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TRE THIOBARBITURIC ACID TEST IN

IRRADIATION-STERILIZED BEEF
INTRODUCTION

Radiation 8terilization offers the first promi8lng
new principle of food 9torilization since the art

canning waa discovered in 1809.

of'

On an experimental

basia, radiation sterilization of foods ha8 been accom-

pushed using beta particles, gamma rays, and x-raya.
All three types of radiation destroy bacteria at about
the same dosage level--usually 1.5 to

3

million roentgen-

equivalent-physical (megarep) is sufficient.
son,

By compari-

the estimated lethal dose for man is BOO rep and for

insects about 25,000 rep (34, p. 973-975).
In the food industry, frozen foods have developed a

wide degree of acceptability.

Their chief drawbacks are

the refrigeration requirements for storage

ant cost.

and the attend-

Although the past 25 years have shown great

improvements in the thermal processing of canned foods
with accompanying improvements in quality, there are
still a number of canned food items today, such as

certain canned meat products, that require a quantity of
heat energy for sterilization that is far in excess of
the amount that would result in optimal flavor and texture.
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There are many pharmaceuticals which are heat sensitive and cannot be sterIlized by thermal means.

Among

these producta are the antibiotics, which are the meta-

bolic endproducts of microorganisms.

Considering their

source--microorganisms--it is obvious that difficulties
arise in obtaining sterile products.

Accordingly, there is great hope that radiation

sterilization will prove useful in at least these two
major industries.
By ita very nature radiation sterilization,

i.e.,

the process whereby it is proposed to destroy micro-

organisms by exposure to streams of high-speed beta
particles or gamma rays, can be expected to produce more
subtle changes in molecular structures than heat sterilization.

It is very probable that the process,

when per-

fected, will produce a major revolution in the preparation
of foods

and drugs.

In any sterilization of foods or

drua,

the effect of

the process on the sterilized material is as important as

killing the contaminating microorganisms.

If

irradiation

sterilization is to be used commercially, the product8 of
irradiation must be nontoxic and acceptable in odor,
flavor, and appearance.
In radiation sterilization of foods, some undesirable

chemical and physical changes do take place.

These changes

are in direct proportion

to the radiation dosage applied

and vary in degree from product to product.

Radiation-

induced off-flavors and off-odors is the number one problem that must be overcome before the food industry can
make wide application of this process.
There is ample evidence in the literature indicating
that proper doses of ionizing radiation will sterilize,

but much less information on the chemistry of irradiated
foods and drugs.

This type of information is essential

for adequate appraisal of irradiation sterilization.

Chemical and physical methods have important relations
to the

study of radiation effects on foods.

They may give

important clues to the degeneration or modification of
molecules under the impact of radiation.
to the discovery of toxic by-products

This may lead

or evidence of de-

struction of useful accessory food factors.
There are several chemical tests which can be corre-

lated with the intensity of irradiation used on the food
products.

Some of the tests used in this and other

laboratories are the peroxide test, the thiobarbituric
acid test and also fluorescence measurements (9, p.
540) and (19).

5h57-

These chemical tests and fluorescence

measurements are used to empirically measure the several
chemical changes food products undergo when bombarded by

ionizing radiation.

The investigation on which this work

4

is

based was concerned primarily with the so-called

thiobarbituric acid (TBA) test,
This test was selected when it was noticed that when

irradiated beef was reacted with 2-thiobarbituric acid

reaent

the color intensity produced was directly propor-

tional to the irradition

dosae received by

the meat.

appeared that the one or more compounds producing

a

It

red

color when reacted with TBA were formed in the meat by the

action of the ionizing rays,

and their concentrations were

increased with increasing irradiation level.

The formation

of these products was thought to perhaps tie in some way

with the off-flavor, off-odor, or other detrimental

characteristics produced in irradiated meats.
The purpose of this project was to study the color

reaction and the products formed with the TBA, identify
the substances in the meat giving the reaction,
to determine the

and also

actual significance of the test in rela-

tion to chemical chanbes in irradiated meat.
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LITERATURE SURVEY
Various forms of the thiobarbitu.ric acid reagent

have been used for some time in several analytical procedures.

The product formed is usually a

the color intensities
as

pinent, and

of the reacted solutions are used

a direct measure of the substance.

A number of reports have been published concerning
the correlation of the 2-thiobarbituric acid test with the

development of oxidized flavor in dairy products
p.

342)

326).

41, p.
a

(15,

p.

1064)

Biga

(27,

arid

p.

53-38)

i3ryant

(5,

p.

(28,

p.

(14,

669) and

138-145) reported

modification of the procedure which indicated the deree of oxidation of 'tho1e milk powders.

Sidwell et al.

showed in reconstituted dried milk that the TBA color
increases as taste acceptance drops (37, p.

1).

Several

workers nave related the TBA test on dairy products to
the oxidation of unsaturated fatty acids present
p. 257)

(21,

p.

511-512)

(22,

p.

33)

(2,

and (45, p. 305).

Others have used the TBA test to measure rancidity of

lard (31, p. 7608) and also the oxidation of pure fatty
acids

(22, p.

33).

Kohn and Liversedge (24, p

292) showed that tissue

suspensions or slices incubated aerobically produced a

compound that

ll react with TBA, producing an

orane-red

color.

Bernheim et al.

(2,

p.

257)

concluded that the

color obtained by Kohn and Liversede was due to an oxidation product of unsaturated fatty acids, particularly

linolenic acid.

They reported isolation of the TBA pig-

and on the basis of combustion analysis

ment,

suested

that a three-carbon chain may have added to one TBA

molecule.
Patton and Kurtz (28, p. 669) established that

a

pie-

ment produced by TBA and malorialdenyde had the same visible

absorption characteristics
dized milk fat.

as

that produced by TBA and cxi-

Kohn (23, p. 21) reported that TBA was a

specific reaont for the sulfonamide drug sulfadiazine

(2-sulfanhlamidopyrimidine).
f ormin

He suggested that the color-

reaction involved the amino pyrirnidine moiety.

Shepard (5, p. 1150) later established the color reaction
involved the pyrimidine rina specifically.
Jennings et al.

(18, p. lZ) rioted that although the

pigments prepared from TBA

and.

oxidized milk fat, malon-

aldehyde, and sulfadiazine exhibited the same spectral

characteristics

in the visible range, this observation

did not justify the conclusion that the compounds were
identical.

Identification based on areement of absorption

curves was recognized as bein
of a chromophore group.

at best only identification
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Yu

Sinnhuber uaed the TBA method for rancidity

arid

determinations on fishery products
a

(44, p.

104-108).

In

subsequent publication (58, p. 9-12) they presented a

quantitative measurement procedure for determining the

malonaldehyde content in fishery products.

While no

verification of the presence of malonaldehyde or a malonaldehyde derivative in these products was given at the
time, current work being carried out offers more positive

proof that the TBA color-producer in oxidized fish oil is

malonaldehyde (9).
The thiobarbituric acid test has been used by workers

in other phases of food product testing (40, p. 240-243).

Caidwell and Grogg (10, p. 185) found good correlation between cereal and baked product rancidity and the TBA color
The ThA test was used to detect beef adultera-

intensity.

tion with horse meat by Fujimaki and Odagiri (16, p. 963).
They found that fat in horse meat ¿ave a more intense color
than beef fat or lard, and the color intensity seemed proportiona]. to the amount of horse meat present in beef.

Schwartz and

Vatts

(3,

p.

76-82) applied the TBA test to

measure deterioration in cooked oysters.

A slight modi-

fication save a ¿ood indication of oxidative rancidity in

cooked oyster tissue.
Many other areas of research and testing also use the
TBA test.

Some are similar in nature to food testing.

ICiick

(25,

p.

351) used the TBA test to estimate the eÍ'fect8

of various factor8

ori

rat liver lipid oxidation.

Norkers

in the field of botany used the TBA color reaction on

plant tissue (3, p. 458).
slicea with

T13A

By incubating plant ti88ue

reaent, an inten3o red color wa

preumab1y by reaction with 1inin.

This proce

formed,

produced

stained tissue sections which could easily be mounted and
studied.

Some time ago Plaisance

(29,

p. 207) used thio

barbituric acid as a qualitative reagent for hydroxymethylfurfural formed from

various ketohexoses.

gravimetric method for the analysis.
p. 40)

He developed a

In 1951 Zander

(45,

used TBA reagent to measure the effect of various

drugs and hormones

mized rats.

on the brains of normal and hypophysecto-

Bernheim et al. (4, p. 195), in their studies

on a new nameless brain and kidney metabolite, found that

tissues

incubated aerobically produce a substance which

reacts with TBA.

Pouradier and Venet (30, p. 347-55O)

showed the aldehydes existing in gelatine may be reacted
with TBA and a pigment formed.

Additional work on ¿elatine

aldehydes was done by Land.ucci et al.

(26,

p. 857-865).

They found the action of TBA with gelatine gave at least
five colored compounds.

The general structural require-

ments for the various compounds were postulated, both for
the gelatine substances and the resu1tin

pigments.

Wertheim and Proctor (42, p.

74-4Ol) used the TBA

teat as a neans of evaluating irradiation-induced changes
in milk.

They found the test to be useful in indexing the

degree of radiosensitivity of milk, but also that the

irradiation-induced TBA reactants are not off-flavor components.

Bubi (7) in 1955 applied the TBA teat to irra-

diated meats.

between the

G-ood

TM

correlation was later found to occur

teat, the peroxide test, fluorescence

analysis and irradiation dosage administered the meats.
There was apparently no correlation between these tests

and off-flavors,
(9,

p.

537-540).

off-odors as determined with taste panels

lo

PREPARATION AND IRRADIATION OF SAMPLES
Commercially ground beef samples containing approxi-

mately 70% moisture and l5

fat were obtained from the

Nebergal]. Packing Plant in Albany,

Oreon.

The facilities

of the Food Technology Department at Oregon State College

were used for canning the samples prior to irradiation.

Approximately 450 grams of sample were placed in

a

#2

c-enamel1 can, and sealed at room temperature under a
vacuum of twenty-eight inches of mercury.

The cana

were

then quick frozen in a blast freezer at _200 F., placed in
an insulated carrier with sufficient dry ice, and shipped

by

ailway Expres8 to the Materials Testing Reactor at

Idaho Falls, Idaho.

The control samples were similerly

handled but were not shipped.

They were instead immedi-

ately 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 samples were packed into holders and lowered

into the canal and irradiated in the frozen state with a

mixed energy spectrum gamma-ray source from spent reactor
fuel rods.

Irradiation level was obtained by leaving the

samples in the canal for calculated intervals of time.

1.

A

synthetic plastic coating.

il

The samples were rotated during irradiation to assure

uniform dosage.

Dosimetry was determined to the center

of the can usine, ferrous sulfate as the radiation indi-

cator,

After irradiation the sampies were repacked into
carriers containing dry ice and shipped to Oregon State

Col1ee where they were placed in cold storage
until use.

The use of

at

Q50

1ass vials or containers was

avoided due to the uncertainty of increased oxidative
effects when using these materials (8, p. 1178-1179).

F.
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COLOR TESTS WITH THIOBARBITURIC ACID

Preliminary to identifying the substances in irradiated beef giving the red color with thiobarbituric acid

reaent,

a

literature and experimental survey was made to

see which compounds when reacted with TRA produced spectral

curves similar to those contained in meat.
is

a

The following

partial list of compounds and tissues which have been

treated with thiobarbituric acid.

All reactions were

per-

formed in acidic solution.
Color upon heating

Compound
1. Benzaldehyde (le, p. 2164)
2. Salicylaldehyde (l3,p. 2164)
3. Nitrobenzaldehyde (l3,
p. 2164)
4. Anisic aldehyde (13, p.2164)
5. Vanillin (13, p. 2164)
6. Piperonal (13, p. 2164)

Yellow precipitate3Vermilliori precipitated-

creen-yellow precipitate

Yellow precipitate1
Orange precipitate1
Orange precipitate1
Red-brown precipitate

Resorcinoldialdehyde
(15, p. 2164)
Yellow
8. 2-Hydroxy-3-methoxybenzaldehyde (20)
Yellow, fades
9. 2-Hydrozybenzaldehyde (20)
10. 2,4-Dihydroxybenzaldehyde (20) Yellow
Yellow
11. 4-kiydroxy-3-methoxy7.

benzaldelayde (20)

Paradimethylamlnobenzaldehyde (20)
13. Paradiethylaminobenzaldehyde (20)
14. 4-Acetamidobenzaldehyde (20)
15. 2,4-Dichlorobenzaldenyde (20)
12.

16. Cinnamaldehyde

(20)

17. Hydrocinnanialdehyde (20)
18. o<..n-amyl cinnamaldehyde (20)
1.

No heatin,g

Cloudy pink, clears

Deep red

Yellow precipitate
Yellow precipitate
Yellow-orange precipitate
Yellow precipitate
Colorless precipitate
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Compound

Color upon heatîn

19. Furrural (13, p. 2156)
20. Hydroxymethylfurfural
(29, p. 207)

Yellow precipitate
Precipitate

21. i'yrirnidine (35, p. 1150)
22. 2-1rethy1pyrimidine
(5, p. 1150)
23. 2-Methyl-4-hydroxypyrinildine (5, p. 1150)
24. 2-Methyl-4-chloropyrimidine
(35, p. 1150)
25. 2-Chioropyrimidine
(35, p. 1150)
26. 2-Methoxypyrimidine
(35, p. 1150)
27. 2-Hydroxypyrimidine
(35, p. 1150)
28. 2-Phenacylpyrimidine
(35, p. 1150)
29. Sulfadiazine (2-sulfa-

Nono
Red

None

Precipitate
Red
Red
Red
None

Red (532 mp)

nhlamidopyrimidine)
(22, p. 21) and (18, p. 13)
30. Eucalpytol (20)

Salmon

31.
32.
33.
34.

Formaldehyde (43, p. 305)
Acetaldehyde (43, p. 305)
Glyoxylic acid (20)
Glyoxal (19, p. 22)

Vhite precipitate
Brown precipitate
oreen
Red (520 m,i and 545

35.
36.
37.
38.

Glycerol (20)
Glyceraldehyde (19, p. 22)
Acrolein (20)
Malonaldehyde

Li&ht salmon
None
White precipitate
Red (532 m,i)

39.
40.
41.
42.

Diacetyl (19, p. 22)
Aldol (43, p. 305)
2-Ethyl butyraldehyde (20)
Crotonaldehyde (43, p. 305)

Liht

43. "Oxidized methyl linolenate"
(22, p. 33)
44. "Oxidized methyl linolate"
(22, p. 33)

m,p)

orange
Brown precipitate
Yellow on standing
Orange-brown precipitate
Red (534 mi)

Red (534 mp)
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Tissue

1. Oyster (33, p. 76-82)
2. ìat liver (25, p. 351)
3. Plant tissue (3, p. 458)
4. Brain tissue (45, p. 40)
5. Brain 'metabo1ite"
(24, P. 292)
6. Hemoglobin (26, p. 857-865)
7. Horse meat (16, p. 963)
8. Frozen pork (41, p. 326)

Color upon

Red (540 mi)
Red
Red
Red (540 mu)
Red (532 iru)
Yellow
Fed (535

ITxp)

Red (538

mn,p.)

heating

REAGENTS AND INS TRITh1ENTS

Thiobarbituric acid reagent
Thiobarbituric acid reagent (TBA) referred to in the
following procedures was prepared using 0.720% 2-thiobarbituric acid (w/v), with aqueo

is

15

trichloroacetic

Fresh reagent was made up

acid (TCA) as the solvent.

before each experiment; solutions older than 12-15 hours
were not used.

'then

reacted with meat samples,

of 25 ml. reagent per 10

g.

a

ratio

of meat was always used.

Glyoxal solution

Standard aqueous glyoxal solution, of 0.290% (w/v)
concentration, was used in procedures contained in the
text.

Glyoxal was obtained from Carbide and Carbon

Chemicals Company as the 30% aqueous solution.

method of Salomaa (2, p.
ize this.

The

06-3l0) was used to standard-

The 0.290% solution was then prepared from this

standard stock solution.

The concentration of 0.290%

glyoxal was chosen because 1.0

nil.

of this

is

equivalent

to 1.0 ml.of the 0.720% TBA reagent on a molar basïs.

Glyoxal standard solutions were made up 100 ml. at a
time and kept under refrigeration when not in use.
;:a1onaldehyde

Malonaldehyde was used
tetraethoxypropane),

as the

tetraacetal,

(1,1,3,3-

thich hydrolyzes to free rnalonaldehyde

16

upon mixing with the acidic TBA reagent.

ìo standard

solutions of this were used in the experimental proce dure s

Spectrophotometers
Spectral data in the visible range were obtained on
the Beckman Model B and the Beckman Model

DLI

spectro-

photometers, using Beckman Corex optical cells.

Colorime-

ter optical density readings were obtained with the Bausch

and Lomb colorimeter with a 525

filter.

Ultraviolet data were obtained with the Beckman
Model DU spectrophotometer with ultraviolet attachments

and silica optical cells.
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GENERAL INFORMATION ON THE MEAT-TBA REACTION
Meat fractions and TBA reaction
Both water and chloroform extracts from meat save
the red TBA pinient color.

These two extracts also formed

the pigment in approximately the saine concentration, as
the resulting optical densities were

on the Bausch and Lomb colorimeter at

about equal when read

25

rni.

One chioro-

form extraction removed practically all the color-causing
cotupound(s) capable of beinC removed by this solvent.

The

second chloroform extract, when reacted with TEA, showed
only a faint pink color.

The chloroform extracts were

prepared by mixing the meat with chloroform in

a

Waring

blendor, shaking for about 15 minutes, and centrifuging
off the residue.
A sample experiment shows these conclusions:

First CHC1 extract ------ Good color with TEA (pink).
Second CHCl extract ----- Very faint colo; r with TBA
(pink).
Third CHC1 extract ------ No color change with TBA.
Fourth Cid3 extract ----- No color change with TEA.
Fifth CHC13 extract ------ No color change with TBA.
theat

residue ------------- Good color with TBA (pink).

The first chloroform extract and the solid residue

from the meat gave approximately the same color intensity
with TBA.

Vthen this

same procedure was carried out using

lyophilized meat samples,

the same results were obtained.

This indicated that the color-producing compound was not

I

removed by the water dissolved in the chloroform, but by
the chloroform itself.

The first chloroform extract may be in turn extracted

once with hot water.

The resulting colors formed by re-

acting the water layer and the chloroform layer with TBA

showed the color-producing compound was in the aqueous
portion, with only a negligible amount in the chloroform

portion.

Thus the color-causing compound, even before

being converted into pigment by reaction with TBA, showed
a

preferential water solubility.
An alcohol-ether mixture

i

(

volumes 95

ethanol-

volume ether) acted in the same manner as the chloroform

in the

.;.neat

extractions.

The alcohol-ether mixture, as

well as the chloroform, also seemed to facilitate the

crystallization of excess TBA and accompanying pigment
adsorption when aqueous TBA reagent is reacted with their
extracts,

In this phenomenon,

the excess TBA in the solu-

tion crystallized out upon standing overnight.

Durin

the

crystallization the pigment in solution became adsorbed
onto the TBA and was removed from the liquid phase.

Alniost

complete removal of the piment was obtained if TEA in

sufficient excess was present, leaving a clear supernatant
liquid.

Baron (1, p. 1-6) discusses a type of inclusion

compound which may be similar to this crystal form.

19

Since neither hot water extractions nor chloroform

extractions removed all of the color-producing compound

from ïeat, it was thought probable that some of it was in
a

bound form.

performed.
f

A

tricb.loroaeetic acid hydrolysis

wa

then

Duplicate portions of irradiated meat were re-

luxed for 25 minutes, one in 15% TCA and the other in

distilled water as a control.

The solid residue was

auction-filtered off and two chloroform extracts made from
this residue.

11 three portion8

the combined chloroform extracts,

(the water-TCA extract,

and the solid residue)

from the TOA-reflu.xed sample were then reacted with the
same amount of TBA reagent and diluted to equal volumes.
Jhen read on the B and L colorimeter at 525 mi,

the ma-

jority of the color was in the TCA-water portion, the next
largest amount in the chloroform extract,

(in about one-

half the concentration of the TCA-water portion), and only
a slight amount in the

solid residue.

When correspond-

ingly treated portions of water-refluxed (control) sample
of meat were reacted with TBA reagent,

the results showed

duplicate amounts of pigment in the water extract

arid

the

chloroform extract, and still an appreciable amount of
color in the solid residue.
Thus is appeared that at least some of the color-

forming compounds were in

a

bound form.

Hot water and

chloroform extractions removed some of these substances,
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but TCA hydrolysis

was

necessary to completely free them

for removal by either solvent.
Since TCA refluxirig liberated most of the color-

producing compounds from meat, it was inferred that the
substances were in

a

Such drastic liberation

bound form.

procedures wore thought to perhaps not be necessary,
To test this, dialysis

however.
was tried.
a

Varin

After blending

a

homoenate

of a moat

portion of meat in water with

blendor, the tissue was further homogenized in a

Potter-Elvehjem homoenizer.

The fibrous material was re-

moved and the homoenate divided into two portions.

against running

portion was dialized from a cellophane ba
cold tap water for 25 hours.

The second portion was

refrigerated to act as a control sample.
was

One

After dialysis

completed, both portions were reacted with equal

amounts of TBA reagent,

diluted to the same volumes with

15% TOA, chilled and filtered clear, and read on the B and
L colorimeter at 525

m.

These readings showed that the

color intensity of the dialized portion was one-half that
of the undialized control portion.

This procedure was re-

peated several times, using dializing times up to 51 1/2
hours, and the dialized sample in each case showed a TBA
color intensity of one-half of the control.

dialysis time used was the 25-hour trial.

The minimum

2].

Thus lt appeared that at least part of the color-

causing compounds in meat were removed by dialysis of a

homogenate.

This possibly means that some of the sub-

stances are loosely bound to permit removal by the mild

processes of dialysi8, water extraction, or chloroform
extraction.
It was

next desired to find out if the color-producing

compounds in meat could be removed from the bulk of the
beef material by steam distillation.

A meat sample which

had been blended in 15% TCA solution in a Waring blendor
was steam distilled at atmospheric pressure.

The dis-

tillate was received into a warm TBA-TCA solution.

After

completion of the distillation, the flask containing the
distillate was heated to 1000 C.
color was noted.

Some TBA

reaont

Only a very faint yellow
was then added to the

residue in the distillation flask and heated to 1000 C.

characteristic deep orange-red color was produced.
resulta

A

These

indicated that the color-producing compounds were

not removed by steam distillation.

Spectral curves of meat-TBA piment solutions
The red color produced by reacting irradiated beef

with TBA reaent showed a maximum absorption at
(see

Fiure

1).

5O

myi

when varying amounts of TBA were reacted

with a constant weight of duplicate meat samples, the
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intensity of the color produoed rises and then remains
fairly constant, exhibiting no peak shifts or other unlyoxal (see Chapter 11).
meat pigment acted spectrophotometrically in a

expected behavior, as does
The

hyde

similar to malonaldehyde-TBA igment. Malonaldealso showed a sole maximum at approximately 530

Vhen

pigments from glyoxal-T]3A, malonaldehyde-TBA, meat-

TBA,

and various mixtures of these vere run on the Beckman

manner

Model

B

spectrophotometer, the curves indicated that the

color-causing

compound was

shapes of the meat-TBA

si-id

similar to malonaldehyde.

The

raalonaldehyde-TBA curvos as

well as the position of their peaks were identical.

When

varying amounts of TBA were reacted with a constant
amount of malonaldehyde, the color produced increased in
intensity and then leveled off. This was similar to the
behavior of meat when reacted with varying amounthof TBA
re aent.
While working with rnalonaldehyde,

it

was

noted that

the products formed from sulfadiazine, a sulfa drug,

(2-sulfanilamidopyrimidine), and TBA reaent save a
spectrophotornotric curve identical to rrialonaldehyde-TBA
(23, p. 21). Since the structures of malonaldehyde and
sulfadiazine are not similar except for one particular
part of the molecules, it was thought possible that sulfadiazine was broken down by hydrolysis during the reaction

24

with TBA reagent to
to malonaldehyde.

,ive

a

tnree-carbon frament similar

To determine if sulfadiazine reacts

the entire structure

with TBA to produce

a

as

red pirnent, or

possibly cleaves in some manner to yield a three-carbon
fragment,

t'ne

fol1owin, procedure was carried out.

Weighed duplicate portions of sulfadiazine powder were

dropped into equal volumes of boiling 15% TCA and permitted
to heat for exact periods

TBA powder was also added,
15 seconds

1oner

might occur.

of time before

The heatin

a

known amount of

was continued for

to permit any color development which

The sulfadiazine heating periods

from 60 minutes

were varied

(in which case a reflux condenser was

utilized) down to i minute, and finally down to 50, 15,
and zero seconds,
TBA

:Jas

added,

plus the 15 second heating period after

At the zero time trial, sulfadiazine and

TBA were added simultaneously;

the

15 second heating

period was sufficient to brins out color devolopmerìt to a

high degree.

These results indicate that if hydrolysis

of the sulfadiazine at the

1-6 and

-4 nitrogen-carbon

bond positions in the pyrimidine moiety does occur, it
must be extremely rapid.

It is also possible

that the

TBA may add onto the entire pyrimidine part of the

molecule, giving a characteristic chromophore group

rather than an actual three-carbon fragment-TBA pigment.
Paper chromatographic data indicate that malonaldehyde-TBA
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and sulfadiazine-TBA pigments migrate at the

with R

values of 0.14 (see Chapter 10).

same rate,

This may indi-

cate that the three-carbon fragment in malonaldehyde is
the same as

the molecule from sulfadiazine which ¿ives

the

red color with TBA, and that fra'mentition does occur upon

sulfadiazine hydrolysis.
Autoclaving of meat samples

Autoclaving of meat samples at 20 p.s.i. and 256e F.
for 10 minutes before reaction with TBA destroys mo8t of
the color-producing compounds.

times, up to 70 minutes,

Increased autoclaving

does not significantly increase

the destruction, the 10 minute period

beinc,

suf.icient.

Duplicate portions of irradiated beef were weighed out
into 90 ml. centrifuge tubes and plugged with cotton.

They were kept frozen before and after autoclaving.

hfter

heating at 100° C. for 10 minutes with TBA reagent, the
solutions were chilled, filtered clear, and observed

visually.

The decrease in color formation over the non-

autoclaved control was readily apparent.

GENERAL INFORMATION ON THE GLYOXAL-TBA REACTION
Effect of pH on glyoxal-TBA reaction
Glyoxal

(1

mole) and TBA (3 moles) were heated for lo

minutes at 1000 C. under varying

pif

conditions.

A

of

pli

12 was obtained by adding NaOli solution to the reaction

flask before heating.
served at this

pif,

No visible color change was ob-

indicating no typical pinient formation.

At pH 7 only a slight amount of pigment was formed.

At a

pH of 2, obtained by adding a 15% TCA solution, an intense
red color was formed in the reaction ve8sel.

Glyoxal-barbituric acid reaction
The reaction product formed by refluxing barbituric

acid with glyoxal in 15% TCA solution for 60 minutes gave
a yellow solution.

It had an absorption peak at 435

on the spectrophotometer.

This was not similar to any-

thing in the ThA reaction with
It was

lyoxal or irradiated beef.

thought possible that a yellow portion of the beef-

TEA oigment was due to barbituric acid impurities in the

TRA reagent, but this was apparently not correct,

yellow pigment in meat absorbs at 450 my.

as the

The yellow

portion of the beef-TBA pigment might have been carbohydrate materials reacting with TBk.

More details of this

aspect will be given in a following chapter.
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Barbituric acid reaction with beef
Barbituric acid refluxed with irradiated meat in 15%
TCA solution for 60 minutes

ave a yellow solution with

an absorption peak at 485-490

This was

barbitu.ric acid-,1yoxal absorption peak.

similar to the

For malonalde-

hyde and barbituric acid, the peak Is at 480-485

Para-aminoacetophenone reaction with ¿lyoxal, malonaldehyde,

and irradiated beef

Para-aminoacetooherione reacts with the same type of

compounds as does TBA.

slurry of irradiated meat in

weights of acid per i weight

10% TCA was prepared, uain
of meat.

To this was added 2 ml. of a 1% solution of

para-aminoacetophenone (in 25% ethanol).
was also added to

This chemical

1yoxal and malonaldehyde solutions.

After 30 minutes at room temperature there was no color
change with meat or glyoxal, but a yellow precipitate

had formed with rnalonaldehyde.
for 20 minutes the meat and

very

1iht yellow

color.

from this experiment.

After heating at l00

lyoxa1 solutions showed a

No conclusions were reached

C.

1I

GLYOXAL-TEA AND

EAT-TBA PIGMENT PURIFICATION

Dialys is
Nhen glyoxal-TBA pigment solution was dializeJ. into

still water, "fre&' glyoxal was detected in the outside
bath, using 2,4-dinitrophenyihydrazine
p.

171).

reagent (6,

This inJicated that there was urireacted glyoxal,

even though an excess of TEA was present, or that the
dialysis broke the glyoxal-TBA bonds.

Vhen dialized into

running water, the pigment dialized out in appreciable
quantities before all excess TBA was removed.

This pro-

cedure was not eftective for removing excess TBA from the

pigment.

Distillation
Aqueous solutions of glyoxal may be distilled and

glyoxal detected in the distillate.

The formation of a

glyoxal-2,4-dinitrophenylhydrazine derivative was used as
evidence for this.

However, distillation of aqueous solu-

tions of glyoxal-TEA pigment, both at atmospheric and re-

duced pressures, gave no glyoxal and no TEA in the diatillate.

This indicated that there was no detectable

free" glyoxal in the pigment, but did not furnish a

purification procedure.

Sublimation
It was found that the pigment from

both meat-TEA and

from glyoxal-TEA reaction could be removed from solution

by adding an excess of TEA to a hot solution
ment.

As the TBA crystallized out,

of'

the pig-

the pigment adsorbed

on the crystals, leaving a practically colorless super-

natant liquid.

It was

thought that perhaps the excess TBk

could be sublimed off from this, leaving the pigment

a

s.s

TBA-free powder.
Vhen sublimation was carried out at atmospheric

pressure, the temperature necessary caused decomposition
before sublimation.

At reduced pressures

(less than 2

min.

Hg), using a sand bath which was in turn heated by a

paraffin bath, good

sub1ation

occurred.

The residue

from both meat-TEA and glyoxal-TBA appeared as a reddish-

brown powder.

hen this was dissolved in

water and ran on the

'&rm

distilled

odel B spectrophotometer, the

curves were identical to "impuret' pigment solutions.

Thus

apparently no major pigment decomposition was brought
about by the sublimation heating.

Ether extraction in a Soxhlet extractor, using pigment
adsorbed on TEA crystals
The TBk crystals with pigment adsorbed onto them

(described above) were extracted from an aluminum oxido
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thimble in a Soxhiet extractor.

After 28 hour8 of ex-

traction with ether, there was still some TBA remaining,
A longer extraction time

the TBA.

mDuld possibly have removed all

This method was abandoned because of the large

amount of TBA which had to be removed.
of TBA was

If a lesser

aount

initially present, the extraction would have

been more rapid.
Ether extraction in a Soxhiet extractor, using pigment
ad8orbed on cellulose powder
This method was similar to the previous one, except

that it was not necessary to add an excess of TBA to re-

move the colored pigment from solution.

The addition of

cellulo8e powder (unbuffered) removed the pigment.

After

drying the cellulose, it was placed in the Soxhiet extractor and extracted with ether.

After 48 hours the pigment

was removed from tae cellulose by hot-water extractions

and filtering.

The solution of the purified pigment was

vacuum distilled to remove the excess water, and then
dried in air and over P205 in vacuo.

This produced a red

powder with at least nost of the free TBA and TCA removed.
Ether extraction of an aqueous pigment solution in a

liquid-liquid extractor
This procedure also permitted minimal amounts of TBA

5l

to be used.

In this, the excess TBA and TUA were removed

directly from the aqueous reaction medium by ether extraction in a liquid-liquid (water-ether) apparatus.

Extrac-

tion for 48 hours appears to remove the impurities.

The

vacuum evaporation and pi,ment drying described above was
carried out on the pigment solution as it came from the
extractor.

Precipitation of ¿lyoxal-TBA pigment using salt solution
and organic solvents
The addition of ethanol, ether, benzene,

chloroform,

acetone,

and carbon tetrachloride organic solvents to

an aqueous solution of glyoxal-TBA pigment caused neither

precipitation of the pigment (even if chilled), nor
preferentially removed the pigment from the water layer
in two-phase

sstem.

The addition of sodium chloride to near-saturation
of the solution appears

to precipitate the pigment.

A

precipitate formed In the bottom of the flask, which when
filtered off and dried, was a red powder

chloride crystals contained in it.

with.

large sodium

No more work was done

on this method.

Pigment purification by ethyl acetate extraction of excess
TBA and glyoxal as their 2,4-DNPII derivatives
The theory behind this purification attempt was as

follows:

First have glyoxal-TBA pigment plus excess TEA
and perhaps excess 6lyoxal in the pigment re-

action flask.
Add 2,4-DNPH reagent and have glyoxal-TBA pigment, TBA-2,4-DNPH product (existence questionable), glyoxal-2,4-DNPH, plus excess 2,4-DNPH

reagent.
Add ethyl acetate and remove all 2,4-DiPH de-

rivatives and excess 2,4-DNPH.
Aqueous layer should contain only ¿lyoxal-TBA

pigment.
Ulyoxal was reacted with TBA for 10 minutes at 1000

C.,

2,4-DNPH reagent was added to the warm solution, the reaction mixture was cooled, and the precipitates formed
were filtered off.

Ethyl acetate was added in several

portions, each time shaking and drawin0 off the layers
with a separatory flask.

After seven extractions the

ethyl acetate layer was no longer orange with 2,4-DNPH.
The water layer was vacuum evaporated to near dryness and

then stored over P205 in vacuo.

Even though the water was

removed, the product was a liquid.

It was

thoght

to be a

solution of the pigment in the sulfuric acid used in the

2,4-DNPH reagent.

ThIs solution was strongly acidic

(about pH 1) when tested with pilydrion paper.

This procedure was discarded because of the uncer-

tainty of the formation of a product between TBA and

2,4-DNPH.

A dark brown solid product apparently was

formed, which was not similar to blyoxal-2,4-DNPH, but
the

identity of this substance was not certain.

It was

questioned because no product could be formed when 2,4DNPII was

added to a warm aqueous solution of TBÁ alone.

These were all purification procedures.

Several

purity criteria were theorized, but only elemental analysis was carried out,

Carbon combustion data obtained by

the persulfate oxidation method

inconsistent results.

(li, p.

1225-1226) showed

This inconsistency was thought to

be due to the analytical method itself.

Further attempts

at carbon, nitrogen and sulfur determinations were not

carried out after it was found that both

lyoxal-TBA and

meat-TBA pigments were composed of more than one form.
The data would thus have no

value.
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GLYOXAL-TBA PIGI1ENT STRUCTURE DETERMINATIONS

2,4-Dlnitrophenylhydrazine method
A

procedure

was

carried out u8lng 2,4-dinitrophenyl-

hydrazine reagent (2,4-DNPH) to attempt to determine the
molar ratlos of TBA to ¿lyoxal in the colored piment.
(This was assuming only one product was formed, an
as8unlption since 8hown to be invalid.) It waa thouht

that

by

8tarting with

an excess of

1yoxa1 and adding

TBA

reagent in increasing amounts, the increased utilization
of the glyoxal by TBA could be followed by precipitation
of the remaining glyoxal with 2,4-DNPkÌ. Thus as a certain
quantity of TEA ia added to react with virtually all of
the ,lyoxal, the absence of free glyoxal could be detected
by the

failure to

product. The
amount of TEA added at this particular point would then
ive some idea as to the number of moles of TBA reacted
per mole of glyoxal. The presence or absence of the
glyoxal-2,4-DNPII derivative could be detected by chromatographing any precipitate formed.
A constant amount of ¿lyoxal (1.0 ml. 0.290% ¿lyoxal)
in 15% trichioroacetic acid was reacted at 1000 C. for 10
minutes with varying VolUme8 of 0.720% TEA. 2,4-DNPH
reagent was then added to the pigment reaction vessels.
The following TEA/glyoxal molar ratios were used: 1:2,
form a

lyoxal-2,4-DNPR

1:1, 1 1/2:1, 2:1, 2 1/2:1,

3:1, 4:1, and 5:1.

After

ö5

adding 2,4-DNPH reagent the precipitates were filtered
off, dissolved in acetone,

and applied to chromatographic

paper.

They were developed with methanol-heptane solvent

(50:50,

lower layer).

sprayed with 5%

After drying the papers were

NaOli to

bring out the color.

The results showed that all

oiht

of the

samples

gave the characteristic blue color of glyoxal2,4-DNPH.
Thus either all the glyoxal did not react with the TBA

(even though the TBA was in excess in most of the solu-

tions), or the 2,4-DNPH reagent reversed the pigment to

liberate 6lyoxal from TBA.

No definite conclusions could

be reached concerning molar ratios of TBA to glyoxal in the

red pigment from this procedure.

Substituted thiobarbituric acid reaction with glyoxal
It was

thought important to determine the probable

reaction site on thiobarbituric acid with the glyoxal

aldehyde groups.
bein,g at the

To check the possibility of the site

methylene carbon position (C-5),

a

5-sub-

stituted thiobarbituate, sodium 5-ethyl-5-(l-methylbutyl)-2-thiobarbituate
with

lyoxal.

("sodium pentothal"),

was reacted

Upon heating of the two compounds in 15%

TCA for periods up to 40 minutes, no color was produced.
This indicated that the substituted TBA effectively

blocked reaction with

1yoxal.

From this, the reaction

site on the TEA molecule appears to be at the C-5 position.
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Fo11oing ¿lyoxal-TBA reaction by ultraviolet analyais
Since it was known that TBA solutions absorb in the

ultraviolet spectral

rance

absorption at around 265
vised to follow the

(18, p.

mj.i,

13),

with a maximum

the fol1owin

method was de-

lyoxa1-TBA pigment formation reaction.

By using a constant amount of ¿,lyoxal and adding TBA in

definite TBA/1yoxal molar ratios,

a

series of solutions

were obtained which were to theoretically contain free TBA

only when all the

Lyoxal was used up.

"starting point" of

TI3A

The presence of the

excess could be determined by a

sudden rise in optical density at the 265

myi

wave length.

By noting the TBA/loxal molar ratio in the particular

solution just before the TBA appeared in excess, the
probable pigment TBA/glyoxal molar ratio could be determined.

Several preliminary procedures were found to be
necessary.

A series of

standard aqueous TBA solutions

were made up and a standard curve of TBA concentrations

versus optical densities constructed.

The Beckman Model

DU apectrophotorneter with ultraviolet attachments was used
for this and subsequent spectral data.

The presence of the

colored pigment was also found to cause erroneous results,
so it was

decided to remove it by adsorption onto cellu-

lose powder.

The cellulose powder was thoroughly washed

with distilled water, and then dried, as it contained
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impuritie$ which absorb In the ultraviolet range.
it was thought possible that TBA might adsorb

Since

onto the

cellulose, the standard TRA solutions were mixed with a
little cellulose, centrifuged clear,

and the supernatant

solution read on the DU spectrophotometer.

The

readins

of both cellulose-treated and untreated TBA solutions were

the same,

within a small

marin

of error, which indicated

that the cellulose had no adsorbing effect on the free TBA
in the solutions.

The actual procedure for following the pigment reac-

tion was as follows:
Using a constant amount of

lyoxal, TBA reagent was

added in the TBA/glyoxal molar ratios of 1:1, 2:1, 3:1,
4:1,

and 5:1 in a series of teat tubes.

These were then

heated at 1000 C. for 10 minutes, cooled, and the color

extracted by adding washed cellulose.

The cellulose was

added in three portions by centrifuging down and pouring
off the supernatant liquid before adding the next cellulose

portion.

The resulting colorless solution was then diluted

with distilled water to a concentration readable on the DU

spectrophotometer, and the optical densities at 265

mp.

and

the dilution factors noted.

The actual concentration of TBA in each of the tubes
was calculated by referring to the standard TBA curve and

considering the dilution factors used.

The recovered TBA

concentrations, when plotted against the TBA/lyoxal molar
ratios used, should show

a

la

period followed by

a

sharp

xtrapolation of the

rise when the TBA excess was reached.

line to the molar ratio axis should show when the pigment

contained the maximum amount of
The plot of TBA recovered

TI3A

per ¿1yoxa1 molecule.

aainst TEA4lyoxal molar

ratios showed a straight lino passing through the origin,

with no inflections apparent.

This

as

contrary to the

expected result, and none of the desired information could
be obtained from it.

The entire procedure was repeated

again, using tubes containing TBA/lyoxal in the molar

ratios of 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1,

and 9:1.

The only other variation in the procedure

addition

was the

of cellulose to the reaction solutions after dilution to

within the ranges readable on the spectrophotometer, and
only one portion of cellulose was necessary.

This was

possible because some idea of the dilution factors neceesary was now known.
A new plot of TBA recovered versus TI3A/0lyoxal molar

ratlos again showed a straight line passing through the
origin.

Thus again no data concerning the composition of

the pigment were obtained.

Although lt has since been found out that several
products are formed in the

1yoxa1-TBA reaction, no
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explanation is available for the apparent utilization of
TBA even at excessive concentrations,
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THIOBARBITURIC ACID PIGMENT CHROMATOGRAPHY
A

good paper chromatograuhic system was thought to be

necessary for identifying the various TBA piments in
irradiated beef. Thu8 far it was not certain that there
was more than one pigment produced by reacting meat with

reagent.
Aqueous solutions of pigment ssmples from various
irradiated beef samples, glyoxal, and. malonaldehyde were
prepared and used to test soveral solvent systems. After
the

many

TBA

trials

factorily.

a system was found which worked

This was p-dioxane-water (95:5).

fairly satisThis solvent

is extremely temperature-dependent, however. By running
the chromatogranis at temperatures of 200 C. or less the
movement of the pigments was aided. As the rod pigment
movement was still not as good as desired, a series of
experiments was tried in order to study the effect of
buffering the chromatographic paper. Pieces of ?Jhatman
#1 chromatographic paper, 8 1/2" by il", were "painted"
in crosswise strips with borate buffers (17, p. 24-25) of
varying pli values. The first few papers were saturated
with buffer varying from strongly acidic to strongly
basic. These showed the beat pff to be in the 8 to 9
range. The next set of papers were buffered in small
increments around these pH values, and it was found the
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best pigment movement occurred at a pH of 8.7.
According to the chromatographic data uain

dioxane-water

the

o1vent system, the positiona on the paper

of :ia1ona1dehyde,

lyoxa1, and beef-TEA pigments are

practically the same.

Also, no separation of the possible

components of the meat piments was obtained.

Since all

three spots moved the same aìiount, no conclusions could
be reached concerning the identity of the

irradiated beef.

piments in

The search for a better solvent system

was then renewed.
A solvent system was

excellent (6, p. 207).

sujosted which proved

This was made up

of'

to be

phenol, iso-

propanol, formic acid and water (30:10:10:100 by weight;
let stand for 24 hours and use upper layer that forms).

Usina

hatman #1 paper buffered with borate at

pli

8.7 and

descending chromatograms, ¿ood movement was obtained on
all three types of pigment.

This showed the TBA pigments

from irradiated beef to be from malonaldehyde and glyoxal.
Good separation of the two compounds in meat was obtained,
and they corresponded to known samples of malonaldehyde-

TBA and glyoxal-TBÁ.

Average R

values from seven paper

chromatograms of the meat pigments and pigments from the

glyoxal and rnalonaldehyde standards are as follows:
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Meat-TBA (spot 1)
Meat-TBA (spot #2)
Malonaldehyde-TBA
Glyoxal-TBA (spot #1)

0.13
0.25
0.14
0.24
0.45

(spot #2)

Glyoxal-Ti3A

Rf

R
Rf
Rf
R

It will be noticed that ¿lyoxal-TBA pigment

two forms ¿ivin

a red color,

is

composed

and only one of these forris

was found in irradiated beef-TBA,

"then

these same chroma-

tographic spots were eluted from the paper with hot water
and run on the Beckman :.ode1 DU spectrophotome ter, the

raximum optical densities occurred as follows:
eat-TBA (spot #1)
Meat-TBA (spot #2)
Malonaldehyde-TBA
Glyoxal-TBA (spot #1)
Glyoxal-TBA (spot #2)

532
550
532
550
520

mp
mi

mp
mi
m»

Thus it appeared that the compounds produced by

irradiating beef and reacting this meat with TBA reagent
were malonaldehyde-TBA and

samples of meat varyin

1yoxa1-TBA pigments.

When

from zero through 2, 4, 8, 12, 16,

and 20 megarep irradiation dosages were reacted with TBA
and chromatograohed,

the increasing amounts of color-

producing compounds could readily be seen.

The control

sample of beef (non-irradiated) contained practically no

malonaldehyde and glyoxal piments, while the irradiated
samples produced more and more piment as

dosae level increased.

The two

the ¿amma-ray

piments also appeared

to increase in concentration both at

the same rate.
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On the basis of extinction coefficients for

TBA and malonaldehyde-TÌ3A pigments

lyoxal-

and optical density

readings, the irradiated beef appeared to contain considerably more

lyoxal tnan malonaldehyde.

Other than this con-

clusion, no more work on obtaining information as to actual

quantities, etc., was attempted.
1ore

information on the two pigment forms of e,lyoxal-

TBA will be given in the following chapter.
Larrer quantities of TBA pigments

ria

be chromato-

'raphed by usine, column chromatograms packed .ith cellu-

lose.

These columns were packed wet, using borate buffer

at ph 8.7, and slowly dried in an oven set at about

until thorouh1y dry.

40°

o.

The same solvent system of phenol-

isopropanol-formic acid-water was used, end the separation
was

aain

excellent.
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S PEG TROPHOTOMETRIC

APPROACH

TO GLYOXAL-TBA REACTION

During the course of the work on studying the piments
formed from irradiated beef and TBA, one particular phenomenon with the

lyoxal standard

vau noted.

Thi8 wa

the be-

havior of ¿lyoxal when reacted with varying molar quantithen a con8tant amount of 0lyoxal was

ties of TBA reagent.

reacted with quantities of TEA to cive TBA/0lyoxal molar
ratios of from 1/lo to 16 and greater, not only did the

products vary, but their relative amounts varied in

a

A sample experiment from the many

well-defined pattern.

carried out will illustrate this.
1yoxal solution was used and

A constant amount of

TBA

reaent added

in irìcreasin

suar

25 ml. Folin-Wu blood

amounts in a series of

tubes.

TBA/glyoxal varied from 1/lo to 1'.

The molar ratios of

All tubes were

brought up to equal volumes with 15% TCA, heated at l000 c.
for 20 minutes end then cooled,
these solutions over

with the

1odel

}3

a

rane

The spectral curves of

of 500 to 560

spectrophotometer.

mji

were obtained

These curves were then

plotted as optical density versus wave 1en,th.

showed
550 my.

to

peaks, one at 515-520 m

From these new

These

and the other at 545-

raphs were constructed, with

optical densities at 520 my aainst TBA/;lyoxal

o1ar

ratios added and optical densities at 545 my against
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TBA/lyoxal ratios being plotted.
This second type

raph showed the behavior of the two

red piment forms, but this behavior appeared to change
After seven such experi-

from experiment to experiment.

ments had been performed, the data were analyzed to see if
a

pattern had developed.

With occasional variations, the

data appeared to follow a1on

certain lines.

A composite

graph of these data was constructed (Fiure 2) usine
points most frequently occurring.
The composite curves of the two red

piment forms

the ¿lyoxal-TBA reaction show the followiri:

curve falls behind the 520

ratio of zero to

1.

mp.

The 545

in
mp.

curve from a TBA/glyoxal

At 1, the 545

plot rises rapidly,

reaching its maximum optical density at a ratio of 2.
This curve then rapidly falls,

and is almost extinuished

at TBA/,1yoxal ratios of 12 and ¿reater.

The 520

my

plot

rises from zero optical density to its maximum at a TEA!

¿lyoxal ratio of from 4 to 6, with

5

taken as the mode.

This maximum is about equal to that attained by the 545

peak at its maximum.

s1ihtly

as

The 520

more TEA is added.

mp.

curve decreases only
The two curves are at

equal heihts, and intersect, at a TEA/lyoxal ratio of 4.
The cause of this behavior of the

ments is not clear.

dude

the

lyoxal-TBA pig-

An explanation would probably in-

supestion that there are several products

/

\\/ / /

I
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Figure 2.

Copoeite Graphs of the Two

Pisnt

Foras in the Glyox.1-TBA Reaction.
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formed in the

1yoxa1-TBk reaction, only two of which are

red in color.

It appears

that the 520 mi peak compound

formed and remains esentia11y the
periment.

The 545

m)

sanie

throughout the ex-

peak substance, however, is formed

but is possibly broken down as more TBA
a new compound.

i

i

added, to yield

This postulated compound does not absorb

in the red portion of the spectrum.

Then the two red pis-

ment forms are separated chromatographically, and

Lriore

TBA

added to their respective containers and heated, the 520
form decreased only slightly in color intensity, while the
545

mji

form lost all of its pink color.

pale yellow.

It became a very

These observations were in accord with the

data shown in the composite curve graphs.

Also in accord-

ance with these observations was the fact that a yellow

spot was detected upon chromatographing glyoxal-TBA pig-

ment.

This spot, with an Rf value of approximately 0.58,

is probably a third product

of the

lyoxal-TBA reaction.

The structures of these various forms of the 0lyoxal-

TBA pigments
is

are not known.

The only explanation offered

that varying numbers of TBA molecules add per glyoxal

molecule.

Landucci et al. (26, p. 857-865) discuss the

formation of several theoretical products between ¿lyoxal
and TBA, and their probable spectral maxima.

DISCUSS ION
There are several probable oriØ.ns of the two aidehydea produced in irradiated beef.

could

Malonaldehyde

originate from the oxidative cleavage of the multiple-

unsaturated fatty acids linoleic and linolenic acid.
These are the fatty acids containing more than one double

bond which are most commonly found in mammalian biochemistry.
type,

There are other less common fatty acids of this

such as arachidonic acid, which might also be

cleaved to form the necessary three-carbon fragment.

Glyoxal could also be formed from fatty acids.

A

well-known metabolic sequence involving fatty acide
("beta-oxidation") liberates two-carbon units.
similar to this would provide the necessary

A process

lyoxal car-

bons; irradiation-induced oxidation could then form the

carbonyl end

roups.

ia1onaldehyde and 3lyoxal might

possibly also arise from proteinaceous or carbohydrate
precursors.

Irradiation-induced fragmentation of certain

amino acids (i.e., serine, which is known to ¿ive

glycerol and

.,

lyoxal),

1ycerol derivatives, and metabolic carbohy-

drates such as the auars could produce the required twoand three-carbon dialdehydes.
The different relative amounts of malonaldehyde and

glyoxal formed indicates that the production of two-carbon
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units predominates under these eondition8 of sample irradiation.

This might be due to a ¿reater quantity of gly-

oxal precuror

available in the meat:

although both

aldehydes may arise from protein or carbohydrate materials,

beta-oxidation of fatty acids vould be expected to produce
more fragments than oxidative cleavage of just linolenic
and linoleic acid-type unsaturated fatty acids.

Irradiation-induced oxidative cleavage also ::ight be
expected to produce more or different products than airoxidation (rancidity) in food products.
The identification of malonaldehyde

and glyoxal as

acid might

the red color-producers with thiobarbituric

seem to substantiate the previous observation of Cain
i'
test

(9,

p.

537-540), where no correlation between TBA
This is based

nd off-flavors, off-odors was found.

on the premise that these particular dialdehydes do not

by themselves have disagreeable odors or tastes.

in

important consideration, however, is the fact that taste
panel8 cannot detect off-flavors

(as

related to irradiation

dosage) on a linear basis, whereas TBA color intensities
do vary linearly with irradiation levels.

lation between taste and TBA color

Thus no corre-

u1d be apparent, even

though TBA pigment formation may indeed be
the disagreeable products of irradiation.

a

measure of
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S

UARY

Two substances, formed upon irradiating
were found to

acid test.
¿lyoxal.

round beef,

ive the red color in the thiobarbituric

These were the dialdehydes malonaldehyde

and

Identification was based on paper chromato-

graphic and spectrophotornetric data.
These compounds, while preferentially water soluble,

may be removed from raet samples by water, chloroform, or

Acid hydrolysis of the

alcohol-ether solvent extractions,
meat permits more complete removal.

piments may be

The aldehyde-thiobarbituric acid

purified by ether extraction usin

Soxhiet or liquid-

liquid extractors.
Pigment structure determinations were not succes5ful.
Reaction of each aldehyde ¿roup occurs at the C-5 position
of thiobarbituric acid.

Multiple products were found in
system.

a

¿lyoxal-TBA model

Two red pigment products from the

lyoxal-

thiobarbituric acid reaction were detected and studied.
Only one of these types corresponds to the glyoxal pigment

formed from irradiated beef and thiobarbit iric acid.
There is apparently more ¿lyoxal than malonaldehyde

formed in irradiated beef.
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