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Thiszs thesls involves a study of irradiction przceer-
vation ~nd !ts notential asg a2 ma2thod for besf srocessins. .o
attenmnt 1s wmade to consider the n=nv notentizl annli-aticas
of irradlztlion to the entlre fleld of food rrocessin-,
ther, zn attemst is acde to zxolaln the tectnolory =ac
“otentlal of irracdi:ition In the fleld of beef nrocegsins, A
stternnt 1g olso made to nrolect the effzzts that lrrgdilaotion

»rocesslins, onc
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sutlon @and moerchandlisins of beef In suncrrariets.

- v N - ~ ~ . . _— -~ Ve ~ - .- N
T1e wrlter, naving been a sugperzar'ict zonacer and oouin-

‘Y
i
)

nins to ma2'te a2 carcer of supersar<et merchanclsin~ and
accaent, 1s Interested 1a deterzining tie potentlizl efrent

Irradiation nrosezsin~ will aav= on tac sale of Lezf throu
suvdermnar:otc, 3ince Leef 1s & hirn tonnarqe ltem for supzr-
Tarzets, any technological develorment thaet will reluce the

Cost cf dictrihutin~ 1t or lncrease total szles woluze

should bhe ¢f interest to nersons thrournout the 1aiunstrr,

©
"3
1

Alt ou™ very litilc wori 21415 bezn aone on tho co::
clal annlicuation of irradiution to heef vroceszing, thc
€Xtenszlve rmoant of roscerch condactel in an effort to iz-
frove allitory retions has nro.lded mucn vzluadle Infornatlion

Concernin- the effcets Oof irradiation on ecf., This papor 1=

o

consolidation of some of the informoation wouined from this

111
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rezearcn In o onz2nner that should he nelsful to saneranrizt
manaTenment In foraulatin~s nollcles that will =1low then tO
realize ths fall votential of irradiatiosn vrocezsed uweef

oace Yt 1s commercinlly avzilable.

e writer exnresses sratitude to Dr. Zdward . Jur.et,

ilrector of the (css cariztins Froaram at slchioaa stuts
University, for als assisctance, ruldance, and su-srestlons 1o

nreczrin s thiils carer, wnd to Dr. Danicl L. 3l:te for nic ui-

forzation of whizn the writer wos unsware, H2 i1z -ratefcl to
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21l thosz who h=ve asslisted in any wa,.

The writer alzo wlshes to cratefully acknowledse =11
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Snzelal cemovleisiant 1s due cnoera o oy faslly for
their actienes ond noarticolacly Ly wife, “elen, for hser la-
valuadle secrciiterill eestetonee «nd calimited soral sunrort
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The Problem

s

Fresh neef accounts for a mcjor portion of the neax
denartment sales in the averare cupermarzet today. aAny
technological development that willl extend the storaze life,
reduce distribution costs, or enlzrze the market crea for
this hi-h volu.e vroduct 1s of extreme interest to zembers
of the food industry. Supermar<et aganagcment zust zeep
abreast of tzachnological developments in order to utilize
these develonnents in retsll storc operatlion. The snecifice
problen of tnis pzper ls to analyze the votential of irradi-
atlon us a meens of achievin- more economiczl sales of Dbeef

in suvermarkets.

Ohiectives

Distribution costs continue to rise in the food retail-
Inz 1ndustry. The ohyslcal handlinz and risk of loss due to
verlsnability ian the marketliag of veef, s hizh tonn:~e lten,
2re sizniflicant contrihutors to these :osts. The oblectives
0f this study are to deternine: (1) The technleal feasl-
bility, (2) the economic potentlal, (3) the chief restric-
tions to 1mnlementation, (4) the most liZzely anclication,
and (5) the possiile effect irradiztion preservatlor of beef

Tav have on the Adistrihution of heef throurh sujlermnaricis.

dyoothesis
Realizin~ that much addltional woris aust be don= nelore
irradiastion 1is commercially anolleable to be=f nrocessin:, it

1s hypotaesired thzt irradiation will 7ave its =ost imzzilate



zonlication fthrourh the nse o astear»lzatlon Josares to cii=

oy

tend tine ztora e life of the frezh rrodust unier relfri-erated
condlitions., It is furtier hyvotheslzad that irradlation
nagteurlzation, once verfected, will be an ald to central

meat cuttin- operatlons of sunerinariiet chalas.,

Apnroach

The li:ited nuiaber 0f Looke that have been written on
frradiztion »resesrvetion of food wares reviswed to establish
the techinolosy of the nrocess. The mozt vrolifls sources

of Inforaatlon were current neriodlicels and renrints of pro-

’J

fress renorts lsoued by varlous ressareil srours tiat have

C

serforiacd rocearsh for the uarternaster Corps. In acdlitioan,
the ‘uarterocster Corns and the atowle <nerey Commission

sunplied much —waluacble inforuation cethered from taelr ex-
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erztoond b lerren., For thils re=2son the umzin text of the
naner ta vold of detailled analysls of s2ecific exrnerinent:z,
Results of sperific exverluents are coatalned in the z-cealix

and even thec2 are concerned nore with end results tham with

Il
[63]

the tenshinicalitles of conductin: the exveriments.

Linttatioas of the Stuiy

Researcn 1s limited »Hy the gaantity of avuilable infor-
mation relatins to the scone of the study. Althouzh resenran

°n irradiation has been underway f£or a number of years wnd
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bee

has recelved more emnnhzsls than most other food procduste,
mach aore detalled rezearck is necéeld before irradlzstion

treatment of beef 1s commerclally adaptable,
ttaterial contained herein 1s an aprlomeration of bits
of information sezured froz a varlety of sources tlus aregg=-

ure of personal sneculation. The author bears full

res»oasibility for zny shorteominess and od>lnlons expressed.



CHARACTERISTICS OF 3EEr IMNPOXTANT TO THIS DISSUSSION

Yarzetin~
The 1ob of su»nlyins bheef for 125 million coasuners is
the business of 3- million farmers 2nd ranchers and thousands

of marizeting aveacles. The production and morizating

'3

0

(@]
@
n

s
1g indeed comnlex. It conslists of amanv different and neccs-
gary Jobhs to move beef from the faris into the hands of con-
suners 2t the time cnd pleze a1d In the form they deslire,

Anvy toechnological evelopnent that will aid 1n supnly-

In~ the consumer with =2 nrocduct a3 £003 or better than is
now available, ot a sonpetitive price, should be welconed b

the various narietin~ arencles and vroducers.

Definition of Beef

Beef 1s descrived as "the cdlble portion of the wuszle

n

of cattle. The tera "fresh" 1s used to describe meat which

has not een preserved with any additive or cooZed in any

wa,',,r.3
Mi-ent,” Zollier's Zncycloneila, 1955 ed., 7ol. AL,
bD. 227,

- Llovd O. Jensen, w22t 2nd Meat #00ds (liew Yori:
onald Press Coanway, 1843), ». 17,

rd

/3 v 1 ’ ~ 3 1 TR

lorirls 3. Jacobs, Tha Thealstry and Teschnolo:ry of ocl
and Food Products (lew Yor:i: Iatersclence rfubllshers, .ne.,
951), 5. 0.

(9]



comnosition

The orincinal constituents of beef are water, vrotein,

fat, and minerals. 3522ll quantities of rlucose, :rlvcor-en,
and lactlc acid are also present. Lean heef 1s a hizhly
nutritious human food containinz conroximately 25 rer cent
nlzh=gquallty protein and the necessary 2 vitazins and
minerals. Hicher

protein due to thelr nizher fat content. |

solor

Zeef is usually thoucht of as h=avlinz 2 drillliant red

raies of neef have a lower percentace of

color. This color is Zue to the presence of two bnrsic zole-

ths 1ivine aninal as a storare mechanlexn for oxy..en while

2]
nemdglobin 2cts as a traasport mechcnisn.

«Q

Cxvegenatlon, formins a brisrht red ni=-nent, ocze

neat 1s cut and exnosed to the air. s time vasses lron

£
"3
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ke

culzar pienoats--hemoclobin and wmyoslobdin., llyozlobin acts in

oS3

atoms »reczent in the meat oxidize ani form Fe., cnhancio- the

¢olor frou deep nurnlisa red to brown within zbouat 72 aours.

Tals oxidization ma'ics the me2t less eye a:nezlins to

D0tentlal cuctomersz althouz™ Lt does not affect t=o qualit:

1"3eef,” Veoiraw=H111 Encyclonedia of 32ici2se and
Technola*{, 1721 ed., Yol. II, »D. 501.

2M200ds," Xir: o threr %ncycloredia of ZThamlozl
Technolozy, 952 ed., vol. /ILII, D. .°5.
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Jpnerican I'eat Institute Founda tion, Tan iolenos of
_;zi_grd Yeat Products (3an Trancisc . Y. Freemesn zni
Jomnany, 195°), pn. 23=31.
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Qther Characteristics

Jther than a »nleasingz color, bheef

attributes, suzh as freshness, palatability,

velue to maec it s deslirable food. Freshness basical

S

nust have

other

1y

means that docay cnrused by bhacteria has not caused putre-

faction. Palatability and nutritionszl value are factors

described in terms of tenderness, taste

and those aueclities of vitamins, 2lnerals,

bulldine ':alues.1

Distribetlon Costs

Sla

Ins the besf carcass, =nd retcilins the fresh beef carcaszses

, molstness,

aurnterinT the beefl steer, vrocessing and

and other bocdy-

and rnutritionsl

flavor,

wholos:l=

constitute the majtor distribution expenses encountered 1n the
marireting of fresh beef, The costs of marketin:s beel are re-
lated to the channels through which the anlmals move, and to
the mar'zetins services nrovided.

Ue 3. Cholece mracde beef accounts for about half of the
total J. 3. zunnly of blocz heef for whicn adequate
statistical data are zvailable for stucdv. Only a»nproximately
25 ver cant of &8ll beef 1s sold as processed meat; there-
fore, the mar'zetinr costs for becf so0ld ia fresh for: ara
7ery sizniflcant fectors in the bteef industry.

Abhout 592 nounds of carcass beef ore obtalned frox 00
Pounds of live steer of U, 3. Cholce srade and axouat =2 per
cent of the U, S. “holce «rade carcasc 1s saleable rstall cats

1Frank Z. Hallech, 'Fzctors affecztins Juallity of fre-

Packored lieat," Food Tecanolozy (June,

1954{)9 Do

205.

-~



The remaining 20 ver cent of the carcass represents fat,
sunet, bone, and trim whilch does not move over the retall
counter, Tetall compocite prices are cerived from the rrices
obtained from individucl retail cuts of beef. 3ince only
about 45 or 47 pounds of saleable rotaill cuts of peef are
obtained from 100 nounds live welght of U, 3. Cholce ~r:zce
steer, addit.concl locsses 1In welcht and value of the product
resultinzs from snollare can be very sl;nificant.1

The additional lozses in welrht and value of the nro-
daet from spollare znd solvate gellins are not actually
nown. The U3SDA estinated them st 3 to 5 per cent of retall
sales 1ln a study involvin~: beef mariZetine mar-ins ana costs
in 1956.2 If only half of these taousands of rounds of freza
heef which cre lost due to snollacre every yezr were saved

by the use of irradiation treatzent, the farmer, the pro-

cessor, Lhe retaller, and the consumer would 211 tenafit.

noroximately 2.15 nounds of Cholce zrade
2ld one pound of U, 3. Cholce grade H2ef ot

“U. 3., Derartment of Auriculture, Zeef 5=

" !
LArsins and Zosts, A-riculture Marvetins Services (Wosin-ton:
M —bA IO MY . v '
Yo 3. Government Irinting Office, Februarv, 1223), No. 712,
N, 15,



TI2HIOLOGY CF IARADIATICT IRESZRJATICH

Introcuction

ntill the advent of radiatlion, no new method of ~re-
?

-~

servin - foods had appear<d since the dlccovery of canntl in

the =zarlry 10th oentur}!.1
Tarious sneculations were nade durins vre=war yeuwrs

that lon'!zin. rzdiztions micht be uc=d for precervine foods.

T™e French filedé a ratent as far nac il cs 10292, Only sincze

13947, nowever, has research neen Intensive, The mziority of

]

research has desn ¢one by or In cocnlunction with ~overnument

o]
, Conade, and Great Tritaln.-

O

+
'3
ct

armencles In the United es

)

Irradiztion nreservzation is still in the develonmentzl
Stage ond althoush beef has receivel nore attentleon than =nv
Other meat, nmuch additionzl research 1s necessary beforce
beef nreserved by irradiation treatment will bts avallaule
for retzil sellinc in the suneraarcts. The nresent str
0f irraiiation »reservation ls reviewed and sorne of tnhe

oo es
scencoen

}a-

Hazlor problecas inhercont in its lnplzoentatlon are di

In the followine nares.

e ————

»r

Lorman W. Desrosler ani Zenry Y., Rosenstock Xdlavion
lechnolory in Food, arriculture, and 3islory (festpors,
Sonnecticut: Tae L1 Publishin~s Cowonaonv, Inc., 1?00), . 227,

n

Re 3. Honnon and . 9. Thornley, "Rndlaticon Processzine
0ds," Journnl of :nerleon Dietetice Acsoclation, {+XII




Definition

Irrcdiation »nreservation malzes use of the lonlzing ef-
fects of fosot wmovins sub-atoule particles or electromasnetlc
vaves which ore enerretlc enouzh to strip electrons from the
atoms or molecules of matter. Ionlzing radlilatlion 1s pnroduced
In thrcee different classes of naturally raedloasctlive materials:
(1) Alpha nerticles, (2) betz ravs, 2ad 73 ~ova rovs whiech
like the better mown -ravs are hichly enersetic electio-
nacnetle waveg. Protons, the ultlnate units of epomma roys
or of X-ravz have enerzy levels in the rance of one Lev (onc
t'lllon eleciron volts), compared to the bindins forces of
valence =lectrons in atoms or molecules which zare of the

1

“ 4
ctron voltis,

[
(@)

order of only 1D e
It 1o *hn electriceally chzrgsed particles taat »roduee

the overw:.cl i~ preponderancze of the zcts of erner-v-

transfer wiitoh zrlve lonlzins raliations thelir sisnificance
in tecnuclo~:. ‘hen swiftly moving electrons, alshz partl-
ctles, nrotors or 2eutarons renetrate matter, the< molecules
Near whish ther pass are stbjected to an intense electric=l
force whaich is devastotine.®

In controst to the onrocesc of 1life involving rela-

thely low turn-cvers of encroy and a nlch derree of self-

"erulating horsony, lonlzing radiation conveys huce nactets

——————

1Perc.in and P. lLiehrlich, The Zurrent Outlooi for =27i=-
?tion Processed Foods. A c"eec‘1 orezented at the 15th unausl
”eetinr of the Research and Development associctes, Richnond,
Ir-inta, Anril 4, 1961,

. 2R. L. Plaezzan, "hat is Ionlzins Radlation?"”
=2lentific American (ilarch, 1351), ©. 75.




of energy end unon interaction with 1livine motter nrovores
anarchy. In every case the ultimate dazare arises from ine-
Jury done to the individual cell. 3Zuch Injury causcs lethnl
nalfunctions throuch destruction of the perueasility of
cellular merbranes permnitting the interaction of enzymes zand
subtrates in unwanted ways. This undesirable interaction
nroduced by lonizatlion leads to the destruction of mlcro-
orzanisus and can also reancer encymnes ineffectlive, thus ex-

,
tendinz the rroduct life for a lonrer period.

Yeasurement of Radiation Dose

Two tyres of units are in comnmon use for measuring

radiation vsed in food ~reservation: (1) Zlectron-volte
2easure of the intrinsic enerry of each wnarticle cf the

raiiation. ‘Mo sirnificance of radiztion treztuent 1s =con

TOst easlilly with thils measurement since, In <ffect, 1t 1acdl-

cates the velocity of ezch particle =znd hence i1ts nenctration.

lev if in-

tnercy for food proczezsing is lizited to zhout 1) le

Guced radiosctivity is to he avolded. (2) R-d==-the cuanrtlity

Of radi=tion enerry absorhed hy a medlum in any ~lvex tile,
A rag correcnonds to an cbsorntion of 100 er-: ver <ran of
Raterial. .nother unlt of mecsurenent, the rep (toentren

€aulvalent nhysilcol), was widelv used until re-cry

b

9]
w

=Y \ - : Yy D fal ~ eyt - - - N 2 S
=2z2use ron has clfferent seconinrs to zneonle of cifferen

~
PR

SOuntries, and Hezouse it 1s slzilar to rad, 1t

———————

1&. Hollaender anl G, B.
Tilon and the Livinz Zell," Zz2ion
- q:

melton, "Ioniiine Rall-
Py oA ’

o) ,"_7

cnerican (L arcn, 1933),
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novularity oc a urit for measuring radlation dosz e, !
zlestron-volts, chbreviated ev, and rad will de used throuzn-

ut thig paper when referrins to dosacs.

sourc=ss of =ner: vy

There are two methods for securinz radiation cner:y
for use in food vreservatlion. Flrst, electrical devices muy
be used to produce X=rays or cathode rays. 3Several tyves of
Zzchines have been desirned, the llnear accelerator cener-
atins an electron beam, belns the most sultable for securing
agnnreclable nenetration. Aanple electrical power ocon be
dellvered by these machines for treatment of food in quontity.
¥ost of the present commercizl models have a rower outout
sufficient to trezt about one ton of food per hour with pas-

teurizir~ doces and hirher nowered models are under develon-

o
o
[
w

-
o
=
O‘
&)

I3
49}

rent, Second, naturzlly radioactive mater

)

Scznt fuel rods or racdiolsotones such o

[és]
(@]
o
o
£
H
c+
!
(@]
3
p
<3
O
@)

used for securlng gaama and beta rays. 3Since the intensliy
Of radlation from thess materials declines rapidly, the pro=-
Terred source for industrial use 1s obtained by the chemizal
€Xtraction of nuclear fission nroducts in used fuel rods to

Flve the isotone, ZTezlum=-137. Ceslum=137 hzs 3 long half
H (o]

s ~
llfe, over 70 vears, and emlts z cenetratine radlation.*

Sonstruction of an elaborate extraction »nlant is

Tsinnen and Thornley, "Radlatlon Processins of rfooés,




necessary 1o ca2cure lesium=137. The comnlex operation of
the extroction faclllity reculres & larse number of techniczally

trelrned nersonnel. Tese factors mate the ase of naturally

zdloactlive materials more costly than maenine »roducead

@

raZlation at tne rreszent tine.’

de-arlless of trhe zource used, amvle nrotectlionrn zuct
he nrovided for operators worilar with ni-nh enercy radiotion-s.
2Tinite alvantace 1n thics

A -t I - ~ —~ ~ - -~
LAacniine orojucsa ener’y ats o«

no machine c2n hHe turncsd off oand ren

792¢ nronascine except for Jifferences in nenetratins

ability of the varlons rovrs zs zhown In Izble 1.

t e memeer my e A e - s < e
P2ZFVL PLlETRILIONS ACHIZYED WITH DIFFRIR=LT
~~1 I TerA ~svoor -v\-« Rl Ve N oA
I\«A.I._J.L.'.J L.\UI."‘L'I ol .;.'_.‘)I 4.‘;L

IRRADIAT I’\" 30URZT=S
e e e e e e e e

“sel il Penetrations in
Tnghea:

Jrom et Ireaiiotlia-
Irrailation fron on2 from bHotn
source side sides

A4 . —~
J-.tlf)‘:e roTs3 [ R e 1 .).3
5 LT ?.7 1-7
RIS D 1.6 Aea
-2ta yavs Strontivie ) 2.25 2.1
——————— ——
VIO N B - o~ > - . -
Odrea: 2, I, Tinmpan ond . J. Mornley, "IRallatlon FTroorn::-
. - e} ~ .. 0N - LT
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sideradle thic'neccos, cuch as bexl in =ilther wholesale or

tlization of Tontzoine R-31atipn 19 Pecf Prozecsin-s

in two wrincinal wa 'z: (7)) Steriliration=-=-t: d2struction
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sulficicont nuniver 2 crollicre wliaro=0ovranlisic to nrolucs oo
sxtenslon of »roduict Lif: under cne2ifisd conditlions zich as

Ta o ~m ot of roldic -+ 30 A L rar “"rmAaS I ntandd
2 nourt O raclaelion ra2nuored Trodace TTerl 1l
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1zation regulrerent for thals micro-ormaniesn usin:s
radiation clone in a ron=acid, low=3alt mediim, such =as fre:zh
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m1llion radc.©

. 1J. » Urhain, Irradiation for the le~t Industry, A
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e uze of szult, snices, and addltlives aad izproneld
schnlques bhoth in irrailation and measurenent of dozare
indicate that the sterilicing dose for non-acid materlals
say be 20 ner cent lowesr than previously assuned., The renl
value thi2n anpears to be arzosroxlimately 2.5 to 3.8 meszrads.
Racardless of what Ti-cure 1s finally settleld on as the

1zatlon rezuirenant of beef, 22¢ can state at the
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In that lonizin~ radiction ifnluzes 2zrtain chan-ez t

»raa

fect the censory rrodertics o7 hecl so treated.  Thoe most
notable chonte 1s a chnge In flovor and bzel 1s crozarently
ZOre geacsitive to this chain-e than are other fresh mzutc.
It nas neen found that the derres of forsicn flavor verles

. . , A .n
in nronortion ith thie amount of radiation used.”

A 2ejor area of coacern for sterlilized beef 1s the
Inactivatior of the enzymes. It has been shoun that vary
larz~e z2moants of radiction are reocuired *o nroduce comnletes
destruction of nicro=or-onisms ond 2ven larser atoants ore
Peauired to inactivote earrues. It 1s senerally conzeded
Y23t i{rraidlation cannot he used to nra2duce enzyne inze

V2%1ion herause of the undesirablo chanrses 1n z2nsory oro-

P2rties resnltin~ from the larse ra

“Uriiain, Irrcilation for the Lent Industry, . .
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tests on ments irradicted wlth gquantities sufficient to dea-
encyre

stroy only the nicro=-or«aniszs have shown cvidence of
activity in the »roduction of off-flavors and in the ~rowth
of crvatals of the amino z2cid, tyrosine, on the surfare of
the meat. Preceat thinkins 1s that heat will be renulrad to
inectivate enzcvnes leadin: to tho immeilate conclusion thel
steriliced hecf will »Hrobably e coolzed beef.1

Secause of tho undesirahle cnanres in the sensory pro-
p2rties of heof sterilized by irradiuzstion treatment, vas-
teurization treztment rzqyuirinzs a lesser dosase znpears more
feasible., o with sterilized fooas, onz of the most im-
nortant nleces of information to be cetermlined forr pasteur=-
1 zed product:s is the dose requircreats, Mls appears
better 'mowm, althou:h 1t 1is nccessarry to specify the in=-

tendad uce and 1life of the nroduect in ordsr to be able to

3necify vreclselr whot dosare is reaulred,.
The mzjor crpoilare micro-or—nnlene rrosent in freocgh

.
n - . 2N A . V) 4+ ! - g .
Ceef agr2 Puendomonas wenleulata,  Althousth scus subctuance

'Pesent 1n meat Jalcoes martiollr nrotects thils wmlero=-or—anisn

D

&7 ainst ranme radiation, 1t is s:till relatively senzitive to

2 0of the sencitivity of these mlcro-

(2

radiation. lecnou
Orc-onisns to irradi-tion, it =zopeers theot avsroximately

‘ - o ) 2
1OC),OOO ~2a5 1s a uszful dose on fresh meat.<
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Socterlal crowth w11l e sulflciently iazpeded Dy a
dozeze of 100,020 rads so that, at the end of two or threc

-

weets, microbial srollare has not occurred. Tals acmount of
rediation 1is sufficleantly smeall to lonnart little or o off-
flavor., Couscquentliy, off-flavor problems with pastsuriczel
reats are ot a ninfmun. However, the objective 1s to obtuin
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It has been found that diszcolorations, In particulor, oczur
ri~erctor tenpzratures In a watter of a few days.

o2t so linmits the life of the product from a sale=-
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2h111try stoadnolint that such paosteurlzel fresn me=zts
1little comrerclel valuc 2%t the »resent time. It mar
by usins radiction in conmbinaotion with other treaticntes, thz
desirable nrodertles of fresh moots can be malotzined Tor o

sufficiently lons neriod so that utllity exists.
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ton encrry, faciliticc for ~erfarain: thie
treataent, the crrecteld coat of the rrocess, and the ~ffest

> procecs hne on the zensory rronerties of the bool st

2% conslarred., Tie followlins ror2n conteln 2 ~enerzl
2nalysis o7 211 these foetors.  For o nore det=ziled roview

b - R - - - A g, - op N - 3
O s=weeclific experinents end the effect cn censory vronertiec,

See the annendix,

;o Sources
Stotcs! nromror Tor the rodliation Drocesse
1 of ruelesyr reactor acvelosuent.
oy

e crounte of redlation froa Ticzion

2 search for roosible utilizotion of

T.on haY, o nited Statec
MY nevr~y Jomnilssion croncoreld surver indlested that -
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SSCaessful mroczss for nreservine food hy irvadiation wou

~
TO3ide an insortsnt o:tlet for zuch nredicte wnd ionrone

12



the nutritionsl and Hablizs heqalth charazxierl-tiecs ¢f thc
e, !
I'e commer~ial use as zourcen aof carmn radiation of

fuel ~2lcoents during their "cooline™

neriod will, 1o cart,
denend on the avallabhility of sufficlent guantitiez of tnece
1 stesdy swmly.  4AlthouTm the zupply anncars nlantitnl ot

the future will 2 ~overne? Ty

othrer nzez Tor rooctors, nrozabhly th

nower, Trc utilizatlion of reactors desl-ned gnecifi-~olly To
£ E) -7 2~y on o 2
oo 1rrcodiction, elther in avalts teachro-

Eo gsterilize a J=b7=7 inch rastna-e of bect with loninin:

hain Il '3 -

Dl lations in onorotter of winoisz., A cta2aly strecmoof such
N~ » PR s . .
SoCXarcz eould he rroecessed, A nolf acrosss of teuzl in -

Suiltable container that would vrevent post treztnent

NTLaminaticn coull be sterilized in o cimllar ti-e nrovidecl

“

that the srrov of elements of sufflclent activity anc coa-

Pisuration is cecwnnlated.,  For posteurizatiosn dosases the

Ty : ~ 2 ] - bl

TOcCecse could be sneedcd up consilerahly nd fuel elenents
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Anoth=er ond »resently ore economiczl enercy soures is

avallable fron hish volture electron=hHear

are three busic tvnes of =enerators whlicn
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(1) Me resorant tr-nsforner, (2) the 7on de

notentlial be-auce of 1ts a2i1lity to procduce the mua~n hi-her
vOoltarmos nenessgrr for rrezster neustrstion. There or:
¢le~tron-henn wcnerstors zizllanle today wal~h ~an be bullt
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for the tvoe of raliatlon wro:ess contenmnlatzl

In any »o»ti-2lor Instan-e

<aVallaplilitry of Irradlztion Frocossines Fooilitinog

o romrieralal feoillitles 2r- avallzble presgsentir wnd

1n 1vpadiation vroressln: na.e heen solved. Sareross Lrre il

Stlon rescoret Cecilities have peen ere~ted for nurposes of
Stiiﬁ}finf tacsc oroolers wand rafivicrs the lrrailation »ro-
S®8ses. Me lar-zst of these, tho juartermacter odistlon
for ~ozmnletion at Jatiz, [2s:cohiu=-
1 nroblems have bteen golvel onl ir-
nez20n2g economical, counrerctinl f=ollitl
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rives at costs as low as 0,25 per cent ner mezaras »noun

zs Micnh as 10 cente »ner ue arad pounds, denaniin- o the

electron reazrator s1oscn. At tne vrascat tilzs, the statzo-

3 A1

ment "from « fraztion to 2 Tew cents per mound" 1s the nout

estimate. Jctuzl exnerlence wlth the process

. .
nd the ecqulrn-

[

ment In a2 coummerciel onerztion 1s needed to deflne z203ts

more closely.
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In 1ts hiest sta-e of nerfectlion, razlatlon storilice
tion would rvernlt the -rescrvation of teel indelliniiely,
theoretizally ‘orever, withoot any surpleentary preser.=-
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five fold., - Zioh extenslions of storarse Life woald cartall

meat cuttin~ facilitics whicn in the:selves couald »roduzs:

considersnle lanor =znl equlszent savin s,

Whenever meat nerchrndisers =nd retailers ~ct torether
ot meetin—s, conventlions, etc.,, oae of thne ocin tonics of

discuszion 1s thne Teasglitillty of centrallz=d nre-sac -2

maata. Tz mited Stotog Zeoncrtznint of arrizcltare is con-

tiaainr te wor: on the rroblow of d=2relonin- a woriiznle opar-
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heen able L0 rcdune dlrcet 12H0r costs hy 47 ner cent {ron
that of Zudlriausl retnll unit cattine operatiors. Plan:
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OBSTACLEZIS TO COMMERCIAL APPLICATION OF
IRRADIATION TO BEEF PROCESSING

lany problems must be solved by skillful, controlled
studlies before radiation preservation 1s ready for commercial
use with beef. Control of the sensory changes is essential
if we are to provide the customer with products reasonably
simllar to those of fresh beef, Ways must be found to over-
come irradiation odors and flavors as well as color changes
produced by the process. Products must have acceptable or
desirable characteristics and should represent substantlal
quality improvement over conventlional processing methods. !

Closely associated with control of sensory changes 1s
the problem of enzyme inactivation. As mentloned earlier,
the amount of radiation required to inactivate naturally
occurring enzymes appears to be several times that required
for sterilization. Even minimum sterilization dosages cause
undesirable changes, hence, some other process for inactivat-
ing enzymes will be needed. At thlis time, the most effective
method seems t0 be heat inactivation.Z2

Pasteurization dosages to extend the normal shelf=-=l1life

of products do not produce these sensory changes and may be

1Urbain, Progress and Problems in Radiation Processing

of Food., pp. 9=-10.

2y, E, Roblnson, "Status of Irradiation Preservation of
Foods," Nutrition Reviews, September, 1959, p. 258.
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more readily applicable. However, when attention is
directed to products so treated 1t must be recognized that
quallty improvement, detectable to the consumer, may not re-
sult, The results are more likely to be reduction of spoil-
age losses, extenslon of the marketing perlod, and access-
abillity of hitherto unreachable markets. The value of such
beneflits 18 primarily economic and for this reason economics
and not product quality improvement will determine whether
or not the process i1s commercially applicable.1

Any use of the process commercially depends upon its
ability to fulfill a useful purpose at an allowable cost.

The extension of storage life, in the case of pasteurization,
for example, must produce savings equal to or greater than
the costs 1involved in the process.

Furthermore, the commercial utilization of 1rradiation
for preserving beef cannot become a reality until 1ts use 1is
approved by government regulatory bodles, specifically the
United States Food and Drug Administration. Under the Food
Additive Amendment of 1958, the burden of proof of safety of
a food additive or process 1s on the one who wants to use 1t.
The prospective user of the process, then, must convince the
Food and Drug Administration that the process 1s safe in order
to gain approval for 1its use, 2

Other problems that must be solved are: (1) Wholesomeness

1Urbain, Progress d Problems in Radlatlon Processi
of Foods, p. 10.

21bid., p. 9.



36

must be established, (2) adequate sources of radiation must

be available, (3) problems of packaging to prevent post=-
irradiation contamination must be solved, and (4) control of

the process through suitable radiation dosimetry must be

8°lvedo 1
Finally, the consumer or public attitude toward irradi-

ated beef will be a large if not dominant factor in its

success. Even wilith the assurance of safety based on govern-

ment approval for irradiation preservation, the public will

act on its own confidence and understanding. Public con=-

sclousness of the hazards of potentially carcinogenic sub=-

stances in beef, and 1ts awareness of the dangers of radi-

atlon per se are bound to ralse questions regarding safety.
The possibilities of confusion between the effects of radi-

atlon on the human body and the consumption of irradiated

beef will require education to clarify. The seller of

irradiated beef will need to secure public confidence through

an orxrganized information program.2

1
Urbain, Irradigtion for the Meat Industry, p. 11.

aUrbain, ress and Problems 1 1 Processin

(]
Qms p. 12.



SUMIMARY AND CONCLUSIONS

Summary

Because of government controls over radioactive mater-
lals, the high cost involved, and the amount of risk, present
research 1s being conducted in the United States by two

the Atomic Energy Commlssion and the

Research in other countries 1is
In all cases many

government agencies:
Army Quartermaster Corps.

also being handled by government agencles.
of the research projects are contracted out to industrial

organizations and educational institutions, giving numerous
People experlience in irradiation processing of beef.

The most extensive programs beilng conducted, that of
the Atomic Energy Commission concerned primarily with
Ppast eurization dosages and that of the Army Quartermaster
Corps concerned with sterilization dosages, are complimentary

to each other. Although the Army program 1s primarily de-

8lgned to improve the loglstics and acceptability of military

ratlons, many of the problems concerned with commercial
&PPll cation of irradiatim sterilization may also be solved.
The AEC progrem 1is designed to determine the products and
Procea ses suiltable for radlation pasteurization. This pro-

éram may provide many of the answers needed before radlation

Pasteurr~3 zat10n of beef 1s commerclally feasible.

<™ = iprediation process could have a radical effect

2

7



upon distribution costs and merchandising policles of beef
in the nation's food industry. Successful businesses and
industries are built upon thelr ability to adjust to new ways
of manufacturing, transporting, storing, and merchandlsing
products that allow more economical service to the consumer.

Current research projects, therefore, have as thelr
objectives the development of systems, processes, and pro-
ducts which will assure that meat items of good quality will
he avallable to the consumer at prices competitive with other
processing methods.

The following criterla should be used to determine
whether or not beef preserved by irradiation 1is commerclally
feasible.

1. The beef must be acceptable, palatable, nu=-
tritious food. It should resemble very closely
the original fresh product in all organoleptic
characteristics,

2. The beef should retain most of the essential
nutritive elements present in fresh meat.

3. The product must be stable for considerable
perlods of time under adverse storage condi-
tions or the storage life must be extended
under present storage condlitions. No unde-
sirable odors or flavors should develop on
storage and there should be 1ittle or no
loss of essential nutrients.

4, Costs of performing the process must result in
competitive prices at the point of consumption.
If preparation accomplished heretofore 1in the
field 1s now done at the packing-house or in a
related food-processing facility, 1t 1s reason-
able to believe that the processed product will
show a higher unit cost there than prevlously.
Offsetting savings in transport, storage, and/
or packaging would be desirable, therefore, to
Zeep costs competitive.
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Conclusions
Research and analysis of work to date tends to sub-

stantiate the hypothesis. Although no method of irradlation
processing 1s belng used commerclally at the present time,
all indications are that pasteurization dosages willl be the
most immediately applicable form of irradiation processing.
Low-=dose pasteurization treatment produces little or no unde-
sirable changes in the sensory properties of the fresh pro-
duct. The biggest problems remalning are refining the pro-
cess to'make it more economical and getting approval for 1its
use by the Food and Drug Administration. In antlcipation of
these accomplishments, policies must be formulated for inte-
grating this new process into supermarket operation and con-
sumer education programs must be started.

From a review of the limited amount of data available
on central meat cutting and packaging operations, 1t 1is evie
dent that irradiation pasteurization of beef will ald in over=-
coming the major problems plaguing this type operation. This
substantiates the latter part of the hypothesis, that per-
fection of the irradiation pasteurization process will glve
added impetus to the adoption of central meat cutting oper-
ations by supermarket chalns. By treating prepackage retail
cuts with pasteurization doses 1in a central cutting facility,
the shelf-life of such cuts can be extended to allow the re-
taller to realize the potentlial economles of a central cut-
ting and packaging faclility without suffering increased loss

from SPOoilasze and discoloration.
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Recommendationsg

All persons concerned with moving beef from the farm to
the ultimate consumer should encourage and support continued
research toward solving the many problems assoclated with the
commerclal application of irradiation to beef processing. It
1s suggested that more progress in the development of com-
merclal applications may be made through the combined or co-
operative efforts of research teams sponsored by equipment
manufacturers, chemical companlies, equipment manufacturers,
government agencles, meat packers, and retail food chains.

Research must continue to:

1. Perfect the processes so that none of the

sensory properties of the fresh product 1is

altered.

2. Develop materials and methods for packaging
products processed by irradiation.

3. Investigate and develop merchandising methods
and policles that are applicable to irradi-
atlon processed beef.

4, 1Investigate and optimize methods of trans-
portation and storage.

The commercial utilization of irradiation processing
cannot become a reality until its use 1s approved by govern=-
ment regulatory bodies, such as the Federal Food and Drug
Administration. The food industry should tell the story of
irradiation processing in general and encourage congresslonal

representatives to approve 1ts use.

Consumer or public attitude toward foods processed by
irradiation will be a large 1f not dominant factor in its

success. Even with the assurance of safety based on
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government approval, the public will act on its own confidence
and understanding of the process plus the economic value of
the end products. The consumer should be interested, pro-
vided the quality of products so processed is equal to or
better than what 1s now available or a particular need 1is
satisfled.

The cost of applying the process 1is very small coampared
to the potential savings and advantages to be gained.

Whenever a new method of food preservation 1s dis-
covered there is always the fear that more established methods
will disappear. Consequently, reslistance arises from trade
unions and established processors as well as from consumers.
Ultimate acceptance of irradiation processing will require a
thorough educational job of all concerned and proof that the
process does offer unique advantages.

It 1s expected that radlation processing of beef will
eventually find its place among the hlstoric processes of
drying, salting, canning, and freezing. A particular pro-
duct or process finds acceptance when there is unique appli-
cation, through the competitive actlon of the market place.
Much additional research is necessary, however, before irradi-

ation processed beef 1s ready for thls final market test.



APPENDIX

Results of specific experiments are presented below to
provide deeper 1insight into the effects irradlation has on

bacterlal growth and on the sensory propertles of beef.

EXPERIMENT 1

EFFECT OF GAMMA RADIATION (100,000 rep) ALONE OR IN
COMBINATIOY WITH THE ANTIBIOTIC OXYTETRACYCLINE
(10 p.p.m.) UPON THE QUANTITATIVEZ BACTERIAL
FLORA OF BEEF ROUND HELD AT 2° C.

Bacteria per gram (x102)

Treatment 0 days 8 days 14 days 20 days
Control g0 7C0,000 4,000,000 -
Irradisted 0.t 100 60,000 800,000

Irradlated +
oxytetracycline 0.5 1 60 2,000

Source: C. F. Niven, Jr. and W. R. Chesbro, "Antiblotics
and Irradiation 1n }Meat Freservation,”" Proceedingzs
of the Eighth Research Conference, sronsored by
the Councll on 3esearch, American Meat Institute,
at the University of Chicago, March 22-23, 1985,
p. 49.
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EXPZRIMENT 2

RELATIVE EFFECTS OF GAMMA RADIATION (100,000 rep) ALD
THE ANTIOBIOTIC OXYTZTRACYCLINE (10 p.p.m.) UPON THE
QUANTITATIVE BACTERIAL FLORA IN GROUND BEEF OF
POOR QUALITY HELD AT 2° C,.

Bacteria per gram (x109)

Treatment 0 days 6 days
Control 100,000 1,000,000
Irradiated 300 10,000
Oxytetracycline 62,000 1,000,000

Irradiated +
oxytetreaecycline 100 100

Source: Niven and Chesbro, "Antiblotiecs and Irradiation
in Meat Preservation," p. 572.

EXPZRIMENT 3

Boneless U. S. Choice beef rib roasts were packed in
standard No. 2 tin cans and sealed under vacuum. After
sealing the samples were frozen and irradiated to a level of
5 megarads with a Cobalt-60 source. The enzymes were heat
inactivated in the cans by ralsing the internal temperature
of the roasts to 165° F. The cans were stored throughout
the experlment at a temperature of 76° F.

For panel testing the meat was heated to an 1nternal
temperature of 150o F., cut into small samples, coded, and

presented to an 18-member untrailned panel, who rated the
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samples on the 9-point hedonle scale.1

THE EFFECTS OF PRE-ENZYME AND POST-ENZYME INACTIVATION
STORAGE UPON PANEL 3CORES OF IRRIAT=ZD BEEF ROAST

L - . ______________ _____ ________________ -}
Length of Samples

storage tested Samples tested
prior to at time after 90 days

enzyme of total
Treatment inact inact storage
Frozen-unirradlated control 90 days - T.7
(frozen)
Pre-irradliation enzyme inact 0 days 4,9 5.2
Post=irradiation enzyme inact O days 4.4 4.9
Post-irradiation enzyme inact 4 days 3.6 4.4
Post-irradiation enzyme lnact 8 days 5.1 5.1
Post=-irradiation enzyme inact 16 days 4.8 4,2
Post=irradiation enzyme 1inact 2 days 4.8 4.7
Post-irradiation enzyme inact 64 days 3.3 3.7
Means? 4,4 4.6

8Means does not include unirradiated control.

Source: A. M. Pearson and L. J. Bratzler, "The Effects of
Pre- and Post-Enzyme Inactlivation Storage on
Irradiated Beef and Pork Roasts," Food Research
XXv:6, 1960, p. 690.

'The hedonlc scale makes ratings in terms of likes and
dislikes as follows: 1=-dislike; 2-dislike very much; 3=dis-
1ike moderately; 4-dislike slightly; S-neither like nor dis-
l1ike; 6=1like slightly; T-like moderately; S8-llke very much;
9-11ke extremely.
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