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Isolation and Identification of Additional Beef Flavor Precursors

David M. Alabran

A beef fraction previously obtained by water extraction of lipid-free freeze-dried beef, ultrafiltration
of the aqueous extract, and gel permeation chromatography of the ultrafiltrate was further fractionated
by high-pressure liquid chromatography, and the components were identified by nuclear magnetic
resonance and infrared spectroscopy. The compounds isolated and identified are glutamic acid, lactic
acid, phosphoethanolamine, glycerol, creatine, and creatinine and represent 94% of the fraction. Some

minor constituent amino acids were also identified.

The correlation of chemical composition with the flavor
of beef remains elusive. Some flavor chemistry can be
relatively simple, and perhaps the green bell pepper has
become a classic example (Buttery et al., 1969), but most
flavors are more complex. A significant complication in
the case of beef are the modifications produced by cooking.
Important nonvolatile flavor components are produced
with heating (Tonsbeek et al., 1969), often with large flavor
contribution (Tonsbeek et al., 1971). The array of volatiles
with cooking is even more complex (Hirai et al., 1973;
Mussinan et al., 1973; Wilson et al., 1973) and is not sig-
nificantly simplified by different cooking conditions
(MacLeod and Coppock, 1976, 1977) or by the study of
model systems (Boeleus et al., 1974; Qvist and von Sydow,
1974). Since desirable meat flavor is developed by cooking,
and most of the large number of aroma constituents thus
produced probably play a significant role in the flavor,
attempts to simplify the research lead to the study of
precursors in the raw meat.

Lipids are important, both directly and as flavor pre-
cursors (Forss, 1969; Wasserman, 1972), but previous work
at this laboratory was involved with water-soluble beef
components. In addition to the amino acids, carbohy-
drates, and organic acids reported by Jarboe and Mabrouk
(1974) in an aqueous beef extract, and their contributions
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to beef flavor directly and as precursors, as described,
important precursor activity was presented for some gel
permeation chromatography fractions of an aqueous beef
diffusate (Mabrouk et al., 1969). The determination of the
specific chemical composition of one of the more important
of these fractions is the effort of this paper. Any beef
fraction demonstrating precursor activity warrants analysis
in order to ensure the successful formulation of synthetic
mixtures, and this addition to the growing list of precursor
compounds should assist toward this objective.

EXPERIMENTAL SECTION

The gel permeation chromatography fraction having
desirable aroma characteristics was prepared according to
the methods described (Mabrouk et al., 1969; Mabrouk,
1973). Briefly, raw semimembranous beef muscle was
blended with water, lyophilized, and extracted with pe-
troleum ether. The lipid-free meat was then thoroughly
extracted with water, and the aqueous extract was dialyzed
[or ultrafiltered: Mabrouk (1973)]. The diffusate was then
chromatographed on Sephadex G-25 fine and appropriate
aroma characteristics were described. The second fraction
thus obtained, averaging 67% of the diffusate, is the
subject of this study.

High-Pressure Liquid Chromatography (HPLC).
The beef flavor precursor (BFP) mixture obtained in this
manner by Sephadex gel permeation chromatography was
separated by using a Waters Associates ALC-100 chro-
matograph equipped with a Model 6000 solvent delivery
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Figure 1. HPLC of the BFP mixture.

system, a differential refractometer detector (sensitivity
1 X 1077 refractive index units), an ultraviolet detector (254
nm), a Model U6K Universal Injector, and a reverse-phase
“micro-Bondapak C-18”, 30 cm X 4 mm i.d. stainless steel
column (Waters Associates, Milford, MA). Chromatog-
raphy was performed at ambient temperature (ca. 25 °C)
by using water filtered through a 0.22-um Millipore filter
before use. Individual components in the chromatogram
were manually collected at the outlet of the terminal de-
tector, and several runs were made in order to obtain
enough of each component for subsequent identification.

Spectral Identification. Individual compounds were
provisionally identified by nuclear magnetic resonance
(Varian Associates HA-100 NMR, Palo Alto, CA) and in-
frared (Perkin-Elmer 267 grating IR, Norwalk, CT) spec-
troscopy. Confirmation was by chromatographic and
spectral comparison with commercially available standards.
Amino acids were determined on a Beckman 121 analyzer
(Palo Alto, CA).

RESULTS AND DISCUSSION

The best HPLC of the BFP mixture was obtained by
using water as the eluting solvent. The chromatogram is
reproduced in Figure 1. .

Several other solvent combinations were attempted,
generally water-alcohol mixtures, but the resulting chro-
matograms were not as useful. During this experimenta-
tion, so that solubility problems in the injector of the
chromatograph could be prevented, the sample was pre-
pared in the same solvent mixture being tried as the eluting
solvent. In some of these solvents, partial crystallization
of the BFP mixture was observed. Careful recrystallization
from water—ethanol gave a white solid, which, upon chro-
matography, corresponded to peak 3 in the Figure 1
chromatogram.

Isolation of the other components in the chromatogram
in sufficient quantity for spectral identification required
repetitive injections and combined collection of the peak
of interest. The eluting solvent, water, was then removed
by freeze-drying. On some of these runs peak 2 exhibited
slight shoulders, indicating that it was not homogeneous.
Separation of the components was accomplished by col-
lecting the leading edge, a center cut, and the tailing edge
of peak 2 and then rechromatographing these to obtain
pure compounds.

The compounds isolated and identified in this manner
were, in order of elution, as follows: peak 1, glutamic acid;
peak 2, lactic acid, phosphoethanolamine, and glycerol;
peak 3, creatine; peak 4, creatinine. The creatinine peak
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Table I. Amino Acids in the BFP Mixture

mg of amino acid/mg of sample

unhydrolyzed hydrolyzed

lysine 0.00097
histidine 0.00715 0.00455
arginine 0.01049

aspartic 0.00318
threonine 0.01574 0.00276
serine 0.00266
glutamic 0.09758 0.10589
glycine 0.00329 0.00494
alanine 0.01376 0.01457
valine 0.00377 0.00448
isoleucine 0.00247 0.00352
leucine 0.00544 0.00638
total 0.15969 0.15390

did not have a refractometer response, because of either
insufficient concentration or refractive index contrast.
Because of the methods of isolation, particularly the com-
ponents of peak 2, no quantitative data for the individual
compounds were obtained, but a total recovery of 94% for
the entire chromatogram was determined.

The amino acid composition was determined, both be-
fore and after hydrolysis (Liu and Chang, 1971), and the
results are listed in Table I. Clearly, there are many more
compounds present that are represented by the peaks in
Figure 1. They may have been retained on the HPLC
column longer than creatinine, buried under the larger
peaks, or present in such small amounts as to be imper-
ceptible from the base line. At least in those portions of
the chromatogram collected for subsequent spectral
identification, there was insufficient amino acid contam-
ination to interfere, or even be noticed, in the NMR and
IR spectra.

The total of unhydrolyzed amino acids in Table I is
0.15969 mg, or approximately 16% of the BFP mixture.
Of these, glutamic acid was clearly observed and isolated
from the Figure 1 chromatogram. Subtracting the amount
of glutamic acid from this total leaves 0.06211 mg, or 6%,
as the combined other nine amino acids. In the hydrolyzed
sample, lysine was observed, arginine was not observed,
and the threonine-serine pair was resolved. Again, how-
ever, the amino acids other than glutamic represent ap-
proximately 5% of the BFP mixture. Additionally, the
small differences between the hydrolyzed and un-
hydrolyzed data seem to preclude the possibility that
peptides are no more than trace constituents.

Except for the amino acids, quantitation of the com-
ponents of the BFP mixture was not possible. However,
the components of beef responsible for flavor and aroma
need not occur naturally in amounts that are optimum for
the desirable organoleptic properties. Efforts at formu-
lating synthetic mixtures, whether of precursors or not,
therefore might utilize multidimensional scaling as an in-
dication of flavor success. This procedure constructs a
geometrical relationship among sensory data points and
a desirable flavor (Alabran et al., 1975; Schiffman, 1974),
and such a study is being considered using the compounds
reported here and others suggested by the literature.

None of the compounds reported here is unique; nev-
ertheless, the isolated fraction does exhibit precursor ac-
tivity, just as Mabrouk et al. (1969) report. A complete
understanding of beef flavor will probably include syner-
gistic action by compounds which, alone, seem unlikely to
make a significant contribution. Isolation and identifi-
cation of the components of any beef flavor precursor
fraction are justified, therefore, and the methods described
here seem particularly applicable to aqueous extracts with
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precursor activity that are not suitable to other analytical
methods.
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Isolation, Purification, and Characterization of a Complex Heteroxylan from

Industrial Wheat Bran

Jean-Marc Brillouet,* Jean-Paul Joseleau, Jean-Pierre Utille, and Dominique Leliévre

A complex hemicellulosic heteroxylan was isolated from industrial wheat bran and was mainly constituted
of equivalent amounts of arabinose and xylose. Minor quantities of galactose, glucose, and uronic acid
were also present. Wheat bran heteroxylan showed a highly branched structure characterized by a
$-(1—4)-xylan backbone branched by very short side chains of a-(1—2)- and a-(1—3)-linked arabinose
and several doubly branched xylosyl residues carrying single terminal arabinosyl units. Glucuronic acid
and its 4-O-methyl ether are also present in terminal nonreducing positions on side chains. This highly
branched structure could be related to the strong water retention power exhibited by wheat bran.

In recent years, considerable attention has been given
to dietary fibers, a fibrous constituent of human food.
Dietary fiber rich materials are mainly constituted of cell
wall polysaccharides, namely, cellulose and hemicelluloses.
Wheat bran, one of the major sources of fiber, has been
extensively studied for its physiological (Cummings et al.,
1978) and nutritional properties (Southgate et al., 1976;
Nomani et al., 1979). Furthermore physicochemical
characteristics of wheat bran, mainly swelling and water
retention capacity, have been investigated (Rasper, 1979)
and compared to biochemical, physiological, and nutri-
tional data (Bertrand et al., 1981).

Nevertheless, attempts to relate these various parame-
ters to macromolecular structure of involved poly-
saccharides have been limited by the scarcity of funda-
mental data.

Most of previous biochemical studies on wheat bran
concerned proximate analyses (Fraser and Holmes, 1959;
Lee and Stenvert, 1973) or partial characterization of
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structural carbohydrates (D’Appolonia and Mac Arthur,
1976). More recently, some authors fractionated wheat
bran into classes of various polysaccharides according to
their solubility in different solvents (Schweitzer and
Wursch, 1979; Theander and Aman, 1979; Ring and Sel-
vendran, 1980; Anderson and Clydesdale, 1980). Adams
(1955) isolated a complex arabinoxylan from bee-wing
wheat bran and partially elucidated its structure (Adams
and Bishop, 1956; Schmorak et al., 1957). This hemi-
cellulose was characterized by permethylation technique,
periodate oxidation, graded acid hydrolysis, and reducing
power measurement. Moreover, aldobiouronic acids from
the parent molecule were studied.

As part of a more general research program on industrial
wheat bran, we have reexamined the isolation, purification,
and structural characterization of the major hemicellulosic
material of wheat bran with the purpose of bringing out
possible relationships between structural data on bran
polysaccharides and observed effects.

EXPERIMENTAL SECTION

Chemicals. Larchwood xylan and 1-ethyl-3-(3-(di-
methylamino)propyl]carbodiimide were purchased from
Sigma Chemical Co. (St. Louis, MO). m-Phenylphenol was
from Eastman Kodak Co. (Rochester, NY). a-Galactosi-
dase from green coffee beans (EC 3.2.1.22; 50 units/mL),
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