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Radiation Flavor?Fact or Fancy 

Abstract. Experimental results indicate 
that sensory evaluations in different labo? 
ratories give equivalent results if standard? 
ized procedures and a standard sample are 
used. Conflicting results concerning the 
flavor of irradiated foods are due largely 
to different methods of evaluation and to 
incorrect interpretation of results. Unusual 
flavor due to irradiation should be con- 
sidered different, not neeessarily objeetion- 
able. 

It is estimated that the sterilization of 
food by ionizing radiation at a dose of 
4.5 megarad breaks about 0.0075 per? 
cent of the chemical bonds (1). That 
this small absolute change is quite ap? 
parent to man's olfactory and gustatory 
senses, which have a sensitivity of parts 
per billion, has been amply documented 
in the literature. Unfortunately, a criti? 
cal appraisal of the literature also indi? 
cates that various laboratories have 

frequently disagreed as to the extent 
and importance of the sensory changes 
produced. As a result, objective evalu? 
ation of the potential of ionizing radia? 
tion to preserve foods has been difficult 
for scientists and nonscientists alike. 

An attempt to resolve some of the 

diversity of research results in this field 
occurred in 1957 when investigators in 
the Quartermaster Corps Radiation 
Preservation of Foods Project formu? 
lated a controlled, cooperative experi? 
ment in which a standard homogeneous 
sample of meat was used. It had been 

suggested that the diversity of results 

might be due to the difference in the 

experimental materials used, to unrecog- 
nized variations in treatment and testing 
procedures, or to nonuniformity in the 

interpretation of results. It was hoped 
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that through a controlled experiment 
with a standard sample of meat, the 
data and results reported by different 

investigators could be compared and 
correlated, and some explanation could 
be obtained for the nonagreement of 
earlier data. 

Such a study was subsequently car- 
ried out with 17 cooperating investiga? 
tors. Unfortunately, the results did not 

give the hoped-for correlations between 
flavor and chemical evaluations. This 
was partly because of technological 
difficulties in preparing, handling, and 

shipping the meat, and partly because 
of an obviously great variation in labo? 

ratory procedures and expressions of 
results. The success of this first study 
lay primarily in its focusing of attention 
on the problems involved in designing 
and executing such an experiment. 

Plans for a second cooperative study 
were formulated in early 1958. In this 

study it was decided to concentrate 

upon sensory evaluation, since it was 
felt that the greatest amount of vari- 

ability in methods and interpretations 
arose in that area. Moreover, it was 
obvious that until reliable sensory evalu? 
ation could be achieved, a correlation 
of chemical evaluation with flavor would 
not be possible. 

Accordingly, a test plan was formu? 
lated which attempted to standardize, 
in so far as possible, the methods of 

preparation and evaluation, so that any 
differences found would be attributable 
to factors other than methods (2). Two 

sensory testing methods were used. One 

required rating of the intensity of 
"irradiation flavor"; the other was the 
hedonic-scale preference method (3). 
The chief difference in the methods was 
the use of "experts" for rating intensity 
of irradiation flavor and "consumer- 

type" subjects in the preference tests. 
The average intensity and hedonic- 

scale ratings are shown in Table 1. The 

intensity of irradiation flavor is shown 
to be a direct (though not linear) func? 
tion of dose. The agreement among 
laboratories for this method is excellent, 
the mean correlation coefficient r (by 
Fisher's z method) being 0.94. 

In the preference tests, no differences 
were found between the nonirradiated 

samples and the samples irradiated with 
1.25 and 2.5 megarad, respectively, and 

only the sample irradiated with 5 

megarad was significantly less preferred 
(.01 > p > .001). While the mean 
correlation coefficient r for this method 
was only 0.55, the absence of a definite 
trend among the four samples gives 
some clue to the reason for the low 
correlations. 

The results clearly indicate that the 
purpose of the test had been accom- 

plished?that is, it had been demon? 
strated that sensory evaluations carried 
out by a number of different labora? 
tories give equivalent results if stand? 
ardized procedures and a standard 
material are used. 

The results also suggest that the non- 

agreement of research results reported 
in the literature is due, to a large de? 

gree, to differences in interpretation of 
the results. The value of a panel of 

experts lies in the ability of its members 
to evaluate a particular component of 
the total flavor according to the instruc? 
tions given, but no correlation of this 
evaluation with a preference rating of 
the sample should be assumed. 

Although an evaluation of the rela? 

tionship of irradiation flavor and prefer? 
ence was not an objective of the co? 

operative study, the results suggested 
that investigations of such a relationship 
were in order. It must be assumed that 
the preference-test subjects could detect 
the irradiation flavor, even though their 

preferences were not affected by it ex- 

cept at the highest level of irradiation. 

Table 1. Data on cooperative flavor evaluation 
of a standard beef sample (2). Method A, in? 
tensity of irradiation flavor (1-none to 9- 
extreme), at eight laboratories; method B, 
hedonic-seale preference tests, at ten labora? 
tories ; r, mean correlation coefficient. The slope 
over the four ratings under method A is highly 
significant (p > .001). 

Irradiation 
levels 

(Mrad) 

Av. rating 

Method A Method B 
(r = 0.94) (r = 0.55) 

0 2.1 6.1 
1.25 3.7 6.0 
2.5 4.5 6.0 
5 5.2 5.4* 

* Significantly different from the other three values 
(.01 > p > .001). 

Table 2. Mean preference ratings of irradiated 
beef samples by the same individuals at successive 
intervals. 

* Significantly less preferred (p > 0.001). f Data 
not tested for significance. 
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The question then arises as to whether 
a consumer will learn to recognize, and 
to like or dislike, the flavor upon further 
or repeated consumption of irradiated 
beef products. To test this potential of 

recognition, a panel of 40 consumer- 

type subjects was requested to rate non- 
irradiated and irradiated ground beef 
on 4 successive days and again on the 
16th and the 23 rd days from the start 
of the test. In each test session each 

subject rated two nonirradiated samples 
and two samples irradiated at a level of 
4.0 megarad; all samples were identified 

only as "ground beef." 
The mean preference ratings obtained 

are shown in Table 2; for statistical 

analyses, only the data from the 28 

subjects who participated on each of the 
first 4 days were included. Again, a 

high level of irradiation is shown to 
decrease consumer preference to a sig? 
nificant extent. There was no significant 
difference between the ratings given 
either the nonirradiated or the irradiated 

samples on any single day, however, 
and no change was evident in people's 
preferences in regard to irradiated beef 
with repeated exposure to the product. 
Although too few subjects (N = 18) 
participated in all of the sessions for an 

analysis of variance for the 16th and 
23 rd days to be conclusive, the data 

suggest that there was less difference 
in the preferences between nonirradi? 
ated and irradiated samples at the end 
of the test than at the beginning. 

The results in the experiments dis- 
cussed here suggest that the view that 
irradiated foods have objectionable 
flavors is not wholly justified. It seems 

probable that an attitude of suspicion 
toward anything connected with irradi? 
ation, coupled with the noticeable 

change in flavor, accounts for the 

opinion. An analogous evaluation situa? 
tion would be the attempt to obtain a 

meaningful flavor evaluation for a 
canned orange juice with a panel of 

judges who traditionally drink fresh 

orange juice and interpretation of their 
evaluations by the staff of a manufac- 
turer of frozen orange juice. 

While it is true that the responses of 
a representative tasting panel may fore- 
tell the influence of attitude upon con? 
sumer acceptance, it should be remem- 
bered that attitudes change and that it 
will be several years before irradiated 
foods are offered to the public. It 
seems more meaningful at this time, 
therefore, to recognize that irradiation 

produces changes in flavor but that such 

changes are not necessarily objection? 
able (4). 
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Control of Behavior by Presentation 

of an Imprinted Stimulus 

Abstract. When presentation of an im? 
printed stimulus is contingent upon an 
arbitrarily chosen response, the rate of 
emission of this response increases. This 
control of responding requires a moving 
imprinted stimulus and does not require 
a following response by the duck. 

Imprinting has been described as "the 

process by which certain stimuli be? 
come capable of eliciting certain 'in- 
nate' behavior patterns [during] a criti? 
cal period of the animal's behavioral 

development" (/). In particular, duck- 

lings have been observed to follow 

moving objects and to develop a life- 

long affinity for the followed object. The 

experiments reported here (2) demon? 
strate that control of the duckling's be? 
havior by the presentation of the im? 

printed stimulus is not limited to the 
elicitation of innate responses. The 

presentation of the imprinted stimulus 
will also control the rate of emission 
of an arbitrarily chosen response. 

The experimental space was a rec- 

tangular, black plywood box divided 

by a Plexiglas panel into a runway 
that contained the duck and an appara? 
tus compartment that contained the 

imprinting stimulus, a yellow cylinder 
(Fig. 1). "Presentation" of the stimu? 
lus consisted of transilluminating it and 

lighting the dark apparatus compart? 
ment. The imprinting stimulus was 
moved continuously back and forth 

along the runway, with a slight sway- 
ing and twisting motion, at 1 ft/sec. 
The response chosen for study was a 

peck of 8 gm or more on a Plexiglas 
disk 0.75 in. in diameter. This manip- 
ulandum (response key) was mounted 
on the wall of the runway opposite the 

dividing panel, at a suitable height (3 
to 8 in.). White noise and dim illumi? 
nation were always present in the run? 

way; neither food nor water was ever 

present. 
Two species of duck, Black (Anas 

rubripes tristis) and Peking (A. platy- 
rhynchous), were employed in sessions 

lasting from 1 to 12 hours; similar re- 

sults were obtained with the two spe? 
cies. The ducks were housed in indi? 
vidual cages a few hours after hatching 
and were given continuous access to 
food and water. Each duck was placed 
in the runway, and the imprinting stim- 
ulus was presented for six 45-minute 
periods distributed throughout the 
duck's first and second days of life. 
All of the ducks were observed to fol- 
low the moving stimulus closely by the 
end of the second day. 

When the presentation of the im- 
printed stimulus is contingent on a se- 
lected response, the rate of emission of 
this response increases. Figure 2 shows 
the sustained rate of pecking by a 3-day- 
old duck when the imprinted stimulus 
was presented for 40 seconds after 

every eighth response. No appreciable 
decline in the rate of responding after 
12 hours of conditioning and 750 rein- 
forcements is observed (the reduction 
in the rate of responding in the por? 
tion of the record marked a was cor? 
related with a temporary equipment 
failure: the imprinted stimulus did not 
move when presented). 

The performance shown in Fig. 2 
was obtained with the following pro? 
cedure: After the final imprinting ses? 
sion, the peck response was conditioned 

by making presentation of the im? 

printed stimulus contingent upon re? 

sponses that increasingly approximated 
pecking. The response requirement was 
then gradually increased over a 75- 
minute period until every eighth re? 
sponse produced the imprinted stim? 
ulus. The imprinted stimulus may 
properly be called a reinforcer (3, p. 
731) since it increases the rate of a 
response which produces it. However, 
the imprinted stimulus differs from 
other reinforcers, such as food and 
water, in its control of pecking in that 
the rate of responding was not observed 
to decline after a large number of re- 
inforcements. 

The rate of emission of responses 
that produce the imprinted stimulus 
was brought under the control of a 
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Fig. 1. Experimental space for the con? 
trol of responding by means of an im? 
printed stimulus. A plywood box is 
divided by a Plexiglas panel (P) into a 
runway (R) (8 by 1.5 by 1.5 ft) and an 
apparatus compartment (A) (8 by 1 by 
1.5 ft). The imprinting stimulus (S) is a 
transilluminated yellow cylinder (4 by 8 
in.). The manipulandum (M) is a 0.75-in. 
Plexiglas disk. 
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