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Radiation-Induced Changes in 
Bread Flavoro,b 

(Manuscript received Moy 1 4, 19 57) 

IoNIZING RADIATioNs, a lthough 
capahle of. steriliring, pastP.n rizi ug, or deiufl'.sting 
variou!:-1 food products, produce concomitant f1nvor, 
t extural, nutritional, a.nd other changes ( 10). In 
particular, ionizing r adiations have been shown to 
11flsLroy cer tain grain-illiesting insects {1, 6, 9). These 
grn.in-insect · studies and ot her studies {3, 8) have 
also r evealed some of the undesirable changes in the 
finisht~! ] flo ur produd tbaL are a Ltributable to the 
r adiation treatment . 11'his paper describes work un­
dertaken to establish a treatment level threshold at 
which flavor ch11.nge l:onld lH~ llet.ed!~d in bread made 
from both milled ir radiated wheat and irradiated 
flour. No attempt was made to mitigate, by chemical 
or physical means, t he associated flavor elHt.ngH. OnA 
physical property, loaf volume, was measured. 

EXPERIMENTAL 

Approximately 100 lb. of ha.r r1 red spring wheat and 70 lb. 
· oJ' an nll-m•r rooac flour o.f compc.rnble protein conto11t were 
irradiated with a 1,000,000-volt, :resonaut-transformer, electron 
beam gener ator {7) . Dose measurements were ba.sed on ioruza· 
-tion chamber dosimet.ry. 

All bread u~ed in the tests was made b y the recipe given in 
Table 1. The actual a mounts o.f ingredients used yiel ded a. 
111.1 ponno lon.:f. 'l'he tA~t.~ wer~. Mn rlu<!.terl nver . a 4-month 
p er iod wm1 liUliL:J of 3 tu>~~i..ug days a week ani! 2 jurlgments 
a day. All bread was tasted within a. few hours after baking ; 
loa.£ weight.!! n.nil volnmAR werE\ ntP.Il~ureil one hour n:HAr hn.k ing. 
The bread samples, 1f.! x 3 .x 1 inch~s, were lHeac.u.ted to t he 
7 male panel mem bers (not all of whom were present ea,elt 
tasting day) a.ceording to randomly selected· tria.ngle :umnge­
·lnEint.a o.f the irradiated and non-irradiated (control ) bread 
samplt:~. 

The panel members were instructed to use t he W3.rm r.offAA 
:md wn.ter rinses afl they wishe(l a n d to wni.t 5 minute::~ before 
Lhe ~ccoud gruup of sampl es f or t he day. 'l 'he tests were 
con duct ed in two consecutive series; :first, bread made £rom 
:fl.our and, sM.onrl, hrAn.il m~ ile from ilour milled. fTom hradiatcd 
when.t. Dt11·iJ1g U1e fu·st scric~ the pa.ncl me.mbers were in· 
f<Jrmed of the correctness of their judgments; however, this 
practice was abandoned during tnA sM.ont'! RP.nAR. F!ince the 
100 lb. of wlteat uFJod in the scco11d series wus all irn1.diatecl on 
t he same day, and since t.he br ead was tasted over a p eri.od of 
several weeks, t.hA 2 t rcil.t.ment levAlR t.e~t.e<l. on n.ny pn.rtu~.nln.r 
rln.y were cho~:~en by rn.n o.om n nmber s to avoid l:hc introduction 
of uny systcm>ttic error in the r esults tlue to a possible change 
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TABLE 1 

B read recipe 

In~:red.icnt Relative weighL 

E'lonr ... ..... ............... .. ... ............ :..... ......... ................ . l 00 
Yen~t.. . .. .... . .. ... . .... . . . ..... . ..... . ... .. ... .. . .................... . .. . .. 1.58 
Sugar.......... .......................... ...... ......... .................... 2.ns 
S:>J t..................... ..... .................................................. 1.47 
::-fon-fat dry milk solid•............................................ 4,_,4 
Hydrof!:en~tod short..ning............. .............. ............. fi .OI\ 
Potassium bromatel............. ................................... 0.000.~ 
Wnter ....... .... .... ................ ............. ............... ::. .. .:...···.:...· ·.:..." '.:...".:.._ _ _ _ 6_S._2 _ _ _ _ 

'Arl<lc l\ OTl ly to the non-commercial dour. 

in irratliation-induced flavor with tima. To lessen a ny possible 
:flavor carry-ovAr, the lower t reo.tmcut level was tasted first on 
eaclt t.asti •tg day. Short ly after the first series was sta.rt.~ rl , 
tJ1e Ptmel was a.sked to not only identify the oild sample, but 
to tell whether it w.~.A irr n.rl in.ted or not ~Lnd to state a 
p rA£P.rAn(le. 

The thTe~l•o\d is tJmt defined by Bierman, l:'xoetor , and 
Goldblith (f!), t he do~e at whlch 50 o/o of the j udgment.R ( ~hove 
chunee ) are correct. SineA t.h A TARpnn~es at crreh partic ula r 
dosA ar~>. qnimtn.l in natnl'e, j.e., lL.c juilg~; is right or WTong, 
tllc p0r cent u£ correct judgments will be binomially diR· 
tributed. 'l'he logarithm of the doRA wn.A .~hosen in the cxpcc ta· 
tion that it vmnlo he a no rma.Hv.ing transformation of the dis­
tTilmt ion f tmctioit. The fiuul- analysis was made, using the 
IJrobit of the per cent. of correct judgments a.dju~t.eil hy A b· 
bot t 's f ormul& and the logarit hm of t he (1o~e ( li) . The weight­
ing r.oAffir.iAnta nsed were Lhosc ceq uircd by t he fact that one· 
l;hiru of the ,iudgments !'-ill be correet on a purely r.ha.n r.A 
basis; this modification avoids thfl i.nt.roiln<ltion of any spud­
ouR preci11ion in the thre~lwl!l limits. The loa.f volumes be­
t ween Lrcal.wents were aualyzed by co-variance to correct for 
t he daily var iation. in the eon t rol l oa£ volumAR. '!'he loaf 
volume means werA r.omp.~.t·Arl .. 1111ing St.ndenti~cd multipl~; 
ranges (4). 

RESULTS AND DISCUSSION 

The probjt lines coresponding to judgments made 
011 irradiat ed wheat anu ina!l.iat.f\cl flour are given in 
Fig-ure 1. E ach plotted point r epresents 17. or more 
jlHlgmP.nts. The extension of the p1·obit line for flour 
beyond the ploLLed point:-~ is jm;tified by the existence 
of a point at 500,000 r ep at which all o.f' 10 judgments 
wen~ ~01:rect. This p oint can not be plotted because 
its prubit. is infinite. 'l'h ese Jines and the correspond­
ing tlucsholds a re based on the juclgrrumts of four 
of the panel members (t he same four in bot h cases) . 
These j uugl~s wflre selected to represent the data on 
t he basis of their discriminatory ability a.s evidenced 
in preliminary tests, and on t he basis of attendance 
al; the tasting sessions. The judgments of all the 
pauel members are given in Tables 2 and 3 in which 
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Figure 1. Probit line~ Ior bread made from irradiated flour 
and irradiated wheat. 

are included the !l.d!litional r esults with respect to 
ability Lo tell whether the odd sample was irradiated. 

TABLE 2 

Taste panel results (all judges) 
I uadiated ilour 

1,0): 10' ' 
2,5 X 10' 
li.Ox!O• 
1,0 X 10' 
6.0 l: l OG 

Conec~ selection 
of odd •&mple 

l5/20* 
22f4R" 
2/i/ 44"" 
27/~~·· 
l7 /20 H 

*Sig11ift!'.nnt. n t. llm S% level. 
1r<i--Siguilicu,uf, nl I:JUI 1% level. 

TABJ.E 3 

Oonect 
id l~ntification 
of odd. ~IUT\ll ln 

treatment 

~/17 

l S/46•* 
12/34 r 
11/28** 
12/L5** 

Ta!lte panel results (all judges) 
Irradiated wheat 

(lnrreut 

Dose (rep) Correct seledion ldentillentlon 
ulnrld sample of odd s~mple 

tro .. tment 

1.0 X l O' 12/25 7/2S 
1.0 "10' 12/28 11/ :!!iU 
u.o X 10' 14/llG·• 8/:.! ti 
7.5 X 10' 16/llOH 1:.!/ :.!U** 
1.0 X 1Qd 18/25** H!/:05** 
1,25 :t 10• 14/1\2*< 1:!/:02 .. 
2,5 :0:10° 20/22** 17/22** 

·•Sicnlflcant ~t tho n% levd. 
H·Signl flc~nt at t he 1 % lcvd. 

The levels of sig·nifica.n1~~ were determined from pub­
li.shed tablr.s (11, 12). 

In the case of bread made f1·om irradiated flour, 
two doses were given tbat were not included in the 
probit ana.lysis. Figmc 2 shows control 500,000, 
1,000,000 and 10,000,000-rep loaves. Th~;;e latter 2 
loaves were those e:xclud!'.d from the final analysis. 
One taste test wa:; eonductcd with the 1,000,000-r.ep 
loa.£ ; the samples were placed under. r~a lamps to 
avoid n choice being made on the basis of the obvious 
color differenee. The 6 judgments were all con ect ; 
therefor.ll, 1J1is dose was eliminated from fnrthe!' t rial. 

Figure 2. Bread made from irradiated tl.om·. 

The 10,000,000-rep loaf had such a disagreeable odor 
and taste, to say nothi11[); of the appearance, that it 
was not test.erl a t all.. Such high doses, well above 
t.ho:;e necessary to kill insects, were employed to 
ensure exceeding the thrHshold dose. 

The group threshold established by the probit 
analysis lies a t about 50,000 rep in the CaSH of both 
breads. The 95% co11fidenr.e limits are rather wide 
in both install(:<~s; n evertheless, the analysis has 
sHrv~d Lo establish a threshold and its limi ts. Sinee 
this group threshold lies in the m.ighborhood of the 
treatment levels required to dcinfest grain, some 
addi tional treatment may be required to r eduee the 
off-flavors. The general tenrlenr.y of the judges is 
toward being able to tell which sample is irradiated 
and tlum not to prefer it; of the 85 correct identifka­
Lions of the odd sample in series two, 84 p!'eierences 
were for the nori-irradiaLed sample. There is no way 
to evaluate Lo what extent a knowledge that a par­
ticular sample has been irradiated Jn·ejiHli<:es pr•eier­
ence. Loaf volume."l wer~ llOL significantly different 
among treatments up to 500,000 rep in the case of 
b!'ead made from irradiated flour; but in the case of 
bread made from the millP-11 irradiated wheat, dose 

.. 

TABLE 4 
Adjusted loaf volume means (cc.) 

Irradiated wheat 
.. ··-· 

Dn&e ( rep ) No. of lnav'" 

1.0 )( 10' 5 
4 .0 X 104 :-; 
5.0 " 1 o• r. 
7. 5 X 10< 5 
1.0 X 100 5 
1,25 X 100 5 
!l,li X 10• 5 

-·-·-

V olrrmo 
··-··--

2801 
28661. 
28!)02 
2815 
2746 
l\821 
27(14 

1 Silrnificantly higher th"n the 350,000-~ep lon.f nt t.lm li% h!vHl. 
' S ignH\cantly higher than the 100,000-l'op nn<l 21iO,OOO-reJl loa~"" 

aL the 5% leYel. 



levels in the mid -range (50,000 rep ) gave signlfi­
cantly higher volumes than at 250,000 r ep ('rablc-4). 
No analysis of variance is required to note the sig11ifi­
caut volume decr ease at the 10,000,000-rep level. 
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