
•-i

TECHNICAL REPORT 

FD-32

STUDIES OF BEEF
IRRADIATION FLAVOR USING A CONCURRENT 

RADIATION-DISTILLATION TECHNIOUE

CLEARINOHOUse

rs'C
L.

r/f

DC
by

E. L. WICK
1 DEC 21 1965 j
UlbLJLbiU 1/ wU

OOCriBA £

Division of Sponsorod Rosoorch 
MASSACHUSETTS INSTITUTE of TECHNOLOGY 

Combridgo, Mossochusotts

Contract No. DA 19-129-AMC-99(N)

December 1965

U. S. Army Motoriol Command

U. S. ARMY NATICK LABORATORIES
Natick, Massachusetts

ili.ll'iiiiij

t
(

Is

O
cr



AD 

TECHNICAL REPORT 
FD-32 

STUDIES OF BEEF IRRADIATION FLAVOR USING 
A CONCURRENT RADIATION-DISTILLATION TECHNIQUE 

by 

E. L. Wick 

Division of Sponsored Research 
Massachusetts Ini citute of Technology 

Cambridge, Massachusetts 02139 

Contract No. DA19-129-AMC-99(N) 

Project reference: 
7-84-01-002 December 1965 

U. S. Army Materiel Command 
U. S. ARMY NATICK LABORATORIES 

Natick, Massachusetts 01762 



I -

rOKIWORD

P eser aClon of Mat fooda V lo alnfc radiation successful!’ 
atariI'zas ha products and (reyenta r.o iul spoilage d rl " prolonged 
stora. a. A unwantad rasult >la .ea m. t la tha ^ lOJue ton of a 
eharaccarlstic off>flavor which raducec t la accaptance of tha <resarvad 
Mat. Identification of tha eoaponants of i his off-fiavor is 'tacessar/ 
for an m .dei s ending of tha Mchan^sa uf M elr product'o. a d for tha 
davelopnant of tachnlquaa to aiti ^ata a u wantad off-flavor.

T'a vior'.'. covarad In thla repor . erfOi-Md by t a Dlv aion of 
Spo-sored Rasaare , Massachusatts Inat >. e of Tachno' g undar 
Contrao M'. DA -9-129-AMC-87(N), rapre le.' s tha conciudin, ; .ases of 
ar ^nte j.va ud of tha contrl ution ^ olatlla craq>cna <ts ro tha
Irradla .. 
Invaa a.

o: - <lor In Irradlatad, anr 
r ;i P-ofaasor I.L. W c>.

•me Inactiva ad baef

T.t U. S. Arm Natick Laborator as P.ojact Off car '.;a A.S. Hanlek 
and thtt A ar at Projact Offlcar was J.C. Kapsal'S, oc.: of Pooa 
Chainl.; ; f a c P od Dlvis on.

APPROVED:

EDUARD S. JOSBPHSON, Pb.D.
Asaoclata Dlree or for Food Rad atIon 
Food D vision

FERDINAND P. ICHRLICH, P ..0. 
Dlractor, Fbod DiVis..on

DAIX H. SIELINC Ph.D. 
Sclantlfle Dl.ac’Ot

W. V. Vaughan 
Brigadlar Ganaral, USA 
Cosaandlng

I



CONTENTS' 

I. Summary 

II. Introduction 

III. Experimental Procedures and Results 

a. Enzyme Inactivation and Irradiation 

b. Preparation and Investigation of Beef Odor 

Distillates 

c. Separation of Odor Concentrates and Examination 

of Resulting Fractions 

d. Estimation of Yields and the Quantitative 

Composition of Odor Concentrates 

e. Sensory Estimation of Components Indispensable 

to Irradiation Off-Odor 

IV. Discussion 

iii 

"W 



LIST OP TABLES 

Page 

I. Carbon Content of Distillates and Yield of 25 
Odor Concentrates 

II. Comparison of Composition of Odor Concentrates 26 
(Distillates) Prom Non-Irradiated and Irradiated 
Beef 

III. Comparison of Composition of Odor Concentrates 
(Traps) Prom Non-Irradiated and Irradiated Beef 28 

IV. Comparison of the Average Composition of Total 30 
Odor Concentrates from Non-Irradiated and 
Irradiated Beef 

V. Relative Proportions of Possible Indispensable 32 
Off-Odor Components in Non-Irradiated and 
Irradiated Beef (from Table IV) 

VI. Rough Estimation of Detector Response to Certain °,3 
Beef Components 

Vila. Results of Observations of Degrees of Difference in 34 
Irradiation Odor 

Vllb. Results of Observations of Degrees of Difference in 5 
Irradiation Odor 

VIII. Results of Observations of Degrees of Difference in °,6 
Sensory Effect: Methional in Enzyme-Inactivated 
Beef Slurry 

IX. Results of Observations of Degrees of Difference in 37 
Sensory Effect: Phenylacetaldehyde in Enzyme- 
Inactivated Beef Slurry 

X. Results of Observations of Degrees of Difference iu 3g 
Sensory Effect: n-Nonanal in Enzyme-Inactivated 
Beef Slurry 

iv 



LIST CF FIGURES 

I. Temperature programmed separation of isolates fr 
non-irradiated and irradiated beef on a 207. Carbowax 
20 M column. 

II. Temperature Programmed Separation of Isolates from 
Non-irradiated and Irradiated Beef on a 20% Carbowax 
20M Column 

III. Odor Difference Evaluation 



ABSTRACT 

Progress in the identification of beef components indispensable 
to the production of irradiation off-flavor is described. Evidence 
is presented that methionali ii-nonanal} and phenylacetaldehyde are 
the major indispensable components. 



INTRODUCTION 

The goal of this research was to establish the contribution 

to irradiation off-odor of the volatile components of irradiated 

enzyme-inactivated beef. This was accomplished by 1) estimation 

of the quantitative composition of irradiated and non-irradiated 

beef odor concentrates^2) selection of those constituents which 

are major contributors to off-odor, 3) recombination of these 

constituents in enzyme-inactivated non-irradiated beef slurries, 

and 4) sensory comparison of the resulting synthetic "irradiated 

samples" with freshly irradiated beef slurries. 

Concurrently with the above activities work was continued 

on the identification of the remaining unknown volatile 

constituents. 

EXPERIMENTAL PROCEDURES AND RESULTS 

Enzyme inactivation and irradiation. Approximately 15-lb 

batches of ground raw lean beef were vacuum packed in sardine 

cans and enzyme-inactivated (Chiambalero et, al^., 1959) by 

bringing the beef to an internal temperature of 175°F for 9 min. 

Irradiation of canned enzyme-inactivated beef at 5 megarad 

was either carried out in the MIT cobalt-60 source or concurrent 

radiation-distillation at 5 megarad was carried out by procedures 

previously described (Wick et al_., 1961). 
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Preparation and investigation of beef odor distillates. 

Aqueous slurries (8 liters) of very finely ground lean beef 

(1 part beef to 3 parts distilled water) were circulated through 

an irradiation chamber beneath the electron tube of a 1 Mev 

GE Resonant Transformer, to a flash evaporator for the removal 

of volatile components, and back through the irradiation 

chamber. In this manner slurries which contained from 10 to 

15 lb (4.5 to 6.8 kg) of beef were irradiated at 5 megarad doses, 

and at almost the same time volatile components were distilled 

from the slurry at pressures of about 25 mm Hg. The average 

temperature of the circulating mixture was 32-36°C, and the rate 

of distillation was approximately 6 liters per hour. When 

radiation was carried out prior to distillation, cans of 

enzyme-inactivated beef were subjected to 5 megarad in the 

MIT cobalt-60 source. They were then opened either immediately 

or after six months storage at ambient temperature , the beef 

was slurried, and the distillation carried out as previously 

described (Wick et ¿1., 1963 and 1965). Non-irradiated beef 

slurries were processed in exactly the same manner as were 

periodic "blank" distillations of distilled water to allow 

detection of contaminants or artifacts contributed by the 

distillation apparatus. 

The oxidizable carbon content of aliquots of the total 
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aqueous distillates (approximately 8 liters) was determined 

(Gertner et^ al_., 1954). The distillates were saturated with 

sodium chloride and extracted with diethyl ether (2.9 volumes 

of distillate to 1 volume of ether). The ether extracts were 

dried over anhydrous sodium sulfate and then concentrated by 

careful distillation to the minimum practical volume (about 

1 ml). The yields of the resulting odor concentrates on an 

ether-free basis were estimated gas chromatographically. 

These yields and the oxidizable carbon content of the aqueous 

distillates from which they were derived are summarized in 

Table I. 

Informal odor evaluation of the odor concentrates and 

distillates from freshly irradiated beef confirmed that they 

exhibited typical irradiation off-odor. The same fractions 

from six-month stored irradiated beef were bland in odor. 

Analogous non-irradiated beef fractions had typical bland 

meatlike odors. 

The odor concentrates were stored at 0°C in the dark and 

in ether solution for periods of 3 to 4 weeks without 

deterioration (as judged by gas chromatographic analysis 

under standard conditions (see below))• 

Gas chromatographic separation of odor concentrates and 

examination of the resulting fractions. Separation of odor 
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concentrates was carried out on two instruments. One apparatus 

was constructed in this laboratory. The detector was a thermal 

conductivity cell employing a matched pair of 100,000 ohm 

thermistors (type A-177, Victory Engineering Corp., Union, 

N. J.). It was operated at 12 ma. bridge current and maintained 

at 202®C. The chromatograms shown in Figures 1 and 2 were 

obtained with this instrument. 

The other apparatus was an* F & M Model 1609 Gas 

Chromatograph fitted with a flame ionization detector and 

fraction delivery line. Use of this instrument made possible 

detection of minor components not previously found as well 

as collection of individual fractions. Chromatograms thus 

obtained showed the presence of a total of 50 to 60 components 

instead of the 25 to 35 detected with the less sensitive instrument. 

The additional compounds were eluted after the peaks shown 

in Figures 1 and 2. 

Preparative separations of 40- or 50- jul samples were 

obtained on a 2-meter, 4-mm, i.d., stainless steel column 

packed with 20% Carbowax 20 M on Chromosorb P (60-65 mesh). 

The column was programmed from approximately 70 to 196°C at 

rates of 1 degree or 2.4 degrees per min. 

Fractions were trapped at the detector outlet in glass 

U-tubes chilled in liquid nitrogen. The tubes were sealed 

and stored in a freezer until further investigations could be 

T 

made 
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Infrared spectra of individual fractions were determined 

by means of a Beckman IR-5 spectrophotometer equipped with a 

5X KBr lens-type beam condenser. Fractions were transferred 

to a type D sodium chloride cavity cell (Connecticut Instrument 

Co., Wilton, Conn.) of nominal path length 0.05 mm. When 

quantities permitted, pure liquid as well as carbon tetrachloride 

solution spectra were obtained. Infrared spectra of selected 

reference compounds were obtained from samples which had been 

purified by chromatography. Based on the identity of infrared 

spectra and retention data with those of authentic reference 

compounds, the identifications listed in Tables II, III, & IV 

were made. 

To obtain information about minor components not detectable 

in the infrared spectra and «-bout components which remained 

unknown in May 1964 (peaks 10,11,13,15,23,25, and 27 in Figure 

lb and peaks 2,3,22, and 23 in Figure 2b) mass spectra were 

obtained as components of beef odor concentrates were eluted 

from a 10 foot, 1/8 inch 5% Carbowax 20M column programmed 

from 20 to 160°C at l°/minute. This work was made possible 

through the kindness of Dr. Charles Merritt, Analytical 

Laboratory, U. S. Army Natick Laboratories. Professor 

Phillip Issenberg of the M.I.T. Department of Nutrition & 

Food Science carried out the mass spectrometric analyses on 
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a modified Model 14 Bendix Time-of-Flight mass spectrometer. 

Electron onergy was set at 70 ev and spectra were scanned 

from m/e 14 to 200 in 6 seconds. Mass spectra of the following 

authentic reference compounds were obtained in the same manner: 

n-alcohols (C2 - Cg)# iso-alcohols (C^-C^), acetoin, diacetyl# 

methional, benzaldehyde, phenylacetaldehyde, C-j-Cg, Cj^ 2-ketones, 

and C4, C7-C21 n-aidehydes. 

Interpretation of spectra of irradiated beef components 

and comparison with known spectra resulted in confirmation of 

the presence of all substances listed in Tables II, III, and 

IV, and, in addition, showed the presence of n-tetradecane, 

1-tetradecene, ¡^-pentadecane, 1-pentadecene, n-hexadecane, 

1-hexadecene, methional and phenylacetaldehyde among fractions 

shown in Figure 2b in the Traps isolate. Because of sensory 

evidence (described below) that no significant contribution to 

irradiation odor was made by substances eluted after those 

shown in Figures 1 and 2 or by the several fractions still 

remaining unknown, further mass spectral analyses were not 

carried out. 

Estimation of Yields and the Quantitative Composition 

of Odor Concentrates. 

All preparations of odor concentrates from both irradiated 

and non-irradiated beef, carried out since the beginning of 

the research project have been reviewed. All those which 
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could be compared on a fair analytical basis have been evaluated 

and their results summarized in this report. A summary of the 

yields of odor concentrates obtained from non-irradiated 

beef, from beef subjected to concurrent radiation-distillation, 

to irradiation prior to distillation, and to distillation after 

6 months storage at ambient temperature, is presented in 

Table I. Review of these data shows that the quantity of beef 

processed in any single batch varied from 5 to about 14 kg 

(11-31 lb.). Odor concentrates from non-irradiated beef were 

isolated in yields ranging from 25.1 to 36.4 ppm. Radiation 

prior to distillation gave odor concentrates in quantities 

averaging 36.2 + 12.8 ppm. Odor concentrates from concurrent 

radiation-distillation averaged 43.3 + 7.8 ppm in yield. 

In all cases concentrates from irradiated beef strongly 

exhibited typical irradiation off-odor while concentrates from 

non-irradiated beef had normal beef odor. A significantly 

smaller yield (9.7 + 0.2 ppm) of odor concentrate was obtained 

from irradiated beef that had been stored 6 months at ambient 

temperature. 

Variations in the yields isolated are believed to result 

from experimental difficulties inherent in measuring, on the 

one hand, kilograms and liters of materials and, on the other 

hand, very small volumes of volatile ether solutions. 
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The quantitative composition of odor concentrates has 

been estimated from chromatograms analogous to and including 

those shown in Figures 1 and 2. An assumption was made that 

all important components had been eluted from the column. 

This was justified by the fact that when all the fractions 

shown on irradiated beef chromatograms were collected in a 

single trap, the trap exhibited irradiation off-odor. Based 

on this same observation it was concluded that the 25 components 

eluted aftet the last fractions shown in Figures 1 and 2, and 
only detected on chromatograms obtained with a flame ionization 

detector, did not contribute significantly to irradiation 

off-odor. Thus only components in chromatograms like those in 

Figures 1 & 2 determined by thermal conductivity detection 

were investigated intensively. 

Based on the method of internal normalization of peak areas, 

the percentage composition (less the diethyl ether solvent 

shown as the initial very large component in the Figures) of odor 

concentrates is given in Tables II and III. These tables 

contain the average composition (with standard deviations) of 

samples of odor isolates from individual preparations as 

well as from different preparations of the same type, i.e., 

concurrent or non-concurrent procedures. All preparations 

carried out since the research began, and which can be 

comparea on a fair analytical basis (same gas chromatographic 
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detector, column and conditions) are included. Tables II 

and III supercede and replace all previous tables since they 

include all available data rather than only a portion. Both 

the complete and incomplete data, however, point to the same 

conclusions. 

Table II shows the average composition of non-irradiated 

and irradiated distillate odor concentrates (similar to those 

shown in Figure 1). The non-irradiated concentrate is 

noteworthy in that 40.14 +, 2.11% is accounted for by acetoin 

and n-octanal. n-Hexanal (13.30 + 0.61% is the next largest 

component followed by benzene (9.70 + 0.55%), n-pentanol 

(7.68 + 0. 10%) and n-heptanol (7.02 + 0.14%). The remaining 

approximately 22% is distributed among 18 components. 

Comparison of the composition of irradiated distillate 

concentrates obtained by non-concurrent and concurrent 

procedures is of interest. Very striking quantitative 

differences in composition exist in spite of the fact that both 

exhibited typical irradiation odor. For example, concurrent 

radiation-distillation resulted in methional being the largest 

component (29.89 + 0.33%). n-Nonanal was next largest (11.81 + 

0.02%) and a mixture of n-octanal and acetoin was next with 

10.84 + 1.43%. The non-concurrent procedure gave a concentrate 

in which acetoin and n-octanal accounted for the greatest 

proportion (27.25 ± 3.85%). It differed primarily fr0m a 

y 
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non-irradiated concentrate in the large amount (23.79 - 2.94%) 

of methional and the relatively decreased proportion of n-hexanal 

(1.94 - 0.57%), n-octanal and acetoin present. A relatively 

smaller total percent of n-alkanals (24.50%) was present in 

non-concurrent concentrates—in contrast to the amount (36.05%) 

in concurrent radiation-distillation produced isolates. 

Review of Table III containing the average composition 

of non-irradiated and irradiated odor concentrates derived 

from the dry ice-ethanol cooled traps (separated in the manner 

shown in Figure 2) points out additional gross compositional 

differences. A large proportion (51.84%) of the non-irradiated 

isolate is accounted for by n-hexanal (32.42 Í 0.93%) and 2- 

butanol (19.42 ± 1.96%). The isolate from concurrent radiation- 

distillation contains roughly 76% ji-alkanals and 6% hydrocarbons. 

In sharp contrast the non-concurrently irradiated isolate 

contains only about 21% alkanals and 48% hydrocarbons. Both 

isolates contain methional. 

A rough estimation of the composition of total volatile 

organic substances (Traps plus Distillate) in odor concentrates 

from the various meat preparations was obtained by combining 

the data already presented in Tables II and III. Results of 

the summation of these data are given in Table IV. They 

represent the best available estimation of the composition of 

the total volatile odor concentrates from each processing 

method studied. 
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The non-irradiated isolates contained about equal amounts 

of rv-hexanal (22.86%) and the mixture of n-octanal and 

acetoin (22.90%). Alcohols accounted for 32.25%. The irradiated 

isolates were similar in that they contained about the same 

proportion of methional, but differed greatly in overall composition. 

The concurrently irradiated and distilled concentrates contained 

55.24% aldehydes, 16.58% alcohols, and 3.67% hydrocarbons. The 

non-concurrent isolates, on the other hand, contained 23.36% 

aldehydes, 18.30% alcohols, and 24.04% hydrocarbons. 

Sensory Estimation Of Components Indispensable To Irradiation 

Off-Odor 

Selection of indispensable components was aided by the 

observation that when the substances listed within brackets in 

Table IV (representing all fractions eluted after n-heptanal) 

were collected together in a single trap, the trap exhibited 

irradiation off-odor. This was particularly true when samples 

of "Distillate" isolate were separated, though weak off-odor 

wes recognized when "Traps" isolates were examined. An arbitrary 

decision was thus made to consider as potential indispensable 

components only those compounds present in irradiated "Distillates" 

eluted after n-heptanal. This automatically eliminated hydrocarbons 

from consideration, though they were recognized as products of 

the irradiation process. Substances remaining for consideration 
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are shown in Table V in percentages found in the various 

beef isolates and in proportions calculated relative to 

phenylacetaldehyde. Validity of the relative quantities was 

checked by rough determination of gas chromatographic detector 

response to the compounds shown in Table VI. No differences 

great enough to greatly affect the composition of the odor 

concentrates, or of any synthetic mixtures, in any practical 

way, vere noted. 

Synthetic mixtures of irradiated beef components, based on 

the relátive quantities given in Table V, were prepared by 

adding appropriate volumes of dilute aqueous ethanolic (5%) 

stock solutions of each compound to 100 g of enzyme-inactivated 

ground beef slurried in 75 ml water. Stock solutions containing 

238 ppm were prepared by dissolving the gas chromatographically 

purified compound (13 mg ) in ethanol (3.7 ml ) and adding 51.7 ml 

of distilled water. They were kept in dropping bottles so that 

synthetic mixtures could easily be made based on the relative 

quantities shown in Table V. This method for preparing 

"synthetic" irradiated beef slurries was suggested by the 

director of flavor development of an industrial concern who 

indicated that in dilute solution reactions such as acetal 

formation or instability of individual compounds did not 

generally occur. 
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The odor of the resulting "synthetic" irradiated beef 

slurries was compared with an equal quantity of freshly 

irradiated and slurried beef. Comparisons were made 

informally by persons experienced in sensory evaluation 

and familiar with irradiation off-odor. It became 

obvious almost immediately that some of the compounds in 

Table V made little or no contribution to irradiation odor, 

while others affected it very greatly. Trial and error 

mixing of compounds and concurrent odor evaluation led 

to the opinion that when added to a slurry of 100 g of 

enzyme-inactivated beef in 75 ml distilled water, the 

following mixture caused very close approximation of 

irradiation off-odor. 

Relative Amount 

Methional 3.0 ppm 20 

ry-Nonanal 30 ppm 2 

Phenylacetaldehyde 15 ppm 1 
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Since the enzyme-inactivated beef used as substrate 

contributes volatile components of non-irradiated beef 

(see Table IV)»the three substances added are not completely 

responsible for the resulting odor. They are, however, 

believed to be the most important contributors, since even 

when added to water a good representation of irradiation odor 

is obtained. The quantities necessary in aqueous solution 

were 

Relative Amount 

5.0 ppm Methional 20 

.5 ppm ji-Nonanal 2 

.25 ppm Phénylacétaldéhyde 1 

In both beef slurries and aqueous solutions the relative 

proportion of added components was methional (20)s ji-nonanal 

(2): phenylacetaldehyde (1). Reference back to experimentally 

determined relative quantities shown in Table V indicates that 

the non-concurrently processed isolate resembled the synthetic 

mixtures, i.e., methional (14.8)t ji-nonanal (2.8): 

phenylacetaldehyde(1). The concurrent isolate was very different: 

methional (44.7): n-nonanal (72.9): phenylacetaldehyde(1) . 
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Statistical evaluation of the degree to which the "synthetic" 

sample (prepared by addition of the above three compounds to 

non-irradiated enzyme-inactivated beef) differed from enzyme- 

inactivated irradiated beef, was determined based on a 

multiple comparison procedure using a reference sample 

(Maloney et, al^., 1957). Using the score sheet given in Figure 

3 panel members evaluated the odor quality of a standard sample (s) 

and two coded samples (one of which was identical with the 

standard) and indicated the degree of difference noted. Two 

sets of1samples were tested in a single session. One had 

irradiated beef slurry as the standard sample (Set I, Table Vila). 

The other had a "synthetic" irradiated slurry as standard (Set 

II, Table Vllb). Panelists were allowed to take as long as 

they wished and to re-evaluate samples if they so desired. 

Samples (10 g) were presented in glass-stoppered bottles 

(1 oz ) covered with aluminum foil so that appearance did not 

affect the evaluations. 

A total of 44 persons ranging in age from 17 to 43/ all 

students or staff in the Department of Nutrition & Food Science, 

initially participated in the sensory evaluations. As months 

passed the number dwindled to a group of 17 experienced persons 

who could be relied upon to make daily evaluations. 

Results of evaluations of "synthetic" vs. irradiated samples 



-16- 

are given in Tables Vila & Vllb. Review of these data show 

that even though sample S* in each set was the same as the 

standard reference sample, panel members thought it differed to 

a slight degree in odor quality since the means of all scores 

for S' were 1.61 (Set I) and 1.74 (Set II). Observations 

of the two samples in each set were therefore paired and the 

differences between means for each ^udge were determined. The 

hypothesis that no difference existed within each pair, i.e., 

that there was no difference between samples, was then evaluated 

using a t-test for correlated pairs. As shown in Tables 

Vila & VIlb this hypothesis had to be rejected for both sets. 

Â significant difference did exist in both cases. However, the 

degree of these differences (d«=1.51 in Set I; d«=1.97 in Set II) 

was described by the panel to be less than slight. It was 

therefore concluded that major responsibility for the production 

of irradiation odor in enzyme-inactivated beef slurries could be 

assigned to the presence of methional, ¡i-nonanal, and 

phenylacetaldehyde. 

Statistical evaluation of the threshold of significant 

effect of each of these three compounds in enzyme-inactivated 

beef slurries was determined in a similar manner. A score sheet 

like the one shown in Figure 3 but providing for evaluation of 

three rather than two samples was used. Panel members evaluated 
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the odor quality of a standard sample(s) and three coded samples, 

one of which was identical with the standard. The other two 

samples contained the test compound at increasing concentration 

levels. 

Results of evaluations are given in Tables VIII, IX, and 

X. A threshold of significant effect was considered to have been 

determined when a significant difference in odor quality from 

that of enzyme—inactivated non—irradiated beef slurry was 

noted. As before, a *fc-test for correlated pairs was used. 

Based on the evidence shown in Tables VIII, IX, & X the following 

quantities of methional, n-nonanal, and phenylacetaldehyde were 

required. 

Threshold of Significant Effect of Individual Compounds 

Methional 6 ppm 

Phenylacetaldehyde 0.94 ppm 

n-Nonanal greater than 7.6 ppm 

Higher concentrations of n-nonanal were not tried since 7.6 ppm 

was already about twenty-five times greater than the amount needed 

in a mixture with methional and phenylacetaldehyde to cause 

irradiation off-odor to be recognized. 

Discussion 

Investigation of components of irradiated odor concentrates 

by mass spectrometric analyses resulted in identification in the 

Traps isolate, of methional, phenylacetaldehyde, n-tetradecane. 
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1-tetradecene, n_-pentadecane# 1-pentadecene, n_-hexadecane, and 

1-hexadecene. The presence of methional and phenylacetaldehyde 

in small quantities had been suspected because the Traps 

isolate exhibited irradiation off-odor though with weaker 

intensity than the Distillate isolate. The presence of 

C14'C16 hydrocarbons was also expected since they had been 

previously found by Merritt (1965). 

Mass spectral evidence for the presence of additional minor 

unknown components was obtained. However, identification of 

these súbstances or of components of odor concentrates obtainable 

in very small quantity (such as from stored irradiated beef) 

will require the development of columns having greatly improved 

resolving power, and will depend upon exclusive use of mass 

spectrometric analyses. Isolation of components in amounts 

large enough for infrared analyses cannot be expected unless 

distillation procedures are greatly scaled-up. 

Meaningful consideration of odor concentrate yield 

and composition data presented in Tables I, II, and III requires 

an understanding of the following factors. The yields given in 

Table I represent the total organic material isolatable by ether 

extraction of two aqueous condensates, i.e., material from dry 

ice-ethanol cooled "Traps" (Figure 2) and from an ice-water 

cooled carboy called "Distillate" (Figure 1). These isolates 
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differ widely in qualitative as well as quantitative composition 

although mny compounds are common to both. The relative 

amount isolated as '•Traps" or "Distillate" depends upon 

conditions existing during distillation, i.e.# the vacuum in 

the apparatus and efficiency of trapping. Thus yields have 

been reported as the total of both. They represent the amount 

isolated and not necessarily the amount present in beef. 

The isolation of two odor concentrates, i.e., "Traps" and 

"Distillete", from each meat preparation was advantageous for 

the separation and identification of volatile components, since 

each was a relatively less complex mixture than a combination of 

the two would be. The "Traps" contained the relatively more 

volatile substances and the "Distillate" the less volatile 

components. Review of Tables 11 and 111 shows that the 

composition of these isolates within a given type of preparation 

(concurrent vs. non-concurrent, etc.) was remarkably reproducible 

considering the many opportunities for loss during each investigation 

Some of these opportunities resulted from 1) the limited amounts 

of isolate available which required both qualitative and 

quantitative information to be obtained from each sample, 2) the 

fact that when fractions were trapped for qualitative analyses, 

several days might elapse between separations, 3) the need to 

protect isolates from decomposition by storage in dilute ether 



-20- 

solution and then to remove the excess ether before analysis 

yielding a concentrate of possibly different composition. 

In view of the above considerations and the results given 

in Tables II and III it was concluded that within a given method 

of meat preparation (non-irradiated, concurrent or non-concurrent 

irradiation) the composition of odor concentrates was reasonably 

constant. The composition of isolates from different processing 

methods, however, was strikingly different in spite of the fact 

that both types of irradiated isolates clearly exhibited typical 

irradiation odor. The possibility that this major difference 

resulted because the gas chromatographic detector used had not 

been calibrated for its response to different classes of compounds 

was dismissed for the following reason. The chromatograms on 

which compositions were based were obtained on the same column, 

the same thermal conductivity detector, and under as similar 

conditions as possible (though perhaps days apart). Thus there 

was no reason why they could not be compared even though in the 

absolute sense the percentages of individual compounds might be 

incorrect due to differences in the detector response to different 

compounds. Detector calibration would not change the fact that 

great compositional differences existed for isolates which 

exhibited typical irradiation odor. 
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In. view of the fact that irradiation odor was exhibited by 

mixtures which varied widely in the relative proportions of 

methional, n-nonanal, and phenylacetaldehyde, it was somewhat 

puzzling to determine that irradiation odor production in 

enzyme-inactivated non-irradiated slurries depended upon the 

addition of these compounds in 20î2ï1 amountss respectively. 

Although no attempt was made to determine whether these 

proportions could be varied within certain limits, the general 

impression was that variations probably would not result in 

irradiation odor. It is therefore suspected that factors such 

as masking effects by other components must be operative in 

the concurrently processed isolates to allow them to exhibit 

irradiation odor. 

There is no doubt that widely differing sensory effects 

result from the presence alone and in a mixture of methional, 

n-nomnal, and phenylacetaldehyde in meat slurries. This was 

illustrated by the finding that much greater amounts of these 

compounds were needed to cause a sensory difference when added 

individually to slurry than when present in a mixture. 

Individual Threshold Quantity for Irradiation Odor 

Methional 6.12 ppm 3 ppm 

Phenylacetaldehyde 0.94 ppm 0.15 ppm 

il-Nonanal >7.6 ppm 0.30 ppm 
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The significance of sub-threshold concentration as 

important contributors to aromas has been noted and discussed 

by others (cuadagni et al,., 1963? Nawar and pagerson, 1962; 

Day &L al.# 1961)« Although it is clear that much more must 

be learned before the relationship between chemical structure, 

concentration and sensory effect can be understood, it is 

believed that the major contributors to irradiation off-odor 

have L«¿en determined. 

i 
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Table I. Carbon Content of Distillates and Yield of 

Preparation 

Odor Concentrates 

Total mg 
Odor 

Quantity MgC/kg Concentrate Yield 
Ug)__(ppm) 

A. 1. Unirradiated 6.8 

2. Unirradiated 5.0 

B« Radiation prior 
to distillation 

1. Irradiated 6.8 

2. Irradiated 4.1 

3. Irradiated 6.8 
r 

4. Irradiated 7.0 

Water blank 0.0 

C. Stored 6 months 

1. Irradiated 5.4 

2. Irradiated 14.1 

D. Concurrent radiation- 
distillation 

1. Irradiated 5.4 

2. Irradiated 4.1 

3. Irradiated 6.4 

0.0 

9.0 170.8 

32.4 182 
Average 

10.6 204 

31.0 213.1 

266.6 

165.9 

30 
Average 

15.8 53.3 

135.8 
Average 

32.2 184 

201.3 

298.4 

7.7 
Average 

2:- 

25.1 

36.4 
30.8 + 7.9 

30.0 

52.0 

39.2 

23.7 

36.2 + 12.8 

9.9 

-9*6 
9.7 + 0.2 

34.1 

49.1 

46.6 

43.3 + 7.8 
Water blank 
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Table IV. Comparison of the Average Composition of Total Odor 

Concentrates from Non-Irradiated and irradiated Beef 

Compound Non-Irradiated 
Concurrent Non-Concurrent 
Irradiation Irradiation 

Ethyl acetate 

n-Butanal 

2-Butanone 

Unknown 
J 

Ethanol 

iso-Propanol 

ri-Nonane 

1- Nonene 

Benzene 

n-Pentanal 

2- Butanol 

Unknown 

jQ-Decane 

1-Decene 

n-Hexanal 

n-Butanol 

iso-Pentanol 

n-Undecane 

1-Undecene 

n-Keptanal 

(%) 

4.78 

1.85 

3.70 

0.28 

4.85 

2.09 

12.04 

0.24 

22.86 

1.73 

0.66 

(%) 

-w .83 

-V .83 

2.72 

2.48 

1.49 

0.32 

1.17 

0.72 

0.15 

0.20 

0.62 

9.80 

1.98 

2.86 

0.29 

0.25 

8.26 

(%) 

0.97 

4.09 

^ 2.54 

,*#1.06 

1.48 

1.46 

2.25 

0.92 

4.57 

0.24 

5.42 

2.22 

2.12 

1.33 

-*✓0.69 

2.26 

1.32 

^3.31 
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Table IV—cont 

y 

Ü-Pentanol, 2 unknowns 

Ü-Dodecane 

1-Dodecene 

Acetoin 

Û-Octanal 

XL-Hexanol 

Unknown 

n-Tridecane 

1-Tridecene ' X 

Û-Nonanal 

Ü-Heptanol 

Me thional 

Ü-Tetradecane 

1-Tetradecene y 
Û-Decanal 

Û-Pentadecane 

1-Pentadecene 

Ü-Octanol 

Ü-Undecanal 

Benzaldehyde 

n-Hexadecane 

1-Hexadecene / 
Phenylacetaldehyde J 

5.60 

22.90 

1.98 

0.58 

2.52 

5.27 

0.26 

0.34 

0.99 

1.05 

0.78 

0.40 

1.80 

1.66 

9.93 

^1.25 

0.65 

26.99 

4.52 

16.47 

a/0.71 

^2.34 

0.60 

2.05 

0.37 

1.08 

2.44 

4.32 

17.11 

2.50 

3.12 

3.40 

1.71 

18.08 

0.54 

^2.82 

0.48 

^2.82 

1.22 
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Table VI. Rough Estimation of Detector Response to Certain 

Beef Components 

Compound Density Response 

g/ml Per Unit Volume Per Unit Weight 
—_ (Found) *_(Calcu la ted ) 

Û-Nonanal 0.827 1.00 

H-Octanal 0.821 1.10 

Phenylacetaldehyde 1.03 1.11 

Benzaldehyde 1.05 1.11 

Ü-Octaño1 0.82 b 1.10 

Methional 1.05 0.99 

Ü-Dodecane 0.751 1.01 

1-Dodecene 0.762 0.74 

£-Undecane 0.741 0.67 

1.21 

1.34 

1.07 

1.06 

1.33 

0.94 

1.34 

0.97 

0.91 

*Relative response based on the average peak area of 

three 1 >ul samples run on the 20% CW 20 M column and detector used 

on the beef odor concentrates. 
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Figure 3 

Odor Difference Evaluation 

NAHE: 

DATE : 

Compare the odor of the numbered samples with that of 

the reference sample "S." Indicate the degree of difference, 

if any, from the odor of "S" by checking the appropriate box 

opposite the term which best describes the degree of odor 

difference. Take as much time as you need. Base your judgement 

on odor quality and not intensity. 

Sample number Score 
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