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Radiation-Induced Changes in
Bread Flavor-*

{Manuscript received May 14, 1957)

IONIZING RADIATIONS, although
capable of sterilizing, pastenrizing, or deinfesting
various [ood producls, produce concomitant Havor,
textural, nutritional, and other changes (10). In
partieular, ionizing radiations have been shown to
destroy certain grain-infesting insecls (7, 6, 9). These
grain-inscet gtudies and other studies (3, 8) have
also revealed some of the undesirabla changes in the
finished flour prodnet thal are altributable to the
radiation treatment. This paper deseribes work un-
dertaken to establish a treatment level threshold at
which flayvor change conld be detected in bread made
[rom both milled irradiated wheat and irradiated
flour. Ne attempt was made to mitigate, by chemical
or physical means, the associated flavor change. One
physical property, leaf volume, was measurcd.

EXPERIMENTAL

Approzimately 100 1b, of hard red spring wheat and 70 Ib.
‘ol an gll-pnrnose flonr of ecomparable protein content were
irradiated with a 1,000,000-volt, resonant-transformer, electron
beam generator (7). Dose measurements were based on iomiza-
tion ehamber dosimetry.

All bread used in the tests was made by the recipe given in
Table 1. The actual amounts of ingredients used yielded a
11 pound leaf. The tests were aonductad over a 4-month
poried with limits of 3 tasting duys a week und 2 judgments
a day, All bread was tasted within a few hours after baking;
loaf weights and volumes ware measurad one hour affar haking,
The bread samples, Th x 8 x 1 ineles, wore prescoted te the
7 male panel members (not all of whom were present each
tasting day) according to randomly selected triample arrange-
meants of fthe irradiated and men-irradiated {control) hread
sumples,

The panel members wéra instructed to use tha warm coffas
and water rinses as they wished and to wait 5 minuics beforc
the sceond group of samples for the day. 'The tests were
conducted in two eonsecutive series; first, bread made from
Aour and, seaond, hiread made from fionr milled from irradiated
wheat, During the first soriey the panel members were in-
furmed of the correctmesg of their judgments; however, this
practice was abandoned during tha second series. Sinee the
100 1h. of wheat need in the sceond gerics way all irradinted on
the same day, and since the bread wag tasted over a period of
several weeks, the 2 freatment lavels tested nn any partienlar
day were chogen by random numbers o avoid Lhe introdueetion
of any systemutic error in the results due to a possible change
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TABLE 1
Bread recipe

Ingredient [

Relative weight

160
1.B8
2.05
1.47
4,84
A.06
0.0{H}5
83.2

ry

Hydrogenated shortening...
Potaszium bromatsl...
W RLET avrriassnsersnsisnnresianirans

i Adiied omly to the nen-ecommereinl flour.

in irradiation-induced flavor with tima., To lessen any possible
flaver earry-over, the lower trealment level was tasted firat on
each tasting day, Shortly after the first series was started,
the punel was asked to not only identify the odd sample, but
to tell whether it was irradiated or nol and to state a
praference,

Tha threshold is thut defined by RBierman, Proctor, and
Goldblith (2), the dose at which 509% of the judgments (above
chance) are gorrect. Sinea the responges st cach particolur
dose are quantal in nature, lc., the judge is right or wrong,
the per cont of correet judgments will be binomially dis-
tributed, The logarithm of the dose was chasen in the expecia-
tion that it wonld be a normalizing lransformation of the dis-
tribmtian fonetion, The finul analysis was made, uging the
probit of the per cemt.of correct judgments adjustad hy Ab-
bott’s formula and the logarithm of the dose (#). The weight-
ing ecoefficients nsed wore Lhose reguired by the faect that one-
third of the judgments will be correct on a purely chanve
bagis; this moedification aveids the imtrodnefian of any spuri-
ous preeisiom in the threshold limits, The loaf volumes be-
twecn Lrealments were aeslyzed by co-variance to eorrect for
the daily variation. in the control loaf volumea, The loaf
volume means were comparad  using Stndentized multiple
ranges (4).

RESULTS AND DISCUSSION

The probit lines coresponding fo judgments made
on irradiated wheat and irradiated flour ars given in
Tigure 1. Each plotted point represents 17 or mors
jndgments. The extension of the probit line for flour
beyond the plotled points is justified by the existence
of & point at 500,000 rep at which all of 10 judgments
wara eorrect, This point ean not be plotted because
its probit is infinite, These lines and the correspond-
ing thresholds are based on the judgments of four
of the panel members (the same four in both cases).
These judges were selected to represent the data on
the basig of their discriminatlory ability as evidenced
in preliminary tests, and on the basis of attendance
al the tasting sessions. The judgments of all the
panel memhers are given in Tables 2 and 3 in which
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Figure 1. Probit lines for bread made from irradiated flour
and irradiated wheat. '

are included the additional results with respect to
ahility to tell whether the odd sample was irradialed.

TABLE 2

Taste panel results (a.ll judges)
Irradiated flour

Correst salecti ieniont
orrect selection tdeotification
Tosn (rep} of gdd sample of 0dd. smpin
treatment
1.0 x 104 . 15/20% 5517
2,5 x LO¢ 28/46¢ 18/46**
5.0 x L0 3R/ 440 12/34%
1,0 x 108 27 /A8 11728+
5.0 x 105 1T/204 13/15%+
*Sigwliﬁttnilf. ut lhe 5% lavel,
**Rignilicnnt at tho 19 leval,
TABLE 8
Teste panel results (all judges)
Irradiated wheat
; i (lurﬂrea&
Correct selection entiflention
Trose (rop) af wld gample of odd sampla
treatment
1.0 =10+ 12/25 T/25%
4.0 x 10% 12/28 11/28%*
5.0 x 104 14/26% 8/26
7.5 x10¢ 16/30%* 12/20**
1.0 xL0f 18/25%% 18/25%*
1.26 x 10° 14227 * 12/22**
2.5 xlo® A0 a0+ 17/22**

o *Slgnificant at tho A% Jevel.
*¥Bignifieant at the 19 level.

The Ievels of significance were determined from pub-
lished tables (11, 12).

In the casc of bread made from irradiated flour,
two doses were given that were not ineluded in the
probit analysis. Figurc 2 shows control 500,000,
1,000,000 and 10,000,000-rep loaves, These latter 2
loaves were those exceluded [rom the final analysis.
One taste test was conducted with the 1,000,000-rep
loaf; the samples were placed under red lamps to
avoid a choice being made on the basis of the obvious
color difference. The 6 judgments were all correct;
therefore, this dose wag climinated from further irial,

Figure 2. Bread made from irzadiated floar.

The 10,000,000-rep loaf had such a disagreeable odor
and taste, to say nothing of the appearance, that it
was nof tested at all. Such high doses, well above
those necessary to kill ingeets, were employed (o
ensure exceeding the threshold dose.

The group threshold cstablished by the praobit
analysis lies af about 50,000 rep in the case ol both
hreacds. The 95% confidence limils are rather wide
in both instances; nevertheless, the analysis has
served Lo establish a threshold and its limits. Since
this group threshold lies in the neighborhood of the
treatment levels required to deinfest grein, sgome
addilional treatment may be required to reduce the
ofi-flavors. The general tendency of the judges is
toward being able to tell which sample is irradiated
and then not o prefer it; of the 85 correct identifica-
tiong of the odd sample in geries fwo, 84 preferences
were for the non-irradialed sample. There is ne way
tn evalunale to what cxtent a knowledge that a par-
ticular sample has been irradiated prejudices prefer-
ence. Loaf volumes were nol significantly different
among treatments up to H00,000 rep in the case of
bread made from irradiated flour; but in the case of
bread made from the milled irradiated wheat, dosec

TABLE 4

Adjusted loaf velume means (cc.)
Irradiated wheat

Dase (rep) No. of loaves Voluma
1.0 x 104 5 2831
40 x10% ] 288481
A0 x 10t G 28902
7.6 x 104 5 2815
1.0 =108 5 2746
1,28 x 109 B DRAT
2.6 x 10 3 2704

T dignificantly higher than the 250,000-vep loaf uf the B9% leval.
A Bignificantly higher than the 100,000-vep end 260,00-rep loaves
ab the 57 level.



levels in the mid-range (50,000 vep) gave signifi-
eantly higher volumes than at 250,000 rep (Table 4}.
No analysis of variance is required to note the signifi-
cant volume deerease at the 10,000,000-rep Tevel.
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