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Abstract 

By the use of mainly  chromatographic  and UV 
spectrophotometr ic  techniques, 4cis- and 4trans- 
heptenal (with a "green" odor, characterized in 
high dilution as tallowy, creamy, butterscotch- 
like) and 2trans,6cis- and 2trans,6trans-non- 
adienal (with a "green"-cucumber-l ike and a 
tallowy odor) were isolated f rom reverted heef 
and mut ton  talh)w. 

Introduct ion 

T AIA.OW IS T i l E  l lARI)  F A T  o f  ruminants, and the, 
most impor tan t  is that  of cows and sheep. I t  

has a tyl)ical "talh)wy" odor, which can be defincd 
as a heavy, sweetish, soaI)y odor with a slight 
"greenish" note. I t  may sometimes have a nauseat ing 
effect. Fu l ly  refined talh)w rcdcveh)ps this off-flavor 
in about  two weeks. This t)henomenon is called flavor 
reversion, which takes place in the early stages of the 
f a t ty  acid autoxidation. We studied this flavor re- 
versmn process in commotion with the quali ty of 
products  whi(,h contained fa i r ly  large am<)unts of 
this impor tan t  raw material .  

Reversion and Isolat ion 

Off-flavors develo I) in vegetabh; oils, marine oils, 
and hardened fats, the tr iglycerides of which con- 
tain f a t ty  acids tha t  have more than two double 
bonds or a I)art ieular (hmble-bond distr ibution (1). 
To ascertain whether tallow flavor reversion originates 
f rom some tallow fa t ty  acids or f rom the unsaponifi- 
able par t ,  tallow fa t ty  acids freed of unsaponifiables 
were stored in contact with air  at room temperature .  
Af te r  one week the fa t ty  acids had the typical  tallowy 
oif-flavor whereas thc unsaponifiable had not de- 
veloped any  such flavor af ter  storage for  a longer 
period. I t  was therefore concluded that  some of the 
f a t t y  acids might  be responsible for  the development 
of this off-flavor. 

8tripping of Tallows. To obtain an off-flavor con- 
centrate,  s t rongly smelling beef or mut ton  tallow of 
Aus t ra l ian  origin was s t r ipped with a ni trogen 
s t ream in a 10-ram H g  vacuum at 160C for  several 
hours. The volatiles were collected in two cold t r aps ;  
the first was cooled with e thano l /d ry  ice (--80C),  
and the second with liquid ni t rogen (--196C). The 
volatiles were dissolved in l ight petroleum and freed 
of f a t t y  acids by washing with a 10% solution of 
sodium hydrogen carbonate. The neutra l  port ion was 
washed alkali-free with water  and dried over sodium 
sulphate. The light petroleum was then evaporated 
in vacuum in the cold. 

Gas-Liquid Chromatography of Volatiles. About  
0.5 ~l of beef tallow volatiles were examined at 104C 
by GLC on a Carlo E rba  P - A I D / 2  f - type chroma- 
tograph  with double flame ionization detector on a 

z Presented in par t  by G. Hoffmann at the 7th ISF-Congress., Ham- 
burg, October 1964. 
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5-m long, 2-ram diameter  column. The pressure of 
the ni trogen carr ier  gas was 0.5 a tm gauge. Poly- 
ethylene glycol adipate  (5%) on Celite was used as 
tim immobile phase, and the chart  speed was 12 cm/  
hour. The retention times ( l i t )  of sa tura ted  straight- 
chain aliphatic aldehydes are given as reference on a 
separate  abscissa (Fig. 1). 

Peaks 1, 2, and 3 indicate typical  odors, which 
can be characterized as "green," tallowy, and 
cucumber-like respectively. The Rt  of the first peak 
is between the Rt 's  of sa turated n-aldehydes with 
7-8 carbon atoms. The Rt ' s  of thc second and third 
peak are between the Rt 's ,  corresponding to sa turated 
n-aldehydes with carbon numbers between 10.5 and 
11.5. 

r~h~ [ e substances .~,,'ivin,,'~, these peaks were separated 
at  115(' into fract ions (finally collected in U-shaped 
capillaries cooled with liquid ni trogen) using semi- 
prepara t ive  gas-liquid chromatography  (column 
length 130 cm, diameter  4 ram, gas pressures 0.8 atm 
gauge).  Nitrogen was used as the mobile phase, and 
polyethylene glycol adil)ate (30%) on (Mite  (120- 
140) as the immobile t)hase. The detector was a gas 
(h'nsity balance. The first peak was collected in 
Fract ion  l, and the other two peaks combined in 
Fract ion  ] I  because, under  the semiprcparat ive  chro- 
matographic  conditions applied, there was no distinct 
difference between the Rt-values of the latter. The 
contents of the two capillaries were washed with 
carbonyl-free light petroleum (40-60C) on a Celite/  
d in i t rophenylhydrazine  hydrochloride reaction column 
(2). D N P H  format ion was established in both 
fractions. 
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FIG. 1. Gas-liquid chrolnatogram of beef tallow volatiles. 
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S e p a r a t i o n  of  T a l l o w  D N P H s  

To facilitate analytical  determination, carbonyls 
isolated from autoxidized or reverted fats are fre- 
quent ly  t ransformed into their  colored, nonvolatile 

D N P H  derivatives. DNPH-mixtures  are separated 
by various chromatographic techniques, af ter  which 
the separate D N P H s  are classified by UV spectro- 
photometry.  Three classes of aliphatic aldehyde 
D N P Hs  are generally distinguished: saturated,  2- 
unsaturated,  and 2,4-unsaturated with a maximum 
absorption at 356-358, 372-375, and 388-390 nm 
respectively, measured in chloroform solution. 

This classification is far  f rom complete. Any  
aldehyde DNP H,  with one or more isolated double 
bond(s) ,  will absorb light at 356-358 nm and be 
classified as saturated. Any dienoic aldehyde, in 
which the first double bond is conjugated with the 
imine bond but  the second bond is not conjugated 
with this grouping, will absorb light at 372-374 nm 
and be classified as 2-unsaturated. A trienoic alde- 
hyde with a 2,4-conjugated double bond next  to the 
imine bond and a third isolated double bond will be 
classified as 2,4-unsaturated. 

Readily detectable aldehydes are formed by the 
autoxidation of the predominant  f a t t y  acids of vege- 
table and animal oils and fats. Since these aldehydes 
do not produce tallowy flavor when isolated from the 
fats, it is quite unlikely that, when present in tallow, 
they alone would be responsible for  the tallowy flavor. 

However, on the basis of experience with the carr ier  
flavor of reverted hardened (1) and liquid vegetable 
oils (3) and on consideration of the successful isola- 
tion of the carrier  of the tallowy, creamy, butter-  
scotch-like flavor f rom but ter fa t  (4),  it  may be 
postulated that  aldehydes quite different from those 
commonly isolated are responsible for  certain specific 
flavors or off-flavors. I t  has also been established that  
some of these specific types of aldehydes have a low 
flavor threshold (5) and that  their  concentration 
is generally low. I f  the carriers of the tallowy flavor 
should indeed belong to this class of special aldehydes, 
more sophisticated analytical  techniques will be 
needed for their  isolation. 

Therefore the DNPHs  obtained were fu r the r  in- 
vestigated by the thin-layer chromatography tech- 
nique developed by Meijboom and Jur r iens  (6). 
Silica Gel G, impregnated with 30% silver nitrate,  
was used as adsorbent and 100% benzene as eluent. 
By this technique, unsatura ted aliphatic aldehyde- 
D N P Hs  containing isolated trans or cis-double bonds 
form stronger ~r-complexes with the Ag-atoms than 
the conjugated double bonds present in 2- and 2,4- 
unsaturated aldehydes. Saturated a ldehyde-DNPIts  
form very  weak ~-eomplexes. Frac t ion  I Contained 
two DNPHs  which were strongly complexed with the 
Ag-atoms besides some weakly complexed DNPHs.  
Two strongly complexed D N P H  spots were detected 
in Fract ion II. These strongly and very  strongly 
complexed D N P H s  could not be classified as 2- 
alkenals or 2,4-alkadienal DNPHs.  Therefore they 
were assumed to correspond with unsatura ted  alde- 
hydes with isolated cis- and trans-double bonds. 

Af ter  acid hydrolysis of the D N P H s  with a 2 N 
tt2SO4 solution, followed by steam distillation, the 
originally assessed odors of the fractions were per- 
ceived again, namely "green," tallowy, and cucumber- 
like. 

The four isolated carbonyls were fu r the r  purified 
on a Silica Gel G thin-layer plate to remove unknown 
short-chain contaminations. Hexane /d ie thy l  e the r /  

ethanol (88/10/2)  was used as eluent (7).  The 
longest chain compounds (spots with the highest R~- 
values in this elution system) were respotted on a 
silver ni t ra te- impregnated Silica Gel G plate, on 
which they retained their  original R~-values. 

The maximum absorption of the four  D N P H s  was 
measured in a chloroform solution, with which they 
had been extracted f rom the Silica Gel G layer. Both 
spots f rom Frac t ion  1 gave a maximum absorption 
at  356-358 nm, corresponding to an aldehyde D N P H  
with a (saturated)  methylene group next  to the 
imine bond. The two spots f rom Frac t ion  I I  showed 
a maximum absorption at 373-374 nm corresponding 
to a 2-unsaturated aldehyde D N P H .  

I n t e r p r e t a t i o n  o f  R e s u l t s  

The carbonyls isolated f rom Frac t ion  I are alde- 
hydes saturated at  the 2-position with an isolated 
double bond in either a cis- or a trans-configuration. 
Their  carbon number  is most probably 7 or 8. The 
only ord inary  unsa tura ted  aldehyde eluting in this 
GLC interval,  2-hexenal, would not be s trongly com- 
plexed by the silver ni t ra te  plate if present  in this 
fraction. 

The carbonyls isolated f rom Frac t ion  I I  are alde- 
hydes unsa tura ted  at the 2-position with the second 
isolated double bond in the cis- or trans-configuration. 
As their  Rt-value on GLC was approximate ly  that  
corresponding to a saturated n-aldehyde with 11 C- 
atoms, they most probably have a chain length of 
9 C-atoms. Undecanal  and 2,4-octadienal, if  present,  
would not be s trongly complexed by the silver n i t ra ted  
plate. 

Bu t t e r f a t  definitely contains 4cis-heptenal which 
has a creamy, tallowy, butterscotch-like, "greenish," 
flavor (4). The similari ty of flavor descriptions 
makes it likely that  there may also be 4cis and 4trans- 
heptenal although presence of the other three heptenal  
isomers, 3-, 5-, and 6-heptenals, cannot be excluded. 

The 2trans,6cis-nonadienal (violet leaf aldehyde) 
has an odor resembling that  of cucumber (8,9), bu t  
synthetic 2trans,6trans-nonadienal has a flavor which 
can be assessed as tallowy (10). All  these aldehydes 
have been synthesized in this laboratory and com- 
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Fro. 2. Comparison of isolated DNPHs from beef tallow 
with synthesized DNPHs on a (30%) silver nitrate Silica Gel 
@ plate. Eluent: benzene. I. 2trans,6trans-nonadienal; II. 2- 
trans,6cis-nonadienal; III. 4trans-heptenal; and IV. 4c/s- 
heptenal, a) Synthetic DNPH, b) mixture of synthetic and 
isolated DNPtts, and c) isolated DNPH. 
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FiG.  3. C o m p a r i s o n  o f  t he  f o u r  i s o l a t e d  a l d e h y d e  D N P H s  
a n d  t h e  d i f f e r e n t  m i x t u r e s  o f  t h e  p o s s i b l e  i s o m e r i c  D N P I I s  
o f  t h e  s a m e  c h a i n - l e n g t h  o n  a s i l v e r  n i t r a t e  S i l i c a  Ge l  G 
p l a t e ,  b )  s ix  i s o m e r i c  n - h c p t e n a l s ,  c)  f o u r  i s o m e r i c  n - n o n -  
a d i e n a l s .  I~ i s o l a t e d  4trans-heptenal;  I2 i s o l a t e d  4cis-heptenal;  
]I~ i s o l a t e d  2trans,6trans-nonadienal;  a n d  ]I.~ i s o l a t e d  2trans,- 
6cis-nenadienal.  L a y e r  t h i c k n e s s :  0 .25 m m  S iO:  ( 3 0 %  AgNO:~) .  
D e v e l o p i n g  l i q u i d  : b e n z e n e .  

T A B L E  I I  

Flavor  Threshold of Aldehydes in Paraff in  Oil 

Substance  Odor Taste 
( m g / k g )  ( m g / k g )  

4cis-heptenal 0.01 O.OO 16 
4trans-heptenal 2.3 0.32 
2trans,6cis-nonadienal 0.01 0.002 
2trans,6trans-nonadienat 0.21 O.018 

pared  in their  free and D N P I I  form with the "un- 
known" aldehydes. The 2trans,6cis- and 2tran.~, 
6trans-nonadienals were synthesized ac.cording to tile 
method of Ju tz  (11). The 4cis- and 4trans-heptenal 
syntheses were accomplished as described in Reference 
12. 

Confirmation of Proposed Structures 

Four  mixtures  of D N P I I s  were made, each con- 
sisting of a synthetic ] ) N I ' I I  and tile corresponding 
isolated I ) N P H  (4cis- and 4trans-heptenal, 2trans, 
6cis- and 2trans,6trans-nonadienal). The four  in- 
dividual  isolated D N P I I s ,  the four  individual  syn- 
thetic DNPHs ,  and the four  mixtures  mentioned 
above were each spotted onto a thin- layer  plate (12 
spots on a 30% silver n i t ra te - impregnated  Silica Gel 
G pla te ;  eluent 100% benzene). In  all spottings the 
three corresponding spots moved on the plate with 
the same R~-value (Fig.  2). No separat ion of the 
mixtures  of the model substance and isolated D N P H s  
was (lbserved which was regarded as extra  proof  of 
the proposed identity. 

Moreover the four  isolated aldehyde D N P t t s  and 
the following model (synthetic)  aldehyde D N P H  
mixtures  were brought  onto a Kieselguhr G plate,  
impregna ted  with Carbowax (13). 

The mixtures  of model aldehyde D N P H s  were: a) 
a mixture  of C 1 to C 12 sa tura ted  n-aliphatie alde- 
hyde D N P H s  (12 D N P H s )  ; b) a mixture  of 3,4 and 
5cis- and trans-heptenal D N P H s  (6 D N P H s ) ;  and 

T A B L E  I 

Relative Retention Times of Aldehydes Invest igated 

Temperature Substance  Rta (C) 

4trans-heptenal 7.42 80 
4cis-heptenal 7.54 80 
2trans-nonenal 10.52 104 
2trtcns,6trans-nonadienal 10.84 104 
2trans,6cis-nonadienal 11.04 104 

a The relative re tent ion times of the compounds are based on those 
of the series of sa tura ted,  n-al iphatic aldehydes (expressed in carbon 
n u m b e r ) .  

c) a mixture  of trans,trans- and trans,cis-isomers of 
2,6 and 2,7-nonadienal D N P H s  (4 D N P H s ) .  The 
plates were eluted with a petroleum fract ion (bp 
100-200C). 

The four  isolated D N P H s  and the model aldehyde 
D N P H s  all eluted between the Rf-value of the 
sa turated C 5 and C 6 aldehyde D N P H s  (14). The 
isolated DN1)tIs  and the mixtures  b) and c) were 
re-examined on the silver ni t ra te  Silica Gel G plate 
used before;  eluent 100% benzene. A complete sep- 
arat ion of all model heptenals on this plate proved 
that  the two isolated heptenals were really 4cis- and 
4trans-heptenals. The separat ion of the four  model 
nonadienal D N P H s  was also complete al though the 
positionally isomeric 2trans,6cis- and 2trans,7cis- 
nonadienal  D N P I I s  were generally not so sharply 
separated as the isomeric heptenal I )NPIIs .  The de- 
gree of separat ion depends on tile act ivi ty of tile 
plate. In  this way it could be established that  the 
isomeric nonadienals are of the 2,6-type (Fig. 3). 

The ident i ty  of tile volatiles isolated was proved 
by compar ing their  retention times (cf. Table I ) .  
These results were obtained on a Carlo Erba  type 
P-AID,  2 column f- type chromatograph with double 
flame ionization detector with the use of a polar 
immobile phase under  identical ct)nditions. 

The flavor threshold (5) of the four  aldehydes was 
determined in paraffin oil. The synthesized aldehydes, 
purified by gas-liquid chromatography,  were used for 
this purposc. The results are given in Table IX. 

With  the exception of 4 trans-hel)tlmal, tile three 
other aldehydes have a sufficiently low flavor thresh- 
old (0.2-0.01 p p m  for  odor and 0.02-0.002 ppm 
for  taste) to be identified as "greenish," tallowy, and 
creamy, and distinguished f rom the other ()if-flavor 
volatiles present. I t  is not yet known whether other 
volatiles (e.g., 2-nonenal, present in considerable 
amounts)  also contribute to the tallowy odor. 
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