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sulfonic acids according to well known pathways (Bauer 
and Cymerman, 1950). The necessary data to be collected 
before approval of any specific thiolsulfonate or thiosul- 
fate as food additive could be obtained might include the 
identification and pharmacological evaluation of the 
chemical byproducts of the cooked flavor inhibition and of 
the products of decomposition of the additive itself. 

The findings of the present work with whole milk might 
be applicable to evaporated skim milk and other heated 
dairy foods. 
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Preparation of Aqueous Beef Flavor Precursor Concentrate by Selective 
Ultrafiltration 

Ahmed F. Mabrouk 

Aqueous beef extract was fractionated by two ul- 
trafiltration systems, batch-type and recirculat- 
ing thin-channel, equipped with two membranes 
of different retentive capacities. Ultrafiltration 
was achieved in 2.5-10% of the time needed for 
exhaustive conventional dialysis. The influence of 
rate of stirring, pressure applied, and concentra- 
tion of solute on ultrafiltration flux was studied 
in the batch system. Gel permeation chromato- 

grams of beef flavor precursors prepared by con- 
ventional dialysis and ultrafiltration show a high 
degree of similarity beyond the void volume frac- 
tion. The three preparations exhibited the same 
beefy flavor and odor notes. Ultrafiltration is a 
technique of preparative isolation, fractionation, 
and purification having the advantages of sim- 
plicity, speed, and economy. 

Beef flavor precursors are small molecular weight com- 
pounds present in raw meat and are the prime source of 
the characteristic flavor developed upon processing. These 
compounds are extractable with cold water along with 
proteins. 

Various inorganic salts, organic and inorganic acids are 
in use to precipitate proteins for the preparation of a pro- 
tein-free extract. Trichloroacetic acid is a well known pro- 
tein precipitant (Neuberg et al., 1944). Some of the most 
commonly used deproteinizing reagents are acetic acid 
with heat (Flatow, 1928), tungstic acid (Woodward and 
Fry, 1932), molybdic acid (Hess, 1929), tungstomolybdic 
acid (Benedict and Gottschall, 1933), metaphosphoric 

Food Laboratory, U. S. Army Natick Laboratories, Na- 
tick, Massachusetts 01760. 

acid (Fujita and Iwatake, 1935), tetrametaphosphate and 
other polyphosphates (Pennell, 1960), picric acid (Hamil- 
ton and Van Slyke, 1943), sulfosalicylic acid (Hamilton, 
1962), and perchloric acid (Neuberg e t  al. ,  1944). Each 
one of these reagents has its specific use, advantages, and 
disadvantages. The use of trichloroacetic acid has been 
criticized because of the tendency of glutathione to be- 
come autoxidized (Fujita and Iwatake, 1935). Further- 
more, trichloroacetic acid removal from solutions is labo- 
rious and time consuming. The presence of traces of tri- 
chloroacetic acid in the preparation of protein-free nucleo- 
tides’ extract introduces errors in the nucleotides’ content 
determined by ultraviolet absorption techniques (Hutchi- 
son and Munro, 1961). Block et al. (1966) stated that the 
recovery of added amounts of aspartic, threonine, glycine, 
valine, isoleucine, leucine, tyrosine, phenylalanine, and 
arginine from picric acid deproteinated plasma pool 
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ranged from 93.1 to 107.5%. Recovery values for serine 
were 123.9% and for cystine were 69.1%. On deproteina- 
tion with sulfosalicylic acid of plasma plus added amounts 
of amino acids, recovery values for proline, glycine, ala- 
nine, valine, cystine, methionine, isoleucine, tyrosine, and 
phenylalanine ranged from 92.7 to 108.8%. On the other 
hand, the recovery values for aspartic, threonine, serine, 
glutamic, leucine, lysine, histidine, and arginine ranged 
from 82.7 to 116.9%. During protein precipitation, trichlo- 
roacetic, picric, and sulfosalicylic acids irreversibly dena- 
ture most proteins. 

For chemical analysis and sensory evaluation, depro- 
teinizing reagents must be completely removed from the 
extract solution. Stein and Moore (1954) removed picric 
acid by retention on strong anion-exchange resin, Dowex 
2x8, in the chloride form and used dilute aqueous HC1 
solution to elute the extract components from the resin. 
Zaika (1969) removed picric acid from beef extract by ad- 
sorption on Amberlite XAD-2 and eluted the flavor pre- 
cursors with water. The process of removing the depro- 
teinizing reagents and recovering the flavor precursors in- 
tact is laborious and tedious. Zaika (1969) reported that 
the recovery of guanine and adenine from picric acid solu- 
tion is not feasible. 

Dialysis is the procedure most commonly used to recov- 
er beef flavor precursors from aqueous extracts (Mabrouk 
e t  al.,  1969). The rate of dialysis of a particular solute de- 
pends upon many factors: the ratio of membrane area to 
the solution volume; the nature of membrane, its thick- 
ness, porosity, etc.; temperature; the effect of solvent on 
solute, e .g . ,  association tendency, conformational behav- 
ior, and other factors concerned with ideality; the effect of 
solvent on membrane; possible charge effects and the vis- 
cosity of the solvent (Craig and Stewart, 1965; Maxwell 
and Moffitt, 1965). Goldstein and Craig (1960) reported 
that during dialysis the majority of peptides were more or 
less strongly influenced by relatively small concentrations 
of salt in the solvent. They also found that yeast’s RNA, 
which contains approximately 100 nucleotide units, will 
readily diffuse through a membrane of suitable porosity 
when the solvent is a salt solution but will not dialyze a t  
all in salt-free water. Changes in either the hydrogen ion 
concentration or in the ionic strength of solutions would 
also markedly influence dialysis rates for many solutes 
(Craig et  al.,  1957). Cellulose membranes which are ex- 
traordinarily free from fixed charges, even carboxyl groups 
(Craig and Ansevin, 1963), are generally used in dialysis 
of aqueous beef extract to obtain beef flavor precursors. 
Unfortunately, dialysis is a time-consuming, relatively in- 
efficient procedure a t  low concentrations and produces 
large volumes of diffusates which require freeze drying for 
recovering the flavor precursors intact. 

During the last 10 years, membrane ultrafiltration has 
gained increasing prominence as a simple and convenient 
process for concentrating, purifying, and fractionating so- 
lutions of moderate to high molecular weight compounds, 
and for purifying water and other solvents containing such 
solutes. The development of this new molecular separa- 
tion technique for both laboratory and industrial applica- 
tion is attributed to the development of uniquely struc- 
tured polymeric membranes which display extraordinarily 
high hydraulic permeabilities coupled with the capacity to 
retain small molecular weight solutes (Blatt e t  al., 1970). 

The present study was undertaken to investigate the 
applicability of the ultrafiltration technique to the isola- 
tion of beef flavor precursors intact, in high yields, and in 
a short time. Furthermore, the effect of ultrafiltration en- 
vironments such as pressure, speed of stirring, and solute 
concentration on ultrafiltration products was studied. 

EXPERIMENTAL SECTION 
Materials. Preparation o f  Freeze-Dried Aqueous Beef 

Extracts. The dry material of aqueous beef extract was 

prepared according to the method of Mabrouk e t  al. 
(1969). 

Ultrafiltration Sys tems .  Two types of ultrafiltration sys- 
tems were used in this investigation. Batch-type ultrafil- 
tration apparatus (Amicon Corp., Lexington, Mass.) con- 
sisted of an Amicon Model 2000 system having a cell de- 
signed to accommodate a 150-mm circular membrane 
with about 162 cm2 effective membrane area and a 20-1. 
capacity reservoir attached by a dual manifold to a nitro- 
gen gas tank. The reservoir is connected to the cell with 
stainless steel tubing and needle valve. Thus, the water 
held in the reservoir provides a volume of dialyzate that 
progressively removes from the solution compounds of 
molecular weights below the cut-off point level of the 
membrane. The cell is equipped with an integral magnet- 
ic stirrer to dissipate the retained solutes which otherwise 
form a cake on the membrane surface and lower the flux. 
The stirring speed ranges from 0 to 516 rpm. The cell can 
sustain pressures up to 100 psi and is transparent, so that 
the progress of ultrafiltration can be followed directly with 
the naked eye. The cell was always filled with 2000 ml of 
aqueous beef extract solution and the reservoir was filled 
with D.I. water. While the needle valve between the reser- 
voir and the cell was closed, nitrogen gas was admitted 
simultaneously to the cell and the reservoir at 50 psi. 
Then the stirrer was turned on and the rate of stirring was 
increased gradually to 426 rpm. Simultaneously, the pres- 
sure valve of the cell was closed and the needle valve be- 
tween the cell and the reservoir was opened. The same 
starting pressure in both cell and reservoir minimized the 
volume change in the ultrafiltration cell during operation. 
As the ultrafiltrate was discharged from the cell, the solu- 
tion was replaced with D.I. water from the reservoir. Ni- 
trogen pressure (50 psi) served to pump D.I. water 
through the cell that  progressively removed beef flavor 
precursors from the aqueous extract. The reservoir can 
also be used when the volume of the solution to be ultra- 
filtered exceeds the capacity of the cell; thus beef flavor 
precursors can be prepared directly from the freshly pre- 
pared aqueous extract. Two sets of experiments were car- 
ried out with this cell. 

A total ultrafiltrate volume eight times that of the cell 
was collected a t  predetermined intervals and freeze dried; 
the volume of the ultrafiltrate and the weight of the 
freeze-dried material were recorded. Several experiments 
were performed to study the rate of exchange of beef fla- 
vor precursor, ultrafiltration flux rates, and flux products. 
The term flux rate denotes the volume of aqueous beef ex- 
tract transferred across an ultrafiltrate membrane area 
perpendicular to the direction of the flow in a given time, 
g/ft2-D or ml/cm2-min. On the other hand, the term flux 
product designates the weight of aqueous beef extract sol- 
ids transferred across a given membrane area perpendicu- 
lar to the direction of the flow in a given time, kg/ftZ-D, 
g/cm2-hr, g/cmz-sec, or mg/cm2-min. For these studies, 
the ultrafiltrate was monitored for its ultraviolet absorp- 
tion a t  280 mM using GME ultraviolet absorption meter 
(Gilson Medical Electronics, Middleton, Wash.) equipped 
with recti/riter recorder (Texas Instruments, Inc., Hous- 
ton, Tex.). Twenty-two milliliter aliquots of the ultrafil- 
trate were collected in a GME fraction collector. Thus, 
ultraviolet absorption of the ultrafiltrate was monitored as 
a function of ultrafiltrate volume which emerged from the 
cell. Ultrafiltration was considered complete when ultravi- 
olet absorption was zero. To ensure that ultrafiltration 
was complete, two 1-1. fractions were collected and freeze- 
dried and the residues were weighed. The weight of the 
resiaue of each fraction was less than 15 mg. 

Each ten fractions obtained with the fraction collector, 
i.e., 220 ml, were combined, shell frozen, and freeze dried, 
and the weight of the freeze-dried material was recorded. 
The time of collecting each ten fractions was calculated 
from the chart chromatogram. 

J Agr. Food Chem., Vol. 21, No. 6, 1973 943 



MABROUK 

Recirculating thin-channel system (Amicon Corp., Lex- 
ington, Mass.) was composed of a cell and peristaltic 
pump. This system uses advanced fluid management con- 
cepts with high velocity laminar flow in narrow channels 
of 0.25-mm depth and an effective membrane area of 138 
cm2. The cell was pressurized with nitrogen gas a t  50 psi. 
The peristaltic pump with an internal volume of 220 ml 
and a hold-up volume of 5 ml was used to drive the solu- 
tion through the spiral channel in an insert a t  the base of 
the cell. When this system was run in the cold room a t  5”, 
the peristaltic pump did not function properly. Therefore, 
the recirculating thin-channel system experiments were 
carried out in the laboratory by keeping the glass cylinder 
containing 40 g of freeze-dried aqueous beef extract dis- 
solved in 1000 ml of D.I. water immersed in a wet ice 
bath. The ultrafiltrate was collected in a GME fraction 
collector as stated above. Each 22-ml fraction was shell 
frozen immediately after collection in the fraction collec- 
tor. 

Ultrafiltration Membranes.  Diaflo membranes (Amicon 
Corp., Lexington, Mass.) types UM-10 and UM-20E 
which restrict the passage of compounds in excess of 
10,000 and 20,000 molecular weight, respectively, were 
used in this study. 

Factors Affecting Ultrafiltration. The effect of varying 
the rate of stirring speed, pressure, and different concen- 
trations of beef extract on ultrafiltration flux was investi- 
gated. This study was done with the same cell and with 
the same membrane. After each run, the membrane was 
washed well with D.I. water, 50% aqueous ethanol, and 
D.I. water was ultrafiltered through it for 1 hr. The flux 
rate of D.I. water obtained with the reused membrane was 
&370 of the original value. 

Gel Permeation Chromatography (gpc ) .  Sephadex three 
columns set, each 2.2-cm i.d. by 100 cm in length, were 
arranged in series. The columns were connected with spa- 
ghetti Teflon tubing 2.3-mm i.d. The first column was 
packed with G-10, the second contained G-15, and the third 
was charged with G-25. About 1.2 g of beef flavor precursors 
concentrate dissolved in 20 ml of 0.05 M ammonium for- 
mate-formic acid buffer solution, pH 5.00, was injected 
into the first column (G-10). Elution of Sephadex beds 
was performed a t  a flow rate of 54 ml of formate buffer/ 
hr. The ultraviolet absorption of the effluent was recorded 
using a GME ultraviolet absorption meter equipped with 
Texas Instrument rectilriter recorder. All gpc experiments 
were performed in the cold room a t  5”. 

RESULTS AND DISCUSSIOX 
Parameters Affecting Ultrafiltration. The effect of 

speed of stirring, pressure applied, and solute concentra- 
tions of aqueous beef extract solutions on ultrafiltration 
products in a 2000-ml capacity batch cell is summarized 
in Table I. 

The flux products of beef extract with Diaflo mem- 
branes (UM-20E) with high fluxes of pure water increased 
with increasing the concentration of the solution, the 
speed of stirring, and the pressure applied. While the flux 
rates (ml/cmZ-min) decreased with increasing concentra- 
tion of beef extract, increasing either the rate of stirring or 
the pressure in the system caused an increase in the flux 
rates. This is in agreement with the findings of Baker and 
Strathmann (1970) and Porter and Michaels (1971). 

Conventional Dialysis us. Dialysis by Ultrafiltration 
“Diafiltration.” Diafiltration is the continuous process of 
solute exchange by the addition of fresh solvent; it is also 
called “Rapid Dialysis.” 

Using Oxford multiple dialyzer which accommodated 16 
cellulose sacs (Viscose process, size 27, 33.325-mm flat, 
width, 0.0254-mm wall thickness and average bore radius 
of 24 A) each containing 250 ml of D.I. water rotating a t  
10 rpm in 14 1. of aqueous beef extract for 10 days with in- 
termittent change of sacs’ contents resulted in collecting 
944 J. Agr. Food Chem., Vol. 21, No. 6, 1973 

Table I. Effect of Pressure Applied, Rate of Stirring, 
and Solute Concentration on Ultrafiltration of 
Aqueous Beef Extract, UM-2OE Membrane 

Beef Rate of 
extract, stirring, Pressure, Flux product, Flux rate, 

g/l. rpm psi mg/cm2-m in m I/cmZ-mi n 

20.25 516 50 6.23 X 10F2 2.70 X 
30.1 516 50 17.69 X 10+ 1.62 X 1 0 P  
40.0 516 50 24.00 X 1.22 x 
40.0 264 50 12.30 X 0.68 X 10-2 
40.0 516 30 18.80 X lo-* 0.83 X 

Table II. Percent Beef Diffusate Recovered with 
Conventional Dialysis and Diafiltration at 5 O  

% beef diffusate recovereda 
Diafiltration 

Conventional 
Time, h r  dialysis U M - 1 0  UM-ZOE 

20.0 
25.0 
45.0 
64.0 
85.5 
107.5 
134.0 
158.0 
163.2 
185.5 

17.29 70.0 62.33 
26.41 76.04 67.13 
37.90 88.47 80.39 
46.53 93.00 87.88 
56.02 96.00 92.72 
66.63 98.88 98.95 
71.21 
77.80 
82.55 
87.97 

a Beef diffusate obtained with conventional dialysis; ultra- 
filtrations through UM-10  membrane a n d  through UM-2OE mem- 
brane were 49.08, 49.08, a n d  53.28% of the aqueous extract, re- 
spectively. 

40 1. of beef diffusate solution which contained only 88% 
of the total diffusible material. A comparison between the 
yields obtained with conventional dialysis and diafiltra- 
tion techniques a t  predetermined intervals is presented in 
Table 11. 

While dialysis is time consuming, the chances for error 
are inherent because of the manipulations involved; di- 
afiltration is less time consuming, requires fewer manipu- 
lations, and gives the highest yield. The speed of diafiltra- 
tion in comparison with dialysis could be attributed to the 
fact that the Diaflo membranes used have a much higher 
water permeability relative to that of cellulose (Blatt et 
al., 1967). While it took 10 days to recover 88% of beef dif- 
fusate with conventional dialysis, the same effect was 
achieved in about 2 to 2.5 days using the high flow cell 
Model 2000. Upon using the continuous flow recirculating 
thin-channel system, the same effect was achieved in 6 hr, 
i.e., a fraction of the time (2.5%) needed for conventional 
dialysis. 17.27616 g of diffusate was recovered from 40 g of 
freeze-dried aqueous beef extract dissolved in 1000 ml of 
D.I. water with a thin-channel system equipped with a 
UM-20E membrane. Upon the addition of D.I. water to 
the glass cylinder to recover the diffusible material in the 
aqueous beef extract solution held in the internal volume 
of the peristaltic pump, 4.18539 g of beef diffusate was 
collected. Thus, the total beef diffusate amounted to 
21.46155 g, i.e., 53.65% of the aqueous extract. This dem- 
onstrates that  the agitation in batch cells is inferior to the 
high velocity laminar flow in the narrow channels concept 
used in thin-channel system. 

Figure 1 indicates that  in the case of beef diffusate, 81 
to 90% recovery was achieved with UM-10 and UM-2OE 
membranes, respectively, when the water passage through 
the system corresponds to three times the cell volume. 
Ninety-six percent removal of beef diffusate occurred with 
a four-volume turnover, and 99% recovery was achieved 
with five times the original volume of beef extract in a 
batch cell equipped with UM-20E. In the case of the 
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Figure 1. Percent beef ultrafiltrate recovered with respect to ul- 
trafiltrate volume. 

UM-10 membrane, about 7.4 times the original volume 
was required to recover 99% of the diffusible material in 
the ultrafiltrate. With high flow cell model 2000, the 
amount of beef diffusate recovered increased with increas- 
‘ing the total volume of diafiltrate. 

In the presence of the UM-20E membrane, the diffusate 
yield in grams is higher than that  of the UM-10 mem- 
brane due to the difference in molecular weight cut-off. 
This is manifested in the gpc large peak of the void vol- 
ume of the diffusate obtained with the UM-2OE mem- 
brane in comparison with that of the UM-10 membrane. 

Selective Ultrafiltration of Aqueous Beef Extract.  
The ultrafiltration fluxes of beef flavor precursors with 
UM-10 and UM-2OE membranes are demonstrated in Fig- 
ures 2 and 3, respectively. 

The flux rates of aqueous beef extract solutions were 
much lower. than the experimental values of D.I. water 
flux, 17.00 X 10-2 and 24.07 X ml/cmZ-min for 
UM-10 and UM-BOE, respectively. These are in agreement 
with the findings of van Oss (1968), who reported that  the 
rate of ultrafiltration of 5% protein solution was reduced 
to anywhere between 9 to 29% of the flux of pure water. 
The experimental results given in Figures 2 and 3 indicate 
that flux decreased gradually with time. This reduction in 
flux is attributed to the poor agitation in batch cells, thus 
resulting in accumulation of retained solutes a t  the mem- 
brane surface. This phenomenon is known as “concentra- 
tion polarization” (Michaels, 1968). 

After 4000 min, the agitation of the solution in the cell 
equipped with UM-2OE membrane (Figure 3) caused dis- 
sipation of the retained solutes a t  the membrane surface, 
thus causing an increase in the flux rate from 0.5 x 10-2 
to 1.44 X ml/cm2-min, consequently increasing the 
flux product from 1.0 x 10-2 to 1.5 X 10-2 mg/cmZ-min. 
In the recirculating thin-channel system, the reduction of 
concentration polarization had been achieved as circula- 
tion of fluid through channels of small depth produced 
sufficient shear to reduce the boundary layer and increase 
solvent flow. High ultrafiltration rates 3.2 X 10-2-2.4 X 

ml /cmZ-min were achieved with the circulating thin- 
channel system (Figure 4). 

3 . 5  I 

TIME,MIN. 

Figure 2. Ultrafiltration flux of beef flavor precursors with UM-10 
membrane in stirred cell 
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Figure 3. Ultrafiltration flux of beef flavor precursors with UM- 
‘20E membrane in stirred cell. 

Figure 4 indicates the flux products ranged between 
54.33 and 35.90 X mg/cmZ-min during the first 880 
ml of ultrafiltrate. Upon the addition of 220 ml of water to 
the cylinder to continue ultrafiltration of the pump inter- 
nal contents, the flux products ranged from 35.90 to 22.74 
X 10-2 mg/cmZ-min. Upon further addition of 220 ml of 
water, the flux products decreased and varied between 
22.45 and 15.26 X 10-2 mg/cmZ-min. The observed de- 
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Figure 4. Ultrafiltration flux of beef flavor precursors with U M -  
20E membrane in recirculating thin-channel system. 

crease in flux rates (ml/cm*-min) upon the addition of 
each 220 ml of water aliquot may be attributed to  the 
presence of a very thin film of precipitation on the ultra- 
filtration membrane surface, which was noticed upon dis- 
assembling the cell a t  the end of each experiment. The 
observed variations in flux products were due to change in 
concentration upon the addition of water to recover the 
beef diffusate in the pump internal volume. This substan- 
tiates our findings (Table I) that  flux product is a func- 
tion of solute concentration in solution. Recirculating 
thin-channel ultrafiltration systems give a high yield in 
shorter time than the batch system; thus, these systems 
are more economical. Comparing the data in Figure 4 
with those in Figure 3, it is clear that  when the same type 
of membrane was used in the batch cell it had lower flux 
rates than when used in a thin-channel system. The thin- 
channel system data (Figure 4) are, on the average, three- 
to tenfold those of the batch cell (Figure 3).  For the dura- 
tion of the ultrafiltration period of 4% solids aqueous beef 
extract solution, the thin-channel system equipped with 
UM-2OE membrane retained a narrow range flux rate 
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Figure 5. Diafiltration of beef extract with UM-20E membrane in 
stirred cell, 4% starting solution. 

31.88-22.77 X 10-2 ml/cmz-min. This small variation is 
due mainly to the fluctuation of solute concentration as 
ultrafiltration progressed. Figures 5 and 6 show the perfor- 
mance of a stirred batch cell equipped with UM-20E and 
UM-10 membranes, respectively, for ultrafiltration of beef 
extract solution (4% solids). 

In the case of UM-20E membrane, 3.07 g of diffusate 
was collected in the first 220-ml ultrafiltrate (first frac- 
tion). As ultrafiltration proceeded, the concentration of 
diffusate per fraction decreased gradually and leveled off 
when 99% of the diffusate was collected (fraction ~ 4 5 ) .  
While the first fraction was collected in about 50 min, the 
time needed to collect the same volume of ultrafiltrate in- 
creased gradually and leveled off at fraction ~ 4 3 .  The 
same pattern was observed with the UM-10 membrane 
(Figure 6). 

Gel Permeation Chromatography (gpc) of Beef Diffu- 
sate. The gpc chromatograms of beef diffusates obtained 
with conventional dialysis and diafiltration through 
UM-10 and UM-20E membrane are identical beyond the 
void volume fraction (Figure 7) .  

From Figure 7 it is evident that there is great similarity 
between the beef flavor precursors prepared by ultrafiltra- 
tion and that recovered by conventional dialysis. Flavor 
and odor evaluations indicated that the three preparations 
exhibited the same flavor and odor. These results are in 
agreement with the findings of Blatt e t  al. (1967), who re- 
ported that diffusivity of a given protein does not seem to 
be altered by using a protein mixture. Gel permeation 
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Figure 6. Diafiltration of beef extract with UM-10 membrane in stirred cell, 4 %  starting solution 
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Figure 7. Gel permeation chromatography of beef diffusates ob- 
tained with conventional dialysis and diafiltration th rough  UM-10 
and UM-20E membranes. 

chromatograms of beef diffusates obtained with either 
batch cell or recirculating thin-channel system equipped 
with a UM-20E membrane were identical. 

In conclusion, ultrafiltration systems are well suited for 
isolating beef flavor precursors from beef extract. With 
ultrafiltration systems available for laboratory use, isola- 
tion of beef flavor precursors was achieved in 2.5 to 10% of 
the time necessary for conventional dialysis. Following the 
manufacturer’s recommendations on membranes care, we 
were able to use the same membrane continuously for a 
month without noticeable reduction in its flux rates. 
Thus, the operating cost of ultrafiltration systems is far 
lower than that of conventional dialysis. With the type of 
available membranes, separation of individual compounds 
is not feasible, but as membrane technology improves, a 
group separation of narrow range of molecular size will be 
achieved. 

The excessive volume of ultrafiltrate obtained with di- 
afiltration can be reduced by concentrating the ultrafil- 
trate by using another cell containing the UM-05 mem- 
brane (500 molecular weight cut-off). Thus, two cells in 
tandem assembly equipped with UM-10 and UM-05 mem- 
branes should be used. Water washes out low molecular 
weight compounds through the two membranes. At the 
end of the run, three fractions are recovered; one contains 
compounds of molecular weight higher than 10,000, while 
the second has compounds of molecular weights ranging 
between 500 and 10,000, and the third includes com- 

pounds of molecular weights below 500. Thus, the recov- 
ered beef flavor precursors (in the cell equipped with UM- 
05) are free from low molecular weight compounds, e . g . ,  
amino acids, amines, sugars, organic acids, etc. This frac- 
tion could be concentrated in the cell to 50 ml, thus mini- 
mizing the time of freeze drying. Upon heating dry, each 
fraction contributed specific flavor notes. 

In reality, ultrafiltration provides the flavor chemist 
with an inexpensive rapid means for the nondenaturing 
separation of beef flavor precursors and any labile com- 
pound. 
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