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EFFECT OF PRE-IRRADIATION HEATING
ON THE FLAVOR AND WITROGENOUS CONSTITUENIS OF BEEF DURIKC STORAGE

IWTRODUCTION

With the recognition of the potemtialities of ilonizing radiations
as a means of effecting preservation in foods, a new ers was opened
in food research. It hss been proven that these radistions were
highly efficient in the imactivation of mierocorgenisme and other
forms of life. Their ability to penctrate considerasble thicknesses
of material promised the possibility of treating foods in metal,
glass, and other types of containers. The fact that they produced
only a negligible rise im temperature has attracted sttention to the
possibilitly of preserving im raw state many foods, the preservation
of which depended on severe heat treatments. The method also
promised a deereased requirement for refrigeration equirment which
- was very attractive frem a logistical point of view.

As research vent on, however, it was found that these radiations
brought ebout very undesirsble side effecis. Unpleasant flavors
and odors were produced in foods subjected to these radiaticns. It
vas shown that the intensity of thege off-flavors and odors was
dose~dependent. It was also observed that irradiation to levels
ordinarily used for sterilization d{d not result in the complete
inaetivation of cnzymes. This was particularly true for mesats
irradiated in a raw state. This suggested that enzymatic breakdown

would continue during storage. Consequently, coocking prior to



irradiation would be a logical approach in preventing enzymatic
deterioration during storage. A tendercy towards more intensified
off=flavors upon irradiation of partially or completely cooked meat
was reported (46, p. 238), with the effect of storage not being
investigated. In another report (7, p. 605), benefieial effects of
long term storage on flavor of pre-cooked meat was observed, the
pre-cooked irradiated meat stored at 72° F. being not distinguishable
from unirradiated contrcl at the end of 250 days of storage while
the reverse was true at the beginning of storage. Would this be
true for lovexr pre-heating temperatures; wvhere the final product
wvould partly retain the qualities of uncooked meat? This was an
attractive question.

Consequently, the present investigation was undertoken ¢o
determine the pattern of changes in flavor and in nifragenous CNe
stituents, to serve as an index of proteolytic aetivity, of beef
during prolonged storage at room temperature, with & vievw towards
establishing the minimum preeheating temperature snd/or the maximum
storage period to yield a product the flavor of vhich is not

different from beef heated to cooking teuperatures before irradiation.



Ionizing Radiations

Ionizing radiations have the characteristic¢ property of being
gble to energize individual stoms or molecules of a medium to such
an extent that an orbital electron is ejectéd from the molecule ard
e positively charged ion remedins. Hannea (18, p. b) classified some
of the more important ionizing rediations into tvo categories, one
being the clectromagnetiec waves, the second the particulate radia-
tions. Electromagnetic waves include x-rays and gamwa rays which
are characterized by their deep penctration. Particulate radiations
consist of negatively or positively charged or neutral particles.
For detailed discussions of these radiations the reader is referred
to the reviews by Hannen (18, p. 4-27) and by The United States
Aroy Quartermaster Corpes {50, p. 43-80).

Effect of Ionizing Radiations on Microorganisms. The importance

of these radiations from food preservation point of view lies in
their effects on the biological systems. The most important of these
is the capability of these radiations to produce bactericidel or
bacteriostatic effects on microorgenisms. Dunn, et al. (14, p. €05)
showed that spoilege inicrcorganisms in meny foods could be killed by
ionizing radiations at dosage levels of 10% to 2 x 106 reps. Morgen
and Reed (34, p. 357) investigated the resistance of bacterial

spores to gamma irrediation and concluded that spores of Cl. bohulinum

appeared to be more resistant to radiation than spores of several
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other fcod spollage organisms. Morgsn (32, p. 24) reported that a
dosage level of 4.8 megarads waes required to kill the spores of

Cl. botulinum, However, Pratt et al. (40, p. 60) inoculated differ-
ent food preducts with spores of Cl. botulipum and concluded that no
single dos¢ eppeared to be best for all products since resistance of
spores vas different in different foods. Demny and Bohrer (11, p. k9)
reported that Cl. botulinum vas more resistant to radiation in foods
than in neutral phosphate when irradiated at freezing temperatures,

In a review, Shea (47, p. 10) stated that the requirements for
steriiization hes been between 3 to 6 megarads.

Microorganisms resistant to geima irmdiation have been ene
countered. Anderson et al. (1, p. 5T7) reported that e micrococcus
isolated fram ground beef end pork was resistant to extreme dosages
of 6 megarads of gamma irradiation.

Effects of Ionizing Radistions on Flavor. Along with the

desirable effects on the microflora of foods, however, offensive
odors and flavors were also produced when foods were subjected to
ionizing radistions. Cain et al. (7, p. 605) réport‘ed that tasters
were able to différentiate between the non-irradiated and 1.9 megarad
levels in beef steak, pork roasts and chops and in bacon prior to
storage. Schultz et al. (46, p. 238) concluded that a dosage of only
124,200 rep might produce a flavor different from that of non-
irradiated ground beef. Batzer and Doty (3, p. 66) showed that
sulfur containing compounds contributed to some of the off-odors



thet develop in meat during irradiation. The results obtained by
these authors indicated that hydrogen sulfide was one of the com-
ponents and methyl mercepten another. Batzer et al. (4, p. TO1)
reported that an increase in carbonyl compounds occurred on irradiae-
tion and this increcase was directly proportional to the irradiation
dosages employed. The same authors also stated that these carbonyl
compounds probasbly did not directly contribute to the off-odors in
irradiated becef and possibly had & role in decreassing the apparent
off-cdors by reacting with the sulfhydryl compounds and amines that
did contribute. Peurson et al. (36, p. 234) showed that hydrogen
sulfide, methyl mercaptan and carbonyls were responsible for e
considerable part of the poor acceptability of irradiated beef, pork,
and veal. Marlbach and Doty (27, p. 88L4) made quantitive determi-
nations of hydrogen sulfide produced and found that 1 to 4 gamma of
hydrogen sulfide per gram of meat was formed from the volatile
camponents of ground beef that had been irrediated at a dosage level
of 2 million to 4 million reps whereas only half of this amount vas
released after irradistion st 10 million rep.’ The same suthors also
found that, in beef frozen and stored at 0° F. before irradietion,
the amount of hydrogen sulfide decreased with storage time for at
least two weeks and that less hydrogen sulfide was released at the
same dosage level from ground beef of high fat content than from
beef containing less fat. LaFuente et al. (24, p. 275) coupared

different radiations with regard to their production of off-flavors
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in milk and concluded that the intensity of off-flavors produced by
ultraviolet radiation, gamna rays, and cathode rays was ‘the seme at
the radiation levels required to successfully destroy the micro-
orgenisms present in raw vhole milk.

I\!ot’all foods reacted in the same way in the pmdﬁetion of off-
odors and flavors upon irradistion. Pearsom et al. (37, p. 619)
shoved that in pre-cooked meat irradiated at 2.79 mégarads » pork
showed little or no adverse effects from radiation vwhereas beef,
chicken and veal were markedly less acceptable.

It was also observed that different dosage levels produced
different intensities of off-flavors. Cain et al.(7, p. 605) found
that significant differences in flavor between the radiation levels
of 1.9 and 2.8 megarads were detected by tasters in beef and pork
roasts and in pork chops prior to storage. MeGill et al. (30, p. 80)
reported that the rate of rancidity development sppeared to be
proportional to the radiation dose and that the taste panel was
ungble to distinguish between radiated and unirradiated semples of
chicken meat vhen dosage levels of 1 X 107 and 5 X 107 rep wexre used.
Schultz et al. (46, p. 238) reported that irradiation doseges from
124,200 to 993,600 rep showed a linear relationship between jrradia-
tion dosage and intensity of irradiation flavor of ground beef.

Several methods were tested to minimize the offeflavors produced
in meats on irradiation. Goldblith and Proctor (17, p. 254) pointed
out the potentiality of three methods, individually or in cembination,
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in reducing undesirsble side reactions. These were (1) irradiation
in the frozen state, (2) removal of oxygen, and (3) addition of free
radical acceptors. Tausig and Drake (49, p. 226) reported that
activated carbon was effective in reducing the intensity of irredia-
tion odor and fiavor. Pearson et al. (37, P. 619) shoued that
presence or shsence of oxygen scavenger did not si-gnifiéantly influ-
ence aceeptability, although there was a trend for added oxysgen
scavenger to result in higher mean scores. Cain and Anderson (6,

p. 584) cambined tetracycline antidiotic treatment and pasteurization
dosages of irradiation and found that the antibiotic retained suffi-
cient activity to offer protection to meats during storage, inferring
that lower levels of radiation could be used and this would produce
fever adverse organaleptic changes than sterilizing levels. Schnautz
(45, p. 36) investigated the effectivences of certein spices im pro-
tecting beef from gaining flavors from gamma radiatione and found
that pepper was effective in masking irradiation flavor. Cain, Bubl,
and Anderson (8, p. 54%0) found that ground beef exposed to 8 inter-
mittent exposures of gemma radiations produced significantly less
irredistion flavor than beef epraed to 1, 2, or 4 exposures.
Schultz, Cain, and Norden (46, p. 238) showed that there was no
significant difference in the intensity of radfation flavor produced
in meat canned in atmospheres of air, vacuum, or nitrogen, with
frankfurters constituting a possible exception. They also reported
that there was no significant difference in the intensity of radiation

flavor between meats irradiated while frozen or unfrozen.
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Tae effect of posteirradiation storage was also investigated
although not very extensively. Pratt and Ecklund (39, p. 497)
reported that in irradiated ground beef whieh had been in storage
at 70° or 98° F. for nine months, the taste pancl detected addie
. tional off-flavors and some liquid formation was noted. Both this
additional flavor and liquid formation were reduced in ground beef
pasteurized to 1600 F. Dreke et al. (13, p. 23) recorded the forma-
tion of tyrosine crystales in the storage of irradiation sterilized
rav meat. Cain et al. (7, p. 609) reported the oceurrence of exten-
sive degradative changes during the nine month storage at 72° F. of
irrediated fresh meats. Formation of tyrosine crystalc and excessive
fluid loss was also observed.

All of the gbove observations indicated action of the proteclytic
enzymes during storage. Doty and Waechter (12, p. 63) observed that
there was little, if any, inactivetion of the proteinase in beef by
irradiation st a dosege of 0.5 X 106 rep. At a higher dosage level
of 1.6 X 106, there was approximately 50 percent loss in apparent
activity in scme samples. Drake et al. (43, p. 23) confimmed that
the prinéipal proteolytic enzymes present in beef were cathepsins and
found that the rate of enzyme activity was accelerated at the higher
storage temperatures. The radiation dosages required for the inhibie
tion of enzymes were higher than those required for killing the

microoyganisms.
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The fact that the proteolytiec activity im meats continued during
poat-irra&iatien storage led the investigators to combining heat
treatment with irradiation. This was suggested by Morgen end Reed
(34, p. 366). Kan, Goldblith, and Proctor (23, p. 518) suggested
that & combination of heat and radiation might reduce off-flavor
production duc to radiation doses, and serve, additionally, in the
inactivation of radio resistant enzymes. Schultz et al. (46, p. 238),
hovever, showed that combining partial or complete pre-cooking with
the irradiation did not reduee the production of radiation flavor
and it might actually intemsity it. Other investigators (7, p. 609)
ghoved that beef cooked to 160° F. and pork cooked to 170° F. prior
to irradiation would not undergo degradative changes during 250 days

storage at T2° F.

Effcct of Heat on Meats

Morgan and Kern (33, p. 373) reported that heating lowered the
biological value of beef proteins. It was found by these investiga-
tors that the biological value of beef was inversely proporticnal
to the severity of heating. This was jf:\lso true in the case of fish
meals. Daniel and McCollum (10, p. 18) comcluded that the differences
in heat treatments vere responsible for the differences found in fiéh
meals. WNewton et al. (35, p. 589) reported a loss of vater-soluble
proteins vhich ranged from 50 to TO percent when meat was heated
fram 185° to 248° F. This was confirmed by Ginger et al. (16,

p. 410-416) who reported a k- to 30-fold decrease in the soluble
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nitrogen of raw beef when heated.

This loss in biological value in proteins as a result of heating
has been atiributed to the destruction of vitamins and scme essential
amino ecids (28, p. 602) in proteins during heating as well as to
the loss of soluble proteins and decrecased digestability (29, p.
1170-1171).

Effect of Irradiation on Proteins

The most evident effect of irradiation on proteins has been in
the production of undesirzble flavor and odoxr compounds which have
been shown to contain sulfur (3, p. 66; 4, p. T01). This gives
evidence to the sulfur linkage as the site of atteck. Deamination
of amine acids upon irradiation in pure aqueous solutions has been
reported by Proctor and Bhatia (42, p. 537-538; 43, ». 2; 5, p. 552).
These investigators showed that histidine was most highly effected,
followed by cystine, phenylalanine, tyrosine, and tryptophan.
Earlier investigations (U41, p. 359) by the same suthors had indie
cated that, at sterilizing doses of 2.25 megarads, the ten essential
amino acids were not significantly destroyed in haddock fillets. It
has been shown by Scheffner et al. (4l, p. 460) that no significant
destruetion of the essential amino acids in milk, turkey, or beef
protein occurred following gemms irradiation of 1.86 megerads.

This difference between the action of ionizing rediations on
intact proteins and on pure amino acids was attributed to the pro-
portionately larger amount of free radicals in a dilute solution
(15, p. 16).
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Por extensive discussions of the cffects on proteins; the
reader is referred to the reviews of Hannan (18, p. 7T1-78) and by
the United States Army Quertermaster Corps (59, p. 133-158).

Effect of Storage oun Animal Proteins

An important change, as evidenced by the contraction of fiﬁrils
in the muséle fibers, takes place during the first few hours after
the death of an animal. Moren end Smith (31, p. 43) explained this
phenomenon a8 the stiffening and shortening of the muscle fibers by
a postemortem coagulation; that is, by a decreased sclubility of the
pmteins. within them. According ¢o these authors, rigor disappears
a5 the coagulated proteins are changed again into soluble forms.
According to Szent-Gyorgyi (48, p. 72-82), the rigidity character-
istie of rigor mortis ip conferred on dead muscle as & yosult of
formation of actomyosin by the combination of actin and myosin A
upon postemortem removal of potassium ions and ATP from myocsin A.
Huxley (22, p. 66) also stated that, as ATP is exhausted in the
musele region, the protein myosin seems to combine chemicelly with
the protein actin., Bate-Smith (2, p. 10) ctressed the importance of
interfilamentary reactions in rigor, rather than intimate molecular
processes, stating that the process of rigor mortis involves the
association of the ultimate contractile filasments by weak crose-
linkeges which account for the decreased extensibility of the

musele. For detailed discussions of muscle contraction and the
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process of rigor mortis, the reader is referred to the references
cited in this paragraph.

For the first 2k=-T2 hours after the death of an animal, the
musele continues to take on g firmer characteristie. After rigor
has fully set in, a tenderizing of the muscle is observed with time.
Chen and Bradley (9, p. 164) and Hertzman and Bradley (19, p. 2u0)
attributed the increase in tenderness after rigor primarily to
autolysis. However, more recent work by Wierbicki et gl_‘. (51, p. 511)
and Husaini et al. (21, p. 316) showed that the amount of autolysis
in fresh beef Quring the first 12-15 days of storage at 3.5° C.
appeared to be extremely small.

The effect on autolysis of higher storsge temperatures and
longer storage periods should be of interest to the food technolo-
gists of our time, because sterilizing doses of ionizing radiations
do not effect cawplete inactivation of the proteolytic enzymes in
meat (13, p. 23). From economicel and military viewpoints, radio-
sterilized meats would be preferi'ed to be stored at temperatures
higher than that of refrigeration, and storage periods would be
expected to be long. Proﬁeolytic activity in radio-sterilized meats
has not been investigated to a great depth. Therc have been obser-
vations, howevey, tﬁat, during prolonged storage at room temperature
and above, a fluid was exuded from irradiated fresh meats and‘f'rem
those pre-heated to temperatures at which enzyme inactivation had

not been accomplished (39, p. H9T; 13, p. 23; 7, p. 609).
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tith regard to the proteolytic changes in muscle under aseptic
conditions, Zender et al. ('52,. P. 325) recently studied the natural
aseptic and anaercbic degradation of rabbit and lamb muscle for
150 days at 25° C. and for 15 days at 38° C. The authors have
obgexrved a slow rise in the level of amino acids and a-parallel
decrease of glycine-soluble proteins. The electrophoretic distri-
bution of muscle proteins vas modified during storage as if proteins
wvere first split into subunits and only later into amino acids. The
exudate produced during 50-deys storage awounted to 15 percent of the
original muscle samples and contained around 7 gr. percent of proteins

and 0.4 gr. percent of potassium.



1k

§@_J_._§ Preparation

Ground lean beef, purchascd in a single lot from a local meat
packer, was thoroughly mixed and stuffed into cellulose ¢esings
epproximately three inches in diemeter. These were frozen at -18°
F. in moving eir and then mechanically sliced in e¢ross section into
portions 3/16 inch in thickness. The slices, still in frozen state,
wvere completely randomized and placed in polyethylene-costed saran
plastic bags. Two hundred forty such bags, each containing four
slices of meat, were prepared and grouped into 24 units of ten bags

each.

Heat '_J?reatments

Pre-irradiation heating of samples to internal temperatures of
130°, 1ho°, 150°, 160°, and 170° F. was accomplished by employing a
steam~heated water bath, the temperature of which was adjusted to
and meintained at that of the desired internal temperature plus 10°
F During the heating process, each group of ten bags was handled
es a unit and formed a replication of the particular level of the
heat treatment used. A specially built rack, from which all the ten
bags comprising a replication could be suspended, permitted the
handling of all ten bags in one operation. The samples were thewed
before being placed in heated water bath, removed from the bath as
soon as the desired internal temperature had been attained, and

impediately immersed in cold water for cooling. The periods of
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time required for the attaimment of the internal temperatures of
1309, 140°, 150°, 160°, and 170° F. were 3.5-4.3, 3.7=-4.2, 4.7-5.0,
3.5+5.2, and 5.2-6.0 minutes, respectively. The internal temperae
tures were obtained by thermocouples from representative slices in
each group. The cooled slices were randomized within each group
before they were placed into half pound flat (307x202) "C" enamel
cans. ‘The fluid released from the meat and collected in bags as a
result of temperature treatment was discarded. The cesings were
stripped from the meat before the latter was placed in cans. Each
can contained four slices of meat. The cans were vacuum sealed and

their contents frozen at ~18° F. in woving air.

Shipment
The samples, in frozen state, were packed under dry ice and

shipped in insulated containers to the Materials Testing Reactor,
idaho Falls, Idaho. Eight days elapsed between shipment to and
receipt from the irradiation site. Shipment from the site wes made
under wet ice conditions.

Irradiation

The cans were exposed to the gamma grid to attain a dose of °
3 megarads. The dose rate was 2.92 megarads per hour. On this
basis, 1 hour and 2 minutes were required for the attainment of the

required dose.
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Storage Conditions

Upon receipt of the samples from the Materials Testing Reaetor,
all of the caens were placed in storage at T2° F. The cans were
rested on their sides rather than on bottoms and turned periodically

in & uniform manner.

Chemical Analyses and Taste Tests

The samples, in four replications, were quantitatively analyzed
for moisture, totael nitrogen, total watere-goluble nitrogen,
trichloroacetic-acid-soluble nitrogen, and amino nitrogen.

Teste tests were conducted using & trained panel of eight
tasters. The same tasters were used throughout the tests.

The chemical analyses and taste tests were conducted at the end

of 0, 15, 30, 45, 60, 90, 120, 150, and 180 days of storage.

Monipulation of Samples for Chemicel Analyses and Procedureg for

Chemical Betex_minations

At the end of each storage periocd, the cans containing the
samples for that period were removed from storege and opened. Any
exudate that might have collected in a can was removed and saved.
Two of the four slices contained in each can were taken out, wrapped
in aluminum foil, and placed in O° F. storage for use in taste teste
ing. Hzlf of the exudate removed frecm the can was reiurned to the
cen and the other helf discarded. The two glices in the can were
thoroughly comminuted and mixed with a spatula to obtain a uniform
sample for chemical determinations.
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Mois‘tuz_'e Determination

Approximately 5 om. of meat were placed into tared aluminum pans
and eccurately weighed. The pans were then placed in an oven at T0°
¢. under 25-28 inches vacuum for 2h hours, removed and cooled in a
desiccator, and reweighed. The loss in weight after proper calcu-

lations wes reported as the moisture content.

Total Nitrogen Determination

Approximately 2 grams of meat was used for this determination.
The method of Hiller, Van Slyke, and Plazin (20, p. 1402-1420) was
followed using the indicator developed by Ma and Zuazaga (36,
p. 280.282). Insteed of using the catalysts suggested by Hiller et
al. (20, p. 1402-1420), “Kel-Pak" catalyste containing 10 gm.
potassium sulfate and 0.3 gm. copper sulfate per package were used.

Total nitrogen content was reported on a percent dry weight basis.

Further Manipulation of the Samples for Total Water-Soluble Nitrogen,

Trichloroacetic~acid-Soluble N’it.rogen, and Amino m_trog_e_q Determi-

nations

Thirty grams of meat were blended in a macro blender for three
minutes with 75 ml. of distilled water at room temperature. The
mixture was filtered through Whatman #12 peper and the filtrate was

used for the following determinations in the manner described.’
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Total Water-Soluble Nitrogen Determination

Tvo mlo. of the filtrate, 0.6 gms. "Kel-Pak" catalyst, and two
ml. concentrated sulfate acid were dispensed inte a 100 ml. Kjeldohl
flack and heated. One hour was allowcd for digestion. After cooling,
35 ml. distilled water, 10 ml. of 50% sedium hydroxide, & few Hangar
granules, and tvo or three small pieccs of wessy zinc were added and
the entire mixture wag heated after being connected to a distillation
apparatus. The ammonia evolved was collected in 25 ml. of 4 boric
acid solution. The same indicator as was used for the total nitrogen -
determination was used during the titration of the distillate with
approximately 0.1 N sulfuric acid. Totel water-soluble nitrogen

content was reported on a percent dry weight basis.

Trichlovoacetic-Acid-Soluble Nitrogen Determination

Ten ml. of 25% trichlorosectic acid vwas added to 10 ml. of the
filtrate and the mixture filtered through Whatman #12 paper. PFive
wl. of this filtrate was used for the determination of trichlorcace-
tic-acid-soluble nitrogen. The procedure followed was identical
vith that used for total water-soluble nitrogen, described in the

preceding paragraph.

Amino Nitzﬁo& Deteminaﬁon

The copper method of Pope and Stevens ( 38, p. 1070) was used
for amino nitrogen determinations. Some minor modifications in the
procedure werc made as g yesult of a preliminary work designed to
test the suitability of the method to the conditions of this
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experiment. A veler extract of fresh ground beef and an aqueous
solution of & mixture of pure amino aeids were used in these tests.
The va.lu@ts: obtained from the water extract of ground beef were come
pared against those obtained fram the Van Slyke method (20, p. 385)
and those obtained from the mixture of amino seids were compared
ageinst the eslculated amino nitrogen values. On the basis of the
regults obtained from the preliminary work, the following procedure
was adopted for use in the experiment.

Reagents used were preparcd in the same manner as deseribed by
Pope and Stevens (37, p. 1070). Twenty-five ml. of meat extract,
prepared as explained on page 17 were pipetted into o 200 ml. volue-
metric flask. A suffieient guantity of normal sodium hydroxide was
~added from a buret drop by drop to make the contents of the flask
slightly alkaline as indicated by a piece of Universal pH Indicator
Paper used outside the flask. 6ne hundred ml. of the copper phosphate
suspension vere edded and the volume made to 200 mlv. with é:istilled
vater. The content of flask was well mixed and filtered through a
#5 Whotman paper. Twenty-five ml. of the filtrate were acidified
with 5 ml. of glacial acetic acid and 5 ml. of 50% potassium iodide
added. The solution was titrated with otendardized sodium thio=
sulfate, one ml. of sterch solution being added towerds the end of
titration. The titration was mede under an atmosphere of nitrogen
gas. The results vere reported as a percentage based on the dry
velght of meat, taking each ml. of 0.01 N scdium thiosulfate as being

equivalent to 0.28 mg. of emino nitrogen.



Teste Tests

Taste Panel. The taste pancl for this experiment consisted of
eight experienced tasters. The same panel was used throughout the
expeyiment.

Ballot. The ballot used for the experiment was designed in
such a manner as to reflect the magnitude of flavor differences of
experimental samples from a reference sample. The experimental
' samples were preheated to internal temperatures of 130°, 1ho°, 150°,
160°, and 170° F. The reference samples were preheated to 170° F.
and in all other aspects were similar to the experimental samples.
The ballot was a T~point scale ballot with the reference samplé at
4,0. The flavor characteristics evaluated by the panel were
"Irradiation Flavor", “"Bitterness", and "Over-all Desirability".

The adjectival ratings printed on the ballot were assigned numerical
scoreg in such a manner as to pemit the indication of a more desire
able flavor by a higher score. Accordingly, in the case of "Irradi.
ation Flavor" or "Bitterness", the adjectival ratings "Much lLess"®,
"Moderately less", "Slightly fess", "Ssme as Reference", "Slightly
More", "Moderately More", and "Much More" appeared on the ballot
along a vertical line and vere assigned numerical seores of 7, 6, 5,
h, 3, 2, and 1, respectively. In the case of "Overall Desirability"
the adjectival ratings "Much More Desirable", "Moderately More
Desirable", "Slightly More Desireble”,"Same ae Referenee", "Slightly
less Desirable", "Moderately less Desirable”, and "Much Less

Desirable" appeared on the ballot slong a vertical line and were



21
assigned numerical scores of T, 6, 5, 4, 3, 2, and 1 respectively.
These phrases indicating adjeetival ratings were placed one inch
apart on the vertical line to perwmit interpolative evaluations by
the tasters.

Safety Precaution. Before the samples were delivexed to the

kitcben, they were tested on mice for the presence of bacterial
toxins. For this purpose, ten gramg of meat were mixed with Cour
fluid cunces of .3 percent' sterile physiological saline solution and
blended for two minutes in a sterile blender. About 10 ml. of this
blended mixture was decanted imto a sterile test tube and centrifuged
in a high speed centrifuge for one hour. One-half ml. of the supew-
natant solution was injected into mice vhich were observed for 48
hours -for sytptoms of toxin aé¢tion. At no phase of the experiment
was there cbserved any evidence of toxin development.

Preparation of Samples for Serviag to Taste Penel. Gas broilers

were prcheated and the slices of meat were placed on the broilers
three inches from the source of heat. They were broiled 5.7 minutes
on one side, turned and broiled on the other side for a similar
period. This produced a semple vhich was cooked to a well-done
stage. Preparation of samples for taste testing waé done by the same
persons in the same kitchen throughout the coxperiment.

Serving and Tasting of Samples. Samples of four rcplications

of five different pre-irradiotion heat treatments were served and

tasted in four gsessions at the end of each storage pericd. Two



22

gsessions were held a day, one being at 10 o'clock in the morning,
the other at 3 o'eclock in the afternocon. The four replications were
served on two consecutive days. At the end of each storage period,
all samples to be tasted were removed from T72° P. storage, indivi-
dually wrepped in aluminum foil, placed in 0° F. storage, and kept
frozen until the time when they were ready to thaw before delivery
to the kitchen. After cooking, the samples were individually placed
in randomly coded paper cups and served along with a reference
sample which was marked as such. Tasting by the members of panel
was carried out in individual booths, properly equipped.

Statistical Method._s

The particular statistical methods employed for the analysis of
the data obtained from this experiment will be indicated by making

references to the text used.(25).
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RESULTS AND DISCUSSION

~

The results will be presented and discussed under three genereal
headings which will cover the chemical analyses, flavor evaluations,

and a correlation between the tvo.

Terminology
The term "pre-heating” as used in this text should be construed

to' mean "heating prior to irradiation".
The term "beef" refers to "ground lean beef irradiated to 3
megarads after being heated to a certain internal temperature”.
Repetition of the facts that the experimental material has been
irradiated to a dose of 3 megarads and stored at 72° F. has been
avoided in the text wherever it interfered with the continuity of
thought. |

Results of Chemical Analyses

Before entering upon the presentation of the results pertaining to
the three chemical attributes investigated, the difference in the
moisture content of the samples that received different heat treat-
ments prior to irradistion should be brought to the attention of the
reader. Although the initial experimental material was uniform,
different levels of heat treatment caused a release of different
quantities of fluid from the samples. The fact that this fluid was

discarded, produced samples of different moisture content.
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Teble 1 shows the moisture content of the samples at cach level of
heat treatment. The figures represent the averages of four repli-

cations analyzed at each storage period.

TABLE 1.
PERCENT MOISTURE CONTENT OF PRE-HEATED IRRADIATED BEEF
“Heat " ~ - "~ Heat
Tregt= Storage Period Treate
ment _ . (eays) ment

°¥. 0 15 30 B3 B 90 120 150 180 Mean
130 742 5 73.8 Th.3 Th.O Th. Th T73.8 Th.3  Thel
0  7h. Th.4 7h ThL THUL TH.S TM.2 T73.7 Th.2  ThH.2
150  73.3 T73.5 73.6 73.6 73.8 73.6 73.7 73.3 73.7 73.6
160 T73.2 72.9 73.4 73.3 T3.3 729 73.0 72.6 T3.2 73.1

170 70.7 T790.3 T71.0 70.8 TO.% T0.4 70.8 T0.8 T0.6 0.6
e —— A —

Considering the uniformity of the initial experimental material
end the fact that the samples were rendomized, no apprecisble differe
ences in moisture content within a given temperature treatment was
expected. The figures in Table 1 suggest the seme. The dispropor=
tionately Me drop in moisture content of samples subjected to
17_0° P. heat treatment suggests a rapid protein densturation at this

temperature.

Total Water-Soluble Nitrogen

The data pertaining to the total water-soluble nitrogen content
of ground lean beef heated to imternal temperatures of 130°, 1L4o0°,
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150°, 1609, or 170° F. prior to irradiation to a dose of 3.0 megarads
end stored at 72° F. for 0, 15, 30, ks, 60, 20, 120, 150, or 180 days
are presented in Teble 2.

, TABLE 2, o
TOTAL SOLUBLE NITROGEN CONTERT OF IRRADIATED BEEF
AS AFFECTED BY PRE-IRRADIATION HEAT TREATMENT AND LENGTH

OF STORAGE AT T72° F.
(Percent dry weight basis)

“Hleat | ' ' Heat
Treat- Storage Period Treat-
ment _— '(d%s) — __ ment
°F, 015 30 Ly & 90 120 150 180 Mean
© 130 2,19 2.bk 2.49 2.60 2.79 2.99 3.03 3.20 3.33 2.78
140 2.03 2.08 2.25 2.30 2.53 2.67 2.53 2.69 2.8k 2.k
150 1.66 1.55 1.68 1.63 1.82 1.99 1.96 2.0 1.92 1..81
160 241 1.43 1.5 148 1.60 1.61 1.52 1.59 1.61 1.52
170 1.17 1.18 1.2k 1.20 1.23 1.31 1.30 1.29 1.32 1.25
Storage
Period

Mean 1.69 1.7h 1.82 1.8# 1.99 2.11 2.07 2.17 2.20

Effect of Heat Treatment aend Storage Pericd.

The trend in the change in total water-soluble nitrogen content
a8 affected by the two variables may be seen from Table 2. BHeat
treatment means show a steady reduction in this constituent with
increase in pre-irradiation heating temperature. Likewise, as the
storage period increases, the total soluble nitrogen content
increases. However, definite answers in these and other pertinent
respects, such as the relative magnitude of change contributed by

each variable, significance of change at each level of heat
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treatuent, linearity and rate of change, can be obtained only through
statistical analyses. The following results vere cbtained through
the epplication of appropriste statistical methods (25, p. 309-324),
using the values representing the total wateresoluble nitrogen
content of replicate samples as individual observations.
TABLE 3.
ANALYSIS OF VARIANCE FOR TOTAL SOLUBLE NITROGEN

IN IRRADIATED BEEP AS AFFECTED BY PRE-IRRADIATION
HEAT TREATMENTS AID LEWOHAH OF STORAGE AT 72° F.

Degrees ' Significence
Variation of Mean .. At the level of
Due to Freedom Square F 5% _ 1%
Total : : 79 ‘
Replication 3 0234 2,208 18 NS
Teuperature L 14.6066 673.115 8 8
Tewp. X Repl. 12 0217 2,047 8 NS
Time 8 T893 53.233 8 8
Time x Repl. 2L 0137 1.292 NS NS
Time x Tcwp. 32 .0873 8.236 8 S
Error . 96 .0106

It may be seen froam the velues in Table 3 that the effect of
pre-heating temperatures as well as that of the storage time was
significant. The same was also true for the temperature x storage
time interaction effeet. The meaning of the significant interaction
effect between the levels of heat trea‘cmént and the storasge time is
that no prediction can be made as to the total water-soluble nitrogen
content for a particnlar cambination of the level of heat treatment
and storage pericd on the basis of the results obtained for other

combinations.
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The relative magnitude of cach significant éffect was calculated
according to Li (25, p. 200-204k) 2nd can be seen fram Table b whieh
shows the extent of contribution by cach effect towards variations
in the total soluble nitrogen content of beef.
' TABLE &,
RELATIVE MAGNITUDE OF CONTRIBUTION BY SIGNIFICANT EFFECTS

TOWARDS VARIATIONS IN TOTAL SOLUBLE NITROGEN CONTENT
OF IRRADIATED BEEF

Effect ‘ Variance
Temperature Lo54
Pine L0359

Temperature x Time 0192

It may be seen from the values in Teble 4 that the temperature
to vhich the meat was heated prior to irradiation was the primary
source of variation in the total soluble nitrogen content of stored
beef. The effect of ctorage time was not as dominating and
influential as that of the pre«heating temperature. The temperature
X time interaction had the least effect of the three significant
factors.

§_-i£niﬁcan¢e of Change with Time within each Temperature Treat-

ment. In order to determine whether the total water-scluble nitrogen
content of beef heated to a particular temperature prior to irradiae-
tion chenged significantly with time, data for each of the five levels
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of heat trcatment were subjected to & separate analysis of variance

(25, P. 196-208) the results of vhich are shown in Tebles Sa through
e. This information is important in that it will serve to indicsate
the tempersture at vhich the foctors reéponsibl-e for the increase in

total soluble nitrogen are inhibited or destroyed.

TABLE S.
ANALYSIS OF VARIANCE FOR TOTAL SOLUBLE NITROGEN IN IRRADIATED BEEF
AS AFFECTED BY LENGTH OF STORAGE PERIOD AT 72° ¥,

‘ Degrees Significance
Variation of © Mean At the level of
Due to Freedom  Square F 5 1%
8. Beef pre-heated to 130° F.
Total ' 35 ‘
Replication 3 0175 3.125 8 NS
Storage time 8 5812  103.785 8 8
Bryor 2k 0056
b. Beef pre-heated to 140° ¥,
Total 35
Replication g ,0530 3.17h s NS
Storage time . 3207 10.203 S S
Error 24 0167
c.__Beef pre-heated to 150° F,
- Total 35 4
Heplieation 3 0167 739 NS NS
Error 24 .0226
d. Beef pre-heated to 160° F.
Totel 35
Replication 3 .0155 2.924 NS NS
Storage time 8 .0278 5.245 ) 8
Error 2L .0053

e, Beef pre-heated to 170° F.,
Total 35 '
Replication 3 0073 1.303 N§ NS
Storage tine 8 0127 2.267 s Is

Error 2h . 56
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It may be seen frem Tables 5a, b, c, and 4 that the inerease in

total vwatere-soluble nitrogen with time was significant in beef heated
to internal temperatures of 130°, 140°, 150°, or 160° F. prior to
irradiation to 3 megarads. The increase in total soluble nitrogen
in the beef heated to 170° F. , however, was not significant (Table
Se¢). These results mean that the factors responsible for the increase
in total water-soluble nitrogen were inhibited or destroyed as a
result of heating to 170° F. prior te irrsdiation to 3 megarads,
whereas they remain wholly or partially active in beef heated to
160° ¥. or lower temperatures.

Linearity of Increase in Total Soluble Hitrogen. In oxder to

determine the total water-soluble nitrogen content of beef heated to
a particular internal temperature prior to irradiation to 3 wegarads
and placed in storage at 72° F. increamsed in a linear manner with
time in storage, the test of linearity of regression of total soluble
nitrogen content on storage time was made using the appropriate
statistical method (25, p. 295-298). Calculations were made using
the totals of replications as individual observations. The results
of thie test are shown in Tebles 6a through e.

It may be seen from Table 6b that a significant deviation from
linearity at 5 percent significsnce level occurred in mweat heated to
140° F. prior to irradiation. The critical region as derived fram
F-tables is where the Fevalue is larger than 2.3732 with 7 and 27
degyrees of freedom and the F-value for the significant deviation
from linearity at 140° P. was only 2.3940. The difference in these
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ON STORACE TIME IN IRRADIATED BEEF

' “Degrees "Significance
Variation of Mean At the level of
Pue to _ _ Freedom Sguare F 5% 1%
a. Beef pre-heated to 130° F.
Total 35
Storage time 8
Linear regression :
Deviation from lipnearity 0205 165 NS ns
Brroxr 27 1702
b. Beef pre-heated to 140° F.
Total | 39
Storage time 8
Linear regression
Deviation frem linearity OLg8 2,394 s NS
Error 27 .0208
¢. Beef pre-heated to 150° F.
Total 35
Storage time 8
Linear regression
Deviation from linearity LOlh3 2,032 WS NS
Error .0218
é. Beef pre-heated to 160° F..
Total 35
Storage time 8
Linear regression
Deviation frem linearity - 0122 1.906 s NS
Erroxr 27 0064
e. Beef pre-heated to.170° F.
Total 35
Storage time 8
Lineayr regression
Deviation from linearity 0030 .536 N3 NS
Error 27 .005
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o velues is small enough to be neglected. It can be stated,
' therefore, that under the conditioms of this experiment the increase
in total vater-soluble niirogen with timpe was limnear within all
levels of pre-irradistion heat treatment ineluding the 170° P. level
where the inercasc was found to be not significent.

Rete of Increase in Total Water-Soluble Nitrogen. Im order to

deterwine the relation among the rates of increane with time in
total water-soluble nitrogen as effected by the levels of pre-
irradiation heat treatment, regression coefficients, which show the
amount of increase per day, were calculated using the pertinent
method of caleulation (25, p. 268). 'The results of these calcue
lations are given in Table 7, with the resultent regression equations
vhiich have been translated into graphical form im Figure 1.

TABLE T.

RATE OF INCREASE IN TOTAL SOLUBLE NITROGEN CONTENT
OF IRRADXATED BEEF AS AFFECTED BY LEVEL OF HEAT TREATMENT

Heat
Treatment Regression Regrossion
9 ¥. _ Coefficient* _ _ Equation¥#
130 .00596 Vg ® 2.783 + .00596 (%-76.6)
150 .00ka1 Sr;_ = 2,434 + .00421 (x-76.6)
150 .002k9 ¥y = 1.809 ¥ .00249 (x-76.6)
160 .00105 ¥g 3 1.522 +.00105 (x-T6.6)
170 .00080 Fy = 1.248 + .00085 (x-76.6)

# Rate: gr./100 gr./day of storage.
#% y = Total soluble nitrogen content.
x = Storage time (days).
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As may be derived from Table 7, the rates of increase at the
pre-heating temperatures of 1309, 140°, 150°, and 160° F. are 7.0,
5.0, 2.9, and 1.2 times as that at 170° F., respectively.

More informative is a comparison among the ratios of adjacent
rates of inerease, as it pexrmite an evaluation of the relative magnie
tude of the inhibitory or destructive effect of each particular 10°
P, rise in pre~heating temperature on the factors responsible for the
solubilization of nitrogenous constituénts of beef during storage.
Table 8 shows these ratios.

TABLE 8.
EFFECT OF EACH 10° P, RISE IN PRE-HEATING TEMPERATURE

ON THE RATE OF INCREASE IN TOTAL SOLUBLE NITROGEN CONTENT
OF IRRADIATED BEEF

level of 10° F. rise Ratio of

In Temperature o Adjacent Ratest:
130 - 140 1.5
140 - 150 1.601
150 - 160 2.370

160 - 170 . 1.236

# Ratio of the rate in lower temperature to that in the
. higher one.

As nay be seen from Table 8, the 10° F. span from 150° to 160°
F. caused the highest reduction in the rate of increase in total
soluble nitrogen. This serves to indicate the existeace of &

"breaking point” at a temperature between 150° and 160° F. with
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reference to the effect of pre-heating temperatures on the inhibition
or destruction of factors contributing towards the solubilization of
nitrogenous constituents of pre-heated irradiasted beef during
storage at 72° F. This statement is further supported by the results
of a test (25, p. 278-283) carried out to determine the significance
of rates of change in total water-solublée nitrogen. These results
are shown in Table 9.

TABLE 9.

SIGNIFICANCE OF RATE OF INCREASE IN TOTAL SOLUBLE NITROGEN
AS AFFECTED BY PRE-HEATING TEMPERATURES

“Heat Sianificance
Treat- Regression Sum of Squarco Variance At the level
ment Co- {Regression 58) (Residual $8/n~2) of

OF, cfficient* v/l a.f.  w/7 d.f. 2sp 5%

130  .00596 4. hh29 .0268 165.78 8

10 00421 2.2170 .0802 27.64 8

150  .00249 TTT5 0847 9.18 s

160  .00105 1370 0249 5,50 NS

170 .00080 .0801 0217 3.69 NS

#Regression coefficient or rate of increase.

Table 9 clearly shows that a significant rate of increase in
total water soluble nitrogen was rendered insignificant by a 10° F.
rise in tewperature from 150° to 160° ¥. This indicates a stabili-

zation effect of heating to o temperature between 150° and 160° F.
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on the factors contributing tovards solubilization of nitrogcmous

constituents of irradisted ground lean beef.

Trichloroacetic-Acid-Soluble Nitrogen

The data perteining to the TCA-soluble nitrogen content of
ground lean beef heated to internal temperatures of 1309, 140°, 150°,
160°, or 170° P. prior to irrsdiation to a dose of 3.0 megarads and
stored at 72° F. for 0, 15, 30, 45, 60, 90, 120, 150; or 180 days
are presented in Table 10.

PABLE 10.
TCA-SOLUBLE NITROGEN CONTEWT OF IRRADIATED BERF
AS AFFECTED BY PRE-IRRADIATION HEAT TREATMENTS

AND LENGTHE OF STORACE AT 72° F.
(Percent dry veight basis)

Heat ' ‘ - ‘ ' Hieat
Treat- Storage Peried Treat-

ment { ) ment

°F. 015 30 L5 d? 90 120 150 180 Meen

1% 1.1k 1.62 1,75 1.91 2.10 2,30 2.25 2.39 1.7
1.7

1.53

1.32 1.53 1,59 1.78 1.91 1.86 1.96 2.06 1.68
150 1.17 1.13 1.28 1.34% 1&5 1.52 1.50 1.62 1.6 1.bo
170 1.00 1.00 1.01 1.03 100 1.00 .95 1.05 1l.07 1.0
Storage
Period

Mean  1.12 1,22 1.33 1.37 1.48 1.55 1.53 1l.62 1.69

Effect of the Level of Heat Treatment and Storage Pericd. The

trend in the change in TCA-soluble nitrogen as affected by the two
variables may be seen fram Teble 10. Heat treatment means showed a

steady reduction in this constituent with inerease in pre-irradiation
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heating tempersture. Likewise, as the storage pericd increased the
TCA-soluble nitrogen content also increased. However, definite anse
wers in these and other pertinent respects such as the relative
nsgnitude of change contributed by each varisble, significance of
change at each level of heat treatment, linearity and rate of
change, can be obtasined only through statistical analyses. The
following results were obtained through the application of the
appropriate statistical method (25, p. 309-324), using the values
representing the TCA-soiuble nitrogen contents of replicate samples
as individual observations.

TABLE 11.
ANALYSIS OF VARIANCE FOR TCA-SOLUBLE NITROGER IN IRRADIATED BEEF

AS AFFECTED BY PRE-IRRADXATION EEAT TREATMENTS
AND LENGTH OF STORAGE AT 72° F.

Degrees Significance
Variation of Mean At the lLevel of
Due to Freedam  Squaxe F % 1%
Total 179 _
Réplication 3 .0016 1.772 NS N8
Temperature N 4.3700 496,603 8 s
Temp. % Repl. 12 .Q088 9.777 S 8
Tine 8 6962  102.355 8 8
Time x Repl. 2k .0068 7.555 8 S
Temp. x Time 32 1.1230 2247.777 S 8
Error 96 .0009

The values in Table 1l show that there vere five effects contrie
buting toward varistions in the TCA-soluble nitrogen content of beef

heated to different pre-irradiation temperatures and kept in storsge
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for nine diffeyrcnt periods. These are the temperature effect, time
effect, temperature x time interaction effect, temperaturxe x
replication interaction effect end time x replication interaction
effect. The relative magnitude of each significant effect was
calculated according to Li (25, p. 200-204) and can be seen from
Teble 12 vhich shows the extent of contribution by each effect
towards variations in the TCA-soluble nitrogen content of beef,

TABLE 12. ‘
RELATIVE MAGNITUDE OF CONTRIBUTION BY SIGNIFICANT EFFECTS

TOWARDS VARIATIONS IN TCA-SOLUBLE NITROGEN CONTENT
. IN IRRADIATED BEEF

Effect : Variance
Temperature 121k
Tewperature x Time .2805
Temperature x Repl. 0009
Time x Replication 0012

The mesning of the values in Teble 12 is that changes in the
pre-irrad;iatipn heating temperatures have more pronounced effects on
the TCA-soluble nitrogen content of beef than have the different
storage perieds. It is also evident from the signifieant temperature
x time interaction effect that the variations in the TCA-soluble
nitrogen content of beef for regularly different combinations of
levels of pree-irradiation heat treatment and storage periocds do not
follow a similarly regular pattern and that no prediction can be
made as to the TCA-soluble nitrogen content for a particular
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combination of the level of heat treawentv and storage period on the
basis of the results obtained for other such combinations. The
effeect of temperature x replication and time x replication is so
small that they can be regarded as being negligible.

Significance of Change with Time within each Temperature Treat-

ment. In order to arrive at conclusions as to vhether TCA-soluble
nitrogen content of beef heated to a particular temperature prior to
irradiation to 3 megarads changed significantly with time, the datas
for each of the five levels of hest treatment were subjected to a
separate analysis of variance ( 25, p. 196-208) the results of
which are shown in Tables 13a through e.

It may be seen fram Tebles 13a, b, ¢, and & that the incereases
in TCA-soluble nitrogen with time were significant at the 5 percent
significance level in beef heated to internal temperatures of 130°,
140°, 150°, or 160° F. prior to irradiation to 3 megarads. The
inerease of TCA=-soluble nitrogen in beef heated to 160° F. was not
significant at the 1 percent level. These results mean that the
factors responsible for the increase in TCA-soluble nitrogen are
inhibited or destroyed as a result of heating to 160° P, prior to
irradiation to 3 megarads, wherecas they remain vholly or partislly

active in beef heated to 150° F. or lower temperatures.
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ANALYSIS OF VARIANCE FOR TCA~SOLUBLE NITROGEN IN IRRADIATED BEEF

A8 AFFECTED BY LENGTH OF STORAGE PERIOD AT 72° F.
v

Degrees Significance
Variation of Mean At the lLevel of
Due to Freedon Square F 50 - 1%
o. Beef pre<heated to 130° F.
Total 35 '
Replication 3 0071 292 e s
Storage time 8 6219 25,590 s 8
Error 2k 0243
b. Beef pre-heated to 140° 7.
Total 35
Replication 3 .0183 2.859 k] NS
Ervor 24 0064
¢. Beef pre~heated to 150° F.
Total 3B
Replication 3 .0018 +360 us NS
Storage tine 8 1378 27.560 8 8
Error 2h .0050
d. Beef pre-heated to 160° F.
Total 3B
Replication 3 .0021 .600 NS NS
Storage time 8 0113 3.228 8 NS
Error 2k .0035
e, Beef pre-heated to 170° F.
Total 35
Replication g 0077 2.556 NS NS
Storage time 0048  1.600 NS NS
.0030

Error 2k

fo e e — — ]

Linearity of Increase in TCA-Soluble Nitrogen.

In order to

determine if the TCA~-soluble nitrogen content of beef heated to a

particular internal temperature prior to irradiation to 3 megarads

and placed in storage at 72° F. increased in a linear manner with
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time in storage, the test of linearity of regression of total soluble
nitrogen content on storage time was wade using the appropriate
statistical method ( 25, p. 295-298). Calculations were made ueing
the totals of replications as individual observations. The results
of this test are shown in Tables lia through e.

It may be seen from Teble 1l that significant deviations from
linearity at 5 percent significance level oecur;ed in samples heated
t0 130°, 140°, or 150° ¥. However, the magnitude of significance in
meat heated to 130° F, was so small that it disappeared when the
1 percent sigpificance level was chosen. A high degree of importance
cannot be attached to the iinearity of the increase in TCA-soluble
nitrogen in beef heated to 160° or 170° F., because it was shown in
Tables 1334 and e that the incresse over time was not significant in
the samples that received these levels of pre-irradiation heat

treatment.,



TABLE 1k,
TBEST OF LINEARITY OF REGRESSION OF TCA-SOLUBLE NITROGEN CONIENT

OF STORACE TIME IN IRRADIATED BEEF

b1

Dégreea Significance
Variation of Mean At the level of
Due to__ __Freedom Square F 5% 1%
a. Beef precheated to 130° F.
Total 35
Storage ‘time 8
Linear regression
Deviation from linearity 0785 3.505 S NS
Error 27 0224
b. Beef pre-heated to 140° P,
Total 35
Storage time 8
Linear regression
DPeviation from linearity 0553 7.182 8 S
Error 27 0077
. Beef pre-heated to 150° F.
Total 35
Storage time 8
Linear regression
Deviation fram linearity 0199  h.234 s 8
Error 27 .00h7
d. Beef pre-heated to 160° F,
Total ‘ 35
Storage time 8
Linear regression
Deviation from linearity .0059 1.788 &S NS
Error 27 .0033 .
¢. Beef pre-heated to 170° F.
Total 35
Storage time 8
Linear regression
Deviation from linearity L0045 1.250 NS NS
Error 27 .0036
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Rate of Increase in TCA-Soluble Nitrogen. In order to determine

the relation among the rates of inercase with time in TCAe-soluble
nitrogen as affected by the levels of preeheat treaﬁne;nt, regression,
coefficients which show the amount of inerease per day of storage
vere calculated on data using the pertinent method of calculation
(25, p. 268). The results of these calculations are given in
Teble 15 s with the resultant regression e¢quations which have been
translated into graphieal form in Figure 2. As ﬁay be derived from
Table 15, the rates of increase at the pre-heating temperatures of
130°, 140°, 150° and 160° F. ave 24.8, 18.9, 11.6, and 2.6 times as
that et 170° F., respectively. |

TABLE 15.

RATE OF INCREASE IN TCA-SOLUBLE WITROGEN CONTENT

| Hest

Prpet  Jemm e
130 100595 3, = 1.866 + 00595 (2-76.6)
1ko 00453 ¥y ® 1.685 +.00453 (x-76.6)
150 .00278 Fy = 1.403 +.00278 (x-76.6)
160 .00063 ’;x 3 1.198 +.00063 (x=76.6)
170 .0002%4 Yy * 1.011 + .0002k (2-76.6)

* Rate: gr./100 gr./day of storage.
*# y = TCA-soluble nitrogen content.
. X = Storage time (days).
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More informative is a ecamparison smong the ratios of adjacent
rates of increase, as it pexmits an evaluation of the rxelative
megnitude of the inhibitory or destructive effect of each particular
10° P. rise in pre-heeting temperoture on the factors responsible
for protein breakdown during storage. Table 16 shows these ratios.
TABLE 16.

EFFECT OF EACH 10° F. RISE I PRE-HBATIIG TEMPERATURE ON THE RATE

Level of 10° . rise " Ratio of
In Temperature Adjacent rates¥*
130 - 10 1.314
140 - 150 1.629
150 - 160 L.h12
160 « 170 2.625

# Ratio of the ratc in lover temperature to that in the
hi@er one.

As may be seen from Teble 16, the 10° ¥. span fxom 150° to 160°
F. caused the highest reduction in the rate of increase in TCA- |
soluble nitrogen. This sexrves to indicate the existence of a
“breaking point" at a temperature between 150° and 160° F, with
referenee to the effect of pre-heating temperatures on the inhibition
or destruction of factors contributing toward the breakdown of
protein in preeheated irradiated beef during storage at 720 ¥, This
statement is further supported by the results of a test (25, Pe 278~
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283) carried out to determine the significance of rates of change in
TCA-soluble nitrogen. These results are shown in Table 17.

TABLE 17.
SIGRIFICANCE QF RATE OF INCREASE IN TCA-SOLW NITROGEN

Heat - T Signifi-

Treat« Regression Sum of squares Variance cance at
ment Co- (Regression S§8) (Residual SS/n-2) the level
O F. Bfficient# w/1 4.f. u/7 a.f. t2sF _ of 5%

130 00595 L. 4257 .0862 51.342 8
140 00453 2.5678 0207 86.458 8
150 .00278 9633 .0181 53.220 s
160 00063 .0lug6 .0128 3.875 &S
170 00024 00T 0137 518 NS

# Regression coefficient or rate of increase.

TPable 17 clearly shows that a highly significant rate of increase
in TCA-soluble nitrogen was rendered insignificant by a 10° F. rise
in temperature fram 150° to 160° P. This also indicates a stabilis
zation effect of heating to a temperature between 150 and 160° F.

on the factors contributing towards protein breakdown during storage.

Amino Nitrogen

The data pertaining to emino nitrogen content of ground lean
beef heated to internal temperatures of 130°, 140°, 1509, 160°, or
3.70° F. prior to irradiation to a dose of 3 megarads and stored at
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72° F. for 0, 15, 30, 45, 60, 90, 120, 150, or 180 days, are presented
n Tsble 18.

TABLE 18.
AMINO NITROGEN CONIENT OP IRRADIATED BEEF AS AFFECTED BY
PRE~-IRRADIATION HEAT TREATMENTS AND LENCTH OF STORAGE AT 72° F.
(Percent dry weight basis)

Heat Heat

Preat- Storage Perioa Treat-
ment . d% - ment
o F. 0 15 30 I 90120 150 _ Mean

13 284 b5 569 .732 811 .88 929 .995 -_1..129 .755
1% 267 .380 iéo 552 642 JTLE .TI2 .792 905 .GOb
150 .2h7 284 313 .3bbh .38hF M6 439 J4TT 539 .386
160 250 .260 .266 .260 .258 -.255 .20 .301 .258
170 ..3_.-96 .203 .208 .203 .196 .18% .79 .182 .181 .192

Storage
Period :
Mean L2l 3k 362 W19 W61 .500 .503 537 .61l

-
.

Effect of the Level of Heat Treatment and Storage Periocd. The

trend in the change in amino nitrogen content as affected by the

tvo variebles may be seen from Table 18. Heat treetment means showed
a steady reduction in this constituent with increase in pre-irradia-
tion heating temperature. Likewise, as the storage peried increased
the amino nitrogen content also increased. However, definite answers
in these and other pertinent respects such as the relative magnitude
of change contributed by each variable, significance of change at
each level of heat treatment; linearity and rate of change, can be

cbtained only through statistical snalyses. The following results
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vere obtained through the gpplication of the appropriate statistieal
methods (25, p. 309-324), using the values representing the amino

nitrogen contents of replicate samples as individual observations.

TABLE 19,
ANALYSIS OF VARTAICE FOR AMINO NITROGEN IN IRRADIATED BEEF
AND LENGITH OF STORAGE AT T2° F.

Degrees _ : Significance
Varigtion of Mean At the Level of
Due %0 Freedow Square P 5% _1%
Total 179 ( . ,
Replication 3 0123 30.75 ] 8
Temperature L . 2.0078 . 803.12 8 8
Temp. % Repl. 12 .0025 6.25 8 8
Time 8 2684  178.93 s 8
Time x Repl. 24 +0015 3.75 s S
Temp. X Time | 32 0601  150.25 8 s
Error 96 .000h ‘

The values in Table 19 show that all the effects contributed

significantly tovord variations in the emino nitrogén content of beef
heated to differcnt pre-irradiation temperatures and kept in storage
for nine different periods. The relative magnitude of each of these
significant effects was calculated according to Li (25, ‘p. 200204 )
end can be seen from Teble 20, vhich shows the extent of contribution
by each effect tovards varietious in the TCA-soluble nitrogen content

of beef. o,



TABLE 20. .
RELATIVE MAGNITUDE OF CONTRIBUTION BY SIGNIFICANT EFFECTS
TOWARDS VARIATIONS IN AMINO NITROGEN CONTENT
OF IRRADIATED BEEP

Effect _ Variance
Replication .0003
Temperature .0558
Temperature x Replication .0002
Time , L0134
PTime x Replication .0002
Tenperature x Time 0149

‘The meaning of the values in Table 20 is that changes in the pre- |
irradiation heating temperatures have more pronounced effects on the
amino nitrogen content of beef than have the different storage
periods. It is also evident from the relatively highly significant
temperature x time interaction gffect that the variations in the
anino nitrogen content of beef for resulorly different combinations
of levels of pre-irradiation heat treatuent snd storage pericds do
not follow a similarly regular pattern and that no prediction ¢an be
made as to the amino mitrogen content for a particulsr combination
of the level of heat treatment and storage.period on the basis of
the results obtained for other such cambinations. Replication effect
as well as temperature x replication and time X veplication inter-
action effects have such a spall significance that they may be

considered negligidble,
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Significence of Change with Time Within each Temperature Treat-

ment. In order to arrive at conclusions as to whether amino nitrogen
content of beef heated to a particular temperature prior to irradia-
tion at 3 megarads chenged significantly with time, the data for
each of the five levels of heat treatment were subjected to a
separate analysis of variance (25, p. 196-208) , the results of

which are shown in Tables 2le through e.

TABLE 21.
ANALYSIS OF VARIANCE FOR AMINO NITROGENHIMADIATEDBEEF
ASAFFECTEDBYLENGTHOFSTORAGEPERIODAT?QoF.

“Degrees Significance
Variation of Mean At the Level of
Bue to Freedom Square F 56 1%
a. Beef pre-heated to 130° P,
~ Total 35
Replication 3 .0038 6.333 s S
Storage time 8 . 3020 503.333 8 ]
Error 24 0006
b. Beef pre-hcated to 140° F.
Total 35
Replication 3 01h2 10.923 8 8
Storage time 8 1621 128.500 8 s
Error 24 0013
c. Beef pre-heated to 150° F,
Total 35 .
Replication 3 .0021 2.625 NS NS
Storage time 8 .0324 %6.750 8 s
Error 24 .0008
d. Beef pre-heated to 160° F.
Total 35
Repliecation 3 .0015 5.000 S 8
Storage time -8 .0017 5.600 8 s
Error 24 .0003
e, Beef pre-heated to 170° F.
Total 35
Replication 3 .00050 8.333 s s
Storage time 8 00050 8.333 S s

Error 2k .00006
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It may be seen from Tebles 2la through e that incéreases in
anino nitrogen with time were significant im beef hoated ¢o internal
temperatures of 1309, 140°, 150°, 160°, or 170° F. prior to irradia-
tion at 3 megarsds. These results mean that the factors responsible
for the increase in amino nitrogen are not inmhibited or destroyed
completely as a result of heating up to and imcluding 170° F. prior
to irradiation at 3 megarads.

Linearity of Increagse in Amino Nitrogen. In order to see if

the amino nitrogen content of beef heated to e particular internal
temperature prior to irradiation at 3 megarads and placed in storage
" at 72° F. increased in s lincar manner with time in storage, the

test of linearity of regression of amino nitrogen content on storage
time was made uwsing tbe appropriste statistical method ( 25,

p. 295-298). Calculations were made using the totals of replications
as individual observations. The results of this test are showm in
Tables 222 through e.

As may be seen from Tables 22a, b, ¢, and 4, significant deviae
tions fram linearity occurred in awino nitrogen content of beef
pre-heated to 130°, 1%0°, 150°, or 160° F. ’Considering the fact
that the critical region at 1 percent level is where the Fevalue,
as derived from the F-tables, is larger than 3.3882 with 7 end 27
degrees of freedom, deviation from linearit:;r in beef pre-heated to
150°, 150°, or 160° F. is not of high significance. The beef pre-

heated to 130° F. choved a degreec of significance which can not be
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TABLE 22.
TEST OF LINEARITY OF REGRESSION OF AMINO NITROGEN CONTENT
ON STORAGE TIME IN IRRADIATED BEEF

Degrees “Significance
Variation of Mean At the level of

o ~ Due to Freedom Sguare F 5% 1%
&. Beef pre-heated to 130° F.
Total 35
Storage time 8

Linear regression ‘

Deviation from linearity 0391 39.100 8 ]
Error 27 .0010
b. Beef pre-heated to 140° F.
Total 35
Storage time 8

Linear regression

Deviation from linearity .0160 5.7k S 8
Errox 27 .0028
c: Beef pre-heated to 150° F.
Total 35
Storage time 8

Linear regression

Deviation from linearity .0036 3.600 8 ]
Error 27 .0010
d. Beef pre-heated to 160° P,
Total 35
Storage time 8

Linear regression

Deviation from linearity .0014 3.500 8 8
Errox 27 .0004
e. Beef pre-heated to 170° F.
Total 3
Storage time 8

Linear regression

Deviation from linearity .0002 2.000 NS NS
Error 27 .0001
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neglected. However, for the discussion of rates of change, the
increase in amino nitrogen will be regerded as being linear over
storage time within all pre-heating temperatures.

Rate of Increase in Amino Nitm&eg. In order to detemine the

relation among the rates of increase with time in amino nitrogen
as affected by the levels of pre-heat treatment, regression coe-
efficients which show the amount of increase per day of étorage
were calculated on the date using the pertinent methc;d of calculation
(25, p. 268). The results of these calculations arve given in Table
23, with the resultant regression equations which have been trans-
lated into graphical form in Figure 3.

TABLE 23.

RATE OF INCREASE IN AMINO NITROGEN CONTENT
OFIRRADIATEDBEWASAFFECTEDBYIEVELOFEEATTREATMENT

e i
130 ©.ookk F, = 155 +.00L14 (x-76.6)
140 00313 ¥y = 604 + .00313 (x-76.6)
150 .00148 Yy & -386 + .00L48 (x-76.6)
160 00017 Yy = -258 + .00017 (x-76.6)
70 -.00015 ¥, = +192 - .00015 (x-76.6)

# Rate: gr./100 gr./day of storage.
¥ vy = Amino nitrogen content.
% = Storage time (days).
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As may be derived from Table 23, the rates of increase at the
pre-heating temperatures of 130°, 140°, 150°, and 160° F. are 27.6,
20.9, 9.9, and 1.1 times as that at 170° F., respectively. It
should also be noted that the direction of change is different in
beef pre-heated to 170° F., vhich shovs that & decrease in amino
nitrogen eontént was noted in this beef vhile others showed an
increase. |

More informative ic a comparison among the ratios of adjacent
rates of increase, as it pemmits an evaluation of the relative magnie
tude of ¢he inhibitory or destructive effect of cach particular 10°
F. rise in the pre-heating temperature on the factors responsible for
breakdown of proteins to amino acids or lower peptides. Table 24
showvs these ratios.

TABLE 24.
EFFECT OF EACH 10° F. RISE IN PRE-HEATING TEMPERATURE

O THE RATE OF INCREASE IN AMINO NITROGEN CORTENT
OF IRRADIATED BEEF

Level of 10° F. rise Ratio of

in Temperature AdJacent Rates®
130 - 1%0 1.323
140 - 150 2.115
150 - 160 8.706
160 - 170 566

* Ratio of the rate in lover temperature to that in the
. higher one.
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As may be seen from Table 24, the 10° F. span fram 150° to 160°

F. caused the highest reduction in the rate of inerease in amino

nitrogen. This serves to indicate the existence of a "breaking

point” at e temperature between 150° and 160° F. with reference to

the effect of pre-heating temperatures on the inhibition or

destruction of factors contributing toward the breakdown of proteins

to amino acids and lover peptides. This statement is further

supported by the results of a test ( 25, p. 278-283) carried out to

determine the significance of rates of change in amino nitrogen.

These results are shown in Table 25.

TABLE 25.
SIGNIFICANCE OF RATE OF INCREASE IN AMINO NITROGEN
AS AFFECTED BY PRE-HEATING TEMPERATURES

Heat S8ignifi-

Treat- Regression Sum of ggueres Variance cance at

ment Co- (Regression 88) (Residual SS/n-2) the level
OF. efficient*  wfl d.f. w7 d.f. t22F_ of 5%
130 .00Ms 2,18 .0038 563.63 S
140 00313 1.2248 0307 11447 S
150 ,00148 2738 .0037 T4.00 8
160 00017 .0038 .0016 2.38 s
170

- 000015 .0038 00002’ 6 071 S**

#* Regression coefficient or rate of change.
## Not significant at 1 percent level.
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Table 25 clearly shous that a highly significant rate of increase in
amino nitrogen was rendered insignificant by a 10° F. rise in temper-
ature from 150° to 160° F. This indicates a gtabilization effect of
heating to a temperature between 150° and 160° F. on the factors
contributing towards breskdown of proteins during storage to amino

acids and lower peptides.

Regults of Flavor Evaluations

Flavor attributes of ground lean beef heated to different inter-
nal temperatures prior to irradi-atidn were evaluated with reference
to a sample vhich received the seme treatment as one of the experi-
mental samples. Taree flavor attributes vere evaluated by eight
testers at the end of each of the nine different storage periods.
Four replieations were involved in the experiment. Considering the
fact, however, that the tasters are incidental, the 32 flavor scores
obtained at each storege period for each level of pre-heat treatment
were treated as 32 replications of that particular combination of
pre~heat treatment and storgge period. The results of analyses on
the date for each flavor attribute are presented and discussed in

the subsequent paragraphs.

Irradiation Flavor

The data pertaining to the relative irradiation flavor of ground
lean beef heated to internal temperatures of 1309, 1k0°, 150°, 160°,
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or 170° F. prior to irrediation to 3 megareds and stored at 72° F.
for O, 15, 30, L5, 60, 90, 120, 150, or 180 days, are presented in

Table 26.
TABLE 26.
IRRADIATION FLAVOR SCORE OF IRRADIATED BEEF
AS AFFECTED BY PRE-TRRADIATION HEAT TREATMENTS
AND LEKGTH OF STORAGE AT 72° F.
(Means)

Heat Heot
Treate Storage Period Treat-
ment _ - (days) _ nment
o p, 0 15 30 b5 80 90 120 150 180 Meen
130 39 41 %1 k21 3.4 3.6 3.7 3.3 3.2 3.7
lue 3.8 lho h‘ol 3-8 3.5 3.“ 3.5 303 3.2 3-6
150 3.4 3.6 3.7 38 3.6 35 3.4 3.3 3.3 3.5
160 3.9 3.9 4.2 3.8 3.7 3.9 3.7 36 3.8 3.8
170 hoh 42 k2 41 4O L4, 3.8 41 L. 4.1

In order to avoid erroneous interpretations, it should be emphae

sized that the values appearing in Table 26 represent the evaluations
made with respect to a reference sample which might have undergone
changes in irradiation flaver during storage. A comparison of the

values within any column will provide an indication of the relative

intensity of irradiation flavor at a certain storsge period among

beef that received different levels of pre-heat treatment. The valucs

vithin a given yovw, however, should be regarded as being devoid of
such a capability. It may be said that, during O-day storage, the
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irradiation -flavor of beef heated to 130° F. was less intense than
that of the beef heated to 150° P. because both of them hed been
evaluated against the same reference beef. It cannot be stated,
however, that the irrediation flavor of beef heated to 130° F. prior
to irrediation vas less intense during O-day storage than it was
'during 60-days of storage, because no proof can be presented that
the reference beef used during O-day storage had the same intensity
of irradiation flavor as that used during GO-days of s;.orage. A
comparison gmong rows should indicate the relation among the rates
of change in irradiation flavor over the entire storage period as
affected by pre-heating temperatures. It should also shovw the
effeet of pre-heating temperstures on the degree of intensity of
irradiation flavor.

Keeping the foregoing in mind it may be seen fyram Table 26, as
indicated by pre-heating tempersture means, that the irradiation
flavor of the beef pre-heated to 150° F. vas the poorest with respect
to that of the reference sample. The beef pre-heated to 140° ¥, had
less intense irradiation flavor and the oneopré;heated to 130° F.
was still better in this respect. The beef pre-heated to 160° F.
4id not scem to be greatly different in irradiation flavor from the
one heated to 170° F. vhich was rated as being practically the same
as the reference beef in this attribute. Table 26 also reveals that
the beef pre-heated to 130° F. did not differ apprecicbly from the
reference beef until 60 days of storage vhen there was a sharp
‘increase in the relative irradiation flavor with respeet to that
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of the reference beef and that the increase became mwore pronounced
at and after 150 days storage. The same can be said for the beef
pre-heated to 140° F. The beef pre-heated to 150° F. changed for the
better in irradiation flavor with respect to that of the reference
beef up to 60 days of storage when there was an inerease in this
attribute with respect to that of the reference end that the rate of
change followed the seme trend thereafter as that of the beef pre-
heated to 130° or 140° F. The beef pre-heated to 160° F. followed
a parallel change in irradiation flavor as that of the reference
beef. The irradiation flavor of the beef heated to 170° F. was
practically the same as that of the reference beef during the entire
storage period.

The above conclusions are derived from the values in Table 26
which represent averages of 32 replications and may not be as definite
as the results of statistical anslyses based on individual scores.
The results of the statistiecal analyses are pregented in the sub-
sequent paragraphs.

Significance of Irrsdiation Flavor Difference between the

Experimental and Reference Samples. In order to establish whether

the panel scores for irradiation flavor differed significantly from
the score assigned to the reference, the data for each combination
of pre-heat treatment and storasge perio& were subjected to an
analyses using the pertinent statistical method (25, p. 309=324),
The re;sults of this anslyses are shown in Tables 27a through i.



TABLE 27.
SIGHIFICARCE OF IRRADIATION FLAVOR DIFFERENCE

' T F Tess
Heat - with Or more
Treate Mean 1 and 31 Signifi- Preferable
nent Score Sum of Variance Degrees of cance at Than
OF., Minus 4 Squares  (s®) Freedom 5% level Referemce

a. Beef stored for O day at 72° F.
130 -.001 48.13  1.5526 1707 NS
150 -.591 T7i.8 2.3165 h.8249 8 less
170 +.419 15.49 L1597 11.2426 s nore
b, Beef stored for 15 days at T2° P.
130  4.075  31.40 1.0029 ATTT NS
ko .000 23.50 7581 0000 NS
150 e 5 27 o& o&@ 5 00398 S less
170 +.072 12.70 4097 4oho NS
c. Beef stored for 30 days at 72° F.
130 +.128 28.90 0323 5624 NS
W0 +.059  26.6h 8594 .1206 NS
150 -.309 15.97 .5152 5.9305 S less
160 +.147  10.72 .3458 1.9997 NS
170 +188  11.17 .3603 3.1391 NS
4. Beef stored for 45 days at 72° F.
130 +.08L  27.07 8732 .2hok §8
ko - 222 22.97 <7410 2.1283 NS
150 -,225 16.62 5361 3.0218 NS
170 4,209 12.51 4035 .ol22 ns
e, Beef stored for 60 days at 72° F.
130 -.603 31.73 1.0235  11.3683 s less
140 -.462 32.25 1.0403 6.5656 8 less
160 -.347  25.02 8071 4. 7740 8 less
170 -+,009 2.01 .2906 .0089 RS :
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Table 27, continued

t2 sy Less
Heat with Or more
Treat- Mean 1 and 31 Signifi- Preferable
nent Score Sum of Variance Degrees of cance at Than

© F. Minus 4 Squares (e2) Freedom 5% level Reference

£. Beef stored for 90 days at 72° F.

J.ag -.362  30.77 9026  L,2247 s less

1 -,566 20.33 6558 15.6319 8 less
150 .48k 23,30 7516 9.9736 5 less
170 +.125 6.04 .1948 2.5667 U]

&. Beef stored for 120 days at 72° F.
130 -.334 21.71 .T003 5.0975 S less
140 -,503 29.43 S0k 8.5278 8 less
160 -.284  10.34 3335 T7.7391 s less

- 170 -.178 14,57 4700 2.1572 ns

h, Beef stored for 150 days at 72° F,
130 -. 697 bk, 63 1. 1&297 10.7980 S less
140 -.722 38.55 1.2435  13.b146 s less
150 -, 700  22.28 7187  21.8172 s less
170 +.063 9.37 .3023 Jh20t - Ns

1. Beef stored for 180 days at 72° F. |
130 778 53.35  1.7210 11,2546 S less
150 -.697 19.63 6332 24,5513 I+ less

S

170 4109  5.95 1919 1.9812 N




62

TABLE 27--abridged
SIGRIFICANCE OF IRRADIATION FLAVOR DIFFERENCE
BETWEEN THE EXPERIMENTAL AND REFERENCE BEEF
(-5 and 45 indicates less and more prefersble flavor, respectively)

g

Treatment 015 0 W5 60 90 150 150 180
130 NS NS NS NS . -5 -5 -8 <8 -8
140 NS B NS M -8 -8 S5 5§ <8
150 S & 8 N B -8 5 -5 B
160 NS §8 NS N8 -8 NS -8 -8 B

170 +S NS pirc] 8 NS NS NS NS NS

It nmay be seen from Table 27--abridged that the beef pre-heated
to 130° or 140° P, internal temperatures did not show a significant
difference in irredietion flavor with respect to that of the
reference beef until after LS deys of storage when 4signiﬁcant
differences were detected by the tasters. On this basis, it can be
stated that irradisted ground lean beef heated to internal temperature
of 130° or 140° F. could be stored for 45 days at 72° F. without a
significant difference in irrediation flavor between these and the
beef heated to 170° F. being detected by the panel.

Irradietion flavor in beef pre-heated to 150° F. was significante
ly more intense than that of the reference beef for 30 days of

storage. This significance disappeared on the 45th day of storsge.
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Beef pre-heated to 160° F. did not show any significant inten-
sification in irradiation flavor with respect to that of the
reference beef until 60 days of storsge, when a slight significance,
as shown in Table 27e, was observed which diseppeared during 90 days
of storage. On this basis, it can be stated that this beef could be
stored for 90 days at 72° F. without the panel being sble to detect
a significant difference in irradiation flavor between this and the
beef pre-heated to 170° F.

The significantly high score observed on initial dsy of storege
for beef pre-heated to 170° F., which was the same pre-heating
temperature as that of the reference beef, can be explained on the
basis of the tendency of a taste panel to assign an unduly high
score to the better .éamples seyved with considerably poorer ones.
Other than this single instance vhich occurred at the start of the
experiment, the beef pre<heated to 1700 F.. vas evaluated by the
pancl ag having the same degree of irradiation flavor as the refer-
ence beef which had received identical treatment in gll respects.

Linearity of Relative Irradiation Flavor Chamge. In order to

see if the irradiation flavor of beef within individual pre-heat
treatments changed in a linear manner with respect to that of the
reference beef with time in storage, the test of linearity of
regression of flavor scores on time was made using the appropriate
statistical method (25, p. 295-298). The results of this test are
showvn in Tables 28a through e.



TABLE 28
TEST OF LINEARITY OF REGRESSION OF IRRADIATION FLAVOR SCORE
ON STORAGE TIME IN IRRADIATED BEEF

Variation Pegrees Significance

Due to : of Mean At ;m&e Level of
. _ Exeedom  Squsre F 2% 1%
a. Beef pre-heated to 130° P.
Total 35
Storage time 8
Linear regression 1
Deviation from linearity 7 11.081% 1.609 NS NS
Error 27 6.8880
b. Beef pre-heated to 140° F.
Total 35
Storage time 8
Linear regression 1
Deviation from linearity T 5.5120 1.030 NS NS
Brror 27 5.3507
¢, Beof pre-heated to 150° F.
Total 35
Storage time 8
Linear regression 1
Deviation from linearity 7 L.u486 1.683 NS NS
Eryor 27 2.6h26
d. Beef pre-heated to 160° F.
Total 3
Storage time 8
Linear regression 1
Deviation from linearity 7 5.2200 .980 Ns NS
Error 27 5.2233
e. Beef pre-heated to 170° F.
Total 35
Storage time 8
Linear regression 1l
~ Deviation from linearity T 5.6130 4,483 s 8
Exror &7 1.2522

e e e ——
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It mey be scen from Taeble 28 that the only significant devistion
from linearity occurred in beef heated to 170° F. prior to irradiation.
The critical region at 1 percent significance level is vhere the Fe
value, as derived fram F-tebles, is larger than 3.3882 with 7 and 27
degrees of freedom and the F-velue for the above deviation from
linearity is only 4.4830, which shows that the magnitude of signifi-
cance was not large. It can be stated, thereforzs, that for all
practical purposes the chenge in irradiation flavor with respect to
that of the reference was linear within all levels of pre-irradiation
heat treastment.

Rate of Relstive Irrsdiation Flavor Change. In order to deter-

mine the relation among the changes im relative irradiation flavor
as affected by the levels of preeheat treatment, regression co-
efficients vhich show the amount of change per day of storage vere
caleulated using the pertinent method of’ calculation (25, p. 268).
The results of these caleulations are given in Table 20, with the
resultant regression equations vhich have been translated into
graphical form in Pigure k.

As may bo derived from Table 29, the rates of change in relative
irradiation flavor of a beef at the pre-heating temperatures of 1309,
1%0°, 150°, and 160° F. are 3.8, 3.5, 1.6, and 1.0 times as that at
170° F., respectively. More informative is a comparison among the
ratios of adjacent rates of change in irrasdiation flavor, which are

showvn in Table 30.
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TABLE 29.
RATE OF CHAICB IN RELATIVE IRRADIATION FLAVOR OF IRRADIATED BEEF

Heat

Treatment Regresaion Regression

°F. Coefficient® __Equation¥®#
130 -.03763 ‘ Vg = 118.8 - .03763 (x+76.6)
0 03467 Vg 8 115.7 = O3M6T (x-T6.6)
150 -.01541 Vx = 112.1 - 01541 (x-76.6)
160 -.01003 ¥x ® 122.2 - .01003 (x=76.6)
170 -.00992 Vx ® 131.2 - .00992 (x-76.6)

# Rate: Change per day in the total of scores for 32

replications.
*% y = Irradiation flavor score (total of 32 replications).
X = Storage time (days).

TABLE 30.

EFFECT OF EACH 10° F. RISE IN PRE-HEATING TEMPERATURE ON THE RATE

OF CHANGE IN IRRADIATION FLAVOR OF IRRADIATED BEEF

level of 109 ¥. rise Ratio of

In Temperature Adjacent Rates¥
130 - 140 ~ 1.085
140 « 150 2.250
150 - 160 1.521
160 - 170 1.0k

f

n

# Ratio of the rate in lower temperature to that in the
. higher one.



[RRADIATION FLAVOR SCORE
‘(Toial of scores for 32 replications)

R

FIGURE <

ATE OF CHANGE IN RELATIVE IRRADIATION FLAVOR
OF |IRRADIATED BEEF AS AFFECTED
BY PRE-HEAT TREATMENTS
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As may be seen fram Table 30, the 10° F. rise from 1k0° to
150° F. caused the highest decrease in the rate of change in rele-
tive irradistion flavor. This suggests the presence of a "breaking
point” between 140° and 150° P. with reference to the inhibition or
destruction of factors contributing towards t}xe increases in the
rates of change in re;.a,tive irradiation f’lavo;'., This statemen‘t is
further supported by the results of a test (25, p. 278-283) carried
out to determine the significance of rates of change in irradiation
flavor. These results are shown in Tgble 31.

TABLE 31

STGRIFICANCE OF RATE OF CHANGE IN IRRADIATION FLAVOR
AS AFFECTED BY PRE-HEATING TEMPERATURES

Heat Sum of squares Variance Significance

Treatment (Regression 88) {Residual S8/n-2) At the level
op, v/l d.f. w/T d.f. t2=zF of 5%
130 177.050 26.567 6.664 S
1ko 150.230 20.639 7.279 8
150 29.600 10.193 2.913 NS
160 12.580 20.015 629 NS
170 12.310 4,830 2.549 ' NS

o
———

v
e

1
il

As may be seen fram Table 31 the rate of change in irradiation
flavor was significant in meat pre-heated to 140° P. but this signi-

ficance disappeared as a result of 10° P. rise in the pre-heating
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temperaturc. This also shows that there was a “brealing point" some-

vhere between 140° and 150° F.

Bitterness
The data pertaining to relative bitterness of ground lean beef
heated to internal temperatures of 1302, 140°, 150°, 160°, or i70°
F. prior to irradiation to 3 mwegarads and stored at 729 F. for O,
15, 30, 45, 60, 90, 120, 150, or 180 days, ave presented in Table 32,
TABLE 32.

BITTERNESS SCORE OF IRRADIATED BEE{“ AS AFFECTED
BY ?RE-IRRADIATION HEAT TREATMENTS AND LENGTH OF STORAGE AT 72° F.

(Means) .
Heat | Heat
Treat- Storaze Period Treat-
ment (days) ment
°p. "0 15 30 5§ 60 G0 120 150 180 _ Mean
130 4.0 4.3 40 3.9 37 3.7 35 31 3.1 3.7
o 3.8 412 40 39 3.8 3.6 3.5 3.3 3.0 3.7
150 3.7 40 L0 39 3.7 35 33 3.3 3.2 3.6
160 3.9 l&ol 26.0 3.9 14.0 1&.0 3.6 307 306 309
170 3.9 uol 309 l‘oo l}.O 309 308 309 3.9 369
Storage
Period

In oxrder to avoid erroneous interpretations, it should be
emphasized that the values appearing in Table 32 represent the
eveluations made with respect to a referenee sample vhich might have
undergone changes in dbitterness during storage. A detailed discussion

in this respect has been presented under 1rrad1ation flaver on page 57
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Keeping the vrelativity of these scores in mind, it mey be seen
from the pre-heating tewperature means in Tsble 32 that bitterness
of beef pre-hested to 1309, 1L40°, or 150° F. differed from that of
the reference beef practically to the same degree.

The beef pre-heated to 160° or 170° F. did not differ appreciably
in bitterness frum the reference beef. In the beef pre-heated to
170° P., this was true for the entire storage period whereas in the
one pre-heated to 160° F. a lowering of the scores vas observed at
120 days of storsge, which continued until the conclusion of the
experiment.

Initially and for a period of U5 days, the beef pre-heated to
130° P. was practically the ssme in bitterness as the one pre-heated
te 1700 P. Bitterness constantly incressed in this sample starting
at 60 days of storage. The same can be stated for the beef pre-
heated to 150° F. It seems that bitterness with respect to that of
the reference ﬁeef hes not increased in this sample before 60 days
of storege.

The above conclusions are derived from the values in Table 32
which represent averages of 32 replications and may not be as definite
as the results of statistical anslyses based on individual scores.
The results of the statistical analyses are presented in the sub-

sequent paragraephs.
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Significance of Bitterness Difference Between Experimental and

Reference Semples. In order to esteblish vhether the pancl scores

for bitterness differed significantly from the score assigned to

the reference, the data for each combination of pre-heat treatment

and etorage period were subjected to snalysis using the pertinent

statistical method ( 25, p. 196+208). The recults of this analyeis

are shown in Tebles 33a through 1.

TABLE 33.
SIGNIFICANCE OF BITTERNESS DIFFERENCE
BETWEEN THE EXPERIMENTAL ARD REFERENCE BEEF

t2=F less
Heat with Oxr More
Treat- Mean 1 and 31 Signifi- Preferable
ment Score Sum of Variance Degrees of cance at Than
OF. Minus b Squares _ (s2) Freedam 5% level Reference
a. Beef stored for O day at 72° F.
130 +,003 9.35 .3016 0010 NS
150 -.350 12.08 .3897  10.0590 s less
160 -.116 12.18 3929 1.0959 N8
170 «.09T 10.37 3345 9001 NS
b. Beef stored for 15 days at 72° P.
130 +.313 1473 L1752 6.5972 s more
.40 +. 147  11.20 .3613 1.9139 Ns
150 =025 19.50 6200 0318 s
160 +.097 o.43 .3042 .9898 NS
170 +.078 8.53 2752 LT074 ns
c. Beef stored for 30 days at 72° F.
130 +.097 16.15 5210 5TT9 NS
1k +.006 11.96 .3858 .0030 NS
150 -.028 1k4.62 4716 0532 NS
160 +.08  13.48 L4348 1237 NS

170 -.059 10.9k4 .3529 .3156 Ne



Table 33, continued

"t EF Tess
Heat with Or More
Treat- Mean 1l and 31 Signifi- Prefersble
ment Score Sum of Variance Degrees of c¢ance at Than
Op., Minus 4 Squares (s2) Freedom 5% level Reference
d. Beef stored for U5 days et 72° F.
10 -.062 1497 4829 <2547 ns
150  «.087 8.09 2610 9280 ns
170 -.012 8.91 -287h 0160 us
¢. Beef stored for 60 days at 720 F.
130 -.312 21.03 678k 4.5017 S less
150  «.269  13.95 4500 5.1457 ] less
160 -.031 12.09 « 3900 0780 NS
i70 «O4T 3.56 <1148 6157 NS
£. Beef stored for 90 days at 72° F.
130 «.403 12.23 .3045 13.1739 8 less
140 - 450 20.70 JLBOTT 9.7050 S less
150 « 401 18.18 6061 - 12,7282 s less
160 -.037 12.%37 .3990 .1098 i}
g. Beef stored for 120 days at 72° P,
1 553 22.98 «Thi 13.2100 S less
170 -.219 12.35 .3084 3.8523 NS
h. Beef stored for 150 days at 72° F.
138 -.801 L0.87 1.3184 19,2690 8 less
1 "0728 38.92 1.25595 1305082 S less
150 - 722 25.65 8278 20.1609 8 less
160 -.278 17.27 55T 44302 s less
170 -.031 6.97 .2161 .1k23 us
1. Beef stored for 180 days at 72° F.
10  -.966  33.85 1.0019  27.3477 S less
150 -.79%  25.8% 833  2k.2039 5 less
160 -.3718 10.75 3468  13.1842 s less
. S
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TABLE 33--abridged
SIGNIFICANCE OF BYTTERNESS DIFFERENCE
BETWEEN THE EXPERIMENTAL AND REFERENCE BEEF
(-5 and ¢S indicates less and more preferable flavor, respectively)

Storage Period

Treatment 015 3% 15 (‘weo@) 90120 150 180
130 NS 45 NS NS -8 5 S -8 -8
140 NS NS N8 NS N8 S S -8 -8
150 S N3 N8 NS -8 o5 -5 -8 -8
160 NS N5 NS NS NS WS S -8 -8
170 NS NS NS NS N8 NS NS RS NS

b=

It may be seen fram Table 33--abridged that the beef pre-heated
to 170° P. changed in bitterness in a parallel manner with the
reference beef. No significant differences between beef pre-heated
to 160° F. end the reference was observed until after 90 days of
storage. Initially, the beef pre-heated to 150° F. was significantly
more bitter than the reference. This significance disappeared
during 15 deys of storage and reappeared only after 45 days of
storage. Differences in bitternmess between the beef pre-heated to
140° and the reference was not significant until after 60 days of
storage. The beef pre-heated to 130° F. showed & significantly less
bitterness than the reference beef during 15 days of storage. This
significance soon disappeared and did not reappear until after U5

days of storage.
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On the basis of the information contained in the foregoing table,
it can be stated that, under the conditions of this experiment, beef
heated to 130°, 140°, 150°, and 160° F. prior to irradiation to
3 megerads can be stored at 72° F. for 45, 60, 45, and 90 days,
respectively, before the panel being able to detect a significant
difference in bitterness between these and a reference begf pre-
heated to 170° F. | |

Linea‘ritx of Relative Change in Bitterness. In order to see 1f

the bitterness of beef within individual pre-heat treatments has

changed in a linear manner with respect to that of the reference

beef with time in storage, the test of linearity of regression of
flavor scores on time wos made using the epproprietc statistical

method (25, p. 295-298). The results of this test are shown in

Tebles 3k4a through e.

It may be seen fyom Table 3he that the only significent
deviation from lineerity at 5% level occurred im beef heated to
150° F. prior to irradiation. However, the magnitude of this
significance was so emall that it disappeared when 1% significance
level was chosen. It can be stated, therefore, that the change in
bitterness of cxperimentel samples fram that of the reference was

linear within all levels of pre-irradiation heat treatment.
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TABLE 3k.
TEST OF LINEARITY OF RECRESSION OF BITTERNESS SCORB
OF. STORAGE TIME IN YRRADIATED BEEF

Degrees Significence
Variation of Mean At the Level of
Due to Freedom Square P 5% 1%
8. Beef pre-heated to 130° F.
Total 35
Storage time 8
Lincar regression 1
DPeviation from linearity 7 L4.6020 1.060 NS NS
Error 27 4. 4270
b, _Beef pro-heated to 10 F,
Total 3g
Storage time _
Linear regression 1
Deviation from linearity 7 5.2800 1.243 NS NS
Error 27 L. 2470
¢._ Beef pre-heated to 150° F.
Total 35
Storage time 8
Linear regression 1 _
Deviation from linearity T 6.4286 2,681 s NS
Error 27 2.3978
d, Beef pre-heated to 160° F.
Total 35
Storage time 8
Lincar regression l
Deviation from linearity 7 2.8400 1.053 NS NS
Exror 27 2.6970
c. Beef pre-heated to 170° ¥,
Total 35
Storage time 8
Lincar regression 1l
Deviation from linearity T 1.6057 .662 NS NS
Error 27 2.4259

— . .
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Rate of Relative Bitterness Change. In order to see the rela-

tion among the relative changes in bitterness as affected by the
levels of pre-heat treatment, regression coefficients which show
the amount of relative change per day of storage were calculated
using the pertinent method of caleulation (25, p. 268). The
results of these calculations are given in Table 35, with the
resultant regression equations vwhich have been translated into
graphical form in Figure 5.

TABLE 35.

RATE OF CHANGE IN RELATIVE BITTERNESS OF IRRADIATED BEEF
AS AFFECTED BY LEVEL OF HEAT TREATMENT

Reat

TR e i
130 -.05259 Tx = 118.5 = .05259 (x-76.6)
140 -.04337 ¥x = 117.2 ~ 04337 (x-76.6)
150 ~.03481 ¥y = 115.6 = 03481 (x-76.6)
160 -.01827 ¥x * 123.8 - 01827 (x-76.6)
170 -.0037h ¥y 2 126.0 - 00374 (x-76.6)

# Rate: Change per day in the total of scores for 32
- Replications.

w y Bitterness score (total of 32 replications).
% Storege time (days).

As may be derived from Table 35 the rates of change in bitter-
ness with respect to reference at the pre-heating temperatures of
1309, 1409, 150°, and 160° P. are 1%.1, 11.6, 9.3, and 4.9 times as
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that at 170° F., respeetively. More informative is a comparison
among the ratios of sdjacent rates of change in bittermess, vhich
are shown in Table 36.

TABLE 36.

EFFECT OF EACH 10° F. RISE IN PRE-HEATING TEMPERATURE ON THE RATE
OF CHARGE IN BITTERNESS OF IRRADIATED BEEF

Level of 10° F, rise Ratio of

In Temperature . Adjacent rates*
130 - 140 1.213
140 - 150 1.246
150 - 160 1.905
160 - 170 L.885

* Ratio of the rate im lower temperature to that
. in the higher one.

As may be seen from Table 36, the 10° F. rise from 160° to 170°
caused the highest decrease in the relative rate of change in -
bitterness. This suggests the presence of a "breaking point" -
between 160° and 170° F. with reference to the inhibition or
destruction of factors contributing towards the increases in the
rate of change iﬁ relative bitterness. This statement is further
supported by the results of a test (25, p. 278-283) carried out to
determine the significance of the rates of change in bitterness.
These results are shown in Teble 37.
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TABLE 37.
SIGNIFICANCE OF RATE OF CHANGE IN BITTERNESS
AS AFFECTED BY PRE-HEATIIC TRIPERATURES

Heat .

Treat- Sum of squares Variance Significance
nent (Regression 88) (Residual §8/n-2) At the Level
oF, v/l 4.z, /T a.t. TR of 5%

130 345.72 17.07 20.25 8
140 235.14 16.38 1k.35 s
150 151.1!;7 9.25 16.38 8
160 41.73 10.41 4,01 NS
170 1.75 9. 36 19 s

The critical region ie vwhere the F-value, as derived from F-

tables, is larger then 5.591% with 1 and 7 degrees of freedom.
Considering the fact that the F-value for beef pre-heated to 160° ¥,
is much larger than that for the beef pre-heated to 170° F. and

also the fact that it is close to the borderlime of significance, it
¢an be assumed to be significant for the purpose of comparing these -
two rates of change in bittermess. On the basis that the 10° 7.
rise in temperature from 160° to 170° ¥. rendered a nearly signifi-
cant ratc of change extremely insignificant and, also, considering
the faet that the ratio of rate for 160° F. to the rate for 170° F.
is the highest of the ratios of eny two adjacent rates, it can be
stated that a "bresking point” is present between 160° and 170° F.

vith reference to inhibition or destruction of factors contributing
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towards the increases in relative rates of change in bitterness.

Overall Desirability

The data pertaining to relative overall desirability of ground
lean beef heated to internal temperatures of 130°, 140°, 150°, 160°
or 170° F. prior to irradiation to 3 megarads and stored at 72° F.
for 0, 15, 30, 45, 60, 90, 120, 150, or 180 days are presented in
Teble 38. | |

TABLE 38,

OVERALL DESIRABILITY SCORE OF IRRADIATED BEEF AS AFFECTED BY
PRE-IRRADIATION HEAT TREATMENTS AND LENGTH OF STORAGE AT 72° F.

(Means)
Heat ’ Heat
Treat= Storage Periocd Treat-
ment _ (dgs) _ _ ment
°r. 0 5 30 b5 90 120 150 180  Mean
130 3.8 L1 42 39 35 35 3.6 3.0 31 3.7
0 3.7 421 L3 3.9 3.6 3.5 3.3 3.1 2.9 3.6
150 3.4 3.7 39 39 35 35 3.2 32 3.2 35
160 3.8 3.9 Lo 3.9 38 39 3.7 3.7 3.5 3.8
170 4.3 L 40 Lo 3, 40 3.8 L0 3.9 k.0
Storage
Period

Mean 3.8 4.0 4,1 39 3-7 3.7 3.5 3.4 3.3

The detailed discussion presented under irradiation flavor on
rage 57 to point out the relativity of the irradiation flavor scores
is also applicable to the overall desirability scores shown in
Table 38.
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Keeping the relativity of these scores in mind, it may be seen
from the pre-heating temperature means in Table 38 that the beef
pre=heated to 150° F, was the least desirable with respect to the
reference beef. The beef pre-heated to 1k0° F. was more desirable
and the one pre-heated to 130° P, was still better in this respect.
The beef pre-heated to 160° F. did not seem to be greatly different
in overall desirsbility from the one heated to 170° F. which was
rated as being practically the same in thig atiribute as the refer-
ence beef. The table also reveals that the beef pre-heated to 1300
F. 4id not differ appreciably from the reference beef until 60 days
of storage when there wae a decrease in overall desirability with
respect to that of the reference beef and that the decrease became
more pronounced at and after 150 days of sterage. The same is
essentially true for the meat pre-heated to 11&0° F. The meat pre=
heated to 150° F. changed for the better in overa.ll deairability
with respect to that of the reference beef up to 60 days of storage
when there was a decrease in this attribute with respect to that of
the reference and that a further decrease occurred at thé 120 days
of storege. The beef pre-heated to 160° F. did not show e high
degreec of difference in overall desirgbility from that of the refere
ence. The overall desirability of the beef heated %o 170° F. was
practically the same as the referenece beef throughout the storage
peried.

The above conclusions are derived from the values in Table 38

vhich represent averages of 32 replications and may not be as
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definite as the results of statistical analyses based on the indivie
dual scores. The results of the statistical analyses are presented

in the subsequent paragraephs.

Significence of Difference in Overall Desirebility Between the

Experimental and Reference Samples. In order to esteblish whether.

the panel scores for overall desirability differed significantly
from the score assigned to the reference, the date for each combi-
nation of pre-heat treatment and storage period were subjected to an
analysis using the pertinent statistical method (25, p. 196-208).
The results of this analysis are shown in Tebles 39a through 1.

It may be seen from Teble 39--abridged, that the beef pree-
heated to 130° F. did not chovw any cignificant difference in oversll
desirebility with respect to that of the reference beef until after
L5 days of storage when a significsnt difference vas detected by
the tasters. Overall desirsbility of beef pre-heated to 140° or
150° F. was significantly less than that of the reference at the
gtart of the experiment; however, this significance disappeared |
during 15 days of storage and did not resppear until after 45 days
of storage. On this basis, it can be stated that irrsdiated ground
lean beef hested to internal temperatures of 130°, 1h0°, or 150° F.
could be stored for U5 days at T2° P. without o significant differ-
ence in overall desirebility being deteeted by the panel between

these and the beef heated to 170° F.



TABLE 39.

SIGNIFICANCE OF DIFFERENCE II OVERALL DESIRABILITY
BETWEEN THE EXPERIMENTAL AND REFERENCE BEEF

83

2z p
Heat with
Treat=- Mean 1 and 31 Signifi-

ment Score Sum of Variance Degrees of cance at
5% level Reference

Less

Or more
Preferable
Than

OF. Mious b Squaves  (s°)  Freedom

a, Beef stored for O day at 72° F.

140 «:316  21.70 7000 L.56L8
150 «.603 k7.01 1.516% 7.6726
170 «300 16.92 5458 5.2767

b. Beef stored for 15 days at 72° F.

130 +.300 25.70 8290 3474
o +.069 22.81 7358 2071
160 - 0087 17 009 L] 5513 . h393
170 +.091 16.19 5223 .507h

c. Beef stored for 30 days at 72° F.

ko +.30§ l7.12 5347 5.71k2
150 e 13050 . ohBSS 06183
160 +.022 9.51 .3068 0505
170 +,044  10.10 .3258 .1902

d. Beef stored for U5 days at 72° F.

130 -.062 31.25 1.0081 - 1220
150 -.109 12.13 .3906 973h
160 «. 08k 13.76 Lh39 5087
170 +.019 11.25 .3629 ..0318

e. Beef stored for 60 days at T72° F.

1-33 «.519 19.57 .6313 13.653T7
1 “o 29.22 Oh2 5.0059
150 -.506 18.08 5832 1h.0486
160 -.234 15c83 .5106 3.“316
170 «,100 T.30 2355 1,3588

wé o

less
less

moxe

more

less
less
less
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Table 39--cont1nued

t2 a3 Less
Heat , with Or more
Treat- Mean lend 31 Signifi- Prefergble
ment Score Sum of Vari%nce Degrees of cance at Then
O, Minugs 4 Squares (s%) Freedom 5% level Reference

£. Beef stored for 90 days at 72° F.

130 481 15.73 507k 1h4,.5912 s lese
W0 -.525  16.20 5226 - 16.8772 s less
150 w459  15.62 5039  13.3792 S less
160 «.131  11.97 .3861 1.4223 Ns
170 4031 8.59 2771 1110 ng
g. Beef stored for 120 days at 72° F.
130 -9 2271 7326 7.6685 S less
140 - 666 23. 19 N 7%1 18 . 9731 8 less
150  -.8kh 19,46 6277 36.3147 8 less
160 -.262 8,55 2758 7.9645 8 less
170 -.166  13.43 4332 2.0355 NS
h. Beef stored for 150 days at 72° P. .
130 -.987 38.11 1.2294 25,3566 8 less
150 -84k 18.70 6032 37.7897 8 less
160 201 16.77 5410 5.0089 8 less
170 -.053 k.86 1568 5733 N8
i, Beef stored for 180 days at 72° F. ,
130 -9kl 39.64 1.2787  21.5953 8 less
140  <1.073  34.76 1.1223 32.8570 S less
150 -.851  14.56 4697 48,1861 8 less
160 -.500 10.88 .3510  22.7920 8 less
us

170 075  10.02 .3232 5569
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TABLE 39--abridged o
SIGNIFICANCE OF DIFFERENCE IN OVERALL DESIRABILITY
(-5 and +S indicates less end more prefersble flavor, respectively)

Storage Period

Hea% _ _ '(dgs). I .
Treatment ~—0 15 30 W5 80 90 120 150 180
130 NS NS NS N8 8 8 -8 <5 -8B
140 -5 N8 4 N8 <8 -8 -8 -8 -8
150 -5 N8 N8 NS -8B -8 -8 5 -8
160 NS5 F5 HS NS NS N8 -5 -8 @ -8
170 +6 NS NS NS NS RS HS N IS

The beef pre-heated to 160° P, did not show any decrease in
overall desirsbility with respect to that of the reference beef until
after 90 days of storege. Om this basis, it can be stated that the
beef could be stored for 90 days at T72° F. without the panel being
able to detect a significant decrease in overall desirability.

The beef pre-heated to 170° F. was evaluated as being the same
as the reference beef which was identical to this experimental beef

in all respects.

Linecarity of Change in Overall Desirability. In order to deter-
mine if the overall desirability of beef within individual pre-heat
treatments changed in a linear wanner with respect to that of the
reference beef with time in storage, the test of linearity of regrese

sion of overall desirsbility scores on time was carried out using



86

the appropriate statistica) methods (25, p. 205-208). The results
of this test are shown in Tebles 40a throush e.

TABLE k0.
TEST OF LINEARITY OF REGRESSION OF OVERALL DESIRABILITY SCORE
ON STORAGE TIME IN IRRADIATED BEEF

Degrees ' BSignificance
Variation of Mean At the level of
_ Due to Freedom Square F 5% 1%
a. Beef pre-heated to 130° F.
Total 35
Storage time 8
Linear regression 1l
Deviation from linesrity 7 13.11k3  2.426 8 NS
Error 21 5.4063
b. Beef pre-heated to 140° F,
Total 35
Storage time 8
Iincar regression 1 y
Deviation from linearity 7 13.3800 3.263 s NS
Error 27 4.1000
¢. Beef pre-heated to 150° F.
Total 35
Btorage time _ 8
Linear regression 1
Deviation frem linearity 7 12.1300 L.493 8 - 8
Error 27 2.7000
&, Boef pre-heated to 160° P, |
Total 35
Storage time 8
Linear regression 1
Deviation from linearity 7 2.4086 613 N8 o]
Error 27 3.9270
e. Beef pre-heated to 170° F.
Total 32
Storage time 8
Linear regression 1l

Deviation fram linearity 7 2.6620 1.11h NS NS
Error 27 2.3907
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It may be ‘seen from Table 40 that the only significant deviation
from linearity at 1 percent level occurred im beef heated to 150° F.
prior to irrediation. The critical regiomn at 1 percent significance
level is where the Fevalue, as derived from Fetables, is larger than
3.3882 with 7 end 27 degrees of freedom and the F-value for the sbove
devietion fram linearity is only 4.4903, vhich shows that the magni-
tude of significance was not large. It can be stated, therefore,
that for all practical purpeses the change in overall desirability
with respect to that of the reference was linear within all levels
of pre-irrsdiation heat treatment.

Rete of Chenge in Relative Overall Desirability. In order to

determine the relation emong the chenges in relative overall desir-
ability as affected by the levels of pre-heat trestment, regression
coefficients vhich show the amount of change per day of storage were
calculated using the pértinent method of calculation (25 , D. 268).
The results of these calculations are given in Table 4l with the
resultant regression equations which have been translated into
graphical form in Figure 6.

As may be derived from Table 41, the rates of change in overall
desirability with respect to reference at the pre-heating temperatures
of 130°, 1ho°,' 150°, and 160° F. are Lil, 4.1, 2.4, end 1.2 times as
that at 170° ¥. respectively.
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TABLE bl.
RATE OF CHANGE IN RELATIVE OVERALL DESIRABILITY OF IRRADIATED BEEF

Heat

TR et Ercevionss
130 -.05043 ¥, = 116.9 ~ .05043 (x-76.6)
140 -.05005 ¥y 3 115.5 - .05005 (x-76.6)
1150 -.02886 ¥y = 11.8 - 02886 (x-76.6)
160 -.01513 ¥y 3 121.7 = 01513 (x-76.6)
170 ~-.01228 ¥y ® 128.3 - .01228 (2-76.6)

% Rate: Chenge per day in the total of scores for
. 32 replications.

# y s QOverall desirability score O total of 32 replications.
. X = Storage time (days).

More informative is a comparison among the ratios of adjacent
rates of change in overall desirability, which are shown in Table 42,
TABLE L2.

EFFECT OF EACH 10° F, RISE IN PRE-HEATING TEMPERATURE ON THE RATE
OF CHANGE IN OVERALL DESIRABILITY IN IRRADIATED BEEP

ILevel of 10° P. rise Ratio of

In Temperature Adjacent rates#
130 - 140 1.008 ‘
140 - 150 1.734
150 - 160 | 1.907
160 - 170 1.232

% Ratio of the rate in lower temperature to that in the higher one.



OVERALL DESIRABILITY SCORE
(Total of scores for 32 replications)

RATE OF CHANGE

FIGURE 6
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As may be seen £ram Tsble 42, the 10° F, rise from 150° to
160° F, causcd the highest decrease in the rate of change in rela-
tive overall desirebility. This sugegests the presence of a "breaking
point” between 150° and 160° F. with reference to the inhibition or
destruction of factors comtri‘buting tovards the incereases in the
rates of change in reletive oversll desirability. This statement
is further supported by the results of a test (25, p. 278-283)
carried out to determine the significance of rates of change in
overall desirability. These results are shown im Table b3,

TABLE 43,

SIGNIFICANCE OF RATE OF CHANGE IN OVERALL DESIRABILITY
AS AFFECTED BY PRE-HEATING TMEBATHRBS

Heat Sum of squares Variance Sigxiﬁeahcé
Treatmant (Regression S8) (Residual 85/n-2) At the level
° F. W/l a.f. w/7 4.f. t22 P  of 5%
130 317.85 20.85 15.24 s
1k0 313,07 15,80 19.82 s
150 104.09 10.43 9.98 s
160 28.60 15.15 1.8 Ns
170 18.85 9.22 - 2,0k NS

As may be seen from Table 43, the rate of change in overall
desirability was significant in meat preeheated to 150° P. but thie

significance disappearcd as a result of 10° F. rise in pre-heating
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temperature. This also shows that there was a “breaking point" samee

vhere between 150° and 160° F,

Correlation Between Changes in Nitrogenous Constituents and Flavor

Attributes.

At the start of the experiment, the flavor attributes of the
beef pre-heated to 150° F. were evaluated es being inferior to the
beef pre-heated to 1LO° F., and the latter was rated as being inferior
to the one pre-hested to 130° F. (Tebles 26, 32, and 38). This
relation was generally maintained throughout the storsge period.
Since thexe wé.s no storsge effect involved at the beginning of the
experiment, these differences in the flavor attributes has to be
explained in terms of the different offects of the same irradietion
dosage on the ssmples vhich had been rendered different by the varye
ing levels of pre-heat treatments.

The more heavily emphasized aspect of the experiment, however,
vas the effect of storage on the beef that received different pre-
heat treatments. Therefore, the rclation between the chemical and
flavor attributes will be discussed in terms of the rates of change
over the storage period.

In order to determine the relation between the rates of change
in the chemical and flavor attributes, correlation coefficients were
calculated using the pertinent statistical method (25, p. 265-266).
The results of these calculations are shown in Tsbles 4lha, b, and c.
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TABLE Lh.
CORRELATION BETWEEN THE CHANGES IN RITROGENOUS CONSTITUEBNIS
AND FLAVOR ATTRIBUTES OF PRE-HEATED IRRADIATED BEEF
STORED FOR 180 DAYS AT 720 F.

Pre-heating Irradiation Overall
Temperature Flavor Bitterncas Desirability

a. Corrclation between total soluble nitrogen and flsvor attributes®

130 “-083 "091 ""085
ll&0 - 090 bl 85 - 081
150 -y 73 - 087 - 076
160 e Sh - h3 e 60
170 -.52 =35 =71
b. Correlation between TCA-soluble aitrogen and flavor attributes#
130 -.78 -.86 -7
l‘w --.8’4- “079 "07)"‘
150 "062 ‘.083 ‘067
160 e 39 "o 53 - 66
170 +.32 + 45 +.01
¢. Correlation betwecn amino nitrogen and flavor attributes®
130 e 79 e 88 e 82
10 -.87 -+83 =79
150 ] & ) 83 - 66
160 -4 00 - 03 - h3
170 +.10 +.60 +.49

# Correlation coefficients significant at 5% level vhere the
. gbsolute value is larser than .67.

As may be seen from Teble bk, significant negative correlations
existed betwveen the changes in the flavor attributes and nitrogenous
constituents of beef pre-heated to 130°, 140°, and 150° F. The
negativity of the correlations indicate that'the flavor became less

preferable as the smount of the nitrogenous comstituents increased.
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The poor correlations observed in the samples pre-heated to 160°
or 170° F. can be explained on the basis of the insignificance of the
increases in the nitrogenous constituents and/or the small magnitude
of differences in flavor with respect to the referemce beef. It will
bé remecmbered that the rate of increase in nitrogenous constituents
in beef pre-heated to these temperstures were found %o be not signi-
’ ficant (Tables 9, 17, and 25). Neither were the rates of change in
flavor attributes significant in beef pre-heated to these temperatures
(Tables 31, 37, and b3). It was the irregular fluctuations,although
of very small wagnitude, displayed by the results of the chemical
and flavor analyses in these samples that caused these poor corree
lations. It may be concluded, therefore, that the nitrogenous
constituents of the beef pre-heated to 160° or 170° F. had been more
or less stabilized and the flavor attributes of the same followed a
parallel change with respect to that of the reference.

The Relation Between the Changes in Nitrogenous laon'stituents and

Irradiation Flavor in Beef Pre-heated to 130°, 140°, gnd 150° F.

Tables 4ha, b, and ¢ show o strikingly regular pattern with regard
to the relation between the changes in the nitrogenous constituents
and the relative flavor attributes of the beef pre=heated to 130°,
140°, and 150° F. In all cases, the closest relation between the
changes in the nitrogepous constituents and those in the irradistion
flavor occurred in beef pre-heated to 140° P, This was followed by
beef pre-heated to 130° and 150° F. The relatively poor correlation

in beef pre-heated to 150° F, can be explained on the basis of the
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fact that the irradiation flavor of this beef with respect to that
of the roference was more or less stabilized (Figure 4), while the
nitrogenous constituents still showed a relatively high increase
(Figures 1, 2, and 3); The rates of change in irradiation flavor
were almost equal in beef pre~heated to 130° and 140° ¥, (Figure 4).
The difference between the two correlation coefficients was caused
by the difference in the rates of inerease in nitrogenous constituents
in the samples pre-heated to these temperatures {Figures 1, 2, and 3).

The implication of the preceding parsgraph is that, although
there was a high degree of correlation between the rates of change
in the chemical and flavor attributes within temperatures, such a
relation did not exist among temperatures. It can be concluded,
therefore, that the irradiation flavor of beef was not a function of
the nitrogenous constituents alone but other factors also contributed
to the changes in this attribute. As long as the pre-heating tempere
atures of 130°, 140°, and 150° F, are concerned, regularly different
pre-heating temperatures caused correspondingly regular changes An
the nitrogenous constituents during storage, vhereaes this regularity
vas not observed in irradiation flavor. A comparison of Figure 4
sgainst Figures 1, 2, and 3 provides the best illustration of tliis
statement.

The Relati_.oh Between the Chenges in the Nitrogenous Conmstituents

and Bitterness in Beef Pre-heated to 1309, 140°, and 150° F. As may

be seen from Tables bla, b, and e, the higheat correlations between

the changes in the chemical attributes and the bitterness oecurred
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in beef pre-heated to 130° ¥. The correlatiom in beef pre-heated to
140° and 150° F. were not highly different fram those for the beef
pre-heated to 130° F. On this basis it ¢an be stated that the changes
in bitterness in pre-heated irradiated beef followed a more or less
regular pattern as those in the nitrogenous constituents. A comparie
son between Pigure 5 and Figures 1, 2, and 3 illustrates this
statcment.

The Relation Between the Changes in Nitrogenous Constituents

and Overall Desirability in Beef Pre-heated to 1300, 1400, and 150° F.

Tables 4ha, b, and ¢ show that the highest correlations between the
changes in the nitrogenous constituents and those in overall desire
gbility occurred in beef pre-heated to 130° F. Although the beef
pre-heated to 130° P. @id not differ greatly fram the one heated to
10° F., there was a marked loas of correlation in beef pre-heated
to 150° F. This wide difference observed in the correlation co=

- efficient for beef pre-heated to 150° F. 1s indicative of the effect
of irradiation flavor in the Judgment of the overall desirability.

A comparison of Figures 4, 5, and 6 shows very clearly that ia the
Judgment of overall desirability, irradiation flavor exerted a more |
dominent effect on the tasters.

In sumary, it can be stated that there was o relatively regular
relation between the changes in bittcroess and those in the total
watler«soluble, TCA-soluble, and amino nitrogen in beef pre-heated to
130°, 140°, and 150° F. In the case of irrediation flavor and over=
all desirability this relation emong pre-heating temperaturcs diminished.
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Irradiation flavor exerted a more daminant effect on tasters
‘than bitterness in their evaluation of overall desirability.

In the great majority of cases, total soluble nitrogen corre-
lated better than amino nitrogen end the latter better than the TCA-
soluble nitrogen with the flavor attributes.

In beef pre~heated to 160° or 170° F., poor correlations
betwveen the changes in the nitrogenous constituents apd those of
the relative flavor attributes were observed which can be expiained
on the basis of the insignificant but irregular changes in the
nitrogenous constituents and/or the small but irregular differences

in flavor attributes vith respect to reference beef.
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SWMMARY AND CONCLUSIONS

The total water-soluble, TCA-soluble, and amino nitrogen con=
tents and the relative irradiation flavor, bitterness and overall
desirability of ground lean beef'pre-hea.ted to internal temperatures
of 130°, 140°, 150°, 160°, and 170° F. prior to irradiation to
3 megarads, showed the following changes and relations during storsge
at 729 F. for periocds up to 180 days:

(1) The nitrogenous constituents in beef heated to 130°, 1k0°,
or 150° F. before irrediation increased at significaat rates with
time in storage. The rates of increase at the lower pre-heating
temperatures were higher than those at the higher ones. Although
changes of emall megnitude were cbserved in beef pre-heated to iéo°
or 170° F., the rates of change were found to be insignificant.

On the basis of these findings it was concluded that, for all
practical purposes, the factors comtributing toward incieases in the
nitrogenous constituents in irradiated ground lean beef in storage
are inhibited or destroyecd as a result of heating to an internal
temperature of 160° F. or above prior to irradiation.

(2) Initially, the relative flavor characteristics of beef
pre-heated to 140° or 150° F. were inferior fram those pre-heated to
1309, 1609, or 170° F., the one pre-heated %o 150° F. being more
inferior. However, an improvement in flavor was observed in these -
samples during the first 45 days of storage so that the relative

flavor characteristics of all the variously heat-trezated beef were
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evaluated as being the same as those of the reference at the 4Sth
day of ctorage. Thereafter, a consistent decrease was observed in
the relative flavor characteristice of beef pre-heated to 1309,
140°%, or 150° F. 1In beef pre-heated to 160° F., this decrease in
flavor was not observed until after 60 days of storage and the one
presheated to 170° F. had the game flavor as the reference throughout
the storage period.

An evaluation of the data %0 present g general picture for the
entire storage period shoved that the pre<heating teuperatures less
than 160° F. gppearcd to give way to the development of differcnt
degrees of inferiority in the relative flavor, and this inferiority
folloved the order of 1500, 140° and 130° F., the last being the
least inferior. It agppeared also that the relative irradiation
flavor of the beef pre-heated to 150° F. was more or less stabilized
at the same relative level over 180 days of storage at T2° F.

On the basis of these findings it vas concluded that:

(a) The beef pre-heated to 130° F. or 160° F. could
be stored for 45 and 60 days, respectively,
without the panel being able to detect a flavor
different from that of the beef pre-heated to
170° F. ,

(b) Initially, the beef pre-heated to 140° or 150° F.
would have an inferior flavor with respect to that
of the beef presheated to 170° F., but that the
flavor would ijmprove until the L5th day of storage
vhen the panel would not be sble to detect a flavor
different from that of the beef pre-heated to 170° F.

{(¢) The pre-heating temperatures of 150° and 140° F.

produced more intensive adverse relative flavor
changes than either 130° or 160° F.



(3) 4An cveluation of the relation between the changes in

nitrogenous constituents and those in flavor attributes provided

the following conclusions:

(=)

(0)

(c)

(a)

(e)

(£)

Significant corrclations existed between the
increases in the nitrogsnous constituents and the
deercages in the relative flavor attributes in
beef pre=heated to 1309, 140°, and 150° F.

‘The highest correlations between the chenges im

nitrogenous constituents and those in relative
irradiation flavor existed in beef pre«<heated to
140° ¥, In the case of bitterness and overall
desirability, the highest eorr@lations veye obe
tained in beef pre-heated %o 130° ¥.

A comparison emong the correlations between the
changes in anitrogenous consiituents and those

in the relative irrcdiation flavor suggested that
the changes in the relative irradiation flavor wes
not a function of the chenges in nitrogenous
constituents alome. 4 similar ecomparison for
relative bitterness suggested that the changes in
the nitrogenous constituents and bitterness followed
a more or lesé regular pattern.

Irradiation flavor scemed to exért & more dominant
effect on the tasters in their judgment of overall
desirability.

In beef pre-heated to 160° or 170° F., poor
correlations betueen the changes in the nitrogenous
constituents and the relative flavor attributes
vere obscrved which was explained on the basis of
the insignificant but irregular changes in the
nitrogenous constituents and/or the small but
irregular Gifferenees in flavor attributes.

In the great majority of cases, total soluble
nitrogen correlated better than amino nitrogen
and the latter better than TCA-soluble nitregen
with the flavor attributes.
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RECCYMENDATIONS

I% io rcecumended that:

{1) 1In order to prevent imcreases in total water-soluble,
TCA=soluble, or emino nitrogen for 180 days of storage at room
temperature, gyround lean beef should be heated to an internal
tcmperature of not less than 160° F., preferably not less than
170° F., prior to irrsdiation to 3 megarads.

(2) In order that no differences in flavor attridutes between
ground lean beef heated to 170° F. prior to irradiation to 3 mega-
rads and the beef pre<heated to lower temperatures should be
observed, the latter should not be stored et room temperature for
more than 45 days if pre-heated to 1309, 140°, or 150° F., not more
than 60 days if pre-heated to 160° F., not less than 45 days if pre-
heated to 150° P., and not legs than 15 days if pre-heated to 140° F.
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