12.4 volts and 315 
milliamp., and was mainta ined at 220~ Samples of 
ca. 2 fd were introduced through the silicone rubber  
septum by means of a Hami l ton  microsyr inge;  more 
precise control was shown to be n l l n e ( ; e s s a r y  (see 
discussion of the data  in Table 1I). The individual 

TABLE I 

Repe~tability of P a r k  Area Ratio l)eiermhult ions 

' 2..2 2 ' ~ Peak A 251 357 --i~ 20 
B 311 418 377 432 444 "191 
C 468 620 I 566 636 65~ 575 

Ratio B/A 1.239 1.222 I 1,224 1.252 1.2.14 I 222 
C/P, 1.505 I 1.483 ~ 1.501 i 1.472 1.482 1.471 

esters were purified by  repeated careful fra(,.liona- 
tion through a 20-in. S tedman eohmm;  their  quali ty 
was such that, upon gas chromatographic  analysis 
under  the conditions a l ready described, no detectable 
recorder deflection was produced by any  other com- 
pound al though the expected peak was off-scale at the 
same at tenuation.  Twelve mixtures,  each containing 
two to four  components, were analyzed three to six 
times. Repeatabi l i ty  of the peak area rat ios is indi- 
cated by the typical  set of data  in Table [, result ing 
f rom six analyses of a three-component  mixture.  

The values of the ra t io  B / A  show a s tandard  devi- 
ation (s.d.) of 0.01294, and a coefficient of var ia t ion 
(c.v.) of only 1.05% ( l a )  ; s imilarly the C/B values 
have s.d. = 0.01436 and c.v. = 0.966%. The ratios 
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FIG. ] .  R e l a t i v e  d e t e c t o r  r e s p o n s e s  of  s t r a i g h t - c h a i n  a c e t a t e s  
a r d  m e t h y l  es te r s .  

display no significant correlation with sample size 
(as represented by the sums of the three I)eak areas) ; 
it therefore appcars  umlecessary to control the sam- 
ple size more ('.losely than =~_ ca. 20%. 

Establishnmnt of these area-ratios for mixtures  of 
known (,on,position makes l)ossible the eah'Mation of. 
r , la l ive  resl)(mses on either a mole or a weir 'h |  basis: 

A i / ' A  j A i / n i i  ( ] { m ) i  

llli/nl j ~ j//nlj (l{,,,) j 
fl, i/Aj A'~ i/V~'i ( l{w)i 

XV i/~V j A j / W j  (I{,w) j 

where A~/Aj = ratio of areas of peaks produced by 
('.onll)onents i and j, n i l / h i  j ~ ratio (if numbers  of moles 
of ('Oml)onents i and j, w i / w j  = ratio of weights of com- 
ponents i and j, and R.w = relative respons(~ per  grant. 
Rw wdues are better  suited for  al)l)lieation to analy- 
sis of unknown mixtm'es while Rm values lend them- 
selves to l inear (~orrelations of the type shown by Rosie. 

The relative resl)onses obtained in this work are 
listed in Table Ill. Since no compound of known Rosie 
R,, value was present,  the data  are exl)ressed (column 
A) as mult iples of the relative response of methyl  
caproate. 

The second cohmm (column B) of R,,, wdues rep- 
resents a tentat ive assignment of the results of this 
work to tile Rosie scale (benzene = 100.0), t)ased on the 
following argument .  Rm for  methyl acetate ('an be 
ealelflated f rom thc least-squares lim~ for Rosie's six 
acetates; Ibis value must  also fall on the line relu'e- 
senting the straight-chain methyl  esters. ] t  is possible 
to calculate a new least-squares line passing through 
this point and of such slope that  the R,,, for  the f a t t y  
equation Ir = 40.a + 0.785 M, where M = molecular 
weight. F igure  1 depicts this derivat ion and also dis 
plays the high l inear i ty  of the data of Table I I ; the 
coefficient of determinat ion ( lb )  is 0.9996. The excel 
lent l ineari ty of these data  indicates that  the extra  
polation to palmita te  and stearate  is probably  valid 
and invocation of the transcsterifieation theory is not 
required at least up to the C~ compound. 
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T A B L E  ]1; 

lr  Detector Responses of Fa t ty  Methyl Es te rs  

l l e tec tor  responBe8 

Compound Area/inch!,  lgm A re.a/gram, 
Rw 

(A) (2 
( l . 0 0 o )  1 4 ( l . 0 9 0 )  

1.160 165.2 0,954 
1,30 I 185.3 0.909 
J .467 208.9 0.891 
1.619 230.5 0.869 
1.773 252.6 0.854 
1.927 274.6 0.840 

'~ Extral)olated.  

Ac knowl e dgm e n t  
The au thors  are indebted to S. T. l ' r e s ton  and  J o h n  

Mark  of  t'<)dbie/ldak lrle. for  rnaking awtilable the gas 

Methyl  (-apro~t te ................................... 
Metbyl eapryla te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Methyl eapra te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Methyl laura te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Methyl myr i s ta te  ................................. 
Methyl pa lmi ta l e  '~ ................................ 
Methyl stearate" .................................. 

ehro lna tograph  orl which these measurements  were 
made. 
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Extraction of Soybean and Cottonseed Oil by Four Solvents 
LIONEL K. ARNOLD and R. BASU ROY CHOUDHURY, Iowa Engineering Experiment Station, 
Iowa State University of Science and Technology, Ames, Iowa 

" ~  TAmOUS S O l , V E N T S  have been bolh slu(lied and use<l 
(.omnterebtlly for  the solveld extract ion of vege- 

V t a b l e  oils. l~enzol (tlenzene) has heell popular  
ill Europe .  E thy l  ah,<>hol has b(,en used ill Asia largely  
t/eeause of its really availall i l i ly and hlw ('(>st. In 
the l;ni(etl States  the solvenls connnonly llSe(I are 
I)etr<>h,uni fractions,  ma in ly  the hexalw fract ion.  The 
contmon lnethtl(I of detl, rlnilfing this f ract ion by its 
boiling' I)(lint (h)es not necessari ly eslablish its cht, nli- 
cal conlpositilln. Tile conlnlercial l)ro(hlct nlay con- 
tain as low as (i()~fi or as high as 8~% n-hexane. () ther  
const i tuents  cOlllnlonly t)resenl are inelhy] eyc.lopen- 
tall(,, me thy l  pentanes,  and [)(,nzene. l , i t th '  <>r no da ta  
are available showing the effect of these nonhexane 
const i tuents  on the solubi l i ty  of vegetable oils or on 
the <tuality of the oil ext rac ted  by them. 

Studies  were made on the rate of extra(:tion <)f 
soybeans and cottonseed wi th  pure  hexane, pure  ben- 
zene, and two varieties of commercial  hexane comlnonly 
used in oil extract ion.  Composi t ion da t a  on the three 
hexanes  are shown ill Table I. The benzene was " r e -  

TA:BLE l: 

C o m p o s i t i o n  of the '%lexanes"  a_.-Anleunts in Volume Percentages  

H i g h  Commer- 
Cons t i tuents  P u r e  p u r i t y  eial 

N - t t e x a n e  ...................................... 
Methyl  cyclopentane . . . . . . . . . . . . . . . . . . . . . .  
2-Methyl pen tane  ........................... 
3-Methyl pen tane  ........................... 
2- and 3 Methyl pentanes  .............. 
2 ,2-Dimett lyl  bu tane  ...................... 
2 ,4-Dimethyl  pen tane  .................... 
2 ,3-Dimethyl  bu tane  ...................... 
Cycle hexane ................................. 
B e n z e n e  ......................................... 

99.5 
0.0 
0.0 
0.0 
0.0 
O.O 
O.0 
0.0 
0.4 

~ 0 . 0 0 1  

88.4 
7.6 
0 . 0  
0 . 0  
3.0 
0.3 
0.7 
0.O 
O.O 

~ 0 . 0 O l  

59.7 
22.4 

5.4 
11.3 

O.O 
0.O 
O.O 
0.3 
0.9 
0.0 

" H e x a n e s  a n d  their  composi t ion da ta  suppl ied  by Phi l l ips  Pet ro leum 
C )mpany. 

a g e n t "  grade.  Cracked soybeans con ta in ing  7 to 8% 
mois ture  were heated to 160~ and  rolled into flakes 
wi th  an  average  thickness of 16 mils. The ext rac t ions  

1 Presen ted  at  the 51st  a n n u a l  sp r ing  meeting,  Amer ican  Oil Chemists '  
Society, Dallas,  Tex., Apr i l  3-6,  1960.  

were ('arri(,(I out  in ]abora tory- ra ie  exlrac(ion al)l)ara- 
tus s imilar  to tha t  used ill previous  s i t , l ies  in this 
l abora to ry  (1),  except somewhat  larger.  The extrac-  
t ion chandler  was 12 ill. h igh by 2 ill. ill (limneter 
alh)wiEg the use of 100-gram salni)les. Th(' extrac-  
tion chalnher and till' incoming solvent were heated 
|t) 135 to 140 ~ F. The solvent passe/l tllrou~xh the flake~ 
at a rail, Ilrt)ducing 10 nil. per  minuh,  of nliseella. 
Samples  were taken at 10-minute interwils. The sol- 
v e t l t  W a S  e v a ] ) o t ' a t e d  f r O l l l  e a c h  f r a c t i o n  I l l l ( ] e r  v a l , l l U l l l  

and the oil weighed. The residual  oil cont(,l~t of each 
sample was deter lnined ill Soxhlet  ai l l /aratus using 
the solvent d ra ined  froln the sample ill the ra te  ex- 
t r ac to r  as the ex t rac t ing  solvent. Cottonseed meats 
were ext rac ted  in a similar  manner .  Results  for  both 
are shown ill Table I I .  

Composites of the oil a l iquots  f rom each complete 
extract ion were examined for  qua l i ty  with the results  

T A B L E  I I  

Ex t rac t ion  Da ta  

Ex t rac t ion  
t ime in  

m in. 

Soybean 10 
oil 20 

3O 
4O 

50 
60 
70 
8O 

Cottonseed 10 
oil 20 

3O 
40 
50 

60 
7O 
80 
90 

100 

Res idua l  extractable oil, % of o r ig ina l  a 

omm ~r- " H i g h  
:.iaI" p u r i t y "  
eXall 2 hexane 

69.5 69.5 
45.2 47.4 
29.7 32.4 
19.7 21.4 

12.8 13.8 
8.0 8.7 
4.8 5.0 
3.0 2.8 

82.8 79.5 
63.6 63.7 
48.0 47.4 
35.4 34.8 
26.1 25.4 

19.0 18.8 
13.6 13.5 

9.8 9.8 
7.1 7.2 
5.1 5.1 

" P u r e "  
h e x a n e  

73.6 
53.7 
38.9 
27.1 

20.2 
14.2 
10.0 

7.0 

80.5 
6 1 . 4  
46.3 
34.6 
25.3 

18.5 
13.5 

9.9 
7.2 
5.3 

Bexlzeno 

64.8 
39.9 
25.5 
15.8 

11.2 
8.5 
7.0 
6.2 

82.8 
65.8 
50.6 
37.1 
28.6 

20.7 
14,8 
10.6 

7.7 
5.7 

" Or ig ina l  oil content  of the flakes, 19 .08% (dry  bas i s ) .  A res idua l  
e x t r a c t a b l e  oil of 3 .0% would be equ iva len t  to 0 .7% of the d r y  e x t r a c t e d  
meal. 


