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The characteristic aroma of heated lamb is obtained from the fat. A major portion 
of the odor, obtained upon heating, is  contributed by carbonyl compounds. These 
flavor cclmpounds, or their precursors, are apparently present in only trace amounts in 
the fat. Heating the bulk of the triglycerides, after removal of these trace components, 
does not generate the characteristic lamb aroma. The lean meat portions contribute 
a basic imeaty flavor similar to that obtained from lean beef and lean pork. Volatile 
compounds isolated from the lean lamb as well as the physical data obtained for com- 
pounds riot completely characterized are similar to those obtained from lean beef and 
pork, Tlhe flavor precursors in the lean lamb are low molecular weight, water-soluble 
compounds that produce characteristic meaty aromas on heating. 

HE PRESENT IUVESTIGATION was T undertaken as part of a continuing 
program on studies of flavor in meat. 
Results obtained in the study of lamb 
flavor are presented and compared with 
results previously obtained in flavor 
studies on beef and pork (6 ,  7). IVe 
have, as in prevbus work, equated 
aroma lvith flavor on the assumption 
that aroma is the major contributor 
to flavor. Techniques previously de- 
veloped for the study of flavor in pork 
and beef have cons1 ituted a substantial 
portion of the methodology used in the 
study of lamb flavlx. Particular em- 
phasis has been placed on the contribu- 
tion of lamb fat to aroma. A major 
purpose of this studp was to learn if the 
generalizations made concerning beef 
and pork flavor, i.e . that the lean por- 
tions of the meat contribute a similar 
meaty flavor while the fat portions 
contribute the flavor differences in these 
meats, could be extended to lamb. 

Experimental 

Lean lamb was obtained from four 
carcasses purchased on the open market. 
Lamb fat was a 50-pound composite 
sample of kidney fat obtained from a 
number of animals. Lean and fat were 
stored separately at  0" F. until needed. 
The lean was not studied muscle by 
muscle, but rather as a composite. 
since the authors' previous work on beef 
and pork had shown that the flavor and 
contributions from different muscles 
\vere identical. Lamb kidney fat was 
used for all fat studies. 

Lean Lamb. A freeze-dried lamb 
powder extract containing the flavor 
precursors was prepared as follows: 
Lean meat was thawed, fat and connec- 
tive tissue were removed, and the 
trimmed meat was ground in an electric 
qrinder maintained at  32' F. The 

ground lean was blended Lvith ice-cold, 
distilled water. The slurry was cen- 
trifuged at  32" F. and the extract filtered 
under suction through a thin layer of 
Filter-aid to remove solidified fat par- 
ticles. Lyophilization of this extract 
yielded a powder approximately 2.0% 
by weight of trimmed meat. This 
lamb powder was heated at  100" C. 
under vacuum in a specially designed, 
all-glaes apparatus (7 ) ,  and the rota1 
volatiles \rere condensed at  liquid 
nitrogen temperature. Pumping was 
then stopped. but the vacuum wa: 
maintained by the closing of properly 
placed stopcocks. The trap containing 
the total condensate was allowed to 
come to room temperature, and spon- 
taneous distillation took place. The 
most volatile fraction was collected at  
liquid nitrogen temperature; a second 
fraction, mainly water, was collected 
at  dry ice-isopropanol temperature ; 
and the highest boiling fraction remained 
in the original trap. The most volatile 
fraction (I) and the least volatile fraction 
(11) were analyzed. The contents of the 
trap containing water were not studied. 
Methods and apparatus are described 
in previous papers (6,  7). 

The more volatile fraction (I) was 
analyzed for acidic, basic, and carbonyl 
compounds. Carbonyl compounds were 
converted to their 2,4-dinitrophenyl- 
hydrazones by the addition to the cold 
trap containing fraction I of a 2 S  
hydrochloric acid solution saturated with 
DNPH. In  a separate experiment. the 
acidic compounds in I were converted to 
their ammonium salts by the addition 
to the cold trap, in which I was collected, 
of 5 ml. of 5% ammonium hydroxide. 
In similar fashion, basic compounds were 
converted to their hydrochlorides in a 
separate experiment by the addition 
of 5 ml. of 2 S  hydrochloric acid (7). 
The basic compounds in the 2.1' hydro- 

chloric acid solution Lvere recovered as 
their hydrochlorides by lyophilization 
of the solution. Addition of one drop 
of sodium hydroxide solution to a 
crystal produced the odor of ammonia. 
Paper chromatography, with methanol 
as the solvent, yielded no other aliphatic 
primary amines (7). Acidic compounds 
trapped in ammonium hydroxide were 
evolved by the addition of 2 5  hydro- 
chloric acid; the major constituent was 
carbon dioxide. The fraction was 
analyzed for free sulfide ion by a modi- 
fied procedure (7) of Marbach and 
Doty ( 9 ) .  Carbonyl compounds were 
analyzed as their DNPH's, using paper 
chromatographic procedures of Gaddis 
and Ellis (2-4). 

The less volatile of the two fractions 
was a viscous, water-soluble material. 
Approximately 100 mg. were obtained 
from 30 grams of dried powder. The  
p H  of a 1% solution in water was ap- 
proximately 3.8. The infrared spectrum 
of a film of this material gave major 
peaks at  3.15, 5.81, 6.32, 7.12. 8.9, 
9.6, and 11.7 microns. The ultraviolet 
spectrum of 2 mg. per ml. of water had a 
maximum at  290 to 295 mp. This 
fraction was separated on paper by 
butanol saturated Lrith water to give three 
bands at  RF values corresponding to those 
previously obtained from beef and pork 
(6) .  Lactic acid was determined by the 
method of Hullin and Noble (8). 

Precursors of lean lamb flavor were 
isolated from the lyophilized powder 
by gel filtration, on Sephadex G-25, 
of a 25% solution of the powder in water 
(70); the eluant was 0.005A14 NaCI. 
The high molecular weight fraction, 
which was eluted first, was lyophilized 
to yield a brown powder similar in 
appearance to the unfractionated 
powder. The low molecular weight 
fraction was also lyophilized to yield a 
white fluffy powder. The ratio of high 
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to low molecular weight fractions was 
about 2 : l .  

Lamb fat rendered under 
nitrogen was heated for 4 hours at 
1 IO O to 11 5 O C. in an all-glass apparatus. 
The heating chamber was 5.5 cm. in 
diameter and 14.5 cm. deep, equipped 
with 55/50 8 joint and appropriate 
connection for gas inflow and exhaust. 
T o  remove any possible carbonyl or 
acid contamination from the sweep 
gases? the air or nitrogen was purified 
by bubbling through a saturated solution 
of DNPH in 2.Y phosphoric acid to 
remove carbonyl compounds, then 
through a tower containing sodium 
carbonate and silica gel for the removal 
of acidic components, and finally through 
a silica gel drying tower. The purified 
gas a t  a floiv rate of 3 to 5 liters per hour 
\vas passed across the surface of the 
heated fat and into a trap cooled in 
dry ice-isopropanol or in liquid nitrogen. 
Both volatiles and residual fat were 
analyzed for carbonyl compounds and 
for free fatty acids. 

Carbonyl compounds in the lamb 
fat volatiles were converted to thair 
DNPH’s b>- adding a saturated solution 
of D S P H  in 2-V hydrochloric acid to 
the contents of the cold trap and allow- 
ing the mixture to stand overnight. 
Total volatile carbonyls were estimated 
by nieas~xing the ultraviolet absorption 
of the DNPH‘s at 349 to 352 mp, the 
region of maximum absorption for this 
mixture; and monocarbonyls \vue de- 
termined by the paper chromatographic 
procedure of Gaddis and Ellis (3) .  
Carbonyls precent in the residual fat 
lvere converted to DNPH’s by the 
method of Schwartz et ai. (77, 72). 
The mixture \vas separated and mono- 
carbonyls identified by a combination 
of these methods. Briefly, a 5 to 10% 
solution of lamb fat in carbonyl-free 
hexane was slowly percolated through 
a 10-gram celite column impregnated 
\vith DNF”. water: and phosphoric 
acid (72). The DNPH’s formed \vere 
eluted along with the hexane and fat; 
elution was completed by. lvashing with 
adcitional hexane. Highly polar car- 
bon)-1s remained on this column. The 
hexane eluate was then chromatographed 
on a 1 :1 \v. \v. mixture of Seasorb 
(MgO) and Celite 545 (77). DNPH’s 
and unreacted D S P H  were held to 
the column. and the hexane eluate 
contained essentially all of the fat. 
Removal of the hexane under vacuum 
from the carbonyl-free eluate left more 
than 97% of the original sample. 
The monocarbonyls and most of the 
dicarbonyls were eluted from the column 
with a mixture of 25% nitromethane: 
75% CHC13 v./v. (77). The solvent 
was removed from the eluate and the 
DNPH’s separated into groups by 
chromatography on partially hydrated 
alumina. Carbonyls of increasing polar- 
ity were successively eluted with a 1 :I 

Lamb fat. 

mixture of hexane-benzene, benzene, 
and ethanol. The aliphatic aldehyde 
fraction eluted by hexane-benzene was 
further separated by paper chromatogra- 
phy (2-4). Ultraviolet absorption at 
352 mp was taken as a measure of the 
carbonyl content of each fraction (3 ) .  

Free fatty acids were determined by 
first separating them from the fat on a 
basic ion exchange resin, methylating 
these acids, and finally separating and 
determining the esters by gas chroma- 
tography (5). 

Results and Discussion 

.4s in beef and pork, the precursors 
in the lean lamb were extractable with 
cold water. Heated lamb patties, 
prepared from \vatu-extracted, ground, 
lean lamb, were tasteless, ~vhile patties 
prepared from extracted meat, recon- 
stituted with the extract, were charac- 
terized as meaty but with no area of 
agreement as to the kind of meat utilized. 
Two volatile fractions were obtained 
by the vacuum pyrolysis and subsequent 
fractionation of the 11-ophilized water 
extract of the lean. The less volatile 
of the two fractions had a pleasant, 
fruit-likc aroma that, on standing, 
assumed a desirable meaty aroma. 
The aroma characteristics \cere identical 
to those from the equivalent fractions 
previously obtained from beef and pork. 
The infrared and ultraviolet spectro- 
photometric data, as \vel1 as the chroma- 
tographic separations for this fraction, 
\vere also identical to those reported 
for the equivalent beef and pork frac- 
tions (2). Lactic acid again constituted 
about 90% of this fraction. 

The more volatile fraction was char- 
acterized by a Etrong ammoniacal 
and a weak sulfide odor. The latter 
was in contrast to the strong sulfide 
odor present in the equivalent pork 
and beef fractions. Thus, lamb evolved 
2.5 mg. or ammonia per gram of powder 
and only trace amounts of hydrogen 
sulfide, while beef and pork yielded about 
1.7 mg. per gram of ammonia and 0.1 
mg. per gram of hydrogen sulfide. 
The pH of a 10% solution of lamb pow- 
der in water prior to heating was 6.0 
compared to values of approximately 
5.2 for similar solutions of beef and 
pork powder. The differences observed 
in the yields of ammonia and hydrogen 
sulfide may well be related to this pH 
difference. To  be certain that the pH 
was indeed 6.0, and that the ammonia 
evolved was as high as shown, and that 
hydrogen sulfide was present only in 
trace amounts, these experiments were 
repeated on a carcass purchased several 
weeks later and on the carcass of another 
animal whose entire history prior to, 
and after, slaughter was known. In  
both instances, the pH of the lamb 
powder was 6.0 + 0.1, the ammonia \vas 
evolved in the order of 2.5 mg. per gram 

of powder, and the amount of hydrogen 
sulfide obtained was just detectable. 
The major carbonyl compound isolated 
was acetaldehyde; smaller amounts of 
formaldehyde and acetone were also 
obtained for beef and pork (6). 

The high and low molecular weight 
fractions obtained from the lean lamb 
water extracts after gel filtration were 
carried through the vacuum pyrolysis 
procedure and the volatiles trapped and 
fractionated. h’o appreciablt aromas or 
volatiles were obtained from the protein 
fraction, but the low molecular weight 
fraction yielded the aromas and com- 
pounds associated with the unfraction- 
ated powder. This too was similar to 
results obtained from beef and pork 
where the separation into high and low 
molecular weight fractions was obtained 
by dialysis rather than gel filtration ( 6 ) ,  
and is in agreement jvith the observation 
of Batzer et  al .  regarding beef precursors 
(7). Lamb fat, heated in an air stream 
or under nitrogen. developed an aroma 
usually associated \vith mutton. The 
odor was strongest in samples in which 
small amounts of water were added. 
Preliminary examination of the volatiles 
for carbonyl compounds and free fatty 
acids was negative. To  check this 
observation, lamb fat plus water was 
heated in air under reflux for 4 hours, 
transferred to the high vacuum appara- 
tus, heated to 100’ C., and the total 
volatiles condensed at liquid nitrogen 
temperature. A very strong, mutton 
aroma \vas obtained. \Yarer was added 
to the condensate and the slightly 
opalescent solution divided into three 
3-ml. aliquots. To rhe first tube, 2 ml. 
of distilled \vater were added; to the 
second, 2 ml. of a 2AV solution of phos- 
phoric acid; and to the third, 2 ml. 
of 2.V phosphoric acid saturated Lvith 
DNPH. The glass-stoppered tubes were 
shaken and at intervals the odors noted. 
The mutton odor remained in the tubes 
containing water and phosphoric acid, 
but there was a steady decline in odor 
intensity in the DNPH solution. How- 
ever, even after 24 hours, an aroma 
reminiscent of mutton, but far less 
intense and of a different character, was 
still present. Spectrophotometric meas- 
urements indicated the presence of 
only trace amounts of carbonyl com- 
pounds; and analyses for monocarbonyl 
alkanak. Zenals, and 2,4-dienals Jvere 
negative. Since the analytical method 
used can detect less than a microgram of 
carbonyl, then the portion of lamb 
flavor attributable to carbonyl com- 
pounds is apparently present only in 
fractional p.p.m. 

To learn if carbonyl compounds 
initially present in the fat were 
responsible for the aroma, rendered 
lamb fat was dissolved in hexane, and 
carbonyl compounds were removed as 
their DNPH’s on a magnesium oxide 
column. Heating this carbonyl-free 
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Table 1. Monocarlbonyl Compounds 
Isolated froim lamb Fat 

(Figures are in per cent of total 
monocarbonyls found) 

Heated Heated 
Unheafed in in 

Carbonyl Fat Nitrogen Air 

Saturated C S  10 10 . . .  
Saturated C g  . . . . . . trace 
Saturated Cj i  , . . . . . trace 
Saturated C,S 40 35 40 
Saturated Ci3 50 55 55 
2-Enals 5= 
Total pmoles 

of carbonyl 
in 10 qrams 
of fat 0 94 2 .23  1 08 

Equal amounts of C,, (210,  and (211. 

fat in air did not produce the character- 
istic mutton-like volatiles, and the odor 
intensity was low. This would indicate 
that a t  least a high proportion of mutton 
aroma is carbonyl i n  nature or that the 
mutton aroma constituents or precursors 
are highly polar and are removed from 
the fat by the isolation techniques used. 
I n  any event, the (odor compounds or 
their precursors are present in only 
small amounts in the fat, and the aroma 
is  not continuously generated by heating 
the bulk of the triglycerides present in 
the  fat. 

Since carbonyls were apparently im- 
portant contributors to lamb flavor but 
were not present in high enough con- 
centration to be detrrmined in the vola- 
tiles, the fat itself was analyzed for 
carbonyl compounds by the Schwartz 
method which frees bound carbon).ls 
( 7 7 ) .  Table I lists the monocarbonyls. 
The major carbonlls found, CI+ Cle, 
and C,,, are not ordinarily volatile and 
do not contribute to aroma; neither 
hesanal nor the small amounts of 2-enals 
,obtained have a mutton aroma. Total 
carbonyl compounds as measured by 
ultraviolet absorption were considerably 
greater than those isolated from the 
monocarbonyl fraction. For example, 
prior to heatinq in air, approximately 
14 pmoles of carblmyl calculated as 
saturated aldehyde per 10 grams of 
lamb fat w r r  present. After heating 
in air or  in nitrogen, this increased to 

Table 11. Free Fatty Acids in Unheated and Heated lamb Fat 
Mg. per Gram of Free Fatty 

Acid per Gram of Fat 
Per Cenr of Total Free 

Fatty Acids 
Acid 

Linoleic 
Oleic 
Stearic 

Before heating After heating Before heating After heoting 

0.017 0 .02  0 . 5 1  0 . 5 6  
1 .49  1.91 48.26 48.05 
0 .92  1 .14 29 .73  29.01 

Palmitolric 0 01 0 009 0 22 0 21 ~ . . ~ ~ ~ ~ ~  ~ ~ . ~ .  

Palmitic 
Tetradecadienoic 
Tetradecenoic 
Myristic 

0 65 0 87 20 95 21 70 
0 001 0 001 0 03 
0 001 0 001 0 03 
0 01 0 012 0 23 

Lauric 0 0004 0 003 0 01 0 06 
Decadienoic 0.0007 0 ,001  0 .02  0 . 0 3  
Decaenoic 0.0003 0.0008 0 .01  0 . 0 2  
Total mg. per gram 3 .10  3 .97  

approximately 25 pmoles of carbonyl 
per 10 grams of fat. The aliphatic 
aldehyde content prior to and after 
heating in air was about 1 pmole per 
10 grams of fat and about 2 @mole 
after heating in nitrogen, and only this 
fraction has been accurately analyzed. 
These carbonyls are assumed to be 
responsible to a great extent for the 
mutton aroma. This paucity of volatile 
saturated and unsaturated carbonyl 
compounds isolated from lamb fat is 
in sharp contrast to the volatile mono- 
carbonyls isolated from beef and pork 
fat where alkanals, 2-enals, and 2,4- 
dienals were isolated (6 ) .  

No free fatty acids were found in the 
volatiles from lamb fat. The  free fatty 
acids found in the fat before and after 
heating are given in Table 11. The 
results again are quite different from 
those obtained from pork and beef fat. 
The absolute amounts are lower. Thus, 
after heating, the free fatty acids in 
lamb fat totalled only 0.4070, this in 
contrast to values of 3.?% and 5.5% 
in beef and pork, respectively ( 6 ) .  
In  addition, the three major acids in 
lamb fat (oleic, stearic, and palmitic) 
constitute 99% of the free fatty acids. 
In  beef and pork fat, these were also the 
three major free fatty acids, but they 
accounted for 80 to 85% of the free 
acids. These results may explain the low 
concentration of 2-enals and the absence 
of 2,4-dienals in heated lamb fat, since 
unsaturated free fatty acids may be 
oxidized more readily than the same 
acids present in the triglyceride. 
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