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CliEI.JCAL CHANGES IN HEAT INDUCED BY GAH..IA IRRADIATION

D. M, Doty, 0 .  P . B a tz e r , J .  B . Pox, J r . ,
R. A. Sliwinski, L. A. Witting, 

and B. S. Schweigert ̂

Before ionizing radiations can be used extensively for food preservation, 

i t  must be conclusively established that spoilage and pathogenic microorganisms 

are k illed  or inhibited, the wholesomeness and nutritional values are not 

adversely affected, and no extensive objectionable changes in p alatab ility  are 

induced by the process. Information summarized in  several recent reviews on the 

microbiological aspects of radiation preservation of foods ( 1 , 2 , 3 ) indicates 

clearly  that proper application of ionizing radiations can destroy or inhibit 

pathogenic and food spoilage microorganisms. A recent resume of studies on the 

vholesoneness of irradiated foods (l+) shows that irradiated foods are wholesome 

and nutritious. Although many foods can be subjected to large doses of ionizing 

radiations without objectionable e ffects  on color, odor or flavor (5) ,  the 

appearance and p ala tab ility  of other foods are adverseley affected by steriliz in g  

dosages of ionizing radiation. This is  particularly true of the high protein 

foods such as meat and m ill. To establish objective methods for following the 

changes that occur ».her those foods are irradiated for preservation, and to 

devise in te llig en t methods for preventing these undesirable changes, the chemical 

reactions responsible for the changes must be elucidated.

We have continued so investigate the chemical changes induced by gamma 

irradiation of meat, neat fa ts , and meat pigments. This paper summarizes 

resu lts we have obtained since those reported in  the Proceedings of the F irs t 

international Conference on the Peaceful Uses of Atonic Energy (6).

MATERIALS AND METHODS

Irradiation of neat and other materials for study was done in  an experi

mental Cobalt 60 source with a radiation intensity  of about 300,000 roentgens 

Per hour, or in  a more intense garua source at the Argonne National Laboratory 

in Lemont, I l l in o is .  In the Cobalt 60 source, produots were irradiated at

PP oxim.tely 5 0 . ,  and in the more intense gamma source at ambient temperatures

Approximately 22°C.).
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The merit Used was rav; ground beef muscle, unless otherwise indicated.

D etails on the fa ts  aid pigment preparations irradiated, and on the chemical 

methods used, are given with the results or have been presented in other reports 

from our laboratories.

FACTORS INFLUENCING CHTTZLCAL CHANGES DEDUCED 
Hi MEAT BY GAMMA IRRADIATION

Batzer and Doty (7 ) reported that when ground lean beef v/as irradiated 

at 5 x i05 rep or above, there was an appreciable reduction in  soluble protein, 

an increase in  non-protein nitrogen compounds, a reduction in  glutathione, and 

the formation of hydrogen sulfide and methyl mercaptan. Since then, Herk _et a l .

(8 )  , using gas partition  chromatography and mass spectrometry techniques, found 

many other simple sulfur compounds and carbonyls in irradiated meat. Batzer et a l.

( 9) found that carbonyl compounds increased in both meat and neat fa t  with

increasing irradiation dosages. Absorption spectra of the 2,4-dinitrophenylhydra#

zinc derivatives of carbonyls extracted by benzene, and by an aoid-salt mixture

from meat and meat f a t ,  showed the presence oi' several different oarbonyl oonpounds

produced by irrad iation . In addition to these changes fjxl the inorease in jH as

the result of gamma irradiation  of meat (6 ) , the glycogen content of meat is

reduced by irradiation (Table I ) .

Table I .  The Influence of Irradiation on 
the Glyoogcn Content of Ground Beef Round

Irradiation
Dosage Glycogena

_ X 10” rads ................... J3£*Zfk neat

Sample A Sample B

0.00 0. 5? 0.57
0.25 — 0.53
0.50 0.47 0.47
0.75 — 0.1*4
1.00 — 0.44
1.50 — 0.38
2.00 0.26 0.33
4.00 0.17 ——

8.00 0.52

rDetumincd by the method of Carroll 
e t a l .  ( 10) .

10 ermine the effect of fatness of the meat, and various pro- and 

Post-irradiation  treatments of the meat, on these changes, we havo made a rather 

°xtcnoivo study of the influence at pro-irradiation storage temperature,
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irradiation dosage, and post-irradiation storage température on beef from 

carcasses of d ifferent grades. The data (Table I I ) show that increa.se in pH, 

hydrogen sulfide, methyl mercaptan and acid -salt soluble carbonyls, and decrease 

in glutathione and glycogen in  fresh raw muscle varies d irectly  with irradiation 

dosage. However, the extent of these changes varied somewhat from sample to 

sample, depending in part on carcans grade and/or amount of intramuscular fa t
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present.

Table I I .  Influence of Gamma Irradiation on Some Compounds in 
Ground Raw Longissinus dorsi Muscle from Carcasses of 

Different Grades "72 Hours After Slaughter

Carcass
Grade

Caroass Pat 
No. %

Irrad. 
Dosage pH H2S£

l  b CĤ SH

Gluta
thione
(to ta l)

Acid-Salt
Soluble
Carbonyls*

Gly- 
3 cogen

u.s.

1 9.3

megarad

0 5.42
0.5 5.42 
2 5.48 
4 5.56 
8 5.80

l r /  g.
0.05
0.47
1.49
2.12
2.84

v 7g .
0.08
0.38
0.69
1.18
2.04-

ng./l00 g.
16.50
12.25
6.25
5.38
5.75

10-^1/17“
2.62
4.45
9.43

15.64
23.30

ng./g.
0.59
0.47
0.26
0.17
0.32

Prime 0 5.45 0.00 0.00 17.13 5.02 0.16
0.5 5.45 0.16 0.30 15.25 6.10 0.132 10.2 2 5.58 0.86 0.27 11.25 9.84 0.00
4 5.60 1.75 1.18 8.75 14.49 0.00
8 5.72 1.79 1.34 8 .1J 20,93 0.00

0 5.48 0.15 0.49 17.25 3.54 0.4-2
0.5 5.51 0.22 0.66 16.13 6. 04. 0.31

3 4.2 2 5.58 1.07 1.25 10.00 13.12 0.22
4 5.6l 2.28 2.11 8.25 16.62 0.11

U.S. 8 . .5. J P 3.21 , 3^11 . 6.25 _. . 21.10 0*09
Good 0 5.50 0.12 0.00 25.63 1.76 0.00

0.5 5.43 0.08 0.10 19.00 4.46 0.00
4 4 .5 2 5.50 1.00 0.25 13.50 9.26 0.00

4 5.59 1.79 0.68 12.00 12.88 0.00
8 5.70 2_.,58 . 1^2 .. 10.25 20*18 0*00

0 5.50 0.15 0.06 10.75 4.72 0.55
0.5 5.52 0.50 0.21 9.13 7.13 0.44

5 2.8 2 5.55 1.07 0.77 6.25 14.22 0.28
4 5.62 1.56 1.84 4.38 14.51 0.17u.s. 8 5.80 3.81 __2.74 - 2.88 20.88
6 5.45 0.00 0.33 lC l3 3.88 ..0.44 J
0.5 5.45 0.19 0.4-8 13.13 5.45 0.42

6 6.4- 2 5.50 0.65 0.88 9.50 10.73 0.26
4 5.55 1.20 1.41 8.75 16.97 0.17

'---------- -- 8 . J j . i l . 2.08 2.08 LI0 ÜJé - „0*13
us aescnoeo. oy narcacn and Doty 

determined as described by Sliwinski and Doty (12).
E xtracted  and determined as described by Bnicer et a l .  ( 9) .

The influence of pre-irradiation storage of beef (aging) at d ifferent 

^eratures on the chemical changes induced by irradiation was related to carcass 

and aging temperature (Table I I I ) .
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Table I I I .  Influence of Pro^Irradiation Aging for Three Weeks 
at Different Temperatures on Cheraio&l Changes Induced 
by Irradiation of Ground Raw Longissimus dorsi Muscle 

fron Caroasses of Different Grades

Carcass Aging Irradi Acid-Salt
Grade Temp. at ion a b Soluble Gluta- Gly-

and No. °F. Dosage PH HgS CHjSH Carbonyls0 thione cogen
megarad V g . V g. 10”%/g. . ng.. mg.

100 g. g.
0 4 Unaged 5.56 2.12 1.18 15.64 5.38 .17Aged. 5.60 2.36 0.71 14.51 6.25 .08

Prime 35 8 Unaged 5.80 2.84 2.04 23.30 5.75 .32
(1) Aged ._5.85 2.14. 1.47 20.88 JL J8 ,15

45 2 Unaged 5.48 1.49 0.69 9.43 6.25 .26
Aged 5.80 0.86 0.55 14.22 11.25 .04

0 8 Unaged 5.70 3.21 3.19 21.10 6.25 -09
Aged 5*72 3.36 4.09 . 21.86 8.25 .04

Good 35 2 Unaged 5.58 1.07 1.25 13.12 10.00 .22
(3) Aged 5,70 1.05 1.56 15.64 11.00 .05

45 4 Unaged 5.61 2.28 2.11 16.62 8.25 .11
Aged 5.70 . 1.43 2.44 16.10 8.25 .04

0 2 Unaged 5.55 1.07 0.77 14.22 6.25 .28
Aged 5.66 1.40 1.03 10.76 __2.38 .08

U tility 35 4 Unaged 5.62 1.56 1.84 14.51 4.38 .17
(5) Aged 5.87 2.66 2.21 17.26 7.50 .24

45 8 Unaged 5.80 3.81 2.74 20.88 2.88 .15
Aged 5.95 3.36 3.34 22.42 6.88 .10

determined as described by Marbaoh and Doty (11). 
^Determined as described by Sliwinski and Doty (12).
^Extracted and determined as described by Batzer _et a l . (9) .

Aged irradiated beef had a sligh tly  higher pH and less glycogen than unaged beef, 

regardless of grade or irradiation dosage. Aged irradiated U.S. Prime grade beef 

contained less  hydrogen sulfide, methyl mercaptan, glutathione and carbonyls than 

Unaged irradiated beef; aged irradiated U.S. Good grade beef contained more 

methyl mercaptan, less hydrogen sulfide, and about the same percentage of carbonyls 

Ûid glutathione as unaged irradiated beef; and aged irradiated U.S. U tility  

grade beef contained more of a l l  the compounds determined than unaged irradiated 

beef of the same grade. In general, the effeots of aging were more pronounoed at 

Higher aging temperatures. When unaged irradiated ground beef was stored at 

35 F . ,  6o° F .} and 90°F. for three months, i t  was found that the higher the storage 

temperature the higher the pH, the lower the hydrogen sulfide, and the lower the 

urbonyls in a l l  grades at a l l  irradiation dosage levels. At high irradiation



dosage levels, smaller amounts of methyl mercaptan were present a fter  three

months* post-irradiation storage at 90°P. than at lower storage temperatures for

a l l  grades of meat. Glycogen was absent from a l l  stored irradiated samples. The

effect of post-irradiation storage temperature on glutathione content was
dependent

inconsistent and apparently/on grade and irradiation dosage. In general, aged 

irradiated samples exhibited these same qualitative changes during post-irradiation 

storage at different temperatures.

I f  the development of hydrogen sulfide, methyl mercaptan, and acid-salt 

soluble carbonyls in  irrad.ia.ted meat is  d irectly related to the undesirable odor; 

then one could postulate from the data presented above that raw beef from high 

grade carcasses, aged at 45°P., irradiated, and then stored at high temperature 

should be more acceptable than irradiaied meat of lower grades of beef treated 

less d rastica lly . However, other odors and flavors resulting from protein 

degradation induced by the high storage temperature might well be more objectionable 

than the odors and flavors normally induced by irradiation.

CARBONYLS produced by irradiation op MEAT AND meat pats

Although i t  is  unlikely that carbonyls and other compounds produced by 

irradiation of fa t  contribute d irectly to the off-odors of irradiated meat, they 

may be related indirectly to the odor of irradiated meat. Since a high proportion 

of the v o la tile  carbonyl compounds produced by irradiation of meat are oZ-  /' 

unsaturated (13), condensation products of these compounds with meroaptans could 

produoe sulfur-containing compounds, such as methionnl, with very d istinctive odors. 

Witting and Batzer ( 14) reported that crude reaotion mixtures of methionnl had an 

odor typioal of ground beef that had received 2-4 megarad of gamma irradiation, 

while the reaction mixture containing 3-methylthiobutyraldehyde had an odor typioal 

meat irradiated at Idgher dosages. Although freshly d is tille d  thioaldehydes 

were odorless, offensive odors developed in a few minutes, presumably as the result 

of a ir  oxidation, possibly to the sulfoxide. Patton and Keeney (15), and Day, 

Keeney and Stahl ( 16) have been unable to confirm the odorless nature of methionnl, 

have questioned the valid ity  of the resu lts reported by f i t t in g  and Batzer.

In addition to three unsaturated .aldehydea, P ittin g  and Schweigert (13) 

haracterized seven saturated aldehydes from the v o la tile  fraotion from gamma 

ddiated meat. At least three dionrboryl compounds were isolated but not 

^ le te ly  characterized. The prosenoe of amino acids, especially cystine and

- 5 -



cysteine, in  lard during irradiation affected the quantity and type of carbonyls 

formed. This, together with the resu lts reported in  other studies (9,14) , supports 

the suggestion that oarbonyl compounds may indirectly influence the odor of 

irradiated neat through possible condensation reactions with sulfur compounds.

MTOGLOBIN CHANGES INDUCED BT IRRADIATION

Since the color of raw meat is  one of the important factors influencing i t s

aooeptability, any undesirable color changes induced by gamma irradiation must be

kept at a minimum. Ginger et a l . ( 17) found that gamma irradiation of orude

myoglobin extracts resulted in the formation of a green compound with a light

absorption maximum at 610-620 cy-*. The actual visual appearance of irradiated

raw beef depended somev/hat on the presence of oxygen during irradiation and was

apparently dependent upon the relative  amounts of metryoglobin, oxynyoglobin, and 
green pigment present. Liore recent work by Fox et a l . (18j has shown that the 

the/green pigment with a light absorption maximum at 6l6 mu is  sulfmyoglobin.

This compound is  apparently an intermediate in the destruction of the pigment of

muscle or muscle extracts during irradiation . I t  may be decomposed slowly by

either reducing or mild oxidizing conditions to compounds which resemble either

nyoglobin or metryoglobin, respectively. Speotrophotometrio evidence indicates

that the red pigment produced by the gamma irradiation of raw meat or meat extraots

is  separate and d istin ct from oxynyoglobin (19), aJ-though a previous report by

Tappel (20) suggested that the bright red pigment in irradiated mea.t i s  oxynyoglobin

SUMART

During the gamma irradiation of raw beef, the pH, hydrogen su lfid e, methyl 

mercaptan, and oarbonyls inorense; glutathione and glycogen decrease; and changes 

occur in  the chemical nature of the pigments present. The nature and extent of 

most of these chemical ohanges are influenced by the fa t content of the meat, the 

"time ard temperature of storage prior to irrad iation , the irradiation  dosage, and 

the storage time ani temperature a fte r  irrad iation .

The exact relationship of these chemical changes to changes in  odor and 

flavour of oooked meat has not been established. However, these chemioal ohanges 

can be measured ob jectively , and would in many oases logioally be expected to 

influence odor and flavor.
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