was 4 minutes. This resulted in a
sharp peak.

A 10-ul. Hamilton microsyringe was
employed in the injection of the samples.
Over-injection occurred owing to the
“flashing-off”” of a portion of the solution
in the syringe needle. This laboratory,
as well as Goodwin et al. (3), has found
that a standardized procedure makes this
increment ““flashing off”” reproducible, so
that allowance can be made when the
syringe is filled to obtain an accurate
aliquot.

The gas chromatographic method was
compared with the diazotization method.
Forty-seven samples of grape juice
obtained from grape seedlings were
analyzed by both methods, and results
are shown in Figure 2. The range of
concentration was between 0 and 6.8
p.p.m. The data were subjected to
the student’s ¢ test (8). The value for
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t (tgaq;, = 4.368) was larger than the
critical 19} value of t. It was concluded
that the observed difference of means,
0.078 p.p.m. methyl anthranilate, is not
reconcilable with the zero difference one
would expect if both analyses have the
same bias. These analyses show that
the results of the diazotization method
may be expected to be high relative to
those of the gas chromatographic method
by an amount between 0.04 and 0.11

p.p.m.
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Components of lamb flavor were studied in the volatile and water-soluble fractions.
In the volatile materials from roasting lamb, carbonyl compounds were found to be impor-
These components were further investigated by precipitation

tant contributors to aroma.
as 2,4-dinitrophenylhydrazones from vapors of simmering lamb.

The 2,4-DNPHs were

separated by column chromatography and characterized by infrared and melting-point

analysis.

Monocarbonyls present were identified as n-alkanals of two- to 10-carbon

atoms, 2-alkanones of five- to 10-carbon atoms, and possibly 2-methylcyclopentanone.

Polycarbonyls are undergoing fractionation and identification.
from simmering lamb were saturated compounds.
and cooked lamb were separated by dialysis and ion exchange.
cose, fructose, and inositol, and 19 amino-containing components.

Carbonyls collected

Water-soluble compounds of raw

These included glu-
Among three breeds

of sheep (Southdown, Hampshire, and Columbia), no differences were evident in analyses
of volatile or soluble components.

RECENT sTuplEs of the chemistry of
meat flavor have included those of
Pippen and coworkers (79-27) and
Spencer (22) on chicken flavor; of
Batzer ¢t al. (2), Hornstein ¢f al. (77), and
Yueh and Strong (25) on beef; and of
Hornstein and Crowe (70) and Witting
and Schweigert (24) on pork. An
abstract of a current studv by Hornstein
and Crowe (9) indicates that another
report on the chemical nature of lamb
flavor will be forthcoming.

The consumption of lamb and mutton
hasremained at a very low level. During
the last 10 years, lamb has accounted for
only 2.2 to 2.69, of the total meat used
annually in the United States (7). The
objective of this study was to determine
the components of lamb flavor, the

336

knowledge of which may suggest methods
of making this meat more attractive to
the consumer.

The experiments reported here were a
part of a larger study including sensory
evaluations of lamb varying in breed,
age, sex, and feeding management (72,
23), and cookery methods (7, 8).

VOLATILE COMPONENTS
FROM ROASTING LAMB

Experimental

Collection and Concentration.
Methods of collection, concentration,
and fractionation of the volatile com-
ponents of roasting lamb were developed
in this laboratory. The meat analyzed
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was obtained from the University flock
of known breed and controlled manage-
ment and feeding. Most of the meat
came from animals 9 months of age.
The ground samples were a mixture of
the lean with its marbling and !/, inch
or less of subcutaneous fat. The ground
lamb was roasted for 7 hours under 20
inches of vacuum and at 80° C., the
temperature of well-done lamb. Vola-
tile materials were swept by air through
specially constructed traps, two in ice-
salt and four in dry ice-alcohol freezing
mixtures (Figure 1). In each run, 7
pounds of meat were roasted in four
pvrex pans. Condensates of all traps as
collected from three runs, totaling about
2 liters, were concentrated for each
analysis.



Table I. Infrared Spectral
Interpretations of Concentrates of
Volatiles of Roasting Lamb

Fraction Microns Interpretation

1 (3 peaks) 3.36, 3.40 C—H

5.81 C=0 [acid, al-
dehyde, ke-
tone(?)]

2 (5 peaks) 3.36, 3.50 C—H(saturated
aliphatic)

.93 Small peak,
found repeat-
edly

5.81 C=0 (alde-

hyde, ketone,
acid, or ester)

IS

5.98 Unsaturated ke-
tone, alde-
hyde, or acid

6.23 Conjugated
C=C

6.78,7.2  Aliphatic chain

9.00 Possibly C—O

By the most effective method of con-
centration, condensates were saturated
with salt (3 parts distillate o 1 part
NaCl) and extracted with diethyl ether
(1/2 volume of distillate). Distillation
of the ether layer in a Vigreaux column
at 40° C. yielded a yellow oily residue.
The concentrate was dried with anhy-
drous sodium sulfate before fractionation
by gas chromatography. Previously,
several methods of concentrating the
distillate were tried and discarded.
Fractional distillation by means of a
modified 40-plate Oldershaw column (4)
was not effective for the small quantities
of distillate (approximately 2100 ml.)
collected from each series of three runs.
The volatile compounds were probably
lost by distribution throughout the rela-
tively large apparatus. In other trials,
extraction was made with isopentane,
which was then allowed to evaporate
rapidly from an open container at room
temperature. A large portion of the
volatile material was lost with the solvent.
Further, adsorption of the distillates on
activated carbon (NuChar C-190) proved
ineffective because sequential elutions
with hexane, ether, and methanol did
not remove the strongly held components
from the carbon. Lyophilization was
found to be ineffective because highly
volatile materials were lost into the traps.

Fractionation of Concentrates. Ali-
quots of yellow oily concentrates (75 to
100 ul.) were separated into several
fractions by gas chromatography, using
an instrument equipped with a thermal-
conductivity detection unit. The most
satisfactorv column substrate was tri-
ortho-tolyl phosphate (309, by weight on
Chromosorb W), but polypropylene
glycol also yielded useful separations.
Conditions at time of injection were 35°
to 40° C. column temperature with
helium flow of 30 to 40 ml. per minute.
After collection of the first fraction, the

T0

——%

A B C

Figure 1.

VACUUM

PUMP

Traps used to collect volatile materials from roasting lamb

(A and B, ice-salt; C, D, E, and F, dry ice—olcohol)

column temperature was gradually in-
creased to a maximum of 115° C. Col-
lection tubes (Figure 2) were designed to
decrease contamination of fractions with
water from frost above the dry ice-
alcohol freezing bath. After collection,
each tube-unit was stoppered, then
centrifuged and held in the freezing bath
for infrared analysis.

Esterification prior to chromatography
did not improve separation, indicating
that free fattv acids were probably not
components of concentrates.

Identification of Fractions. Infrared
analyses were performed and interpreted
by personnel of the Washington State
University Division of Industrial Re-

search. Spot tests (5) {or aldehydes and
ketones, hydrogen sulfide, ammonia,
fatty acids, primary and secondary

amines, and methyl ketones were also
performed on the concentrates. Paper
chromatographic tests (3) of concentrates
for fatty acids, amino compounds, and
certain carbonyls were made.

Results

Separation in the gas chromatograph
of the vellow oily concentrate yielded
eight component peaks in addition to
those associated with the diethyl ether
used as solvent. Individual volumes of
these components were too small to
afford successful infrared analysis, so it
was decided to collect them as two frac-
tions. Infrared analysis of these is
shown in Table I.

Infrared analysis of the concentrates
showed the presence of both aliphatic
and conjugated carbonyl compounds.
Exposing the freshly formed volatile
materials to moistened filter paper gave
positive indications of hydrogen sulfide
(lead acetate) and ammonia (silver
nitrate-manganese nitrate).  Aliphatic
aldehvdes were shown to be presentin the
concentrates by positive tests with o-
dianisidine; aromatic aldehydes were
also present, according to tests with
azobenzenephenylhydrazine sulfonic
acid. Tests for fatty acids (formation of
iron hydroxamate) and for primary and
secondary amines (conversion to dithio-
carbamate) were negative. Paper chro-
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A

Figure 2. Tube-unit used to collect
fractions from gas chromatograph

matographic tests of the concentrate were
also negative for fatty acids (butanol-
ammonium hydroxide) and for amino
compounds (butanol-acetic acid-water).

CARBONYLS FROM
SIMMERING LAMB

Experimental

Collection of Carbonyls. Since in-
frared analysis confirmed the presence of
carbonyls as major components of the
volatile materials of lamb, the carbonvls
were further studied by precipitating as
2,4-dinitrophenylhydrazones (DNPHs).

Ten-pound lots of ground lamb were
gently simmered in 4.5 liters of water for
5 hours in a 22-liter boiling flask set into
a heating mantle. The air-entrainment
procedure of Pippen et al. (27) was
followed, in which volatile carbonyls
were precipitated as 2,4-dinitrophenyl-
hydrazones. Air was drawn by aspi-
ration through a preliminary trap, the
simmering flask, and three precipitation
flasks at a rate of five bubbles per second.
Upon completion of cach run, the
2,4-DNPHs were filtered, washed with
water, dried at 60° C. under 5 inches of
vacuum, and stored under desiccation
until further analyzed. Two runs were
made on lamb from each of three
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Figure 3. Pressure-feed apparatus
used for column chromatography

breeds of sheep (Southdown, Hampshire,
and Columbia) and on an additional
sample from a mixed source.

Fractionation of 2,4-Dinitrophenyl-
hydrazones. The DNPHs obtained
from the seven lots of lamb were indi-
vidually washed from the filter papers
with hot ethanol and chloroform, di-
gested, and filtered through a single No.
50 Whatman filter. It had previously
been suggested (77) that polycarbonyls,
being less soluble in hot ethanol and
chloroform, could be separated from
monocarbonyls by collecting on the
filter in this way. Actually, however, it
was discovercd in later separation of the
monocarbonyl fraction that a large
amount of the polycarbonyls had gone
through the filter with the mono-
carbonyls. The filtrates (monocarbonyls
and some polycarbonyls) were collected
in seven separate flasks and evapo-
rated to dryness on a steam bath.

The insoluble polycarbonyl DNPHs
were washed from the filter with near-
boiling nitrobenzene and allowed to
crystallize, then were refiltered, washed
with ethanol, and dried under vacuum
at 100° C. for 24 hours.

Monocarbonyl DNPHs in each of the
filtrates were chromatographed on col-
umns according to the method of Gordon
et al. (6), modified by Pippen et al. (27).
The adsorbent (2 silicic acid: 1 Celite)
was packed to a height of 21 cm. in
standard two-section, 38 X 230 mm.
chromatographic tubes. Each tube was
joined at the top to a double-reservoir
feed-apparatus designed for use with
nitrogen pressure (Figure 3). The gra-
dient solvent system used was diethyl
ether in petroleum ether, beginning with
29%, diethyl ether and increasing 19, with
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Table ll. Infrared Spectral
Interpretations of DNPHs of
Monocarbonyls in Volatiles

from Lamb
Fractions®
in Order
of Elution Probable Compound

1 N-Hexaldehyde (or straight
chain aldehydes of 4- to
10-carbon atoms)

2 Methyl isopropyl ketone (or
methyl ketones of 5- to
10-carbon atoms)

3 2-Methylcyclopentanone(?)
4 Propionaldehyde
5 Acetaldehyde

e Each compound was found in all three
breeds of sheep.

each addition of 200 ml. of solvent to a
maximum of 15%. With 5 pounds of
nitrogen pressure, seven or eight prelimi-
nary bands were eluted for each sample,
and two very slow bands were cut from
the column itself. The solvents were
evaporated in air; the fractions were
recrystallized from ethanol. Compa-
rable bands from all seven columns were
combined according to elution order and
melting point, but were kept separate
according to breed of lamb represented
by the samples. These combined frac-
tions were recrystallized for infrared
analysis.

Identification of DNPHs. The alco-
holic-alkali test of Newberg and Strauss
(78) was used to differentiate mono-
carbonyl DNPHs (red color) from those
having two or more adjacent carbonyl
groups (violet color).

Melting points were detcrmined on
authentic DNPHs as prcpared by the
method of Pippen e¢f al. (27) and upon
fractions from the various unknowns by
means of a Fisher-Johns melting-point
apparatus.

Paper chromatography was carried
out by the procedure of Lynn ¢ al. (75),
with the exception that Whatman No. 1
strips were used.

Results

Of the eight bands eluted from each
chromatographic column, five were
shown by melting-point behavior and by
the alcoholic-alkali test (78) to consist of
monocarbonyl derivatives. Interpreta-
tion of infrared analysis of these five
fractions (bands from all seven columns
combined according to elution order and
melting point but separated by breed) is
shown in Table II.

Acetone was not found, nor any evi-
dence of unsaturation. All other frac-
tions of monocarbonyls (unseparated
fractions as indicated by depressed melt-
ing points) were composited to search
for any possible unsaturated linkages;
none were found in the infrared spectrum.

The polycarbonyls, expected to be re-
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tained on the filter because of their
reported (77) insolubility in hot alcohol
and chloroform, had mostly gone through
the No. 50 Whatman filter. In each of
the column chromatographs, the last
four or five fractions were shown to be
polycarbonyls by the alcoholic-alkali
test. These fractions plus that col-
lected on the filter await further char-
acterization. A method of separating
the polycarbonyls is being investigated
(74).

WATER-SOLUBLE
COMPONENTS FROM RAW
AND COOKED LAMB

Experimental

Extraction and Concentration. Du-
plicate 150-gram samples of ground raw
lamb were dialyzed according to the
procedure of Spencer (22). Each sam-
ple was blended with 140 ml. of glass-
distilled water for 10 seconds and the
slurry transferred to scamless cellulose
dialysis tubing (17/s inch flat width)
with 10 ml. of water for rinsing. This
was immersed in a liter-size graduated
cvlinder containing 400 ml. of glass-
disdlled water. The cvlinder was
capped with aluminum foil and dialysis
allowed to proceed for 24 hours at
33° w0 34° F.

In a parallel experiment, duplicate
300-ml. aliquots of simmered lamb and
broth were taken from the mixture rc-
maining ia the flask after the 5-hour
simmering runs in which volatile car-
bonyls were collected. The slurries
were dialyzed against 400 ml. of glass-
distilled water for 36 hours at 33° w0
34° F.

To effect concentration, dialyzates
were lyophilized and reconstituted to 60
ml. for raw samples and 80 ml. for cooked
meat. Concentrates were held frozen
until fractionated by ion exchange.

Separation of Dialyzates by Ion
Exchange. Concentrates of dialyzates
as prepared above were separated by the
following procedures into an ion-free
portion (for analysis of sugars) aund a
portion free of inorganic cations (for
amino acid chromatography). Chro-
matographic columns used were 10 X
300 mm., fitted at the top with separatory
funnels as supply reservoirs.  Sixty milli-
liters of concentrate from raw lamb were
first put through a column of strong cat-
ion-exchange resin (Amberlite 1R-120),
and the effluent was placed on a column
of weak anion exchanger {Amberlite
IR-45). The resulting ion-free solution
was lyophilized, and reconstituted 50:1
(grams original meat : ml. concentrate).
The cation-exchange column was eluted
with 0.1¥ ammonium hydroxide to
remove amphoteric amino acids, the
column retaining the strongly held
inorganic cations. This eluate was
evaporated to dryness under reduced



pressure at 35° C., then reconstituted to
a 50:1 rato with a 1:9 mixture of 4.V
HCL and 109, ethanol. The recon-
stituted samples were held frozen until
analyzed by paper chromatography.
With dialyzates from cooked meat and
broth, only 20 ml. of each concentrate
were put through the columns because
of their higher concentration. In other
respects, the ion-exchange procedure
was the same for concentrates of
dialyzates from both raw and cooked
lamb.

Identification of Components of Di-
alyzates by Paper Chromatography.
Dialyzates of raw and cooked lamb were
tested for sugars and amino acids by the
paper chromatographic methods of Block
et al. (3) but using the solvent systems of
Matal. (76).  Allchromatograms were
placed on Whatman No. 1 chromato-
graphic sheets. The chromatographic
chamber used was a 12 X 12 X 24-inch
cylindrical borosilicate glass jar, fitted
for descending chromatography and with
a plate glass cover.  This jar was covered
with a large insulated cardboard box to
minimize temperature fluctuations and
air currents.

Concentrates of ion-free fractions of
dialyzates were chromatographed against
standards of known sugars, using a
solvent system of butanol-acetic acid-
water (200:50:250, v./v.), and allowed
to descend 40 hours before development
by the silver nitrate method (3). Con-
centrates containing the amino acid
fraction were chromatographed against
known acids using a two-dimensional
method. A butanol-acetic acid-water
(250:50:250) solvent system was em-
ployed in descending chromatography
for 30 hours. The papers were dried,
formed into a cylinder, and allowed to
ascend in phenol-water-ammonium hy-
droxide (100:20:0.1, v./v.) for 6 hours.
The color was developed by dipping
in 0.25% ninhydrin in acetone (3).

Results

Paper chromatographic tests of the
reconstituted dialyzates from both raw
and cooked lamb showed the presence
of glucose, fructose, and inositol. There
was no difference among the thrce
breeds studied (Southdown, Hampshire,
and Columbia) with respect to sugars

present. Amino acid determinations
showed the presence of 19 ninhydrin-
positive spots in both raw and cooked
lamb dialyzates. These have been tenta-
tively identified as leucine, isoleucine,
phenylalanine, valine, methionine, tryp-
tophan, tyrosine, alanine, threonine,
glutamic acid, glycine, serine, aspartic
acid, taurine, arginine, lysine, histidine,
and cysteine. Proline, hydroxyproline,
and cystine may be present. There
was no difference among breeds in
apparent identity of those amino acids
which were characterized.

Discussion

The uniformity of the identity of
sugars and amino acids among breeds
and samples suggests that these soluble
components are not responsible for
important differences in lamb flavor,
although they doubtless contribute to
the meaty flavor as suggested by Spencer
(22).

The typical lamb flavors may be
found to result from variations in the
carbonyl compounds. Studies are under
way in this laboratory involving the
regeneration of carbonyls from their
2,4-dinitrophenylhydrazones (73). Or-
ganoleptic analysis may also indicate the
contribution of individual carbonyl com-
pounds to the total lamb flavor.
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