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CERTAIN CHEMICAL AND SENSE-PERCEPTIBLE CHANGES RESULTING 
FROM THE GAMMA IRRADIATION OF MEATS AND MODEL SYSTEMS 

INTRODUCTION 

The destruction of microorganisms by ionizing radia

tions dates from shortly after the discovery of radio

activity by Becquerel in 1896. Kelner ~!! have described 

the biological effects of irradiation and cite the earlier 

literature dealing with this subject (18, p. 22-44). 

Recent reviews have summarized the early work and its 

relation to the preservation of foodstuffs (27, p. 119-196; 

14, p. 1·192). A great mass of data has been accumulated 

which indicates that microbial populations are greatly 

reduced by levels of irradi~ion from two to four million 

roentgen equivalent physicals (14, p. 66). However, the 

.mechanism of microbial destruction also entails tissue and 

nutrient destruction wnich leads to odor, texture, and 

flavor changes (17, p. 265). Acceptance of this method of 

food preservation precludes solving of these problems (20, 

p. 52-54). 

Several groups of investigators in t nis country and 

abroad are actively engaged in the study of the effects of 

ionizing radiations in biological materials and in food

stuffs. It has been shown by one group that certain vita

mins are destroyed upon irradiation of raw ground beef (8, 

p. 27-38), notably thiamin (9, p. 107-118). Another group 
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concerned with the destruction of proteins finds a change 

in amino acid composition of insulin (10, p. 1395-1401). 

Still other work is proceeding on the peroxidative studies 

of irradiated lipids (31, p. 958-960). Not all investi

gations have been concerned with the direct investigation 

of nutrients. The more subtle changes of odor, flavor, and 

texture are under investigation in many laboratories (13, 

p. 555-564). 

Several approaches to the evaluation of irradiation 

induced changes as well as ordinary deterioration changes 

in foods have been tested. Tnese include subjective 

evaluation of organoleptic changes by taste panel s , chemical 

analytical techniques, and biological tests using rats in 

toxicity studies (2, p. 54-57; 17, p, 245-250). 

Previous investigators have shown that many types of 

foods and food materials produce fluorescent substances upon 

deterioration with the production of off fl avors and odors. 

Pearce {26, p. 98-107) has examined the fluorescence of 

sodium chloride extracts of dehydrated egg powder while 

Scholfield and Dutton {29, p. 169•170) have examined the 

fluorescence of aging soy bean l ecithin. Earlier Maillard 

(22, p. 66-68) determined that reducing sugars react readily 

with amino acids to produce brown polymers which Luers (21, 

p . 11~13) found were fluorescent . 

Since these initial observations many investigations 
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have supported a general reaction between carbonyl com

pound s and amino compounds in which brown nitrogenous 

materials appear as end products . The first step in this 

reaction is postulated as an aldol type condensation 

between the hydrated aldehyde and the amine to produce 

intermediary colorless compounds which are fluorescent in 

near ultraviolet light , These compounds further condense 

to form complex non- dialysable brown materials known as 

melanoidins (15, p . 929). 

The present study is concerned with evaluating 

fluore scent material in irradiated meat and mode l systems 

as a criterion of chemical change, Si nce the exact nature 

of fluorescent materials was not known, a survey of the 

fluorescence extractable with several solvent systems was 

made in an effort to determine which a gencies would give 

the h i ghest yield of fluore s cence per extraction, Earlier 

work in t his laboratory revealed increasing levels of 

fluorescence in the 10% NaCl extracts of irradiated beef 

and pork muscle (6, p . 538 ). It was postul ated that a non

enzymatic reaction between carbonyl compounds and free 

amino acids or proteins was occuring s i nce these reactions 

have been shown to produce fluorescence under a variety of 

conditions . However, Duggan ~!! (11, p . 1·14) have 

recently reported a wide variety of natural l y occuring 

fluorescent substances in biological materials . 
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Since this work was begun, carbonyl compounds have 

been reported to 09 cur in irradiated meats (1 , P• 700

703) . Earl ier works had reported the production of 

aldehydes in irradiated a.rnlno acid solu tiona \oJ'hich may 

arise by decarboxylati~n and deamination (2, p . $4· 57 ). 

Mil k has recently been shown to be sensitive to radiation 

treatment . The car bonyl compounds formed are destroyed at 

100° c. at the same time brown compounds are formed (32, 

p . 1236-1246 ). 
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EXPERIMENTAL l-D!:THODS AND RESULTS 

Preparation and Irradiation of Samples 

Commercially ground beef samples conta"ining approxi

mately 70% mo1st~e . and 15% fat, and boned shoulder pork 

samples wh1eh contained approximately 40% fat were obtained 

from the Nebergall Packing Plant in Albany, Oregon. The 

facilities of the Food Technology Department were used for 

canning the samples prior to irradiation. Approximately 

450 grams of sample were p l a ced in a number two C-enamel1 

can, and sealed at room te mperature under a vacuum of twenty 

eigh t inches of mercury . The cans were thon quick frozen in 

a blast freezer at •20° F., placed in an insulated carrier 

with sufficient dry ice and shipped by Railway Express to 

the Materials Testing Reactor at Idaho Falls, Idaho . The 

control samples were similarly handled but were not shipped, 

instead they were immediately placed in storage at 0-5° F. 

The samples upon arrival at the irradiation site were 

unpacked by personnel responsible for treatment of the 

samples . The s amnles were packed into holders and lowered 

into the canal and irradiated in the f rozen state with a 

mixed energy spectrum gamma ray source from spent reactor 

fuel rods. Irradiation level was obtained by leaving the 

1. a synthetic plastic coating. 
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samples in the canal for calculated intervals of time. The 

samples \..rere rotated during irradiation to af;lsure uniform 

dosage. Dosimetry was determined to the center of the can 

using ferrous sulfate as the radiation indicator . (See 

Table 1 Addendwn for the actual accumulated dosages in 

represen tative samples .) 

After irradiation the samples were repacked into 

carriers containing dry ice and shipped to Oregon State 

College where the samples were placed in cold storage at 

0-5° F . until use . Samples other than the meats were pre

pared in an analogous manner . The use of glass vials or 

containers was avoided due to the uncertainty of increased 

oxidative effects when using these materials (5, p . 1178

1179). 

Preliminary Extraction Experiments 

The following general procedure was appJ.ied to the 

removal of fat and the extraction of fluorescing substances 

from irradiated and control meat . 

The samples were removed from cold storage, thawed at 

room temperature , and ground through a hand operated meat 

grinder at room temperature . 50 grams of sample were placed 

in a 250 ml . centrifuge bottle and 100 ml . of redistilled 

chloroform added . The sample was stoppered with a saran 

covered rubber stopper and shaken for 10 minutes on a 
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horizontal o e111at1ng shaker. T.ne $ample vas ~hen oent~i• 

tugecl tor S minutes ab 2000 rpm.. AD. aqueous layer collect• 

1ng on top ot tne chlG~fora larer was decante4 and added 

back •' a later point . ~· chlo~otora larer was filtered 

ott aad 1's ~luoreecence determined . T.hie operation vas 

repeated with a second chloroform extraction. Residual 

chloroform waa removed rroa the t&mple w1 tb. a eurl'ent ot 

cold a1r. Tbe dr1ed residue waa then extracted with an 

aqueoua solvent atter adding back tbe previously decanted 

11qu1d laser. T.he sample was generallr extracted twice to 

determine the ett1c1ener or the extraction procedUJ'e . 

J'lu.oPescence 1n the saaple vas deter.mlned bJ measUPement on 

a Ooleman Hodel 12b phototlu.orometer ~a1ng the J6S ·~ lint 

of mercurr as the exe1t1ng wave length. The instrument was 

arbitrarily standardized to give a scale reading ot SO with 

a aolut1on or qu1n1ae sulfate which baa a coneentre.tion ot 

o. a mg/al. . 1n 0. 1 lf R,aao4• 
levet-al preeautiona were found neceaaarr when preputng 

tor tlh.e extraction ot fluorescent mater1ala. 8olventa vfl'e 

ouetom.al"il;y redistilled to remove small amo1mta ot tluores• 

cent material. •~ tluoresoenc• was ever tound in the 

distillate . Or-dinarr petroleum base atopcock grease vaa 

found to be highlf fluorescent and waa r•placed w1th D~v 

silicon grease . Sine• rubber gaskets, such as thoee touncl 

on Waring Blendor heade 1 conta~ned considerable amou.nte ot 
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fluorescent material extractable with organic solvents , 

these were replaced witn polyethylene which yielded no 

fluorescent material under similar circumstances . 

In order to investigate the solubility characteristics 

of th e naturally occuring fluorescent materials in 

unirradiated cJntrol beef muscle, extraction with several 

sol vent combinations was tried {Table s 1 and 2) . The 

results i nd icate that distilled water , 10% sodium chloride 

solution, and absolute methyl alcohol extract about equal 

quantities of fluores cence. Apparently trichloroacetic acid 

does not extract the same amount of fluorescent material as 

t he other solvents . ,lhere is a relatively large increase in 

the fluorescence of the heated methanol extract but lesser 

change in the other samples. 

The procedure for Tables 1 and 2 is as follows: 25 gram 

samDles of fresh meat w~ich h ad been stored 0at 0 F. for 

several months were used in t ':t is experiment . Four samples 

were thawed and each extracted with 50 ml . of redistilled 

chloroform. Each of the defatted residues was extracted 

with 50 ml . of a diff erent aqueous solvent combination . The 

fluorescence of the first aqlle~us extraction was determined 

before and after heating for 10 minutes on a boiling water 

bath. Fluorescenc e values are reported in arbitrary scale 

units . 
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Table l 

Extraction of Fat Soluble Fluoi'escent Materials 
in Control Beef Muscle 

Sample l 2 3 4 

lst CHC13 Extraction 40 45 36 31 

2nd CHC1 Extraction 10 12 12 ll3 
3rd CHC1 Extraction 6 6 5 6

3 
Extraction of lst 12 22 24 18 
CHCli extract with
25 m • water 

Table 2 

Extraction of Water Soluble Fluorescent Materials 
in Control Beef Muscle 

Sample l 2:' 3 4 
Distilled 10% NaCl Abs. 5% TCA 

Water Methanol 

A B A B A B A B 

1st Extraction 42 48 37 45 48 80 20 28 

2nd Extraction 20 17 23 6 

Total 62 54 71 26 

pH of 1st 
Extraction 

6.20 5.80 6.05 1.30 

A=unheated 
B=heated 
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Table 3 gives the results of extracting a series of 

irradiated samples with the previously tested solvent 

systems . 

Procedure (Table 3) 

Two 50 gram samples of meat were e ach defatted with 

two 100 ml . chloroform extractions . The residues were e ach 

divided into two equal portions representing 25 grams of 

meat on a fresh weigh t basis . Each portion was extracted 

with 50 ml . of solvent . Volume of extraction medium in ml. 

to weight of fresh meat sample in grams has been kept in 

the ratio of 2:1 for all extractions . All sampl es have 

been extracted in the order of chloroform first , t hen 

aqueous extracts . Fluorescence values are reported in 

arbitrary scale units . 



Tabla 3 

Tne Fluoreseenoe ot the CHOlJ and Aqueou.a Extract.s ot Control and lrra41ate• S..t 
and the Pluo .escence Changes on Heating and Storage · 

S&m.ple Number 324 .303 311 329 

Irrad1atlon Level 0 
' 

s ro 20 
ln. Hllllon Rep. 

l 2 1 2 1 2 1 2 
lst CHCl Extract 39 J8 ).$ 29 3S 31 )2
2nd ORCl~ Ext~aet 13 l2 ~ .Lost 

k B c A B c A B c A 8 c 
Distilled Water 22 17 33 )6 30 15 41 41 44 66 St 62 

1:$0 
dil.. 

pH or Diatilled 5. 90 6.02 6.01 6.35 
Water Extract 

l()f. KaCl 12 23 31 26 35 42 70 60 
pH ot 1~· Ba<rr 5. 70 .$. 82 s.ss 6 .• 1.$ 
Extract 

Absolute h'Olf 4442 .35 40 47 38 sa S7 61 . 67 6$ 73 
pH ot Absolute 6. 70 6. 78 6. 70 6.. 95 
lleOH Extract 

s~ TeA 13 13 12 16 18 17 40 42 43 60 61 61 

1 and 2 are duplicate extraetioaa. 
A= unheated extract 
Ba heated extrae t ... c- unheated extract sto1-ed one month at 0° c. .. 
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Aqueous Extracts of an Irradiated Beef Series 

or the solvents tested it seemed desirable to study 

more completely the solvent eff ects of distilled water 

since it was believed that the postulated class of com

pounds was predominantly water soluble . The pH of the 

solutions was measured and the effect of dialysis for 

fourteen hours against tap water was recorded . 

In T
8 
ble 4 the results indicate a general upward trend 

in fluorescence as well as an increase in pH. The sharp 

increase in fluorescence at 12 megarep and above when the 

samples are hea ted is probably due to residual reacting 

substances . 

Procedure ( Table 4) 
50 grams of meat was defatted with 100 ml . of chloro

form by shaking for 10 minutes . The residue was then 

extracted with 100 ml . of distilled water . The fluores 

cence of the chloroform and distilled water extracts was 

determined . A poDtion of the distilled water extract was 

heated for 10 minutes on a boiling water bath and the 

fluorescence determined . 

25 ml . samples of aqueous extract were placed in 

dialysis tubing and dialyzed for fourteen hours against 

running tap water and the fluorescence determined . The 

results indicate that fluorescence increases uniformly in 

the water extracts of the irradiated samples . All 
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extracts increase in fluorescence on heating with a very 

notable increase occuring at ten megarep and above . The 

pH increase is general . Fluorescence is in arbitrary units . 

Table 4 
Fluorescence in the Distilled Water Extract of Irradiated 

Beef and the Effect of Heating and Dialysis 

Sample 714 713 745 775 795 825 
Number 

Irradiation 0 4 8 12 16 20 
Level in 
!"f.illion Rep . 

1st CHCl 29 33 33 32 33 32 
Extracti~n 

Dis tilled H2o 32. 36 47 65 73 93 
Extraction 

pH of dis- 6. 08 6. 11 6. 20 
tilled H 0 
Extractifin 

Dialysis of 7 10 16 22 24 40 
Distilled H20 
Extraction 

Distilled H2o 47 51 68 2.3* 
Extraction 
Heated for 10 
Minutes 

* indicates the samples were diluted 1:10 

Fluorescence in Irradiated Pork 

In addition to determining the fluorescence level in 

beef, an experiment was performed using boned pork 

shoulder . Table 5 indicates that except for an increase in 
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the fluore scence of the chloroform extract. the trichloro

acetic acid extract is similar to that of irradiated beef 

with respect to fluorescence level. 

Procedure (Table 5) 

50 grams of control and irradiated beef were extracted 

first with two 100 ml. portions of redistilled methanol to 

remove fat. and t hen with two 100 ml . portions of 5% 

trichloroacetic acid solution. 

Table 5 

Fluorescence in Irradiated Pork~~ 

Sample Number 850 851 925 1041 

Irradiation Level 
in Million Rep . 

0 4 8 16 

1st CHC1
3 

Extraction 10 17 15 20 

2nd CHC1
3 

Extraction 10 13 ll 12 

lst 5~ TCA Extraction 17 22 42 73 

2nd 5% TCA Extraction 7 8 12 20 

* Fluorescence values are in arbitrary scale units . 
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Sources of Fluorescence 

In order to gain more information concerning the 

chemical nature and sources of fluorescence in irradiated 

foods, several experiments were performed. 

Fluorescence in Meat Fractions. 

Beef muscle was deh ydrated by placing in a vacuum 

drying oven and leaving for 18 hours at 90° F . under a 

vacuum of 5 microns . A portion of the sample was defatted 

with ether . Three fat fractions were obtained from the 

ether layer in the following manner. 'l'he ether was kept at 

50 c. for 12 hours . A layer of hard fat was filtered off . 

The ether layer was concentrated to one half its original 

value and placed in the cold at 50 c. A new layer of soft · 

fat appeared which was separated by filtration . The ether 

was then removed from the residue by vacuum distillation 

to yield a liquid fat layer . The meat residues as well as 

the fat fractions were irradiated as before . 

Various amounts of dehydrated beef, dehydrated defatted 

beef , and beef fat fractions corresponding to 10 grams of 

meat on a fresh weight basis were weighed out and the 

fluorescence determined after extraction with 20 ml . of 

each solvent concerned . Table 6 indicates the 

fluorescence trends in the various extracts . 
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1 

Table 6 

Fluorescence in Dehydrated and Dehydrated Defatted Beef 

Dehydrated Beef 

Sample Number 876 877 1013 1077 1141 

Irradiation Level 0 4 12 16 20 
in Million Rep. 

lat CHC13 Extraction 36 55 64 69 90 

2nd CHCl Extraction 22 26 30 60 413 
lst .5% TCA Extraction ll ll 15 17 18 

2nd .5% TCA Extraction 5 1 9 11 12 

Dehydrated Defatted Beef 

Sample Number 882 883 947 1073 1137 

Irradiation Level 0 4 8 16 20 
in Million Rep . 

lst 5% TCA Extraction 49 61 59 89 92 

2nd 5% TCA Extraction 19 25 26 48 50 
Beef' Fat 

Irradiation Level 0 8 12 16 
in Million Rep. 

Hard Fat 22 34 43* 
Liquid Fat 41 34 44* 
Soft Fat 38 35 40 
* These samples not determined. 
l=fluorescence values are reported in arbitrary scale units. 
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The results of this experiment indicate that there is 

a difference in the quantity of fluorescence produced 1n 

the various irradiated fractions. Dehydrated meat when 

irradiated in the presence of fat produces a large amount 

of fat soluble fluorescent materials . 

In a separate experiment the chloroform layer when 

extracted with water retained its fluorescence indicating 

a strictly fat soluble material. In the presence of fat 

the dehydrated sample produced little TCA soluble material . 

In the absence of fat and water1 the fluorescence of 

the TCA extracts increases cons iderably. Apparently when 

fat is irradiated by itself little fluorescence is pro

duced above the control value . There seems to be very 

small differences between the fat fractions. 

These results when combined with those in Table 4 
would indicate t hat water ~ontent of t he sample may be an 

i mportant factor in determining t he fate of fluorescent 

materials . The differences in pretreatment of t he samples 

compared has to be taken into consideration, however, when 

making f i nal conclusions. 
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Glycerol as a Source of Fluorescence Producing Substances. 

Free fatty acids and carbonyl compounds have been 

shown to increase when lipids are irradiated in the 

presence of oxygen (31, p. 959). Since the fate of the 

glycerol moiety has not been determined a study of the 

effects of gamma irradiation on glycerol seemed timely. 

The possibility that glycerol might furnish an abundant 

supply of small molecular weight water soluble aldehydes 

and ketones is evident from its structure. These compounds 

could then interact with amines in the water layer to 

produce an abundance of fluorescent material. 

Accordingly gl ycerol was irradiated as the pure 

solution and to test the effect of water was irradiated as 

the 50% solution. USP grade glycerol free of aldehydes 

was used . In Table 7, the fluorescence of the freshly 

irradiated solution and the fluorescence after storage for 

4 months in the freezer is given. The rapid increase in 

fluorescence of the refrigerated samples after storage for 

one week at room temperature is also indicated. 

Irradiated and control samples of pure and 50% 
glycerol solutions were diluted to 40% for analysis. 

Fluorescence is in arbitrary scale units . 
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Table 7 

Fluorescent and Fluorescence Producing Substances 
in Irradiated Pure and 50% Glycerol Solutions 

Sample Number 662 661 727 755 803 

Irradiation Level 0 2 4 8 16 
in Million Rep. 

Fluorescence of 21 22 34 40
50% Solution 

Fluorescence of 15 1.5 24 22 * Pure Glycerol 

Fluorescence of 22 56 64 60 64
50% Solution After 
4 Months in Freezer 

Fluorescence of 19 18 22 26 
Pure Solution After
4 Months in Freezer 

Fluorescence of 50% 16 4.5 67 100 100 
Solution, 4 Months 
in Freezer and 1 
Week at Room 
Temperature 

Fluorescence of 16 20 19 29 
Pure Solution, 4 * 
Months in Freezer 
and 1 Week at Room 
Temperature 

* indicates the cans bulged due to production of gases and 
were saved for further experimentation. 

The possibility that irradiated glycerol contains 

substances that may contribute to the fluorescence of 

irradiated meat was tested by adding an amino acid solution 

to the glycerol and observing the fluorescence on 

heating (Table 8) . 
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Procedure (Table 8 ) 

1 ml . of 1% solution of a mixture containing 10 

essential amino acids was added to 9 ml. of glycerol 

solution wh ich had been diluted to 40%. The samples were 

heated for 30 minutes at 82° c. 

Table 8 

Effect on Fluorescence of Added Amino Acids 
with Irradiated Glycerol 

Sample Number 662 661 7~ 755 803 

Irradiation Level 0 2 4 8 16 
in Million Rep. 

Fl uorescence upon 
Addition of Amino 
Acid Mixture 50% 

15 64 100 100 100 

Solution 

Fluorescence upon 
Addition of Amino 

15 23 28 36 * 
Acid Mixture Pure 
Solution 

* indicates t he can bulged due to production of gases. 

The results indicate, that in the presence of water, 

substances are formed which are capable of reacting with 

one or more amino acids to produce fluo r escent compounds. 

A similar increase in fluorescence was observed when the 

samples were stored at r oom temperature for several days. 

Reactions of Irradiated Glycerol with Carbonyl Reagents . 

Other tests on irradiated glycerol indicated the 
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presence of reducing substances . Fehlings solution was 

reduced by all of the irradiated samples . 

2, 4 dinitrophenylhydrazine derivatives were prepared 

and chromatographed according to Huelin (16, p . 328- 334 ) 

on Whatman #1 paper, using the upper layer of methanol 

saturated with heptane as thP developing solvent (Table 9). 

Table 9 

Rf and Color of 2, 4 Dinitrop~enylhydrazine Derivatives 

Sample Glyoxal Dihydroxy- Glycer- Control Irradiated 
acetone aldehyde Glycerol Glycerol 

Rf Value o.o o.o o.o o.o o.o 
Color 
With 10% 

Blue Brown Brown Brown Varying 
Amounts 

NaOH of Blue 
Spray 

Several solvent systems suitable for the separation of 

aliphatic aldehydes were found to give no resolution of the 

spots remaining at the origin . The compounds remaining at 

the origin are presumably osazones . 

In another test it was determined that thiobarbituric 

acid reacts with irradiated glycerol to give a red col or, 

the intensity of which increases with the level of 

irradiation . This reagent has been used previously to 

detect rancidity in lipids (3, p . 257- 264) . Thiobarbiturie 

acid was tested with several aldehydes for color of the 

reaction product (Table 10) . 
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Table 10 

Color of Aldehyde Reaction Product with Thiobarbiturio Acid 

Aldehyde Color 

Glyoxal Red 
Diacetyl Light orange 
Glyceraldehyde No color 
Denydroxyacetone No color 
Malondialdenyde Deep red 
Paradlmethyl amino benzaldehyde Deep red 

It was found that when unirradiated glycerol was 

treated with 5% sodium hydrochlorite or 5% hydrogen per

oxide, reducing substances were f ormed and under proper 

conditions thiobarbituric acid reacting substances were 

formed . The absorption spectrum of the t hiobarbituric acid 

derivatives of irradiated and oxidized glycerol indicated 

peaks at 450 and 525 mp. Since the mechanism of color 

formation of the t h iobarbituric acid derivatives with alde

hydes is not known, the similar absorption peaks indicate 

either similar aldehydes or similar me chanisms of color 

production. 

Irradiation of Gl yoxal in Presence of Amino Acids. 

Glyoxal was believed to have been one of the products 

of irradiation of glycerol and a possible product in the 

irradiation of meat . To test whether an increased incor

poration of t h is compound into amino acids and proteins 

occurred under irradiation, the solutions in Table 11 
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were prepared as indicated and irradiated . 

Table ll 

Effect of Irradiating Glyoxal in the Presence of an Amino 
Acid l~ixture and in the Presence of Egg Albumin 

Sample Irradiation Dilution Fluorescence 
Number Level 

689 1% glyoxal 3 megarep undiluted 59 
in H2o 

690 1% glyoxal control undiluted 86 
in H2o 

701 1% glyoxal 3 megarep 1:100 60 
in 1% amino 
acid solution 

702 1% gl,yoxal control 1:100 68 
in 1~ amino 
acid solution 

697 1% glyoxal 3 megarep 1:.5 62 
in egg 
albumin 

698 1% glyoxal control 1:.5 72 
in egg 
albumin 

The amino acid solution was a 1% solution prepared from a 
mixture of 10 essenti al amino acids . 

The results indicate no incorporation of glyoxal and a 

small decrease in the observed fluorescence . The appreciable 

fl uores cence in the glyoxal amino acid mixture is apparent 

in both the control and unirrad1ated samples indicating 

that under storage in frozen conditions, it is capable of 

reacting to give fluorescent compounds . The lack of 



comparable increase in fluorescence of the egg albumin 

solution may indicate that certain amino acids are more 

reactive than others or more efficient in fluorescence 

yield . 

Irradiated Vitamin Solu tion.s . 

Since thiochrome is a fluorescent derivative of 

thiamin it was of interest to see if t h is compound was 

produced upon irradiation of t h iamin . It was also of 

t heoretical interest to determine the fluorescence pro

duction and reducing content of ascorbic acid since this 

compound and especially its derivatives have been 

i mplicated in browning reactions (15, p . 934) . 

2.46% thiamin hydrochloride (Merck) and 1 . 02% ascorbic 

acid (Merck USP superfine grade) solutions were prepared in 

distilled water and irradiated in the same manner as the 

meat samples . The samples were diluted 1 : 100 with water 

and the fluorescence read (Table 12) . Fluorescence values 

are reported in arbitrary scale units . 
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Table 12 

Thiamin 

Sample Number 878 879 943 1005 1069 1133 

Irradiation 0 4 8 12 16 20 
Level in 
Million Rep. 

Fluorescence 2 9 20 30 53 75 
Diluted 1:100 

Color clear light 
orange 

dark 
orange 

increasing opaque 
orange color from 
12 to 20 megarep . 

Odor faint 
odor 

increasing odor from 4 to 20 megarep . 

Ascorbic Acid 

Sample Number 880 881 945 1007 1071 1135 

Irradiation 0 4 8 12 16 20 
Level in 
Million Rep. 

Fluorescence 3 18 36 59 83 88 
Diluted 1:10 

Color of 
Undiluted 
Sample 

clear faint 
lemon 

light 
lemon 

orange 
lemon 

light 
orange 

amber 
color 

The irradiated thiamin solution adsorbed generally 

t hroughout the visible region from 300 to 550 m~with 

higher levels of irradiation showing increased absorption 

throughout this region. The ascorbic acid exhibited the 

same behavior . When the samples are diluted tenfold, 

Both taiamin and ascorbic acid solutions give a linear 

increase in fluorescence . n~e total reducing substances 
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in the ascorbic acid solution decreased with the irradiated 

level as determined by the Somogyi Method . This method was 

not applicable to irradiated tniamin solutions because of 

the formation of a heavy blue precipitate in control as 

well as irradiated solutions . Paper chromatography of the 

samples revealed destruction of both thiamin and ascorbic 

acid with increasing irradiation. No thiochrome was 

observed in the irradiated thiamin by this method . 

Fluorescence on the chromatograms was general from the 

origin to the solvent front with only variations in the 

intensity of the fluorescence as the cnaracterizing fea

tures . 

Day has recently reported (9, p . 107·118) that up to 

64% of tniamin in beef muscl e is destroyed by irradiation 

at sterilizing doses . This compares with approximately 

60% loss in beef by steam sterilization. 

Effect of Storage at Room Temperature on 
Fluorescence in Beef 

To determine what effects limited storage at room 

temperature has upon fluorescence in irradiated beef, the 

following experiment was carried out . 

Beef samples were stored at room temperatures ranging 

from 78 to 82° F. 50 grams of sample was defatted with two 

ch.loroform extractions of 100 ml. each. 'Ihe residue was 
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then extracted with 100 ml . of 10% TCA (Table 13). 

Table 13 

Effect of Storage at Room Temperatllre on 
Flllorescence in Beef 

Irradiation 0 4 8 16 
Level in 
Million Rep . 

Days
Room 

at 1 2 4 1 2 4 1 2 4 1 2 4 
Temperature 

1s t CHClJ 21 23 25 18 19 22 13 16 14 15 20 23 
Extracti n 

10% TCA 
Ex traction 

10 9 8 14 15 9 35 33 13 67 62 45 

This l imi ted time study indicates a gr adllal reduction in 

the fluorescence level of the aqueous ex tracts. 

Total Reducing Substances in Beef 

'lhe to tal redll cl.ng substances present in beef were 

determined by the met od of Somogyi (30, p . 19-23) utilizing 

Nelson 's chromogenic reagent (23, p. 37 .5-380). 'rhese 

rea gents were used witnout modifica t ion. The water extract 

and the sodium chloride extract were t reated with barium 

hydroxide and neutralized wi t h zinc slllfate to remove 

protein. Result s are recorded f or both the samples con

taining protein and the samples with pro t ein r emoved. All 

of the samples excep t t he control stood at room temperature 
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for one day. An extract using a lo% solution of TCA in 

methyl alcohol extract is included for reference (Table 14). 

Table 14 

Total Reducing Substances in Various Extracts of 
Irradiated and Control Beef Stored at 25° c. for 

One Day. Expressed as Milligrams Glucose/100 Gms. Meat 

Irradiation 0 4 8 16 
Level in 
Million Rep. 

N R N R N R N R 

Water 170 135 228 161 170 118 150 89 
Extraction 

NaCl 255 126 370 148 182 122 50 91 
Extraction 

10% TCA in 28 0 17 0 20 0 15 0 
Methanol 
Extraction 

N=protein not removed 
R=protein removed 

The data suggest a gradual decrease in the amount of 

total reducing s~bstances with increasing irradiation 

although the first 4 megarep sample contained the highes t 

amount of reducing substances before removal of protein. 

Dialysis of Beef Extracts 

To determine if the fluorescent substances in 

irradiated beef samples were related to fluorescent browning 

melanoidin polymers the extracts from a sample which had 
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remained at room temperature for two days were dialyzed. 

The results are compared to those obtained from a model 

browning solution which was prepared by allowing a one per 

cent solution of glyoxal to react with a one per cent mix

ture of amino acids for several days at room temperature 

(Tab le 15). The solution produced by this method was 

initially colorless and odorless and without fluorescence. 

After several days at room temperature, the solution was a 

dark brown color, hig~ly fluorescent, and had a definite 

burned odor. This solution was dialyzed (Tab le 16). 

Table 15 

Dialysis of Fluorescent Extract Obtained From a Beef 
Sample Stored at Room Temperature for 2 Days 

Sample Number 836 843 909 1033 

Irradiation Level 0 4 8 16 
in Million Rep . 

A B A B A B A B 

Fluorescence of 30 5 61 6 80 9 off 18 
20% Dioxane-H2o scale 
Extraction 

Fluorescence of 10 16 24 31 
Extraction 
Diluted 1:10 

Fluorescence of 9 3 15 4 33 5 62 8 
10% TCA 
Extraction 

A=before dialysis 
B=fluorescence after dialysis against 3-100 ml. portions of 

distilled water, 12 hrs ./ dialysis 
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Table 16 

Dialysis of Glyoxal Amino Acid Reaction Products 

Before After 
Dialysis Dialysis 

Fluorescence 87 . 0 7 . 0 
Dilution 1 : 100 

Color Undiluted dark brown light brown 

Color Diluted colorl ess colorless 
1 :100 

The color of the sampl es was estimated visually . 

Isolation of Fluorescent Materials 

In order to assess the importance of fluorescence 

production in irradiated meats and to possib l y identify 

the substances , it was necess ary to attempt isolation of 

the material. Tais was done by precipitation, 

and chromatographic procedures . 

Precipitation . 

Since the exact chemical nature of the f l uorescent 

substances was unknown , it was suspected from their high 

water solubility that they might contain carboxyl or phos 

phate groups . Paper chromatography had revealed the 

presence of phosphate in a fluorescent area . Table 17 

indicates that none of the common inorganic precipitants 

was effective in precipitating the material. 
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Procedure (Table 17) 

To one milliliter of a highly fluorescent dioxane and 

water extract of irradiated beef was added one milliliter 

of a l% solution of the precipitating reagent . The 

solution was allowed to stand for five minutes . 8 milli

liters of water was added and the solution centrifuged . 

The clear supernatant liquid was read on the photofluoro

meter . 

Table 17 

Effect of Inor6anic Precipitants on the Fluorescence 
of Aqueous 20~ Dioxane Extract of Irradiated Beef 

Precipitant Before 
precipitation 

After 
precipitation 

Calcium chloride 22 22 
Barium hydroxide 
Basic lead acetate 

22 
22 

15 
26 

Zinc sulphate 
Nickel nitrate 

22 
22 

30 
22 

Adsorption. 

Several common absorbents were tested for ability to 

absorb the fluorescent material from aqueous solution. Of 

those tested several were found to absorb the material in 

varying amounts from solution . Bentonite , silic acid, and 

charcoal were found to be good adsorbents for t h is material 

while calcium carbonate was ineffective . Of the successful 

adsorbents, charcoal had the largest adsorbability per unit 
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of weight , 100 milligrams of charcoal being sufficient to 

remove the fluorescence from the aqueous extraet of 5 grams 

of meat . Since charcoal served as an excellent absorbent 

for fluorescent substances in water ex t racts, the absorbing 

properties were investigated more t horoughly . 

100 grams Darco brand bone charcoal was filtered 

through an 80 mesh sieve and boiled with 500 ml . of glacial 

a cetic acid for 10 minutes to remove nitrogenous materials. 

The charcoal was t hen repeatedly was hed with boiling dis

tilled water . 1 milliliter of 1 molar sodium cyanide was 

added to the charcoal suspended in 100 ml. of water and 

the solution was allowed to stand for a f ew minutes to 

effect complexing of trace amounts of metals . The charcoal 

was then washed repeatedly with distilled water and dried 

in a drying oven for use . This treatment removed residual 

fluo r escent materials in t he charcoal as well as other 

interfering substances . 

Several solvent systems including aqueous mixtures of 

acetic acid , dioxane , acetone, methyl alcohol , and water 

were t ried in en effort to extract t he materia l from char

coal . The extraction was attemp ted by suspending the 

charcoal in the solution, heating it, centrifuging it while 

hot , and determining the fluores cence of the hot super

natant liquid . Alternatively ex traction with a micro

soxhlet appartus was tried . None of t he above methods 
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removed any appreciable amount of substance. 

Aqueous pyridine solutions were t hen tested with the 

prospects that an aromatic nucleus might substitute for the 

fluorescent material if it contained an aromatic component. 

The following represent the results of attempted pyridine 

elution of the fluorescent material . 

A column of purified charcoal was packed to a depth of 

9 em. in a 1 em. diameter quartz i gnition tube. 10 ml . of 

a h i ghly fluorescent methyl alcohol extract (1:10=34) was 

added to the top and pulled through the column by gentle 

suction from a water aspirator . The fluorescence of liquid 

after passing through this column read 2,0 (1:10). The 

following solutions were successively poured through the 

column and the fluorescence of the eluate observed: 

Fl uorescence Color on Standing 

l. 25 ml . water 7 clear 

2. 25 ml. pyridine 25 black 

3. 25 ml . 10% pyridine 55 bl ack 
in water 

4. 25 ml. 10% pyridine 39 brown 
in water 

.5. 25 ml. 20% pyridine 32 light brown 
in water 

The results indicate that pyridine will extract 

fluorescent material from charcoal but in the process may 

under go reaction with materials either in the charcoal 
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itself or with substances absorbed from the fluorescent 

solution. The pyridine eluates are initially clear and 

become dark on standing at room temperature fo r several 

days . No further work was attempted . 'Ihe use of a long 

wave fluorescent lamp on the column during chromatography 

failed to detect any fluorescent bands . 

Addi tional experiments were tried in w_ich solvent 

precipitation of the fluorescent material was attempted . 

It was indicated in an earlier table (14) that extraction 

with 10% TCA in methyl alcohol failed to remove any fluores

cent material . It seemed possible that addition of methyl 

alcohol to a TCA extract might effectively separate the 

material . This was tried by adding a large volume of 

methyl alcoho l to a TCA extract and centrifuging the 

solution for thirty minutes at 24,000 times gravity. No 

change in the fluores cence of the precipitate was observed . 

Alternatively a TCA extract was pervaporated from a cello

phane dialysis bag to dryness and the residue resuspended 

in methyl alcohol . The fluorescence in al l of t he 

s0lutions increased using t .1i s treatment (Table 18) . 
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Table 18 

Sample NUIJ!ber 882 883 947 1073 1139 

Irradiation Level 
in Million Rep . 

0 4 8 16 20 

Fluorescence of 10% 
TCA Extraction 

36 48 47 77 82 

Fluorescence After 
Pervaporation and 
Resuspension in Abs . 
Methyl Alcohol 

70 93 100 100 100 

Above Solutions 
Diluted 1 :2 

29 37 41 51 68 

In addition to the previously attempted separations , 

additional separation was attempted by distillation from 

neutral , acid , and alkaline solutions as well as steam 

distillation. All of these atternpts failed to resolve the 

material . 

Determination of Charcoal Absorbable Materials in Methanol 
Extractions . 

Meth yl alcohol extracts were made from beef by de 

fatting 50 grams of meat with two 100 ml . chloroform 

extractions . The meat was then extracted with two 

consecutive 100 ml . methanol extractions . 10 ml. aliquots 

were pipetted onto aluminum pl ancets before and after 

adsorption onto 200 milligrams of purified charcoal . The 

sol vent was evaporated and the difference in weight of the 

soluble solids content of the solutions measured . Table 19 



indicates the charcoal absorbed materials which include 

most of the fluorescent .material . 

Table 19 

Determination of Charcoal Absorbable 
Materials in Methanol Extractions 

Sample Number 654 731 767 783 

Irradiation Level 
in Million Rep . 

0 6 10 14 

1st and 2nd I-ie thano1 
Extractions Combined 

21 37 29 39 

Weight of Soluble . 02669 . 05512 . 04176 . 05030 
Solids . Av. of Two 
Determinations 

Weight After . 01868 . 04315 . 03025 . 03910 
Absorption 

Weight Material . 00801 . 01197 . 011.51 . 01120 
Ab sorbed 

!o~J:g . Charcoal 320 480 500 448 
Absorbable Materials 
per 100 Gm . t1ea t 

Paper Chromatography 

Only limited information is available concerning the 

paper chromatography of browning reaction products while no 

information is available concerning the chromatography of 

fluorescent substances in irradiated foods . Patton and 

Chism (25 , p . 406) have chromatographed the products formed 

when glucose and glycine are refluxed in aqueous solution. 

Using 77% ethanol, they were able to identify as many as 
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ten different fluorescent spots using this solvent system. 

This solvent system as well as the more common varia

tions of butanol, acetic acid, and water fai led to resolve 

any fluorescent spots. In propanol and water solvents 

containing more than 80% propanol , no movement of fl uores

cent material was obtained . When the water content was 

increased to as much as 50% in this solvent , the fluores 

cence moved as a streak from the origin to the solvent 

front . Addition of strong acids such as TCA to the 

solvents was thought at first to give separation of the 

material but it was determined through t he use of an acid 

spray indicator that movement of the material on paper was 

a function of the acid content of the solvent . As soon as 

the advancing solvent front became depleated of TCA the 

fluores cent material stopped mi gration. Attemp ts to run 

the materials on paper treated with oxalic acid were 

unsuccessful . The use of TCA impregnated paper and aqueous 

propanol solutions was no t successful . 

For the purpose of comparing t he results of several 

chromatogr aphic spray reagents, a solution of 70% isopropyl 

a lcoho l which was 3% in ammonium hydroxide was used as a 

solvent system. Spots were placed on filter paper by 

concen tration from an aqueous solution . 0.25 ml . of 

material was pl a ced on Whatman number one filter paper and 

chromatographed in a gl a ss cylinder until the sol ven t front 
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had traveled approximately 25 centimeters . The papers 

were removed , dried , and sprayed after marking the position 

of the fluorescent areas under an ultraviolet lamp . The 

spra1 reagents used were for the most part empirically 

selected s i nce the exact nature of the compounds was 

unknown. Fluorescence as observed under a shortwave ultra-

viol et lamp was general from the orig in to the solvent 

front . There was a small amount of fluorescent material 

at the origin and heavier fluorescent areas from Rf 0.79 to 

0 . 9 . Dark ultraviolet absorbing spots appeared under the 

longwave u. V. l amp at Rf 0 .34 {Table 20 ). 

0. 25 ml . aliquots of methyl alcohol extracts from the 

samples listed in Table 19 were used . All four levels of 

irradiated samples were chromatographed . Tab le 20 gives 

the results of the spray reagents . 



Table 20 

Spray Reagents 

l 2 3 4 6 7 8 9 

Rr Zone s 

o . o-0 .1 0. 09 0 . 1 o.o 
0.1-0.2 0.19 

0. 2- 0 . 3 0. 23 

0 . 3-0 . 4 

0. 4- 0 • .5 

0 . ,5-0 . 6 0 . 52 

0. 6-0 . 7 0 67 0. 63 0. 67 

0. 7-0 . 8 

0 . 8-0 .9 :c 
0 . 9-1.0 0 . 97 0 . 97 0 . 95 0 . 9.5 

* irradiated samp les only 
Vertical bars connecting Rr values indicate principle reaction area with 
fl uorescent substances . 



40 

1. Elson Morgan Reagent (24, p . 238·248) 

This reagent wnich is somewhat specific for N- glucosyl 

amines reacted very faintly with t he fl uorescent 

material from near the origin to the solvent front . In 

addition a pink spot was discernible at Rr 0.21-0. 42 on 

all of the chromatograms. The reaction from 0 . 67 to 

0 . 97 was heavie s t in the 10 and 14 megarep samples. 

This reagent is composed of two parts . The papers are 

first sprayed with an alkaline solution of acetyl

acetone. After drying, the papers are sprayed with a 

strongly acidified solution of paradimethylamino

benzaldehyde . 

2 . Ehrlichs Reagent (4, P• 47) 

Since t his reagent was a constituent of the above 

reagent , it seemed desirable to test it also . It reacts 

with t he general fluores cent streak very faint ly in all 

levels of irradiation. This reagent is a solution of 

paradimethylbenza l dehyde in hydrochloric acid . 

3. Phosphate Reagent (4, p . 88 ) 

KH2Po4 was run in this experiment . The fluores cent area 

from 0 . 67 to 0.9 gave a faint reaction with t his reagent 

which increased with increasing irradiation levels . 

There were definite variations in the amount of reaction 

from o.o to Rf 0 . 27 , the reaction again increasing with 

incr eased levels of irradiation . This reagent is 
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composed of molybdic acid prepared by acidifing 

ammonium molydate with 60% perchloric acid and hydro

chloric acid . The sprayed paper is exposed to 

hydrogen sulphide for development of color . 

4. Bromthymol Blue 

Acid spots appeared at Rf 0. 17 and Rf 0.63 and did not 

appear to change with levels of irradiation or corres

pond to any fl uorescent substances , 

5. Ninhydrin {28, p . 501-504) 

In addition to reacting \-Ji th amino acids present this 

reagent reacted with the fluorescent area from 0. 67 -0.95 

in amounts which apparently increased with increasing 

levels of irradiation . 

6. Alloxan {28, p . 501 - 504) 

Alloxan reacts similarly to ninhydrin but seems to give 

a heavier reaction in the Rr 0. 67 -0. 95 area. 

1 . Diacetyl Reagent (12, p . 958-959) 

It was noted in an earlier chromatographic survey of 

meat extracts that diacetyl, a reagent specific for the 

guanido group of arginine, creatinine, and creatine 

reacted to a larger extent with irradiated samples than 

control . This reagent was again tested in this survey 

and found to give rise to small pink spots at Rf 0. 6 

with the 10 and 14 megarep· irradiated samples . The 

spots at 0. 40 to Rf 0. 53 gave increased amounts of color 
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with increasing irradiation . 'rhese reactions did not 

appear to coincide with an1 fluo res cent materials. An 

alkaline solution of t~ia reagent is used . 

8, Phloroglucinol Reagent 

This reagent has been shown to give a wide variety of 

color reaction with various reducing sugars . The 

reaction at 0. 67 to 0. 87 may indicate reduci ng 

substances . 

9. Tnis non- specific reagent gave a reaction of 0 . 19 which 

was approximately the same intensity of all samples . 

The area at 0 . 23 was wnite on a yellow background and 

was the same on all chromatograms . 

Flavor Panel Analysis 

One of th e objectives of this re search was to determine 

if any correlation existed between t he previously described 

chemical changes and r eported flavor changes . Accordingly 

extracts of control and irradiated samples were prepared and 

subjected to flavor panel analysis . 

The Flavor Panel . 

17 judges vri th varying amounts of experience in flavor 

testing comprised the panel for taste evaluation, The 

testing was cond ucted using the facilities of the Food Tech

nology Department . Judging was done in the flavorium, a 
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long narrow room containing isolated booths lighted with 

amber ligh ts . 

3 samples were prepared and subjected to analysis by 

the panel . The samples c~nsisted of an unirradiated control 

sample, an unirradiated c::>ntrol sample to wnich had been 

added concentrated extracts of irradiated meat , and an 

irradiated sample . Since starch was added to the 

lyophilized meat extract as an extender , the same amount of 

starch was added to the two samples not containing the 

extract . The samples were prepared by the F'ood Technology 

Department and served to the panel in two trials , one in 

the morning and one in the afternoon . Each trial contained 

duplicates or each trea tment . Each sample was assigned a 

code number . Results wer·e reported on a five inch line 

ballot . One end of the ballot was designated extreme 

electronized flavor , the other end was designated no 

electronized flavor . These were assigned values of 1 and 

5 respectively on a linear scale . Samples were scored 

according to the subjective evaluation of the judges . 

Large Scale Isolation of Materials for Flavor Panel Analysis 

Absol ute methyl alcohol extracts were prepared from 

400 gram meat samples that had been defatted with chloro

form. Approxima tely 750 ml . of alcohol was recovered from 

the original 800 ml . used . Most of the alcohol was removed 
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from each sample by vacuum distillation under an atmosphere 

of carbon dioxide. Approximately 100 ml. of liquid residue 

remained after removal of the alcohol. The water and 

residual alcor1ol were removed by lyophilize tion after 

centrifuging off a nonfluorescent residue. Only the lst 

methanol extract was concentrated for use . In Table 21 is 

recorded the fluorescence of the various extracts and the 

fluorescence of some methanol extracts after concentration 

and after lyophilization. 

Table 21 

Fluorescence in Irradiated Beef Extracts Prepared
for Flavor Panel Testing 

Sample Number 826 829 893 9.53 1019 1081 

Irradiation Level 0 4 8 12 16 20 
in Million Rep . 

1st CRCl Extract 24 1.5 17 14 11 17 
2nd CHClj Extract 10 7 13 .5 7 6 

1st MeOH Extract 
2nd MeOH Extract 

3.5 
11 

38 
14 

.56 
23 

38 
19 

46 
16 

.57 
17 

Fluorescence After 
Concentration When 

20 40 44 .50 

Restored to Original 
Value with MeOH 

Weight of Lyophilized 
Residue from 400 Oms . 
of Beef (lst MeOH 
Extract only) 5.21 6.34 .5.3.5 5.01 4.5.5 7.00 

• 

Fluorescence of 7.0 8.0 30 • .5 18.0 20.0 26.5 
Lyophilized
Material 
o.5 mg/ml. 
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Flavor Panel Results . 

The lyophilized extracts were combined in the following 

manner for use in the f lavor pane l tests . 

5. 00 grams of 4 megarep , 2 . 40 grams of 12 megarep, and 

5. 00 grams of 20 megarep lyophilized extract were combined . 

To t his was added approximately 50 grams of starch and 

enough water was added to make a paste . Tne approximately 

100 ml . of solution was mixed with 1350 grams of c ontrol 

beef . 100 ml . of so% starch suspension was added to 

another 1350 grams of meat labeled t he control sample while 

ano t her 100 ml . of approxima tely 50% starch suspension was 

added to 1350 grams of beef that had been i r r adiated at 4 

megarep . Table 22 gives the results. 
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Table 22 

Frequency Distribution of Flavor Panel Scores 

Ballot Control Irradiated Control 
Scores Sample +

4 Megarep Extract 

.5 . 0 37 12 29 

4. 5 7 l 3 

4. 0 13 14 1.5 

3 • .5 l 5 8 

3.0 7 19 8 

2.5 2 5 1 

2. 0 0 7 2 

1.5 1 2 0 

1. 0 0 3 2 

Average 4.4 3. 3 4. 1 

The data indicate that addition of t his particular 

extract of irradiated meat to control meat had a slight 

effect on the f lavor . The value of 3. 3 for the irradiated 

samples is somewha t higher than is usually expected . This 

was attributed tentatively to t he added starch. 
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DISCUSSION 

The occurence of increased levels of fluorescence in 

irradiated meats and model systems seems to indicate that 

this phenomenon may be a general property of irradiated 

systems. Fluorescence of molecules is based upon a great 

number of variable factors wnich control the intensity ane 

wave leng th of the emitted light. Some important consider~ 

ations are the structure of the molecule itself, the nature 

of the solvent in which it may be dissolved , and the effect 

of adsorbents (33, P• 1-6). 

It seems logical that increases in fl uorescence in 

irradiated systems do not necessarily repres ~nt production 

of a single type of molecul e. That many types of molecules 

are possible is evident from the applications of ionizing 

radiations to the synthesis of organic compounds (7, 

p. 311-327). In the present study of beef most of the 

fluorescent substances have been associated with high water 

solubility ( Tab le 4.> although Table 6 indicates a change of 

solubility when meat is dehydrated which depends on the fat 

content of the sample. 

The importance of carbonyl production to fluorescence 

production in the samples under study has not been 

adequately assessed primarily because most efforts were 

devoted to identification of the fluorescent compounds and 
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a study of t heir physical properties . 

The increase in pH of the aqueous extracts indicates 

a libera tion of basic material or destruction of acidic 

substances . Decarboxyla tion of amino acids might account 

for these results . This effect would also seem to indicate 

t hat reaction of amino groups of amino acids with carbonyl 

compounds does not play an i mportant role quantitatively 

since th is would result in a decrease of t he pH in the 

solutions , 

The contribution of materials reacting with diacetyl 

reagent to fl uorescence has not been determined {Table 20} . 

It would seem pos s ible that these materials may contribute 

to t he increas ed pH of t he solutions since guanidine 

itself is a strong base and t he materials reacting with 

diacetyl are presuma bly guanidine derivatives . Free 

guanidine probably does not contribute to odor or flavor, 

The data indicate that t he fluo r escent material in 

meat ex tract is a water soluble dialysable material 

occuring in relatively low concentration. It is not pre

cipitable f rom aqueous solutions with the ord i nary 

precipitants tested . The material is absor bed quantitative

ly onto charcoal from dilute aqueous solution . Common 

eluting agents are not effective in r emoving t he ma terial 

from charcoal . 

Chromatography of several beef extracts reveals a wide 
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variety of fluorescent material . That the material may be 

heterogeneous is testified by the lack of a specific 

fluorescent spot in any solvent system tested and faint 

reactions with various classification reagents in various 

zones of the fluorescent area . These observations tend to 

indicate that fluorescence production in meat is not the 

result of a single reaction but rather many rea ctions in 

whi ch water soluble compounds are formed . That some of 

these compounds may be browning intermediates is evidenced 

by faint reactions of the fluorescent area on paper with 

ninhydrin and Elson Morgan reagent . Other areas of the 

paper .indicate phosphate containing compounds which may be 

the result of a type of browning similar to that indicated 

by Lea in which phospholipids brown (19, p . 1·13). There 

are also very small apparent differences on the chromato

grams between irradiaood and control samples , the main 

differences being in degree of reaction and intensity of 

fluorescence rather than absolute differences . 



50 
SUMMARY 

Ground beef musc le, pork shoulder, and several model 

systems were irradiated at levels up to twenty megarep . 

The approximate concentration of fluorescent material in 

irradiated be ef muscle has been estimated . A limited 

amount of knowled ge concerning the chemical nature of the 

fluorescent materials has been gained through a study of 

their solubility, chromatographic , and absorption 

characteristics . 

Chromatographic evidence is presented that tends to 

indicate a partial relationship between the f l uorescent 

materials and products of the Maillard reaction. 

Tniamin has been implicated as a possible source of 

fluorescence and odor in irradiated beef . 

The increase in pH of extracts from irradiated beef 

may be due to an increase in the amount of diacetyl 

reacting substances . 
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54 
ADDENDUM 

Irradiation Dosages 

The following samples were irradiated in the following 

manner: 

Table l 

Nwnber of 
Cans 

Coded Exposure Time Total Dose 
Repl 

30 827 - 889 1 hr . 43 min. 4xlo6 

31 891- 951 3 hr . 26 .min. 8x106 

32 953-1015 5 hr . 10 min . 12x106 

31 1017- 1079 5 hr . 36 min . 16xlo6 

31 1081- 1143 7 hr . 0 min. 20x106 

l=roentgen equivalent physicals 
equivalent physical is equivalent theone roentgen to 

absorption of 93 ergs of energy per gram of tissue. 

The irradiation level was accumulated at the following 

dose rates: 

2. 33x106 roentgens/ hr . average for cans 
no . 827 - 1015 

2. 86xl06 roentgens/hr . average for cans 
no . 1017-1143 

Ambient temperatures were maintained during irradiation . 




