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Irradiated raw meat products are not stable upon extended storage at ambient tem-
peratures, because of residual enzyme activity, particularly proteolytic enzyme activity.
Control of enzyme activity is possible by the use of heat, and this study defines the param-
eters of time and temperature—from 140° to 170° F.—required for inactivation of pro-

teolytic enzymes in 5-megarad irradiated beef and pork meats.

Data indicate that the

irradiation causes no significant sensitization of the enzymes to heat at the temperatures

used.

THE ATTAINMENT OF A RAW product
which may be stored for extended
periods of time without refrigeration was
an original objective for the use of
ionizing radiation in meat processing.
Studies have indicated, however, that
such irradiated raw meat products are
not stable upon extended storage at non-
refrigerated temperatures (7, 2, 4). Heat
is at the present time the only practical
method known for control of proteolytic
enzyme activity in a meat product.

To design processing proeedures for
radiation-stabilized meat products, the
relationship of time and temperature
which would be required to inactivate
tissue proteolytic enzymes in radiation-
stabilized meats was studied. The pro-
teolytic enzymes were chosen for this
testing, because their activity correlated
with the deterioration of radiation-sta-
bilized meats on storage. Tissue pro-
teolytic enzymes are relatively heat-
stable, while most of the other enzymes
present in the system are inactivated.
Catalase was inactivated in samples
which still had proteolytic enzyme
activity.

Inidally, the proteolytic enzyme was
measured by use of a standard hemo-
globin substrate and the Folin-Ciocalteau
reagent. This approach was abandoned,
because the assay was not sensitive
enough at low levels of enzyme activity.
Any data so obtained would require
checking for application to muscle en-
zymes in situ.
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The data herein reported have been
obtained on muscle proteolytic enzyme
in situ. Thin slices of meat in a flexible
packaging material were used to mini-
mize the heat transfer effects in the water
bath. Incubated storage increased the
sensitivity of the assav. Irradiation was
used pre- or postheating in order to de-
termine whether the enzymes were sen-
sitized to heat inactivation by the irradia-
tion. An increase in the sensitivity of
Clostridium botulinum to heat after irradia-
tion has been reported (3).

An irradiation dose of 5 megarad was
used in these studies because investiga-
tions in other parts of the program have
indicated that a dose in this range would
be necessary to achieve a sterilizing
radiation process with the same factor
of microbiological safety as is used in
thermal processing.

Experimental

Beef. Ten pounds of choice grade,
frozen beef chuck were sliced into sec-
tions approximately 2 mm. thick, and
circular pieces of meart 2 inches in diam-
eter were cut from the lean portion of
these sections. Each of these circular
portions of meat was placed in a 2.5-inch
packet made of a polyethylene-coated
polyester film. (Scotchpak, Minnesota
Mining & Mfg. Co., was chosen because
of its resistance to changes upon irradia-
tion and low gas transfer rate.) The
packets were air evacuated and heat

AGRICULTURAL AND FOOD CHEMISTRY

sealed. The meat was kept frozen dur-
ing both the cutting and packaging pro-
cedures. The packets were arranged by
weight in sets of seven. The weights
between sets varied from 2.1 to 5.3 grams,
but the maximum variation within each
set was 200 mg. The sets of lower
weight were used at higher inactivation
temperatures—where exposure time was
short—in order to minimize the heat
penetration time.

Temperatures of 140°, 150°, 155°
160°, 165°, and 170° F. were used where
the heat treatment was prior to irradiation
and temperatures of 140° and 160° F.
where the heat treatment was post-
irradiation. At each of these tempera-
tures, six heating intervals were in-
vestigated. The intervals were chosen so
that three would be shorter than the ones
requiring complete inactivation (as de-
termined from preliminary experiments).
For each interval at a given temperature
there were seven packets; three were
maintained frozen for controls and four
were incubated for 6 weeks at 100° F.
The incubated samples were held in
tightly sealed jars in order to avoid loss
of moisture during the storage period.

The temperature-controlled water
bath used was of large volume. All of
the samples for each specific temperature
were thawed and immersed together.
The packets at each heating interval were
then removed and cooled rapidly in ice
water. For irradiation, the packets were
frozen, canned, and shipped in frozen



Table I.

Decrease of Amino-Nitrogen Production in 5-Megarad Irradiated Beef and Pork after Heat-Enzyme

Inactivation Treatment and 6 Weeks’ Incubation at 100° F.

Bath Temperature

140° F. 150° F. 155° F. 160° F, 165° F. 170° F,
Time, Amino Na_ Time, Amino N°, Time, Amino N?, Time, j’"’."° Ne Time, Amino N®,  Time, Amino N¢,
min HIb IH min, HI min, HiI min. HI IH sec. HI sec. Hi
BEEF
0 135 109 0 143 0 167 0 159 127 0 125 0 162
8 101 86 4 46 1 103 1/ 114 64 10 118 5 165
16 72 65 6 33 3 47 1 67 45 20 99 10 136
20 @2 59 8 28 6 36 2 27 27 40 40 20 34
24 53 53 10 29 10 39 4 18 22 60 26 30 26
32 54 49 16 25 15 35 6 15 19 90 27 60 24
Pork
0 222 192 0 214 0 248 204 0 220
8 170 168 4 122 1/a 196 120 5 214
16 140 140 6 74 1 156 78 10 190
20 126 120 8 60 2 68 38 20 154
24 116 112 10 52 4 32 26 30 128
32 98 106 16 44 6 22 16 60 122

¢ Amino nitrogen expressed as umole of tyrosine per gram of meat.

Values are net—i.e., averaged amino-nitrogen content of counterpart

samples kept frozen (average 80 == 12 umoles for pork and 37 = 6 umoles for beef) has been subtracted from the average of the four incubated

replicates.
® HI = heat treated preirradiation.

IH = heat treated postirradiation.

condition 1o the gamma-radiation fa-
cility.

After the samples had been removed
from storage, packets were placed in a
boiling water bath for 10 minutes so that
all samples were brought for analyses
to a similarly cooked (denatured) con-
dition. The mear from each packet was
macerated in successive 1-ml. aliquots
of 59 trichloroacetic acid (TCA) unril
a volume of 6 ml. was obtained. These
extracts were allowed to stand in water
baths at 55° to 60° C. for 30 minutes
before filtering in order to increase the
coagulation and precipitation of the tri-
chloroacetic  acid-insoluble materials.
One milliliter of the filtrate was diluted
to 200 ml. with distilled water, and the
resulting solution was assayed for amino
nitrogen using the ninhydrin method of
Moore and Stein as modified by Rosen
(7). The absorbance of the developed
blue color was read on a Bausch and
Lomb Spectronic 20 colorimeter at 570
my. The equivalent amount of amino
nitrogen was read from a standard curve
which used tyrosine as the standard
amino acid. This value was converted
to micromoles of tyrosine per gram of
meat used.

For interpretation of results, the repli-
cate determinations at each time interval
were averaged for the incubated and the
frozen samples, and the standard de-
viation was calculated. The average
percentage error (standard deviation di-
vided by the average value) for all
determinations was =129,

Pork. In general, the procedure with
pork was similar to that used with beef.
The exceptions are noted as follows:

Fresh pork loin was trimmed of surface
fat, ground twice through a 3/is-inch
plate, and then thoroughly mixed. Five-
gram aliquots were flattened to approxi-
mately a 2-mm. thickness in the plastic

film packets, and the packets were air-
evacuated and heat-sealed.

Temperatures of 140°, 150°, 160°,
165° and 170° F. were used when the heat
treatment was prior o irradiaton, and
temperatures of 140° and 160° F. when
the heat treatment was postirradiation.

A1 1o 400 dilution of the trichloroacetic
acid filtrate was used.

Results and Discussion

The experimental values for the amino
nitrogen content of beef and pork are
tabulated in Table I. The total pro-
teolvtic activity appears to be greater in
pork than in beef. Whether this is due
to a higher concentration of enzymes or
to higher specific activities is not yet
known.

The net increase in the amino-nitrogen
content—incubated sample value minus
frozen sample value—in samples that
should have been completely inactivated
by the enzyme is somewhat puzzling.
This mav be due to a naturally occurring
hydrolysis of the pH 5.7 protein material
at the 37° C. temperature used. The
amounts found, however, appear to be
high, particularly in half of the pork
samples. Further investigations relating
to the significance of the amino-nitrogen
content to flavor acceptance of irradiated
meats, and to the importance of partic-
ular enzymes or enzyme systems to the
flavor of stored irradiated raw meats are
indicated to be necessary.

A graph of time us. amino-nitrogen
content (expressed as micromoles of tyro-
sine per gram of meart) was plotted for
each temperature studied. The graphs
were all very similar in construction. A
representative graph is shown in Figure 1.
Inactivation was considered to be com-
plete when no change in the amino-
nitrogen content occurred with increasing

YOL 7, NO.

Table II. Time-Temperature Re-
lationship for Inactivating Proteo-
lytic Enzymes of Irradiated Meat

Beef Pork

Temp.,  HI® 1H HI IH

°F, Time, Minutes

140 23 23 30 27

150 6.0 8.4

155 3.5

160 1.5 1.6 2.4 2.2

165 0.65

170 0.28 0.38

2 HI = heat and treatment preirradiation.
IH = heat treatment postirradiation.

heat exposure intervals, and appears on
the graph as a plateau.

The point of intersection of a tangent—
plotted at the last point before inactiva-
tion—and the plateau was used in order
to arrive at a single time of inactivation
for each temperature. At temperatures
of 165° and 170° F. the heat exposure
intervals were short enough and the in-
activation was rapid enough so that the
heat penetration time became significant.
This is indicated by the smallness of the
amino-nitrogen change in the first time
interval. The tme for enzyme inactiva-
tion, therefore, was corrected for heat
penetration at these two temperatures as
is indicated in Figure 1. The time for
inactivation at each temperature i3 shown
in Table II.

As little difference in thermal in-
activation could be observed for samples
heat-treated pre- or postirradiation, ir-
radiation at the 5-megarad level caused
no significant sensitization of the enzymes
to thermal inactivation.

When the time of inactivation was
plotted against temperature, the resulting
curve appeared to be that of a log func-

11,
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6o TIME FOR ENZYME :NACTWATION IN BEEF |
AT I70°F = 22-5 = 7 SE.CNDS ‘

2 MDLE TYROSINE PER GRAM OF MEAT

L L I ! L L |
E

TIME, SECONTS

Figure 1. Enzyme inactivation at

170° F. vs. time in beef
Measured by the amino-N content of sample ir-

radiated with a 5-megarad dose and stored at
100° F. for 6 weeks

tion, Plotting time on a log scale us.
temperature gave straight lines. This is
in agreement with the generally accepted
theory that the heat inactivation of en-
zyme systems follows a first order re-
action curve.

The regression lines for the inactivation
of beef and of pork are shown in Figure 2.
The regression functions (y = log sec-
onds) are as follows:

Yoeetr = 11.893 — 0.0623 x (std. error of
estimate = 0.0165 and correlation co-
efficient = 0.9971)

Ypork = 11.664 — 0.0600 x (std. error of

estimate = 0.0224 and correlation co-
efficient = 0.9953)

FOODSTUFF VOLATILES

MINUTES, LOG SCALE

® CALCULATED
m BEEF

05— & PORK
o4
03— L]
2 |
o \410 \f‘)O léO 17C
TEMPERATURE *F.
Figure 2. Time vs. temperature plot

of regression lines for enzyme inac-
tivation in irradiated beef and pork

This figure, then, shows the relation-
ship of ume and temperature which
would be required to inactivate enzymes
in radiation-sterilized beef and pork
products. The difficulty of controlling
any heat process, in order to achieve an
internal temperature for the specified
length of time should compensate for
any errors which have been made because
of assumptions concerning the point of
inactivation at each temperature.

Determination of Volatile Components

of Foodstuffs.

Techniques and Their

Application to Studies of Irradiated Beef

Whether this same time-to-tempera-
ture relationship i3 true of tissue pro-
teolytic enzymes of organ meats, and of
other species of animals, and what time-
to-temperature ranges for complete in-
activation of enzymes will produce the
most acceptable product in terms of
flavor, odor, color, texture, and storage
stability is still to be determined.
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Techniques have been developed for the isolation, separation, and identification of vola-

tile components of various foodstuffs such as meat, fish, vegetables, and coffee.

Isolation

and separation are accomplished by low-temperature, high-vacuum distillation tech-
niques and by gas chromatography. Three main fractions are usually obtained by the

low-temperature, high-vacuum technique:

a water fraction.

ponents by mass spectrometry can be made.

a carbon dioxide fraction, a center cut, and
Further separation is required before final identification of the com-
The efficiency and advantages of the

different separation techniques are discussed. Some results of studies of the volatile

components isolated from samples of irradiated beef are given.

THE GREAT POTENTIAL of the mass
spectrometer, as an analytical de-
vice, for the determination of volatile
components of foodstuffs has been de-
scribed (2). In order to utilize fully the
capabilities of the mass spectrometer,
however, reliable methods must be avail-
able for the collection and separation of
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cultural Engineering, Michigan State Uni-
versity, East Lansing, Mich.

784

the samples of volatile components to be
analyzed.

In these studies, volatile components
are considered to be those compounds
which may be distilled under a high
vacuum from the food material at room
temperature. This method is more rapid
than flushing the sample with an inert
gas. The vacuum distillation method is
also believed to be superior to steam
distillation or solvent extraction methods.
When steam distillation is used, many
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compounds may be collected which are
not appreciably volatile under ordinary
conditions of temperature and pressure,
whereas the use of solvent extraction
methods introduces the added complica-
tion of solvent removal in subsequent
separation steps.

Collection and Separation

The basic high-vacuum, low-tempera-
ture distillation apparatus employed for



