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EFFECT OF PKE-IHRADIAS'lQW HEAITIHG 
THE FLAVOR ADD WITROGEIiOUS COtmvmmSS OF BEEF DURUffi STORAGE 

IKHSODUCJIOU 

With the recognition of the potentialities of ionizing radiations 

as a meem of effecting preservation in foods, a new era was opened 

in food research. It has been proven that these radiations were 

highly efficient in the inactivation of Eicroorganissas and other 

fonas of life. Their ability to penetrate considerable thicknesses 

of material promised the possibility of treating foods in ssstal, 

glass, and other types of containers. The fact that they produced 

only a negligible rise in temperature has attracted attention to the 

possibility of preserving in raw state ©any foods, the preservation 

of which depended on severe heat treatments. The method also 

promised a decreased requirement for refrigeration equipaent which 

was vexy attractive frasi a logistical point of view. 

As research went on, however, it was found that these radiations 

brought about very undesirable side effects. Unpleasant flavors 

and odors were produced in foods subjected to these radiations. It 

was shown that the intensity of these off-flavors and odors was 

dose-dependent. It was also observed that irradiation to levels 

ordinarily used for sterilisation did not result in the ccasplete 

inactivation of enzymes. This was particularly true for Heats 

irradiated in a raw state. This suggested that enzymtic breakdown 

would continue during storage. Consequently, cooking prior to 
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irradiation would be a logical approach in preventing enzymatic 

deterioration during storage* A tendency towards Eore intensified 

off-flavors upon irradiation of partially or Completely cooked seat 

was reported (1$6, p. 238)^ with the effect of storage not being 

investigated. In another report (7, P» 605), beneficial effects of 

long ters storage on flavor ©f pre-cooked saeat was observed, the 

pre-cooked irradiated meat stored at 72° F. being not distinguishable 

from unirradiated control at the end of 250 days of storage while 

the reverse was true at the beginning of storage. Would this be 

true for lower pre-heating to^ej^atures, where the final product 

would partly retain the qualities of uncooked seat? This was an 

attractive question. 

Consequently, the present investigation was undertaken to 

determine toe pattern of changes in flavor and in nitrogenous con- 

stituents, to serve as an indea of proteolytic activity, of beef 

during prolonged storage at room temperature, with a view tcraards 

establishing the BiniBua pre-heating temperature and/or the BaximEa 

storage period to yield a product the flavor of which is not 

different from beef heated to cooking temperatures before irradiation. 



HEVIitf OF UIERATURE 

Ionizing Radiations 

Ionizing radiations have the characteristic property of being 

able to energize individual atoms or molecules of a Bediua to such 

an extent that an orbital electron is ejected trm the molecule and 

a positively charged ion remains, fiannaa (18, p. k)  classified some 

of the laore important ionizing radiations into two categories, one 

being the electromagnetic waves, the second the particulate radia- 

tions. Electromagnetic waves include x-rays and gamaa rays which 

are characterized by their deep penetration. 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 Hannan (18, p. 4-2?) and by The United States 

Aray ^uartenoaeter Corps (50, p. 43-80). 

Effect of Ionizing Radiations on Microorganisms. She 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 bactericidal or 

bacteriostatic effects on microorganisms. Dunn, et al. (lU, p. 605) 

showed that spoilage microorganisms in many foods could be Billed by 

ionizing radiations at dosage levels of 10' to 2 x 10° reps. Morgan 

mid Reed (34, p. 357) Investigated the resistance of bacterial 

spores to gamma izradiation and concluded that spores of Cl. bo&ulinum 

appeared to be more resistant to radiation than spores of several 



other food spoilage organisms. Morgan (32, p. 2k)  reported that-a 

iosage level of h.Q raegarads was required to kill the spores of 

Cl. botuliman. However, Pratt at al. (40, p, 60) inoculated differ- 

ent food products with spores of Cl. botulinwa and concluded that no 

single dose appeared to be best for all products since resistance of 

spores was different in different.foods. Denny and Bohrer (11, p. h$) 

reported that Cl. botulimm was more resistant to radiation in foods 

than in neutral phosphate uhen irradiated at freezing texaperatures. 

In a review. Shea (U7> p. 10) stated that the req,uireraents for 

sterilization has been between 3 to 6 segarads. 

Microorganisms resistant to g&m& irradiation have been en- 

countered. Anderson et al. (1, p. §77) reported that a Mcrococcus 

isolated from ground beef end pork was resistant to extreae dosages 

of 6 megarads of garam irradiation. 

Effects of Ionizing Radiations on flavor. Along with the 

desirable effects on the aicroflora of foods, however, offensive 

odors and flavors were also produced when foods were subjected to 

ionizing radiations. Cain et al. (7, p. 605) reported that tasters 

were able to differentiate between the non-irradiated and 1.9 aegarad 

levels in beef steak, pork roasts and chops and in bacon prior to 

storage. Schultz et al. (W>, p. 238) concluded that a dosage of only 

12^,200 rep sight produce a flavor different fro© that of non- 

irradiated ground beef. Batzer and Doty (3, p. 66) showed that 

sulfur containing compounds contributed to some of the off-odors 
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that develop in meat during irradiation. The results obtained by 

these authors indicated that hydrogen sulfide was one of the com- 

ponents and methyl Eercaptan another. Batzer et al. (kt  p. 701) 

reported that an increase in carbonyl compounds occurred on irradia- 

tion and this increase was directly proportional to the irradiation 

dosages employed. The same authors also stated that these carbonyl 

compounds probably did not directly contribute to the off-odors in 

irradiated beef and possibly had a role in decreasing the apparent 

off •odors by reacting with the sulfhydryl compounds and amines that 

did contribute. Pesrson et al. (36, P» 23*0 showed that hydrogen 

sulfidSj, methyl mercaptan and carbonyls were responsible for a 

considerable port of the poor acceptability of irradiated beef,  pork, 

and veal. Marlbach and Doty (27, p. 83U) made guantitive determi- 

nations of hydrogen sulfide produced and found that 1 to k gawa of 

hydrogen sulfide per gram of meat was fonaed from the volatile 

coosponents of ground beef that had been izradiated at a dosage level 

of 2 million to k million reps whereas only half of this amount was 

released after irradiation at 10 million rep. The same authors also 

found that, in beef frozen and stored at 0° F. before irradiation, 

the amount of hydrogen sulf ide decreased with storage tine for at 

least two weeks and that less hydrogen sulfide was released at the 

seme dosage level from ground beef of high fat content than from 

beef containing less fat. LaFuente et al. (2h,  p. 27?) compared 

different radiations with regard to their production of off-flavors 
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in Qilk and concluded that the intensity of off-flavors produced by 

ultraviolet radiation, gazma rays, and cathode rays uas the sue at 

the radiation levels required to successfully destroy the oicro- 

organiSES present in raw whole milk. 

Hot all foods reacted in the sasae way In the production of off- 

odors and flavors upon irradiation. Pearson et al. (37* p« 619) 

ehotred that in pre-cooked meat irradiated at 2.79 megarads, pork 

showed little or no adverse effects froia radiation whereas beef, 

chicken and veal were mrkedly less acceptable. 

It was also observed that different dosage levels produced 

different intensities of off-flavors. Cain et gL(7> p. 605) found 

that significant differences in flavor between the radiation levels 

of 1.9 &nd 2.8 Eiegarads were detected by tasters in beef and pork 

roasts and in pork chops prior to storage. McGlll et al* (30, p. 80) 

reported that the rate of rancidity development appeared to be 

proportional to the radiation dose and that the taste panel was 

unable to distinguish between radiated and unirradiated seiaples of 

chicken meat when dosage levels of 1 X 105 end 5 X 10' rep were used. 

Schultz et al. (U6, p. 238) reported that irradiation dosages from 

124,200 to 993*^00 rep showed a linear relationship between irradia- 

tion dosage and intensity of irradiation flavor of ground beef. 

Several methods were tested to rainiiaize the off-flavors produced 

in seats on irradiation. Goldblith and Proctor (17, p. 25k) pointed 

out the potentiality of three methods, individually or in caabination. 
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in reducing undesirable side reactions. These were (l) irradiation 

in the frozen state, (2) removal of oxygen, and (3) addition of free 

radical acceptors. Tausig and Drake (1*9, p. 226) reported that 

activated carbon was effective in reducing the intensity of irradia- 

tion odor and flavor. Pearson et jai. (37* p» 619) shoved that 

presence or absence of oxygen scavenger did not significantly influ- 

ence acceptability, although there vas a trend for added oxygen 

scavenger to result in higher mean scores. Cain and Anderson (6, 

p. 58k)  combined tetracycllne antibiotic treatment and pasteurization 

dosages of irradiation and found that the antibiotic retained suffi- 

cient activity to offer protection to Keats during storage, inferring 

that lover levels of radiation could be used and this would produce 

fewer adverse organaleptie Changes than sterilizing levels. Sclmautz 

(U5, p. 36) Investigated the effectiveness of certain spices in pro- 

tecting beef from gaining flavors from gacaaa radiations and found 

that pepper vas effective in aasklng irradiation flavor. Cain, Bubl, 

and Anderson (8, p. 5k0)  found that ground beef exposed to 8 inter- 

mittent exposures of gamma radiations produced significantly less 

irradiation flavor than beef exposed to 1, 2, or h exposures. 

Sohultz, Cain, and Jordan (h6t  p. 238) shoved that there vas no 

significant difference in the intensity of radiation flavor produced 

in Heat canned in atmospheres of air, vacuum, or nitrogen, vith 

frankfurters constituting a possible exception. They also reported 

that there vas no significant difference in the Intensity of radiation 

flavor betveen meats irradiated while frozen or unfrozen. 
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The effect of post-irradiation storage was also investigated 

although not very extensively. Pratt and Scklund (39; P* ^97) 

reported that in irradiated ground heef &hl£h had been in storage 

at 70° or 98° F. for nine months, the taste panel detected addi- 

tional off-flavors and seme liquid formation was noted. Both this 

additional flavor and liquid fowaatioa were reduced in ground beef 

pasteurized to 160° F. Brafee et aL. (13, p. 23) recorded the forma- 

tion of tyrosine crystals in the storage of irradiation sterilised 

raw meat* Cain et al. (7> P« 609) reported the occurrence of exten- 

sive degradative changes during the nine month storage at 72° F, of 

irradiated fresh meats. Foxmtion of tyrosine crystals and excessive 

fluid loss was also observed. 

All of the atove observations indicated action of the proteolytic 

enzymes during storage. Doty and Wachter (12, p. 63) observed that 

there was little, if any, inactivation of the proteinase in beef by 

irradiation at a dosage of 0.5 % 10° rep. At a higher dosage level 

of 1.6 & IX) , there was approxtoately 5& percent loss in ©©parent 

activity in some samples. Drake et aL. (^3, p. 23) confirtsed that 

the principal proteolytie 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 inhibi- 

tion of enzymes were higher than those required for killing the 

raicroorganisBS. 
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She faet that the proteolytie activity in meats continued during 

post-irradiation storage led the investigators to ccaibining heat 

treatoeat uith irradiation. Shis was suggested by Morgan and Beed 

(3^> P« 366). I<an, Goldblith, and Proctor (23> p. 518) suggested 

that a eosabination of heat and radiation night reduce off-flavor 

production due to radiation doses, and serve, additionally, in the 

ioactivation of radio resistant engines. Sehultz et al. {h6,  p. S33), 

however, showed that ccohining partial or complete pre-eooking xrith 

the irradiation did not reduce the production of radiation flavor 

and it night actually intensity it. Other investigators (7» P* 609) 

showed that beef cooked to 160° P. and pork cooked to 170° P. prior 

to irradiation would not undergo degradative changes during 250 days 

storage at 72° P. 

Effect of Heat cm 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 proportional 

to the severity of heating. This was also true in the ease of fish 

meals. Daniel and McColluia (10, p. 18) concluded that the differences 

in heat treatnents were responsible for the differences found in fish 

meals. SSfewton et al. (35, p. 589) reported a loss of water-soluble 

proteins which ranged from 50 to 70 percent when neat was heated 

from 185° to 2U80 P. This was confinsed by Ginger et al. (16, 

p. U10-U16) who reported a 4- to 30-fold decrease in the soluble 
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nitrogen of raw beef when heated. 

Shis loss in biological value in proteins as a result of heating 

has been attributed to the destruction of vitamins and some essential 

asino acids (23, p. 602) in proteins during heating as well as to 

the loss of soluble proteins and decreased digestability (29, p. 

1170-1171). 

Effect of Irradiation CH* Proteins 

The most evident effect of irradiation on proteins has been in 

the production of undesirable flavor and odor compounds which have 

been shown to contain sulfur (3, p. 66} k,  p. 701). fhis gives 

evidence to the sulfur linkage as the site of attack. peaMnation 

of aaino acids upon irradiation in pure aqueous solutions has been 

reported by Proctor and Bhatia (h2,  p. 537-538; ^3> P» 2; 5> p. 552). 

These investigators showed that histidine was Eost highly effected, 

followed by eystine, phenylalanine, tyrosine, and tryptophan. 

Earlier investigations (hi,  p. 359) by the sazQe authors had indi- 

cated that, at sterilizing doses of 2.25 ssegarads, the ten essential 

amino acids were not significantly destroyed in haddock fillets. It 

has been shown by Seheffner et al. (Uh,  p. 460) that no significant 

destruction of the essential amino acids in milk,  turkey, or beef 

protein occurred following gasma irradiation of 1.86 megarads. 

This difference between the action of ionizing radiations 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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for extensive; discussions of the effects on proteins, the 

reader is referred to the reviews of Hannan (18, p. 71-78) ®nd by 

the UJaited States Array Quartermaster Ctarps (50, p. 133-158). 

Effect of Storage on Aaiaal Proteins 

An iioportant change, as evidenced by the contraction of fibrils 

in the muscle fibers, takes place during the first few hours after 

the death of an aniaal. Moran and Siaith (31, p. k3)  explained this 

phenomenon as the stiffening and shortening of the muscle fibers by 

a poGt-Eiortem coagulation; that is, by a decreased solubility of the 

proteins within them. According to these authors, rigor disappears 

as the coagulated proteins are changed again into soluble foztes. 

According to Szent-Oyorgyi (*>0, p. 72-®2), the rigidity character- 

istic of rigor mortis is conferred on dead muscle as a result of 

foimation of actomyosin by the combination of aetin and myosin A 

upon post-mortem removal of potassium ions and ATP from myosin A. 

Huxley (22, p. 66) also stated that, as A3CP is es&austed in the 

muscle region, the protein myosin seems to eombine chemically with 

the protein aetin. Bate-Smith (2, p. 10) stressed the importance of 

interf ilamentary reactions in rigor, rather than intimate molecular 

processes, stating that the process of rigor mortis involved the 

association of the ultimate contractile filgaaents by weak cross- 

linkages which account for the decreased extensibility of the 

muscle. For detailed discussions of muscle contraction and the 
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process of rigor morti©, the reader is referred to the references 

cited in this paragraph. 

For the first 2^-72 hours after the death of an animal, the 

umsele continues to take on a flxmer characteristic. After rigor 

has fully set in, a tenderizing of the muscle is observed with tiae. 

Chen and Bradley (9,  p. l6h)  and Hertaoan and Bradley (19,  p. 2UO) 

attributed the increase in tenderness after rigor primarily to 

autolysis. However, raore recent work by Wierbicki et al. (51* P» 511) 

and Husaini et al. (21, p. 316) showed that the amount of autolysis 

in fresh beef during the first 12-15 days of storage at 3.5° C. 

appeared to be extremely ssall. 

The effect on autolysis of higher storage 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 coosaplete inactlvation of the proteolytic enzymes in 

meat (13, p. 23). From econcsaieal and military viewpoints, radio- 

sterilized Beats would be preferred to be stored at temperatures 

higher than that of refrigeration, and storage periods would be 

expected to be long. Protedytie activity in radio-sterilized meats 

has not been investigated to a great depth. There have been obser- 

vations, however, that, during prolonged storage at rocmj teoperature 

and above, a fluid was exuded from irradiated fresh meats and from 

those pre-heated to temperatures at which enzyise inactlvation had 

not been aecoaplished (3?, p. U^li 13,  p. 23; 7, p. 609). 
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With regard to the proteolytic changes in nuscle under aseptic 

conditions, Zender et al. (52, p. 325) recently studied the natural 

aseptic and anaerobic degradation of rabbit and lamb mscle for 

150 days at 25° C. and for 15 days at 380 C. Th@ authors have 

observed a slow rise in the level of araino adds and a parallel 

decrease of glycine-soluble proteins. The electrophoretic distri- 

bution of umscle proteins was modified during storage as if proteins 

were first split into subunits and only later into aiaino acids* The 

exudate produced during 50-deys storage amounted to 15 percent of the 

original muscle saioples and contained around 7 gr. percent of proteins 

and 0.4 gr. percent of potassiua. 
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EXPERIMENTAL METHODS 

Sample Preparation 

Ground lean beef, purchased in a single lot fron a local Beat 

packer, was thoroughly mixed and stuffed into cellulose Casings 

approximately three Inches in dietaeter. These were frozen at -18° 

P. in Eoving air and then mechanically sliced in cross section into 

portions 3/16 inch in thickness. The slices, still in frozen state, 

were completely randomized and placed in polyethylene-coated saran 

plastic bags. Two hundred forty such bags, each containing four 

slices of iseat, were prepared and grouped into 2k units of ten bags 

each. 

Heat Treatments 

Pre-irradiation heating of samples to internal temperatures of 

130°, 1^0°, 150°, 160°, and 170° f.  was accomplished by employing a 

steam-heated water bath, the temperature of which was adjusted to 

and maintained at that of the desired internal temperature plus 10° 

F.' During the heating process, each group of ten bags was handled 

as a unit and foxned 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, penoitted the 

handling of all ten bags in one operation. The samples were thawed 

before being placed in heated water bath, removed from the bath as 

soon as the desired internal temperature had been attained, and 

immediately imersed in cold water for cooling. The periods of 
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tine required for the attaiaoent of the internal temperatures of 

130°, XUO0, 150°, 160°, and 170° F. were 3.5-k.3,  3.7-^.2, U.7-5.0, 

3.5-5.2, and 5.2-6.0 rainutes, respectively. 5Ihe internal toapera- 

tures were obtained by thenaocouples 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 tr&m the meat and collected in bags as a 

result of temperature treatment was discarded. The casings were 

stripped from the meat before the latter was placed in cans. Bach 

can contained four slices of meat. The cans were vacuum sealed and 

their contents frozen at -18° P. in moving air. 

Shipment 

"She samples, in frozen state, were packed under dry ice and 

shipped in insulated containers to the Materials Testing Reactor, 

Idaho Falls, Idaho. light days elapsed between shipment to and 

receipt from the Irradiation site. Shipment from the site was 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 frca the Materials Testing Reactor, 

aH of the cans were placed in storage at 72p F. the cans wars 

rested on their sides rather than on bottoms and turned periodically 

in a uniform Earmsr. 

Chemical Analyses and fasfte fests 

The samples, in four replications, were quantitatively analyzed 

for noisture, total nitrogen, total water-soluble nitrogen, 

trichloroacetic-acid-soluble nitrogen, and aoino nitrogen. 

Taste tests were condueted using e. trained panel of eight 

tasters. The same tasters were used throughout the tests. 

The cheMcaL analyses and taste tests were conducted at the end 

of 0, 15, 30, 45, 60, 90,  120, 150, and 180 4@ys of storage. 

Manipulation of Samples for Cheznical Analyses and Procedures for 

Chemical Peterainations 

At the end of each storage period, the cans containing the 

aamples for that period were removed frcm storage and opened. Any 

exudate that mi^it have collected in a can was reraoved and saved. 

Two of the four slices contained in each can were taken out, wrapped 

in aluBiiama foil, and placed in 0° p. storage for use in taste test- 

ing. Half of the exudate removed frca the can was returned to the 

can and the other half discarded. She two slices in the can were 

thoroughly comminuted and mixed with a spatula to obtain a unifonn 

sample for chemical detensinations. 
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Moisture DetenBination 

Approximately 5 gra* of meat were placed into tared aluminvna pans 

and accurately weighed. The pans were then placed in an oven at 70° 

C. under 25*23 inches vacuum for 2h hours, removed and tooled in a 

desiccator, and reveighed. The loss in weight after proper calcu- 

lations was reported as the isoisture content. 

Total Nitrogen Beteianinatlon 

Approximately 2 grams of nieat was used for this determination. 

The method of Hlller, Van Slyke, and Plaein ( 20, ?• lto)2-lU20) was 

followed using the indicator developed by Ma and Zuazaga ( 05 

p. 260-262). Instead of using the catalysts suggested by Hiller et 

al* ( 20, p. l1+02-l420), "Kel-Pak" catalysts containing 10 (p. 

potassium sulfate and 0.3 gjn. copper sulfate per package were used. 

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

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

TrichloroacetiC-acld-Soluble Hitrogen, and Amino Hitrogen Detenai- 

nations 

ihirty 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 paper and the filtrate was 

used for the following detenolnatious in the manner described. 
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Total Ifater-Soluble Nitrogen Detexroination 

Two ©Is. of the filtrate, 0.6 ©as. "Kal-Pali" catalyst, and two 

ml. concentrated sulfate acid were dispensed into a 100 ml.  KJeldahl 

flask and heated. One hour was allowed for digestion.. After cooling, 

35 ml. distilled water, 10 IBI. of 50$ sodiuB hydroxide, a few Sangar 

granules, and two or three snail pieces of sossy zinc were added and 

the entire mixture was heated after heing connected to a distillation 

apparatus. The apeonia evolved was collected in 25 ml. of ^ boric 

acid solution. The same indicator as was used for Idle total nitrogen 

detenaination was used during the titration of the distillate with 

approximately 0.1 N sulfuric acid* Total water-soluble nitrogen 

content was reported on a percent dry weight basis. 

TrichloroacetiC«Acid»Soluble nitrogen Deteminatioa 

Tea ffll. of ^50 trichlos^oseetic acid wm added to 10 al. of the 

filtrate and the mixture filtered through Whatman #12 paper. Five 

ml. of this filtrate was used for the detenoination of trichloroace- 

tic-acid-soluble nitrogen. The procedure followed was identical 

with that used for total water-soluble nitrogen, described in the 

preceding paragraph. 

Aaino nitrogen BeterEination 

'She copper method of JPope and Stevens ( 38, p. 1070} was used 

for affiino nitrogen determinations. Some Binor modifications in the 

procedure were aade as a result of a prelinic^ry work designed to 

test the suitability of the method to the conditions of this 
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©3©©risaent» & water ejstraet of fresh grpttnd heef and an aqueous 

solutioa of © Bisture of pur© aaino seids were used in these tests. 

fhe values obtained frain the water ©xfcr&et of ground beef were GOSJ- 

pared against those obtaiaed from the ?aa Slyke jseiaiod (20, p,. 3^5) 

and those obtained fre® t&e ©ixturg of amiao acids weare caraparea 

agaiost the ealculated aaiao Bitrogen value©. On the basis of the 

results obtaiaed fvm the prelimlaafy work, the following procedure 

was adopted for use in the essperinsent. 

Reagents used were prepared in the saioe maaser as described by 

Pope and Stevens (37, p. 1070). fwent^five ml. of saeat extract, 

prepared as e^lained on page If were pipetted into a 200 jal* volu- 

aetric flask. A sufficient qua&tity of nonaal sodiuiD hydroxide was 

added from a buret drop by drop to make the contents of the flask 

slightly alkaline as indicated by a piece of Uhiversal pH Indicator 

Paper used outside the flask. One hundred ml. of the copper phosphate 

suspension were added and the volxme made to 200 al. with distilled 

water. The eontent of flask was well eixed and filtered through a 

#5 Whatiaao paper, fwenty-five ml. of the filtrate were acidified 

with § al. of glacial acetic acid and § sdL. of 50$ potassiusat iodide 

added. The solution was titrated with stanSardised sodium thio* 

sulfate, one ml." of starch solution being added towards the end of 

tit rat ion. SKie tit rat ion was made under an atmosphere of nitrogen 

gas. The results were reported as a percentage based on the dry 

weight of meat, taking each ml.  of 0.01 II sodium thiosulfate as being 

equivalent to 0.28 sag. of aoixxo nitrogen. 
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Taste ffests 

Taste Panel* The taste panel for this experiment consisted of 

eight experienced tasters. The same panel was used throughout the 

expertoent. 

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°, XkO0*  150°, 

160°, and 170° P. Tbe reference samples were preheated to 170° P. 

and in all other aspects were similar to the experiiaental samples. 

The ballot was a 7-point scale ballot with the reference saiaple at 

4.0. The flavor characteristics evaluated by the panel were 

"Irradiation Flavor", "BittemeS0,% and "Over-all Desirability". 

The adjectival ratings printed on the ballot were assigned numerical 

scores in such a manner as to permit the indication of a more desir- 

able flavor by a higber score. Accordingly, in the case of "Irradi- 

ation Flavor" or "Bitterness", the adjectival ratings "Much Less", 

"Moderately Less", "Slightly fcess"* "Seme as Reference", "Slightly 

More", "Moderately More", and "Much More" appeared on the ballot 

along a vertical line and were assigned numerical scores of 7/ 6, 5, 

k,  3, 2, and 1, respectively. In the case of "Overall Desirability" 

the adjectival ratings "Much More Besirablie", "Moderately More 

Desirable", "Slightly More DesirableV'Same as Befettsnce",'Slightly 

l^ess Desirable", "Moderately fcess Desirable", and "Much less 

Desirable" appeared on the ballot along a vertical line and xrere 
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assigned numerical seores of 7,  6, 5# ^» 3# 2> and 1 respectively. 

!Riese phrases indicating adjeetival ratins© tfere placed one inch 

apart on' the vertical line to permit interpolativ^ evaluations by 

the tasters. 

Safety Precaution. Before the sajaples were delivered to the 

kitchen, they were tested on «ice for the<presence of bacterial 

toxins. For this purpose* ten grams of seat-were roixad with four 

fluid ounces of .3 percent sterile physiological saline solution and 

blended for two minutes in a sterile blender. About 10 ail. of this 

blended mixture was decanted into a sterile test tube and centrifuged 

in a high speed centrifuge for one hour. One-half al. of the supea*- 

natant solution was injected into mice which were observed for U6 

hours-for sydptoias of toxin action. At no phase of the experiment 

was there observed any evidence of toxin developaent. 

Pre|)aration. of Samples for Serving to ffagte Panel. Gas broilers 

were preheated and the slices of ©eat were placed on the broilers 

three inches from the source of heat, fhey were broiled 5-7 ainutes 

on one side, turned and broiled on the other side for a sloilar 

period, fhis produced a sample which was cooked to a well-done 

stage. Preparation of aomples for taste testing was done by the same 

persons in the ssse kitchen throughout the oxperiaent. 

Serving and Tasting of Samples. SoEples of four replications 

of five different pre-irradiation heat treatments were served and 

tasted in four sessions at the end of each storage period. Two 
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sessions were held a day, one being at 10 o'clock in the morning;, 

the other at 3 o'clock in the afternoon. The four replications were 

served on two consecutive days* At the end of each storage period, 

all samples to be tasted were removed from 72° F. storage, indivi- 

dually wrapped in aluainuw foil, placed in 0° f. storage, and kept 

froaen until the tiaie when they were ready to thaw before delivery 

to the kitchen. After cooking, the saiaples were individually placed 

in randoaly coded paper cups and served along with a reference 

saa^le which was taarked as such. Tasting by the toeiabers of panel 

was carried out in individual booths, properly equipped* 

Statistical Methods 

The particular statistical methods employed for the analysis of 

the data obtained from this essperiment will be indicated by Baking 

references to the teset used.(25). 
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RESULTS AID) DISCUSSION 

The results will be presented and discussed under three general 

headings which will cover the chemical analyses, flavor evaluations, 

and a correlation between the two. 

ferminolo^ 

The texts "pre-heating" as used in this text should be construed 

to mean "heating prior to irradiation". 

The team "beef" refers to "ground lean beef irradiated to 3 

negarads after being heated to a certain internal teiaperature". 

Repetition of the facts that the experimental material has been 

irradiated to a dose of 3 inegarads and stored at 72° P. 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 

noisture content of the samples that received different heat treat- 

raents prior to irradiation should be brought to the attention of the 

reader. Although the initial ejcperimental 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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Table 1 shows the ooisture content of the samples at each level of 

heat treateent. fhe figures represent the averages of four repli- 

cations analysed at each storage period. 

TABLE 1. 
PERCENT MOISTURE CONTENT OF PRE-HEATED IRRADIATED BEEP 

Heat '     " ■ '"  ■ ' ■ Heat 
Treat* Storage Period freat- 
ment   (days) ment 
0 F. """O   15   30  >5   60  90 120  150  ISO  Mean 

130 7U.2 7M 73.8 7^.3 7^.0 7^.1 7^.1 73.8 7^.3 7^.1 

11*0 7^.1 Jk.k Ih.l -Jk.k 74.I 7M 7^.2 73.7 7^.2 7^.2 

150 73*3 73»5 73.6 73'6 73.8 73.6 73.7 73-3 73.7 73.6 

160 73.2 72.9 73.** 73.3 73.3 72.9 73.0 72.6 73.2 73.1 

170 70.7 70.3 71.0 70.8 70.4 70.U 70.8 70.8 70.6 70.6 

Considering the uniformity of the initial expertaental material 

and the fact that the samples were randomized, no appreciable differ- 

ences In moisture content within a given temperature treatment was 

expected. The figures in Table 1 suggest the same. The dispropor- 

tionately large drop in moisture content of samples subjected to 

170 F. heat treatment suggests a rapid protein denaturation at this 

temperature. 

Total Water-Soluble Nitrogen 

The data pertaining to the total water-soluble nitrogen content 

of ground lean beef heated to internal temperatures of 130°, 11*0°, 
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150°, 160°, or X700 P. prior to irradiation to a dose of 3*0 aegarads 

and stored at 72° F. for 0, 15, 30, ^5, 60, 90, 320, X50, or 180 days 

are presented in Ta&le 2. 

I'OTAL SOLUBLE NITROGSJ COI'JTSIJT OF IRRADIM'SD BEEF' 
AS m&Zm BY PRE-IRRADIATION M® TREA3T>tENT AND LEWGTH 

OP g3?0RAGE AS 72® P. 
(Percent dry weight basis} 

Heat ""    """        !       '            '    "*"" '      '           !                Heat 
Treat- Storage Period Treat- 
ment        ■ (days) Bent 
0,>, ^Q       15       30       W     ^      90 120     150     IgQ     Mean 
130 2.19 2.^ 2.k9 2.60 2.79 2.99 3.03 3.20 3.33 2.78 
lliO 2.03 2.08 2.25 2.30 2.53 2.67 2.53 2.69 2.8k 2.¥* 
150 IM X.55 1.68 I.63 1.82 1.99 I.96 2.07 1.92 1.81 
160 1.41 1.43 1.45 1.48 1.60 1.61 1.52 1.59 1.61 1.52 
170 1.17 1.18 1.24 1.20 1.23 1.31 1.30 1.29 1.32 1.25 

Storage 
Period 
Mean  I.69 1.74 1.82 1.84 I.99 2.11 2.07 2.17 2.20 

Effect of Heat Treatment and Storage Period. 

The trend in the change in total water-soluble nitrogen content 

as affected by the two variables nay be seen from Table 2. Heat 

treatment sieans show a steady reduction in this constituent with 

increase In pre-irradi$.tion heating tenperature. 1-ikewise, 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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trsataeni, linearity and rat© of change, can be obtained only through 

statistical analyses, the foUowiag results were obtained throTagh 

the application of appropriate statistical nethods (25, p. 309-32^), 

using the values representing the total water-soluble nitrogen 

content of replicate samples as individual observations. 

1SMIM 3. 
ANALYSIS Of VARIANCE FOB TOTAL SOLUBLE NITBOGEN 

11! IRRADIATED BEEF AS AFFECTED BY PRE-LRRADIAIIOK 
HEAT TREATMENTS AID LENCMI OF STORAGE AS! 72° F. 

Degrees Significance 
Variation of Mean At the Level of 
Due to Freedora Square F % if 

Total 179 
Replicatioa 3 .023U 2.208 m 0S 
Tempsrature k 1U.6066 673.U5 s 8 
Temp, x Repl. 12 *0217 2.0U7 s NS 

Time 8 .7293 53.233 s S 
Tisae x Repl. 2k .0137 1.292 m NS 

TiBe x Temp. 32 .0873 8.236 s S 
Error . 96 .0106 

It cay be seen tram the values in Table 3 that the effect of 

pre-heating temperatures as well as that of the storage time was 

significant. The sa&e was also true for the temperature x storage 

tine interaction effect. The meaning of the significant interaction 

effect between the levels of heat treatment and the storage tine is 

that no prediction can be made as to the total water-soluble nitrogen 

content for a particular combination of the level of heat treatment 

and storage period on the basis of the results obtained for other 

combinations. 
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fhe arelative nognittide of each significant effect was calculated 

according to 14 ( 2$,  p. 200-20U) and can be seen froa Table k which 

shows the eactent of contribution by each effect towards variations 

in the total soluble nitrogen content of beef. 

TABLE k. 
RELATIVE MAGNITUDE OF COOTRIBOTION BY SIGKIFICAHT tOPFECTS 

TOWARDS VARIATIONS Hi TOTAL SOLUBLE I?ITROGEH COKTENT 
OF IBBADiS^© EEEtf 

Effect Variance 

TeDjpezuture .kQ^k 

Time .0359 

Temperature x Time .0192 
i .1.1,1   1 1 11 i, 11 m ,'11   MI Ti    .1  .IIMMUI i1 ,11, I'Miui iHiMniiiiM,,'!,!,.. iirii 1 1 I'M, i,1,,1 nn , 1 ,1,111,11 ,,.1 i 

It Bay be seen from the values in Table k that the temperature 

to which the meat was heated prior to irradiation was the primry 

source of variation in the total soluble nitrogen content of stored 

beef. The effect of storage time was not as dominating and 

influential as that of the pre-heating tensperature. The temperature 

x time interaction had the least effect of the three significant 

factors. 

Significance of Change with Tiiae within each Temperature Treat;- 

roent. In order to determine whether the total water-soluble nitrogen 

content of beef heated to a particular tenrperature prior to irradia- 

tion changed significantly With time, data for each of the five levels 
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of heat tresteent x-jere stib^ected to a sepsrate dialysis of variance 

(25, P» 196-208) the results of «hich ©re shotm in Tables ja throu^x 

e, This infosaation is iasportast in that'it will serve to indicate 

the temperature at v/hieh the factors responsible for the increase in 

total soluble nitrogen are inhibited or (KeEtroared. 

mmm£ OF VARIANCE FOB Tom SOI,IIBLE HITROGEW IN mmiPam mm 
m mm&m BY msm OF STOBASE VWUGD AT 720 F. 

Degrees                                               Significance 
Variation                 of            Mean                             At the level of 

flue to Freedom       Square F g| ,1$. i 

a*   Beef pre«heate& to 130^ F« 

Replication 3 .0175 3.129 S BB 
Storage tiine 8 .5812      IO3.785 S S 
Srror 2h .0056 

b. Beef pre-heated to IfrO0 F. 
5.0taL 3^ • 
Replication 3 .0530 3.17^ S fiB 
Stoaraige time 8 .3207 19.203 S S 
Error 2k .0167 

c. Beef pre«>heated to 150° F. 

Replication 3 .0167 .739 »S WS 
Storage ttoe 8 .1359 6.OI3 S S 
Error 2fc     .0226 

d. Beef pre-heated to 160° F. 
fotal        35 
Replication     3     .0155    2,92k NS     m 
Storage tiise    8    .0278   5.2k$ 0     S 
Error 24     .0053 

e. Beef pre-heatefl to 170° F. __r 35     ^ 
Replieation 3 .0073 1.303 NS W 
Storage tiiae 8 ,0127 2.267 IS $5 
Error        2k .0056 
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It may be seen from Tables 5a, b, c, and d that the increase in 

total water-soluble nitrogen with time was significant in beef heated 

to internal temperatures of 130°, IkO0,  150°, or 160° F. prior to 

irradiation to 3 rsegarads. The increase in total soluble nitrogen 

in the beef heated to 170° F., however, was not significant (fable 

5e). 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 to irradiation to 3 raegarads, 

whereas they remain wholly or partially active in beef heated to 

160° f * or lower teinperaturee. 

Linearity of Increase Jja Total Soluble HFitrogen. In order to 

detenoine the total water-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 sianner 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 (23,   p. 295-298). Calculations were made using 

the totals of replications as individual observations. The results 

of this test are shown in Tables 6a through e. 

It may be seen from Table 6b that a significant deviation from 

linearity at 5 percent significance level occurred in meat heated to 

Ito0 F. prior to Irradiation. The critical region as derived from 

F-tablea is where the F-value 16 larger than 2.3732 with 7 and 27 

degrees of freedom and the F-value for the significant deviation 

from linearity at ito0 F. was only 2.391*0. 23»e difference in these 
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TABLE 6* 
TEST OF LINEARITY OF REGRESSION OF TOTAL SOLUBLE NITROGEN CONTENT 

GB STORAGE TIME II! IRRADIATED BEEF 

'    '   '       Degrees Si^oificance 
Variation of   Meaa      At the level of 

Due to FreedoiB Sguare   F.   5^    . 1$ . 

a. Beef p]ge-heate4 to l^)0 F. 
Total 35 
Storage tiffie 8 
Linear r^ressioa 1 
Deviation from linearity    7  .0295  .165  NS    EfS 

Srror 27    .1792 

fe. Beef preheated to 1^0° t. 
i-oial         ~*" & 
Storage time 3 
Linear regression 1 
Deviation fnao linearity    7  .0^98 2.391*   S    HS 

Error 27    .0208 

c. Beef pre»heated to 150° F. 
Total 35 
Storage time 8 
Linear regression 1 
Deviation from linearity    7  *0kkS   2.032  HS    HS 

Error 27     .0218 

d. Beef pre-heated to 160° y., 
Total 35 
Storage time 8 
Linear regression 1 
Deviation from linearity    7  .0122 I.906  m NS 

Error 27     .006^ 

e. Beef pre-heate& to 170° F. 
Total 35 
Storage time 8 
Linear regression 1 
Deviation from linearity    7  .0030  .536  US    NS 

Error 27    .0056 
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two values is small enough to he neglected. It can he otated, 

therefore, that under the copditioas of this experiBent the increase 

in total water-soluble nitrogen xjith tice w&a linear within ©11 

levels of pre-irradiation heat treatment including the 170° P. level 

where the increase was found to he not significant. 

Bate of Increase in Total Watey-Boluhle Hitrogen. In order to 

detexsaifte the relation aaong the rates of increase with tiae in 

total water-soluble niti^ogen as effected by the levels of pre- 

irradiaiion heat treatment, regression coefficientSj, ^ich show the 

amount of increase per day, were calculated using the pertinent 

aethod of calculation (25, p. 268). She results of these calcu- 

lations are given in fable 7, with the resultant regression equations 

which have been translated into graphical form in Figure 1. 

fmm 7. 
BASS OF DECREASE IN TOTAL SOLUBLE NITROGEil COHTEJ.JT 

OF ZXMxZI&JS) BELIF AS AFFEC'IED F/ LEVEL OF HEAS? W&ISMSM 

Heat 
Treatsaent 

0 F. 
Regression 
Coefficient* 

Begrcssion 
Bauatien** 

130 

ii»o 

150 

160 

170 

00596 

00421 

002^9 

00105 

00080 

yx « 2.783 + .00596 {x-76.6) 

yx • 2.43^ * .00421 (x-76.6) 

ys s 1.009 * .00249 (x-76.6) 

yx a 1.522 ♦ .00105 (x-76.6) 

yx » 1.248 +.00085 (x-76.6) 

* Rate: gr./lOO gr./day of storage. 
#* y s fotal soluble nitrogen content. 

x s Storage tine (days). 
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As may be derived froxp fable 7,  the rates of increase at the 

pre*heatin@ temperatures of 130°, IbO0, 150°, said 160° f. are 7.0, 

5.0, 2.9, and 1.2 tiffies as that at 170° £., respectively. 

More inforzsative Is a comparison amons the ratios of adjacent 

rates of increase, as it peraits an evaluation of the relative magni- 

tude 0f the inhibitory or destraetive effect of each particular 10° 

F. rise in pre-heating teaiperature on the factors responsible for the 

solubilization of nitrogenous constituents of beef during storage, 

fable 8 shows these ratios. 

TABLE 8. 
EFFECT OF BACH 10° F* RISE IB PRE-HEATH» TEMPERATORE 

OH THE RATE OF INCREASE HI TOTAL SOLUBLE NITROGEN COMTEM1 

OF IBRADIATED BEEF 
in,.n..   r    ■    .i i- in '11.1.111  ii  ii.    . »- ■     in 'I      in 

Level of 10° F* rise Batio of 
In Temperature Adjacent Rates-'> 

130 • li»0 1.415 

1U0 - 150 1.691 

150 - 160 2.370 

160 * 170 1.236 

* Batio of the rate in lower teraperature to that in the 
higher one. 

As may be seen from fable 8, the 10° F. spaa from 150° to 160° 

F. caused the highest reduction in the rate of increase in total 

soluble nitrogen. This serves to indicate the existence of a 

"breaking point" at a tefflperature between 150° and 160° F. with 
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reference to the effect ©f pre-heating teoiperatures on the inhibition 

or destruction of factors contributing towards the soZuMlization of 

nitrogenous constituents of pre-heated irradiated beef during 

storege at 72° P. This statement is further supported by the results 

of a test (25, p. 278-283) carried out to deteraine the significance 

of rates of change in total water-soluble nitrogen. These results 

are shown in Table 9. 

TABLE 9. 
SIGNIFICANCE OF MSB OF HJCREASE IK TOTAL SOLUBLE NITROGEN 

AS AFFECTED BY PRE-HEATIHG TEMPERATURES 

Heat Significance 
Treat- Regression Sun of Squaros    Variance       At the Level 
Bent Co-   (Regresaion SS) (Residual SS/n-2) ^     of 
OF. efficient*   w/l d.f.     w/7 d.f.    t2*F   5^ 

130 .00596 h.kk29 .0268 165.78 s 

iko .001*21 2.2170 .0802 27.61* S 

15Q .0021*9 .7775 .081*7 9.18 s 

160 .00105 .1370 *02l*9 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 tearperature from 150° to 160° F. IMs indicates a stabili- 

zation effect of heating to a temperature between 150° and 160° F. 
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on the factors coatributing towards golub&ization of nitrogeaoias 

constituents of irradiated ground lean "beef. 

Trichloroacetic-Aeid-Soluble nitrogen 

The data pertaining to the TCA-soluble nitrogen content of 

ground lean beef heated to internal temperatures of 1300, 11*0°, 150°, 

160°, or 170^ P« prior to irradiation to a dose of 3.0 megarads and 

stored at 72° ?. for O, 15, 3©, ^5, So* 901 120, 150^ or ifio days 

are presented in Table 10. 

TABLE 10. 
TCA-SOLUBLE HITROGEI'J C0!:ITEJJT OF IBRADIATED BEEP 
AS iffiFECfED' BX1 t^WMSSBURtSB SEAS? TRIASMEMS 

■m mm® OF momm %$ 720 F. ' 
(Fercsnt dry weight basis) 

Heat '      '  ""  '         " Heat 
Treat" Storage Period Treat- 
ment (days) ment 
0 F. 0  15  30  ^5  00  90 120  150 ""IBff Mean 

130 1.1% 1.53 1.62 I.75 1.91 2.10 2.10 2.25 2.39 1.87 
140 1.17 1.32 1.53 1.59 1.78 1.91- 1.86 I.96 2.06 1.68 
150 1.17 X.13 1.28 1.3% 1.45 1.52 1.50 1.62 1.6% 1.40 
160 Life L12 1.19 L16 1.27 L21 1.22 1.21 1.28 1.20 
170 1.00 LOO 1.01 1.03 LOO 1.00 .95 L05 L07 1.01 

Storage 
Period 
Mean  1.12 1/22 L33 1.37 XM   L55 L53 1.62 I.69 

Effect of the "kevel of Heat Treatment and Storage Period. The 

trend in the change in TCA-soluble nitrogen as affected by the two 

variables may be seen from Table 10. Heat treatment eeaas showed a 

steady reduction in this constituent with increase in pre-irradiation 
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heating temperature. likewise, as the storage period increased the 

•TCA-solubl© nitrogen content also increased. However, definite ans- 

wers 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 obtained only through statistical analyses. The 

following results were obtained through the application of the 

appropriate statistical method (25, p. 309-321*), using the values 

representing the TCA-soluble nitrogen contents of replicate samples 

as individual observations. 

TABLE 11. 
AUALYSIS OF VARIANCE FOR TCA-SOLUBLE NITROGEIJ HI IRRADIATED BEEF 

AS AFFECTED BIT PRE-IRRADIATION HEAT TREATMENTS 
ASS) imm GP SfORAGB AT 72° F. 

Degrees Significance 
Variation of Mean At the tevel of 
Due to Freedom Square F 5$           1$ 

Total 179 
Replication 3 .0016 1.772 m        m 
temperature k U.3709 1*96.693 s    s 

Temp, x Repl. ia .0088 9.777 s    s 
Time 8 .6962 102.355 s    s 
Time x Repl. 2k .0068 7.555 s    s 

Temp., x Time 32 1.1230 12^7.777 s   s 
Brror 96 .0009 

The values in Table 11 show that there were five effects contri- 

buting toward variations in the TCA-soluble nitrogen content of beef 

heated to different pre-irradiation temperatures and kept in storage 
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for nine different periods. These are the tenperature effect, time 

effect, tcaperature x time interaction effect, teaiperature K 

replication interaction effect and time x replication interaction 

effect. The relative aagnitude of each significant effect was 

calculated according to M (25, p. 200-20U) and can be seen from 

fable 12 which shows the extent of contribution by each effect 

towards variations in the TCA-soluble nitrogen content of beef. 

TABLE 12. 
RELATIVE MAGHITUDE OF CONTRIEUilOn BY SIGRIFICAIiT EFFECiS 

TOWARDS VARIATIONS IN TCA-SOLUBLE ITTTROGEW COIfTENT 
IN IRRADIATED BEEF 

■Hi""-""  in ■—wiMin ni inn  ■■■in' m ulmlm*mmm>i>n„,mm ■ ■ I t «         .  I  »„■ ■ mi ■ ■   ■■- mm 

Effect Variance 

tofflperature ASlk 
Time .03^8 
Temperature x Tinie .2005 
Teraperature x Repl. .0009 
Time x Replication .0012 

The meaning of the Values! in Table 12 is that changes in the 

pre-lrradiatlon heating temperatures have more pronounced effects on 

the TCA-soluble nitrogen content of beef than have the different 

stores© periods. It 1© also evident fro® the ©ignifleant temperature 

x time interaction effect that the variations in the TCA-soluble 

nitrogen content of beef for regularly different combinations of 

levels of pre-irradiation heat treatment and storage periods do not 

follow a siailarly regular pattern and that no prediction can be 

made as to the TCA-soluble nitrogen content for a particular 
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caabination of the level of heat treatment and storage period on the 

basis of the results obtained for other such combinations. The 

effect of temperature x replication and time x replication is so 

small that they can be regarded as being negligible. 

Significance of Change vith Tice within each Temperature treat- 

ment. In order to arrive at conclusions as to whether TCA-soluble 

nitrogen content of beef heated to a particular temperature prior to 

irradiation to 3 megarads changed significantly vith 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 fables 13a through e. 

It may be seen tram fables 13a, b, c, and d that the increases 

in TCA-soluble nitrogen with time were significant at the 3 percent 

significance level in beef heated to internal temperatures of 130o> 

ll»0o, 150°, or 160° F. prior to irradiation to 3 Eegarads. The 

increase 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° F. prior to 

irradiation to 3 xaegarads, whereas they remain wholly or partially 

active in beef heated to 150° F. or lower temperatures. 
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TABLE 13. 
ANALYSIS OF VARIANCE FOR TCA-HOLUBLE NITROGEN 1$ IRRADIATED BEEF 

AS f&EWMi ETSf WmtSB OF SfORASE PIUIOD M 72? F. 
v 

Degrees Si^aificsaiee 
Variation of Mean At the J<©v@l of 

Due to Freedom        Sguare F 5^ l^1 

a.   Beef pre*heated to 130° F. 

fotal 35 
R^licatioa 3 .0071           .292            US            IS 
Storage time 8 .6219      25.590             S             S 
Error 2fc .02^3 

D.   Beef pre-heated to iko0 y. 
Total 35 
Replication 3 .0183        2.859           M           HS 
Storage tiiae 8 .369^      57.720             S              S 
Error 2k .0064 

c.   Beef pre-heated to 150° F. 
Total 35 
Replication 3 .0018    *360    SB    MS 
Storage tiiae 8 .1378  27.560     S     S 
Error Zk .0050 

d. Beef pre-heated to 160° f. 
Total 
Replication 
Storage tiaie 
Error 

35 
3 
8 
24 

.0021 

.0113 

.0035 

.600 
3.228 

NS 
s 

HS 
NS 

e. Beef pre-heated to 170° F. 
Total 
Replication 
Storage tine 
Error 

35 

2k 

.0077 

.00i»8 

.0030 

2.556 
1.600 

NS 
NS 

NS 
NS 

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 isegarads 

and placed in storage at 72° F. increased in a linear Earner with 



time in storage, the test of linearity of regression of total soluble 

nitrogen content on storage time t^s Eiade using the appropriate 

statistical method ( 25, p. ^5-298). Calculations were made using 

the totals of replications as individual observations. The results 

of this test are shown in fables Ik®, through e. 

It may toe seen from Sable Ik that significant deviations from 

linearity at 5 percent significance level occurred in sasiples heated 

to 130°, lit©0, or 150° F* However, the magnitude of significance in 

neat heated to 130° F. was so small that it disappeared when the 

1 percent significance level was chosen. A high degree of importance 

cannot be attached to the linearity of the increase in TCA-soluble 

nitrogen in beef he&ted to 160° or 170° F., because it was shown in 

Tables 13d and e that the increase over time was not significant in 

the saiapies that received these levels of pre-irradiation heat 

treatment. 



TABLE Ik. 
TEST OF LINEARITY OF REGRESSION OF TCA-SOLUBLE ITITP.OGEI-] COIJTEIIT 

00 STORAGE TIME HI IRRADIATED BEEF 

Deiries                               Significsuace 
Variation                          of          Mean               At the Level of 

^ Btae to Freedom     Square      F        g^ 1$ 

a. Beef pre-heated to 130° '?.. 

Total 35 
Storage feiae 8 

Linear regression 1 
Deviation from linearity ?       .0785     3*505       S RS 

Error 2? .0224 

b. Beefwe-heated to IU00 P. 
Total 35 
Storage time 0 
Linear regression 1 
Deviation from linearity    7  .0553 7.182  S     S 

Error 27    .0077 

c. Beef preheated to 150° F* 
Total 35 
Storage time 8 
Linear regression 1 
Deviation fvm linearity    7  .0199 k,2$k      $ 8 

Brror 27    .00^7 

d. Beef preheated to l60Q F. 
Total 35 
Storage time 8 
Linear regression 1 
Deviation from linearity    7  .0059  1.788 WS    NS 

Error Zf .OO33 

e. Beef pre-heated to170° F. 
Total 35 
Storage time 8 
Linear regression 1 
Deviation from linearity    7  .001*5  1.250 M m 

Earror 27     .0036 
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Rate of Increase in TGA^SoCluble Ilitrogen* In order to detewaine 

the relation aiaong the rates of ijaereass tyith tiB© in TCA-soluble 

nitrogen as affected by the levels of pre-heat treatment,, regression 

coefficients ^fhich show the anomt of increase per day of storage 

were calculated on data using the pertinent method of calculation 

(25, P* 268). The results of these calculations are given in 

Table 15> with the resultant regression equations which have been 

translated into graphical foxia in Figure 2. As may be derived frcaa 

Table 15> the rates of increase at the pre-heating temperatures of 

130°, iJtO0, 150° and 160° F. are 2U.8, 18.9, 11.6, and 2.6 times as 

that at 170° P., respectively. 

TABLE 15. 
BATE Of IHCREASE IN TCA-SOLUBLE NITROGEK CONTEHT 

Of IRPADIATED BEEF AS AFr'ECTED BY LEVEL OP BEAT TBEAUM^r 

Heat 
Treatment Regression 

Coefficient* 
Regression 
Equation** 

130 .00593 yv = 1.866 + .00595 (x*76.6) 

iko .OQk53 yx ■ I.685 + .00453 (x-76.6) 

150 .00278 y^ = 1.1»03 * .00278 (x-76.6) 

160 .00063 yx a 1.X98 * .OO063 (x-76.6) 

170 .0002U y^ • 1.011 ♦ .0002fc (x-76.6) 

* Rate: gr./lOO gr./day of storage • 
•* y ■ TCA-soluble nitrogen content. 

x ? Stoarage time (days). 
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More infoKaative la a eaaparisoa sniong the ratios of adjacent 

rates of iaersase., e£ it pesaits an evaluation of the relative 

magnitude of the inhibitory or destructive effect of each particular 

10e i*. rise in pre»heating tsssperature on i^e factor© responsible 

for protein brcakdowa duriag storage. Table 16 shows these ratios. 

'I'ABLE 16. 
WFBGT Of EACH 10° F. TaSE W PKE-rXEAIE-G TBgERAlXTRE OK 1'HE RATE 

G&  INCREASE IM TCA-SOLUBLE im'ROGEN COm'EKT OF IRRADIATED BEEF 

Xnsvei of 10° F» rise 
In Temperature 

jRatio of 
Adjacent rates* 

130 - ll«0 l.&k 

lto> - 150 1.629 

150 - i60 4.412 

160 - 170 2.625 

Batio of tiie rate in lower temperature to that in the 
hi^ier one. 

As siay be seen from Table 16,, the 10° f. span from 150° to l6o0 

P. caused the highest reduction in the rate of increase in TCA- 

soluble nitrogen, ^his serves to indicate the existence of a 

"breaking point" at a teoperature between 150° and 160° F. with 

reference to the effect of pre-beating teaperaturet on the inhibition 

or destruction of factors contributing toward the breakdown of 

protein in pre-heated irradiated beef during storage at 72° F. This 

statement is further supported by the results of a test (25  p. 278- 



283) carried out to detenaine the significance of rates of change in 

TCA-soluble nitrogen. These results are shown in fable 17* 

TABJUE 17. 
SIGNIFICAKCE OF SMS OF INCREASE IN TCA-SOLUBLE KITROGEK 

AS AFFECTED BY PRE-HEATIKG TEMPERATURES 

Heat Signifi- 
Treat* Regression Sum of squares Variance        cance at 
Bent Co- (Regression SS) (Residual SS/n-2)     the level 
0 f. Ifficient* w/l d.f. w/7 d.f.    t2aF  of 5$ 

130 .00595 U.4257 .0862 51.3^2 S 

xko .00453 2.5678 .0297 86.1*58 S 

150 .00278 .9633 .0181 53.220 S 

160 .00063 .0k$6 .0128 3.875 NS 

170 .00O2U .0071 .0137 .518 KS 

* Regression coefficient or rate of increase. 

Table 17 clearly shows that a highly significant rate of increase 

in TCA-eoluble nitrogen was rendered insignificant by a 10° F. rise 

in temperature from 150° to 160° F. Shis also indicates a stabili- 

zation effect of heating to a temperature between 1500 and 160° F. 

on the factors contributing towards protein breakdown during storage. 

Aaino ffitrogen 

The data pertaining to amino nitrogen content of ground lean 

beef heated to internal teaperatures of 130°, 1J*00, 150°, 160°, or 

170° F. prior t© irradiation to a dose of 3 megarads and stored at 
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72° F. for 0, 15, 30, k3, €0,  90> 120, 150, or 180 days, are preiented 

in f stole 18. 

TABLE 18. 
AMIiJG KITKOGEiJ CGMMS OF JBimiAZED BEEP AS AFFECTED BY 

PRE-IRRADIAI'IOH IffiAS TREATtMSS A1JD LEITCiH OF STORAGE AT 72° F. 
(Percent dry weight basis) 

Heat Heat 
Treat- Storage Period Treat- 
ment (days) seat 
0 F. 0  15  30  *5       60  90 120  150  180  Mean 

139 .28U M5 .569 .732 .811 .8g>8 .929 .995 1.129 -755 
140 .267 .389 .I»60 *552 .6^2 .7Xk .712 .792 .905 .604 
150 .247 .284 .313 .3^ .384 .446 .439 .477 .539 .386 
160 .226 .250 .260 .266 .269 .258 .255 .240 .^1 .258 
170 .196 .203 .208 .203 .196 .184 .179 .182 .181 .192 

Storage 
Period 
Mean  .244 .314 .362 .419 .^l .500 .503 .537 .611 

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

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

two variables may be seen from Table 18. Heat treatment means showed 

a steady reduction in this constituent with increase in pre-irradia- 

tion heating temperature, likewise, as the storage period increased 

the aisino 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 

obtained only through statistical analyses. The following results 
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H@re .obtained througli the implication of the expropriate statistical 

aiet&oas ( 25, p. 309»32^)# using tSae values yepreseating tlie amino 

nitrogen contents of replicate samples as individual observations. 

TMKB 19'. 
ANALYSIS OF VARI^CE TOR mWO WmOQM IB IRRADIATED BEEF 

AS AFFECTED BY PKB-IKRADIATIOK HEAI TREA3MENTS 
Al© iSBOm OP SfQRAGB AT 780 F. 

Degrees Significance 
Variation of Mean At the Level of 

Due to Preedou Square . * M . 1* 
Total 179 
Replication 3 .0123 30.75 S 6 
Tefflperature k 2.0078 603.12 8 S 

T^ap. x Hepl. 12 .0025 6.25 S s 
Time 8 .2684 178.93 S s 
Ttoe x Repl. 2^ *0015 3.75 S s 

TesDap* X Tto© , 32 *0601 150.25 S s 
Error 96 .0004 

/ 

The values in Table 19 show that all the effects contributed 

significantly tomrd variations in the aaino nitrogen content of beef 

heated to different pre-ixradiatioa tesaperatures and kept in storage 

for nine different periods* Hie relative Eiagnitwde of each of these 

significant effects was calculated according to M (25, p. 20O*gOU) 

and -cm be seen from Table 20, which show the 'extent of contribution 

by each effect totfas^s variations ia the TGA-soluble nitrogen content 

of beef. , 
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TABLE 20. 

RELATIVE MAGNITUDE OF COUTRIBUriOil BY SIGNIFICAHT EFFECTS 
TOWARDS VARIATIONS IN Mm) NITROGEN CONTENT 

OF IRRADIATED BEEF 

Effect  Variance 

Replication .0003 
Tengperature .0553 
f eamperature x Replication .0002 
Time .013^ 
Time x Replication .0002 
Temperature x Tine .011*9 

The ffieoning of the values in Table 20 is that changes in the pre- 

irradiation heating tenrperatures have more pronounced effects on the 

smino nitrogen content of beef than have the different storage 

periods. It is also evident from the relatively highly significant 

tecjperature x ttoe interaction effect that the variations in the 

amino nitrogen content of beef for regulasOy different combinations 

of levels of pre-irradiation heat treatment and storage periods do 

not follow a similarly regular pattern and that no prediction can be 

made as to the amino nitrogen content for a particular combination 

of the level of heat treatment and storage,period on the basis of 

the results obtained for other such combinations. Replication effect 

as well as temperature x replication and tinse x replication inter* 

action effects have such a sEall significance that they msy be 

considered negligible. 
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Significance of Change with Ttoe Within each Tasperatttre Treat- 

ment. In order to arrive at conclusions as to whether amino nitrogen 

content of beef heated to a particular teoperature prior to irradia- 

tion at 3 Eiegarad0 changed significantly with time, the data for 

each of the five levels of beat treatment were subjected to a 

separate analysis of variance { 25, p. I96-208), the results of 

which are shown in fables 21a through e. 

O'ABLE 21. 
ANALYSIS OF VARIANCE FOR AMINO NITROGEN IS IRRADIATED BEEF 

AS AFFECTED BY LENGTH OF STORAGE PERIOD AT 72° F. 
'        Degrees Significance 

Variation     of     Mean At the Level of 
Due to Freedom   Square     F 5$    1$ .. 

a. Beef pre-heated to I3O0 F. 
Total       35 
Replication 3 .0038 6.333 S S 
Storage time 8 .3020 503.333 S S 
Error       2k .0006 

b. Beef pre-heated to IW F. 
Total       35 
Replication 3 .011*2 10.923 S S 
Storage time 8 .1621 123.500 S S 
Error       2k .0013 

c. Beef pre-heated to 150° F. 
Total       35 
Replication 3 .0021 2.625 SS NS 
Storage time 8 .032^ U6.750 S S 
Error       2k .0008 

d. Beef pre-heated to 160° F. 
?otal~       35 
Replication 3 .0015 5.000 S S 
Storage time 8 .0017 5.600 S S 
Error       2k .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 aay be seen frosa Tables 21a through e that increases in 

aaino nitrogen with tine were significaat in beef heated to internal 

teEperatures of 130°, il«Q0, 150°, 160°, or 170° P. prior to irradia* 

tion at 3 Ejegara&s. These results mean that the factors responsible 

for the increase in aaino nitrogen are not inhibited or destroyed 

completely as a result of heating up to and including 170° F. prior 

to irradiation at 3 megara&s* 

Mnearity of Increase in Amino Mtrogen. In order to see if 

the anino nitrogen content of beef heated to a particular internal 

temperature prior to irradiation at 3 saegarads and placed in storage 

at 72° F. increased in a linear manner with time in storage, the 

test of linearity of regression of asnino nitrogen content on storage 

tine was made using the appropriate statistical method ( 25, 

p. 295-298). Calculation® were made using the totals of replications 

as individual observations. The results of this test are shottn in 

Tables 22a through e. 

As may be seen from Tables 22a, b, e,  and d, significant devia- 

tions from linearity occurred in amino nitrogen content of beef 

pre-h@ated to 130°, 1^0°, 150°, or 160° F. Considering the fact 

that the critical region at 1 percent level is where the F~value, 

as derived from the F-tables, is larger than 3.3882 with 7 and 27 

degrees of freedom, deviation from linearity in beef pre-heated to 

ll«0o, 150°, or 160° F. is not of high significance. The beef pre- 

heated to 139° P. showed a degree of significance which can not be 
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•TABLE 22.   
TEST OF UNEARrnf OF REGRESSION OF AMXHO NITROGEN CONTENT 

ON STORAGE TIME IN IRRADIATED BEEF 

Degrees             Significance 
Variation         of   Mean       At the Level of 

^  Due to     FreedoB Square   F §^ if 

a. Beef pre-heated to 130° F. 

39.100   $ 

Total 
Storage time 
Linear regression 
Deviation from linearity 

Error 

U. Beef pre-fceated to ito)0 

35 
8 

27 

F. 

1 
7 

1 
7 

1 
7 

1 
7 

,0391 
.0010 

Total 
Storage time 
Linear regression 
Deviation from linearity 

Error 

c* Beef pre-heated to 150° 

35 
8 

27 

F. 

.0160 

.0028 

Total 
Storage time 
Linear regression 
Deviation from linearity 

Error 

d. Beef pre-heated to 160° 

35 
8 

27 

F. 

.0036 

.0010 

Total               35 
Storage tine           8 
Linear regression 
Deviation from linearity 

Error               27 

e. Beef pre-heated to 170° F. 

.0014 

.0004 

5.714  S    s 

3.600  s 

3.500   B      S 

Total 35 
Storage time 8 
Linear regression        1 
Deviation from linearity    7  .0002  2.000  NS    NS 

Error 27    .0001 
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neglected. However, for the discussion of rates of change, the 

increase in asino nitrogen wiH be regarded as being linear over 

storage tine within all preheating temperatures. 

Bate of Increase in fsmino Hitrogen. In order to determine the 

relation among the rates of increase with tioe in amino nitrogen 

as affected by the levels of pre-heat treatment, regression co- 

efficients which show the amount of increase per day of storage 

were calculated on the data using the pertinent method of calculation 

( 25, p* 268). The result© of these calculations are given in Table 

23, with the resultant regression equations which have been trans- 

lated into graphical form in Figisre 3. 

TABLE 23. 
RATE OF INCREASE IN AMINO NITROGEN CONTEHT 

OF IRRADIATED BEEF AS AFFECTED BY LEVEL OF HEAT TREATMENT 

Heat 
Treatment      Regression Regression 

0 F. Coefficient*  Equation**  

yx 
a .755 + .ooinV (x-76.6) 

yx = .60k +.00313 (x-76.6) 

y^ * .386 + .00148 (x-76.6) 

y% s .258 * .00017 (x-76.6) 

y s .192 - .00015 (x-76.6) 

130 .0010.1* 

Ito .00313 

150 «QQ1A8 

160 .00017 

170 -.00015 

* Rates gr./lOO gr./day of storage. 
** y s Amino nitrogen content. 

x = Storage tinje (days). 
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As may be derived from Table 23, the rates of increase at the 

pre-heating temperatures of 130°, lltO0, 150°, aad 160° F.. are ^.6, 

20.9, 9«9» and 1.1 tidies as that st 1T00 F., respectively..  it 

should also be noted that the direction of change is different in 

beef pre-heated to ITO0 F., which shows that a decrease in aoino 

nitrogen content was noted in this beef while others shoved an 

increase. 

ItoTe iafonnativ© is a eoBjp&risQn ©raong the ratios of adjacent 

rates of increase, as it peiraits a®, evaluation of the relative Hasni- 

tufie of the inhibitoi^r or destructive effect of each particular 10° 

F. rise In the pre-heating ieaperature on the factors responsible for 

breakdown of proteins to sxaino acids or lover peptldes. Table 2k 

shows these ratios. 

TABLE 2k. 
EFFECT OF EACH 10° F. RISE IN PRB-HEATIHG TH4PEBATURE 
01 !£SE BASE OF INCREASE m MMO NITROGM COIOTSKT 

OF IRRADIATED BEEF 

"I 'l     -.-i    «■■»■        ' .    i  i.  .i i i     i  i. i '■  n. .'"ill ■   I  ill M| 

I«vel of 10° F. rise Ratio of 
in Temperature Adjacent Rates* 

130 * ito 1.323 

lliO - 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 ©ay be seen from Table 2^, the 10° P. span frcm 150° to 160° 

P. caused the highest reduction in the rate of increase in aoino 

nitrogen, ^htls Serves to indicate the eadstenee of a "breaking 

point" at a temperature between 150° and 160° F. with reference to 

the effect of pre-heatlng tenperatures on the inhibition or 

destruction of factors contributing toward the breakdown of proteins 

to amino acids and lower peptides. This statement is further 

stjpported 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. 
SIGKIFICMCE OF RATE OF INCREASE HI AMUJO HITKOGEN 

AS AFFECTED BX PEE-HEATIHG TEMPERATURES 
    ' ■ - ■  ■■ (i    i i . i ...n ..I. i ' . i   i  i' -  1.1.1  

Heat Signifi- 
Treat- Regression Sum of squares   Variance        cance at 
Bent    Go-   (Regression SS) (Residual SS/n-2)     the level 
0 F. efficient*   w/1 d.f.     w/7 d.f. t2gF  of 5$ 

130 .QOklk 2.1*06 

ito .00313 1.22lt8 

150 ,0011*8 .2738 

160 .00017 .0038 

170 -.00015 .0028 

.0038 563.63 s 

.0107 UhM S 

.0037 7^.00 S 

.0016 2.38 m 

.OQOk 6.71 S»* 

* Regression coefficient or rate of change. 
«* Not significant at 1 percent level. 
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Table 25  clearly shotrs 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. IMs indicates a statoilisatlon effect of 

heating to a teoperature between 150° and 160° F. on the factors 

contributing towards breakdown of proteins during storage to amino 

acids and lower peptides. 

Besults c£ flavor Evaluatioas 

Flavor attributes of groimd lean beef heated to different inter- 

nal temperatures prior to Irradiation were evaluated with reference 

to a saEple which received the scae treatment as one of the experi- 

mental samples, three flavor attributes were evaluated by eight 

tasters at the end of each of the nine different storage periods. 

Four replications were involved in the esperiiaent. Considering the 

fact, however, that the tasters are incidental, the 32 flavor scores 

obtained at each storage period for each level of pre-heat treatment 

were treated as 32 replications of that particular combination of 

pre-heat treatment and storage period, the results of analyses on 

the data 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 130°, Ito)0, 150°, 160°, 
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or 170° F. prior to irradiation to 3 aiegarads oml stored at 72° F. 

for 0, 15, 30, k5, 60, 90, 120, 150, or 180 days, are presented in 

Table 26. 

TABLE 26. 
IRMDimoIJ FLA'vOK SCOHE OF IBRADIAIED @HEF 

AS AFFECTED BY PEE-IRRADIATIGN HEAS TREATMBIM'S 
AHp MsIGSH OF SfORAGB A£C 72° F. 

(Means) 

Heat Heat 
treat- 
ment 

Storage Period 
(days) 

Treat- 
ment 

0F, b ^ 30 45  . 60 90 120 150 IBi) Meen 

130 
11*0 
150 
160 
170 

3.9 
3.8 
3.^ 
3.9 
4,4 

4.1 
4.0 
3.6 
3.9 
4.1 

4.1 
4.1 
3.7 
4.2 
4.2 

4.1  3.4 
3.8  3.5 
3.8  3.6 
3*8 3.7 
4.1 4.0 

3.6 
3.4 
3.5 
3.9 
4.1 

3.7 

n 
3.7 
3.8 

3.3 
3.3 
3.3 
3.6 
4.1 

3.2 
3.2 
3.3 
3.8 
4.1 

3.7 
3.6 
3.5 
3.8 
4.1 

Storage 
feriod 
Mean 

arini'.'.Mi,',,. -=s= 

3.9 3.9 3*9 3.9  3.6 3.7 3.6 3.5 3.5 

In order to avoid erroneous interpretations, it should be empha- 

sized that the values appearing in fable 26 represent the evaluations 

aade with respect to a reference saople which wight have undergone 

changes in Irradiation flavor during storage. A comparison of the 

values within any coltann will provide an Indication of the relative 

intensity of irradiation flavor at a certain storage period azsong 

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

within a given row, however, should be regarded as being devoid of 

such a capability. It Bay be said that, during 0-day storage, the 
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irradiation flavor of beef heated to 130° F. was less intense than 

that of the fceef heated to 150° F. because both of them had been 

evaluated against the SWQ reference beef. It cannot be stated, 

however, that the irradiation flavor of beef heated to 130° F. prior 

to irradiation was less intense during 0-day storage than it was 

during 60-da3rs of storage, because no proof can be presented that 

the reference beef used during 0-day storage had the aaaae intensity 

of irradiation flavor as that used during 60-days of storage. A 

comparison mong rows should indicate the relation among the rates 

of Change in irradiation flavor over the entire storage period as 

affected by pre-heating tenperatures. It should also show the 

effect of pre-heatimg teaperatures on the degree of intensity of 

irradiation flavor. 

Keeping the foregoing in Kind it may be seen frcm fable 26, as 

indicated by pre-heating temperature pieans, that the irradiation 

flavor of the beef pr©-heated to 150° F. was the poorest with respect 

to that of the reference sample. The beef pre-heated to 1^0° F. had 

less intense irradiation flavor and the one-pre-heated to 130° F. 

was still better in this respect. The beef pre-heated to 160° F. 

did not seem to be greatly different in irradiation flavor frosa the 

one heated to 170° F. which was rated as being practically the sesse 

as the reference beef in this attribute. Table 26 also reveals that 

the beef pre-heated to 130° F. did not differ appreciably frcaa the 

reference beef until 60 day© of storage when there was a shazp 

increase in the relative irradiation flavor with respect to that 
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of the reference beef and that the increase became more pronounced 

at and after 150 days storage. $he same can be said for the beef 

pre-heated to l**©0 F. ®ie beef pre-he^ted to 15©° 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 increase in this 

attribute with respect to that of the reference and that the rate of 

change followed the same trend thereafter as that of the beef pre- 

heated to 139° or IkOP F. ^bie 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 frora the values in fable 26 

which represent averages of $2 replications and may not be as definite 

as the results of statistical analyses based on individual scores. 

The results of the statistical analyses are presented in the sub- 

sequent paragraphs. 

Significance of Irradiation Flavor Difference between the 

Eageriaental 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 storage period were subjected to an 

analyses using the pertinent statistical utethod (25, pv 309-321*). 

The results of this analyses are shown in Tables 27a through i. 
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TABLE 27. 
SIGI3IFICAx;CE OF IRRADIATION FLAVOR DIFPEEEi-'CE 

BRTIJIB^U CT^ EXPERBSEHirAii MD EE013REHCE BSEF 

t< * p Jiess 
Heat with Or Bore 

freat- Mean 1 and 31 Signifi- Pareferable 
Eent Score SUM Of Variance 1 Degrees of cance at Than 
0P. Minus h Squares U2) Freedom 5$ level Reference 

a. Beef stored for 0 day at 72° P. 

.1707 m 130 -.091 48.13 1.5526 
xko -.237 39.85 1.2855 1.3982 m 
150 -.591 71.81 2.3165 4.8249 8 less 
160 -.150 55.98 1.8058 .3987 HS 
170 +.1*19 15.^9 •4997 11.2426 S store 

b* Beef stored for 15 days at 72° P • 

.1777 m 130 4.075 31.40 1.0129 
xko .000 23.50 .7581 .0000 m 
150 -.375 27.68 .8929 5.0398 s less 
160 -.125 21.78 .7026 .7116 HS 
170 ♦.072 12.70 .4097 .4049 m 

c. Beef stored for 30 days at 72° f • 

.5624 NS 130 +.128 28.90 .9323 
lUo ♦.059 26.64 .8594 .0296 NS 
150 -309 15.97 .5152 5.9305 S less 
160 *.m 10.72 .3458 1.9997 US 
170 +*m 11.17 .3603 3.1391 us 

d. Beef stored for 45 daj rs at 72° *, • 

.2404 NS 130 +.081 27.07 .8732 
lltO -.222 22.97 .7410 2.1283 NS 
150 +.225 16.62 .5361 3.0218 NS 
160 ..169 18.29 .5900 1.5491 NS 
170 ♦.109 12.51 .4035 ,9422 NS 

e. Beef stored for 60 days at 72° W< * 

11.3683 S 130 ..603 31.73 1.0235 less 
11*0 ^.fc62 32.25 1.0403 6.5656 P less 
150 -.UM* 26.04 .8400 7.5099 s less 
160 -.3^7 25.02 .8071 4.7740 s less 
170 -.009 9.01 .2906 .0089 NS 
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t2 a f Less 
Beat witb Or ffiore 

Treat-  Mean 1 and 31 Signifi- Preferable 
jaent  Score Sum of Variance Degrees of cance at Thm 
o F.  Minus k Squares (s2) Freedom 5$ level Reference 

t. Beef stored f&r 90 flays at 72° 1 Hi 
S 130  -.362 

IhO      -;366 
30.77 .9926 4.2247 less 
20*33 .6558 15.6319 s less 

150  -Mk 23*P *7516 9.9736 s less 
160      -.125 lft.86 M^ 1.0430 m 
170  +.125 6*0l» .19*8 2.5667 us 

g. Beef stored for 120 days at 72° F. 

s 130  -.331* 21.71 .7003 5.0975 less 
iko     -.503 29.^3 .9*9* 8.5278 s less 
150  -.6*U 26.80 .86*5 15.2090 s less 
160  -.28^ 10.34 .3335 7.7391 s less 
170  -.178 ll*.57 .4700 2.1572 NS 

h.   Beef stored for 150 days at 72° P. 

130  -.697 
1*0  -*722 

1^63 
38.55 

1.4397 
1*2435 

10.7980 
13.4146 

s 
s 

less 
less 

150   -.700 22.23 .7187 21.8172 s less 
160   -.369 22.06 .7116 6*1230 s less 
170   ♦.O63 9*37 .3023 *4201 l-iS 

i. Beef stored for 180 days at 72° F. 

s 130  *.77Q 53*35 1.7210 11.2546 less 
IkO       *.806 35.22 I.1361 18.2980 s less 
150  -.697 19*63 .6332 24.5513 s less 
160  -.209 9*91 • 3197 4.3722 s less 
170  +.109 5.95 .1919 1.9812 m 
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TABLE 27—abridged 
SIGKIFICMCE OF iERADIATlOH FtAVOB DUtElWCE 
BESWiSSK THE EXPIRIEI&M'A'L MD HEFS3®BeE BEEF 

(-S and +8 indicates less aad aore prefei^ble flavor, respectively) 

Heat 
 $55 rage Feriod 

Treatsnent 0 15 30 to 60 ^0 120 150 l80 

130 MS IS "S IS -s ^s -S -s -s 
lltO NS m US IS -S -S -s -s -s 
150 -S & -s NS -s -s -s -s -s 
160 IS KS ws NS -s NS *s •s -s 
170 ♦s m IS IIS US NS NS NS NS 

It may be seen from Table 27—abridged that the beef pre-heated 

to 130o or IhQO F. internal tcsperattares did not show a significant 

difference in irradiation flavor with respect to that of the 

reference beef until after ^5 days of storage when significant 

differences were deteeted by the tasters. On this basis, it can be 

stated that irradiated ground lean beef heated to internal temperature 

Of IP0 or 1*0° F. could be stored for 4? days at 72Q F. without a 

significant difference in irradiation flavor between these and the 

beef heated to 170° F. being detected by the panel. 

Irradiation flavor in beef pxvs-heated to 150° F. was significant- 

ly more intense than that of the reference beef for 30 days of 

storage. This significance disappeared on the 45th day of storage. 
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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 storage, when a slight significance, 

as shown in Table 27e, was observed which disappeared 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 able 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 day of storage 

for beef pre-heated to 170° F., which was the sazoe pre-heating 

temperature as that of the reference beef, can he explained on the 

basis of the tendency of a taste panel to assign an unduly high 

score to the better sanjples served with considerably poorer ones. 

Other than this single instance which occurred at the start of the 

experiment, the beef pre-heated to 170° F. was evaluated by the 

panel as having the ssrae degree of irradiation flavor as the refer- 

ence beef which had received identical treatment in all respects. 

Linearity of Relative Irradiation Flavor Change. In order to 

see if the irradiation flavor of beef within individual pre-heat 

treatments changed in a linear Banner with respect to that of the 

reference beef with time in storage, the test of linearity of 

regression of flavor scores on tiiae was made using the appropriate 

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

shown in Tables 28a through e. 
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Tmm 28 
^BST OF tsmmm OF fffiOKEssion OF mwimtw FUVOB SCORE 

OB STORAGE TIME IN IRRADIATED BEEF 

Variation        XJsgrees 
Due to           oi 

Freedom 
Mean 

Square.. F 

Significance 
At the Level of 

5i           1* 
a. Beef pre-heated to 130° F. 

Total                35 
Storage tiae           8 
Linear regression 
Deviation fxma linearity 

Error                2? 

1 
7 U.081U 

6.8880 
1.609 m        m 

b. Beef pre-heated to Ite)0 F. 

Total                35 
Storage time            8 
Linear regression 
Deviation from linearity 

Error                 27 

1 
7 5.5129 

5.3507 
1.030 m         NS 

e. Beef pre-heated to 150° F. 

Totea                35 
Storage time            8 
Linear regression 
Deviation from linearity 

Irror                27 

1 
7 k.um 

2.6U26 
1.683 ws   ns 

d. Beef pre-heated to 160° F. 

1 
7 5.1200 

5.2233 
.980 

Total                35 
Storage tiwe            S 
Linear regression 
Deviation frosi linearity 

Error                21 
m        m 

e. Beef pre-heated to 170° F. 

Total                35 
Storage time            8 
Linear regression 
Deviation f rm linearity 

Error                ZJ 

1 
7 5.6130 

1.2522 
4.1463 s    s 
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It siey he seen frasi Table 28 that the only significant deviation 

from linearity occurred in beef heated to 170° F. prior to irradiation. 

The critical region at 1 percent significance level is tJher© the F- 

value, as derived from F-tahles, is larger than 3.3882 xd.th 7 and 27 

degrees of freedom and the F-value for the above deviation froa 

linearits/' 1® only U.l»830, which shows that the ttagraitude of signifi- 

cance was not large. It can he stated, therefore, that for all 

practical purposes the change in irradiation flavor with respect to 

that of the reference wad linear within all levels of pre-irradiatlon 

heat treatment. 

Rate of Relative Irradiation Flavor Change. In order to deter- 

mine the relation anoog the changes in relative irradiation flavor 

as affected fey the levels of pre-heat treatment, regression co- 

efficients which show the amount of change per day of storage were 

calculated using the pertinent nsethod of calculation (25, p. 268). 

She results of these calculations are given in Table 29, with the 

resultant regression equations which have been translated into 

graphical fdrm in Figure k. 

As nay be derived from Table 29, the rates of change in relative 

irradiation flavor of a beef at the pre-heating temperatures of 130°* 

i**0o, 150°, and 160° F. are 3.8, 3.5, 1.6, and 1.0 times as that at 

170° F., respectively. Store infowiative is a comparison ejnong the 

ratios of adjacent rates of change in irradiation flavor, which are 

ehovm in Table 30. 
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TiJBLE 29 o 
BMS OF CHAISE £? RELATIl^E IRRADIATION FUVOR OF IRRADIATED BEEF 

AS AFFECTED BIT HEAT THEA1MEHT 

Heat 
Treatoent      Regression Regression 

o F,  Coefficient* Equation**  

yx * 118.8 - .03763 (x-76.6) 

yx a 115.7 * .03^7 (x-76.6) 

yx s 112.1 - .01541 (x-76.6) 

yx • 122.2 - .01003 (x-76.6) 

yx ■ 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 tine (days). 

TABLE 30. 
EFFECT OF EACH 10° F. RISE IK FRE-HEATING TEMPERATURE OH THE RATE 

OF CHANGS IW IRRADIATION FUVOR OF IRRADIATED BEEF 

130 -.03763 

1*>G -.O3U67 

150 -.015U1 

160 -.01003 

170 -.00992 

Level of 10° F. rise 
In Temperature 

Ratio of 
Adjacent Rates* 

130 - Ito 1.085 

xko - 150 2.250 

150 - 160 1.521 

160 - 170 l.Olfc 

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



FIGURE    4 

RATE    OF   CHAfMGE    IN    RELATIVE    IRRADIATION    FLAVOR 
OF    IRRADIATED     BEEF    AS    AFFECTED 

BY     PRE-HEAT     TREATMENTS 
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As may be seen frcas Table 30, the 10° P. rise from lk0o to 

130° F. caused the highest decrease in the rate of change in rela- 

tive irradiation flavor. This suggests the presence of a 'breaking 

point" between UtO0 and 150° P. with reference to the inhibition or 

destruction of factors contributing towards the increases in the 

rates of change in relative irradiation flavor. 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 irradiation 

flavor. Ihese results are shown in Table 31* 

TABLE 31. 
SIGNIFICANCE OF BATE OF CHANGE ZH lEMDIATIGIJ FLAVOR 

AS AFFECTED BY PRE-HEATIHG TEMPERATURES 

Seat 
Treatment 

0 p. 

Sum of squares 
(Regression SS) 

w/1 d.f. 

Variance 
(Residual SS/n-2) 

w/7 d.f. t2 ■ F 

Significance 
At the Level 

of 5# 

130 177.050 26.567 6.664 S 

11*0 150.230 20.639 7*279 s 

150 29.690 10.193 2.913 NS 

160 2P.580 20.015 .629 NS 

170 12.310 lf.830 2.549 m 

As may be seen froso Table 31 the rate of change in irradiation 

flavor was significant in meat pre-heated to 140° F. but this signi- 

ficance disappeared as a result of 10° F. rise in the pre-heating 
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temperature. This also shows that there was a "breaking point" some- 

where between XW* aad 150° F. 

Bitterness 

5he data pertainitag to relative bitterness of ground lea© beef 

heated to internal temperatures of 13©°, XW*,  l§0o, 160°, or 170° 

3?. prior to irradiation to 3 isegarads and stored at 72° F. for 0, 

15* 30, h$,  60, 90> 120, 150, or 180 days, are presented in Sable 32, 

TABIE 32. 
BrETERNESS SC0EE OF IRRADIASSSD BEEP AS AFFECTED 

BY PRE-IRRADIATION MM TKEATMEM'S PM) LEHGTH OF STORAGE AT 72° F. 
(Means). 

Heat Heat 
Treat- Storage Period freat- 
nient (days) reent 
o sp/ 0 

i^.O 

15 30 

4.0 

45 m ?Q 120 1?0 m Mean 

130 3.9 3.7 3.7 3.5 3.1 3.1 3.7 
ito 3.6 k.l k.o 3.9 3.® 3.6 3.5 3.3 3.0 3.7 
150 3.7 k.o k.o 3.9 3.7 3.5 3.3 3.3 3.2 3.6 
160 3.9 k.l k.o 3.9 k.Q k.o 3.6 3.7 3*6 3.9 
170 3.9 k.l 3.9 k.o    k.o 3.9 3.8 3.9 3.9 3*9 

Storage 
Period 
Mean 3.9 k.l k.o 3.9  3.8 3»7 3*5 3.5 3*4 

In order to avoid erroneous interpretations, it should be 

emphasized that the values appearing in Table 32 represent the 

evaluations sade with respect to a reference sample which sight have 

undergone changes in bitterness during storage. A detailed discussion 

in this respect has been presented under irradiation flavor on page 57 
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Keeping the relativity of these scores in mind, it may be seen 

from 'title pre-heatiag temperature means in Table 32 that bitterness 

of beef pre-heated to 130°, Ite)0, 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 from the reference beef, to the beef pre-heated to 

170° F., this was true for the entire storage period whereas in the 

one pre-heated to 160° P. a lowering of the scores was observed at 

120 days of storage, which continued until the conclusion of the 

experiment. 

Initially and for a period of ^5 Says, the beef pre-heated to 

130° F. was practically the same in bitterness as the one pre-heated 

to 170° F. Bitterness constantly increased in this sample starting 

at 60 days of storage. The same can be stated for the beef pre- 

heated to 150° F. It seeaois that bitterness with respect to that of 

the reference beef has not increased in this sample before 60 days 

of storage. 

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 analyses based on individual scores. 

The results of the statistical analyses are presented in the sub- 

sequent paragraphs. 
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Significance of Bitterness Difference Between E&gerlroental and 

Beference Samples. In order to establish whe-ttier the panel scores 

for bitterness differed significantly tram the score assigned to 

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

and storage period were subjected to analysis using the pertinent 

statistical method (25, p* 196-208). She results of this analysis 

are shown in Tables 33a through i. 

tTABiJB 33*         
SIGNIFICMCE OF B1OTERJIE3S "DljJitlitimG® 

BETWEEN THE EXPERIMEHTAL AHD REFERENCE BEEF 

t2 s F Less 
Heat with Or More 

Treat- Mean 1 and 31 Signifi- Preferable 
Bent Score Sum of  Variance : Degrees of cance at Than 
op. Minus k Squares S2) Freedom 

.0010 

5$ level 

m 

Reference 

a. Beef stored for 0 day at 72° F. 

130 +.003 9.35 .3016 
ito -.228 22.60 .7290 2.2819 m 
150 -350 12.08 .3897 10.0590 s less 
160 -.116 12.18 .3929 1.0959 NS 
170 *.097 10.37 .33^5 .9001 ITS 

b. Beef stored for 15 days at 72° F • 

"" 6.5972 S 130 +.313 1U.73 .4752 jBore 
ito +.lk7 U.20 .3613 1.9x39 NS 
150 -.025 19^50 .6290 .0318 KS 
160 ♦ .097 9^3 .30^2 .9898 NS 
170 ♦,078 8.53 .2752 .7074 HS 

c. Beef stored for 30 days at 72° r • 
.5779 NS 130 ♦.097 16.15 .5210 

lljO ♦.006 U.96 .3858 .0030 m 
150 -.028 lU.62 .4716 .0532 NS 
160 ♦.OUl 13.i»8 .43^8 .1237 NS 
170 -.059 10.9U •3529 .3156 ITS 
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t* s F Lees 
Heat                        wi-ttx Or More 

5reat-  Mean                1 and 31 Signifi- Preferable 
meat  Score  Sum of  Variance Degrees of easee at fhaa 
0 F.  Minus k   Sgaares  {&%)        Freedoa 5^ level Reference 

d. Beef stored for k$ days at 72° 3 £• 
NS 130 ^.103 19.63 .6332 .5361 

iko • .062 14.97 .4829 .2547 ITS 
150 -.087 8.09 .2610 .9280 HS 
160 *.109 6.73 .2171 .7512 NS 
170 -.012 8.91 .2874 .0160 US 

e. Beef stored for 60 days at 72° F. 

s 130 -.312 21.03 .6784 4.5917 less 
Ito -.200 25.02 .8071 1.5859 m 
150 *.269 13.95 .4500 5.1457 s less 
160 -.031 12.09 .3900 .0789 HS 
170 -.0^7 3.56 .1148 .6157 HS 

f. Beef stored for 90 days at 72° 3 

13.1739 S 130 -.1*03 i2.a3 .3945 less 
iko -.1*50 20.70 .6677 9.7050 S less 
150 ...1491 18.18 .6061 12.7282 s less 
160 -.037 12.37 .3990 .1098 m 
170 -.100 10.22 .3297 .9706 us 

g. Beef stored for 120 days at 72° F. 
s 130 

-.5&7 
22.98 .741^ 

.6994 
13.2100 less 

iko 21.68 13.6899 s less 
150 -.725 20.62 .6652 25.2856 s less 
160 -.378 11.65 .3758 12.1668 s less 
170 -.219 12.35 .3984 3.8523 ITS 

h. Beef stored for 150 days at 72° ML  ■ 
s 130 -.891 uo.&r 1.3184 19*2690 less 

150 -.728 38.92 1.2555 13.5082 s less 
150 -.722 25.65 .8274 20.1609 s less 
160 *.278 17.27 •5571 4.4392 s less 
170 *.03l 6.97 .2161 .1423 IIS 

i. Beef stored for iBo days at 72° Fj. 

s 130 -.93* 45.97 1.4829 18.8249 less 
iko -.966 33.85 I.O919 27.3477 s less 
150 -.791* 25.84 .8335 24.2039 s less 
160 -.378 10.75 .3468 13.1842 s less 
170 -.078 7.09 .2287 .8513 NS 
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TABIS 33—abridged  
SIGNIFICANCE OF BITTEKHESS DIFFEREHCE 

BETWEEN THE EXPERIMEOTAL MD EEFEBENCE BEEF 
(-S and fS indicates less and more preferable flavor, respectively) 

Heat 
Storage Period 

(days) 
Treatment P 15 30 >5 60 ?0 120 156 180 

130 ns ♦S NS NS -S -S -S -s -S 

ll»0 NS NS NS NS NS -s -S -s .8 

150 -S NS NS NS -S -s -s -s -S 

160 KS IIS NS NS NS NS -s -s -S 

170 NS NS NS NS NS NS NS NS NS 

It Hay be seen fxcm Table 33—abridged that the beef pre-heated 

to 170° F. changed in bitterness in a parallel manner with the 

reference beef. No significant differences between beef pre-heated 

to 160° F. and 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 days of storage and reappeared only after 45 days of 

storage. Differences in bitterness between the beef pre-heated to 

Ito)0 and the reference was not significant until after 60 days of 

storage. The beef pre-heated to 130° F. showed a significantly less 

bitterness than the reference beef during 15 days of storage. This 

significance soon disappeared and did not reappear until after ^5 

days of storage. 



7k 

On the basis of the infonuation contained in the foregoing table, 

it can be stated that, under the conditions of this experiment, beef 

heated to 130°, 11*0°, 150°, and 160° p. prior to irradiation to 

3 megarads can be stored at 72° F. for h5,  60, k^,  and 90 days, 

respectively, before the panel being able to detect a significant 

difference in bitterness between these and a reference beef pre* 

heated to 170° P. 

Linearity of Relative Change in Bitterness* In order to see if 

the bitterness of beef within individual pre-heat treatments has 

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

beef with tine in storage, the test of linearity of regression of 

flavor scores on tine was made using the appropriate statistical 

sethod (25, p. 295-^8). lie results of this test are shown in 

Tobies 3^a through e. 

It may be seen fro© Table jf*e that the only significant 

deviation f rosa linearity at 5$ level occurred in beef heated to 

150° F. prior to irradiation. However, the magnitude of this 

significance was so siaail that it disappeared when 1$ significance 

level was chosen. It can be stated, therefore, that the chaoge in 

bitterness of expertaental saniples trm that of the reference was 

linear within all levels of pre-irradiation heat treatment* 
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•EABLE 34. _____ 
TEST OF LMEARITY OF BEGBESSIQI OF BirTEKHESS SCORE 

01: SiORASE TEH; M mR$MMm BEEF 

Degrees 
Variation           of 

Due to         Freedcca 
Mean 
Square F 

Significance 
At the Level of 

5%       xi 

a. Beef pre-heated to 130° F. 

Total                35 
Storage tiiae            8 
Liasar regr@@sioD 
Iteviation tram liaearity 

Error                 27 

1 
7 4.6929 

4.1*270 
1.060 m NS 

h*   Be©f pre-heatefi to lk0o F. 

Total                 35 
Storage time            8 
Linear regression 
Deviation from linearity 

Error               27 

1 
7 5.2800 

4.2470 
1.243 us m 

c. Beef pre-heated to 150° F. 

Total                35 
Storage time            8 
linear regression 
Deviation from linearity 

Error                27 

1 
7 6.4286 

2.3978 
2.681 s ws 

d. Beef pre-heated to 160° F. 

Total                35 
Storage time           8 

Lisaaar regression 
Deviation from linearity 

Error                27 

1 
7 2.8400 

2.6970 
1.053 HS NS 

c. Beef pre-heated to 170° F. 

Total                35 
Storage tiice            8 
Linear regression 
Deviation from linearity 

Error                 27 

1 
7 1.6057 

2.4259 
.662 KS NS 
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Rate of Relative Bitterness Change, to order to see the rela- 

tion among the relative chaoses 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 calculation (25, p. 268). The 

results of these calculations are given in fable 35, with the 

resultant regression equations which have been translated into 

graphical form in Figure 5« 

VWW 35* 
RATE OF CHANGE IN RELATIVE BITTERNESS OF IKRADIAI13) BEEF 

AS AFFECTED BY LEVEL OF HEAT' TREAKEOT' 

Heat 
Treatment 

0F. 
Regression 
Coefficient* 

Regression 
Equation** 

130 -.05259 yx s 118.5 - .05259 (x-76.6) 

XUO -.04337 yx s 117.2 - .04337 (x-76.6) 

150 -.03^81 yx s 115.6 - .03481 (x-76.6) 

160 *.01827 yx * 123.8 * .01827 (x-76.6) 

170 -.00374 yx » 126.0 - .00374 (x-76.6) 

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

** y s Bitterness score (total of 32 replications). 
x =  Storage time (days). 

As may be derived from Table 35 the rated of change in bitter- 

ness with respect to reference at the pre-heating temperatures of 

1300, ito0, 150°, and 160° F. are 14.1, 11.6, 9.3, and 4.9 times as 
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that at 170° F., respectively. More iBfoxaative is a coajparisoB 

affiong the ratios of adjacent rates of change in bitterness; which 

are shown in Table 3^* 

TABLE 36. 
OTECT OP EACH 10° F* RISE El FRB-HEM1IKG TiMPERATURE OH THE RASE 

OF CHARGE IN BIOTERKESS OF IRRADIAITED BEEP 

Level of 10° F. rise Ratio of 
^ In Temperature  |  Adjacent rates* 

ip • ii»o i.as 

IUO -150 i.2i*6 

150 «. 160 1.905 

160 - 170 4.885 

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

M 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 l60Q and 170° F. with reference to the inhibition or 

destruction of factors contributing towards the increases in the 

rate of change in 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 Table 37. 
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SABLE 37.   
SIGNIFICANCE OP RATE OF CHANGE IB BITTERNESS 

AS AFFECTED IX PBE-mDiYiliX1 'mflPEBS&HBES 

Heat 
Treat- Sura of squares Variance Significance 
Kent (Regression SS) (Residual SS/n-2) At the Level 
o F, w/l d.f. w/7 d.f. t2 « F of 5^ 

— in                       i           j       I,     i.    ,.     I.I   i      -r-.ii    r  Hi' n.r          I.I    lip  -       'n    i -i      iif                 ..         

130 3^5.72 17.07 20.25 s 

XkO 235.13* 16.38 1^.35 S 

150 151^7 9.25 16.38 S 

160 te.73 10.41 4.01 HS 

170 1.75 9.36 .19 m 

The critical region is ttfiere the F-valwe, as derived frem F- 

tables, is larger than 5.5914 Hlth I and 7 degrees of freedom. 

Considering the fact that the F-value for beef pre-heated to 160° F. 

is mck larger than that for the beef pre-heated to 170© F. sad 

also the fact that it is close to the borderline of significance, it 

can be assuaaed to be significant for the puzpose of ccaparing these 

two sates of change in bitterness. On the basis that the 10° F. 

rise in teusperature from 160° to 170° F. rendered a nearly signifi- 

cant rate of change extremely insignificant aadj, also,, considering 

the fact that the ratio of rate for 160° F. to the rate for 170° F. 

is the highest of the ratios of any two adjacent rates, it can be 

stated that a "breaking pointrt is present between 160° and 170° F. 

with 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°, lU0o,  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 

Table 38, 

TABLE 38. 
OVERALL DESIEABILITY SCOBS OF IBRADIATED BEEF AS AFFECTED BY 
PRE-IBRADIATION HEAT TEEATMEWTS MD LENGTH OF STORAGE AT 72° F. 

(Means) 

Beat 
Treat- 
ment 

Storage Period 
(days) 

Heat 
Treat- 
zoent 

u F.  0 1? 30 45   60   90 120 150 180 Mean 

130  3.8 k.X U.2 3.9 3.5 3.5 3.6 3.0 3.1 3.7 
ito 3.7 U.l M 3.9 3.6 3.5 3.3 3.1 2.9 3.6 
150  3.4 3.7 3.9 3.9 3.5 3.5 3.2 3.2 3.2 3.5 
160  3.8 3.9 k.O 3.9 3.8 3.9 3.7 3.7 3.5 3.8 
170  U,3 k.l k.O k.O 3*9 k.O 3.8 k.O 3.9 k.O 

Storage 
Period 
Mean $.8 k.O k.l 3.9 3.7 3.7 3.5 3.* 3.3 

The detailed discussion presented under irradiation flavor on 

page 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 stay be seen 

from the pre»heating temperature means in Table 36 that the beef 

pre-heated to 150° F. was the least desirable with respect to the 

reference beef. The beef pre-heated to Ifc©0 P. was more desirable 

and the one pre-heated to I300 P. was still better in this respect. 

The beef pre-heated to 160° P. did not seem to be greatly different 

in overall desirability from the one heated to 170° F. which was 

rated as being practically the same in this attribute as the refer- 

ence beef. The table also reveals that the beef pre-heated to 13P0 

F* did not differ appreciably from the reference beef until GO days 

of storage when there was a decrease in overall desirability with 

respect to that of the reference beef and that the decrease became 

saore pronounced at and after 150 days of storage. The same is 

essentially true for the meat pre-heated to 1^*0° F* The aeat pre* 

heated to 150° F. changed for the better in overall desirability 

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 the 120 days 

of storage. The beef pre-heated to 160° p. did not show a high 

degree of difference in overall desirability froa that of the refer- 

ence. The overall desirability of the beef heated to 170° F. was 

practically the same as the reference beef throughout the storage 

period. 

The above conclusions are derived from the values in Table 38 

which represent averages of 32 replications and may not be as 
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definite as the results of statistical analyses based on the indivi- 

dual scores. The results of the statistical analyses are presented 

in the subsequent paragraphs. 

Significance of Difference in Overall desirability Between the 

ExperiEental and Reference Samples. In order to establish vfaether 

the panel scores for overall desirability differed significantly 

from the score assigned to the reference, the data for each corabi- 

nation of pre^heat treataent and storage period were subjected to an 

anaiyeis using the pertinent statistical xsethod (25» p. 196-^)8). 

The results of this analysis sure shotm in Tables 39a through i. 

It jaay be seen from Table ^—abridged, that the beef pre- 

heated to 130° P. did not show any significant difference in overall 

desirability with respect to that of the reference beef until after 

U5 days of storage when a significant difference tfas detected by 

the tasters. Overall desirability of beef pre-heated to XkO0 or 

150° P, was significantly less tfaasa that of the reference at the 

start of the ejjperiEjantj however, this significance disappeared 

during 15 days of storage mid did not reappear until after k% d£iys 

of storage.. On this basis, it can be stated that irradiated ground 

lean beef heated to internal teraperatures of ISO0, lJ«0o, or 150° F. 

could be stored for 45 days at 72° P. without a significant differ- 

ence in overall desirability being detected by the panel between . 

these aad the beef heated to 170° P. 
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TABLE 39. 
SIGNIFICANCE OF DIFFEBESCE III OVERALL DESIRABILITY 

BETWEEN THE E5IPERIMEI3TAL AH) KEFERSfJCE BEEF 

t2 sF Less 
Eeat with Or jcore 

treats Mean 1 and 31 Signifi- Preferable 
meat Score Sum of Variance Degrees of cance at Than 
O F. Mimis h Squares (s2) Freedom 5$ level Reference 

a.   Beef storea for 0 Oay at 72° F« 

.8217 US I3f> -.159 30.52 .9845 
IkO **3l6 21.70 .7000 l*.561t8 S less 
150 -.603 1*7.01 1.5165 7.6726 S less 
160 *.197 ^5.29 1.4610 .8500 ws 
170 ♦•.300 16.92 *5l»58 5.2/67 s more 

b.   Beef stored for 15 < Says at 72° F. 

m 130 ♦ .300 25.70 .8290 3.vrto 
IkO ♦ .069 22.81 .7358 .2071 NS 
150 -.262 30.1a .9810 2.2392 NS 
160 -.087 17.09 .5513 .1*393 KS 
170 ♦.091 16.19 .5223 .5071* m 

c.   Beef stored for 30 days at 72° F. 

m 130 +.153 19.32 .6232 1.2020 
ito t%l 17.11 331*7 5.7142 s more 
150 13.50 . .1*355 .61J93 NS 
160 +.022 9.51 .3068 .0505 WS 
170 ♦.OUU 10.10 .3258 .1902 NS 

d.   Beef storec I for U5 days at 72° F. 

NS 130 ..062 31.25 I.0081 .1220 
1UO ..062 20.51 .6616 .1859 NS 
150 -.109 12.11 .3906 .9734 NS 
160 *.084 13.76 .1*1*39 .5087 NS 
170 +.019 11.25 .3629 . .0318 NS 

e.   Beef stored for 60 days at 72° H 
S 
S 

130 
i5o :-M 19.57 

29.22 
.6313 
.9526 

13.6537 
5.0059 

less 
less 

150 -.506 18.08 .5832 ll*.0!»86 s less 
160 -.23^ 15.83 .5106 3.1*316 NS 
170 -.100 7.30 .2355 1.3588 NS 



Table 39—continued 

Sk 

t2 a W Less 
Heat with Or Bore 
Treat- Mean 1 and 31 Signifi- Preferable 
ms&t Score Sum of Variaaee 

(s§) 
Degrees of cance at Toaa 

o p. Minus k Squares Freedom 5$ level Reference 

f. Beef stored for 90 days at 72° F. 
S 130 -.J*8l 15.73 .5071* 14.5912 less 

xko -.525 16.20 .5226 16.8772 s less 
150 -.^59 15.62 .5039 13.3792 s less 
160 -.131 11.97 .386I 1.1*223 NS 
170 ♦.031 8.59 .2771 .mo m 

g. Beef stored for 120 flays at 72° F. 

s 130 -.1*19 22.71 .7326 7.6685 less 
IJJO -.666 23.19 .7^81 18.9731 s less 
150 -.81*4 19.1*6 .em 36.311*7 s less 
160 -.262 8.55 .2758 7.961*5 s less 
170 -.166 13.1*3 .^332 2.0355 m 

h. Beef stored for 150 days at 72° P. 

s 130 -987 38.ll I.229U 25.3566 less 
11*0 -.856 29.78 .9606 24.1*093 s less 
150 *.81*1* 18.70 .6032 37.7897 s less 
160 -.291 16.77 .5410 5.OO89 s less 
170 -.053 1*.86 .1568 .5733 m 

1. Beef stored for 180 days at 72° P. 

s 130 -.9^1 39-61* 1.2787 21.5953 less 
iko -1.073 31*.76 1.1213 32.8570 s less 
1§0 -.81*1 ifc.56 .1*697 1*8.1861 & less 
160 -.500 10.88 .3510 22.7920 s less 
170 •.075 10.02 .3232 .5569 IIS 
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TABLE 39—abridged 
SIGNIFICANCE OF DIFFERENCE IN OVEEALL DESIRABILITY 

BETWEEN THE EXPERIMEKTAL MD KEFEiffiKCE BEEF 
(-S and +S indicates less and more preferable flavor, respectively) 

Storage Period 
Heat (days) 

Treatment   0  15      30       4$  60  90  120  150  180"" 

-S 

-S 

130 m IIS m NS -s 
iko -s NS +s SIS -s 

150 -s m NS NS -s 
160 m m us 113 NS 

170 4-S m m m HS NS 

-s -6 -s 

-s -S -s 

-s -s -s 

-s -s -0 

NS KS m 

The beef pre-heated to 160° F. did not show any decrease in 

overall desirability with respect to that of the reference beef until 

after 90 days of storage. On this basis, it can be stated that the 

beef Gould be stored for 90 days at 72° 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 sasie 

as the reference beef which was identical to this experimental beef 

in all respects. 

Linearity of Change in Overall Desirability* In order to deter- 

aine if the overall desirability of beef within individual pre-heat 

treatments changed in a linear nanner with respect to that of the 

reference beef with time in storage, the test of linearity of regres- 

sion of overall desirability scores on time was carried out using 
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the appropriate statistical methods (25,   p. 295-298). The results 

of this test are shown in Tabled kOa. through e. 

TABLE kQ. 
TEST OF LINEARITY OF RBSRESSIOIJ OF OVERALL DESIRABILITY SCORE 

ON STORAGE TIME IN IRRADIATED BEEF 
1     Degrees     !        Sigoiflcance 

Variation         of   Mean        At the Level of 
Dae to Freedom Square F    g$ 1ft 

a. Beef pre-heated to 130° F. 

2.U26 Q IIS 

Total 
Storage tine 
Linear regression 
Deviation fram linearity 

Error 

h. Beef pre-heated to 140° 

35 
8 

27 

F* 

1 
7 

1 
7 

1 
7 

1 
7 

1 
7 

13.1143 
5.4063 

Total 
Storage time 
Linear regression 
Deviation tram linearity 

Error 

e. Beef pre-heated to 150° 

35 
8 

27 

F* 

13.3800 
4*1000 

Total 
Storage time 
Linear regression 
Deviation from linearity 

Error 

d. Beef pre-heated to 160° 

35 
8 

m 
F* 

1P.130O 
2.7000 

Total                35 
Storage %im®                             8 
Linear regression 
Deviation frroa linearity 

Error               27 

e. Beef pre-heated to 170° F. 

2.4086 
3.9270 

Total 
Storage time 
Linear regression 
Deviation frptca linearity 

Error 

31 

27 
2.6629 
2.3907 

3.263      s        m 

4.493     s s 

.613    m 

1.114    m        m 
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It may he seen frosn Tatole kO tb&k the only significant deviation 

from linearity at 1 percent level occurred in heef heated to 150° F. 

prior to irradiation. The critical region at 1 percent significance 

level is where the F-value, as derived from P-tables, is larger than 

3.3882 with 7 and 27 degrees of freed*® and the F-valtie for the above 

deviation from linearity is only ^.^93* 'ohich shows that the laagai- 

tude of significance was not large. It can he stated, therefore, 

that for all practical purposes the change in overall desirability 

with respect to that of the reference was linear within all levels 

of pre-irradiation heat treatasemt. 

Rate of Change in Relative Overall Desirability. In order to 

dstenaine the relation among the changes in relative overall desir- 

ability as affected by the levels of pjfle-heat treatment, regression 

coefficients which show the amount of change per day of storage were 

calculated using the pertinent method of calculation (25, P* 268). 

The results of these calculations are given in Table hi with the 

resultant regression equations which have been translated into 

graphical form in Figure 6. 

As may be derived from Table hi,  the rates of change in overall 

desirability with respect to reference at the pre-heating temperatures 

of 130°, IkO0,  150°, and 1600 F. are ha, h.l,  2.4, and 1.2 times as 

that at 170° F. respectively. 



SABLE 41. 
BASE OF CHANGE IN RELATIVE OVERALL DESIRABILITy OF IRRADIATED BEEF 

AS AFFECTED BY LEVEL OF HEAT TREAIMEHT 

Heat 
Treatment     Regression            Regression 
0 F.       Coefficient*   Egaatiog»» ^ 

y% = U6.9 - .050^3 (x-76.6) 

yx s 115.5 - .05005 (x-T6.6) 

y^ s 111.8 . .02886 (x-76.6) 

yx s 121.7 - .01513 (x-76.6) 

yx * 128.3 - .01228 (x-76.6) 

* Rate: Change per day in the total of scores for 
32 replications. 

** y « Overall desirability score 9 total of 32 replications, 
x a  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! 42. 
EFFECT OF EACH 10° F. RISE IN PRE-HEATING TEMPERATURE OH THE RATE 

OF CHANGE IN OVERALL DESIRABILnY IN IRRADIATED BEEF 

130 -.05043 

140 -.05005 

150 -.02886 

160 -.01513 

170 -.01228 

Level of 10° F. rise 
In Taaperature 

Ratio of 
Adjacent rates* 

130 - ito 1.008 

140 » 150 1.734 

150 - 160 1.907 

160 - 170 1.232 

* Ratio of the rate in lover teaperature to that in the higher one. 
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MB pay be seen from Table k2,  the 10° F» rice from 150° to 

l6Q0 F. caused the highest decrease in the rate of ehamge in rela- 

tive overall desirability. This suggests the presence of a "breaking 

point" between 150° and 160° F. with reference to the inhibition or 

destruction of factors contributing towards the increases in the 

rates of change in relative overall desirability, 'fhis statement 

is further supported by the results of a test (25* p» 27@-283) 

carried out to detezmine the significance of rates of change in 

overall desirability. These results are shown in Table 43, 

TABLE fc3. 
SIGHIFICAHCE OF RATE OF CHANGE IW OVERALL DESIRABILITY 

AS AFFECTED BY PRE-HEATIHG •EEMPERATOBES 

Heat 
Treatoent 

0F. 

SVOB of squares 
(Regression SS) 

w/l d.f. 

Variance 
(Residual SS/n 

w/7 d.f. 
-2) 

t2 a p 

Significance 
At the level 

of 5*. 

130 317.85 20.85 15.24 S 

li»0 3i3,07 15,80 19,81 S 

150 10^.09 IO.U3 9.98 s 
160 28.60 15,15 1.89 I.:S 

170 18.85 9.2?? 2.04 NS 

As aa v be seen from Table 43, the rate of change : in overall 

desirability was significant in Beat pre-heated to 150° F. but this 

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

where between 150° and 160° F. 

Correlation Between Changes in Nitrogenous Constituents and Flavor 

Attributes. 

At the start of the expertaent, the flavor attributes of the 

beef pre-heated to 150° F. were evaluated as being inferior to the 

beef pre-heated to 1^0° F.# and the latter was rated as being inferior 

to the one pre-heated to 130° F. (Tables 26, 32, and 38). This 

relation was generally maintained throughout the storage period. 

Since there was no storage effect involved at the beginning of the 

experiaeatj, these differences in the flavor attributes has to be 

explained in tenas of the different effects of the seise irradiation 

dosage on the samples which had been rendered different by the vary- 

ing levels of pre-heat treatments. 

The tBore heavily emphasized aspect of the experixaent, however, 

was the effect of storage on the beef that received different pre- 

heat treatments. Therefore, the relation between the chemical and 

flavor attributes will be discussed In tenas of the rates of change 

over the stoarage period. 

In order to determine the relation between the rates of change 

in the chesjical and flavor attribute$, correlation coefficients were 

calculated using the pertinent statistical method (25, p. 265-266). 

The results of these calculations are shown in Tables kka,  b, and c. 
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CORRELATION BETWEEI1 TEE CliAiIGES HJ KTrEXEilOUS COIIS'i'I'rdEIKS 
tm FLAVOR ATfEmUTiB OF PBE-HEASED IPJUDIAITIOD BEEF 

STOBED FOB 180 DAXS M 72° F. 

Pre-heating     Irradiation Overall 
Teaperature Flavor Bitterness Desirability 

a. Correlation between total soluble nitrogen and flavor attributes* 

130 -.83 ..91 -.85 
xko -.90 -.05 -.81 
150 -.73 —87 -.76 
160 -.5^ -.^3 -.60 
170 -.52 *.55 -.71 

b. Correlation between TCA-soluble nitrogen end flavor attributes* 

130 -*78 -.86 -.79 
litO -.84 -.79 -.74 
150 -.62 -.83 -.67 
160 -.39 -.53 -.66 
170 +.32 +.45 +.01 

e. Correlation between aalno nitrogen and flavor attributes* 

130 -.79 -.88 -.82 
l4o -.87 -.83 -.79 
150 -.60 -.83 -.66 
160 *.00 -.03 -.43 
170 +.40 +.60 +.49 

* Correlation coefficients significant at 5$ level where the 
absolute value is larger than .67. 

As oay be seen froa Table 44, significant negative correlations 

existed between 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 becaiae less 

preferable as the amount of the nitrogenous constituents increased. 
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The poor correlations observed in the sasples 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 snail Eagnitude 

of differences in flavor with respect to the reference beef. It will 

hi reaeabered that the rate of increase in nitrogenous constituents 

in beef pre-heated to these temperatures were found to be not signi- 

ficant (Tables 9, 17> and 25). Ueither were the rates of change in 

flavor attributes significant in beef pre-heated to these temperatures 

(Tables 31, 37, and U3). It was the Irregular fluctuations,althou^i 

of vexy ssall Esa^iitude, displayed by the results, of the chemical 

and flavor analyses in these samples that caused these poor corre- 

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 stabilised and the flavor attributes of the sase followed a 

parallel change with respect to that of the reference. 

The Relation Between the Changes In Nitrogenous Constituents and 

Irradiation Flavor in Beef Fre-heated to 130°, iM)0^ and 150° J^ 

Tables Mta, b, and c show a 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°, 

lkOQ
t  and 150° F. In all eases, the closest relation between the 

changes in the nitrogenous constituents and those in the irradiation 

flavor occurred in beef pre-heated to lk0o F. 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 reference vras store or less stabilized (Figure h),  while the 

nitrogenous constituents still showed a relatively high increase 

(Figures 1, 2,  and 3). The rates of change in irradiation flavor 

ttere aliaost equal in beef pre-heated to 130° and ll»0o F. (Figure h). 

The difference between the two correlation coefficients was caused 

by the difference in the rates of increase in nitrogenous constituents 

in the samples pre-heated to these tesiperatures (Figures 1, 2,  and 3). 

The implication of the preceding paragraph is that, although 

there wad a high degree of correlation between the rates of change 

in the eheaical and flavor attributes within temperatures, such a 

relation did not exist aaong teinperatures. Xt 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 temper- 

atures of 130°, lUoP,  and 150° F, are concerned, regularly different 

pre-heating temperatures caused correspondingly regular changes .in 

the nitrogenous constituents during storage, whereas this regularity 

was not observed in Irradiation flavor. A comparison of Figure h 

against Figures 1, 2,  and 3 provides the best illustration of this 

statement. 

The Relation Between the Changes in the Hitrogenoua Constituents 

and Bitterness in Beef Pre-heated to 130°, 1^0°, and 1^0° F^ As may 

be seen froos Tables hka,  b, and e, the highest correlations between 

the change© in the chemical attributes and the bitterness occurred 
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in beef pre-heated to 130° F. *Ehe correlatiOTB ia b©ef pr©-heated to 

IkO0 and 150° F. were not higbly different from those for the bssf 

pre-hsated to IP0 F. On tiais basis it oaa b© stated that the changes 

in bitterness in pre-heated irradiated beef followed a aore or less 

regular pattern as those in the nitrogenous constituents, k eessrpari- 

son between Figure 5 aad Figures 1, 2+ and 3 illustrates this 

stateaaent. 

The Belatioa Between the Changes in Nitrogenous gonstitugnts 

and Ov@rall •Desirability in Beef gys-heated to 130°, ikQ0,  and 150° F^ 

Tables kka,  b, and e show that the highest eorrelations between the 

changes in the nitrogenous constituents and those in overall desir- 

ability occurred ia beef pre-heated to 130° F. Although the. beef 

pre-heated to 130° F. did not differ greatly froaa the one heated to 

V&Q0 F., there was a mrlsed loss ©f correlation in beef pr£-heated 

to 150° F. This wide difference observed in the correlation co- 

efficient for beef pre-heated to 150° F. is indicative of the effect 

of irradiation flavor in the Juclgaaent of the overall desirability. 

A eomparisoa of Figures h} $,  and 6 shows very clearly that ia the 

^udgaent of overall desirability, irradiation flavor exerted a aor® 

dominant effect oa the tasters. 

Ia sunary, it can be stated that there was a relatively regular 

relation between the. chaages in bitterness and those in the total 

water-soluble, fCA-soluble, aad aaino nitrogen in beef pre-heated to 

130°, 1*40°, and 150° F. In the ease of irradiation flavor and over- 

all desirability this relation among pre-heating temperatures dia in ishsd. 
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Irradiation flavor escsrted a wot® dcsslnant effect on tasters 

than bitterness in their evaluation of overall desirability. 

In the great majority of cases, total soluble nitrogen corre- 

lated better than aoino nitrogen and the latter better than the TCA- 

soluble nitrogen with the flavor attributes. 

Jn beef pre-heated to 160° or 170° P., poor correlations 

between the changes in the nitrogenous constituents and those of 

the relative flavor attributes were observed which can be explained 

on the basis of the insignificant but irregular changes in the 

nitrogenous constituents wd/or the -small but irregular differences 

in flavor attributes with respect to reference beef. 
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smftR? pm COHCLUSIOUS 

The total water-soluble, TCA-soluble, and aaino nitrogen con- 

tents and the relative irradiation flavor, bitterness and overall 

desirability of ground lean beef pre-heated to internal temperatures 

of 130°, lk0o,  150°, 160°, and 170° P. prior to irradiation to 

3 loegarads, showed the following changes and relations during storage 

at 72° F. for periods up to 180 days: 

(1) 'She nitrogenous constituents in beef heated to 130°, 11*0°, 

or 150° F. before irradiation increased at significant 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 small magnitude were observed in beef pre-heated to 160° 

or 170° F., the rates of change were found to be insignificant. 

On the basis of these findings it was concluded that, for aU 

practical purposes, the factors contributing toward increases in the 

nitrogenous constituents in irradiated ground lean beef in storage 

are inhibited or destroyed 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 IkoP or 150° F. were inferior from those pre-heated to 

130°, 160°, or 170° F., the one pre-heated to 150° F. being oore 

inferior. However, an iBrprovement in flavor was observed in these 

sample© during the first k3 days of storage so that the relative 

flavor characteristics of all the variously heat-treated beef «ere 
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evaluated as being the sage as those of the reference at the hjth 

day of storage* thereafter, a consistent decrease was observed in 

the relative flavor characteristics of beef pre-heated to 130°, 

iW3, or 150° F. la beef pre-heated to 160° F., this decrs^e in 

flavor was not observed until after 60 days of storage and the one 

pre-heated to 170° F. had the 0mQ flavor as th© reference throughout 

the storsige period. 

An evaluation of the data to present a general picture for the 

entire storage period showed that the pre-heatisg temperatures less 

than 160° F. appeared to give way to the development ©f different 

degrees of inferiority in the relative flavor, and this inferiority 

followed the order of 150°, 1^0° and 130° F., the last being the 

least inferior. It appeared also that the relative irradiation 

flavor of the beef pre-heated to 150° F. was more or less stabilized 

at the saEe relative level over 180 days of storage at 72° F. 

On the basis of these findings it was 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 pjss-heated to 140° or 150° F. 
would have an inferior flavor with respect to that 
of the beef pre-heated to 170° F., but that the 
flavor would improve until the ^Jth day of storage 
when the panel would not be able to detect a flavor 
different from that of the beef pre-heated to 170° F. 

(c) The pre-heating teaperatures of 150° and lk0o F. 
produced more  intensive adverse relative flavor 
changes than either 130° or 160° F. 
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(3) An evaluation of the relation between the changes in 

nitrogenous constituents and those in flavor attribiates provided 

the following conclusions: 

(a) Significant correlations existed between the 
increases in the nitrogenous constituents and the 
decreases in the relative flavor attributes in 
beef pre-heated to 130°, l*t0o» sad 150° F. 

(b) $he highest correlations between the change© in 
nitrogenous constituents and those in relative 
irradiation flavor existed in beef pre-heated to 
IhO0 F. la the case of bitterness and ovei*®ll 
desirability, the highest correlations were ob- 
tained in beef pre-heated to 130° F. 

(c) A comparison among the correlations between the 
changes in nitrogenous constituents and those 
in the relative irradiation flavor suggested that 
the changes in the relative irradiation flavor was 
not a function of the changes in nitrogenous 
constituents alone. A similar comparison for 
relative bitterness suggested that the changes in 
the nitrogenous constituents and bitterness followed 
a fflore or less regular pattern. 

(d) Irradiation flavor seemed to exert a Bore dominant 
effect on the tasters in their judgment of overall 
desirability. 

(e) In beef pre-heated to 160° or 170° F., poor 
correlations between the changes in the nitrogenous 
constituents and the relative flavor attributes 
were observed which was explained on the basis of 
the insignificant but irregular changes in the 
nitrogenous constituents and/or the small but 
irregular differences in flavor attributes. 

(f) In the great aa^ority of cases, total soluble 
nitrogen correlated better than aoino nitrogen 
and the latter better than TCA-soluble nitrogen 
with the flavor attributes. 
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mcGimmDA'siQim 

It io recoiaaendQd tlaat: 

(1) In ©Mer to prewsnt inereasts in total water-soluble, 

fCA-soluble, or amino aitrogen for 130 days of storage at room 

teaperature, grovmd lean beef should be heated to an internal 

temperature of not less than 160° F., prefex^bly not less than 

170° F.> prior to irradiation to 3 negarads. 

(2) In order that no differences in flavor attributes between 

ground lean beef heated to 170° F. prior to irradiation to 3 nega- 

rads and the beef pre-heated to lover temperatures should be 

observed, the latter should not be stored at rocoa temperature for 

acre than k3 days if pre-heated to 130°, 1^0°,  or 150° F., not isore 

than 60 days if pre-heated to 160° F., not less than k5 days if pre- 

heated to 150° F., and not less than 15 days if pre-heated to 1^0° F. 
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