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There are Ilumerous ways in which these radicals 
may recombine. Some of the more likely reactions 
that occur on the basis of the observations made here 
are as follows: 

Branching:  
C H a  ( C H 2 )  11" ~- C H 3  ( C H 2 )  3 - ( ~ H -  ( C H 2 )  1 6 C H 3  --> 

C H : 3  ( C H 2 )  3 -  C H - -  ( C H 2 )  1 6 C I t a  

(CH2) ~lCtta 
Yielding gases : 
CHa(CH2)3" ÷ -It  > n--CdH10 

Incorporat ion of ni trogen and hydrogen:  
CHa(CHe)a" + CHs(CH2)ll- -}- "N + H- ) 

CH3 (CH2) u - N H -  (CH2) 11CH3 

Incorporat ion of oxygen: 
CH3(CH2)11" + "tI + : 0 ) CI t3 (CH2) t tOH 

Since the system is highly d~mamic, no products 
stay in the reaction field unchanged, but  undergo 
branching, cracking, crosslinking and end up even- 
tually as solid polymers. The same reactions may 
be expected to occur with fats, and we observe the 
formation of solid polymers from lard. Although dis- 

charge reactions have been used for the commercial 
production of acetylene, gasoline, lubricants and 
some simple chemicals (2),  a major  problenl has 
been to control them. Since it is possible to trans- 
port  methyl radicals, for example, up to 37 crn (9) 
an important  use of discharge reactions may be for 
the generation of radicals for  use in reactions outside 
the electrical field. 
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Effect of Moisture Level on Volatile Carbonyls m Cottonseed 

Oil Heated to 210C * 
THEODORE P. DORNSEIFER, SUN C. KIM, ELIZABETH S. KEITH and JOHN J. POWERS, 
Department of Food Science, University of Georgia, Athens, Georgia 

Abstract 
Cottonseed oil containing 0, 2.5, 5 and 10% 

added moisture was heated to simulate food-frying 
conditions. The volatile carbonyls from the heated 
oil were crystallized as 2,4-dinitrophenylhydra- 
zones and then regenerated for separation by 
gas-liquid chromatography.  Nineteen peaks were 
observed for the dry  oil ; oil with added moisture 
had fewer peaks. 0 i l  containing added moisture 
produced more total earbonyl by weight than did 
dry  oil. Maxinmm production of carbonyls 08- 
curred in the oil with 2.5% added moisture. 

In t roduc t ion  

I N RECENT YEARS the chemistry of fa t  deterioration 
at the elevated temperature  of f ry ing  conditions 

has been the subject of considerable s tudy (3-8) .  
Water  plays an important  role in many chemical 
and physical reactions. Since most foods which are 
fr ied possess high concentrations of water, this mois- 
ture may affect many of the reactions which are 
possible. 

This s tudy was undertaken to determine the effect 
of water on the production of total volatile earbonyls 
in heated cottonseed oil and also the relative propor-  
tion of different carbonyls formed. 

Experimental 
Oil  

Cottonseed oil representative of that  used for the 
f ry ing  of potato chips was furnished by the Fri to-  
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Lay Company. The oil had the following character- 
istics: free fatt~ ~ acid, < 0 . 0 5 % ;  color (Lovibond),  
4.0 red;  stabilit5 ~ (AOM), 29 hr, 100 M.E. end point ;  
moisture and impurities, nil ; peroxide value, 0.5 M.E. ; 
smoke :point, > 4 2 5 F ;  cloud point, 290F. The tests 
above were carried out by the Procter  and Gamble 
Co., the source of the oil. The one-gallon cans of 
oil were placed in storage at - 3 5 C  on receipt  and 
held at this temperature  unti l  needed. 

TABLE I 

Retention Times of the Volatile C'arbonyl Compounds from Heated 
Oil and of Authentic Carbonyl Compounds on 10% LAC-446 

Retention time in minutes reIative to injection time 

Peak Percent  moisture Authentic 
No. 0 2.5 5.0 10.0 Compound 

Identification 

1 0,5 0.45 0.5 0.6 Unknown 
2 0.75 0.65 0.80 0.80 0.75 a-ketoglutarie acid a 
3 1.13 1.12 1.]5 1.20 1A5 Ethanal  
4 1.50 1.61 1,58 1.60 1.60 Propanal  
5 a 1.80 1.80 2.1 1.89 1.80 a-ketoglutarie acid b 

2.0 2.0 2.0 2.0 2.0 Acrolein 
3.4 Diacetyl 

6 3.9 3.8 4.0 3.9 4.0 PentanaI,  Pentanone 
5.2 Cro~nal  

7 7.0 6.6 7.1 7.1 7.1 Hexanal, Hexanone 
8 12.2 11.6 12.2 12.2 12.2 Heptanal,  Heptanone 
9 16.3 16.6 16.6 16.2 16.4 Octanal 

10 17.6 17.6 17.2 17.3 17.4 Octanone 
11 19.2 19.2 19.0 ]9.0 18.8 Nonal 
12 20.4 20.4 20.6 20.6 20.6 Nonanone 
13 21.6 21.6 21.2 21.3 Decanal 
14 22.8 Unknown 
15 25.0 25.6 Unknown 
16 26.7 27.0 Unknown 
17 27.5 Unknown 
18 28.2 Unknown 
19 28.9 Unknown 
20 29.6 Unknown 
21 30.4 Unknown 

a Acrolein and a-ketogIutaric acid appeared as one peak in the chro- 
matogram. 

b Excess a-ketoglutaric which remained after the reaction took place. 
Temperature:  for 8 rain at 60C, then temperature programmed at the 
rate of 6.4 C/rain to 1600. Carrier gas flow rate:  112 ml /min  (Ni- 
trogen).  ~ange,  10; attenuation, 16. 
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T A B L E  I I  

Re ten t ion  T imes  of the  Volat i le  Carbonyl  Compounds  f r o m  H e a t e d  
Oil and  of Au then t i c  Carbonyl  Compounds  on 3 0 %  C a r b o w a x  20 NI 

Re ten t ion  t ime  in m i n u t e s  re la t ive  to in~ection t i m e  

P e a k  P e r c e n t  m o i s t u r e  Au then t i c  

No. 0 2.5 5.0 1O.O compound  
iden t i f i ca t ion  

1 2 .4  2 .4  2 .4  2.4 2 .4  a -ke tog lu t ra ie  ac id  
2 3.7 3.7 3.7 3.7 3.7 E t h a n a l  
3 5.9 6.0 6.0 6.1 6.0 P r o p a n a I  

7.0 a -ke tog lu ta r i c  acid  
4 a 6.9 7.0 6.9 7.0 7.0 Acetone 
5 8.4 8.4 8.3 8.5 8.4 Aerole in  
6 10.0 10.2 10.O 1O.O lO.O B u t a n a l  

17.8 2 ,3 -bu taned ione  
7 18.8 19.0 18.9 19.0 19.0 2 -bu tanone  

a P e a k  No. 4 is cons idered  to r e p r e s e n t  3 compounds  s ince a-keto- 
g lu t a r i e  acid, acetone and  i sobu tana l  have  the s a m e  re ten t ion  t ime,  7.0 
min u n d e r  the condi t ion  used.  

Column t e m p e r a t u r e :  I s o t h e r m a l  at  75(J. C a r r i e r  gas ttow rate: 70 
m l / m i n  ( n i t r o g e n ) .  R a n g e ,  10 ;  a t t enua t ion ,  16. 

Chemical Reagents 

Dini t rophenylhydrazine  ( D N P I t )  solution: HC1 
(2N) was sa turated with 2,4-DNPH, brought  to a 
boil, cooled to room tempera ture  and filtered through 
W h a t m a n  #2 filter paper.  This solution was p repared  
fresh as needed. The a-ketoglutaric acid (Calbio- 
ehem) was used direct ly f rom the bottle. 

Collection of Carbonyls 

Boiling chips and 2 liters of oil were placed in 
a 5-liter round-bottonl flask. Distilled water  was then 
added to the oil in amounts 0, 2.5, 5 and 10% by  
volume. The flask was then connected to a t ank  of 
ni trogen gas by Tygon tubing and a bent glass tube 
which extended below the surface of the oil-water 
mixture.  Another  glass tube was used to connect 
the flask to a series of 4 glass t raps  containing 2,4- 
D N P H  solution. The oil was heated to 210C on a 
hot plate. Nitrogen gas bubbled through the oil at  
a moderate  rate to aid in the removal of volatile 
products. The volatile carbonyl  compounds produced 
by heating were collected as the 2,4-dinitrophenylhy- 
drazones in the series of traps.  Af te r  48 hours of 
heating the t raps  were disconnected f rom the flask. 
The 2 ,4-DNPH derivatives were collected on What-  
man #2 filter paper,  washed thoroughly with distilled 
water, and dried at room tempera ture  in a vacuum 
desiccator. 

R e g e n e r a t i o n  o f  C a r b o n y l s  a n d  A n a l y s i s  

The carbonyls were regenerated by the technique 
of Dornseifer  and Powers (1,2). The columns nsed 
for  gas chromatographic  analysis were 1/~ f t  (O.D.) x 
4 f t  copper  tubing. Acid-washed Chromosorb W was 
the solid support .  Excep t  for  one 30% Carbowax 20 
M column, all packing materials  were p repared  as 
10% s ta t ionary  phase (w/w) .  The s ta t ionary  phases 
used were:  Carbowax 20 M, LAC-446, Silicone GE 
F 96, Ucon polar, and Ucon nonpolar.  

An P & M Model 609 Gas Chromatograph with a 
flame ionization detector was used throughout  this 
study. The sample size was 2 ml of vapor. Column 
conditions and ins t rument  settings are given in Ta- 
bles I and 1I. 

Resu l t s  and D i s c u s s i o n  

Nineteen eart)onyl compounds were separated f rom 
dry  cottonseed oil heated for  48 hr at 210C. The 
retention times and identification of these compounds 
are given in Tables I and I I .  

Positive identification of ethanal, propanal ,  acrolein, 
butanal,  butanone and heptanone was substant ia ted 
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TABLE III 

Rela t i ve  P r o p o r t i o n  of ~rolatile Carbonyl  Compounds  
F o r m e d  in H e a t e d  Cottonseed Oil 

% 1Koisture 
P e a k  Compound  

no.  0 2.5 5 10 

1 U n k n o w n  + +  
2 a -ke t eg lu t a r i c  ac id  + + +  + ~ -  + ~  - } - + ~  
3 E t h a n a l  + + -t- + 
4 P r o p a n a I  + + @ + 
5 a -ke tog lu ta r i c  

ac id  and  aerolein +--~- - | - + +  + + +  + ~  
6 P e n t a n a l ,  F e n t a n o n e  + +  + +  ~ + +  
7 ]:t:exanM, hexanone  - t-4-+ +-~-+  @@-}- -}-+-}- 
8 I t ep t ana l ,  hep t anone  @ + @  + ~ } +  @ @ +  
9 Oe tana l  + -}- "J- @ 

10 Oe tanone  + +  + + + 
11 N o n a n a t  + -l- + + 
12 N o n a n o n e  + + + + 
13 D e e a n a l  + + + - -  
14 U n k n o w n  -J- - -  - -  
15 U n k n o w n  + ~- - -  - -  
16 U n k n o w n  + + - -  - -  
17 U n k n o w n  -} . . . .  
18 U n k n o w n  + - -  - -  - -  
19 U n k n o w n  + - -  - -  - -  
2 0 Unknown + -- -- -- 
21 U n k n o w n  + . . . .  

- -  n i l ;  + t r ace  ; + +  m o d e r a t e  ; + + +  l a rge  

by comparison of retention times for  recovered vol- 
atiles with authentic compounds on two or more col- 
umns. Tentat ive identification was made of acetone, 
pentanal,  pentanone, hexanal, hexanone, octanal, oc- 
tanone, nonanal, noanone, and deeanal. There were 
seven peaks which could not be identified. These are 
compounds with retention times greater  than  decanal 
and may  possibly be 2,3-dienals which have been re- 
ported to occur in heated oil. No authentic 2,4-dienals 
were available for comparison of retention time. 

Acrolein and a-ketoglutaric acid could not  be sep- 
ara ted on the 10% LAC-446 column. These compounds 
when chromatographed on 30% Carbowax 20 M were 
resolved and f rom this we were able to estimate tha t  
approximate ly  80% of peak 3 was acrolein. Peaks 
5 and 6 (Tale I )  when ehromatographed on 10% 
silicone GE F 96 were shown to be hexanal  and hep- 
tanone, respectively. No column could be found tha t  
would separate  pentanal  and pentanone. 

Table I I I  shows that  the presence of water  appar -  
ently caused a decrease in the anlount of earbonyls 
above Cs. Chromatograms run  at the same sensitiv- 
i ty settings and cohnnn conditions established tha t  
the oil heated in the absence of moisture gave 19 
peaks while oil heated with 2.5, 5.0 and 10% mois- 
ture gave 13, 11 and 10 peaks, respectively. The de- 
crease in number  of peaks with increasing moisture 
content does not imply  the complete absence of car- 
bonyls above decanal. By  using much larger  sample 
sizes and a 10-fold increase in sensitivity, the chro- 
matogram of oil heated with water  showed 8 more 
peaks corresponding to pea,ks No. 14-21. However,  
at the higher sensitivity, the peaks were bare ly  no- 
ticeable over the background noise. 

The total amount  of earbonyl recovered f rom the 
heated oil was less for  the d ry  oil than the oils con- 
ta ining water. The amounts were:  0.235 g total ear- 
bonyl (as D N P H ' s )  for d ry  oil, 0.856 g for  oil con- 
raining 2.5% moisture, 0.426 g for oil containing 5% 
moisture and 0.352 g for oil containing 10% moisture. 
Since the 2.5% moisture level yielded the greatest  
amount  of earbonyls, the increase in carbonyls re- 
covered f rom the 3 moisture levels seems not to be 
solely a result  of steam disti l lation; otherwise, the 
5 and 10% moisture levels should have resulted in 
at least as great  a yield of carbonyls. The results 
indicate that  the water  affects in some manner  the 
format ion  of earbonyls in heated oil. 
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A Comparison of Nuclear Magnetic 
etry for Estimating Solids Content of 

Resonance and Dilatom- 
Fats and Shortenings 

W. D. P O H L E ,  J. R. T A Y L O R  and R. L. G R E G O R Y ,  Swift & Company, 

Research and Development Center, Chicago, Illinois 

Abstract 
The percent  solids values of fats  and shorten- 

ings using nuclear  magnetic  resonance (NMR) 
and solid fa t  index ( S F I )  have been compared. 
The samples used were:  blends of hard  fa t  and 
safflower oil, safflower oil hydrogenated to vary-  
ing degrees, and different types of shortenings. 

This investigation demonstrated the empirical  
nature  of the S F I  technique and shows the na- 
ture  of the deviations f rom the solids content 
determined by the NMR method. The magni tude 
of the deviation of S F I  f rom the NMR. solids 
content increased with the level of the solids. 
The S F I  values and the NMt~ solids content were 
similar at the lower levels ( S F I  values of 10) 
but  at the upper  limit for  the S F I  method ( S F I  
values of 50) the solids content by the NMR 
method ean be 80% or more, a difference of 30 
units. 

Although the determinat ion of solids content 
by NMR is reliable, the relationship between 
S F I  values and NMR. values for different types  
of samples is so variable tha t  the ealculation of 
the S F I  value f rom percent  solids by NMR, or 
percent solids f rom S F I  values f rom predict ion 
equations is not very  reliable. 

Since NMR measures the solids content more 
accurately than S F I  and is applicable over the 
entire range of solids, 0 to 100%, it  will be very 
useful in fa t  and oil research and control. 

Introduction 

T HE OFFICIAL AOCS ~'[ETHOD for S F I  (1) or one of 
many  modifications is used extensively to eval- 

uate shortenings and blends of fa ts  for  their  relative 
consistency and  plastic properties.  In  its original 
form the solids content of a sample at  a given tem- 
pera ture  was estimated front the difference between 
the specific volume at a point  on the curve at  that  
t empera ture  (for example B, in F igure  1) and the 
corresponding point on the extrapolated liquid curve, 
at the same tempera ture  (for  example A) ,  divided 
by the difference between the specific volume at A on 
the extended liquid curve and C on the extended 
solids curve. 

Because of the t ime required to establish both the 
liquid and solid portions of the eurve, and the fac t  
that  the solids curve is relat ively constant, it was de- 
cided by those concerned with these measurements  

to establish only the liquid curve and use the differ- 
ence between the specific volume of the liquid curve 
and the specific volume at a point  on the di latometer 
curve as an index of the solid fa t  present  a t  tha t  
temperature .  The solid fa t  index ( S F I )  is a pure ly  
empirical  value which has been very  useful  in re- 
search and for control of processes and quali ty of 
the finished product,  al though it  is l imited to eval- 
uation at levels below 50 units. 

The development of a broad line nuclear magnetic 
resonance (NMR) ins t rument  offered a new approach 
to the determinat ion of the solids in fats, blends and  
shortenings. I t  appeared  to offer a means of mea- 
sur ing the solid fa t  content with grea ter  accuracy 
and over the entire range f rom 0-100.% solids. This 
technique was applied to a stabilized and u n s t a b i -  
lized margar ine  oil by Chapman (3) and to soybean 
oil hydrogenated to va ry ing  degrees by Fe r ren  (4). 
Both suggested using the technique for  measur ing 
the solids content of fats  and shortenings but  did 
not extend their  investigations into this area. 

A previous investigation by the authors (2) dealt  
with NMR measurements  on fats  containing less than  
50% solids and comparison with S]~I values for mar-  
garine oils which were below 30. This s tudy showed 
that  while the values were not equal, a predict ion 
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T E M P E R A T U R E  

~IG. 1. Example of a dilatometer curve. 


