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CHANGES IN THE NITROGENQUS CONSTITUENTS OF BEEF
AS INDUCED BY PRE-HEATING, IRRADIATION, AND
STORAGE FOR TWO HUNDRED DAYS

INTRODUCT ION

Since the beginning of the atomic age man has dreamed
of harnessing nuclear energy to do a multitude of tasks.
By 1953 it beceme evident that ionizing radiations might
be utilized to preserve food products by killing food spoil-
age organisms., This new method of food preservation has
been under comprehensive investigation through the endeavors
of the U. S. Atomic Energy Commission, the Department of
Defense and the Quartermaster Food and Container Institute.

Two advantages for using ionizing radiastions seem
apparent: (1) an atomic waste product can be utilized from
reactors and (2) preservation of foods withéﬁf high tempera-
ture prbcessing would seem attractive. The latter would
seem particularly alluring to meat processors since a cook
of 240-2500F. for a period of ninety minutes is often
necessary for camned meat products in order to insure free-

dom from Clostridium botulinums The consequences of a high

temperature cook to the fresh flavor, color, and texture of
meat are quite obviouss

Morgan (36, p. 24) found that an irradiation dosage
of 4.8 megarad was needed to kill the spores of C« botu-

linume This complies with public health requirements and
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establishes a degree of commercial sterility. However, it
has been known since 1941 from work by Tytell and Karsten
(48, p. 525) that a ten fold increase in dosage over 4.8
megarad is needed to inactivate the proteolytic enzymes of
foods« This becomes important since it is known from obsere
vations by the author that proteolytic activity can liter=-
ally consume an otherwise sterile meat product, while the
effects of a 50 megarad dosage of irradiation would be just
as disastrous to fresh meat characteristics and sensory
appeal.

It has become apparent that the utilization of irradi-
ation alone would be undesirable for the preservation of
fresh meats. The use of moderate heating along with
irradistion, hoWeVer, could present an approach to the
problem. Following this reasoning, Cain, anglemier, Sather,
Bautista, and Thompson (12, p. 603-610) found that beef
which had been heated to 160°F. and irradiated at 1.86 and
2.79 megarad was still acceptable to a taste testing panel
after storage at 72°F. for eight months.

With the above results in mind the author speculated
on the outcome of an attempt at using pre-irradiation heat-
ing temperatures below 160 F., in conjunction with sterili-

zation dosages of gamme irradiation, to retard proteolytic
activity in beef during long term storage. This then

became the problem which resulted in the work represented

here.



REVIEW OF LITERATURE

In the animsal body dietary proteihs are one of the
essential foods needed for growth and maintenance. They
play an important part in many activities of living cells.
Enzymes Which catalyze most of the chemical reactions
needed for the normal physiological functions of cells are
usually made up partially or wholly of proteins. Proteins
are also conspicuous in antibodies, hormones, muscle fibers
and blood cells. I% could be stateﬁ'that proteins are the
basis of all earthly life. . ’

Amino acids are the building blocks of proteins. It
has 1ohg been known (3, p. 156) that a protein consumed by
an animal will be broken down to amino acids which can go
to form new body protein. It is interesting to note that
the ultimate source of the proteins maen and all animals
need is from the plant world. unly green plants can synthe-
size certain "essentiel" amino acids needed by animals.

The ten amino acids that Rose (44, p. 112-130) found to be
essential in the diet of the rat are arginine, histidine,
isoleucine, leucine, tryptophan, lysine, methionine, phenyl-
alanine, threonine, and valiné. The word "essential” is
used for an amino acid when an animal does not synthesize
enough of that component to safisfy bodily neefis and must
rely upon its dietary intake. The work of Rose (44, p. ll2-
130) has been collaborated by Albanese (1, p. 24%9) and



Mitchell (34, p. 95).

The quality of a protein is usually associated with its
ability to be used and incorporated in an animal body.
Mitehell (33, p. 874) has described the "biological value”
of proteins as the percentage of nitrogen retained in an
animal body of the total protein nitrogen consumed in a par-
ticular food.

Block (8, p« 123-130) notes that the best source of
dietary protein for man is from the flesh of animals. In
geﬁeral, cereals contain much less protein and often do not
have all the essentisl amino acids needed as reported by
Morgan ané Kern (35, p. 377) and Newton et al. (37, p. 589).

Alexander end Elvehjem (2, p. 708), Schweigart et al.
(45, ps 23-26), and Block (8, p. 124) have determined the
aminc acid content of beef muscle, using microbiological
techniques. These results may be seen in Table 1. Today
many ansalyses of this type would be accomplished using the
technigue of paper chromatography. Chromatographic tech-
niques for the separation of amino acids and other nitro-
genous constituents has been reviewed in great detail by

Block and Bolling (9) and Block, et al. (1l).

Animal Proteins: Changes During Storage

A very remarkable change takes place in muscle protein
during the first few hours after the death of an animal.

This phenomenon, which is known as "rigor mortis", is



TABLE 1

ANINO ACID COUMPOSITION OF BEEF MUSCLE PROTEIN

(Expressed in gms./100 gms. of protein)

Alexanfer and

Amino Acids Block Schweigert
{8, p. 124) et ale Flvehjem
(45, p. . 23-26) (2, p. 708)

Aspartic Acid 6,0 8.75 10.0
Glutamic Acid 1544 14.35 15.8
Serine 5.4 377 404
Glycine 5,0 7.1 446
Threonine 4,6 4,04 4,4
Alanine 4,0 6,40 642
Methionine 3.3 2,52 2.4
Tyrosine Bed Deod ok
Valine 5.0 5.71 5.2
Phenylalanine 4,9 4,02 4.3
Leucine 7.7 8040 7.7
Lysine 8¢l B.87 8.7
Cystine 1.3 1.35 0.9
Proline 6.0 5.40 3.8
Arginine 77 6.56 6,7
Histidine 2.9 2.94 55
Tryptophan 1.3 1.10 1.3
Isoleucine 6.3 5.07 5.7
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evidenced by the contraction of fibrils in the muscle fibers.
According to Buxley (26, p. 66), as the supply of adenosine
triphosphate is exhausted in the muscle region the protein
myosin seems to combine chemically with the protein actin.
The resulting continued contraction éxists for 24-72 hours
during which time the flesh takes on a firmer characteristic.
Wierbicki, et al. (50, p. 86), (49, p. 511) have found that
uring the first 12-15 days ¢f storage there is an ion
exchange mechanism in existance which is thought to have a
considerable effect upon the tenderness of the flesh. MNag-
nesium and sodium ions are lost from the muscle fibers
while a large amount of potéssium ions are gained. The
net change allows a positive charge to be accumulated by
the muscle protein. This may directly result in increased
hydration of the protein which has been correlated with
tenderness in meat.

Gliken and Loewy (20, p. 505), Chen and Bradley (13, p.

164) and Bertzman and Bradley (23, p. 240) attributed the
increase in tenderness after rigor as being due primarily

to autolysis. However, it appears from more recent work

by Wierbicki (49,'p. 511) and Husaini (24, p. 316) that

the amount of autolysis {(proteolysis) in fresh beef which
occurs in 12-15 days of storage a%t 3;500. is extre@ely
small. There are no data in the literature concerning
proteolysis as associated with long term storage of irra-

diated meats which are bacteriologically sterile,
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A complete study of the proteolysis of muscle has been
needed for some time. Recent work by Zender, et al. (51, p.
305-326) has begun to shed some light on this little known
and rather precarious subject. By using very extreme meth-
ods they retained the aseptic condition of muscle without
resorting to the use of preservatives. Under aseptic and
anaercbic conditions rabbit and lamb muscle was allowed to
undergo proteolytic processes for 150 days at 25°C. and for
15 days at 38°C. 4 steady increase in the level of the
free emino acids and a decrease of glycine soluble protein
was noted during these periols. According to electirophor-
etic studies it appeared that the protein first split into
large fractions and leter into amino acidss The cathepsin
enzymes of muscle were thought to be responsible for the
proteclysis noteds In Table 2 it can be seen how slowly
proteolytic breakdown to amino acids occurs. Storage at
38009 resulted in a much greater breakdown in the same
time period than that which occured at 25%3. It would seem
that proteolytic activity of meat in storage is associated
with ceftain enzyme systems already present within the

flesh of an animal.

Animal Proteins: Changes Induced by Heat

Daniel and MeCollum (16, p. 18) and Ingvaldsen (27,
p. 98) found that heat effected the nutritive value of

protein in fish meals. According to Maynard, et al. (31,



TABLE 2

RELEBASE OF A.LJINO ACIDS FROM LAMB MUSCLEZ DURING 70 DAYS
STORAGE AT 25°C.*

Days Storage - Tyrosine Index
. 0D at 279 mu

0 | 6.5

1 6.8

2 5.5

10 : 5.8

20 7.8

33 | 601

50 ' 9.5

70 11.8

* After Zender et al. (51, p. 310)
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pe 602) vacuum-dried menhaden had the highest protein nutri-
tive wvalue, while steam-dried ranked somewhat less and
flame-dried was much the lowest. It was thought that cer-
$ain of the essential amino acids were reduced during the
heating process above 195°F. Viaynard and Tunison (30, p.
1170-1171) believed cooking and pressing caused loss of
soluble proteins in the drip.

Morgan end Kern (35, p. 373) found that beef proteins
were. also lowered in biological value as a result of heating.
Biological value was found to be inversely proportional to
the severity of heating.’

Ginger, et al. (19, p. 410-416) determined that a
four t6 thirty fold Gecrease in the total soluble nitrogen
of cooked beef was normal as compared with raw beef. As
meat was heated above 185°F. Newton, et al. (37, p. 589)
found the loss of water soluble proteins was over fifty
percent« While investigators report varying amounts of
protein lost due to heating, which depend largely upon their
particular methods, it can be stated that the nutritive
value of meat protein is lowsred by heating and this amount
appears %0 be of considerable significance.

Certain amino acids of casein appear to be affected
by heat pfocessing. Greaves, et al. (21, p. 126), Rice and
Beuk (43, p. 223-279) and Evans and Butts (17, p. 420)
reported that when casein was heated aﬁ léOQF. for 30
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minutes the first amino acid destroyed was lysine while his-
tidine was next. Upon destruction, these two amino acids
were found not to bs nutritionally available. According te
Baldwin, et al. (5, p. 117) phenylalanine, leucine, isoleu~
¢cine, and threonine were not effected by temperatures
slightly above boiling, while arginine, tryptophan and
methionine were greatly reduced in quantity. The re&uction
of the nutritive values for valine, methionine, arginine;
tryptophan, and histidine occasioned by the use of heat
has been reported by Block et al. (11, pe 300) and Kon and
Markuze (28, p. 1483). There appears to be little doubt
of the ability of heat Vo generally lower the nutritive

value of animal proteins.

Animal Proteing: Changes Induced by Irradiation

Some effect upon the nutritional value of certain pro-
teins has been noted when proteins are subjected to sterili-
zation dosages of ionizing radiations (38, p. .56). "Motta
and Johnson (32, p. 489) found the biological value of
irrediated milk proteins was lowered by eight percent.

Besf proteins that were subjected to sterilization doses
of radiation retained their digestibility and nitrogen con-
tent as well as biological activity.

Hadlock fillets exposed to sterilization dosages of

cathode rays by Proctor and Bhatia (40, p. 359) were found
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to retain most of the eight essential amino acids present.
Pure amino acids in solution were found to be much more
easily destroyed by sterilizing doses of cathode rays (7, pe.
552) (41, p. 537) (42, p. 2). Deamination of histidine,
cystine, phenylalanine, tyrosine, and tryptophan all occurred
in varying amounts with ammonia being released.

It was found by Scheffner, ot al. (46, p. 460) that
no partioular destruction of essential amino acids in beef
proteins occurred after being irradiated bylgamma rays at
l.89lmegaréd. This is shown and comparsed to that occurring¢§w7
in thermal processing of beef as reported by Scheffner, et

al. (46, p. 457):

Amino Acid Control Irradiation Thermal Prq-
mg/g.. Unprocessed At 1.89 legarad cessed 240" F.
for 161 Mine-
utes
Methionine 10.0 908 7.0
Cystine lol ldl 0032
Phenylalanine 11.6 9.8 5.1
Tyrosine 6.5 5.7 3.1
Tryptophan 7.0 5.3 201
Threonine 27.1 27.4 17.5
Lysj.n@ 3.4: 5 ° l log

In general, it would appear that the amino acids in
intact proteins are much less susceptible {to breakdown due
to irradiation than are the pure amino acids in solution.

The effect of ionizing radiations upon meat pigments
has béen discussed by Fox, et si. {18). It was observed

that irradiation of myoglobin in meat resulted in the
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formation of a red and a green pigment. The red pigment was
formed when oxygen was not present, while the green pignment
was formed when oxygen was presente The green pigment was
identified as-sulfmyoglopin, which was formed during irradi-
ation of meat by the reaction of myoglobin, hydrogen perox-
ide and a sulfide which was liberated from certain sulfhydryl
bearing substances. The green pigment has an intact heme
moiety but a much altered globin fraction. \

Other cases of possible protein chang@s induced by
irradiation have been obserﬁed by Fox, et al. (18}. Brown
metmyoglobin can be formed from red oxymyoglobin and vice
versa depending upon the substrate available in the meat

at the time of irradiation. A% present little is knowm of

these particular reactions.

Animal Proteins: Chenges Induced by Heating, Irradiation

and Storage

A thesis entitled "Ghanges in the Nitrogenous Constit-
uents of Beef as Induced by Pre-Heating and Irradiation and
Storage for Eighty Days" was reported by Flordeliza Bautista
(6) A review of her conclusioms for the work with beef
using storage temperatures of 34°F, for eighty days after
.pre~irradiation heating and irradiatvion will be given here.
The following is teken from the work by Bautista (6, p. 95-
98).
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1. Pre-irradiation heating temperatures of 150°F. or
lower prior to irradiation at 0.1 and 5.0 megarad did not
inactivate the agents responsible for proteolytic activity
in besf. Proteolysis was evidenced by the increase in ,
total soluble nitrogen, non-pfotéih nitrogen (TCA-soluble),
amino nitrogen and free amino acids,

2¢ Slight increases in total soluble nitrogen and
certain of the free amino acids were evidence of soms
slight amount of change in the protein of meats which had
been precooked to 195°F,

3. The meats irradiated at 0.1 megarad generally
reacted no differently than the non-irradiated samples.
Both snowed the same pattern of changes of the nitrogenous
constituents analyzed during the course of the storage
period.

4, Iuncrease in gamma radistion dosage to 590 megarad
apparently exposes the various constituents of the protein
and apparently increased the proteolytic activity.

5. Increase in storage time resulted in an increase
in total soluble nitrogen, non-protein nitrogen, amino
nitrogen and free amino acids. The increase was governed
by the pre-heating temperatures and the gemma irradiation
dosage employed. '

. 6« The proteins were not significantly destroyed.

The values obtainefl for the free amino acids were too low
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to substantiate significant destruction during eighty days
storags.

7. All the free amino acids determined quantitatively
increased with an increase in gamma radiation dosage, and
storage time, except for aspartic acid. No free aspartic
acid was found in irradiasted meat after sixty days of

storage .
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EXPERIMENTAL METHCDS

Preparation of Samples

Fach of three Hereford bull carcasses was selected for
approximate uniformity. After a minimum of time, usually

twenty~four hours, the longissimus dorsi muscles of each

carcass were excised and stripped of all visible fat. The
pair of nuscles from one animal was use@ as a replicate.
éherefore, there were three replications.

After chilling each muscle for three hours ﬁt -18°F.
so as to firm the meat, it was sliced mechanically in cross

l !
section in slices of 4 to 8 of an inch in thickness.. Each

N

sample slice was weighefl in order to conform to a 40-50

gramn weighte. All the samples were placed individually into
polyester bags and heat-sealed, with as much air as possible
being pressed out by hand before sealing. At this time, a;l
the bags of meat were randomized within a replication to
prevent any effects of the longitudinal variations of the

muscle.

Pre~irradiation Heating

The bags of meat were heated in a steam-heated water
bath whose temperature was automatically controlled.
(o] o]
Samples were heated to internal temperatures of 100 , 110 ,

120°, 180°, 140°, 150°, and 195°F. Unheated samples weore
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kept as controls. The water bath temperature was maintained
from one to two degrees above the desired temperature of the
samples. The meat was heated in the water bath until the
internal temperature, as indicated by thermocouples in repre-
sentitive samples, was that which was desireds This usually
took from six to eight minutes depending on the temperature
requireds At the time when the required temperature was
attained the bags of meat were placed in & cold water bath
in order to stop all heating. Then, the bags were put into
previously labelled half pound flat (307 x 202) "C" enamel
cans and closed mechanically. It should be noted that one
bag of meat was placed into one can. The cans were then
frozen at -18°F. before they were shipped to the Materials
Testing Reactor for irradiation. Some samples were analyzed
immediately upon heating in order to serve as conf}ols for

the various chemical determinations.

Shipment and Irradiation of Saumples

All samples except those to be non~irradiated were
packed in dry ice and shippe& in insulated containers to the
Materials Testing Peactor, Idaho Ffalls, Idaho. During the
eight day interval between shipment and receipt the"samples
were kept frozen at OQF; or under dry ice, excopt during the
irradiation period. The non-irradiated samples were kept

at 0°F, storage throughout this time.
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Irradiation was accomplished by exposing the cans to a
gamma grid until a dosage of 5.0 megarad had been acgquired.
According to the reactor techniclans a period of two hours
and fifty-two minutes was neebed for the 5.0 megarad samples.
The samples were then frozen,; re-packed in dry ice and
returned to Corvallis where they were put into the par-

ticular storage environment s.

Storage of Samples

The 5.0 megarad samples were divided with half being
stored at 70°F. and half at 100°F. and scheduled for analy-
sis at 0, 15, 30, 45, 60, 80, 120, 160 and 200 days of
storage.

Quantitative analysis for total nitrogen, ﬁoisture,
total soluble nitrogen, trichloroacetic acid-soluble nitro-
gen, amino nitrogen, and free emino acids was carried out

for each of the samples.

Total Nitrogeh Determination

One to two grams of meat were weighed on low nitrogeh
weighing paper. The methed of Hiller, Van Slyke, and
Plazin {24, p. 1402-1420) was used, while the indicator
used was that developed by Ma and Zuazaga (29, p. 280-282).
"Kel=-Pak" catalyst containing 10.0 grams of potassium

sulfate was used instead of that used by Hiller, et al.
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Total nitrogen was reported for each sample on a dry weight

basise

Moisture Determination

Meat was cut intousmall pieces and put into numbered,
weighed aluminun pans and dried for twenty-four hours at
70°C. and 28 inches vacuum. After drying, the pans were
cooled in a desiccator and re~weighed. The moisture content

of each sample was calculated from the weight lost,

Sample Preparation for Amino Nitrogen, Total Soluble Nitro-

zen and Trichlorocacetic Acid-Soluble Nitrogen

Ten grams of meat was blenfed with 25 mls. of distilled
water for one minute in a micro-blender. The semples and
blender were cooled to 40°F. before blending. The mixture
was filtered using Whatman #12 filter paper and the filtrate

collected was used for the following three determinations.

Amino Nitrogen Determination

Five mlss of the extract as prepared above were
diluted to 100 mls. with distilled water. An aliguot of
five mls. of the diluted solution was used for the amino
nitrogen determination of Peters and Van Slyke {39, p. 385).
The final results were calculated in mgs. percent amino

nitrogen on a dry weight basis.



19

Total Soluble Nitrogen Determination

The microkjeldahl method of the A. O. A. C. {4, p. 805)
with the following modifications was used for the total
soluble nitrogen determination. One ml. of the extract
prepared as above under sample preparation was digested
with 2 mls. of concentrated sulfuric acid with two seleniume
coated Hengar granules acting as the catalyst. Distillation
was carried out with the use of a Kirk-type continuous micro-
kjeldahl unit. 25 mls. of 4% boric acid was used as the
receiving solution. Tenth normal sulfuric acid was used to
titrate the ammonia in the receiving solution. The indi-
cator used was that suggested by Ma and Zuazege (29, ps 280~
282). The results were calculated in mgs. percent on a dry

weight basis.

Trichloroacetic Acid-Soluble Nitrogen

The protein precipitation method of the A. 0. A. Co
(4, ps 227) was used except that a 25% trichloroacetic acid
solution was used to precipitate out protein instead of
phosphotungstic acide The extract used was that as indi-
cated under the sample preparation aboves. One nml. of the
TCA-soluble filtrate was digested using the microkjeldahl
method of the A. 0. A. C. (4, ps 805).. The trichloroacetic
acid-soluble nitrogen was calculated in mngs« percent of the

dry sample.



20
Sample Preparation for Amino Acids

Ao Ffee_Amino Acids: The free amino acid samples were
prepared using the method of Block, et al. (10, p. 84).
.Ten gram semples of the meat were blended with ethyl
alcohol and extracted with chloroform. The extracts
were stored at room temperature in half ounce bdbottles
after being brought up to 10 mls. volume with 80% alco-
hol. “

B. Total Amino Acids: Samples were acid hydrolyzed using
the method of Block, et.al. (10, p. 64). This method
was adequate for all amino acids analyzel except tryp-
tophan. The alkaline hydrolysis method of Bloek, e%
al. (10, p. 83) was used for the liberation of trypto-
phan. Raw, non-irradiated, unstored meat samples were
analyzed for total amino acids as well as raw, irradi-

atcd meat stored for 200 days.

Determination of Amino Acids

Seventeen amino acids were analyzed qualitatively and
quantitatively using one-dimensional paper chromatography.
Buffered and unbuffered methods were used. The amino acids
were analyzed in six groups Gepending on the solvent system
useds GCGroups I through V were suggestéd by Hackman (22, pe.
282-288) and Group VI by Subramanian and Lakshminarayan Rao
(47, pe 566—570).4 Each group contained the following amino |
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acids: Group I: aspartic acid, glutamic acid, serine, gly-
cine, threonine, and alanine; Group II: methionine, valine,
phenylalanine and leucine; Group III: lysine and arginine;
Group IV: histidine, and proline; Group V: tryptophanj
and Group VI: cystine and tyrosine. The solvent systems
used were as follows: éroup I: phenol (74 percent w/w) and
a buffer of pH 10.0 (0.053 M boric acid and potassium chlo-
ride, 0,047 M sodium hydroxide); Group II: n-butanol (77
percent v/v), acetic acid (6 percent v/v), and water (17
percent v/v); Group IIXI: pH 7.0 buffer (0.040 M NasHPOg4,
0.027 M KHzPO4) using 60 percent (v/v) acetone plus 40 per-
cent (v/v) phosphate buffer pH 7.0; Group IV: 60 percent
(v/v) aqueous acetone; Group V: seme as Group II but
classed differently because another coiof reagont was used;
and Group VI: 7 mls. of pH 1.0 buffer (50 mls. of 0.2 I
potassium chloride solution plus 97 mls. of 0.2 I hydro-
chloric acid) added to 50 mls. of distilled phemol. fhen -
a buffer was used in a solvent system the papef was also
buffered using the same buffer.

Two pyrex baking dishes, 10 inches by 15 inches were
ground so that when fitted together an air tight chamber
would result. Twelve such units were built to act as chro-
matographic chamberse.

Sheets of Whatman #1 filter paper 8% x 13 inches were
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'used as the chromatograms. They were held in the chambers
by means of glass rods so that only one end of the paper
would be dipped in the solvente

The chembers were held in place by wooden racks each
of which was provided with a tilting mechanism. This
allowed the papers to be equilibrated before Gipping if
necessary for a particular solvent system. The chromato-
graphy chambers were kept in a room at a constant tempera-
ture of 24°C. FEach chamber was run using 25 mls. of golvent.

Spotting was done using micro-pipettes spacing eight
spots on one paper. Sex}eral runs of samples were made in
order to determine the amount to be 8p;tted for a partiecular
storage time. The amounts actually spotted are as follows
for the various storage times and temperatures: 70°F.
storage, 0, 15, 30, 45 days at 20 microliters; 60 days,
10 micxoliters; 80 days, 5 microliters; ,130, 160, 200 days,
2 microliters. Those stored at 100°F. for O, 15, 30, 45
days were spotted at the rate of 20 microliters; 6C days,
5 microliters; 80 days, 2 microliters; and 120, 160, 200
days, 1 microliters Chromatograms Qeveloped with the Group
I solvent system required a 24 hour equilibration before
. being dipped into the solvent, while none of the others
required equilibration,

Chromatograms were developed for color by spraying

with the following solvents: Group I: 2 percent ninhydrin
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in ethanol with 2 percent acetic acid; Group II: 1 percent
ninhydrin in ethanol with C.25 percent triethylamine; Group
- I1I: 2 percent ninhydrin in ethanol: Group IV: (proline-
1 percent isetin in ethanol), {histidine-diazotized sulphan=-
ilamide solution); Group V: 1 gm. of p-dimethylaminoben-
zaldehyde in 90 mls. of acetone with 10 mls. of concentrated
hydrochloric acid; and Group VI: 0.4 percent ninhydrin in
ethanol containing 4 percent acetic acid,.

All chromatograms were air-dried. The quantity of an
amino acid was determined by the density of its spot at the
time of greatest density using a Photovolt electronic den-
sitometer Model 525 with a #47 Wratten filters.

Calculations were carried out using the method of Block,
et al. (10, p. 68~70), All free amino acids were calculated
to mgse. per 100 gms. of dry meat by using ratio and pro-
portion methods. The reading for the density of a sample
spot was compared with the reading for a known standard
which was run on the same paper. The total amino acids were

calculated as the percentage of protein.

Statistical Analysis

All data for the amino nitrogen, trichlorocacetic acid-
soluble nitrogen, and total soluble nitrogen were statis-
tically analyzed by analysis of variance as suggestel by

Cochran and Cox (915, p. 455).
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RESULTS AND DISCUSSION

The results consist of the effects of the following
variables: the éfe—irradietion heating temperature; the
storege time; and the storage tempersture omn the release
of amino nitrogen, trichloroacetic acid-soluble nitrogen,
total soluble nitrogen and free amino acids in beef muscle
irradiated at 5.0 megarad.

It should be noted that the results for all constitu-

ents analyzed are averages of three replications,

Total Amino Acids

In Table 3 the to%al amino acid composition for 17

amino acids is shown for the longissimus dorsi musele of
beefs The results are in approximate agreement with those
as indicated in Table 1 which were assayed using microbio-
logical methods. This would indicate a general agreement
between the methods of pnaper chromatography and micro-

biology for the total amino acid content of beef muscle.

Changes in the Nitrogenous Constituents of Beef as Induced

by Pre-Irradiation Heating, Irradiation at £.0 legarad and

Storage for Two Hundred Days at 70°F. and 100°F.

It should be noted that all the data to eighty days
storage for the amino nitrogen, total soluble nitrogen,

trichloroacetic acid-soluble nitrogen, leucine,



TABLE 2

THE AWMINO ALCID COLOSITION OF BULY WUSCLE PROTEIN 1
Amino Acids gms. /100 gms. Protein
Aspartic Acid | 8.68
Glutemic Acid 15.83
Serine 3420
Gljcine | 7.26
Threonine 4,36
Alanine ' 6.15
Methionine 2059
Tyrosine 3,37
Valine .64
Phenylalanine : 4,50
Leucine B.56
Lysine , 8.40
Cystine 1.02
Proline ' 5.17
Arginine 6.68
Histidine 2.99

Tryptophan 1.25

1. %ll amino)acids except tryptophan analyzed by Bautista
6’ pév 31
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phenylalanine, valine, methionine, alanine, threonine,
glycine, serine, glutamic acid and aspartic acid_are those

of Bautista (6).

Amino Nitrogen

It can bs seen from Table 4 that the interactions of
storage temperature, storage time and p;eairradiation heat-
ing temperature on beef are significant. However, the
storage temperaturé assumed the greatest importance in
the increase of amino nitrogen. The storage time was next
in importance, but it was little more sco than the pre=-
irradiation heating temperature.

The effect of the above three variables on the amino
nitrogen of irradiated beef can be seen in Tabdbles 5ayand
5b. In Table 5 it should be no‘t\ed how the pre-irradiation
heéfing temperature of 195°F. {cooked) resulted in a
greatly retarded development of the amino nitrogen irre-
spective of the storage temperature. The pre-irradiation
heating temperature of 150°F. 4id keep the amino'nitrOgen
value at about half that of the raw sample, buﬁlwas not
nearly as effective as complete cooking (195°F.). It
would appear that the meat which was cooked, then irfa»
diated, and stored for 200 days was at aﬁout the same point |
in protein breakdown as the raw meat stored for 15-45 days

regardless of storage temperature. The meat which was
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TABLE 4
ANALYSIS OF VARIANCE FOR AWMINO NITROGEN IN BEZF IRRADIATED

AT 5.0 WEGARAD AS AFFECTED BY PRE~IRRADIATION HEATING TEU-
PERATURE, STORAGE TIME AND TTIPERATURE

Variation Degrees of Mean F
due to Freedom Square

Totalv 431,

Replication 2 1.9622 B 77
Storage Temperature 1 592.8634 1138,15%*
Storage Time 8 146.8568 281, 93%*
Pre-Irradiation :

Temperature 7 142.,1594 272,91%¥
Stg. Temps x Stg. Time 8 24,0243 46,12%%
Stge Temp; x Pre~Temps 7 17,9449 B4, 45%%
Stge Time x Pre-Temp. 56 3.5276 6. TTH¥
Stg. Temp. x Stg. Time 56 1.8602 3,575

X Pre-Temp.
Error 286 0.5209

* Significent at 5% level.
**  gignificant at 1% level.



TABLE 5
THE EFFECT OF THE TEMPERATURE ATTAINED IN PRE~IRRADIATION HEATING, STORAGE TIME AND TIM-
PERATURE ON THE AMINO NITROGEN CONTENT OF BEEF IRRADIATED AT 5 0 MEGARAD
(Values expressed as mgs. percent dry weight sample)

a. Stored at 709F,

Pre=- ) ' Pre-
Irradiation Irradiation
Temperature _ Storage time {dags) e Temperature
oor, 0 15 30 L5 60 80 120 160 200 Mean

Raw 250 340 370 41,0 500 570 359 532 897 1,72

100 230 330 360 - 430 4,90 580 432 532 760 4,60

110 230 320 340 390 460 510 503 30, 815 419G

120 250 320 330 340 510 L70 355 502 737 12

130 190 300 290 320 450 450 356 388 508 371

140 180 270 290 300 420 410 455 417 572 36

150 150 280 250 300 320 390 320 164 607 309

195 100 &0 100 g0 70 80 1290 189 422 140

Storage time

Mean 108 280 287 326 350 532 3,9 378 676

b. _Stored at 100°F. _ _ _

Pre- ' ' - Pre-~
Irradiation Irradiation
Temperature __ - : Y e Temperature
0°F. 0 15 30 69 B 120 160 200 Mean

Raw 250 470 810 850 G760 1250 979 772 1176 836

100 230 470 680 820 1670 1190 L38 861 1070 758

110 230 470 690 860 970 1140 638 951 1054 778

120 250 380 690 800 790 1010 L82 799 950 683

130 190 350 4,80 630 720 840 572 755 968 611

140 180 320 4,90 630 700 820 470 631  OlLL 542

150 150 320 390 520 710 700 316 437 634 1,64

195 100 100 100 j¢¢] S0 90 108 201 552 159

8¢

Storage time
Mean _198 357 462 650 750 870 500 675 881
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cooked and stored for 120 days at 100°F. (Table 5b) hed |
apparently not fomed much more amino nitrogen than the
cooked, unstored meat. HNeat that has been heated to 150°F.
and stored at 100°F. for 160 days would seem to have little
more breakdown of the protein to amino nitrogen than the
raw meat stored for 15 days at 100°F,

The fact that the increase of amino nitrogen during
the storage of irrediation sterilized meat is inversely
proportional to the pre-irraGiation heating temperature
has been indicated previously by the work of Bautista (6,
pe 41) who reported on similarly treated samples held at
34°F, The work as represented here would seem to be con-
sistent with the sarlier work of Bautistas

The two way table indicating the effect of time of
storage and storage temperature is presented in Table 6.
There was about a four fold inecrease in the amino nitrogen
content irrespeotive of pre~irradiation heating or storage
temperature. It ig interesting to note that as the pre-
irradiation heating temperature increased, less amino nitro-
gen could be quantitated but this was further modified by
both the time and temperature of storages An increase in
the latter two variables almost always resulted in a

greater quantity of the amino nitrogen}



- TABLE 6

THE EFFECT OF STORAGE TIME AND TEMPERATURE ON THE AMINO NITROGEN CONTENT OF BEEF IRRADI-
ATED AT 5,0 MEGARAD

(Values expressed as mgs. percent dry weight sample)

Storage | Storage
Temperature | ve time (day 3 _ Temperature
O“F. 6] 15 30 - 120 160 200 HMean

70 199 279 287 325 391 433 349 377 640 36L

10C 199 357 540 649 751 876 500 675 881 603
Storage
Time .
Mean i99 31¢ L13 L,87 571 655 421 526 760




Trichloroacetic AcidaSoluble Nitrozen

Although a three way interaction between the storage
tenperature, storage time and pre~irradiation heating tem-
perature was not indicated from Table 7 the storage tiwme
would appear to have had the greatest influence upon the
release of TCA—soluble nitrogens The storage temperature
wés second in prominence, while the pre-irradiation heating
temperature was someWhat less important. The interactions
between the storage temperature and storage time were sig-
nificant as were the other two way interactions.

The effect of the three variables mentioned above on
the TCA-soluble nitrogen of irradiated beef can be seen in
Tables Ba and 8b. As can be seen from Table 8 irrespective
of the storage temperature the pre-irradiation heating tem~
perature of 195°F. (cooked) resulted in a slow increase of
TCA~soluble nitrogens As can be seen from the means in
Teble 8, the TCA~-soluble nitrogen values for samples pre-~
heated to 195°F. are about half those of samples pre-heated
to 150°F, It can be seen that the meat that was pre-heated
195°%., then irradiated, and stored for 200 days had nearly
the same TCA-soluble nitrogen content as &id the raw meat
stored for 60 to 80 days.

It would appear that the release of TCA-soluble nitro-
gen @uring the storage of irradiated meat will increase

with decreasing pre~irradiation heating temperatures.
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TABLE 7
ANALYSIS OF VARIANCE rfOR TCA-SOLUBLE NITROGEN IN BEEF

IRRADIATED AT 5.0 MEGARAD AS AFFECTED BY PRE-IRRADIATION
TEMPERSTURE, STORAGE TIME AND TEMPERATURE

Variation Degrees of llean ¥
due to freedom Square
Total 431
Replication 2 0.,0072 0.,208(N.S.)
Storage Temperature b} 6.5539  189,419%*
Storage Time 8 22,0405  637.008%*
Pre~Irradiation
Temperature 7 5.2956 95,248%%
Stg. Temp. x Stg. Time 8 1.16924 35.T7976%*
Stg. Temp. x Pre-Temp. 7 0.0924 2.6705%%
| S5t8o Time x Pre-Temp. 56 .0+1928 5.572%*
Stg. Temp. x Stg. Time
X Pre-Temp. 56 0.0446 1.289(N.S.)
Error 286 0.,0346

Wi gignificant at 1% level.



TABLE 8
THE EFFECT OF THE TEMPERATURE ATTALHED IN PRE-JRRADIATION HEATING, STORAGE TIME AND TEM-
PERATURE ON THE TCA-SOLUBLE NITROGEN CONTENT OF BEEF IRRADIATED AT 5.0 MEGARAD
(Values expressed as mgs. percent dry weight sample)

8s__Stored at 76,

Pre- . P - Px:'e.-

Irradiation Irradiation

Temperature _ __Storage time (days) _ Temperature
.0 15 30 45 60 80 120 160 200 Mean

Raw 280 290 390 530 1250 1430 1780 1280 1830 1006

160 270 . 280 380 480 1180 1380 1570 1770 1980 1032

110 27C 260 320 L60 1610 1270 1500 1230 1850 207

120 260 250 330 L30 9210 11¢0 130 1290 1730 8,8

130 2L0 260 320 370 800 1020 1170 930 1690 755

1,0 230 240 290 360 800 870 1470 970 1610 760

150 210 220 260 280 790 810 - 950 770 1680 663

195 80 100 120 o0 80 S0 720 L0 1480 361

Storage time

Mean 230 238 303 375 852 996 1312 1091 1731

be. Stored at 160°F. _ _ _

Pre- ~ Pre~

Irradiation : ‘ Irradiation

Temperature — _Storage time (days) — — Temperature

0°r. 0 15 30 kb 0 80 120 160 200 Mean

Raw 280 32¢ 400 650 1260 1690 2580 1410 2980 1285 .

1CC 270 340 380 650 1130 1550 2230 1960 2830 1260

110 270 300 L0G 620 1110 1480 2540 2020 2540 1253

120 260 280 380 620 290 1130 1950 1820 2660 1121

130 2L0  26C 310 500 920 950 2056 1730 2790 1083

140 230 250 300 - 4,20 - 860 940 2360 1590 2120 1015

150 2106 210 280 35C 880 740 1860 1320 1760 845

195 80 S0 %0 90 110 80 1050 780 1650 L46

ee

Storage time .
Mean _ 230 256 317 487 907 1070 2077 1578 2425




TABLE 9

THE EFFECT OF STORAGE TILiZE AND TEMPERATURE ON THE TCA-SCLUBLE NITROGEN CONTENT OF BEEF
IRRADIATED AT 5.0 HMEGARAD

{Values expressed as mgs. percent dry weight sample)

Storage _ _ __Storage time gda%s) Storage
Tgmperature 0 15 30 T 45 50 30 © 71200 160 200 Temperature
0 ‘. Mean

70 230 238 303 37& 855 988 1314 1082 1734 792
106 230 255 318 L9 908 1071 2076 1578 2425 1038
Storage
Time '
Mean 230 246 310 L33 881 1023 1695 133C 2079

e
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A two way table showing the effect of storage time and
storage temperature is shown in Table 9. Irrespective of
pre-heating temperature, the quantity of TCA-soluble nitro-
gen released in meat stored at 100°F, was about thirty per-
cent greater than that released at 70°F. storage. This can
be seen from the storage temperature mecans in Table 9.

From Table 9 the importance of storage time on the
release of TCA-soluble nitrogen should be noted. Irre-
spective of the pre-irradiation heating temperature or
storage temperature there was about a ten fold increase
during 200 days of storage.

lAn increase in storage time or storage temperature
always resulted in higher TCA-scluble nitrogen values irre-
gardless of the pre-heating temperature employe&. However,
the pre-irradiation heating temperature of 195°F. did dras-
tically reduce the release of TCA~-soluble nitrogen.

Total Soluble Nitrogen

While all interactions between storage temperature,
storage time and pre-irradiation heat ing appear significant
in Table 10 for their effect on total soluble nitrogen, the
pre-irradiation heating temperature was the most important.
The storage temperature was next in importaence while the
storage time was a slightly less critical variable. The two

way interactions of storage temperature and storage time,



TABDLE 10

ANALYSIS OF VARIANCE FOR TOTAL OSCLUBLE NITROGEN IN BEEF
IRRADIATED AT 5.0 IEGARAD AS AFFICTED BY PRE-IRRADIALICON
HEATING TEJPERATURD, STCRAGE TIME

AND TELwlERATURE

Variation Degrées of Mean F
due to Treedon Square
Total 431
Replication 2 0.1000 5, 405%%
Storage Temperature 1 2,2360 120,8648%%
Storage Time 8 1.6852 91.0918%%
Pre~Irradiation

Temperature - 7 7.7105  416,7837%*
Stg. Temp. x Stg. Time 8 0.2315 12,5135%%
Stgs Temp. X Pre~Temps 7 0.0450 2.4324%
Stg. Time x Pre-Temp., 56 0.1261 6.8162%%
Stg. Temps x Stg. Time

x Pre-Temp. 56 0.0372 2.0108%*

Error 286 0.0185

*  Significant at 5% level.

*%  gignificant at 1% level.
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storage teuperature and pre-irradlation heating, as well as
storage time and pre-irraliation heating were ell signifi-
canv. }

In Tables lla and 11lb can be seen the effects of the
above fhree variables on the total soluble nitrogen in.irra-
diated beef. The pre~irradiation heating temperature of
196°F. kept the soluble nitrogen value at a lower level
than 4id the other pre-heating temperatures, As ecan be
seen from the pre-temperature nmeans in Table 1l the pre-
heating temperature of lSOOFo held down the release of
soluble nitrogen, but was not as effective as cooking at
195°F. lieat that was cooked and irradiated, then stored
for 200 days at 100°F. had about the same soluble nitrogen
content as raw meat stored under the same conditions for
60 to 80 dayse }Meat which was cooked, irradiated, then
stored for 200 days at 70°F. was similar in total soluble
nitrogen content to raw meat stored at 70°F. for 45 days.

It would appear from Table 11 that the increase in
total soluble nitrogen is greater as the pre~irradiation
heating temperature decreasese

The two way table with the effect of storage time and
storage tvemperature is indicated in Table 12. The amount
cf total soluble nitrogen released in irraliated meat
storé& at lOOoF. was slightly greater than that released at

70°F. storage irrespective of storage time or pre-heating.



TABLE 11
THE EFFECT OF THE TEMPERATURE ATTAINED IN PRE-IRRADIATION HEATING, STORAGE TIME AND TEM-
PERATURE ON THE TOTAL SCLUBLE KITROGEN CONTENT OF BEEF IRRADIATED AT 5.0 MEGARAD
{Values expressed as mgs. percent dry weight sample)

2.  Stored at 70°F.

S : — : _ : _ B
Irradiation _ _ Irradiation
Temperature ________ o Storage time (d s) i Temperature
0°F, [¢) 15 30 Lo 0 0. . 120 160 200 _ Wean
Raw 676 1460 1760 1010 2010 2060 2,80 1920 2840 1901

100 670 1310 1700 1906 2040 2040 1990 2220 2730 1845

110 64,0 1000 1613 1820 1920 1940 2160- 1950 2690 1748

120 530 940 1660 1713 1723 1870 2060 1980 2540 1668

130 520 770 14,96 1613 1630 1890 1770 1580 2300 1507

140 350 603 1193 1267 1473 1647 = 1950 1620 <1850 1328

150 330 560 980 960 1140 1223 1900 1260 2350 1182

195 286 270 570 4,60 793 960 %00 710 1950 776
Storage time ﬁ .

Mean 500 851 1371 15456 1591 1703 1912 1655 24,05

bs Stored at 100°F. B _ o _

Pre- ' - Pre-
Irradlatlon : Irradiation
Temperature _ — ____Storage time §da§s) . — . Temperature
0°F, [8) 15 30 45 60, 50 320 160 200 __ Mean .
Raw 676 103 1760 1880 1883 2200 2680 1870 3010 1932

100 670 1453 1673 1790 2020 2140 2790 2600 2800 1992

110 640 1460 1760 1930 1970 2010 2550 2360 2760 1937

120 530 1360 1740 1847 173C 2003 2490 2110 2720 18636

130 520 753 1413 1550 1700 1920 2,00 2190 2850 1689

140 350 720 1241 1460 1500 1780 2,30 1830 2190 1500

150 330 540 1140 1126 1240 1173 1860 1770 2180 1262

195 286 420 670 - 770 850 990 1350 1140 2050 947

LE

Storage time
Mean 500 1013 1428 1544 161 1777 2318 1983 2507




TABLE 12

THE EFFECT OF STORAGE TIME AND TEJPERATURE CN THE TOTAL SOLUBLE WITROGEN CONTENT OF BEER

IRRADIATED AT 5.0 MEGARAD

{Values expressed as mgs. percent dry weight sample)

2132

24,84,

Storage Storage
Tgmperature _ Storage time (days) . Temperature
o°F. 0 15 30 L5 0 0 120 160 200 Mean

76 501 856 1372 1452 1591 17¢C4 1912 1653 2405 1494

100 - 501 1014 1430 1545 1611 1777 2353 1984 2563 1642
Storage
Time
Mean 501 935 1,01 1496 1601 1742 1818

8¢
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This can be neoted from the means for storage temperature in
Table 12,

The effect of storage time in the release of total sol-
'uble nitrogen is also shown in Table 1l2. There was about a
five fold increase in the constituent during 200 days of
storage, irrespective of the storage temperature or pre-
heating temperature.

As the pre-~irradiation heating temperature increased,
less total soluble nitrogen was found in meat but this was
modified to some extent by the storage time énd storage
temperature. As the storage temperature and time increased
the total solutle nitrogen nearly always increased, irrespec-

tive of the pre~irradiation heating temperature.

Free Amino Acids

Leucine. The amount of free leucine released in beef
during storage after pre~irradiation heating and irradiation
at 5.0 megarad is shown in Tables 13a and 13b. For the meat
stored at VOOF., there was a steady increase with time in
the free leucine in the raw samples and those heated at
100°, 110° and 120°F. Beef pre-heated to 130° and 140°F.
showed only traces of free leucine at the beginning of the
storage period but as the storage time increased free
leueine was found in increasing amounts. Beef pre-hieated

to 150°F. reascted much the same as that heated to 140°F.



. TABLE 13
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THE EFFECT OF THE TEUPERATURE ATTAINED IN PRE~IRRADIATION

HEATING, STORAGE TIME AND TZMPERATURE ON THE LEUCINE

GONTENT OF BEEF IRRADIATED AT 5.0 HMEGARAD

(Values expressed as mgs. percent 4ry weight sample)

a. Beef irradiated at 5.0 megarad and stored at 709F,

Pro- )
Irradiation

Temperature ~ _...Storage time (days]

0 T, 4] 4 30 45 60 BO 120 160 200
Raw 0.7 3o 5.2 309 496 6.0 26 7 1702 1208
100 006 Bo2 Be2 dol 4.3 5.8 3.3 17.2 17.1
110 0s85 3Jod 4.1 4.1 446 6.4 17 9 13.7 13.7
120 065 16 36l 4,0 3.7 5.5 16.8 13.2 13.8
130 T 1.5 241 3.2 3.8 5.6 8.6 10.8 15.5
140 T led 201 3.4 3.4 4.9 6.2 8.6 7.6
150 0 lel 162 1.7 3.3 3.4 267 5.9 2.8
195 0 T 05 0.9 1.6 2.9 0 T 0
b. Beef irrafiated at 5.0 megarad and stored at lOOoF.
Pre=- o

Irradiation

Tempsrature ____Storage time (days) N

0° F. 0 15 30 45 60 80 120 160 200
Raw 0.7 505 309 9.6 8.9 29,6 271 2905 910?
100 0s6 3.8 346 1046 1046 32.9 2.0 85.5 63.1
110 0¢85 460 349 948 10.4 49,1 25.6 22.9 50.6
120 D¢ 348 4,3 10.9 10.8 38.0 266 21,3 48.3
130 T 2ed 246 941 10,7 3747 174 24,6 50.9
140 T 260 2.0 641 11.9 29.6 18+4 1643 32:6
150 0 Le2 103 6.4 11.5 1648 16,8 10.3 13.0
195 0 30 1.0 10,5 17:6 T T T
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but the amount of free leucine found wes considerably less.
¥ree leucine was found in certain stored samples which had
been pre-heated to 195°F. but at 120, 160 and 200 days stor-
age only traces were found at the concentrations spotted.
Attempts were made to increase tne quantity of material
applied to the paper so that these trace amounts could be
quantitateds. This was not successful since the othér amino
acids in the mixture were pfesent in such large amounts that
they cbliterated fhe amino acid in question due to overrun.

fWhen the pre-heated and irradiated beef was stored at
100°F. the amount of free leucine was greatly increased. 1t
appeared as if the only effect of the storage temperature
was that of an increase in the splitting of the amino acid
from its parent proteine

The effect of storage time on the release of free leut
cine of pre~heated and irradiated beefl was to0 increase the
amount found as the storage increased. However, at 70°F.
storage there was a decrease after 120 days after a previous
increase in free leucine. There mey have been a deamination

mechanism active during the later storage tvimes. -

Phenylalanine. The release of free phenylalanine

during the storage of beef after pre~irradiation heating and
irradiation at 5.0 megarad can be seen in Tables 1l4a and
14b, Considering the meat stored at 70°F., there was a

continuous increase with time in the free phenylalanine in
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TABLE 14

THE EFFECT OF THE TEWMPERATURE ATTAINED IN PRE-IRRADIATION
HEATING, STORAGE TIME AND TEMPERATURE ON THE FREE PHENYL-
ALANINE CONTENT OF BEEF IRRADIATED AT 5.0
MEGARAD
(Values expressed as mgs. percent dry weight sample)

8. Beef lirradiated at 5.0 and stored at,?O°F.'

Pre-~

Irradiation St b4 (@ |

Temperature o Storage time ays

ggy? 0 15 56"‘”%5_ 60 sg 120 160 200
Raw T 2:8 2.8 3.3 5.1 18.8 1ll.4 6.4 Ge
100 T 2:1 2.6 2.8 4,2 1649 8.7 8.4 7e
llO T‘ 108 3b9 2.8 501 17(0 703 7.4 60
120 T 563 4¢0 309 899 1309 603 307 80
150 0 0.7 395 302 590 1400 506 218 60
140 0 0.5 3.1 3.0 4.6 9.7 4,8 2.9 3a
150 0 T 1.0 1.7 3.1 4.3 T T T
195 0 0 ] 0.7 1.7 4,1 T T ]

be _Beef irradisted at 5.0 megarad and stored at 100°F.

Irradiation {
Temperature Storage time {days) e

0OF, 0 15 20 45 60 80 120 160 200
Raw T 23 247 5.6 648 7.4 16.2 10+6 14.1
100 T Red Bed H8 6.9 7.2 17.2 13.8 13.7
110 T led 1.6 5.0 7.3 14,7 15.9 13.0 13.9
120 T led 1.9 5.7 8.5 144 14.4 12.0 79
150 O ldl la% 4@5 5.6 790 804 991 13.9
140 0 0.6 049 2.6 5.1 7.0 12.0 Hed 8.0
150 0 T 005 2%? 401 605 ,,7.8 T‘ T
195 0 0 0 T 3.4 666 0 0 0
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the raw samples and thosc pre-heated to 1000, 1100, and 120°F,
Beof that was pre-heated to 150° and 1400F¥. showed no free
phenylalanine at the start of the storage period bug as‘the
storage time increased free phenylalanine was gquantitated in
increasing amounts. %The beef pre~heated to 150°¥. and 195°F.
reacted much the same as that heated to 140°F. but the amount
released was much less. However at 120, 160 and 200 days
storage only traces of free phenylalanine were found in beef
pré-heated to 150°F., while no free phenylalanine was found
in some of the meat pre-heated to 195°F. with the concentra-
tions spotted. Any attempt to increase the quantity of
material spotted resulted in the 6omplete obliteration of the
spot area with streaks from other arino acids.

The pre-heated and irradiated beef stored at 100°F. had
grester amounts of free phenylalanine released. The effect
of the storage temperature increase was to increase sepa-
ration of the amino acid from the p%o%eine

As the storage time increased an incroease in the free
amino acid was noted up to B0 to 120 days, when either a
decrease or a leveling off was observed. There could have
been some loss of free phenylalanine through deamination

during the latter part of the storage time.

Valine. In Tables 15a and 15b is shown the smount of
free valine released during storagé of beef samples after

pre-irradiation heating and irradiation at 5.0 megarad.
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THE EFFECT OF THE TEMPERATURE ATTAINED IN PRE-IRRADIATION

HEATING, STORAGE TIME AND TEMPERATURE ON THE FREE VALINE

CONTENT OF BEEF IRRADIATED AT 5,0 MEGARAD
(Values expressed as mgs. percent dry weight sample)

as Beef irradisted at 5.0 megarad and stqged_at:VOOEo'

Pro-

Irradiation . .
Temperature Storage time gda%s) |
0°F, 015 30 45 60 _ 120 160 200
Raw 0e7 4.3 4.9 4,0 5.1 10.5 18.3 13.6 14.1
100 002 3.7 400 4-6 407 707 . 2090 1500 1605
110 0e2 3.7 4.8 4.7 5.1 8.6 9.9 12.2 1l1l.5
120 T  Beb 3¢9 4e8 4.5 744 13.8 1l.0 11.6
130 T l¢dl 3.8 4.4 5.0 7.4 8.6 9.9 1l:2
140 T 0.8 33 3.9 4.1 5.9 4.1 5.2 8.4
150 0. T L1e3 Le6 2.5 4.6 T 4,2 5¢6
195 0 T 0.8 13 1.2 2.2 0 0 0
100°F.
Pro-
Irradiation
Temperature _ S%Qraée time gda%s) _
0°F. 0 15 30 45" 60 120 160 200
Raw 0.7 dod 448 703 77 2906 204 26.7 4503
100 0.2 401 4.0 7.6 8.3 30.9 26,3 23.4 42.0
llo 002 4:‘03 4202 609 804 55.0 1602 2509 4’2.6
120 T 3.9 4.4 6.9 8,0 25.2 2241 20,0 38,3
130 T Lle7 2.2 642 7.8 24.7 16.2 21l.9 34,0
140 T 1.0 2.0 4.0 6.8 17.6 13.2 13.4 12.2
150 0 Oeé 1.1 4.1 8.1 6.5 6.7 1ll.9 8.7
195 0 D4 047 6.9 9.9 0 0 0
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For meat stored at 70°F., there was a steady increase with
storage time in the free valine in raw samples and those
pre-heated to 100°, 110°, 120° and 180°F. Beef pre-heated
to 1409F. showed only traces of free valine at the beginning
of storage but as the storage time increased the free valine
was found also to increase. Beef pre-heated to 150°F., was
found to react quite like that pre-heated at 140°%. except
that a much smaller amount of the free valine was quanti;
tatéd. Free valine was found in some stored samples which
had been pre-heated to 195°F. but at the 120, 160 and 200
day storage periods no free valine was found at the concen-
trations spotted. Any attempt to increase the concentration
of the spotting was unsuccessful dué to the presence of
larger amounts of other amino acids which blotted out the
separation areas of free valine.

The pre-heated and irradiated beef that was stored at
100°F. had greatly increased amounts of free valine. The
oeffect of increased storage temperature was to cause an
increase in the splitting of valine from the protein.

The effect of storage time on the release of free
valine of the pre-heated and irradiated beef was to increase
the amount quantitated as the storage time increased. How-
ever, there appeared tc be a leveling off of the release
of free valine after 80 days storage. Either less free

valine appeared or some of it was broken down.
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Methionine. The amount of free methionine released

~ during storage of beef after pre-irradiation and irradiation
VS.O negarad can be éeen in Tables 16a and 16b. When the
beef was stored at 70°F, there was & steady increase with
time in the free methionine content in raw semples and those
pre-heated to 100°, 110°, 120°, 130° and 140°F. up to 80
days storage when a decrease was noted. Beef pre-heated to
150°F. reacted much the same as that heated to 140°F. but

at the 120, 160 and 200 days storage periods very little

of the free amino acid was quantitated. Free methionine

was found in some samples pre-heated to 195°F. but in very
low gquantities. At 120, 160 andé 200 dasys storage no free
methionine was found at the quantities spotted. Higher
amount s could not be spotted due to interference from other
amino acids in higher concentration.

As pre-heated and irradiated beef was stored at 100°F.
the amount of free methionine increased greatly over that
stored at 70°F. The free methionine content increased to
80 days storage then decreased noticeably. The possibility
of deamination of the free methionine or loss in some way

should not be discouvnted.

Alanine. Tables 17a and 17b can be consulted for the
amount of frée alanine released in pre-irradiation heated
and irradiated beef during storage., Considering the beef

stored at 70°F.,, there was a steady increase with time in
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THE EFFECT OF THE TEMPERATURE ATTAINED IN PRE~IRRADIATION
HEATING, STORAGE TIME AND TEMPERATURE ON THE FREE NETHIO-
NINE CONTENT OF BEEF IRRADIATED AT 5.0 AMEGARAD

- (Values expressed as mgs. percent dry weight sample)

S tomsiaag

as _Beef irradiated at 5.0 megarad and stored at 70°F.

Pre-

Irradiation

Temperature _Stora

0°F, ‘

Raw 0 269 3.1l 3.7 4.5 102 10.7 5.6 Be5
lOO 0 20‘1 4«.0 4‘01 4:6 1005 9’6.8 Bag 406
110 0 2e7 344 3.4 3.8 10,0 73 5¢9 10,5
120 0 2.6 5.;0 3¢3 597 8»4 4:6,7 592 204
130 0 0.9 3.1 2.9 3.6 8.4 6.3 3.9 4.8
140 0 0s6 368 3.7 4,0 1l.3 &7 343 263
150 0 0:8 259 248 3.8 6+ 2.3 0.7 0.5
195 0 T T 1.4 Bed 0 0
bs__Beef irradiated at 5.0 megarad and stored at 100°F,
TroT ‘ 4=

Irradiation

Temperature ___ _____Storage time (d@%s) .

0°r, ¢) 195 30 45 60 8 120 160 200
Raw 0 3.8 495 801 8'2 57@0 9.5 1095 14,6
100 0 Beb 3.9 Ts2 9.6 0.3 9.9 10.86 11.9
110 0 B02 Z42 8.7 B.8 30.7 7Te4 9.8 14.4
120 0 sl 344 6.0 Y.4 30.1 10.6 5.9 13.7
130 0 207 3.1 605 8.9 1604 7‘03 909 12¢0
140 0 1.6 1eB 442 B8B.l 2345 7.2 6.0 7.2
150 0 08 le2 5.2 B8eH 2le7 6.2 T T
1956 0 T 0.4 1.7 7.3 9.9 0 0




TABLE 17

THE BEFFECT OF THE TEMPERATURE ATTAINED IN PRE«IRRADIATICON
HEATING, STORAGE TIME AND TEMPERATURE ON THE FREE ALANINE
CONTENT OF BEEF IRRADIATED AT 5.0 UEGARAD .
(Values expressed as mgs. percent 4ry weight sample)

a. Beef irradiated at 5.0 megarad and stored et 70°%F.
Pre-

Irradiation ‘
Tempe rature _. Storage time (dgys ) _
0°p . 0 14 30 45 60 80 120 160 200
Raw 0s6 109 2.4 3.1 4.2 35.0 18.6 44.3 12.7
100 0.5 1led 261 B.7 5.4 34.0 25.4 48.0 9.4
110 002 1le2 2.1 248 442 30.6 1lséd 24,6 9.2
120 T 0.9 102 200 208 25 9 60‘6 5’7.& 905
130 T 0.5 18l le4d 2.0 22.4 12.4 1.3 14.1
140 T T 0.5 0.5 1.8 21.3 6.6 20,0 11.2
150 0] T T T led 6.2 2.2 9.7 3.6
195 0 0 4] T 1.1 303 2.6 3.1 T
Beef irradiated at 5.0 megarad and stored at ;OOOFa
Pre~
Irradiation
Temperature Storage tiwme (da%s)
0°F,, 0 15 30 80 8 180 200
Raw 0e6 246 342 1641 1746 3048 46.3 65.9 65.6
100 0.8 2.7 2.8 17.0 20,7 42.4 56.0 67,2 5643
110 062 2.9 3.6 17.1 1844 33.8 37.2 59.7 58.9
120 T 2ol 2.7 1742 1744 36.1 3404 47.8 44,3
130 T 290 202 1692 1702 354:3 4302 4904: 42:0
140 T 1ol 163 17.0 14.2 17.6 22.56 47.7 4640
150 0 T T 12.8 10.3 16.3 8.8 26.6 23.4
195 0 0 0 2.2 3.4 9.9 T T 3¢9

5
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the free alanine in raw semples and those pre~heated at
100°, 110°, 120°, 130° and 140°F., Beef pre-heated to 150°F.
showed no free alanine at the beginning of storage but as
the storage time increased free alanine was quantitated in
small emounts. Free alanine was found in very small amounts
in samples pre~-heated to 195°F. but at 200 days storage only
a trace could be quantitated at the concentration spotted.
Any attempt to increase the quantity of material spotted was
met with failure due to the interferencs of other amino acids.

As pre-heated and irradiated beef was stored at L00°F.
the amount of the free amino acid greatly increased over
that at 70°F., storages

As the storage time increased a greater release of free
alanine was noted up to 160 days storage at 70°F. when a
decrease was noted. The amount of free alanine increased

steadily during storage at 100°F,

Threonines. The release of free threonine during the
storage of beef after pre-irradiation heating and irradi-
ation at 5.0 megarad can be seen in Tables 18a and 18b.
There was a steady increase with ¢ime in the free threonine
content of beef pre-heated to 100°, 110°, 120°, 130°, 140°
and. 150°F., and stored at 70°F., Beef pre-heated to 1959F..
was féund to release small quantities of free threonine but

at 120 and 160 days storage the difficulties of spotting
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TABLE 18
THE EFFECT OF THE TEMPERATURE ATTAINED IN PRE-IRRADIATION
HEATING, STORAGE TIME AND TEMPERATURE ON THE FREE THREONINE
CONTBNT OF BHEEF IRRALDIATED AT 5.0 MEGARAD

(Values expressed as mgs. percent dry weight sample)

a. Beef irradiated at 5.0 megarad and stored_at VOOFL

Pre-

Irradiat ion ,

Temperature Storage time (days)

0°F, 0 15 S0 45 60 80 120 160 200
Raw 0 O 142 3.6 3.8 25H.1 B.l 1l4.1 6.0
100 0 0.6 241 3.1 5.3 24.4 9.4 l2.4 7.6
110 0 T 1.8 2.4 3.8 15.3 7.0 6.1 10,1
120 0 T o 2.6 3.4 14.3 8.9 4,0 4,0
130 0 T T 1.8 2.5 11.2 15.2 T 6.0
140 0 0 T T 203 8.9 5.9 5.1 6.0
150 0] 0 0 T 1.2 5.7 1.7 1.8 3.0
199 0 0 0 T 1.0 5.5 0 T 1.6

be Beef irradiated at 5.0 megarad and stored at 100°F.
Pre- ' u

Irradiation

Temperature Storage time (days)

0° Fa 0 15 30 45 60 80 120 160 200
Raw 0 lel 261 13,5 1l4.7 29.6 13.8 14.9 7.9
100 0 le2 2.1 13,9 16.7 3lel 12.4 17.2 14.2
110 0 T 0.7 14,1 15.7 23.1 7.4 14,0 19.9
120 0 P T 14.2 15.3 25.7 T 20.4 14,8
130 0 T T 13.4 14,7 23.2 2.6 16.1 3.6
140 0 T T 7.8 7.7 10.1 4,0 13.2 1l.5
150 0 ¢ 0 5.8 9,1 13.9 1.7 Ted 8.0
195 0 0 0 T 4,3 14.1 0 0 T
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with interference from some other amino acids did not allow
the use of greater concentrations. A quantitative amount
was read at 200 days, however, and a noticeable decrease
wag noted from 80 days storage which had been the last sem-
ples quantitated at the pre-heating temperature of 195°p.

As the pre~heated and irradiated beef was stored at
100°F, the amount of free ﬁhreonine.quantitated was greater
than that found in beef which had been stored at 70°F, It
may be that the only effecﬁ of the storage temperature was
that of an increase in the amount of threonine to split
from the proteins

The effect of storaéé time on the release of free thre-
onine in pre-heated an@ irradiated beef was Yo increase the
amount'found as the time of storage increased to 80 days.
After 80 days storage there is a noticeable decrease in freé
threonine. This may be dus to a loss of the free threonihe

content by deamination or some other form of breakdown.

Glycine. In Tables 1%9a and 19b can be seen the amount
of free glyeine released during the storage of pre-heated
and irradiated beef. Raw meat and that pre-heated to 1000,
110°, 120°, 130° and 140°F. and stored at 70°F. was found
to have a steady increase in. the release of free glyecine
with time. Beef pre-heated to 150°F, was found to react
imuch the same as that pre-heated at 140°F., but with consid-

erably less being quantitated. As can be seen from Table
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TABLE 19
THZ EFFECT OF THE TEMFERATURE ATTAINED IN PRE-IRRADIATION
HEATING, STORAGE TIME AND THNPRERATURE ON THE FREE GLYCINE
CONTENT OF BEEF IRRADIATIED AT 5.0 MEGARAD
(Values expressed as mgs. percent dry weight sample)

as_Beef irradiated at 5.0 megarad and stored at 70°F, .
Pre- ' ' '

Irradiation

Temperature —_ Storage time (days)

0°F., 0 18 80 45 60 80 120 160 200
Raw T 202 205 593 70-7 Zlol 6.8 1000 302
100 7 2:0 2,2 8.1 7.9 15.4 9.0 6.7 3.l
110 T 1o5 2.2 3.7 6.1 20.6 4.0 3.2 4,7
120 T 0.7 1.4 4,0 5.4 13.3 T 2.6 2.0
130 0 0s6 1e7 3.8 5.7 14.9 4.0 1.2 2.6
140 0 T 0.7 364 4.l 14.2 1.1 2.1 3.2
150 0 0 T T 465 6.9 T 066 2.0
195 0 0 0 T 2.5 6.6 0 0 T

be Beef irradiated at 5.0 megarad and stored at 1007F,
Pre-

Irradiation

Tgmperature _ ‘Storage time (days)

091 0 15 40 45 60 80 120 ’ 160 200
Raw T 4.8 8.7 7.0 9.7 29,6 10.1 6.1 1l6.4
100 T 5s1 D8 7.2 11.8 3643 5.3 1l.5 '13.1
110 T 4.4 5,0 7.4 10,5 25.0 5.0 9.4 -12.1
120 T 2.8 443 7.2 8s6 25,4 9.6 9.8 - 7.6
130 0 1.5 1le8 6.8 9.8 25.4 8.8 8.2 5.2
140 0 l.4 2.0 6.1 8.2 15.5 6.0 7.6 8.8
150 0 T T 6.2 9.1 9.1 T 2.2 T

195 (4] ¢ 0 T 6.5 13.28 0 0 1,0
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19a, the meat that was pre~-heated at 195°F. was found to
release some free glycine but only in relatively small
quantities., It should be noted that where traces appesar
in the taebles all efforts to quantitate the free amino
acid falled, as was the case in the preceeding amino acids
studied. _

At 100°7, stérage the free glycine was released in
higher amounts than at 70%F: storage. It would seem that
the higher temperature allowsd more of the glycine to be
released from the native protein.

The effect of storage time was to increases the amount
of free glycine found as the storage time increased. How-
ever, after 80 days storage there was a sharp decrease in
the free glycine quantitated. The possibility of the

deamination of glycine exists.

Serine. In Tables 20a and 20b is shown the amount of
free serine released during the storage of pre-heated and
irrédiateﬁ beef. The samﬁles stored at 100°F. had over
two times the free serine that like samples had which were
stored at 70°F, |

The effect storage time had on the release of the
free amino acid can be seen easily from the tables. The
free serine reached a peak amount at 80 days storage after

which 1t declined slightly to 200 days of storage. This
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TABLE 20
THE EFFECT OF THE THEMPERATURE ATTAINED IN PRZ-IRRADIAT ION
HEAT ING, CTORAGE TIHE AND TEMPERATURE ON THE FREE SERINE
CONTENT OF BEZF IRRADIATED AT 5.0 MEGARAD

(Values expressed as mgs. percent dry weight sample)

a.  Beef irradiated at 5.0 megarad and stored at 70°7%.
Pre~

Irradiation '

Tgmperature Storage time (days) .

O F, 8] 15 a0 45 60 80 120 160 200
Raw 0 0.7 1.6 3.7 6,0 1l2.5 5.5 11.4 5.2
100 0 06 4.0 5.6 6.6 15.0 7.5 Ba7 6.4
110 0 T 2.0 4.1 5.1 12.2 4.7 4.1 6.1
120 0 T T 1.3 3.4 10.3 T T 4.7
130 0 (0] T 105 2a5 7.4: 703 T 400
140 0 4] T T 1.5 5.9 2.5 2.1 3.2
150 0 0 0 T 1.7 5.7 1.1 T 4,1
195 0 0 0 D.6 5.5 0 0 5.3

b. Beef irradiasted at 5.0 megarad and stored at 100°F.

Pre-

Irradiation

Temperature Storage time (days) .

0°F, 0 15 40 45 60 80 120 160 200
RaW 0 0.7 106 806 1161 2906 809 8.8 903
100 0 0.8 2.6 8.5 11.7 14.5 8.2 16,4 14.3
110 0 0.4 0.8 7.1 15.0 29.5 7.6 10.6 12.0
120 0 T 0.8 8.7 9.2 28.8 8.3 6.0 9.9
130 0 T 0.3 8.6 9.7 14.1 6.1 5.4 6.4
140 0 0 T 4,4 6.3 2b.4 3.7 7.7 9.0
150 0 0 0 4,8 7.1 13,0 l.1 8.6 8.2
195 0. -0 0 T 6.1 13.2 0 0 1.0
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phenomenon of the decrease of free serine after a buildup
has also been noted with several other amino acids.

The effect the pre-irradiation heating had on the
amount of free serine released is quite evident. The higher
pre~irradiation heating temperatures held down the release
of the free amino acid quite well. At the 100°F. storage
temperature the semples heated to 150°F. and stored for
200 days had the sams amount of free serine as the raw

samples stored for 45 days,

Glutamie Acid. The release of free glutamic acid

during the storage of pre-heated and irradiated beef can
be seen from Tables 2la and 21b. The release of free glu—
temic acid in 100°%. storage was several times that for
the samples stored at 70°F.

Storage time was an important variable in the relegse
of free giutamic acid. It steadily increased during stor-
age with the peak coming at 80 days for the 70°F. storage
samples and st 200 days for those stored at 100°F. There
was a slight decrease of the free amino acid after 80 days
storage at 70°F.

The effect of pre-irradiation heating on the releass
of this amino acid is apparent., Very little if any free
glutamic acid was found in the cooked samples, while very

high amounts were found in those which were raw. Samples
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THE EFFECT OF '[HE TEMPLRATURE ATTAINED IN PRE-IRRADIATION
HEATING, STORAGE TIME AND TEJPERATURE ON THE FREE GLUTAMIC

ACID CONTENT OF BEEF IRRADIATZED AT 5.0 MEGARAD

(Values expressed as mgs. percent dry weight sample)

G

Beef irradiated at 5.0 megarad and stored at 70%F,

Pre-

Irradiation

Tgmperature Storage time (days)

0" T, 15 20 45 60 80 120 160 200
Raw lo4d 3.0 3.5 4.2 5,1 18.8 10,7 24.4 14.5
100 loel 3.)l 2.8 4.6 6.6 23.2 13.3 16.0 7.7
110 0.9 2.0 2.5 4.1 5.1 18.4 14,7 7.4 12.6
120 T 1.2 2.0 4.4 5.3 18.5 '10.2 7.4 11.5
130 T 1.1 1.9 3.9 4.4 17.9 B.7 763 8.6
140 T 0.8 1.1 1.9 2.3 7.1 8.5 B.7 4,8
150 0 0.4 0.7 Lol 1.7 6.9 4.7 348 4.9
195 0 0 0 T 0.6 0.9 4.3 T 6.4
b, Beef irradiated at 5.0 megarad and stored at 100°F.

Pre=

Irradiation

Temperature Storage time {(days)

0°rF, 0 19 30 45 60 80 120 160 200
Raw led 4.0 4.8 10.6 11.6 22.2 28,1 24.6 46.9
100 lel 4.3 5,1 11.38 12.8 40,0 27.8 3%.5 21.9
110 0.9 4,3 4.9 11.6 13.2 4&4.2 32,2 27.%5 31.8
120 T 2.5 3.0 12,0 12.7 28,8 1%.,0 18.1 24.2
130 T 2.6 2.4 11.7 13.7 19.7 17.9 14.9 20.6
140 T 0e3 1.7 5.2 S¢b 14.1 9.1 10.6 23,3
150 0 T T 5.1 6.4 13.0 2.8 9.0 12.8
1956 0 0 0 T Deb 6.6 l.1 T T
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heated to 150°F. and stored for 160 days at 100°F. were
equivalent in the amount of free glutamic acid they contained
to raw samples stored for 45 days. Efforts at quantitating
free glutamic acid in samples where only traces were noted

failed due to the interfering affects of other amino acids.

Aspartic Acids The release of free aspartic acld of

pre-heated, irradiated beef is shown in Tables 22a and 22b.
In 70°F. storage only the 30, 45 and 60 day storage periods
showed quantitative amounts of the free amino acid. In
100°F, storage only the 30 day samples showel significant
amounts in the free state. After 60 days of storage there
was not even a trace of free aspartic acid in the samples.
The amino acid had either been broken down or it had recom-
bined with the protein in some way.

Only the raw samples and those heated to lower tem-
peratures had free aspartic acid in quantitative amounts.
This might indicate that enzymic activity had some function
in ite release and disappearance.

The raw samples stored at 100°F., for 30 days had the

highest amount release@ in the free state.

Lysine. The results for the release of free lysine
in pre-heated and irradiated beef can be seen in Tables
23a and 23b. In 70°PF. storage the release of a quantita-

tive amount of free lysine was obtained only in the 80



TABLE 22
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THE EZFFECT OF THE TTEIMPERATURE ATTAINTD IN PRE~-IRRADIATION
HEATING, STORAGE TIME AND TUMPERATURE ON THE FREE ASPARTIC

ACID CONTENT OF BEEF IRRADIATIED AT 5.0 [IEGARAD
(Values expressed as mgs. perceant dry weight sample)

a. Beef irradiated at 5.0 megarad and stored at 70°F.

Pre=-

Irradiation

1emper&ture Storage time (dAgs)

0°F, 4] 15 30 45 60 120 1oU 200
Raw 0 T 106 2.5 2e2 G 0 0 0
100 0] T led 2.5 2.7 9] 0 0 0
110 0 T 1.5 2.4 1.0 G 8] 0 0
120 0 T T 1.3 1 C 0 0 0
130 0 0 T i T ¢ 0 0] 0
140 0 0 T ? T 0 0 0] 0
150 0 0 0 T 1 0 0 0 0
195 0 0 0 T T 0 0 0 0
be Beef irradiated at 5.0 megarad and stored at 100°F.
Pre-

Irradiation

Temperature Storage time (days)

0°F, 0 15 30 45 60 80 120 160 200
Raw ° 0 T 3.0 C 0 0 0 0 0
100 0 T 1.7 0 0 0 Q 0 0
110 0 T 1.8 0 0 0 0 0 0
120 0 T T 0 0 0 0 0 0
130 0 T T 0 0 0 0 0 0
140 0 0 T O 0 0 O 0 0
150 0 C 6] 0 0 0 0 0 0
195 0 0 0 0 0 0 0 0 0
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TABLE 23

THE EFFECT OF THE TT4PERATURE ATTAINED IN PRE-IRRADIATION
HEATING, STORAGE TIME AND TEuPTRATURE ON THE FRGE LYSINE
CONTENT OF BETF IRRADIATZED AT 5.0 MEGARAD
{Values expressed as mgs. percent dry weight sample)

a. Beef irradiated at 5.0 megarad and stored at 70°T,
Pre- ‘

Irradiation

Temperature __Storage time (davs)

0" F. 0 15 30 5 60 80 120 160 200
Raw 0 0 0 0 T l.1l 0 T T
100 0 0 0 o 7T 0.7 . O T T
110 0 0 0 0 T . T o T T
120 0 0] 0 0 0 0 0 T T
130 0 0 0 0 0 0 0 0 0
140 0 0 0 0 - 0 0] 0" 0 0
150 0 0 0 0 0 0 0 0 0
195 0 0 0 0 0] 0 0" 0 0

b. Beef irradiated at 5.0 megarad and stored at 100°F.
Pre- '

Irradiation

Tgmperat ure Storage time {(days)

0VF, 0 15 30 45 60 80 120 160 200
Raw 0 T 0.9 3.0 2.4 T 0 T 13.0
100 0 T 0.8 3.3 2.8 T 0 5.3 5.4
120 0 T 1.1 2.6 2.0 T 0 T 5.2
130 0 0 0.5 1.8 1.7 0 0 T 3¢5
140 0 0 0.5 1.2 1.5 0 0 - 0 T
150 0 0 T 1.0 1l.6 0 0 0 0
195 0 0 0 0.6 0.9 0 0 0 0




60
day samples. Traces were noticed in several others, but
only in the raw samples or those heated to lower tempera-
turess Much more free lysine came out in the 100°F, storage
samplese It started to be released after 15 days of storage
and then peaked at 45 days. After 45 days there was a slow
decline until no free lysine was detected at 120 days stor-
age. At 160 days of storage the free amino acid again
appeared and at 200 days had built up to its second and
highest peak. Most of the efforts in attempting to secure
quantitative results for the 80 and 120 day samplés were
fruitless due to the previously discussed interferences of
other amino acids.

The effects of cooking and of the 150°F. pre-irradi-
ation heating temperature were particularly noticeable since

little or no free lysine appeared in those samples.

Tyrosine. In Tables 24a and 24b cen be seen the
release of free tyrosine during storage of pre-heated and
irradiated beef. TFree tyrosine was much more evident in
the samples stored at IOOOF. which had practically twice
as much as the corresponding 70°F, storage samples.

The increase in free tyrosine was.steady throughout
and peaked at 200 days storage. A large increase occurred
in the 100°F, samples between 30 and 60 days, and a huge
increase was noticed after 80 days storage. For the san-

ples stored at 70°F. there was a large increase in free
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TLABLE 24

THE EFTECT OF THE TTUPERATURE ATTAINED IN PRE~IRRACIATION
HEATING, STOR4GE TIME AND TEMPERATURE ON THE FREE TYROSINE
CONTENT OF BECZF IRRADIATED AT 5.0 MEGARAD
(Values expressed as mgs. percent 4dry weight sample)

a. Beef irradiated at 5.0 megarad and stored at 70°F,
Pre= :

Irradistion ,

Temperature ____Storege time (days)

0°%. 0 15 380 4 60 80 120 160 200
Raw 007 106 2.4 500 7.8 1206 3102 54.9 74.5
100 0.6 l.4 3.0 5.8 6,6 11.8 29.0 48.8 68.0
110 0.5 0.6 2.6 4.9 5.5 0.8 24.5 49.4 67.7
120 T 13 2.2 5,3 5.2 S.8 19.6 34,9 64,1
130 T 0.6 1.9 4.4 4.1 Te4 15.9 30.7 51.2
140 T 0.7 1.5 3.0 2.6 S5¢4 5.9 19.4 49,9
150 T 0.3 l.1 1.8 2.5 3.0 T T 16.0
195 T T 0.5 0.6 1.0 0 0 0 T

b. Beef irradiated at 5.0 megarad and stored at 100°F,

Pre=~

Irradiastion

Temperature Storage time (days)

0°F, 15 80 45 60 80 120 160 200
Raw 07 1.9 4.5 14.5 25.1 28.4 93.3 122.0 142.0
100 0.6 1.5 4.7 12.9 27.6 27.8 107.0 138.0 131.0
110 0¢85 1o9 3.6 12.6 25.3 36.9 80.9 126.0 128,0
120 T led 3.4 11.6 23.9 27.7 8.0 94.4 114.0
130 T 1e6 24 7ol 12.2 25.3 34.5 4%9.2 99.7
140 T 1ed 1.8 7.5 11.7 el 4,0 BL,7T 9%.2
150 T Ce6 1.1 344 4.2 342 157 22.5 24.4
195 T 0 0.6 2.7 2.1 0 0 0 0
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tyrosine between 80 and 120 days with the increase contine
uing on to 200 days.

Pre~irradiation hesting was an important factor in pre-
venting the release of free tyrosine. The cooked samples
had very little if any of the free amino acid present even
after 200 days of storage at 100°F., while the raw samples
had very large amounts present. With the very large amount
of the free amino acid thet was released in the 160 and 200
day samples 1t becomes easier to understand how tyrosine
erystals could appear on the surface of raw, irradiated
beef stored for 4 to 6 months {12, p. 606).

With the very steady increase in free tyrosine noted
over 200 days of storage it could become quite useful as an
index of proteolysis for the long term storage of irradiated

meatse

Histidine. The results for the release o free histi-
dine in pre<heated and irradiated beef can be seen in Tables
28a and 25b. Somewhat more free histidine was liberated
" under 100°F. storage conditions than was released at 70°F,
storages The increase of the amino acid was steady through-
out the entire 200 day storage period. The increase was
large between 30 and 60 days storage at both 70%nd 100°F.

There was considerably less free histidine released
from cooked samples as comparel with raw samples, but the

amount released in the former was much higher than that of
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TABLE 28
THE EFFECT CF THE TELIERATURE ATTAINED IN PRE~IRRADIATICN
HEATING, STORAGE TIME AND TEMPERATURE ON THE FREE HISTIDINE

CONTENT OF BEEF IRRADIATED AT 5.0 MEGARAD
(Values expressed as mgs. percent dry weight sample)

8. Beef irradiated at 5.0 megér&d and stored at 70°7,

Pre-

Irradiation

Temperature _ Storage time (days)

0°F, 0 15 30 45 60 80 T80 160 200
Raw 0 0.8 0,8 1ll.2 27.8 40.1 65.8 66,0 81L.0
100 0 006 1.2 llog 2809 4:206 6605 6208 6608
110 0 0.7 0.7 12:8 25,9 33.7 66.2 56, 613
120 0 05 045 1168 20,1 30.3 43.8 58.8 77.8
130 0 Ded 0.5 860 19,8 22.6 b5H7.6 55,9 49.6
140 0 T 03 5e2 14,5 17.5 2B.5 38.8 39.2
150 0 0 T 26D DHad 8,5 13.1 17.1} 15.8
1956 0 0 0 0.2 2,3 3.7 4.6 do4 4,6
b. Beef irradiated at 5.0 megarad and stored at 100°F.

Pre- )

Irradiat ion

Temperature ____ Storage time (days) _

0°r, 0 15 30 45 60 80 120 160 200
Raw 0 le7 4.9 23.2 41.0 61.3 73.0 78,7 124.0
100 0 1.8 4.4 23,5 41.7 55.1 77.9 84,8 118.0
110 0 1.9 4.9 228.7 41.8 66.4 72.4 84.) 114.0
120 0 1s2 4.8 20.7 41.3 42.8 75,4 80,9 131.0
130 0 0.5 2.9 15.8 26.6 33,3 bH2.3 38,5 117.0
140 0 0.5 2.0 10.8 19. 25.2 39.1 32.7 b55.6
150 0 T 1.1 445 11.8 15.4 20,5 22,3 21.2
195 0 0 04 Llod 3.7 4.7 8.4 9.5 2.0
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other free amino acids. The cooked samples stored for 200
days at 100°F, had about the same free histidine content as
did the raw samples stored for 30 to 45 days. Histidine
was apparently one of the interfering amino acids which had
caused much trouble in the attempts to quantitate certain

amino acids in cooked samples.

Arginine. The release of free arginine during the
storage of pre-heated and irradiated beef can be seen in
Tables 26a and 26b. This amino acid was released steadily
and in large amountss Three or four times more free
arginine was found in the 100°F, storage samples than in
those stored at 70°F.

The increase in free arginine in 200 days was from
eight to thirty fold.

The cooked samples were found to have very little of
the amino acid in the free form. The effect of the 150°F.
pre-irradiation heating temperature was evident in holding
down the release of free arginine in the 70°F. storage
sampless An attempt to quantitate trace values found for
some cooked samples met wifh failure due to the previously

discussed problem of spotting and interference.s

Cystines No free cystine was found. If any was
releasel during storage it immediately broke down and was

not recovered as cystine.
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TABLE 26

THE BFIECT OF THZ TEJPERATURE ATTAINED IN PRE-IRRADIATION
HEATING, STORAGT TIME AND TEMPERATURE ON THE FREE ARGININE
CONTENT OF BEEF IRRADIATED AT 5.0 LIEGARAD
(Values exprcssed as mgs. percent dry weight sample)

" a. Beef irradiated at 5.0 memarad and stored at 70°F.

Pre-

Irradiat ion

Temperature _____Storage time (days)

0°r, 30 45 60 80 120 160 200

(&
-
Oy

Raw Be2 BB Bs6 3.6 34l 14.6 23,0 .29.2 24.0
100 - 2¢8 344 3.3 3.5 3.6 15.0 25.0 .26.2 22.4
110 2T 269 368 3.6 2.9 16.6 20.4 29.4 25.6
120 2.8 247 2,8 3.2 2,2 13.2 15.4 .21.0 23.8
130 2.4 29%“ 205 200 ) 203 803 'lzol ‘1.5‘01 ‘2409
140 1e7 1e8: 2.0 Lo6 1.6 3+9 . 6.2 11l.9 22.2
150 1.3 1.2 1le4:- 1.0- 1,5 35 - 3.5 . D.6 8¢5
195 0.5 048 0.7 0.6 043 2.0 - 2.6 . T 1.5

b Beef irradiated at 5.0 megarad and stored at 100°F.
Pre- , ‘

Irradiation

Tgmperature Storage time (days) ‘

0V F. -0 15 30 45 60 80 120 160 200
Raw 302 5Heb 11.2 -20.2 22,1 32.2 53.8 58+3 109.0
100 208 B¢l 1064 1944 24,6 33.6 '55.2 49.9 96,6
110 267 5.8:11le:1 20,9 22,2 36,9 51s1l 48.7 100,0
120 208 406 809 16091902 5006 4203 58.8 7901
130 2od 4,3 6.0 1346 15.5 218 17.6 47.7 68.5
140 107 208 43‘0'1005 1160 ) 801 1005 5005 46.0
150 105 105 302 709 702 507 7.1 v 805 5509
195 0.5 0.7 1.0 1lo2 1.6 T T T 7T
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Total cystine was, however, present in the meat but

only in small amounts (Table 29).

Proline. The release of free proline during the stor- -
age of pre-heated and irradiated beef can be seen in Tables
27a and 27b. TFor the meat that was stored at 70°F., there
was a steady increase with storage time in the free proline
in raw semples and those pre-heated to 1009, 110°, 120°
end 130°F. Boef pre-heated to 140°, 150° and 195°F. reacted
much the same as that heated to 130°F. but at 80, 120, 160
and 200 days storage there often were only traces and some-
times no free proline could be found at the concentrations
which were 5pottéﬁ.

When the pre-heated and irradiated beef was stored at
100°F. the quantity of free proline released was greatly
increased over those stored at 70°F. It would seem that
the higher storage temperature allowed a greater amount of

proline to split from its original protein source,

Tryptophan. The results for the release of free tryp-

tophan Quring the storage of pre-heated and irradiated beef
can be seen in Tables 28a and 28b. Only a small amount of
free tryptophan could be quantitated and then only at 45

to 80 days storage. There must have been an actual decrease
in the free tryptophan after 80 days storage since the

method for the separation of free tryptophan is not bothered
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TABLE 27
THE EFFECT OF THRE TEUPIRATURE ATTAINED IN PRE~IRRADIATION
HEAT ING, STORAGE TIME AND TEMPERAYURE ON THE FREE PROLINE

CONTINT OF BIEF IRRADIATED AT 5.0 MEGARAD
(Values expressed as mgs. percent 4ry weight sample)

a. Beef irradiated at 5.0 megarad and stored at 70°F.,

Pre=

Irradiation

Temperature Storage time (days)

09T, 0 15 B0 45 60 80 120 160 200
RaW 168 105 201 205 392 4!05 &ol lloo 2201
100 led 1.7 2,0 2.2 3,3 5.1 4,0 11.0 19.3
110 ledH 1.6 1.9 2.0 2.5 4,0 4,9 9,2 18.5
120 l.1 1.3 1.6 1.5 2.0 3.2 2.9 6.2 14.3
130 - 0,6 1.0 1.1 1l.4 2.0 2.4 3.0 3.0 15,0
140 003 008 0080 068 009 108 0 T 699
150 0.2 063 0.2 0.2 0,6 T 0 0 T

195 0.2 0,6 0,2 T 0.5 0 0 0 0

b. Beef irradiasted at 5.0 megarad and stored at 100°F.
Pre~

Irradiation \

Temperature Storage time (days)

0 F. 4] 10 30 45 60 80 120 160 200
Raw 1.8 2.6 6,4 11,8 13.1 15.4 17.5 20.6 52.6
100 led 2.6 5.6 103 1352 13.0 18.6 20.7 45,2
110 1.5 2.6 2.9 4.1 10.6 10.1 15,0 18.4 44.0
120 lel 242 2.2 3.l 6.1 9.3 10.0 17.0 24.6
150 006 105 167 201 405 4(37 7@4 18'97 27.7
140 0.3 0.8 1.2 1.8 2,0 T T 7.5 20.8
150 0.2 0e3 0.5 Lled 1.5 0 0 1.6 T

195 0.2 0.2 0.5 1.0 1.0 0 0 0 0
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TABLE 28

THE EFFECT CF THT THUMPERATURE ATTAINXD IN PRE-IRRADIATION
HEATING, STORAGE TIIE AND TE.PARATURE CN THE FREE TRYPTO-
PHAN CONTENT OF BEEF IRRADI.TED AT 5.0 MEGARAD
(Values expressed as mgs. percent dry weight sample)

as Beef irradiated at 5.0 megarad and stored at 70°F.
Pre«

Irradiation

Tgmperature Storage time (days)

0°F. 015 50 45 60 80 120 160 200
Raw G ¢! 0 ¢ 2.0 3.2 T T T
100 0 0 0 0 1.7 2.5 T T T
110 C 0 0 0 1.2 2.4 T T T
120 0 0 0 0 0.6 1.4 T T T
130 0 0 0 0 T T 0 0 D
140 0 0 0 0 T T 0 0 0
150 0 0 0 0 T T G 0 0
165 .0 0 0 0 T 0 0 0 0

b. _Beef irradiated at 5.0 megarad and stored at 1.00°F,
Pre=- .

Irradiation

Temperature ___ ~ Storage time {(days)

0°F, 0 15 30 4560 80 120 160 200
Raw 0 0 T 1.5 3.4 7 T T T
100 0 0 T 1.9 3.2 7T T T T
110 0 0 T 1.6 3.1 T T T T
120 0 0 T 75 2.5 T 0 T T
130 4] 0] 0 T 1.4 O 0 T T
140 0 0 0 T 1l.1i 0 0 0 0
150 0 0 0 0 1.1 0 0 0 0
195 0 0 o 0 0.6 0 0 0 0
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by the interference of other amino acids. Up to ten times
the normal concéntration spotted for the various storage
times in question d4id not yield more than a trace.

It would appear that the pre-heating temperatures of
195°, 150° and 140°F. had the effect of holding down the
release of free tryptophan during storage cof irradiated
beefs

Proline, arginine, histidine and tyrosine were released
in steadily increasing amounts during 200 days of storage.
The other emino scids were found in steadily increasing
amounts up to 60 to 120 days when they either decreased in
amount or stayel at about the same levels Cystine was not
found in the free states

The naximum release of free amino acids, irrespective
of storage time, storage temperature or pre-irradiation
heating temperature as the percentages of the total amino
acids is as follows: aspartic acid, 0.05; glutamic acid,
0.37; serine, 1.02; glyecine, 0.55; threonins, 0,79;
alanine, 1.20; methionine, 1.71; ¢tyrosine, 4.65; valine,
0.89; phenylalanine, 0.42; leucine, 1.18; lysine, 0.17;
proline, 1.12; arginine, 1.80; histidine, 5.03; and .
tryptophan, 0.66 (Table 29)

To see if any appreciable change in the amounts of the
total amino acids had taken place during storage a raw sam-
ple stored at 100°F. for 200 days was analyzed. The quan-

titative results of the analysis for the total amino acids



TABLE 29

THE MAXIMUM RELTASE OF AIINO ACIDS IN BZIEYF MUSCLE DURING
STORAGE

(Values expressed as mgs./gm. nitrogen)

Amino Acid Total Amount dighest Yercent
- Amount Released
Released ‘
Aspartic Acid  542.5 10,249 0.05
Glutamic Acid  864.4 3.236 0.57
Serine | 200,0 2.044 1,02
Glycine 453.8 20,509 0.55
Threonine 272.5 24151 0.79
Alanine S84, 4 4,639 1.20
Methionine 149.4 2.555 lo%l
Tyrosine 210.6 9.799 4065
Valine 382.5 3,131 0.89
Phenylalanine 281.3 " - 1.188 0.42
Leucine 538.0 6,329 1.18
Lysine 525.0 0.897 0.17
Cystine 63,8 0.00 0,00
Proline 323.1 3,630 1.12
Arginine 417.5 7.522 1.80
Histidine 186.9 9.402 5.03

Tryptophan 7841 0.519 0.66
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?n the 200 day sample are given in Table 30. It can be
noted that the difference bet@een the initial analysis
{0 days storage) and the final analysis (200 days storage)
is very slight and probably only reflects experimental
errors This would indicate that there is no large loss
of amino acids during storage by the actual breakdown of
a free emino acid. There could be a small amount of break-
down but using the limited methods of this research it
could not be detected. |

The very small release of free emino acids in irra=-
diated beef found during storage confirms that previously
observed by Proector and Bhatia (40, p. 359) and Bautista
{6, pe 91}

Further work with the use of radioesctive tracers may

give more knowledge about some of the phenomena found here.

Physical Characteristics of Beef After Pre-Irradiation

Heating, Irradiation of 5.0 HMegarad and Storage at zgfand

10097

All the beef stored for 160 to 200 days at 100°F.
was crumbly, foul smelling and dark in color. The cooked
as well as the raw samples were in this generally decom-
posed state. Cooking, irradiation at 5.0 megarad and stor-
age at 100°F., for 200 days may have 50 altered the struc-

tural proteins that even though microbiologically sterile



TABLE 30
THE TOLCaLl LWIINO ACITS OF BEEF LIUSCLE AS AFFECTED 3Y IRRADI-
ATION AT 5.0 NEGARAD, AND STORAGE AT 100°F. FOR TWO HUNDRED
DAYS

(Values expressed as mgs./em. nitrogeg)

Amino Acid Raw, non-storef Raw, stored Difference
Total Amount Total Amount - or+¥

Aspartic Acid 542.5 531 .8 ~10.7

Glutamic Acld  864.4 810.0 54,4
Serine 200.0 197.5 ~02.5
Glycine 453.8 405.6 48,2
Threonine 272.5 2612 ~11.3
Alanine 3844 58745 +03.1
Methionine 149.4 138.1 -10.3
Tyrosine 210.6 208,.1 -02.5
Valine 352.5 850.0 ~02.5
Phenylalanine 281.3 281.2 -00.1
Leucine 535.0 53347 -Ol;S
Lysine 525.0 522.5 =02.5
Cystine 65.8 65.6 +01.8
Proline 325.1 525.0 $01.9
Arginine 417.5 415;6 -01.9
Histidine 186.9 181.8 ~05.1

Tryptophan 8.1 1.2 -06.9
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andé inactive engzymatically the meat.bacame quite undesirable.
A slight increase in soluble exudate was noticed as the stor-
age time increased. Off ofors may have come from the action
of irraliation on the plastic bag used to hold the meat sam-
ples,.

Thé meat‘stored at 70°Fo'for 160 to 200 days was much
better in general appearance. Colors were more natural
with the cooked samples appearing brown and the raw samples
reds Some darkening was noticed in raw and lightly heated
semples but this 4id not appear to the author as undesirabdble,
These samples were firm snd had fairly gbod texture qual-
itiess The off odor that was noticeable in raw and lightly
heated samples was absent in those cooked or pre~heated to
150°F,

It is the view of this author that once meat 1s heated
sufficiently to inactivate the proteolytic enzymes and
sterilized by gamma irradiation the factors involved in
storage which may cause undesirable physical properties
are enhanced by high storage temperatures. It may be thatl
non-enzymic chemical changes are taking place in the meat
Guring long term storage when it has been previously
sterilized with ionizing radiationéo'

There should be much more work dome on the enzymioc as
well as non-enzymic proteolysis of beef using pre-irradia-
tion cooking, irradiatiQn sterilization and long term

storage at higher than room temperatures.
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SULMARY AND CONCLUSIONS

1. As the time 6f storage increased irrespective of storage
temperatures and pre~irradiation heating temperatures there
was an almost continuous increase of the amino nitrogen,
trichloroacetic acid~soluble nitrogen, total soluble nitro-
gen, free tyrosine, free arginine, free histidine and free
proline, Twelve other amino acids were released in

steadily increasing amounts up to 60 to 120 days of storage
when they either decreased in amount or stayed at about the
same level. Free aspartic acid disappeared altogether after
60 days of storage, while no free cystine was found in the
meat at all. A slightly larger amount of free exulate was

noted with an increase in storage time.

2. The meat stored at 100°F. all had higher amounts of the
constituents analyged than did the samples stored at 70°F.
All long term (over 100 days storage) samples stored at
100°F. were crumbly, foul smelling and dark in color. It
is possible that the odor may have resulted from the use

of plastic containers.

3. A pre-irradiation heating temperature of 150°F. kept
the release of all constituents analyzed at lower levels
than 4id the pre-irradiation temperatures of 140°F. and

below. Pre~-irradiation cooking at 195°F. kept the release
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of the constituents analyzed at very low levels. The
slight changes noted in the cooked samples may be attri-
buted possibly to non-enzymic proteolysis. The odor of
meat pre-heated to 150°F. or 195°F. and stored for 200 days
at 70°F, was good, while those pre-~heated at 140°F. and

less ha8 some off odor.

4, Only a minimum of difference in the total amino acids

before and after storage was found.

5. The percentages of the following amino acids calculated
on the scale of mgs. of amino acid per gm. of nitrogen
released at their highest concentration of the total in

the meat are: aspartic acid, 0.05; glutamic acid, 0.37;
serine, 1.02; glycine, 0.55; threonine, 0.79; alanine,
1.20; methionine, 1.71; tyrosine, 4.65; valine, 0.89;
phenylalanine, 0.,42; 1leucine, 1.18; 1lysine, 0.17; pro-
line, 1.12; arginine, 1.80; histidine, 5.03; and trypto-

ph&n, 066,
6. Cystine was not found in the free state.

7. Tyrosine was released at such a steady rate it might be

useful as an index of proteolysis during long term storage.

8. From this study it is recommended that a pre-irradiation

heating temperature somewhat above 150°F. and possibly

below 195°F. be used in order to lessen the rate of



‘proteolytic activity in irradiated beef during storage.
The irradiated beef should be stored at 70°F. or less if

possible in order to insure good physical qualities.
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