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I 
N RECENT YEARS considerable at tention and research 

effort have been given to the problem of " c o l d , "  
or irradiat ion sterilization, of foods as a possible 

commercial processing technique. Major attention, at 
present, has been concentrated on the use of radio- 
active materials that  are pr imari ly  gamma ray  emit- 
ters. Spent  fuel rods from atomic reactors and 
Cobalt-60 have been the principal  sources of such 
radiation. 

While there has been little impetus to investigate 
the irradiat ion sterilization of simple fat  products, 
such as margarine or shortening, there has been a 
great interest in complex, fat-containing foods, such 
as meat and condensed milk. I t  was early recog- 
nized that  sterilizing dosages of gamma radiation 
created a definite problem of off-odors and flavor in 
many meat products. Two degradation products, 
methylmercap~an and hydrogen sulfide, occur in mi- 
nute quantities in i rradiated meat (2, 11). Carbonyl 
compounds are present in much larger  quantities than 
are the sulfur  compounds. Of these earbonyl com- 
pounds, only a small percentage are of lipide origin 
(3).  Typical  concentrations in ground beef i r radiated 
with 2 megarads of gamma radiation are: mercaptan 
0.03, hydrogen sulfide 0.01, benzene-soluble carbonyls 
2.4, and acid-salt soluble earbony]s 64 millimoles/kg. 
At  10 megarads the concentrations are 0.13, 0.08, 3.0, 
and 172 millimoles/kg, respectively (3, 19). 

I t  has been suggested that  compounds formed by 
the peroxide-catMyzed condensation of sulfur  com- 
pounds with alpha-beta unsatura ted aldehydes (23) 
are precursors to important  components of the odor 
of i r radiated meat. Numerous reports  have appeared, 
stating that  2-enals are formed by  the autoxidation 
of fats and oils (4, 7). An interest  in the off-odor 
and flavor of i r radiated meat has therefore led to a 
need for the characterization and identification of the 
volatile carbonyl compounds formed by the gamma 
i rradiation of meat fat. 

Experimental 
Sources of radiation used in this work were the 

Cobalt-60 source at the Argonne Cancer Hospital  of 
the University of Chicago and the spent fuel rod 
source of the Argonne National Laboratory,  Lemont, 
Ill. The cobalt source had an output  of approximately 
333,000 rad per hour of g.c~mma radiat ion dur ing  this 
period while the radiation intensi ty of the spent fuel 
rod source was dependent on the age of the rods and 
the position of the samples in the lattice. Variations 
between 1-6 megarads per hour were normal for  this 
source. While the radiation spectra of these rods had 
a high peak of low energy beta radiation, the energy 
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reaching the inside of the containers was pure  gamma 
radiation. 

Hog back-fa t  extracted with hexane was used 
throughout  these experiments. When amino acids 
were i rradiated with the fat, one ml. of a saturated 
solution of the amino acid hydroehloride was added 
to 9 ml. of the melted fa t ;  the sample was vigorously 
agitated and immediately solidified in a d ry  ice ace- 
tone bath. These samples were loosely stoppered, 
sealed in a number 2 tin can, and i r radiated at 2-10 
megarads. Samples for carbony] isolation were irradi- 
ated at 10 megarads. Quantitative analyses were per- 
formed according to the procedure of Henick et al. 
(10). Calculations for this procedure were based on 
the modified equations of Chipault  et al. (6). Mate- 
rial for qualitative analyses was obtained by vacuum 
steam distillation of one-pound samples at  180~ at  
100 microns '  pressure in the deodorization apparatus 
of Bailey and Feuge (1). Volatiles were collected in 
d ry  ice acetone condensers, and the volatile carbonyl 
compounds seldom reached the second condenser. 
Occasionally liquid nitrogen was used as the coolant. 

Following distillation, the appara tus  was brought  
to room temperature  and the condensate was washed 
f rom the condensers with a solution of 2,4-dinitro- 
phenylhydrazine in 2 N hydrochloric acid. Af ter  2 4  
hrs. the 2,4-dinitrophenylhydrazones were removed 
by filtration. The derivatives f rom several steam dis- 
tillations were pooled in chloroform, and 25-n11. ali- 
quots containing 246 rag. of solid material  (600 t~ 
moles) were placed on 45 x 4.5-cm. chromatographic 
columns, packed with a 2:1 mixture  of silicic acid 
and celite. 

Duplicate chromatographic columns were placed on 
a fract ion collector, and a succession of bands were 
eluted with hexane, hexane-diethyl ether, benzene, 
and benzene-methanol. Fif tcen-ml.  fractions were 
collected continuously unti l  less than 10 ~ nloles of 
of carbonyl remained on the columns. This required 
three to four  weeks, dur ing which time 18 liters of 
eluate were collected f rom each column. An elution 
diagram was drawn by assaying appropria te  tubes, 
quantitatively, for  saturated and unsatura ted  car- 
bonyls. Absolute molar concentrations of each com- 
ponent  were estimated from this elution diagram by 
use of a differential, compensating, polar planimeter.  
All concentrations were then converted to mole per- 
centages. These concentrations were subsequently cor- 
rected for the dicarbony] content of the sample. 

The various mono 2,4-dinitrophenylhydrazone frac- 
tions were usually rechromatographed twice on silicie 
acid-celite columns. Dur ing  the final elution of mono- 
carbonyls the columns were placed on a fract ion col- 
lector, and the selection of material  for  subsequent 
analyses was based on elution diagrams. The mono- 
carbonyls were tested in the paper  chromatographic 
system of Horner  and Kirmse (13), equilibrated ac- 
cording to the suggestions of Sundt  and Winter  (21). 
Saturated ke tone  and aldehyde 2,4-dinitrophenylhy- 
drazones were distinguished by the procedure of 
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Jones, Holmes, and Seligman (14). Samples were 
dissolved in 0.25 N alcoholic sodium hydroxide,  and 
the extinction at 520-535 mt~ was determined a f te r  
0 and 90 rain. 

Crotonal was chromatographed on W h a t m a n  No. 1 
paper  with the methanol-heptane system of Meigh 
(15) and t Ieu l in  (12). A 240- by  5.0-em. chromato- 
graphic chamber was used. Dicarbonyls  were exam- 
ined in the paper  chromatographic  system of Sehmidt, 
Moriconi, and O 'Connor  (18). Residual  fractions 
were tested in a var ie ty  of keto acid systems (16) and 
in the semialdehyde system of Nonaka (17). 

All visible range spectrophotometric  measurements  
were made in a Beckman model DU spectrophotom- 
eter. I n f r a r ed  spectra were determined on samples in 
potassium bromide disks in a Perk in-Elmer  model 
21 in f ra red  spectrophotometer.  Melt ing points were 
taken on a Fisher-Johns  block and are uncorrected. 

Results 

Seven saturated and three unsa tura ted  aldehydes, 
comprising 77.5-mole percentage of the total  volatile 
carbonyl  compounds isolated f rom gamma  i r radiated 
lard, have been characterized (Table I ) .  I t  is recog- 

T A B L E  I 

M o n o e a r b o n y l  C o m p o u n d s  f r o m  Gamma I r r a d i a t e d  L a r d  

C o m p o u n d  M o l e  % 

] ? r o p i o n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B u t a n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P e n t a n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H e x a n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N o n a n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D e e a n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
l~f  0 . 8 5  '~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A c r o l e i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C r o t o n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 , 4 - U n d e c a d i e n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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~ R r  i n  t h e  s y s t e m  of  t t o r n e r  a n d  K i r m s e  ( 1 3 ) ,  e q u i l i b r a t e d  a c c o r d -  
i n g  to  S u n d t  a n d  W i n t e r  ( 2 1 ) .  

nized that  because of the extensive distillation em- 
ployed, some of these volatile compounds may  have 
been formed by decomposition of lipide peroxides. In  
view of this and the difficulty of s t r ipping  all the vola- 
tiles f rom the fat, quant i ta t ive results are expressed in 
terms of the isolated materials.  On the 45-cm. silicie 
acid-celite (2:1) chromatographic  columns 1Lsed for the 
fract ionat ion of the 2,4-dinitrophenylhydrazones of 
these aldehydes, the decanal band tended to be ra ther  
diffuse but  was readi ly  separated f rom the nonanal 
band. The Rf values determined by Forss, Dunstone, 
and S ta rk  (8) for  the series of 2-enals and the Rf 
value determined for the single 2,4-dienal in this 
s tudy indicate that  the most difficult mixtures  to 
resolve are not those composed of adjacent  members  
of the same homologous series. Both nonenal and 
undecadienal,  for  instance, have Re values interme- 
diate between hexanal  and heptana],  hence it is 
appa ren t  that  members of two different homologous 
series may  have more near ly  similar Rf 's  than  ad- 
jacent  members  of either of the series. Undecadienal 
and hexanal  were only par t ia l ly  separated by one 
pass through a chromatographic  column. The use of 
elution d iagrams great ly  reduced the number  of times 
this f ract ion had to be rechromatographed to a t ta in  a 
reasonable degree of puri ty .  

When  the various sa tura ted  monocarbonyl  frac- 
tions, obtained by column chromatography,  were 
dissolved in 0.25 N alcoholic sodium hydroxide for 

analysis by  the procedure of Jones et al. (14), all  
samples gave Et /Eo  values less than  0.70 af ter  90 
min. None were found to contain ketone derivatives. 
Inaccura te  results were obtained if the samples were 
added to the alkali in t e t r ahydro fu ran  ra ther  than 
chloroform. The error  apparen t ly  resulted f rom the 
presence of hydroquinone in the te t rahydrofuran .  
This procedure  is not applicable to unsa tura ted  alde- 
hydes and  ketones. 

A var ie ty  of systems have been reported,  which per- 
mit  the identification of 2,4-dinitrophenylhydrazones 
by filter paper  chromatography.  Only those systems 
using paper  impregnated  with an organic station- 
a ry  phase were found to allow resolution of long 
chain earbonyls. Horner  and Kirmse (13) stated the 
upper  l imit  of their  dimethylformamide-decal in sys- 
tem to be octanal. Sundt  and  Winter  (21), without 
present ing any  data, claimed that  this limit could 
be increased by proper  equilibration of the solvents 
in the chroniatographic chamber. The original Rf 
values repor ted by Horner  and Kirmse are shown in 
column one of Table II .  When  the chromatographic 
chamber was lined with ~Vhatman No. 3 filter paper  
soaked in d imethyl formamide saturated with decalin, 
a beaker of decalin sa turated with dimethylforma- 
mide placed in the bottom of the chamber, and the 
chromatogram (Wha tman  No. 1 filter pape r  impreg- 
nated with d imethyl formamide)  equilibrated in the 
chamber for  18 hrs. before addit ion of the developing 
solvent, the Rr values in column two were obtained. 

F rom the data in column three it will be seen 
that  the Rr values changed markedly  over a period of 
one week if the same lining sheets were left in the 
chromatographic  chamber. When long-chain deriva- 
tives were being tested, it was necessary to reline the 
chamber daily. Short  chain earbonyls however were 
best resolved in the poorly equilibrated system. A 
consistent equilibration procedure gave reproducible 
Rr values f rom day to day. In  practice however a se- 
quence of reference compounds was included on every 
sheet chromatographed.  The apparen t  uppe r  limit of 
the system under  these conditions was dodecanal. 

An unsatura ted  compound was found having an 
Rf identical to aerolein in the systems of Horner  and 
Kirmse (13) and of Meigh (15) or I teul in  (12). 
Since a three-carbon unsatura ted  ketone does not 
exist, it was presumed tha t  the compound was the 
aldehyde. A similar assumption could not be made 
in the case of the fract ion correspollding to erotonal. 
The 2,4-dinitropheny]hydrazones of ketones are stated 
to have slightly different Rf 's  f rom those of the cor- 

T A B L E  I I  

Rl '  V a l u e s  i n  t h e  P a p e r  C h r o m a t o g r a p h i c  S y s t e m  of  
I t o r n e r  a n d  K i r m s e  

S y s t e m  u s e d  

M e t h a z l a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E t h a n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A c r o l e i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C r o t o n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P r o p i o n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B u t a n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P e n t a n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H e x a n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H e p t a n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O c t a n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N o n a n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D e c a n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U n d e c a n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D o d e c a n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 2 3 

. 18  . 0 9  . 1 5  

. 28  . 1 4  . 24  
. 1 6  .28  

. 3 2 [ : 4 6  . 19  .33  
. 46  .21  . 38  
. 60  .31  .51  

. 4 0  . 60  
.~ .49 .69 
.83  . 5 6  . 74  
. 8 6  . 6 4  .79  

. 69  .81  
.~ .7~ .86 
.~ .77 .88 

1. O r i g i n a l  v a l u e s  of  H o r n e r  a n d  K i r m s e  ( 1 3 ) ,  S e h l e i e h e r  a n d  
S e h u l l  N o .  2 0 4 3 b  f i l t e r  p a p e r .  

2 .  C h r o m a t o g r a p h i c  c h a m b e r ,  e q u i l i b r a t e d  a c c o r d i n g  to  S u n d t  a n d  
W i n t e r  ( 2 1 ) ,  W h a t m a u  No .  1 f i l t e r  p a p e r .  

3 .  E q u i l i b r a t e d  c h a m b e r ,  u s e d  o n e  w e e k  w i t h o u t  r e l i n i n g ,  W h a t m a n  
No .  1 f i l t e r  p a p e r .  
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responding aldehydes in the system of Neigh (15). 
Acetone and propional  are repor ted to have Rf 's  of 
0.30 and 0.32, respectively. Comparisons were there- 
fore run on paired 205 x 1.9-era. str ips of W h a t m a n  
No. 1 filter pape r  formed by spli t t ing a 3.8-era. strip. 
Two four-foot lengths of 6-era. glass tubing were 
sealed together to form a chromatographic  chamber. 
When methanal,  used as the internal  s tandard  had 
been moved 50 cm. f rom the origin in 40 hrs., erotonal 
was found to have been moved 80 era. f rom the origin. 
A erotonal s tandard  and the isolated mater ia l  gave 
identical R~ values: under  these conditions. An in- 
ternal  s tandard  was required in this procedure  since 
af ter  the first 20 hrs. the solvent f ront  could not be 
detected. 

The identification of undeeadienal  was per formed 
according to classical procedures. Af te r  three recrys- 
tallizations the isolated mater ia l  melted at  132.5~ 
corresponding to the melt ing point of 133-4~ re- 
ported by Forss  et aL (9) for  the 2,4-dinitrophenyl- 
hydrazone o~ synthetic 2,4-undeeadienal.  Ul t imate  
analysis substant ia ted the formula  

C11HlsNNHC6tta (NO2) 2. 

C a l c u l a t e d :  C - - 5 8 . 9 5 %  ; t i - - 6 . 3 8 %  ; N - - 1 6 . 1 8 % .  

Found:  C--58.62% ; H - - 6 . 1 6 %  ; N - - 1 6 . 0 9 % .  The 
inf rared  spectra  of this sample in a potassium bro- 
mide disk had the N - H  stretching band located at  
3.06 microns (3270 em-~). According to Jones et al. 
(14), this is convincing evidence that  the 2,4-dinitro- 
phenylhydrazone was an aldehyde derivative. In  the 
spectra of 2-undeeanone this band was found at  3.0"] 
microns (3322 era-l). 

T h e  a dicarbonyl 2,4-dinitrophenylhydrazones and 
other polar derivatives f rom i r radia ted lard have not 
as yet been adequately  characterized. As may  be 
noted in the par t ia l  elution d iagram (Figure  1), 
b inary  mixtures  showing no evidence of separat ion by 
column chromatography  were f requent ly  observed. 
While certain of these mixtures  were readi ly  resolved 
by paper  chromatography,  only the alpha-dicarbonyl 
components gave sat isfactory Rr values in any  of the 
available systems. The repor ted values (Table I I I )  
were determined in the system of Schinitt, Moriconi, 
and O'Connor  (18). Diearbonyl  B was found as the 
sa turated Component of seven successive fractions. 
Crotonal, aerolein, the three or four  unsa tura ted  di- 
earbonyls with Rf 's  between 0.56 and 0'.63 grouped as 
diearbonyl C, and the unsa tura ted  dicarbonyl A ap- 
peared as the second component of these mixtures.  

T A B L E  llI 

Alpha Diearbonyls  and Other Polar  Mater ia ls  f rom 
Gamma-Irradia ted  L a r d  

Compound Rf  a Mole % 

Diearbonyl  A ........................................... 0.28 2.7 
Dicarbonyl  B ........................................... 0.43 10.5 
Diearbonyls  C ......................................... 0 .56-0 .63  0.4 

Unident i f ied  ............................................ 0.00 or 1.00 8.9 

Reference compounds 

Glyoxa] .................................................... , 0.23 .... 
]Y[ethanal .................................................. I 0.60 .... 

a l%t's in  the system of Sehmitt ,  Moriconi  and O'Connor  (18) .  

A number  of fractions, both sa tura ted  and un- 
saturated,  Muted dur ing the final stages of the de- 
velopment of the chromatographic  columns were not 
identified. These compounds were neither ~ keto acid 
derivatives nor bis dini t rophenylhydrazones  of a di- 
carbonyls. Negative results were also obtained when 
these compounds were tested in the send-aldehyde 
system of Nonaka (17). The unidentified residue 
amounted to 8.9-mole percentage of the total  volatile 
carbonyl  compounds isolated f rom i r radia ted  lard. 

The 2,4-dini t rophenylpyrazoles  of maloniedialde- 
hyde, aeetylacetone, and glutariedialdehyde were pre- 
pared. In  the procedure of Heniek et al. (10) these 
derivatives displayed the spectral  characteristics of 
sa turated hydrazones. Since Ema~ were not deter- 
mined, it cannot be said to what  extent these com- 
pounds would interfere  with the normal  analysis. 
These derivatives however could be ehromatographed 
in the system of Sehmit t  et al. (18). 

When  lard was i r radia ted in the presence of amino 
acids, the observed percentage of earbonyls was found 
to be dependent  on the nature  of the amino acid and 
on the i r radiat ion dose (Table IV) .  

T A B L E  I V  

Carbonyl  Compounds  in  L a r d  I r r a d i a t e d  in  the 
Presence of Amino Acids 

Trea tment  ................... 0 a iYfegarads 2 Megarads  10 Meg~rads  

Added amino 
acid 

None 
Glu tamic  acid 
Tryptoph ane 
Arg in ine  
Cyst ine 
Cysteine 
Tyrosine 

T~ I 
earhou-~ eA U e 

yls ] 

3.9 33 
4.1 32 
3.6 33 
3.7 32 
5.0 24 
9.6 36 
4.8 27 

Total i Total I 
carbon- % U arbon-] 

yls yls 

6.6 30 -1~-I  
3.0 23 9.1 I 

7.1 21 11.3 I 
2.9 24 9.4 I 
4.6 16 10.9 I 
5.4 32 10.6 
9.0 22 15.5 

%u 

27 
21 
27 
25 
24 
23 
22 

Samples were held three days at  0~ �9 p r io r  to analysis  to dupl ica te  
the t ime in te rva l  r equ i red  to t r a n s p o r t  i r r ad ia t ed  nlater ia ls  to and  f rom 
the source of rad ia t ion .  

b Expressed as mil l imoles per  k i logram.  
e Percentage  of to ta l  carbonyls found  to be u n s a t u r a t e d  by the pro- 

cedure of ]-Ieniek et al. (10) ,  u s ing  the equat ions  of Chipaul t  et al. (6 ) .  
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FIG.  1. P a r t i a l  e l u t i o n  d i a g r a m  o f  d i c a r b o n y l  2 , 4 - d i n i t r o -  
p h e n y l h y d r a z o n e s  a n d  o t h e r  p o l a r  m a t e r i a l s .  

I t  has been suggested that  the increase in both 
total  earbonyl  and percentage of unsa tura ted  car- 
bonyl noted when eysteine was in contact with fresh, 
uni r radia ted  samples resulted f rom interaction of the 
su l fhydryI  group and the peroxide. This cannot  be 
the case since the peroxide value of the sample irradi-  
ated in the presence of cysteine was not lower than 
that  of the control. 

A similar phenomenon was encountered when i r rad-  
iated lard was in contact with liquefied methyl  mer- 
eaptan  for 18-20 hrs. The earbonyl  value increased 
f rom 6.0 millimoles/kg, to 12.3 millimoles/kg, in the 
simple case and to 20.6 when earbonyl-free benzene 
was included as a solvent. 
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The effect of amino acids on the carbonyl content 
of i r radiated lard was more apparent  at a dose of 2 
megarads than a t  10 megarads. In  either case however 
it was apparent  that  the presence of amino acids 
during the irradiat ion affected the quant i ty  and . type  
of carbonyls formed. 

D i s c u s s i o n  

While lard is quite rich in oleie acid, it  is not sur- 
prising that  nonanal and deeanal comprise only 9.9- 
mole percentage of the volatile carbonyl compounds 
isolated in this study. During gamma irradiation, 
as dur ing autoxidation, it  is the linoleic acid that  
is principal ly attacked and degraded, t texanal ,  pen- 
tanal, and propional have been previously isolated 
from oxidized linoleate (5). Forss, Pont, and Stark 
(9) have isolated the hexa- to undecadienals f rom 
milk and cite linoleic acid as the common source of 
this series of compounds. 

Swift  et al. (22) isolated 2,4-decadienal from cot- 
tonseed oil while Stapf  and Daubert  (20) found the 
same compound in soybean oil. Forss et al. (8) found 
heptadienal and nonadienal to be the most abundant  
dienals in milk. No simple explanation is available 
for  the observation that  the principal degradation 
product  of linoleic acid varies f rom fa t  to fat. Our 
data would seem to suggest that  under  the influence 
of gamma radiation the principal  site of oxidation in 
lard is the 8 position of ]inoleic acid. 

Star t ing from the observation that  amino acids in- 
fluence the quant i ty  and type of carbonyl compounds 
found in i r radiated lard, the interaction of sulfur  
compounds and alpha-beta unsatura ted aldehydes was 
investigated (23). These condensation products were 
suggested as impor tant  precursors for  the develop- 
ment of the typical  odors noted in i r radiated meat. 
I t  has been long recognized that  alpha-beta unsatu- 
rated aldehydes are important  constituents of off-odor 
and flavor in oxidatively rancid fats and oils. Now, 
in the case of i r radia ted meat, it seems possible that  

the acrolein and crotonal derived f rom the meat fat  
may combine with the degradation products  of the 
Protein to contribute significantly to the off-odor and 
flavor of the meat product.  

S u m m a r y  

The volatile carbonyl compounds front i rradiated 
lard were isolated and characterized qualitatively 
and quanti tat ively as the 2,4-dinitrophenylhydra- 
zones. Propional,  butanal, pentanal, hexanal, non- 
anal, decanal, acrolein, crotonal, and 2,4-undeeadienal 
were identified by paper chromatography and speetro- 
photometric analysis. 
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Preparation of Esters and Anhydrides from Long 
Chain Fatty Acid Chlorides I 
C. G. YOUNGS, Prairie Regional Laboratory, National Research Council of Canada, 
Saskatoon, Saskatchewan 

F a t t y  acid chlorides combine with alcohols to form 
esters according to the following general reaction: 

0 0 Ip II 
R-C-C1 + H 0 - R '  R - C - 0 - R '  + HC1 

Substi tut ion of a free acid for the alcohol results in 
anhydride formation (1).  

O O 0 O 
II II It II 

R-C-C1 + H O - C - R '  R-C-O-C- t{ '  + HC1 

These reactions can be made substantially quantita- 
tive by removing the HC1 formed during the reaction. 
This has been accomplished in the past almost ex- 
clusively by the addition of a t e r t i a ry  amine, such as 

1 This pape~ was awarded  an honorable mention in the 1957 ~a t ty  
Acid Producers '  A w a r d  Competit ion adminis tered  by the American  
Oil Chemists' Society. 

pyridine, quinoline, or trimethylamine, to the reaction 
mixture. The amine also acts as a solvent for  the re- 
actants, either alone or in conjunction with an inert  
solvent, such as chloroform. 

This paper describes the preparat ion of a num- 
ber of esters and anhydrides from acid chlorides, in 
which the reactants are mixed directly and the tIC1 
is stripped from the reaction mixture by operating 
at reduced pressure. This method is, of course, o n l y  
applicable to the higher f a t t y  acid chlorides and 
alcohols of low volatility. Reaction for 1 hr. at 100~ 
and 2-ram. pressure gave excellent results. Yields of 
the order of 90% of the recrystallized product  of high 
pur i ty  were obtained for the following compounds, 
tristearin, pentaerythr i tol  tetrastearate,  a-methyl-glu- 
coside tetrastearate,  monosaturated triglycerides, ste- 
aric anhydride,  palmitic anhydride,  and a mixed 
stearic-palmitic anhydride.  


