
however, concludes that in man dietary 
cholesterol has but niinor influence on 
plasma cholesterol levels (7) .  

Trace Substances in milk fat, hitherto 
not recognized, are being identified by 
the newly perfected methods now avail- 
able to the laboratories. For example, 
Hansen, Shorland, and Cooke have 
identified fatty acids in the range of 
Czo to C26 which are believed to result 
from the direct assimilation of dietary 
lipides by the cow (75). 

Conclusions 

Despite innumerable studies compar- 
ing the nutritional value of fats. there 
are many unanswered questions. For 
instance, with certain dietary regimens 
while milk fat induces a more rapid 
growth than most fats in young animals, 
longevity sometimes is significantly re- 
duced (29). In practical infant nutri- 
tion, hoivever, a parallel manifestation 
Lvould seem unlikely. Current pediatric 
literature emphasizes the importance 
of providing the infant and child with a 
favorable nutritional environment as an 
essential condition for optimal health 
in later decades. 
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HIS study was undertaken to identify T as many as possible of the vol- 
atile compounds responsible for the 
characteristic odor of cooked beef. 
While it is a common observation that 
this aroma develops only after heating. 
the literature affords relatively little 
information as to the nature of the com- 
pounds responsible. 

Experimenfal Procedures and Results 
Beef Broth. Fresh lean beef (round 

steak, U. S .  Choice or L-, S. Good) 
was trimmed free of fat, passed through a 
meat grinder, and refluxed with an equal 
weight of water for 3 hours. Two drops 
of Dow-Corning antifoam A were added 
before refluxing to prevent excessive 
foaming. After cooling and filtering, 
the broth was distilled to one third to 
one half of the original volume at 
atmospheric pressure either at its nat- 
ural pH of 5 to 6 or after pH adjust- 
ment. Most of the characteristic odor 

Wis. I 
was presmt in the distillate. Unless 
otherwise specified, only the distillate 
was used for chemical studies. 

When the broth was 
to be examined for volatile basic coni- 
pounds the distillate was collected in 22V 
acid, either sulfuric or hydrochloric. or 
the distillate was allowed to pass directly 
into a 2.6 X 28 cm. Dowex 50 (HC) 
column and the column was subsequently 
eluted with 1,V hydrochloric acid. The 
acidic solution obtained by either of these 

Basic Fraction. 
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The volatile fraction from lean beef cooked in boiling water was shown to contain hydrogen 
sulfide, ammonia, acetaldehyde, acetone, and diacetyl. In addition the presence of 
formic, acetic, propionic, butyric, and isobutyric acids, and of dimethyl sulfide was tenta- 
tively established. The amount of hydrogen 
sulfide obtained after 3 hours of boiling was 6 to 8 mg. per kg. of beef, but much larger 
amounts were evolved after boiling for 7 days. 

Volatile alcohols and esters were absent. 

acetyl - bis- 2,4 - dinitrophenylhydrazone 
showed that they were identical (Table 

DNP Derivcfive lsofafed Aufhentic Mixed Addifioliol Evidence Analysis. Calculated for CI6Hl4O8N8: 
C, 43.05; H, 3.16; N, 25.11. Found: Acetone 121-3 124-5 123-4 Paper chromatography, infrared C, 43.20; H, 3.33; N, 25.04. 

Acetaldehyde 155-7 156-7 155-7 Same as for acetone Fatty Acids. Fresh broth was acidi- 
Diacetyl d. >300 d. >300 d. >300 Infrared spectrum, ultimate fied with sulfuric acid to pH 1 and dis- 

tilled at atmospheric pressure to two 

Table 1. Volatile Carbonyl Compounds from Beef Broth 
Compound, Meffing Points, ' C. 1). 

spectrum, x-ray diffraction 

analysis 

methods was evaporated to dryness, the 
residue made alkaline with sodium 
hydroxide, and the mixture then redis- 
tilled into redistilled aqueous hydro- 
chloric acid. After vacuum evaporation 
of the resulting solution, a white salt 
was obtained in a yield of approximately 
0.10 gram per kg. of fresh lean beef. 

This product gave a negative test for 
carbon by the method of Pepkowitz 
(8) .  Upon addition of sodium hydrox- 
ide, it liberated a volatile base which 
turned red litmus paper blue and gave 
the odor of ammonia. I t  was, there- 
fore, concluded that this salt was am- 
monium chloride. This conclusion was 
confirmed by decomposing a portion of 
the salt with sodium hydroxide and 
aerating the volatile base into a solution 
of phenylisothiocyanate. A solid de- 
rivative formed almost immediately 
which, after washing with Skellysolve 
B and 507, ethyl alcohol and recrystal- 
lizing from 95% ethyl alcohol, melted at 
157'-158' C. This product showed 
no melting point depression when 
mixed with known phenylthiourea. 

Carbonyl Compounds. Fresh broth 
prepared as described above was distilled 
into a flask which was immersed in an 
ice bath and contained a 0.2% solution 
of 2,4-dinitrophenylhydrazine (DNP) in 
2 s  hydrochloric acid. The precipitate 
of crude dinitrophenylhydrazones was 
filtered off, dried, and weighed. The 
yield was approximately 0.09 gram per 
kg. of fresh beef. 

The crude mixture of D S P  deriva- 
tives so obtained was stirred up re- 
peatedly with 30- to 40-ml. portions of 
boiling ethyl alcohol and the insoluble 
portions were filtered off. About 0.04 
gram of this insoluble fraction, pre- 
sumably consisting of polycarbonyl de- 
rivatives, was obtained per kg. of beef. 
The ethyl alcohol solution containing the 
monocarbonyl derivatives was evap- 
orated to dryness, the residue dissolved 
in warm 1 to 1 benzene to heptane, 
and the solution poured onto the top of 
a 2.2 X 10 cm. column of powdered 

anhydrous magnesium sulfate. The 
column was developed with the same 
solvent mixture which was passed 
through under pressure, until the car- 
bonyl derivatives were eluted and the 
effluent became almost colorless. Under 
these conditions the unreacted dinitro- 
phenylhydrazine reagent remained at 
the top of the column. 

The effluent was evaporated to a 
small volume and a convenient amount 
chromatographed on Whatman No. 1 
paper according to the method of 
Huelin (5).  The developed chromato- 
gram showed two yellow spots with 
R, values of 0.26 and 0.40 which c x -  
responded to those of the DNP deriva- 
tives of acetone and acetaldehyde, re- 
spectively. Judging from the intensities 
of the spots on the chromatograms, the 
acetaldehyde derivative was the major 
component. 

To  obtain sufficient material for 
identification, the concentrated effluent 
from the magnesium sulfate column 
was applied to a number of papers in a 
narrow, intensely colored band. After 
development of the chromatograms 
the bands corresponding to the above 
two spots were separately eluted with 
957, ethyl alcohol and the eluates 
pooled and evaporated to dryness. The 
derivatives were recrystallized from 957c 
ethyl alcohol to a constant melting 
point. As shown in Table I these two 
products proved to be identical with the 
derivatives of acetone and acetaldehyde. 
respectively. In  addition to melting 
point and paper chromatographic data, 
infrared tracings and x-ray diffraction 
patterns were obtained for each of the 
dinitrophenylhydrazone derivatives. In 
all cases the results with the isolated 
and known compounds were identical. 

The ethyl alcohol-insoluble poly- 
carbonyl fraction was recrystallized from 
nitrobenzene without previous passage 
through the magnesium sulfate column. 
Comparison of the melting point and in- 
frared spectrum of these crystals with 
those of an  authentic sample of di- 

thirds of the -originai volume. The 
distillate was collected in a receiver 
cooled in an ice bath and was titrated to 
a phenolphthalein end point with sodium 
hydroxide. Approximately 1 meq. of 
acids was obtained per kg. of fresh meat. 

The neutralized distillate was evapo- 
rated to dryness in vacuum and the salts 
decomposed with 6 S  sulfuric acid. The 
free fatty acids were taken u p  in ether 
and a solution of diazomethane in ether 
was added in small portions until a 
faint yellow color persisted. Most of 
the solvent was evaporated from the 
resulting solution of methyl esters by 
placing the mixture in an  open Erlen- 
meyer flask and warming gently. No 
effort was made to remove the last 
traces of ether for fear that volatile esters 
might also be evaporated. The re- 
maining solution was then subjected to 
gas chromatography on a Model 154 
Perkin-Elmer Vapor Fractometer. The 
column used was 5 mm. in internal 
diameter and 2 meters long, and was 
filled with one part of diisodecylphthalate 
on four parts of 60- to 80-mesh 
Celite 505 (Johns-Manville Co., filter 
aid) support. The conditions and re- 
sults are shown in Figure 1. 

In addition to peaks caused by air 
and ether, five more peaks correspond- 
ing to the methyl esters of formic, acetic, 
propionic, isobutyric, and butyric acids 
were observed. The retention times of 
the esters checked very closely with those 
of the known samples. However, no 
additional evidence was obtained to 
verify the tentative identification of the 
esters as listed above. 

In order to look 
for volatile sulfur compounds the vapor 
arising from the simmering meat was 
carried by a stream of high purity 
nitrogen gas through a reflux condenser, 
then through a wash bottle containing 
20 ml. of 2,Y sulfuric acid for removal 
of ammonia, and then into various 
trapping solutions. When either 
aqueous lead acetate or mercuric cyanide 
solutions were used as trapping agents, 
black precipitates formed. The black 
precipitate in the lead acetate trap was 

Sulfur Compounds. 
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filtered off, washed? and dried, and sub- 
sequently found to give a negative test 
for carbon by the method of Pepkowitz 
( 8 ) .  ‘The black precipitate obtained in 
the mercuric cyanide trap gave no odor 
when Ivarmed with dilute hydrochloric 
or sulfuric acids. These results indicate 
the presence of hydrogen sulfide and the 
absence of volatile mercaptans, as mer- 
captans are released \\.hen their mercuric 
salts are \\-armed with dilute mineral 
acid ( I ) .  It  is possible that mercaptans 
might have been oxidized to the cor- 
responding disulfides during passage 
of the vapors through the 2AY sulfuric 
acid trap and the other compartments 
of the absorption train ( 3 ) .  However, 
no disulfides were detected either, 
hence no evidence was obtained in the 
present work that the vapors contained 
niercaptans. 

.\ quantitative determination of the 
hydrogen sulfide rcleased from the cooked 
beef \vas carried out by the methylene 
blue method as described by Sands and 
coworkers ( 9 )  and by Marbacli and 
Dory (7). The vapor above the sim- 
mering beef was aerated with high pu- 
rity nitrogen into 2’70 zinc acetate as the 
trapping solution. This was replaced 
by fresh solution as soon as an)‘ visible 
turbidity developed. After 3 hours the 
turbid mixtures \vex pooled and diluted 
to 500 ml. \vith 27;, zinc acetatr, and the 
color was developed as previously de- 
scribed ( 9 ) .  Absorbancy readings were 
obtained on a Bausch and Lomb 
Spcctronic S o .  20 colorimeter a t  665 
mp. ‘l‘hc readings \\-ere converted into 
equivalent hydrogen sulfide values by 
interpolation on a standard curve pre- 
pared with kno\\-n quantities of sodium 
sulfide (7). In t\vo determinations the 
amount of hydrogen sulfide found varied 
from 6 to 8 mg. per kg. of fresh beef. 

\\‘hen the vapors from the cooking 
mcat \vcre passed first through a sul- 
fLiric acid trap and then into a mercuric 
chloride trap a white precipitate was 
obtained in the latter. This product 
showed no crystalline form xvhen ex- 
amined under the microscope and began 
to decompose at 250’ C. O n  treatment 
Lvith 6.V hydrochloric acid no odor was 
detected. This result indicated that di- 
sulfides Lvere absent. However. the pre- 
cipitate gave rise to an odor very similar 
to that of dimethyl sulfide \\Then treated 
\vith 10Tc sodium hydroxide. This be- 
havior is characteristic of volatile thio- 
ethers ( 7 ) .  

The quantities of volatile thioether 
obtained were so small that positive 
identification by classical methods was 
practically impossible. ‘The vapor ob- 
tained from 1.35 kg. of beef after de- 
composition of the mercuric chloride 
salt with sodium hydroxide was passed 
through the Perkin-Elmrr gas chroma- 
tography apparatus, but failed to result 
in a detectable peak. Subsequently, 
the gas chromatographic analysis of a 

COLUMN..,. 2m. CELlTE/DIISODECYL 

TEMPERATURE .... 142OC. 
HELIUM FLOW--I9.0 ml/min. 
SENSITIVITY--, IO mv. 

PHTHALATE 

SAMPLE SIZE-20 MICROLITERS 

- 

MINUTES 
Figure 1. 
esters of volatile fatty acids of cooked beef 

Gas chromatographic separation of methyl 

similar thioether preparation \vas re- 
peated on a Barber-Colman gas-liquid 
chromatograph Model 10 w’ith the very 
sensitive strontium-90 detector ( 6 ) .  The 
column employed was 8 feet long and 
was filled with five parts of silicone oil 
on 100 parts of Chromosorb !V sup- 
port (Murray and Baker Co., Dagen- 
ham, England). In addition to peaks 
due to air and Lvater, a small peak cor- 
responding in retention time to authentic 
dimethyl sulfide \vas obtained. 

Discussion 

The results obtained in rhe presenL 
stud)- establish the presence of a number 
of compounds in the volatile fraction of 
cooked beef in addition to hydrogen 
sulfide, previously reported by Crocker 
(2). The compounds which have been 
firmly identified include ammonia. 
acetaldehyde, acetone, and diacetyl. 
In addition, reasonably good evidence 
for the presence of formic, acetic, 
propionic, isobutyric, and butyric acids 
and of dimethyl sulfide ivas obtained. 
An attempt to find volatile alcohols in 
the distillate from the broth by prep- 
aration of 3,5-dinitrobenzoyl esters 
was unsuccessful. Similarly, a qual- 
itative test for esters by means of al- 
kaline hydroxylamine followed by ferric 
chloride !vas negative. I t  seems prob- 
able? therefore, thar volatile alcohols 
and esters were not present in apprec- 
iable amounts in the beef broth. 

While the present report was in prep- 
aration, a paper by Hornstein et al. 

( d )  appeared Lvhich described the iden- 
tification of small amounts of carbonyl 
compounds: ammonia? and hydrogen 
sulfide in the volatile fraction of heated 
beef extract. Their results agree w d 1  
lvith those of the present study. 

Hydrogen sulfide, ammonia. diacctyl, 
and acetaldehyde appear to be some of 
the major components responsible for 
the characteristic aroma of cooked beef. 
All of these substances seem to be liber- 
ated during cooking from essentially 
odorless precursors. \Vhether the am- 
monia and hydrogen sulfide are derived 
from the amino and sulfhydryl groups 
of the meat proteins has not. to the 
authors’ kno\vledge, been established. 
I t  \\-as noted in the present study that 
greatly increased amounts of hydrogen 
sulfide \vere evolved from the meat if 
the heating period \$.ere prolonged. For 
example: the white precipitate in the 
mercuric chloride trap (presumably 
mostly HgC12.2HgS) obtained after 
boiling and aerating continuously for 
3 hours and, in another experimmt, 
for 7 days \veighed 0.04 and 1.34 gram 
per kg. of beef, respectively. 
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Flavor Studies on Beef and Pork 
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The odor responses, and the chemical compounds isolated, from the volatile pyrolysis 
products of lyophilized cold water extracts of lean beef and lean pork were found to be 
similar. The flavor precursors in lean meat are low molecular weight compounds present 
in the dialyzable portion of the cold water extracts of the raw lean meats. Beef and pork 
fat when heated produced dissimilar aromas. Free fatty acids and carbonyls were 
determined in these fats before and after heating. The results suggest that, on heating, 
the lean portions of pork and beef contribute an identical meaty flavor to these meats, 
while the characteristic flavor differences in pork and beef reside in the fat. 

RIMARY EMPHASIS has been placed P on the odor constituents of meats. 
The authors previously studied lean 
beef and found the flavor precursors 
present in the raw meat to be cold 
Lvater-extractable. This extract was 
lyophilized, and the resulting powder 
heated under vacuum and fractionated 
into ttvo major portions. The more 
volatile fraction has been studied (7).  
Investigation of the less volatile fraction 
(fraction I )  is reported in this paper. 
Lean pork has also been subjected to 
the techniques previously applied to 
lean beef and its volatile constituents 
have been examined. In  addition, 
beef and pork fat have been analyzed 
for free fatty acids and monocarbonyl 
compounds, and possible flavor precur- 
sor systems have been studied. 

Experimental 

The powder 
obtained by the lyophilization of a cold 
nater extract of raw, lean beef contains 
flavor precursors of cooked beef. The 
total volatiles produced by pyrolysis of 
this poivder a t  100’ C. are trapped at  
liquid nitrogen temperatures and frac- 
tionated a t  room temperature under 
vacuum into two major fractions. The  
less volatile of these two fractions. frac- 
tion I ,  is a viscous residue of meaty 
aroma (7). 

INITIAL OBSERVATIONS. Approximately 
100 mg. of fraction I were obtained for 
every 30-gram batch of dried powder 
pyrolyzed. The pH of a water solution 

Lean Beef, Fraction 1. 

of 10 mg. of I per ml. varied from 3.5 
to 4.0. The infrared spectrum of a film 
of I on rock salt plates was obtained on a 
Perkin-Elmer Model 137 Infracord spec- 
trophotometer. Major peaks were re- 
corded a t  3.15, 5.81, 6.32, 7.12. 8.9, 9.6.  
and 11.7 microns (Figure 1).  The ultra- 
violet spectrum of a water solution of 
2 mg. of I per ml. was obtained on a 
Beckman DU spectrophotometer; a 
maximum lvas observed a t  290 to 295 mp. 
Elemental analysis of I was: C? 34.217,; 
H, 7.697,; N, 5.467,; S and P, absent; 
and 0 (by difference). 52.647,. The 
neutral equivalent of I was 216. 

PAPER CHROMATOGRAPHY OF I .  Frac- 
tion I was best separated on paper by 
developing the Chromatogram with butyl 
alcohol saturated with water. The 
ascending chromatographic technique 
and apparatus described by Mitchell 
(72) were usrd to separate I on a milli- 
gram scale. Two LYhatman No. 1 
sheets, 8 X 8 inches, were streaked across 
the paper 1 inch from the bottom Lvith 
2 ml. of methanol containing 37.5 mg. 
of I,  and the chromatogram was de- 
veloped until the solvent front was l 
inch from the top. The papers were 
hung in a kvell ventilated hood to dry, 
and then a 0.5-inch strip was cut from 
the edge of the sheet and sprayed with 
17, permanganate. Three bands ap- 
peared a t  R,, 0.82> 0.50, and 0.25. 
The remainder of each of these fractions 
was eluted with methanol, concentrated 
on a rotary evaporator, rechromato- 
graphed, and again eluted with metha- 
nol. An appropriate amount of each 

solution \\.as placed on a rock salt plate 
and the solvent volatilized by heat. 
The infrared spectra for the fractions 
a t  Rf 0.82 and 0.25 were obtained. An 
insufficient amount of material of the 
components a t  R, 0.50 \vas recovered to 
obtain an infrared curve. Vltraviolet 
spectra of water solutions containing 
2 mg. per ml. of the fractions recovered 
a t  0.82 and 0 . 2 5  respectively, 
gave no characteristic peaks; when 3 
ml. of \vater were added to the residue 
from the fraction a t  Rf 0.50. a slight 
increase in absorption a t  290 to 295 
n p  \vas observed. 

TITRATION CURVES. Seven milliliters of 
the solution to be titrated, containing 
77.0 mg. of fraction 1: were placed in a 
small constant temperature cell equipped 
with electrodes atrached to a line-oper- 
ated pH meter. The  solution was stirred 
magnetically and blanketed by nitrogen. 
.A calibrated micropipet, made from a 
glass capillary and a vernier microm- 
eter. !cas used to add small increments 
of alkali or acid. After each addition, 
the pH of the solution was recorded. 

LABILE SITROGES. Labile nitrogen 
in I \vias determined by comparing 
Kjeldahl nitrogen results with those ob- 
tained by the following modified Kjel- 
dah1 procedure. Tlventy-five milligrams 
of I in 3 ml. of water Lvere placed in a 
test tube ending in a standard-taper 
24 40 joint connected to a n  adapter, 
through Lvhich 5 ml. of 307, sodium 
hydroxide were added and through 
which nitrogen gas was admitted. The 
nitrogen passed slowly over the magnet- 
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