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ICLEARANCE: PRINCIPLE AND APPLICATION TO IRRADIATED MEATS
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NTRODUCTION

[
m agtEARANCE. the approach by which irradiated foods would be evaluated primarily on chemical data, is based
R

na]ra19htforward principle: that if one food within a generic class of foods is wholegome when irradiated,
30 8y mEmbgrs of that class would be chemically and toxicologically equivalent when similarly irradiated.
smmm S r915t1onships underlie this principle. First, that wholesomeness is directly related to the types and
“Chpr of radiolysis products formed. This relationship is phenomenological. Second, that the formation of
Wer Oducts depends on the composition of the food and on the irradiation conditions, particularly dose

-
?qu]ﬁt et al. 1978b; Taub et al. 1979a). This relationship is a consequence of the chemistry in an irrad-

;% to ggd Component being independent of other components and of the radiation energy being apportioned accord-
]ﬂds t € weight fraction of each component. This consistent chemistry leads to common products and allows
0 be predicted.

rODer
?”Nit;pp]7Cation of the chemiclearance approach to irradiated meats involves in part demonstrating this com-
eﬁate of ?hemistry in relevant systems. One must demonstrate that reactions occur in which common inter-
ﬁSmts :E9C1es from specific components participate and ultimately lead to a general set of stable products.
me% the Ould be obtained from model systems of food-related compounds and compared with results on foods,
Ffracter§e Components appear in a more complex state of organization. The intermediates couid be detected and
m”ﬂ ro;ZEdi of the several techniques available, the most effective is elegtrqn spin resonance spectrometry.
a&Ues_ UCts are best separated and identified by GC/MS and high pressure 1iquid chromatographic (HPLC) tech-
Ua] f003§ such a study, model systems of proteins and lipids are appropriate and should be compared with

asigp]7cat10n of chemiclearance also involves in part demonstrating the predictability of the prodgc?s on

} thDOnen sOf food composition. One must demonstrate for products derived q1rect1y from general or spec1f1g

‘ qiifood of the food that their yields are correlatable with the proportion of'the precursor components in

‘ : f&@ni Results from quantitative chromatographic measurements should be obtained from homogen*zeq foods of

| &?ermmn Composition that have been irradiated under carefully controlled dose and temperature conditions.

‘ h£ 0f1i;§ of this type have been carried out on model systems of myofibrillar proteins (particu]ar]y myosin)

| 4Mfto i]}ds (particu]ar]y tripalmitin and ethyl palmitate) and on enzyme-inact?vateq chicken, ham, pork, and

‘ md%ds to _strate and validate the approach. These meats in practice would be irradiated at -400C to about

|4 tod m 91ve them long-term shelf-stability. The results have lead to es?ab]1sh1ng_r§d1o1ys1s mechanisms

| mddgene 9"5trat1ng the radiolytic similarity in meats. As a consequence, it is justified to ?rea? these meats
er‘901‘nr € class and eventually to evaluate pork, ham, and beef by comparing with chicken. which is currently

\ MMYRI 9 extensive wholesomeness testing.

AL
Wy AND METHODS

we?Z Model systems and meats to be irradiated and subsequently examined by ESR or analyzed chromatographi-
thken. Prepared in standard ways. Models for proteins include myosin apd myofibrils gxtracted from begf and
%t?%tOQP Odels fop lipids include tripalmitin and ethyl palmitate, used directly or purified yy preparative
b%fQ”(wiath- Meats formulated and enzyme-inactivated according to methods developed for radiation preser-
TMQ‘Dorkerb‘Cki et al. 1975; Heiligman et al. 1979) include beef, pork, ham, and chicken. Fats from these
%Qkfroze’ and chicken preparations were extracted using chloroform. Samples for ESR'examinqt1on‘were made
edTn N rods 3mm x 15mm. Samples for chromatographic analyses were homogenized prior to irradiation and

Ekctp SVacuated tinplate containers.
570N s ‘
h Jday Pin Pesonance measurements were made using an in situ irradiation/detection system described by
°'$C°]S ﬁt al. (1979). It utilizes a 10 MeV Linacgand a specially modifieq Bruker 420R spectrometer. Free

t € examined under conditions at which they are stable or at which they decay with Tifetimes on the
ﬁr%ht S or more,
yv.ogy« )
ey, Jdig2Phic anat ses of volatile compounds have been described by Merritt (1970; 1972) and of nonvolatiles
%dhca]1§t a]‘(1979{- The volatiles are vacuum fractionated, separated by GC, and identified mass spectro-

WOanda 11, he nonvolatiles are separated by HPLC size exclusion techniques and in some cases further separa-
%Ct53:r¥2ed by GC/MS. Advancespin the H%LC methodology allows one to characterize high molecular weight
RESULTS 'Ved from 1ipids

Py, " Drscyss o
eﬂqs QTION

% =y i ipi d models or in combination in the meats
801£;0 Sipiq.PrOtein and 1ipid components of meats either as isolated mo : '
e r;37]ar free radica]g that gre precursors of the final degradation products. The radicals derlveffrom
*hS‘ 10lytic processes, and certain types predominate in proteins and 1ipids. A major consequence for
]t]
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the proteins is degradation and not aggregation. Degradation of the triglycerides compri§ing the'1ip1ds pro-
duces fatty acids, propane dioldiesters, €0y, Ho, hydrocarbons, and adduct compounds in highest yields.
products correlate with the precursor components in the food. Some of the basic concepts; some results
ESR measurements on myosin, tripalmitin, and fats, and representative results from analyses of products frofm
ethyl palmitate and the meats will be given and discussed.

from

Basic Radiolytic Concepts. Several concepts have to be kept in mind when considering the radiolysis of thesewe
systems. First, there are direct and indirect effects. The former relate to the radiolytic consequences
energy being deposited in a particular component; the latter to consequences of a free radical formed from
major component reacting with substituents of lower abundance. Secondly, the amount of a product will in¢ t
linearly with dose (Taub et al. 1979a), the slope of the yield-dose dependence being related to "G-values 1€
number of molecules formed per 100 electron volts (eV) of energy absorbed in the system. Thirdly, the G-va
will be significantly influenced by phase and temperature, particularly if the product is due to indirect
effects (Taub et al. 1978; Merritt et al. 1980b).

a
reas

ESR Measurements on Proteins (Myosin). The results obtained for myosin, the major myofibrillar protein, a;e
representative for fibrous proteins. Upon irradiation at -400C, the ESR spectra for myosin show a prominé and
doublet signal with smaller outer lines (Taub et al. 1979b). Based on experiments with acetyl amino aC1d§de
dipeptides (Sevilla et al. 1978; Taub et al. 1979b), these spectra are attributed to a collection of Pept1ing
radicals formed by the loss of a hydrogen from the CHR group in the peptide chain. The mechanism for formh gt
these radicals involves cationic, anionic, and excited species. An anion radical having an electron attacracﬁ
the carbonyl group undergoes a scission reaction leading to a deamidation radical, which subsequent]y_abs ca
a hydrogen from the protein to form the peptide radical. ESR measurements at -10°C show that the radical

then decay slowly; it does not persist in samples that have been thawed. Electrophoretic examination 0 lar
unirradiated and irradiated myosin shows the loss of the myosin moiety, but no formation of a high mo1eC9denw
weight aggregate. Both the mechanism that is consistent with the ESR results and the electrophoretic evi suﬁs
indicate that some degradation will take place, but that little if any dimerization will occur. Sim11arhang¢
have been obtained for the myofibrils from beef and chicken; similar ESR spectra are seen and similar ¢ rotﬂn
in the electrophoretic pattern occur. The chemistry is independent of the state of organization of the P
molecules.

ESR Measurements on Tripalmitin. The results obtained for tripalmitin are representative for trig1ycer1deiwm
Upon irradiation between 00C and 400C, the ESR spectrum for tripalmitin shows an asymmetric five 1ine SPEC y
Based on studies with fatty acids and related compounds, this spectrum is attributed to the radical forme ftM
the abstraction of a hydrogen alpha to the carbonyl group of a palmitic acid moiety in the tripalmitin. ved:
irradiation is carried out at -1250C, a broad, singlet-like spectrum with additional outer lines is Obsern]ud‘
If the sample is warmed, the spectrum changes, and at -250C reflects the contribution of other radicals 101v¢
ing the abstraction radical (Halliday and Taub, 1980). The mechanism for forming these radicals also T”ZH -
cationic, anionic, and excited species. The anionic route can be described as follows (where RCHZO(C=O) 2
(CHp)13CH3 stands for tripalmitin and in which R is the ethane dioldipalmitate moiety):

e + RCHp0(C=0)CHp(CHp)13CH3 —>  RCH,0(C0")CHp(CHyp) 13CH; —> RCHy + ~0,CCHy(CHp) 13CH;

(1)

. . (2 |
RCH2 + RCH20(C=O)CH2(CH2)13CH3 —> RCHj3 + RCHZO(C=O)CH(CH2)13CH3 ot
: c
Reaction 1 implies the formation of palmitic acid and RCHy, the precursor of the propane dioldiester. Reaoy’ |

2 shows only one fate for RCHZ, namely, formation of the abstraction radical; another fate could be the e al
combination with the abstraction radical to form an adduct. At higher temperatures, the abstraction rd
decays, presumably leading to a dimer. Major aspects of the overall radiolysis of the triglycerides aré
indicated by these findings and the corresponding interpretation. !
un
ESR Measurements on Meat Fats. Results on chicken, beef, and pork fat irradiated below -130°C and_wérmjgd the
the spectra disappear show the conformity of the chemistry in the fats to the chemistry of tripalmitin ¢ a
similarity of the chemistry in all three meat fat systems. Each fat system shows the same conversion 01y to?,
broad singlet at low temperature to a more complex spectrum at an intermediate temperature and ultimate eraq
five Tine spectrum at the highest practical temperature, above which the fat becomes less viscous and a cq
cals decay. Figure 1 shows the spectra for all three fats at about -40°C, each of which corresponds.ggntica'
lection of radicals comparable to those observed in tripalmitin. These spectra are similar but not 1

.(r
di
The collection of radicals in each sample could differ slightly, primarily because each sample was heTS %ﬁm}ﬁ
ferent temperatures for different times. (A similar comparison for whole meat samples of chicken, POY™’ e 5
and beef was reported by Taub et al. (1979a) in which all spectra are superimposable.) By imp]icatTOnésitw”
basic reactions of the triglycerides are occurring in these fats despite the different fatty acid comp

and despite the slightly different physical environment.

igh
el
Product Analyses of Irradiated Lipids. Chromatographic analyses of the volatiles and higher molecular wsgﬂg
radiolysis products of tripalmitin and ethyl palmitate substantiate the involvement of precursor ra 1? a Wdr
provide evidence for specific routes of reaction. These analyses were done on samples irradiated oveo min?
range of dose to establish the linear dependence of products on dose and to obtain sufficient levels
products for detection and quantitation. if“

P31$he

Tripalmitin products. Upon irradiation at -409C and +25°C tripalmitin degrades by routes that prOdUC;O
acid, Hp, CO2, pentadecane, propane dioldiester, palmitone, and as yet unspecified adduct compounds g ﬂﬂtﬂr
major compounds. The palmitic acid and propane dioldiester can be accounted for by reactions 1 and b abs
formation of pentadecane and COZ can be postulated as a decomposition of an acyloxy radical followe

tion of hydrogen from tripalmitin as follows: (ﬁ

CH3(CHp)14C0p « —> CH3(CHp)q3CH, + CO, n

CH3(CH2)13CH2 * RCHZO(C=0)CH2(CH3)13CH3 = CH3(CH2) CHq + RCHZO(C=0)CH(CH2)13CH3

13
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Comy

mit?;nat”)n of the pentadecanyl radical with the tripal- MEAT FATS, -40°C.

Comp(,ua Straction radical could lead to one of the adduct

“sewhn S. More detail on this system will be reported

: re (Vajdi et al. 1980).

th r

%yv]\%m. Upon irradiation below and

Dﬁhm-tihe meTting point, ethyl palmitate produces H,, COZ,

Uqyey C acid, ethane, pentadecane, CO, ethanol, an

’"eactiocomPOUnds. In the representative compound shown in

?Orres NS 1 and 2, the R group should be taken as CH, to

S 3 chnd to ethyl palmitate. Thus, the ethane fored

o ro Unterpart to the propane dioldiester. The ratio

DeratUrUCt§ appears to depend on the phase and/or tem-

Hayg £ Es Indicating the involvement of competitive path-

of thig 'eaction of some of these intermediates. Details
Study will appear elsewhere (Merritt et al. 1980b).

Con

A
;”a ységon Of Products in Irradiated Meats. Chemical
Ungs~¢ O voTatiTes and higher molecular weight com-

;hickénformed in irradiated meats, particularly beef and
ey g Show that they are similar and consistent with
ddentifistem studies. A compilation of the volatiles
lgse has pe.n Deef and the levels observed for a ~4.5 Mrad
0 03 408N published (Merritt, 1972 Merritt et al.

Peq ¢ raJdT_ et al. 1979); a similar 1list is being devel-
b;30 Ppb Chicken. The volatiles are normally found in the
the! VE'”gnge. Some of the less volatile compounds from

Qne Majop ~con reported elsewhere (Merritt et al. 1978a); plthois
Sa;‘&s in .Ones are found in the ppm range. The differ-
W"tE dOSe) € levels of these products (normalized to the

d1st the tog'“Ong the different meats can be correlated
I"]b

CHICKEN

BEEF

SIGNAL INTENSITY ——»

PORK

Iy " ibyt g al fat content, fatty.agid composition, and
E]gstratisg gfdfatty acids compr1s1r]1g the tmg]ycir;des.
Che W Nd representative results are presente
WQ]CkenO” "andomly selected enzyme-inactivated samples of ' MAGNETIC FIELD, GAUSS ’
| gaolesor;)epo'“k, ham, and beef that had been prepared for Fig. 1. ESR Spectra of Meat Fats at ~400C. Samples
lgg s1ESS testing. A proximate analysis of these received ~5 Mrads at temperatures between

'S given in Table 1. -135°C and -809C and were all warmed at

C‘We] different rates to temperatures near -400°C.
dreslati
mn\?ﬁﬁ_mducts with total fat. Products that Table 1. Proximate Analysis of Meat Samples

tog, S0 a1y With equivaTent probabiTity in reactions com- N
Qarg] fat he triglycerides should correlate with the % Composition

ing on 4t Content, Hydrocarbon compounds with 8 or fewer | Sample Fat Water Protein Nacl _ Ash
deh.‘“ou]d S are formed from all the component fatty acids

| form\.’ed Tc,“o:om’or‘m to this relationship. Hexane and hexene| Pork 14.3 62.2 21.8 0.8 1.9
| 'ty ag . the meats given in Table 1 show this con-
Yig) been pugg'- 2 indicates. Similar results for octene Ham 7.3, 168:3 20.8 2.7 4.0
7ncrd3 of a]]hShEd previously (Taub et al. 1979a). The i
D]eseﬂse wi+r volatile hydrocarbons have been shown to Chicken 11.7 65.9 2l.1 0.8 1.9

COns ing INcreasing fat content by using beef sam-

méateq“ent] different fat contents (Merritt et al. 1978b). | Beef 15.4 59.5 23.4 0.9 2.0

COnte';’]gu]d be ;he yields of hydrocarbons in a particular
< r

edictable knowing the dose and the fat

Sy, IS OrOf roducts with fatty acid composition.
Y of N reactions that are specific to a fatty
E.e sraction the triglycerides should correlate with
Uon{Mleg OF that fatty acid in the total fat. For
I, S Giyepocd In this study, the fatty acid composi- -
Droduthe besg In Table 2. Since most of these are simi- Table 2. Fatty Acid Composition of Meat Fats
§ nﬁt Trom ]T_:est of the correlation would be for a
o {Ser anq .nleate, which differs significantly bet- % of Total Fat
l“diw‘no]edt Chicken. One particular product derivable | Fatty Acid Pork _ Ham _ Chicken  Beef
bbﬂt tted in o2 by decarboxylation of the acyloxy radical _
O]HtJE DFECFEGCtion 4, is heptadecadiene. Provided 16:0 Palmitic 23.1 2322 21.7 25.4
(“t U n a”urSOY‘ radical is formed with equal proba- . .
%“rna??' sjrm.?YStems and that the irradiation is carried | 16:1 Palmitoleic 3.2 3.2 5.2 5.1
Oy 126 to or conditions, the heptadecadiene yield ) e
ns]indgazhe same fat content) will depend on the 18:0 Stearic 11.3  10.9 6.3 .
Ist €. Results for beef, pork, and chicken )

be:'; heptegs W1th this re]ationsh'ip,pabout six times 18:1 Oleic 47.5 47.4 353 44 .4

(MeppsSCadiene being found in chicken as compared

Qig“‘\‘lat- Tt et al. 1980b). 18:2 Linoleic 10.8 11.0  26.1 3.8
1

S]f tﬁcts 02 of roducts with triglyceride composition

RS oo gly p .

1dq t aci(‘j” reactions involving specific positions
s
Ou

S on the glycerol backbone of the tri-
Correlate with the abundances of
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particular triglycerides in the fat. Formation of
a propane dioldiester with palmitic acid involves

loss of a fatty acid moiety from a triglyceride hav- T T T T T T T — |
ing at least two palmitic acid moieties,two of which
remain unaffected. Depending on whether the moiety
is eliminated from the ends or the middle of the
molecule, a 2,3 or 1,3 propane dioldiester will be
formed. Provided that this elimination is random
and that appropriate weighting factors are used to
account for the statistical possibilities for
elimination, the yield of the isomeric propane
dioldiesters should depend linearly on the sum of
the weighted abundance of precursor triglycerides.
Measured yields of the propane dioldiesters having
either two palmitic acid moieties or a palmitic

acid and an oleic acid moiety show this relation-
ship, though statistically computed rather than 5 10 15
measured triglyceride abundances were used in the % FAT

graphical analysis (Merritt et al. 1980b). Further °
work on this relationship is being pursued.
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Fig. 2. Normalized Yield of Hexane and Hexene in Meats

CONCLUSION Irradiated at -400C. Values shown correspond %
the slopes of linear yield-dose plots for the

COMMONALITY, predictability, and extrapolation meats. Symbols: A, ham; 3 , chicken; @, Pork’

characterize the conclusions that can be drawn from O , beef. Dashed line corresponds to hexané:

the results of this study. Commonality of the solid 1ine to hexene.

radiation chemistry for individual components in has

all the foods, which results in the formation of a limited number of key products from proteins and 1ip145
been established. Predictability of the product yields from components, independent of their physical dis

p 3 : er
bution in the food, on the basis of gross composition has been demonstrated. " Extrapolation in a valid ma"gmt

tri-

of results from model systems to actual foods, from one food within a generic class to the other foods n
class, and from one set of conditions to another (see also Taub et al. 1976) has been illustrated.

sntel”
These results and the conclusions that follow from them support the chemiclearance efforts being pursued,1n§t0
nationally. Clearing irradiated meats (including bacon) in the United States could follow a clearance giv of
irradiated chicken, by relying on the chemistry to interrelate all these meats. Clearing all major c1355en
foods irradiated up to a specified average dose, which is to be considered by the Joint Expert Committee Oﬂabw
Food Irradiation in Geneva in October, rests largely on findings such as these. Not only are data now ave ¢
on meats as a class, but similar data treating starches as a class are also available. Expectations aré to¢59
chemiclearance will facilitate and promote the acceptance and commercial utilization of the irradiation pr
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