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FOREWORD 

The availability ©f sh®lf~stabll®, highly acceptable mat it®ms 
f©r us® in military f®eding >llyat®ms b- e©n:!lid®red a n<>«:®s:sityo Th® 
eutr®iutly availabl® th®nnally pr®e®SS®<I it®ms · d© n©t fully m®®t 
r®quill:'em®nts b®cauSl® ©f th®ir limited utiliti, stability and 
aceeptabilityo Radiati©n prcie®ssing, ©r "e«~>ld" st®rilizatl<'»n as it 
is fr®quentlly called, has the p©tentiallity of yielding produets 
that hav® g©©d military utility, g©©d storag® stability, and go©d 
aeeaptabilityo Th®r®fora, r®s®areh t© d®v®lcp raeip®s and m®th©ds 
f©r utilizing meats sterilized by i©nizing radiati©n is undarwayo 

The w'crk eov®r®d in this r®p«~>rt was p®rf©~d by l©Wa Stat® 
Univ®rsity under Contt;Etllt Noo DA19~129.~AMc~227(N) during th® p®dod 
from February 1964 t© October 196_6. It r<epresents a s®ries ©f 
studi®s t© d®t®rmine the acceptability of a numbsr ©f m®at items, 
prepar®d by a variety of recipes and c«»©king procedure:!!, utilizing 
irradiated m®ats as their basic ingrediento 

Dro Ao Fo Carlin was the Pr©jset Offiesr and Official Invsstigat©r 
in ths rssl!iarch work f«»r l©Wa Stat® University. The Uo S. Army 
_Natick Laborat«»riss Pr©jset Officer w&~® Dro F. Hsiligman and the 
Alternate Projsct Offi,~<ers wsre Dr. Eo Wisrbieki and C. Eo Phillips, 
Maj<il>r, QMC, both «»f the Flll«»d Lab©rat©ry. Ths work was eonduetsd 
under Pr©jset IK0~1250l-A033, Radiati!iln Preservation ©f F<!l>©dso 
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ABSTRACT 

Re~ipe® we~e devel©ped ®nd p~©~edu~es standardized f©r 15 f©od 
pt©d1l!~t:!! ~©nta,irdng h·ra©liated pork, ~hi~ken, cured ham, or heeL 
Seventeen ~©n:!!um®r panels ~omp©sed ©f b©th men and women (1860 
judgmslffits) were employed t© determine the. ac<r:eptance of the 
i~~adiatec& meact p~©Jdu~.ts compared to similar pr<»ducts made with 
n<»llil~i~~adiated, pK'ec<»<»ked meat. It was f©um! that br.:>wning 
!xradiat®d m®at in fat <»r l©ng c<».:>king with the <»ther ingredients 
illil the ~ecipe reduced the "irradiati.:>n flavor." The use ©f 
©ni©Jns, tomat©®s, and spic®s enhanced the s©mewhat bland flavor 

· ©f ."walrnl®d~©v®.r" msat. 

Ir~adiated p<»~k <!llr chil(!k®n ch©p su®y and, p<lllrk, ba®f, or chicken 
©@©ked in ba~b®'ll'llle sauce W®~® highly acceptable .and rated 
high®~ ©r as high in ac~:eptabi.lity as non~irradiated meat in 
dmila~ pr©«<\1!!©1:!>, All. 15. meat .produ~:ts tested received average 
acceptO!bUity sc©r®s O))f f~om 6.0 to 7.7 on a 9~point hedonic 
seal® (9 "' "like extrem®ly"). Both train®d laboratory panels 
and c©~$Um®r pan®ls wsre used to det®~ine the eff®ct of the 
v:ard©us fact©r® @n the a<r:ceptanc<e .of .the irradiated meat • 

. 'i. 

·' 
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INTRODUCTION 

lluri~g recent years the potential benefits to be derived from 

subjecting food to_ ionizing radiation~ have i~trigued many investigators. 

Proctor and Goldblith (1951, U.S.A,) and Hannan (1955, England) reported 

that irradiation of food was an effective method of destroying the food 

spoilage organisms. When the problems of wholesomeness and storage 

sEability are solved, the palatability and acceptability of irradiated 

meats are of paramount importance. 

Characteristic changes occur in the organ~leptic qualities of 

food preserved by ionizing radiations. The extent of the changes is 

relat<ad not only t<» th<e dose of radiation_ administered l:mt also depends 

on the processillg t<echniques, storage cond~tions, and .reheatingpro-

cedur<es that are used. Although many studies have been conduct<ed on 

processing techniques, f<ew studies have been made on reheating 
·-· ~ ' - . 

procedures and types of recipes that will mask any of the possible 

undesirable flavors that might occur in irradiated meats. 

The objectives of this investigation w.are_to determine optimum 

CO(jkin,gprocredur<es and to develoJ? and prepare recipes fm: meat itrems 

using enzyme-inactivated radisti~ sterilized meats as the principal 
' -- -- ' - ' 

ingredient. 
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el:ilzym®~inll!<etivated pri©r t© irradiation in <>rder to make it shelf~stable. 

Th® <ell!St©mary m®th©d ©f inaetivati<:>n is t© heat the pr<:>duet for a short 

time to 75~77©C, However, this proeedure results in a product that is 

substantially c©ok®d, Thus, whelm the meat is r®heated prior to serving, 

sterilizing doses of irradiation may produee objectionable odors.or 

flavorB, lknce the pr©c:edures evaluated in this study were specifically 

dedg<i!ed for either reducing or masking the od<>rs and flavors found i.n 

Two types of panels wer® used: small laboratory panels of 

experts in food ®valuation and larg® c<>nsum.er panels. The methods of 

evaluation, tyPes of tests, and panels used were adapted to the 

speeific objeetives of each phase of the investigation. For evaluation 

©IE cooking procedur®s and development of recipes, a panel of 8 experts 

judged th® meat pr©ducts using either a triangle test or scoring with 
.· 

c©mments and suggestions f©r improvement. The acceptance of the 

irradiated meat recipes was indicated by consumers on a 1 to 9 hedonie 

scale (9"~like extr~m®ly; !"'dislike extremely). 

EXPERIMENTAL PROCEDURE 

All the irradiated meat used in this investigation was processed 

by the pe)t'sonnel at th® U. s. Army Natiek Laboratories. Prior to 

irradiation all meat was h®at-treated to inactivate enzymes. Then the 

meat was packed in tin cans and treated at ambient temperature with 
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4.5~5.6 megarads of Cobalt~60 radiations. Meat samples were stored at 

room temperature for approximately six months. Prior to organoleptic 

tests, each can of meat was tested for absence of Clostridium 

botulinum toxin using a s~andard biological assay with mice. (The 

investigators adhered to the "Principles of Laboratory Animal Car®" a,~ 

' established by the National Society for Medical Research.) In addition, 

our laboratories prepar®d precooked meat (pork loins, chicken, <l>r b®ef) 

for uss as c~ntrol samples. Thus the non-irradiated meat was completely 

cooked, cooled, stor®d in the refrigerator, and then added to the other 

ingredients at the time of preparing the recipes, similar to those 

containing irradiated meat. 

In the case of the cured hams, boneless rolled cured sm?ked hams 

were secured from Wilson and Co. in Omaha, Nebraska and this company 

also supplied the cured smoked hams for irradiation at the U. s. Army 

Natick Laboratories, Thus, the non-irradiated hams that our lab used 

and the irradiated hams. received similar curing procedures. 

Since previous investigators have reported that heating of the 

irradiated meat or browning the meat in fat <l>ften reduced irradiation 

odors, the first phase of the investigation (from September to 

December, 1964) was concerned with the effect of the time and 

temperature of heating irradiated meat and the use of fat in the 

preparation of the meat as well as the effect of the ingredients on 

the flavor of the final product, 

3 



A lab©ratory panel of· 12 judges (4 men and 8 women) was. setae ted I ,. . . 

from among the students and staff at Iowa State.Unive:r~ity. Factors 

2) high ac<;:eptmu::e of Pork Chcp Suey and Chick"'n Bs:rbeque, 3) intere~t 

in the project, snd 4) availability for test .sessioos .scheduled at 

nocn. Since th® obje<;:tive was to determin® if panel members could 

detect differences in flavor caused by variations in methods of 

heating the meat, the triangle test. method was used to .evaluate the 

samples. 

ln the triangle test three .~;~maples were pree~nted, two were 

duplicates, and the panel member was asked to indicaj:e which sample. 

was diff<<lr<l'lnt· from· the ©ther two. In. this study, judges .were asked 

also toiindicate. which sample or samples they preferred. Serving 

order of th"' three samples in each,.t®st, i.e .• , A.AB, ABA, BAA, BAB, o.r 

ABB, ·was sslect"'d at' random. However, for. certain tests the. position 

was pr®determin®d so that a non-irradiated, sample was not tasted 

after sn irradiat®d sample. Judges w"'re instructed to taste sampl"'s 

in the order that th!! c«»de numbers app,.ared on their score cards. 

Tw«» tdangl® tests w®:,rs conduct"'d ll'lach day. General appearance and, 

odor, of 'the ·samples wets. evalu.at®d by p"'rsons pr®paring th"' food. 

Results of these obs®rvations and the triangle tests were used in 
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Upon arrival. at 12:00 noon, panel me~bers were directed(\~o 

judging booths in which the physical conditions such. as temperature 

and lighting were carefully contr©llsd. RedUights were used to mask 

any differences in appearance of meat samples. Cooking odors and 

noise in the panel areas were kept to a minimum. Each judge was 

provided with a glass of water, sheets that explained sensory, 

difference t<ests in general with emphasis on the triangle test, and 

two triangl<e test score cards. Panel members were served hot, coded 

samples in.white pr<eheated sauce dishes. Each sample (approximately 

30 g) contained a minimum of four piec<es of meat. 

The ~ariables tested for the method of reheating the irradiated 

pork or chicken for the chop suey or barbeque included: browning pork 

loin in fat or not browning it and adding the pork to the other 

ingredients at the beginning or at the end of cooking the chop suey; 

steaming or not steaming the chicken prior to adding to the barbeque 

sauce, and adding the chicken to the other ingredients at beginning or 

end of cooking the barbeque sauce. Also the toal time of cooking the 

meat and other .ingredients was varied. A summary of the procedures 

tested follows: 

1. Treat~nt of meat alon~: 

Pork loin cubes not. browned 
Pork loin cubes browned in fat at 171°C for 4 min or 
8 min 
Chicken cubes (from breast or thigh meat) steamed 0, 5, 
or 10 min 

2. Time of adding meat to other ingredients: 

At the beginning or near the end o£ the cooking period 
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Pork Chop Suey, 21,.23, 25, 27, and 31 min 
Chick®n Barb~Jqu®·, 40 or 60 min 

Results fr©m th® ab©ve experiments using triangl® tests with a 

lab©ratorcy aens©ry•diffe.:tenc® panel and observati!lns made by p®rsons 

preparing th® fo@ds w®r® u'ssd in th® s®leeti!ln !ilf the m®th!ild used in 
the preparat:i©ru @f the Po:n:k Ch<>p Suey or Chkken Bar beque o. A. 

<Wrnbination of br!ilwnfng the irrad:Lated pork loin in fat plus simmering 

it wi'th th® other ingredients f!ilr 50 to 60 min resulted in a product 

that the laborat!ilry pan®l C@Uld n<>t distinguish from chop suey made in 

a simib.r way with n<»n·irradiated p<>rk loino 

Re'sults fr<>m the triangl® t®Sts with Chick®n Barbequs indicated 

that.th@r® w®rerio det®etllbie differences between irradiated ~hicken 

that was steamed or not steamed prior to adding it to the·other 

ingr®dients o Also cooking th® chicken and sauce 'for 60 min, improved 

the 'flavbr o 

. ' Aft®r ilee®mber 1964·, the m®t:hod used for developm®nt of cooking 

procedures and re<Ci~es was 'chim:g®d somewhat as a group of ten staff 

and graduate !.tuii®nts in f<>oid science evaluated the products o These 

ix!dividuals had c«»nsiderabl!O\ expiOlrience in tasting and evaluating 

f©«»ds o The pr!lcedmte f©llow®d was· to hav® round table discussion 

during. the initial stages of dev®loping a n®w product o Then r®gular ,._,, ·- ,.,· '· - . . -. ' - " 

scheduled tast® panel se.ssioos wer® held.- in which characteristics 

written. All chang® lSI in a 'redp® were evaluated by the Pl!IId and a 
'' 

,. .,.-
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recipe was not released for the acceptance tests by the consumer 

panels until it received a favorable~rating by the members of the 
- , . . - - - - I , - . ~ . _:, . 

The meat recipes that were tried but did not appear to have potential 

for use with irradiated meats are listed, in Table l. 

Four products were evaluated by the laboratory panel in the 

spring of 1966. Procedur<es and recipes were developed and these 

products were considered ready for submitting to consumer panels for 

acceptance studies. However, the c!llntract terminated in September 

1966, and the.pr!llducts: Hot Beef Sandwich, Jiffy Steaks, Beef and 

Vegetable Stew, and Beef Goulash were not tested for acceptance. 

However, the four recipes are included in this report, 
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Table 1, Recipes tried but not used 

P(jlrk Slices in: 
Creole sauce 
Brown gra,vy 
Brown onion gravy 
Tomato gravy 

Pork 

Chicken 

Broiled Chicken with butter glaze 
Broiled Chicken marinated in: 

. 1.@@1~, j~i~ 

Barbequ~ sauce 
Buttermilk 
French dressing 

Ham 

Broiled ·Ham Slices . 
Ham slices marinate.d in: 

Soy sauce and ginger 
Vinegar, sugar, and mustard 
French dressing 

Savory Cranberry Sauce 
California Raisin Sauce 
Apricot Sauce 
Pineapple Mustard Sauce 
Cranberry Orange Sauce 
Cherry Sauce 
Mustard Horseradish Sauce 

Spiced Beef Cubes 
Chili Casserole 
Tamale Pie 
Beef Stroganoff 
Meat Ball Stroganoff 
Hamburger Stroganoff 

Ham Sauces 

Beef 

Gravy and Hot Beef Sandwiches 

8 

Pork Cubes, Cream Gravy , 
with Rice 

Creamed Chicken 
Chicken and Gravy 
Chicken A La King 
Fried Chicken with 

Assorted Coatings 

Ham and Chunk Pineapple 
Ham and Cheese Sandwich 
Baked Ham Roll with 

Cherry Glaze 

Pineapple Apricot Sauce 
Light Raisin Sauce 
Apricot Raisin Sauce 
Apricot Orange Sauce 
Apricot Honey Sauce 
Tangerine Sauce 
Brown Sugar Sauce 
Cherry Preserve Glaze 

Porcupine Meatballs 
Saurbraten 
Swedish Meatballs 
Chili Con Tiarne with 

Cornbread Topping 
Beef in Soy Sauce and Anise 
Beef with Sour Cream Sauce 



ROT BEEF SANDWICH 

Ingr®diomt Amt. (g) Ingredient Amt. (g) 

Fat 46.0 Beef broth soup, 
Flour, unsifted 25.0 c<l>iidensed 1-10 1/2 oz. can 
Water, tap, boiling 1 cup Minc®d instant 
Wilson' a B~V 16.0 onion 3.0 
Kitchen~Bouquet 2.5 Salt~, plain~ 1.0 
Brown sugar, light 7.0 Pepp®r, black 0.1 

Fleur; i.m.sifted 1s:o 
Wat®r, tap, cold 125.0 
Meat, sliced 200.0 

~ Procedure for making gravy in heavy 3 qt aluminum sauce~ pani 
Melt fat (66CC) and stir in flour gradually until smooth. Add water 
(boiling), stirring constantly. Stir until flour mixture thickens. 
Reduce temperature to 93°C,a Boil starch mixture for 1 min,stirring 
constantly;~ Add Wilson's B-V. ~Mix till even'in color. Add Kitchen 
Bouquet, brown sugar- and~ beef broth (minced onions '11hould be added to 
th®. beef broth before starting the gravy to hydrate them). Add 
spices, Set temperature at l49°C; B:dng to a boil- arid coil 1' min. 
Stir occasionally (do not stir too much or the gravy· will become 
runny); Make paste froo flour and cold water. Add gradually -to the 
saucepan stirring constantly. Turn temperature to high and boil 1 
min., 

Add sliced meat and lower heat to 66°c. Heat for at least 15 

min. Serve over 1/4 sliM of whi'te bread. -

Servings: 10 sample size 

STemperature given are for Sensi-temp burner on a Roper gas range, 
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Ingredient 

Minced instant onion 
Red wine vinegar 
Water, cold, tap 
Salad oil 
Worcestershire sauce 
Salt, seasoned 
Pepper, black 
Meat, sliced 

JIFFY STEAKS 

Amt •. (g) I~g;redien t 

1.5_ 
30.0 
15..0 

110 .s 
26.0 
5 .s '· 
0.1 

200.0 

Mustard, prepared 
Butter 

· Tomato sauce 
Minced instant onion 
Cheese, sharp 
Hamburger buns 
Butter; melted 
Salad oil· (for 

electric frypan) 

Amt. (g) 

2.5 
·25.0 
80.0 
LS 
10~1/4 
1/4 I 

25.0 

15.0 

in slices 
person 

Soaked minced instant onion in vinegar and water 5 min. Add 
salad oil, Worc'®stershire sauce, seasoned salt, and pepper and blend 
well. 'Arrange meat in single layer ih cake_ pan and pour vinegar · 
marinade over tt; Cover with aluttlim.m\ foil and place in refrigerator 
for l .1/2 hr. Butt~r buns- and toast' in 121°C oven for ·s min._ Set· 
frypan. for 193<»c and add ·salad 'oil atld heat 2 min. Place marinated 
meat in frypan and :fry 1 1/2mi.n. Turn arid fry 1 min more. Pliwe · 
meat on butl; _ . Hydrate in~ need onion- iri tomato sauce -15 min. . ~pre ad 
meat surfacew~th musf:ard~butter mixture arid thinly spread tomato- . 
minced _onion· mixture ori top. Place 1/4 slice sharp cheese over 
tomato mixture: Warm at 121 °C for 3 min; · · 

Servings: 10 sample size 
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BEEF AND VEGETABLE STEW 

Ingredient Amt, (g) Ingredient 

Flour, uneifted 25.0 
Fat 46.0 
Water, tap, boilingl cup 
Wilson's B~\Y 16.0 
Kitchen Bouquet 2.5 
Brow sugar, light ... 7 ;o 
Instant ,minc®donion4.0 
Beef broth soup, 

condensed 
Celery salt 
Onion salt 

1-10 
0.5 
0.5 

Accent 
Water, tap, boiling 
Worcestershire sauce 
Salt, seasoned 
Salt; plain 
Pepper 
carrots,· sliced 
Potatoes, cubed 

1/2 ox. can Onions,· sliced 
Msat, cubed 

Amt. (g) 

1.00 
125.0 

s:1o 
1.20 
1.15 
0,35 

1ao;oo 
290.00 
130,00 
272.00 

Hydrate minced onion in beef broth for 15 min. Add fat to deep 
fat· fryer and· heat at 1499C for 1 min. Add flour gradual:ly to melted 
fat, stir until consistency :l.s smooth. Add boiling water, stir until 
mixture thickens. · Boil at rolling boil 1 min, Lower temperature to 
simmer and add B-V ,· Kitchien"'Bcmguet, brown .. sugar, beef broth, .. and 
spices. Set temperature at 149 C, Bring to a rolling boil and boil 
1 1/2 min. Stir iilccasionally. Add 125g coiling water. Reduce .. 
temperature to simmer; ··add carrots, onions., and potatoes. · S:i.rimier 1 
h:i: 10 inin. Add meat cubes and S:i.mine'r 15 niin. Add flour 'to cold water 
to make·paste. Add paste to stew and bo:l.'l at 135°c for 1 min. 

Servings: 15 sample size 
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Ingredient 

Beef broth soup, 
condensed 

Tomatoes, canned 
Onion, diced 
Tomato puree 
Tomato catsup 
Salt 
Pepper 
Onion salt 

BEEF. GOUlASH 

Amt. (g) 

250 
. 560.5 
. 125 .• 0 
-265A 

50.0 
3.0 
0.2 
0.4 

Ingredient 

Oregano 
Thyme 
Cinnamon 
Celery salt 
Accent 
Meat, cubed 
Macaroni 
Water (to boil 

macaroni) 

Amt, (g) 

0.1 
0.1 
0.1 
0.2 
o.2 

300.0 
200.0 

6000.0 

Put fat in an electric frypan and heat 
Saute' onions 4 mln at 193°c, Add tomatoes, 
sea,.~nings. Simmer 20 inin on warm setting. 
20- min at 104°C, · lloilmacaroni for 2 min. 
Drain and add to_ tomato mixture. 

a,t; l93°C for 2 min. 
tomato catsup, and 
Add cubes_ of meat, sinuner 

9 min. Cover. and let stand 

Servings: 10 sample si:?:.e 
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fonsumer pane 1s 

Consu~r acceptance of products containing radiation sterilized 

porrk loin, chicken breast and thighs, cured ham, and beef loins or 

rounds was determined by individual responses on a 9-point hedonic 

rating scale. Panels of approximately 20 men and 20 women per panel 

were selected from single <J>r married under-graduate .students at Iowa 

State University. One person from each group, a chairman, was 

contacted and given an instruction sheet and an explanation of the 

financial arrangements. The chairman distributed a one-page 

description of the project to prospective panel members and recruited 

students for the panels. 

Each prospective consumer panel member completed a questionnaire 

regarding· preferences for 35 or 50 foods and a questionnaire qn 

background information. On the basis.of the information from the 

completed forms, students were eliminated who: 1) indicated poor 

health or failed to indicate health status; 2) indicated "not tried" 

or from "dislike slightly" to "dislike extremely" for the products 

being tested; or 3) failed to indicate a preference for the products 

being t<est:ed. 

A list of the names of selected consumer panel members and 

qualified substitutes plus instructions for consumer panel members 

were sent to the chairman. From the list of qualified consumers, a 

certain number of persons (usually 20) agreed to attend two tasting 

sessions (in some cases three). During the investigation 680 people 

served on 17 consumer panels. 
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Pan®l memb®rs w®r® ask®d to refrain from eating, smoking, gum. 

chewing, or drinking (anything but water) for one hour before the 

tasting sessi.-,n. Tw.-, r©l@ms wer® arranged for .th® c@nsum®r ·panel 

sessi.©lns. Physical c©nditions of the rooms were kept as similar as 

possible. Panel membrers arrived at 12.:00 no<;>n and were directed to 

the assigned rooms. In. most cases the men were assigned to.one room 

and the women to the ©ther. In each room, a person in charge gave 

instructions and answered any questions. A glass of water, a test 

direction shreet, and two score cards were provided for each person. 

Thre scorre cards had spac<es . for consumers. to check one of· the nine 

hedonic ratings from "like extremely" to "dislike extremely." 

Consumers were also encouraged to write comments. It should be 

noted, that although the consum®rs had besn informed that some of 

the samples would contain radiation sterilized meat,. they had no 

knowledge of the· treatment or of identit:y of either radiation 

sterilized or. rio:ni."'irradiat®d samples· or when. each sample was served. 

The irradiated meat was packed in #3 or #10 eans and 

information regarding dosage and date of processing was written on 

the cans (with two exceptions). A description of all meat used in the 

products submitted to the consumer panels is given in Table 2. 

The pr.:»~:edure and ingredients f<>r 15 different meat produets 

~ere developed using the laboratory panel described ,previously. The 
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Table 2. Summary of information on radiation sterilized meat samples used for 
consumer panels. · 

Panel Date of Can No. of Process 
no. ·test panel Meat size cans Code Mrad date 

1,2 Dec. 7-10 Chicken Breast #10 2 64/64B 4.5-5.6 June '64 
1964 Chicken Thigh #10 2 64/64T 4.5-5.6 June '64 

Pork Loin #10 3 64/60 4.5-5.6 June '64 

3,4 Dec. 14-17 Chicken Breast !FlO 1 64/64B 4.5-5.6 June '64 
1964 Chicken Thigh #10 1 64/64T 4.5-5.6 June '64 

Pork Loin #10 1 64/60 4.5-5.6 June '64 

5,6 Jan. 11-14, Chicken Breast #10 1 64/64B 4.5-5.6 June '64 
1965 Chicken Thigh #10 2 64/64T 4.5-5.6 June '64 

Pork Loin #10 2 64/60 4.5-5.6 - - - - -,_, 
"' 7,8 Jan. 18-21, Chicken Breast #10 l 64/64B 4.5-5.6 June '64 

1965 Chicken Thigh #10 1 64/64T 4.5-5.6 June '64 
Pork Loin #10 2 64/60 4.5-5.6 June '64 

9 March 23-25, Cured Ham #10 3 64/122 2.5-3.1 Dec. '64 
1965 Chicken Breast # 3 8 64/121 4.5-5.6 Dec. g64 

10 March 30- Cured Ham #10 3 64/122 2.5-3.1 Dec. '64 
April 1, 1965 Chicken Breast # 3 8 64/121 4.5-5.6 Dec. '64 

ll April 5c3, Cured Ham 1folO 3 64/122 ~.5-3.1 Dec. '64 
.1%5 Chicken Breast # 3 7 65/ll, 4.5-5.6 Feb. '65 

Chicken Breast # 3 2 65/12 4.5-5.6 --------



...... 

"' 

Table 2. (Continued) 

Panel Date of 
no. test panel. 

12-14 Oct. 12, 14-& 
19-21, 1965 

15,16 Dec. 7-10, 
1965 

17 Dec. 14,16 
1965 

·.Can 
Meat size 

Cured Ham 1F1o 

Beef Round .# 3 

Beef Round # 3 

No. of Process 
cans· Code Mrad date 

7 65/30 4.5-5.6 April '65 

9 65/80 4.5-5.6 Oct. '65 

3 65/80 4.5-5.6 Oct. '65 



P©rk <Ch©p Su®y 
P©rk Barb®qu® 
Chiek®n <Ch©p Su@y 
Chlek<"~ Barb®qu® 
Rain S li<:<" s 
Ham~ Slie®a, Fruit 

Sau<:® 

Chi<: ken Salad, 
Il.©t marinated 

Chiekel!il Salad!, 
ciil>ld madnade 

Chl<:kal!il Salad, 
hot marinad® 

17 

Creamed Ham Car©lina 
Mtllntimg Sandwich {Ham) 
Swe®t ·a~d S@ur Ham 
Balrb®que Beef 
Baef and Gravy on N©©dl®s 
Chunk Chili 



PORK CHOP SUEY 

Ingredient Amt. (g) Ingr®dient Amt. 

Pork, boneless loin Onions, sliced 400 

cubes, 3/4 in. 500.00 Celery, sliced 200 

Salt 8.00 Bean sprouts 200 

Pepper 0.15 Bean sprout liquid 100 

Shortening 48.00 Water 100 

Go:mstarch 40.00 Soy !lauee 40 

Water 1000.00 Molasses 8 

Add shortening to the electric skillet and heat: for 3 min at 
17l©C. Add cubed p.:n:k l©in to the skillet, sprinkle with salt and 

pepper, and brown for 8 min. Turn cubes every 2 min. Add water 
uooo g)' onion!!' and c®l®ry to mixture--and reduce heat to ·no0 c. 
Boil mixture gently f©r 15 min in covered skillet. Mix bean sprout 

liquid-and Water With th® C©rnstareh, add-to the hot mixture, and 

em>k, uncovered, fm: 3 min. During the eooking-pedod, stir the,

mixture- 50 strokes. Add -the bean.- sprouts, soy sauce, and molasses. 

Stir the mixture 20 strokes. Reduce heat to 104°C and simmer for 5 

min. 

(g) 

Servings: 20 sample size 

Ingredient 

Pork, bonele,ss loin 
·sti:'ips 

Mustard,- prepared 
Tomato paste 
Vinegar 
Water 
Onions, ground 
Celery, , ground 

PORK BA.RBEQUE 

Amt. (g) 

750.0 
22.5 

379.5 
106.5 
soo.o 
126.0 
126.0 

Ingredient Amt. (g) 

Sugar 154.50 
Salt 32.25 
Pepper, black 0.75 
Cloves, ground 0.37 
Allspice, ground 0.75 
Chili powder 0.45 
Shortening 40.00. 

Combine all non-meat ingredients in a large bowl and beat 150 

strokes with a rotary beater. Heat the shortening in an electric 
skillet for 3 min a!: uo<»c. Add p.:»rk loin strips (l 1/2 X 1/2 X 1/4 

in.) and heat for 15 min. Remove thepork strips and set aside. Add 

the
0

sauee mixture to the skillet, ewer, and simmer for·· 30 min at 

110 C, Add the p©rk to:» the sauce and simmer the mixture an additional 
hr at 110°C. 

Servings: 20 sample size 
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Chicken, <Cubed 
3/4 in. 

Salt 
Pepper 
Shortening 
Water 
Cornstarch 
Oni©ns, sliced 

CHICKEN CHOP SUEY 

Amt. (g) 

500.00 
8.00 
0.15 

48.00 
850.00 
40.00 

400.00 

Ingredient Amt. (g) 

Celery, sliced 200 
Beari sprouts 200 
Beari sprout liquid 100 
Water 100 
Soy sauce 60 
Molasses 8 

Preheat shortening in electric- frypan for 3 min at ll0°C. 
Sprinkl<e salt and_ pepper on'ehicken and heat 15 min in shortening, 
turning the m®at every 2 1/2 min. Add 850 g water, celery, and onions. 
Cover pan and boil mixture gently for 15 min. · Combine cornstarch wi.th 
bean sprout liquid plus 100 g wat®r and add to hot mixture. Cook chop 
suey-miXture uncovered for 3 min stirring 50 strokes. Add bean 
sprouts, soy sauce 

3 
and molasses and stir 20 strokes. Reduce 

temperature to 104 C and simmer 5 min. 

Date Serv<ed: Jan~ 11-21, 1965 Servings: 20 sample size 

CHICKEN BARBEQUE 

Ingredient Amt. (g) Ingredient Amt. (g) 

Chicken, cubed, Celery, ground 126.00 
3/4 in; 750,0 Sugar 154.50 

Tomato paste 379.5 Salt 32.25 
Vinegar 106.5 Pepper, black 0,75 
Mustard 22.5 Cloves, ground 0,38 
Water 600.0 Allspice, ground 0. 75 
Onions, ground 126.0 Chili powder 0;45 

Make the barbeque sauce the morning that the products are tobbe 
evaluated. Combine all the ingredients (®xcept the chicken) in a bowl 
and mix with a rotary beater 150 strokes. Simmer the barbeque sauce 
in an electric frypan at 104°C for 40-60 min. Add the meat and simmer 
the mixture for 1 hr at 110°C. 

Dat® Served: Dec. 7~17, 1964 Servings: 20 sample size 
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HAM SLICES 

Insert meat thermometer. in center of ham roll. Place in a pyrex 
,, ', ' '. . 0 

loaf dish, but do not cover. ; Heat ham r<>ll in a 163 C oven. When 
internal temperature reachen Slfqc, remove from oven.· Cut the ham . 
r<>ll in half,' cut 1/4 inch t:hick slices·; discarding end slices. Setve 
one half slice per person. Place 25 slices in prewarmed pyrex dish, 
cover a:nd put in oven 135°C until served. 

Date Served: Mar. 23 -Apr. 18, 1965 Servings: 25 sample size 

HAM-FRUIT SAUCE 

FRUIT SAUCE 

Ingredient Amt. (g) 

· Apricot nee tar 750 
Orange juice 

co:»ncentrate, frozen 120 
Cornstarch 30 

:i ,. Brown sugar 75 
Cloves, wh<»le 

(remove after cooking) 3 

Combine apricot nectar; orange JU:Lce, brown -sugar, and cloves in 
a dOiuble boiler. Stir to dissolve sugar. Bring to· simmer, cover and ··· 
sitmiter for 1 1/2 hr'•'• Strairi ·out the cloves. Add cornstarch and heat 
until thickened altd trariSli.!cent, stirring constantly; Keep warm until·' 
served; A pyrex Saucepan and a teflon spoon should be used to avoid 
possible metallic tast"". 

IDlate Serv®d: Mar. 23' ·~ Apr. 18, 1965 Servings: 45~~50 sample size 
'-1-, 
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CHICKEN SALAD* 

lngr®dient 

Chicken (3/4 ln. x 1/2 ina) 
Mayonnaise, chUled 
Apple cider vinegar 
Prepared mustard, chilled 
Salt 
Pepp®r; white 
C®lery, chopped 

Amt. (g) 

1310 .o 
6so;o 
so;o 
35.0 
1s;o 
2.5 

625.0 

Weigh mayonnaise into large glass bowl. 'Add vinegar ana mix 
until smooth. Add mustard, mix until combined, stir in sait-and 
pepp®r. Mix ingredi®nts with a teflon spoon and store in a covered qt. 
jar .in refrigerator at least 3 days. Approximately 45 min prior to 
serving, plac® chicken and celery in two-glass bowls, add 1/2 of 
dressing to each bowl and mix. Cover and return to refrigerator until 
served. 

Dat~ Serv®d: Ma~. 23 ~Apr. 18, 1965 Servings: 40 sa~ple size 

*No marinade 
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lngr®dient 

Chicken 
Celery, ehopp®d 

Marinade 

Lemon juice 
Water, tap 

Amt. (g) 

13.10 .o 
625.0 

472 mls. 
878 mls. 

lngr®dient 

Dressing 

Mayonnaise 
Salt-
Pepper, white 
Prepared-mustard, 

chilled 

Amt. (g) 

650.0 
15.0 
2.5 

35.0 

Weigh mayonnaise into a large glass- bowl; add mustard, salt and 

p~;pper. Mix with a teflon sp®on. Transfer dressing to a qt. glass 

jar, !6w®r, and store at r®frigerator t®mpetature for at least 3- days. 

On the daf before-- serving the- chicken salaa, uitx marinade 

ingt®dients' together.- Place chicken ana marinade mlx!:ure in a-long 

flat pyrex pan; eov®r, and place- in refrigerator overriight.- The next 

day drain for- 2 1/2 lit in a plastic · straiiui>t in the refrigerator. -

Approximately 45 mil'l p:i:iO>r to s®rv:i.ng salad, place marinated chicken 

and-celery in twc bowls. Add 1/2 ·of dressiiig to each bowl and mix. 

Cov~r and return to re'frigerator ·until served. 

Date Served: Mar. 23 -Apr. 18, 1965 Servings: 40 sample size 

CHICKEN SALAD, HOT MARINADE 

Re~ipes for Marinade and Dressing are the same as for Chicken 

Salad, ~old marinade. 

Place chicken and marinade mixture in pyrex saucepan, cover, heat 

until mixture boils gently. Continue heating for 5 min. Place 

chicken and marinade in glass dish, ciover and store in refrigerator 

overnight. The next day drain in plastic strainer for 2 l/-2 hr in the 

refriger-ator. Mix chicken, celery, and dressing in large-glass bowl 

approximately 45 min pr:i<llr to serving, cover and return to 
refrigeratO>r until served. 

Date Served: Mar. 23 - Apr. 18, 1965 Servings: 40 sample size 
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CREAMElil HAM CAROLINA 

Ingredient Amt. (g) 

Ham, cubed 
Mushroom soup, condensed 
Whol® milk 
Eggs, hard boiled 
Bread, sandwich 

375 
2"10 1/2 oz cans 
240 

3 
6 slices 

Heat sOJup and milk i.n d©ubl® bciiler, ·stir until fairly smooth. 
When temperature reaches49°C, add ham. Heat until temperature 
reaches 80°C, Keep covered except when checking temperature. Serve 
one spoonful over toast point in warmed panel dish, garnish with one 
slice of hard cooked egg. 

Date Served: Oct. 12, 14, 18, & 20, 1965 Servings: 20 sample size 

MONTAUG SANDWICH (HAM) 

Ingredient 

Ram 
Cheese, sharp cheddar, grated 
Ih:y mustard 
Paprika 
Salt 
Pepp®r, cayenne 
Worcest®rshire sauce 
Bread, white, regular 
Margarine, melted 

Amt. (g) 

48 slices, 30 g each 
no.o 

7.0 
5.0 

15.0 
0.1 

18 ml 
24 slices 
56,8 

Grate che®se, weigh, add weighed spices, and stir 30 strokes. 
Pipette in Worc.estershire sauce arid mix 20 strokes. This mix.ture may 
be s tor®d overnight, or prepl:n'ed as nee> <led. · B:dng to room 
temperature> t@ use. Slice ham roll into 1/4 in. slices and cut in 
half. Place br®ad, cut in half, on a pan, and brush with melted 
margarine. Spr®ad about 30 g of sauce on each 1/2 slice of bread and 
t@p with a slice of ham. Bake 10 min in 213°C ovens. ' 

Date Serv®d: Oct. 12, 14, 19, & 21, 1965 Servings: 48 sample> size 
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Ingredient 

Ham, cubed 
Carrots, sliced 
Onion, sliced 
Green pepper, sliced 
Pineapple chunks 

drained 

SWEET AND SOUR HAM 

Amt, (g) 

700 
200 
200 
150 

550 

Ingredient 

Cottonseed oil 

Sauce:~ 

Cornstarch 
Vinegar 
Bouillon 
sugar 

' Amt, (g) 

50.0 

42;5 

Pineapple juice · 
Water for vegetables 

125 ml 
2 1/2 cups 625g Soy sauce 

l07o5 
12.5 
46.0 
22.5 ml 

Cut .ham in l/2 in. cubes and slice carrots diagonally to give· 
elongated slices. Cut- peppers in 1/4 in. ~wide rectangular strips, 
Drain pineapple in~plastlc-strairier, cut onion in t:hin slices and 'cut 
in half. About l/2 hr before serving tiine, bro'Wn onions and ham~ in 

. oil for 6 min in electric frypan, stirring constantly. AlSo start 
precooking~vegetables. Precook~carrots and pepper iri water 12~min and 
discard water. In a separate. bowl combine cornstarch imd sugar. Add 
to this mixture vinegar, bouillon,~ and soy~~ sauce and stir. -Add~ 

pineapple, juice, cooked peppers, and cooked carrots to onions and 
ham. Reduce temperature t;o lllimmer, add~ sauce mix and co.ok until 
thickened and translucent. Cover and keep warm until served. 

Date Served: Oct. 18-21, 1965 Servings: 20 sample size 
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Ingredient 

Meat.~ cubes, 3/4 in. 
Toma.t.o paste 
Apple cider vinegar 
Mustard,· prepar<>d 
Water,· tap 
Onions; grcnmd 
Celery, ground 

BEEF BII.RBEQUE 

Amt. (g) 

750.0 
379.5 
106;5 
z:z;s 

600.0 
126.0 
126.0 

Ingredient 

Sugar 
sau 
Pepper, black 
Cloves 
Allspice 
Chili powder 

Amt. (g) 

154:50 
32:20 
o;75 
o;Js 
o:1s 
0.30 

Combine all ingr<edients for sauce· and stir with a hand rotary 
beater.for 150 sti'<:Jkes. Pi'eh<!!at-electri<i skillet at 104°c-for 3 min. 
Add combined ingredients for sauce and then meat to the preheated 
skillet. Cover and sili!lZJl.er f'llr 1 hr at ll0°C, stirring occasionally. 

Date Served: Dec, 7, 9, 14, & 16, 1965 Servings: 20 sample size 

BEEF ANlili GRAVY ON NOODlES 

Ingredient Amt. (g) 

ll®ef, cubes, 3/4 in. 750 
Flour- 50 
Fiat 92 
Water, tap 250 
Wilson's B~V 32 
Brown sugar; light 18 
Kitchem Bouquet 5 
Onion soup, condensed 2~10 1/2 oz cans 

Melt fat and stir iri flour; add water, stirring constantly. 
Bring m:I.Xt\n:e to a good boil. Add Wilson's B-V-and stir constantly 
imtil gravy t:hick®ris. - Ai!d Ki tchsiri Bouqiiet, onion soup, and brown 
sugar; bring mb:tui'e. to a boil again, stirring oecasionalli (do not 
stir too much or- gravy will become riunny). Add-cubed meat and lower 
heat. Heat for at least 15 min. Setve over hot noodles. 

Date Ssrvsd: Dec. 7-10, 1965 Servings: 20 sample size 
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Ingredient 

Beef, 1/4 in. cubes 
Fat 
Peppers, green, ground 
Oni~ns, ground 
Tonia to paste 
Tomatoes, canned 
Salt 
Sugar 

CHUNK CHILI 

Amt. (g) 

750,0 
6:Lo 

150.0 
45Q.O 
300.0 
855.0 

8; 1 
24.0 

Ingredient 

Paprika 
Pepper, c;ayenne 
Garlic powder 
Bay leaf 
Chili powder 
Chili beans 

Amt. (g) 

0.80 
0.15 
3. 75. 
0.25 
9.00 

750.00 

. Make the chili sauce on the day before serving, Malt fat for 3 
min at 135°0 in ®l®ctric £rypai:i. Add ground green po;,pper arid onions 
then brown for 4 min. Add t©matoes, spices and tomato' paste, Cover 
and sinnner f©r at least 1 hr. Remove bay leaf, transfer sauce to jar, 
c.over and store in~ refrigerator overnight. On the daf of serving, 
place the sauce in frypan; add meat to sauce; cover and sinnner for 20 
min. Add beans; cover and simmer 15 additional min. 

Date Served: Dec. 8, 10, 14, & 16, 1965 Serv~ngs: 20 sample size 
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Preliminalty ®ltperiments esbablished th!" work schedule for each 

product. The time required for preparation of ingredients, cooking 

the product, and time between end of cooking and serving the panel 

were standardized. Since order of serving the samples could affect 

the individual's ehoiee, the experimental design for each panel 

determined whether product A was served before or after product B, 

i.e. the order was not the same £01r the 17 pan®ls. 

In Table 3, a summary is given OJ>.f the treatment of the meat 

served tOl each Olf the 17 panels and the order of serving for the 37 

panel sessions held. 

Consumers on panels 1-8 evaluated foods at two sessions on 

alternate days. Thus a total of 16 sessions were scheduled between 

December 7, 1964, and January 21, 1965, in which 306 consumers 

participated, , (155 men, 151 wolll®n). At each first test session, the 

consumer panel was served portions of chop suey or barbeque made with 

non-irradiated meat; at the second test session, samples made with 

radiation sterilized meat were served. Since it was considered 

important to vary the ord®r of service, the experimental design 

provided that chop suey Olr barbeque was served first an equal number 

of tim®s during the 16 sessions (Table 3), 

Cons~rs Oln panels 9~11 evaluated foods at three sessions on 

three e©nsecutive days. In the 9 sessions scheduled between March 23 

arid April' 8, 1965, 125 c.c>nsumers, 87 men and 38 women participated. 

Married veteri~ary $tudents and their wives (10 men, 11 women) were 
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Table 3o Summary of samples served to consumer panelso 

Panel noo Day Treatment of meat __ Product and order of serving 

-
1 and 2 1 non-irradiated Pork Chop Suey, Chicken Barbeque 

2 radiation. sterilized. · Pork Chop Suey, Chicken Barbeque 

3 and 4 1 non-irradi!ited Chicken Barbeque, Pork Chop Suey 
2 radiation sterilized · Chicken Bar beque, Pork Chop Suey 

5 and 6 1 non-irradiated Chicken Chop Suey, Pork Barbeque 
2 radiation sterilized ···· Chicken Chop Suey, Pork Barbeque 

7 and 8 1 non-irradiated Pork Barbeque, Chicken Chop Suey 
2 radiation sterilized Pork Barbeque, Chicken Chop Suey 

9 '10, 11 1 radiation sterilized Chicken Salad, cold marinated 
"' non-irradiated Ham Slice "' 

2 radiation sterilized Chicken Salad, not marinated; Ham slice, fruit sauce 

3 radiation sterilized ·Chicken Salad, hot marinated; Ham Slice 

12 l non-irradiated Montaug Sandwich, Creamed Ham Carolina 
2 radiation sterilized Montaug Sandwich, Creamed Ham Carolina 

13 1 non-irradiated Creamed Ham Carolina, Sweet-Sour Ham 
2 radiation sterilized Creamed Ham Carolina, Sweet-Sour Ham 

14 1 non-irradiated Sweet-Sour Ham, Montaug Sandwich 
2 radiation sterilized . Sweet-Sour Ham, Montaug Sandwich 

\', 
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Tabla ~- (Continued) 

Panel no. Day 

15 1 
2 

16 1 
2 

17 1 
2 

Treatment of meat Product and order of serving 

non- irradiated Beef and Gravy on Noodles, Barbequed Beef 
radiation sterilized Beef and Gravjc on Noodles, Barbequed Beef 

non- irradiated Beef and Gravy on Noodles, Chunk Chili 
radiation sterilized Beef and Gravy on Noodles, Chunk Chili 

non-irradiated Chunk Chili, Barbequed Beef 
radiation sterilized Chunk Chili, Barbequed Beef 



among th~ 125 individuals in this part of the inv~stigation. Only 

irradiated rchirck®n was used for the chi.cken salad and the comparisons 

made were among hot marinad®, cold marinade and no marinade, 

Irradiated and non~irradiated ham samples were used. Samples of 

chicken salad were served first and ham slices secoJ;td at a giyen taste 

s.ession. The order of serving and samples used for each panel are 

given in Table 3. 

Consumers on panels 12-14 evaluated foods at two sessions held on 

alternate days. A total of 6 sessions were scheduled between October 

12 and October 21, 1965, with 125 consumers participating (64 men, 61 

women). Th® O>rd®r ©f serving and samples used fO>r each p,anel .are 

given in Table J. 

Consumers on panels 15-17 indicated th®ir acceptance at 2 

sessions on alt®r!"ate days, In the six sessions between December 7 and 

December 16, 1965, 124 consumers, (63 men, 61 women) participated. 

Beef and Gravy on Noodles was always served first because of its 

bland nature, The order of serving and samples u.sed for each panel 

are given in Table 3, 
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RESULTS 

All of the irradiated meat was tested for absence of Clostridium 

botulinum toxin using a standard biological assay with mice. Tests 

were made by an independent laboratory, Pharmatox Laboratories in Ames, 

The results on the 139 cans of meat were all negative, i.e. no 

evidence of toxin was found. Samples tested and results obtained are 

summarized in Table 4. 

Table 4. Summary of samples tested and results of biological assays 
by Pharmatox Laboratory. 

Meat Can size Number of Dosage Results 
sample nO>, cans Me gar ad of test 

Pork Loin 10 11 4.5-5.6 nega 
10 6 4.5-5.6 neg 

303 3 4.5-5.6 neg 

Chicken, 10 21 4.5-5.6 neg 
breast and thigh 3 26 4.5-5.6 neg 

3 1 2.5-3.2 neg 

Ham roll, cured 10 1 1.5-1.9 neg 
10 13 2.5-3.2 neg 
10 1 2.5-3.2 neg 
10 4 4.5-5.6 neg 
10 7 4.5-5.6 neg 
3 15 4.5-5.6 neg 

Beef, loin or 10 1 4.5-5;6 neg 
round 3 1 4.5-5.6 neg 

3 25 4.5-5.6 neg 
3 1 6,0-7.5 neg 

aAfter 72 hr all mice survived and showed no evidence of any toxic 
symptoms; mice were normal in appearance and behavior. 
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Results of the triangle tests using a laboratory panel to 

determine optirr.um c<llcvking methcvds for irradiated meat indicated that 

browning irradiated meat in fat, adding the meat at the beginning of 

the cooking period, and the use of tomatoes and spices improved the 

quality of the products made with irradiated meat. Individuals 

preparing the recipes noticed rath®r strong and unpleasant odors 

during the browning of the radiation-sterilized meat. 

The rating she®t us®d by the panel for indicating preference had 

only adj®ctives (s®® Figur® 1). 

Figure l. Rating sh®et for.meat products. 

Name Date -------

Show your reacti@l!i. by .eh®cking on th<e line: 

------~ Lik® extremely 

------- Like very much 

~~-Like moderately 

..,.--- Like. slightly 

_______ Neither like nor dislike 

~-- Dislike slightly 

------- Dislike moderately 

------- Dislike very much 

--~--- Dislike extremely - ~ - ~ ~ ~ - -~ - - - -- - - - - -~ - ~ - - - - - - - - - - - - - -. . 

If you dislike the product, indicate the reason(s) 

Lacks flavor ________ TO>o.·sour ------Strong flavor------

Other: 

Conun®nts: 
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Consumer panels of 40 students (approximately 20 men and 20 

women) indicated thei.r acceptance of the prod~cts made. with non~ 

·irradiated or irradiated meat. Between December 1964, and Pecember, 

1965, 17 consume·c panels evaluated 15 different products. irradiated 

pork loin was tested in chop suey or barbeque; chicken in chop suey, 

barbeque and salad; ham slices with fruit sauce, with sweet and sour 

sauce, creamed, or in a sandwich with cheese; and beef in barbeque, in 

chili, or with gravy on noodles, 

A total of 680 people were on the 17 panels, however, 202 

individuals served on two or more panels so there were 478 different 

individuals. In all, 1860 judgments were made on products containing 

t::adiation sterilized meat and 1235 judgments on products cont,aining 

non~irradiated meat. 

The data on the rating sheets (Figure 1) were summarized by two 

methods for each producttested, namely, distribution of scores and 

average score. First a tally was made of the number of times each of 

the nine descriptive adjectives on the, .hedonic scale was checked. 

Then the frequency distribution was plotted for each product made with 

either the non-irradiated or the irradiated meat. ·The frequency 

distribution of consumer preferences for each of the 15 products are 

summarized in Tables 5~8. Arrangement of the data in this manner 

presents a clear picture of the exact number of each "step" on the 

hedonic scale. Also one can compare the acceptance at each level on 

the scale for non-irradiated nwat or irradiated meat. 
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Table 5. Frequency distt,ibution of cons~er preferences a for. chicken and pork in chop suey and 
bar.beque. 

Score 

Like extremely 

Like very much 

Like moderately 

Like slightly 

Neither like · 
nor dislike 

Dislike slightly 

Dislike moderately 

Dislike very.much 

Dislike extremely 

CHOP SUEY 
Chicken: 

Nori~ Irra- · Irra'
d:lated iliated 

9 17. 

69 52 

40 42 

18 27 

5 6. 

8 5 

2 1 

1 

Pork 
·· Non-Irra

dlated 

5 

32 

49 

·29 

6 

22 

7 

3 

2 

Irra
diated 

13 

46. 

51 

23 

6 

13 

2 

1 

a .· • . . . Panels 1-8, 306 .consumers, December l9-64c-and .January 1965. 

Chicken 
Non-Irra

diated 

21 

56 

46 

13 

2 

12 

4 

1 

BARBEQUE 

Irra
diated 

2.7 

70 

37 

15 

1 

4 

1 

Pork 
Non• Irra

diated 

. 11 

75 

43 

15 

1 

4 

2 

Irra
diated 

35 

63 

37 

8 

3 

2 

3 



Table 6" Frequency distribution of consumer preferencesa for chicken salad and ham slices" 

Chicken Saladb Ham Slices 
Marinade Non- Irradiated 

None Hot Cold irradiatedc Plain Sauce 

Like extremely 4 7 1 26 5 3 

. Like very riiuch· 40 10 19 63 38 30 

Like' moderately 45 40 46 25 26 35 

"' Like slightly 20 27 23 7 18 16 
"' 

Neither like 
'nor dislike 6 16 9 1 14 6 

Dislike slightly 4 13 19 2 17 20 

Dislike moderately 3 6 7 1 5 9 

Dislike very much 3 4 1 0 1 2 

Dislike extremely 0 2 0 ,,)j;o 1 4 

aPane1s 9-11, 125 consumers, March and April 1965. 

bMade from irradiated chicken 

cPlain 



Table 7 o a 
Frequency distribution of consumer preferences for ham; creamed, in s sweet and sour 
sauce lllld.. ijl a san~icho 

Creamed Ham Carolina Sweet-Sour Ham Montaug Sandwich 
Score Non- Non- Non-

irradiated Irradiated irradiated Irradiated irradiated Irradiated 

Like extremely 5 2 6' 4 2 3 

Like very much .· 26 18 30. 25 25 19 

Like mcrderately .· 22 24 24 25 27 25 

"' "' Like sligbtly. 12 15 14 13 15 16 

Neither like nor 
dislike 5 6 4 5 2 8 

Dislike slightly 10 13 2 10 5 7 

Dislike moderately 2 3 5 4 2 0 

Dislike very much 1 1 2 2 1 1 

Dislike extremely 0 1 2 0 0 0 

Total 83 83 88 88 79 79 

aPanels 12-14, 125 consumers, October 1965o 
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Table 8o Freque:ncy distribution of consumer preferencesa for beef in barbecue, chili and 
beef with gravy on noodles 

Barbegue Chili Beef with gra:yy on noodles 
Score Non- Non- Non-

irradiated Irradiated irradiated Irradiated irradiated Irradiated 

Like extremely 10 10 2 2 2 3 

Like very much 29 26 16 14 29 34 

Like moderately 23 19 31 25 34 23 

Like slightly 5 16 11 18 7 15 

Neither like nor 
dislike 4 3 7 6 1 2 

Dislike slightly 11 6 10 11 10 6 

Dislike moderately 1 l 2 2 2 

Dislike very much 2 1 

Dislike extremely 1 2 

aPanels 15-17, 124 consumers, December 1965" 



On the other hand, there might be some advantage in obtaining an 

®xtreme ly." Avelt'age l!M:!©lt'® was ©aleulated for ea©h product and the 

r®sults are summarized in Table 9. Most of the av®rage scores would 

fall in th® '',lik® mod®lt'at®ly" classifi©ation on the hedonill! s©ale. In 

g®n®ral, th® pr©du©ts mad® with irradiat®d msats r®ll!®iv<lid averag® 

sll!ores high®r than or as high as those made with non-irradiated meat 

(Table 9). 

For pan<l!\ls l.o8, thO\ effrects of sex- ©f panel member and order of 

serving ©hop su<l!\y and barbeque at a taste panel session were 

©Onsidered. An analysis of variance was made to identify soms of the 

factors that 'affected c~»nsumar. acceptance or·preference for the chop 

suey <>r the bar beque. The desigo used for the analysis was as 

f(illlows: 

Source of vadation d •. f. 

Order (0) 
Sex (S) 
Treatment (T) 
0 X S 
0 X T 
S X T 
0 X S X T 

Error 

1 
1 
l 
1 
1 
1 
1 

8 

Order <>f serving (i.e. ch<>p suey or _barbeque first) was found to 

have a significant effect on scores for chop suey only; whereas, sex 

of panel member or kind (j)f meat had no effect. The relatively bland 

ch!»p suey 'was given lowerratings when served after barbequed msat 

than when ~erved ~efor® the m~re spicy food. 
i ' • 
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Table 9" Summary of average acceptance scores of the 17 consumer panels for 15 products 
made with irradiated or non-irradiated meat" 

Total no" Product 
Average scorel 
Non-

Date Panel no. individuals tested irradiated Irradiated 

1964 December 1-4 155 Pork Chop Suey 6o2 6.9 
1965 January 5-8 151 Chicken Chop Suey 7o2 7o2 

1964 December 1-4 155 Chicken Barbeque 7ol 7o6 
1965 January 5-8 151 Pork Barbeque 7.4 7o7 

1965 March-April 9-11 125 Ham Slices 7o8 6o4 
Ham Slices, fruit sauce 6o0 

March-April 9-11 125 Chicken Salad 6ol 
Cold Marinated 

Chicken Salad 6o0 
Hot Marinated 

Chicken Salad 6.8 
Not Marinated 

October 12,13 83 Creamed Ham Carolina 6.7 6.2 
12,14 79 Montaug Sandwich 6oS 6.6 
13,14 88 Sweet and Sour Ham 6.8 6.5 

December 15,17 82 Barbeque Beef 7.0 6o9 
15,16 85 Beef with Gravy on Noodles 6o8 6.9 
16,17 81 Chunk Chili 6.3 6.1 

1 
9~ like extremely, ~ like very much, 7~ like moderately, 6: like slightly 



Consumers were encouraged to write comments on score cards and 

individuals preparing th® products. rec:orded their observati'?ns. A, 

summary of the cO!MII®nt;a and obssrv!!tions foll<;>ws. 

1. ·· So~ not;;d that th;; ~<!l>dpes that ~()ntdned radiation 

sterilized meats w<!l>r® "flat," "tast®l<!l>ss," or "t().O 

bland." How®v®r, s<llm® c<llmm®nts indicated that.consumers 

was not lacking in flavor. Oft<ll>n th<ll> same comments were 

mad<!l> concerning recipes made with precook<!l>d non-

2. For sweet-sour. ham,· consU!n®lr com!it®ntS generally stated 

',.\' 

that the i!:r!!diated ham laeked .. typieal flavor or that 

the flavor ?f tile ham was. not evi,dent, in the 'recipe. 

There. war® .almost .no eomments on. off-flavor.·· Thus, it 

may be assumed that the sauee masked·a.;,y "irradiated" 

flavor in ham. The flavor of the sweet-sour sauce was 
r·-

"te!OJ "strong" aceording to several' consumer' comments •: 

whether the ham was irradiat<!l>d or non-irradi.ited. 

3. There were e©mments that irradiated ham on open face. 

,MQlritaut;isandwiches was not typieal in color and that' it 

was dry or unattractive. Fi~wev®r, th~ only o;ff-flav~r 
' . .,. -l 

noted in irradiated ham was excessiv® saltiness. The 

majority of e©mm®nts .,on the· sandwich. cone®rn<!l>d cheese 

flavor, sugg®sting that the' distinct fbvor of sharp' 

ehe®s® was nOJt appreeiated by eoll®ge s.tuden~ consumers. 
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4. ·Broiling irradiated ham slices increases .the dryness of 

the product. 

5. Marination of the ham slices before broiling results in 

a product that is more flavorful and moist than the 

plain broiled ham. 

6. Cutting the irradiated ham into cubes of slices before 

•coo::· ' cooking increases the surface area and allows for escape 

of the volatile off-flavors during subsequent heating. 

7. In the open face sandwich, placing ham on top of the 

grated cheese for baking exposes the ham directly to the 

heat and assists in volatilizing the off-flavors. This 

is not the case when a slice of cheese is placed on top 

of the ham. 

8. Cooking irradiated ham in a seasoned sauce or with other 

ingredients helps to moisten the ham which has a 

tendency to be dry. In addition, selection of the 

proper flavors for the sauce mask the off-flavor in the 

irradiated ham. 

9. Some of the comments concerning Creamed Ham Carolina 

indicated that the product was given a relatively low 

rating beeause consumers disliked not the ham but 

mushrooms or hard cooked eggs. 

10. Many consumers commented that the chicken salad that had 

been marinated was too sour or tart. 
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lL Some of the consumers· stated that, the Ghunk. Ch;ili was 

too "hot" or too "spicy." This "spiciness'' might 

explain the. somewhat lower scores j;pr Chunk Ghi!i. Off

' flavor in ·the .irradiated meat was noted by only thre,e 

consumers and one consumer commented thl!lt the non

irradiated beef. had l!ln off-flavor. 

\.. 

. . ~--,. 
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SUMMARY AND CONCLUSIONS 

An investigation was conducted to determine the acceptability of 

irradiated pork loin, chicken breasts and thighs, cured smoked ham roll, 
' 

and beef round or loin. A laboratory panel of 8-12 members was used to 

determine cooking procedures and in the development and selection of 

the final recipe submitted to the consumer panel. Consumer panels of 

approximately 40 members (20 men, 20 women) were selected from Iowa 

State University students. Seventeen panels were used to determine 

the acceptance of 15 products, however, each panel was given only 2 or 

3 products. 

At one test session the panel members received products made with 

non-irradiated meat and at the second session products made with 

irradiated meat were rated. A 9-point hedonic scale was used to 

determine the acceptance of the foods. A brief summary of the results 

obtained from 1860 judgments on irradiated meats follows. 

1. Irradiated meat in Pork Chop Suey and Chicken or Pork 

Barbeque was more acceptable than non-irradiated meat in 

similar products. 

2. The acceptability of Chicken Chop Suey was the same 

whether made with irradiated or non-irradiated ~at. 

3. Irradiated .sliced ham was not as acceptable as non-. 

irradiated ham served either plain or with fruit sauce. 

4. Chic.ken sals.d made with irradiated chicken that had not 

been marinated was more acceptable than sa1ad made with 
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irradiated chick®n that had b®en•tr®at:ed with either a 

.hot or cold marinad® on the day pri<>r to serving the 

salad. 
'1-• 

5. Serving irradiated ham as sweet•sour ham or in a 

sandwich with che®se improved its acceptability compar~d 

to creamed ham or ham slices with fruit sauce. 

6. Irradiated pork, chicken or beef in barbeque or chop 

s~®y rated highest in acc®ptability of the 15 products. 
') :· 

7. Th® averag® scor® forth® 15 products arranged in order 

of acc®ptability wer®: 

Pork 
.Barb®qoo 

Chicken· 
•. Barbequ~ 

Chicken·-
Chop Suey 

Pork Chop 

Chicken Salad 
No Marinade 

Mont aug 
Sandwich 
(Ham)· 

~weet-St>iir Ham 
Ham Slices 

Creamed Ham 

'· "-, .,,-, ,-_,,,) .. 'Suey··· 
Bar beque 

. Carolina 
Chicken Salad 

Cold Marinade 
Chunk Chili 
Chicken Sal;td · 

Hot Marinade 
Ham-Slices, Fruit 

Sauce 
·· .ll®ef 
Beef and 
·• Gravy on . 

Noodles 
-· -· -~ r ·-· 

8. Order of s®rving had a significant effect on 

acceptability of a food. When a spicy and a bland food 

were rated at the same test session, the bland food was 

given lower ratings when served after a spicy food than 
.'.'"·) :· 

when served before the more spicy food. 

9. Sex of panel member had no effect on acceptance of the 

meat products. 
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Under the conditions of this investigation in which 17 consumer 

panels composed of 367 men and 313 women ind!Lcated their preference 

for 15 products made with either irradiated or non-irradiated pork 

loin, chicken breasts and thighs, cured ham roll, or beef round or 

loin the following conclusions can be,made: 

1. Browning of irradiated meat in fat or long cooking tendn 

to volatilize the objectionable odors caused by 

irradiation or in "warmed over" meat and i.mproves the 

acceptability. 

2. The use of onions, tomatoes, and spices in recipes 

containing irradiated or "warmed over" meat improves the 

flavor and makes the product more acceptable. 

3. Irradiated pork loin, chicken, or beef is highly 

acceptable in barbeque, chop suey, or chili. 

4. Irradiated ham could be improved, 

5. Irradiated meats stored 6-7 months at room temperat~re 

have little or no typical radiation flavor and can be 

used in recipes for precooked meats. 

6. The acceptance of irradiated meat is higher than or as 

high as non-irradiated,meat in similar products. 
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