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FOREWORD

The avallability of shelf-stable, highly acceptable weat items

for use im military feeding systems is considered a necessity. The
currently available thermally processed items do mot fully weet
requirements because of their limited utility, stability and
acceptability. Radigtion processing, or "cold" sterilization as it
is frequently called, has the potentiality of yielding producte
that have good military utility, good storage stability, and good
acceptability. Therefore, research to develop recipes and methods
for utilizing meats sterilized by ionizing radiation is underway.

The work covered im this report was performed by lowa State
University under Contract No. DA19-129-AMG-227 (N) during the period
from February 1964 to October 1966. It represents a2 series of
studies to determine the acceptability of a nuwber of meat items,
prepared by a variety of recipes and cooking procedures, utilizing
dirradiated meats as their basic ingredient.

Dr. A, F, Carlin was the Project Officer and Official Investigator
‘in the resedrch work for Iowa State University. The U. S. Army
Natick Laboratories Project Officer wags Dr. F. Heiligman and the
Alternate Project Officers were Dr. E, Wierbicki and C. E. Phillips,
Major, QMC, both of the Food Laboratory. The work was conducted
under Project 1X0-12501-A033, Radiation Preservation of Foods.
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ABSTRACT -

Recipes were developed and procedures standardized for 15 food
products containing irradiated pork, chicken, cured ham, or beef.
Seventeen consuner panels composed of both men and women (1860
judgments) were employed to determine the acceptance of the
irradiated meat products compared to similax pr@ducts made with
non-irradiated, precooked meat. It was found that browaing
irradiated meat in fat or long cooking with the other ingredients
in the recipe reduced the "irradiation flaver." The use of
onions, t@mat@@s, and spices @nhanced the somewhat bland Elavor
of “warmed-over"” meat, : 4

Irradiated pork or chicken chop suey and pork, b@@f er chicken
cooked im barbeque sauce were highly acceptable and rated
higher or as high in acceptability as non-irradiated meat in
similar products.. All 15 meat. products tested received average
scceptability scores of from 6.0 to 7.7 on a 9-peint hedonic
seale (9 = "like extremely’™). Both tralned laboratory panels
and comnsumer panels were used to determine the effect of the
various factors on the scceptance of the irradiated meat,
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INTRODUCTION

| During recent years the potential benefits to be derived from
subj@@timg f@@d to i@nizing radiations have intrigu@d many inv@stigat@rs,
Proctor and Goldblith (1951 u.s ALY and Hannan (1955 Engiand) reported
that irradiation of food was an %fﬁgctive mothod of destroying the food
spoilage organisms. When the problems of wholesomeness and storage
stability g;@_g@iﬁ@@,”thg‘Q§i§;§§ility and acceptability of irradiated
meats are of paramount importance. =
Gharactertstic changss oceur in the organoleptic qualities of
foed preserved by icnizing radiations. The extent of the changes is
related not only to the dose of radiation aduinistered but also depends
on the processing techaiques, storage conditicns, and reheating pro-
c@duf@s that are used Although many studies have been c@nduct@d on
processing t@chniques,rf@w studi@s have b@en made on reheating
procedures and types of recip@s ‘that Wlll mask any of the p@ssible

undesirable flavors that might cccur in irradiated mg§;sf )

. The objectives of this investigation wera to dgtermin@ optimum

cooking procedures and to develop and prepare recipes for meat items

usingienzymewina@tivat@d radiation sterilized meats as the principal

ingredient.




Meat treated with 4.5-5.6 m@garads‘of C@balt=60_rad1ation7must be
@nzym@-xna@tivat@d pr1©r to irradiati@n in @rd@r to make it shelf-stable.
Th@ @ust@mary m@th@d of ina@tivatlon is to h@at the pr@du@t f@r a sh@rt
tim@ £o 75- 77@C h H@W@V@Is this pro&edure resulta in a pr@du@t that is
.substantially c@@k@d IhusD wh@n th@ meat is r@heat@d prlor to servings
it has a warm@dw@V@f“ flavor that is not d@51rab1e, In addltion,
st@rlllzing doses @f lrradiatlan may produce @b;eetlenable odors or A-_J'
flavors. Henece the pr@@@dur@s evaluat@d in th;s study wgrgrspesificaliy
d@signed for eiphgr r@@u@ing or masking tﬁ@”@déré én& flavors fouﬁd in
”wérmedaovér” irradiat@d m@ats; | |

~ Two types of pan@ls ware used small labarat@ry panels of

k]

exp@rts in f@@d @valuati@n and larg@ @@nsumer panels,i The methods of

@valuatl@n,_types of t@sts, and pan@ls used were adapted to the
specific objectives of aach phase of the mvestlgatmn° For evaluatlon
of @@@king pr@@@dur@s and d@val@pment @f recipess a panel of 8 experts
Judg@d the meat pr@ducts u31ng elth@r a triangla test or scoring with
C@mm@nts and suggestlans f@r impr@vem@nt,- The a@ceptance of the A

lrradlat@d m@at r@elpes was xndlcated by @onsumers on a 1 to 9 hedonlc

A

S@ale (lezk@ @xtr@m@lys 1=dlslike @xtremgly)

EXPERIMENTAL PROCEDURE

A1l the irradiated meat used in this investigation was processed
by the personpel at the U. 8. Army Natick Laboratories. Prior to

irradiation all meat was heat-treated to inactivate enzymes. Then the

meat was packed in tin cans and treated at ambient temperature with




4°5°5°6 m@gargds of Cqbai;wﬁomradiations,_ Maat samplies we:e_sto:@d at
roca temperature for spprostmately six menchs. Prior to orsmmoleptic
tests, each can of meat was tested for absence of Clostridium

botulinum toxin using s standard biological assay with mice. (ih@
}nvgstiga@qrsiadh@re@ to the "Principles of Laboratory Animal_Caﬁ@” as
@gtab}ispgd_by the Na;i©na1_$@ci@;y for Medical R@sear@h,) In gddiéi@ms
our @gbopat@ri@s‘prgpar@d_pre@@Qk@d meat (po‘z‘?c__l@ing9 chicken, or beef)
for use gs:c§ﬁtr@1_§§mp1@so Thus the u@nfirya@iatgd meat was c@@pi@t@ly
c@@ke@,wc@glgdy s;@r@@ in th@”r@frig@raé@rs and then a@d@@ to the other
ing?gdiepts ?t,?hﬁ time of preparing the recipes similar to those ,
containing irggdiat@d meat .

In_;hg case of the @uﬁ@d hams, bongless rolled gur@d smoked hams
were secured from Wilsén and Co., in Omsha, Nebraska and this company
also suppli@ﬁrgh@ cured smoked hams f@rrirradiatiog at the U, S. Army
Natick Laborateries. Thus, the nonmir:adiated hams that oux 1gbrused
and the irgadiat@d hamé;received gimilar ecuring progeduygs.

?ipge P:evious invegtiga:@rs_have repo:ted thatrhgatipg of_thg
@rga@iated meat or browning the meat in fat @ftgn redu@@d irradiati@n
odqrs,“thé fi;st phase‘eg the investiga;ion (from Septembe; to
December , 1964) was concerned with the effect of the time and
temperature of heatiggri?rad;ateg meat and the use of ﬁat in the
preparation of the meat as well as the effect of the ingre&ients on

B

the flavor of the final product.




Laboratory panels

A lgboratory panel of 12 judges (4% men and 8 w?@gn)“was_select@d
from among -the students and staff at Lowa State University. Factors
considered in the selection weres 1) ability to detect differences ...
between samples of irradiated anérn@nairtgdiat@& p@rk.gn@‘chickens
2) high~a@c@ptan@é of Pork Chop Suey and Chicken Barbeque, 3) interest
in the project, and 4) availability for test sessions scheduled at

ricon. - Since the. objective was to determine if panel members could.

d@t@@t differences in flavor caused by variations in m@thods‘of
heating the meat, the trisngle test methed was used to evaluate the .
samples,

© In-the triangle test three .smaples were_pres@nteds two were
duplicates, and the panel member was asked to indicate which sample .
was di fferent from the @th@r two,.- In this study, judgeSawere‘asked_ﬂ_i
also tofiﬁdieat@uwhich sample or samples they préferred, Sexving
order of the three samples- in eachitest, i.e., AAB, ABA, BAA, B%Bé or
ABB;:was selected at:random. Howeuerg~fo:1¢ertain tests.thé.p@sition
was pr@deter@in@duso~that'a non-irradiated, sample was not ta&ted
after an irradiat@dvsample@--Judgesrwerg instructed to taste samples
in the order. that the code numbers appsared on their score cards..
Two triangle tests were conducted each day. G@n@ral appearance and .
odor:-of ‘the samples were evaluated by persons preparing therfoo;i°
Results of these cbservations and the triangle tests were used in

the seiection of a fimal procedure.




' Upon‘arrivai ét 12:00 noon, panel mepbers ware directedito
judging b@othg_im which the physigal condifions such as temperature
and lighting were care£u11y c@#tr@ll@d, Redllights W@re_useéltc mask
any_diffe:en@@s in appearance qf meat gamples. ngkiqg qdors”agd
noise in t@e pgnelnareas were kept to a minimum._ Eéch‘jnge was
prqv}ded_with a glass of water, sheets thg?‘egp;ained_sensqryi B
diff@regce F@stsrinrgeneral_with emphasis on the ;riangl@ tes;,iand
two triangle test score cards., Panel members were served hot, coded
sampl@s_in_white“pr@hea;ed_sauce dishes. Each sample (approximately
30 g) contained a minimum of four pieces of meat.

The vgriabl@s t@stgd f@rrthe method of r@héating thelitradiated
pork or cyiek@n for the chop suey o?ibarbeque included: browning pqu
lein in fat or not browning it and adding the pork to the other
ingredients at the beginmning or at the end of cooking éhe_qhop suey;
s;agming or not steaming the chicken prior to adding t@_the_barﬁgque _
sauce, and adding‘thg chi@kenitorthe.other ingredients at beginning ox
end of coocking the barbeque sauce. Also the toal time of éookiqg the
meat and other ingredients was varied. A summary of the procedures
tested follows:

1. Treatment of meat alone:
Pork loin cubes not browned '
Pork loin cubes browned in fat at 171°C for & min o
8 min - T
Chicken cubes (from breast or thigh meat) steamed 0, 3,
or 10 min - ‘
2, Time of adding meatl;pwotheyringredieqts:4<\__

At the beginning or near the end of the cooking pericd




3. I@Hgth of ca@klngppeimdd

~ Pork Chop Suey, 21, 23, 25, 27, and 31 mln -
'Chicken Barbeque, 40 or 60 min~ e

Results fr@ﬁ'th@ above experiments using triangle téscs with a
iab@:at@ry's&ﬁSQEj@differeﬁ@@ panel aﬁd‘@bsetVati@ns ﬁéde:by péfSéns '
preparing the foods were ‘used in the selection of the method used in -
the preparation of the Pork Chop Suey or Chicken Bakbeque. A’
combination of browﬁiﬁg‘th@ irradiated pork loin in fat plus simmefing
i;_ﬁithrthe'@th@r'iﬁgr@di@nts for 507to 60 min resulted in a pro&ﬁct o
thatlth@ laboratory panel could not distinguish from chop suey made in
& similar way with non-irradiated pork loin. °
R@Bulésifr@m tﬁ@'érianglé"ﬁésts‘ﬁith Chicken Barbequ@ indicated

th?t‘tbéfé:w@r@'ﬁé detectable differences between irradiated éhicken
that was steamed or riot stesmed prior to adding it te the other
ingfeﬂiepﬁsi' AISGQébokiﬁg tH@ chicken and sauce for 60 min, improved
the "flavor. o |

" After December 1964, the methéd uséd for development of cooking
prd@édﬁrés éﬁd“reéiﬁéﬁ-ﬁaé_éhangéd:sdméwhét aé‘a‘gfouprof'tén Stéff
snd gtgdﬁét@Téﬁﬁaéﬁﬁé'iﬁffbédfsgiéﬁcé”@valuétgd thefpr@duet$}"These
individuals ha@ @@nsid@rabl@ experience in tasting and evalgaﬁipg'
foods, The procedure followed was't@"havé"%aund‘tabie discussion
during\gpgt%gigia;fgtgg@sr@f(@gvgléping aj§éw product. Then regular
sg@edg;@@_tasga panel g@ggi@ns were h@}@{nin whi@h_chéra@t@ristics
wera scored and‘é@mm@nts or suggestions f@r_impr@vgm@nt were’

written., All changes in a recipe were evaluated by thelpgnel and a




recipe was not released for the acceptance tests by the consumer
panels until it received a favorable rating by the members of the
1@§®:a;®ry_pangls. A nu@bﬁr-qf_pr@du@;s W@r@”t@sped anénfej@@ted.
The megt_:gcip@s;thgt wérg tri@dﬂbut did not appear to have potential
fof use”with_irradiated.mﬁaps_ar@'list@é[in'Tgb}e L.

Four ptgduats were evaiuau@d by th@llaborathy"panel in the
spring of 1966, ?rqceéur@s_and‘:@@;p@s were d@velqu& and these
producﬁs W@:@_c@nsidgrgd”rggdyrf@r_subm@ﬁting_t@“g@ngumgr panels for
ace;gpt_an@@ st;udies. _'Howe\_rer, the contract terminatg_@ in S@pt'er_nber
1966, and th@.prgduéts:'ﬁot Bgef Sandwigh& Jiffy Steaks,‘Beei gnd
Vgggt§ble S;@w, and Beef Ggulash ware not tested for acceptanc@..

However, the four recipes are included in this report.




Table 1,  Recipes tried but not used

Pork Slices im; .
Creole sauce
- Brown gravy. .
Brown onion gravy
Tomato gravy

‘_Poqk

~ Chicken

Broiled Chicken with butter glaze |
Broiled Chicken marinated in:

-’iﬁﬁggziﬂiﬁﬁz
Barbeque sauce
Buttermi il
French dressing

Broiled Ham Slices
Ham slices marinated in:

Soy sauce and ginger

Hém‘

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

Baef Strogancff
Meat Ball Strogancff
Hamburger Stroganoff

Ham Sauces

Baef

Gravy and Hot Beef Sandwiches

Pork Cubes, Cream Gravy . .

with Rice

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

. Agsorted 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 Homey Sauce
Tangerine Sauce

Brown Sugar Sauce
Cherry Preserve Glaze

Porcupine Meatballs

Saurbraten

Swedish Meatballs

Chili Con Carne with
Cornbread Topping

Beef in Soy Sauce and Anise

Beef with Sour Cream Sauce




HOT BEEF SANDWICH

Ingredient Amt, (g) Ingredient Amt. (g}
Fat 46.0 Beef broth soup, o
Flour, unsifted 25.0 condensed 1-10 1/2 ez, can
Water, tap, boiling 1 cup Minced instant .
Wilson's B-V 16.0 “onion 3.0
Kltchen Bouquet 2.5 Salt, plain 1.0
Brown sugar, light 7.0 . Pepper, black 0.1
Flour, unsifted 15.0
Water, tap, cold 125.0
Meat, sli@ed 200 0

Procedure for maklng gravy. in heavy 3 qt aluminum sauce pans
Melt fat (66%C) and stir in flour gradually until smooth. Add water
(boiling) , stirzing constantly° ‘Stir until flour mixture thickens.
Reduce temperature to 9 93°C ,a Boil staxrch mlxture for 1 min¢st1rring
constantly, Add Wilson's B-V, ‘Mix till even in color. Add Kitchen’
Bouquet, brown sugar and beef broth (minced onions should be added to
the beef broth before starting the gravy to hydrat@ them) . Add _
spices. Set ‘temperature at 149°C. Brlng to 2 boil and boil I'min,
Stir occasxonally'(do not stir too much or the gravy will ‘become
runny). Make paste from 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 slice of white bread. -

Servings: 10 sample size

aTemperature given are for Sensi-temp burner on a Roper gas range.




JIFFY STEAKS .

Ingredient N Amt.,ﬁg)__;qg;edient . Amt., {(g)
Mineced instant omiom 1.5 Mustard, prepared 2.5
Red wine vinegar 30.0 ©  Butter _ 25.0
Water, cold, tap 15.0 '~ Tomato sauce 80.0 =
Salad oil " 110.5  Minted instant onion 1.5
Worcestershirve sauce 26,0  “Cheese, sharp 10=1/4 in slices
Salt, seasoned 5.5 ~ Hamburger buns | 1/4 [ person '
Pepper, black 0.1 ~ Butter, melted 25,0
Maat, sliced 200.0 Salad oil (for

' electric frypan) 15.0

Soaked minced instant onion in vinegar and water 5 min. Add
salad oil, Worceéstérshire sauce, seasoned salt, and pepper’ and’ biend
well,’ Arrange meat in single layer in cake pan and pour vinegar '
marinade over it. _G@v@r with aluminum f611 and place in refrlgerator
for 1 1/2 hr., Buttér buns and toast in 121°C oven for 5 min, Set
frypan for 193°C and add salad @il and heat 2 min, Place marinated
meat in frypan and fry 1'1/2 min, * Turn “and” f£y 1 min more. Place
meat on bun.  Hydrate mxnced onion in"tomato savce 15 min. Spread
meat surface thh mustard ‘butter mixture and thinly spread tomato-"
minced onion mixture oni top. Place 1/4 slice sharp cheese over
tomatosmixture? Warm at. 121°ﬁ for 3 mln,_

Servings: 10 sample.size
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BEEF AND VEGETABLE STEW

Ingredient ‘Amt. (g) Ingredient Amt. (g)
Flour, unsifted 25.0 Aecent "1.00
Fat ) 46,0 Water, tap, boiling 125.0
Watar, tap, boilingl cup Worcestershire sauce 5.70
Wilson's B-V ~ 16.0 Salt, seasoned f 1.20
Kitchen Bouquet = 2.3 Salt, plain ' 1.15
Brown sugar, light 7.0 Pepper o T 0.35
Instant minced onion4.0 Carrots, sliced 180.00
Beef broth soup, : _ o ' Potatoes, cubed 290.00

“gondensed 1-10 1/2 ox. can Onions, sliced 130.00
Celery sslt 0.5 Meat, cubed 272.00
Onion salt 0.5

Hydrate minced onion in beef broth for 15 min. Add fat to deep
fat fryer and heat at 1499 for 1 min. Add flour gradually to melted
fat, stir until consistency is smooth. Add boiling water, stir until
mixture thickens. Boil at rolling boil 1 min. Lower temperature to
simmer and add B-V, Kitchen~Bouquet, brown sugar, beef broth, and
spicés. Set temperature at 149°C.,  Bring to a rolling boil and boil
1 1/2 min. Stir eccasionally. Add 125g beiling water. Reduce
t@mperature to simmer; add carrots, onions, and pot:atoes° “Simmer 1
hr 10 min., Add meat cubes and simmer 15 min. Add flour to cold water
to make paste. Add paste to stew and boil at 135°¢ for 1 min.

Servings: 15 sample size

11




BEEF. GOULASH

Ingredient Amt, () . - Ingredient _ Amt. (g)
Beef broth soup, N Oregano 6.1
condensed . 250 o Thyme 0.1
Tomatoes, canned .560.5 . Cinnamon 0.1
Onion, diced . 125.0 Celery salt 0.2
Tomato puree 1 265,0, Accent . 0.2
Tomato catsup 50,0~ Meat, cubed © 300.0
Salt .30 Macaroni ' 200.0
Pepper .. 0.2 Water {(to boil 6000.0
0.4 macaroni) '

Onion salt

Put fat in an electric frypan and heat at 193°C for 2 min.
Saute' onions & wmin at 1939, Add tomatoes, tomate catsup, and
s@aspnihgs. ‘Simmer 20 min on warm setting. Add cubes of meat, simwer
20" min at 104°C, - Boil macaroni for 2 min. Cover and let stand 9 min.
Drain and add to tomate mixture. ' ‘ '

. Servings: 10 sample size

12




Consumer panels

C@néum@r acceptance of products containing rgdiatiqn st@rilized
p@;krloin,-@hicken breast and thighs, cuy@@_hamg gnd b@@f loins or
rounds was d@t@rmin@d by individual responses on a\9~p@int hedonic
rating scale. Panels of a?proximately 20 men and 20 women per pgn@l
wereﬂs&l@ated_fr@m siygl@ or married und@;fgra&pat@ stud@nts_at Lowa
Sta?g'University. OQe pegs@n_frﬁm ea@h“g?@gpirawchairmgn?Awgs
contact@d and given an instruction sheet and an explaﬁation of the
financial arrangements. The @hairman_distﬁibut@d”a oneé-page -
descriptionrof';h&rprqjg@t to prospective panel members and recruited
students for the panels. | B S

Each prospective consumer panel member complet@d a questionnaire
r@gar@igg'preferen@@s.f@r.35 or 50 foods and a ques;ionnaire on
bé@kg:@ygd_infermgti@nam On the basisfof the inﬁ@rmatiom from the
copplgtgd.fprm§, students were aliminated who: 1).indicated poor -
health or failed to indicate health status; 2) indicated "n@t §:ied“
or from "dislike slightly" to “dislike extremely” for the products
bging test@@; or 3) failed to indicate a preference for the produ@ts
baing tégt@dq_.

A list of the names of;%elegted céngumg; ?gn@i members aﬁd
qggli?;gd sgbgtiﬁpt@siflug iﬁs@;uétions f@r.@égsumér panel mémbers
Wér@_seng_;@ th@ @hairélan° From the list of_qualif;ed cansugg;s; a
certain number of persons (usually 20) agreed to attend two tasﬁing
sessions (in sqm@_caseéhéhrgg),‘ Buring the‘inv@stigation 680'pe®ple

served on 17 consumer panels,

13




Panel members were ask@d to rafrain from @atings smoking, gum
chewing, or drinking_(anything but'water)-fqr one hour before the
tasting session, Two rooms were arranged for the consumer- pan@l
sessions. Physical @@ndltL@ns of the- rooms wWere kept a8 simllar as
possible. Panel wembers arrived at 12:00 noon and were dlrect@d to
the'aSSigg@d'EQQmsn In most cases the wen were assigned to cne room
and the women to the other. In esch room, a person inlchargg gave
instructions and answered any questions. A glass of water, a test
dir@@ti@n sheet, and two scare.@aids ware pr@vid@drf@r ea@h pexrson.
The sc@r@;@ards had spaces .for consumers to check ome Qf'th@»nine
hgd@nié vatings from "1ike extr@maly"lto "dislike extremeiy,“
@qnsumgﬁs'we:@_a@so en@@uraged to write comments. It should be
noted, that ai;h@ugh the consumers had b@@n-inf@rmed that some of
the sampl@g‘wauld'cgntain radiéti@n sterilized meat, . they tiad no-
knowledge of the treatment or of identify of either radiation 5

sterilized or fion-irradiated ssmples or whern each sample was served.
Samples tegted

The irradiat@d meat was packed in #3 or #10 cans and
inf@rmati@n r@garding dosage and dat@ @f proc@SSlng was erttenron
the @ans (with tW@ axcepti@ns) A d@scripti@n of all maat used in the
pr@@ucts submltt@d to the consumar pam@ls is glven in Table 2._

. Th@ pr@@@dur@ and lngredlents f@r 15 different meat products

HWRTE d@vel@p@d using the laboxat@ry pan@l d@s@ribed previously., The

14
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Table 2. Summary of information on radiation sterilized meat samples used for
wonsumer panels.

Panal Date of Can No. of Procass
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 DPec. 14-17 Chicken Breast #10 i 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 64/648 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 1 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. '54
10 Mareh 30- Cured Ham #10 3 64/122 2.5-3.1 Dec. ‘64
~April 1, 1965 Chicken Breast # 3 8 64/12Y 4.5-5.%6 Dec. 64
11 April 6-8, Cured Ham #10 3 64/122 2.5-3.1 Dec. '64
1965 Chicken Breast # 3 70 65/14 4.5-5.6 Feb. '65

: Chicken Breast # 3 2 65/12 4.5-5.6 @ cemmee——e
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Table

2. (Continued)

Panel Date of - Can ‘No, of . Process

no. test panel. Meat .. size -. cans. Code Mrad date”

1214 Oct. 12,-14.& Cureéed Ham ~ #10-:. .~+ 7 65/30 4.5-5.6 . April 65

15,16 Dec. 7-10, -~ Beef Round . #3...-. 9 65/80 4.5-5.6 . Oct. *'65
1965 : | L | : o _

17 Dec. 14,16 Beef Round - # 3 3 65/80 4.5-5.6 Oct. '65

1965




products tested for

Pork Chop Suey

Pork Barbeque

Chicken Chop Suey

Chicken Barbegue

Ham Slices’

Ham Slices, Fruit
Sauce:

acceptance by the 17 consumer panels were:

Chicken Salad,
not marinated

Chickén Salad,
cold marinade

Chicken Salad,
hot marinade

Creamed Ham Carolina
Montaug Sandwich (Haw)
Sweet and Sour Ham
Barbsgue Beef '

Beef and Gravy on Noodles
Chunk Chili

The recipes for the 15 products arve given on pages 18-26.
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PORK CHOP SUEY

Ingredient - . . Amt, (g) Ingredient Amt. {(g)
Pork, boneless loin’ ‘ ' Onions, sliced = 400
cubes, 3/& in. 500.00 Celery, sliced 200
Salt _ © 8.00 Bean sprouts 200
Pepper _ 0.15 . Bean sprout liquid 100
Shortening 48,00 ' Water 100
Gornstarch 40,00 Soy dauce 40
Water S 1000.00 _ Molasses 8

Add shortening to the electric skillet and heat for 3 min at
171%C. Add cubed pork loim to the skillet, sprinkle with salt and
pepper, and brown for 8 min., Turn cubes every 2 min. Add water
(1000 g), onicns, and celery to mixture and reduce heat te 110%,
Boil mixture gently for 15 min in covered skillet. Mix bean sprout
liquid and water with the cornstarch, add to the hot mixture, and
cook, uncovered, for 3 wmin. Dﬁfinémthé’é@okiﬁg'ééfiod;'étir the .
mixture 50 strokes. “Add the bean sprouts, soy sauceé, and molasses.
Stir the mixture 20 strokes. Reduce heat to 104°C and simmer for 5
min.

Date Served: Dec., 7-17, 1964 Servings: 20 sample size
PORK BARBEQUE
Ingredient Amt. (g) Ingredient Amt., (8
Pork, boneless loin Sugax 154,50
‘strips 750.0 Salt 32.25
Mustard, prepaved 22.5 Pepper, black : 0.75
Tomato paste 379.5 Cloves, ground 0.37
Vinegar 106.5 Allspice, ground 0.75
Water - 500.0 ‘ Chili powder 0.45
Onions, ground 126.0- Shortening 40,00
Celery, ground 126.0 ‘

Combine all non-meat ingredients in a large bowl and beat 150
strokes with a rotary beater. Heat the shortening in an electrie
skillet for 3 min at 110°C, Add pork loin strips (1 1/2 x 1/2 x 1/4
in.) and heat for 15 min. Remove the pork strips and set aside, Add
the sauce mixture to the skillet, cover, and simmer for 30 min at
110 €. Add the pork to the sauce and simmer the mixture an additional
he at 110°C.

Date Served: Jan. 11-21, 1965 Servings: 20 sample size
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CHICKEN CHOP SUEY

Ingredient Amt. (g) Ingredient Amt. (g
Chicken, dubed ' Celery, sliced 200

"3/4 in, 500.00 Bean sprouts 200

Salt 8.00 Bean sprout liquid 100
Pepper 0,15 Water 100
Shortening 48.00 _ Soy sauce 60
Water 850,00 Molasses 8

Cornstarch 40,00
Onions, sliced 400,00

" Preheat shortening in electric frypan for 3 min at 110%.
Sprinkie salt and pepper on chicken and heat 15 min in shortening,
turning the meat every 2 1/2 min. Add 850 g water, celery, and onions,
Cover pan and boil mixture gently for 15 min, Combine cormstarch with
bean sprout liquid plus 100 g water and add to hot mixture. Cook chop
suey mixture uncovered for 3 min stirring 50 strokes. Add bean
sprouts, soy Saﬁceé and molasses and stir 20 strokes. Reduce
temperature to 104°C and simmer 5 min.

Date Serveds Jan. 11-21, 1965 Sexvings: 20 sample size

CHICKEN BARBEQUE

Ingredient Anmt., (g) Ingredient . Amt. {g)
Chicken, cubed, Celery, ground 126.00
374 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
Onicns, ground 126.0 Chili powder 0.45

Make tha barbeque ssuce the morming that the products are tobbe
evaluated. Combine all the ingredients {except the chicken) in a bowl
and mix with a rotary beater 150 strokes. Simmer the barbeque sauce
in an electric frypaﬁ'at'lO&oc for 40-60 min. Add the meat and simmer
the mixture for 1 hr at 110°C.

Date Served: Deec. 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
loaf dish, but do not cover. 'Heat ham roll in a 163 % oven. When
internal temperature reanhes 549C, remove from oven., Cut the ham’ ’
roll in half, cut 1/4 inch thick slices) discarding end slices. Setve "
one half slice per person, Place 25 slices in prewarmed pyrex dish, '

cover and put in oven 13500 unt11 served
Date Served: Mar., 23 - Apre 18, 1965 Servings: 25 sample size
. HAM-=FRUIT SAUCE

Prepare the ham slices as' statéd in the above recipe. Then pour
(approxxmately 2 tabl@spo@ns) fruit sauce over the ham Just beforae

serv1ng, ;

' FRUIT SAUCE
Ingredient : Amt. (g)
Y Apricot nedtar 750
Orange juice
concentrate, frozen 120
Cornstarch 30
Brown sugar = 75
Cloves, whole
{femove aﬁter cooking) 3

Cemblne apricot nectar, orange juice, brOWn sugar, and cloves 1n'
a d@uble boiler, ~ Stir te dissolve sugar. Bring to simmer, cover and '’
simmer ‘for 1 1/2 hr. Strain out the cloves. 'Addacornstarch'and heat /
untilrthick@ned”aﬁd’traﬁélﬁéent,'stirring‘éonstantlya" Keep warim until~
served, A pyrex salicepan and a teflon spoon should be used to avoid
possibi@ metallic tast@,

Date Served“ Mar 23 - Apr° 18 1965 {'S@rvingsf 45-50 sample size
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CHRICKEN SALAD#*

Ingredient Amt. (g)
Chicken (3/4 in. x 1/2 inag) 1310.0
Mayonnaise, chilled 650.0
Apple cider vinggar 50.0
Prepared mustard, chillad 35.0
Salt 15.0
Pepper, white ‘2.5

0

Celery, chopped ' - 625.0

Weigh mayonnaise intoe large glass bowl. Add vinegar and mix
uatil smooth, Add mustard, mix wntil combined, stir in salt and
pepper. Mix ingredients with a teflon spoon and store in a covered qt.
jar in refrigerator at least 3 days. Approximately 45 min prior to
sexrving, placeé chicken and celery in two glass bowls, add 1/2 of
dressing to each bowl and mix. Cover and return to refrigerator watil
served, . . : ‘

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

*No marinade
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CHICKEN SAIAD, COLD MARINADE

Ingredient Amt. {g) Ingredient Amt. (g)
Chicken 1310.0 Dressing
Celery, chopped 625.0 - . -
T R Mayonnaise - 850.0
Marinade i Salt -~ . . 15.0
T R . Pepper, white - E 2.5
Lemon juice 472 mls. Prepared mustard,
Water, tap 878 mls. chilled s 35.0

Weigh mayonnaise into a large glass bowl, add mustard, salt and
pepper, Mix with a“teflon spoon, Transfer dressing to'a qt, glass
jar, cover, and stove at réfrigerator temperature for at least 3. days.
On: the 6éyﬁb@f@£@‘9@fving’thé'@hickém”éélaégiﬁ{x'marina&e SO
ingredients together.  Place c¢hicken and marinade mixture in a. long
flat pyrex pan, cover; and place in refrigerator overnight.  The next
déﬁ“@raiﬁ’fofﬂz:llz'hf'iﬂ”a'ﬁléétic“stféihéfFin“the refrigerator.
Approximately 45 min ptilor to seiving salad, place marinated chicken -
and celery in two bowls, Add 1/2 of dressing to each bowl and mix,
Cover and réturn to refrigerator until sexved.® - S

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

CHICKEN SALAD, HOT MARINADE

Recipes for Marinade aﬁd Dressing are the same as for Chicken
Salad, cgld marinade.

Place chicken and marinade mixture in pyrex saucepan, cover, heat
until mixture beils gently. Continue heating for 5 min. Place
chicken and matinade in glass dish, cover and steore in refrigeratox
overnight., The next day drain in plastic strainer for 2 1/2 hr in the
refrigerator. Mix chicken, celery, and dréssing in large glass bowl
approximately 45 min prior to serving, cover and return to
refrigerator until sexrved.

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

Ingredient

Ham, cubed
Mushroom socup, condensed
Whole milk

Eggs, hard boiled
Bread, sandwich

CAmt.  (g)
375
2:10 1/2 oz cans
240
3
6 slices

‘Heat soup and milk in double beilex, stir until fairly smooth.
Wh@n't@mperatur@'r@ach@S'ﬁgocﬂ‘éﬂd ham, Heat until temperature -
r@aches'SOQC, 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 Sexrved: Oct. 12, 14, 18, & 20, 1965

Servings: 20 sample size

MONTAUG ‘SANDWICH (HAM)

Ingr@dient

Ham ' ' :

Cheese, sharp cheddar, grated

Dry mustard

Paprika

Salt |

Pepper, cayenne
Worcestershire sauce
Bread, white, regular
Margarine, wmelted

Amt. {g)

48 slices, 30 g each

720.0

18 ml
24 slices

.36.8

Grate cheese, weigh, add weighed spices, and stir 30 stxokes.
Pipette in Worcestershire sauce and mix 20 strokes. This mixture may
be stored overnight, or prepsred as needed. Bring to room
temperature to use. Slice ham roll inte 1/4 in. slices and cut in
half. Place bread, cut in half, on a pan, and brush with melted
margarine. Spread about 30 g of sauce on each 1/2 slice of bread and
top with a slice of ham. Bake 10 min im 213°C ovens.

Date Served: OCet. 12, 14, 19, & 21, 1965

.23
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SWEET AND SOUR HAM

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

Ham, cubed . - 700 Cottonseed oil 50,0

Carrots, sliced 200 o .

Onion, sliced o 200 Sauces -

Green pepper, sliced 150 Cornstarch . 42,5

Pineapple chunks Vinegar - 107.5
drained - . v - - 550 Bouillon . . 12,5

Pineapple juice -~ - = 125 ml T T Bugar _ 46.0

Water for vegetables -2 1/2 cups 6253 Soy sauce -22.5 ml

Cut ham in 1/2 in, cubes and sllce carrots ‘diagonally to give
elongateﬁ slices° Gut peppers in 1/# in. wxde rectangular strips.
in half. About 1/2 hr’ bef@r& serving tlme “brown onions and ham in
c0il for 6 min in electric frypan, stirring constantly, ~Also start
precooking vegetables. Precook carrots and pepper in wWater 12 min and
discard water. In a separate bowl combine cornstarch and sugar. Add
to this mixture vinegar, bouillon, and scy sauce and stir. Add
pinéapple, juice, cooked peppers, and cooked carrots to onions and
ham. Reduce temperature to simmer, add sauce mix and cook until
thickened and translucent.. Cover and keep warm until served

Date Serxrved: Oct, 18-21, 1965 Servings: 20 sample sizéﬂ
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BEEF BARBEQUE

Ingredient C Amt.  {g) Ingredient Amt,  (g)
Meat, cubes, 3/4 in.  750.0 Sugar ‘ © 154.50
Tomato paste 379.5 Salt T 32.20
Apple cider vinegar = 106.5 Pepper, black 0.75
Mustatd, prepared - 22,5 - Cloves 0,38
Water, tap 600.0 Allspice 0.75
Ouions; grodnd 126.0 Chili powder 0.20
Celary, ground 126.0

- Combine all ingredients for sauce and stir with a hand rotary
beater.for 150 strokes. Preheat electric skillet at 104°%C for 3 min,
Add combined ingredienmts for sauce amd thepr meat to the preheated
skillet. Cover and simmer for 1 hr at 110°C, stirring occasionally.

Date Served: Dec. 7, 9, 14, & 16, 1965 Servings: ZO'Sample'size

EEEF AND GRAVY ON NOODIES

Ingredient S Ame,  (g)

Beef, cubes, 3/4 in. 750

Flour. 50

Fat ) a2

Water, tap 250

Wilson's B-V 32

Brown sugar, light 18

Kitchen Bouguet 5

Onion soup, condensed 2-10 1/2 oz cans

Melt fat and stir in floux; add water, stirring constantly,
Bring wmixture to a good boil., Add Wilsomn's B-V and stir constantly
until gravy thickens. Add Kitchen Bouguet|, onion soup, and brown
sugar; bring mixture to a boil again, stirring occasionally (do not
stir too much or gravy will become runny). Add cubed meat and lower
heat. Heat for at least 15 min. Serve over het noodles.

Date Served: Dee, 7-10, 1965 Servings: 20 sample size
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CHUNK CHILL .

Ingredient Amt. (g) Ingredient Amt. (g)
Beef, 1/4 in, cubes 750.,0 Papiika ' 0.80
Fat . 63.0 Pepper, cayenne 0.15
P@pp@rs, green, ground 150.0 Garlic powder o 3.75,
Onions, ground 450.0 Bay leaf =~ 0.25
Tomato paste’ - 300.0 Chili powder 79,00
Tomatoes, canned 855.0 Chili beans 750.00
Salt ‘8.1

Sugar ' 24.0

" Make the chili sauce on the day before serving. Melt fat for 3
min at 135°C in electric frypan. Add ground green pepper and onions
then brown for 4 min. Add tomatoes, spices and tdmafo”paété;' Cover
and simmer foxr at least 1 hi. Remove bay 1eaf transfer sauce to’ jax,
cover and store im r@frigeratar @vernlght, 'On ‘the day of serving,
place the sauce in frypan, add meat to sauce; cover and simmer for 20
min, Add beans; cover and simmwer 15 additional min.

Date Served: Dec. 8, 10, 14, & 16, 1965 Servings: 20 sample size
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Preliminary experiments esbab;éshed thg work schedule for each
product, The time r@quir@@”fog prgparatioy oﬁ_ingpedi@nts, cooking
the pr@@u@pg and time begwegn_@nd of cooking and serving the panel
were standa;diz&du Since order of S@rving_Fhe samples could affect
the individual“s choice, the experimental design for each panel
determined whether product Alwas servg@ bafore orlaftgr product B,
i.e. the order was not the same for the 17”pan@;s.

In ?abl@ 3, a summaty is g;v@n @grthe tréatm@nt of the meat
served to each of the 17 panels and the order of serving for the 37
panel S@ssionswheldf

_.C@nSUWetg'Gn Panels_1=8 evaluat@d foods at two segsioﬁé on
alternate days; Thus a total of 16 sessions weré scheduled between
D@c@mberwzs 1?6&, and January 21, 1963, in which 306 consumers
pgrticipatgdq,(ISS men ISl_wom@n), At each first tgst“sgssion, the
consumg:“ﬁgggl wag S@xv@d b@r;iqnslog Ehbp suay orrbarbequg made with
nqn=irradiat@d meat ; at_th@_sg@gnd test session, gamples made with
rad%ati@n st@rilized meat were seyved. Sincg_it“was‘epﬁsidgred
important to vary the order of servi@es'the exp@rimen;al degigﬁ
provided that chop suey or barbeque was sexrved first an equal number
of times during the 16 sessions (Table 3).

Consumers on pauels Qa;l evaluated foods at thf@e sessions on
three consecutive days. In the 9 sessions scheduled between March 23
and April 8, 1965, 125 comsumers, 87 men and 38 women parti@ipatea.

Married veterinary students and their wives (10 men, 11 women) were
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Table

3. Summary of samples served to consumey panels.

Panel no. Day Treatment of meat - ;Proﬁuct and ‘order of serving
1 and 2 1 non-irradiatéd 'iPork Ghép Sﬁey,_ChiCken:Barbeque
2 radiation sterilized ‘Pork Chop Suey, Chicken Barbeque
3 and & 1 non-irradiatéd Chicken Barbeque, Pork Chop Suey
2 radiation sterilized - Chicken Barbeque, Pork Chop Suey
5 and 6 1 ‘hon-irradiated “Chicken Chop Suey, Pork Barbeque
2 radjation sterilized  ~ Chicken Chop Suey,\Pork Barbeque
7 and 8 1 non~irradiated ‘ ‘jPork Barbedue, Chicken Chop Suey
2 radiation sterilized "Pork Barbeque, Chicken Chop Suey
9,10, 11 1 radiation sterilized: " Chicken Salad, ¢old marinated
' ' mon-irradiated ‘Ham Slice
'2 radiation sterilized' Chicken Salad, not marinated; Ham slice; fruit sauce
2 radiation sterilized 'Chigken.Salad, hot marinated; Ham Slice
12 i non-irradiated Mbntaug'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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Table 3.

{Continued)

Panel no.

Day

Treatment of meat :

Product and order of serving

15

16

17

oS

non-irradiated
radiation sterilized

non-irradiated

radiation sterilized

non-irradiated
radiation sterilized

Beef and Gravy on Noodles, Barbequed Beef
Beef and Gravy. on Noodles, Barbequed Beef

Béef and Gravy .on Noodles, Chunk Chili
Beef and Gravy on Noodles, Chunk Chili

Chunk Chili, Barbequed Beef
Chunk Chili, Barbequed Beef




among the 125 individuals in this part of the investigation. Only
irradiated chicken was used for the chicken salad and the comparisohs
made were among hot marinade, cold marinade ,;a_f%d_n?,.mafi?!adeof
Irradtated and noa-irradiated han sawples were used. Samples of
@hickgg salad were_sgrv&d first and_ham sligeg_seqpné g? g:g}yep‘taste
session. The order of serving and samples used qu,eaeﬁ panel are5
given ig Ta.bl@ 3.? . |
Consumers on pgn@ls 12w1§ evaluatadrfoqgs gt'ﬁwq #essidnsiheld on
alternate days. A tqtal of 6 sessions were I?f“;ﬁhj@d?lf@@?@t‘.”e@} Qggoﬁg:
12 and October 21, 1965, with ;25 c@nsﬁm@rs Partigiégting (64 @?Q,_Gl
wcamgn) « The order of serving and saumples use@ for each panel are
given in Tghle 3. | . |
Consuners on panels 15-17 indica‘é@d th@i?:’ aég@ptang;e at 2
sessions on alt@rpat@ days. in the six sessions between December 7 and
December 16, 1965, 124 consumers, (63 @gn,rﬁi Wwomen) pgrticipatéd,
Begf and Gravy cn__Nq;odles_‘wag_;a.lways géryed fi;‘stﬂbecause fs_f :its
bla_nd nature. .T‘n_g @:der of serving and sam;iies u;éd for e.act; panei

are given in Table 3,
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RESULTS . ..

.A;I of the irgadiéﬁéé\ﬁéa? W§§ t§st§d férrabgenqe of Clostridium
b@tulipu? toxin usipé.g sténdgrd Pidlogical assay withlmic@. Tests
were ﬁade pyraﬁ-ipdépendent 1aborgt6ry, Pharéatcg Laboratoriés in Ames.
The results on the 139 cans of meat were all ﬁegative, i.e. no
evidgncé‘@f tbiiﬁ w#s found. Saﬁples tested and results obtained are
summarized in Table &, |

Table &. Summary of samples tested and results of biclogical assays
by Pharmatox Laboratory.

Meat. ‘ Can size Number of Dosage Results
sample no. cans Megarad of test
Pork Loin 10 i1 4,5-5,6 neg?
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

ag . . ‘ ' ,
After 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
d@t@rmln@ @ptimum @@@klng m@th@ds f@r irradlated meat 1nd1cated that
br@wning irradlat@d m@at in fat8 addlng the meat at the beglnnxng of
the cooklng PEEl@d and th@ use @f tomatoes and spiceas 1mproved the
quality ®f the pr@du@ts mad@ with irradlated meat . Indxvxduals
pr@parlng the rec;p@g notlc@d rath@r str@ng and unpl@asant adors
during the browming of the radiat1@n=sterilxz@d meat . |

The rating sheet used by the panel for indicating preference had

only adjectives (see Figure 1).

Figure 1. Rating sheet for meat products,

Namé o L ' o .. Date

Product

Show jéqr rea@tién-by checking on the line:
B ‘ Liké extremely
Like very much
Like moderately
C Like slightly
| Neither like nor d;élike
Pislike slightly
. Dislike madgrapeky
Dislike very much
N Dlsllke extremelyir
1f y@#idisiikﬁiﬁhe pr@aﬁétziigégcate‘the:reason(g)

Lacks flavor ___Too'sour - Strong flavor

Other:

Coumantss
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Consumer panels of 40 students (approxlmately 20 men and 20
woman) indicated’ their acceptance of the products made Wlth non-
“irradiated or irradiated meat. Between Dacember 1964, and December,
1965, 17 consumer pamnels evaluated 15 diffgrgnt pr@du&té. irradiated
pork loin was_test@& in chop suey 6r barb@que; ¢hick@n in chpp suey,
baﬁbeque and salad; ham slices with fruit sauce, with sweet and.sour
sauce, creamed, or in a sandwich with cheese; and beef in barbeque, in
chi.li, or with gravy on noodles,

A total of 680 people were on the 17 panels, hbwéver, 202
individualsrserveﬁ dn two or more panels_so there were_&78 éiffgreﬁt
individuals. 1In all, 1860_judgmants were made on products containing
radiation sterilized meat and 1235 judgments on products coﬁthining
ﬁon%irradiated meat . |

j_ The data on the rating sheets (Figure 1) wgre_summa;i%ed by ;ﬁo
@e;hods for each br@duct*;ested, namely, distribution of scd;earaqdi
@verage score. First a tally was made of ;hernumber 6f7t@mg§.each'of
thejnine descriptive adjectives on_the,hedonigrscgig wag;chéckgd.
fh@ﬁ tbe frequency distribu;ioﬁ was plotted fg; eaCh:ﬁrodpc;_made ﬁith
@itﬁer ﬁhe non-irradiated or the irradiated meat. ‘The frequency o
distribution of consumer preferences fé#_eéch b‘f; thelS 'p'?._"o_ti};qf;s "afé
summarized in Tables 5-8. Arrangement of the data in this manner
preé@nts.a“clear pictnre of the exact number of each "step" on. thez
ﬁedonic écale. Also @ne _can compare the acceptance at each level on

the scale for nonmirradiated m@at or 1rrad1ated meat .
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Table 5. Frequency distﬁibution:pf cons&ﬁerfpreférences%_forjchicken and pork in{chdp suéy aﬁd
barbeque. ) S S S
, .__CHOP SUEY — BARBEQUE
Score - "~ Chicken 2 Pork . Chicken : Pork
.- Non-Irra- Irra-  Non-Irra- Irra- Non-Irra~ Irra- "Non-Irra- ' Irra-
| diated diated diated diated diated diated diated . diated
Like extremely KRt 5 i3 21 27 SE 35 -
Like very much 69 52 32 46, 56 70 75 63
Like moderately 40 42 49 51 46 37 43 37
Like slightly 18 . 27 29 23 13 15 15 8
Neither like - 7 o
nor dislike’ 5 6 6 6 .2 I 1 3
Dislike slightly i 5 22 13 12 4 4 2
Dislike moderately 2 1 7 2 4 1 2 3
Disiike very much 1 3 1. 1
Dislike extremely ” 2

%panels 1-8, 306 consumers, December 1964 -and January 1965,
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Table 6. Frequency distribution of comnsumer preferences?® for chicken salad and ham slices.

Chicken SaladP

- Ham Slices

40

_Marinade Ron- Irradiated
None Hot Cold irradiated® Plain Sauce

Like extremely 4 7 1 26 5 3
. Like very much’ 40 10 19 63 38 - 30
Liké?ﬁgderately 45 40 46 25 26 : 35
Like slightly 20 27 23 7 18 . 16
ﬁeitﬁer 1i£e

“nor dislike 6 16 9 i 14 6
Disglike slightly 4 13 19 2 17 20
Dislike moderately 3 6 7 1 5 i
Dislike wery much 3 4 1 0 1 2
Dislike extremely 0 2 0 1 4

Zpanels 9-11, 125 consumers, March and April

bMade from ixradiated chicken

CPlain

1965.
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: a
Iable 7. Frequency distribution of consumer preferences for ham; creamed, in z swest and sour
sauce and in a sandwich.

e e Creapéd ﬁé@ Garoiiﬁa o Sweet-Sour Ham Montaug Sandwich

Score Non- Non=- Non- ' T
irradiated Ir;adiated ‘ irradiated Irradiated irradiated Irradiated

Like extremely 5 2 6" 4 : 2 3

Like very much = 26 18 : 30 25 25 - 19

Like moderately 22 24 i 24 25 3 27 25

Like slightly 12 15 . 14 13 15 - 16

Néither liké nox '

‘dislike - 5 6 g 4 5 2 8
Dislike slightly 10 .13 o 2 10 s 7
Dislike moderately 2 3 : 5. 4 : 2 - 0
Dislike very much 1 1 : 2 2 : 1 i
Dislike extremely 0 1 2 0 e 0
Total 83 _ij”83“ o B 88 B R Y

4Panels 12-14, 125 consumers, October 1965,
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Table 8. Frequency distribution of consumer preferences® for beef in barbecue, chili and
beef w1th gravy on noodles

Barbeque Chili Beef with gravy on noodles

Score | : Non- © Non- Non=~
irradiated Irradiated irradigted' Iﬁradiated irradiated Irradiated

Like extremely 10 10 -2 -2 2 3

Like very much . 29 . 26 16 14 29 3
Like moderately 23 19 C o : 25 ”;4'_ 23
Like slightly 5 16 1 18 K 15
Neither like @or ; . | .

_dislike : & 3 7 6 1 2
Dislike slightly Rt - 10 11 10 6
Dislike moderately o 1 2 2 2
Dislike very much .7 | 2 1

Dislike extremely 1 ' 2

4panels 15-17, 124 consumers, December 1965.




On the other hand, there m;ghﬁ be some g@vagtag@ in @bpa;ning_an
average score for ga@h gr@du@t 80 éa@h levgl @grthe hedqnic sgale was
assigned a numerical seore with ¢ = "like @gtremely@ gn@ L= ?disiik@
extremely.” Average score was calculated for gagh:preﬂugtiand.t@g
results are spmmariz@d in Table ?o. M@s;‘ai.ﬁhg;avefég@_scoreéquuld
fall in th@_ﬁlik@ moderately” classification om the hedonic sgélg. In
g@n@ral, th@_br@@u@@s made with iﬁfadiat@dﬁm@ats rgceivéd avergge_
sc@r@? high@f than or as hig£ as tﬁ@se made with n@nmirradiated meat
{Table 9)° B o

For pan@;s lésg'th@ @ff@@ts of sez{@f'panel mamber gng order of
serving chop suey_gnd bérb@que at a taste panel session were
comsidered. An snslysis of varisnce vas made to identify soms of the
fg@t@ts that‘éff@@tgd C@nsuggrAa@é@ppancg_or“?r@fgrggce:f§$ Fh@ chop
suey or the Barbaque, The design used for the analysis was as
follows: | |

Source of variation : d.£.

Ocder (0)
Sex (8)
Treatment (T)
0x 8

0xT

Sx T
0 xS =T

Pl el et et ek e peed

Err@rr 8
Order @frs@?vingr(isef chop suey or barbeque first) was found to
have a siggifi@an;j@ff@@§;én scores for chppisuey only; whereas, sex

of panel member 0?;ki§§”@fiwﬁéﬁ had no éffeg£° The_telatively bland

chop suey was given lower ratings when served after barbequed meat

than when S@rved ﬁ@f@t@ th@ more Sbicy food.
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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.

Average scorel
Total no. Product . Tone :
Date Panel no. individuals tested irradiated Irradiated
1964 December 1-4 155 ~ Pork Chop Suey . 6.2 6.9
1965 January "5-8 151 Chicken Chop Suey 7.2 7.2
1964 December 1-4 155 Chicken Barbeque 7.1 7.6
1965 January 5-8 151 Pork Barbeque 7.4 7.7
1965 March-April 9-11 125 Ham Slices 7.8 6.4
: . Ham Sliceg, fruit sauce 6.0
March-4pril . 9-11 125 Chicken Salad 6.1
) Cold Marinated
Chicken Salad 6.0
Hot Marinated
Chicken Salad 6.8
Not Marinated
October 12,13 83 Creamed Ham Carolina 6.7 6.2
12,14 79 Montaug Sandwich 6.8 6.6
13,14 88 - Sweet and Sour Ham 6.8 6.5
December 15,17 82 Bgrbequé Beef 7.0 6.9
15,16 85 Beef with Gravy on Noodles 6.8 6.9
16,17 81 Chunk Chili 6.3 6.1

1

9= like extremely, 8= like very much, 7z like moderately, 6z like slightly




Consumers were enaou:ag@drt@ wtig@ comments on score cards and
indiviﬂuals éfeparing the pr@du@ts~te99:d§@ their observeti@ns, A
summary of the comments and @bservatlons f@il@ws, _

-'i;H‘Sam@ n@t@d that the raclpes that @@ntain@d raﬁiatlon
sterilized meats wera "flat,” ”tasteless9 or ”tqo
blané # However, Some c@mm@nts indlcated that c@nsuﬁ@rs

1;pr@f@rr@d more galt or soy sauce i. @, “the m@at 1tse1f
was not lacking in flaver, Qften th@ sama;c@mmants were
; é; made concerning recipes made with pré@o@k@d nown- |
irradigt@é meat .
2, F@%rsWéétmsour,ham;"@@nsgﬁ@rr@@m@@ngé ggn@fally stated
:.};th;t'fhe izr;diétéd-ham ié@k@d;tfpi@él}flavor or that
 the flaVQE oﬁ the‘ham was. n@t evid@nt ln the reclp@.
i‘Th@rg vere alm@st n@ c@mm@nts onxaff flavare ‘Ifhuss it 3 
ldrmay hg assumed that thg saug@ mask@d gny ?i:radigced?_ }k;
flavor in ham. The flavor of th@ swaegmséurléaycg_was

‘?“téﬁ'bé%@ng” gc@ordiﬁg to ;év@féi@gqﬁséﬁef_qdﬁmgnts; ;

% whather the ham was irradiated or non@irr%digfeé; |
3. There were comments that irradiated ham‘on‘@pen face

'lM@ntaug sandwiches ‘was not. typlcal in col@r and that‘it

.wa; dry or unattract;ve, H@W@vers tb@ only off- flavor
noted in irradiated han vas excessive saltiness. The
h:maj@rity'of c@mmentsion thélsandwi@hncéﬁ@@rn@d ch@esé

k flav@r _ suggesting that th@ distlﬂct flavar of sharp

ch@@s@ was not appre@iat@d by @allag@ student sonsum@rs,
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'Br@iiing.irradiated ham slices increases the dryness of
. the product,
" Marination of the ham slices before bfoiling results in

. a product that is more flavorful and moist than the

plain broiled ham.

Cutting the irradiated ham into cubes of slices before
cooking increases the surface area and a;lows for escaps
of the volatileroffmflavors during subsequent heating.
In the open face sandwich, placing ham on top of the
gratedAcheese for baking exposes thg ham directly to the
heat and assists in vqlatilizing the off~flayors, This
is not the case when a slice of cheese is placed on top
of the ham.

Cooking irradiatgd ham in a seasoned sauce or_w;th other

ingredients helps to moisten the ham which has a

tendency to be dry. 1In addition, selegtion of the
proper flavors for the sauce mask the off-flavor in the
irradiated ham.

Some of the comments concerning Creamed Ham Carolina
indicated that the product was given a rela;ive}y low
rating bacauée consumexs Qisliked not the ham but
mushrooms or hard cqqked eggs.

Mapy CONSUMBTS cgmment@drchaF thgrahicken salad that had

been marinated was too sour or tart.
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o1l Some of-the:cogsumeps:gﬁated chatgthe Chugk;Chili was
too "hot” or too "spicy.” This "spiciness’ might
expléin_the,somewhatﬁ1pwer ﬁéoigé ﬁorichan:Cbili. Off«
“flavqr;in;the.irradia;gd”maat wgg.notedﬂby,only_threa
consumers and one congumer commented that the non-

T drradiated beef had an offaflévorg e
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SUMMARY AND. CONCLUSIONS

An.invgstigation”wa$ condﬁctéd fo determine the acceptability of
irradiated pork loin, chicken breasts and thiéhs, cured smokéd ﬁam roll,
an& beef round or loin A 1abora£ory panéi of 8«12 membefé‘was used to
determlne coeklng procedures and in the development and selectlon of
the flnal re01pe submitt@d to the consumer panel Consumer panels of
approx1mate1y 40 members (20 men, 20 women) were selected from Iowa
State Univer91ty students. Seventeen panels were used to determlne
the acceptance of 15 products, however, each panel was glven only 2 oy
3 products.

At one test session the panel mémbers received;products ma@e with
non-irradiated meat“and at thg sgcond'session'p;oducfs-madé with
ir;gdi§tgd méap were rated. A 9~pqint-hedoﬁic scale ﬁas_used to
determiﬁé the écgeptance of the féods.r A brief-éumﬁafy of the results
obtaiﬂed from 1860-judgments on irradiated meaté £§110ﬁs. |

1. Irpadiated meat in Pork Chop Sug§ and”Chicken or Pork
Barbeque was more acceptable than nbn;irradiated meat in
similar products.. | o

2. The acceptabillty of Chlcken Chop Suey was the same
whether made w1th 1rradiated or nonwlrradlated weat.

.3. Irradiated sl1ced ham was not as acceptable as non-
1rrad1ated ham served either plain or with frult sauce.

6 CP}‘}“?P, salad made vith {rradiated chicken F_ha.t,h?d not

been marinated was more aéceptabl@ than salad made with
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irradiated chicken thétihadib@anatr@aﬁed with either a

"hot or c@ld marinade on the day prior to serving the

When served befere the moxe. spxcy f@@d

\ salad

. VServing irra&iat@d ham as swe@t~sour ham @r in a !

sandw;ch w;th ch@@se 1mpr@ved its aceeptabllity compared '

to cream@d ham or ham slxﬁes thh frult sauce.
Irradiated pork chlcken or beef in barb@que or chop
su@y rat@d hlghast in acc@ptability of th@ 15 produets.

Th@ averag@ SCOTE for the 15 pr@ducts arranged in ord@r

Qf acc@ptablllty were:

Pork Chicken Salad Creamed Ham
. ,Barbeque -~ No Marinade . - .. Caroclina
Chicken Momtanug Chicken Salad
: Barbaque . . Sandwich - © Cold Marinade .
Chicken {(Ham) Chunk Chili
. Chop Suey Sweet-Sour Ham . Chicken Salad’
Pork Chop Ham Slices " Hot Marinade
T8uey L R . - - Ham Slices, Fruit
Barbeque Sauce
- Begf . oo o e : :
Beef and
2 Gravy on
Noodles

Order of serving had a 51gnif1cant effect on

_ acceptability of a f@od When a spicy and a bland fooﬂ

were rated at the same test se5310n, the bland food was

given lower ratlngs when served after a SPicy f@od than

Sex @f pan@l m@mber had ne effect on acc@ptance of the

meat pr@du@ts°

4t




Under the conditions of this investigation in which 17 consumer
panels composed of 367 men_and 313 women indgcated their preference
for 15 products made with either irradiated or non~irradiated pork
loin, chicken breasts and tbighs,_cured ham roll, or beef round or
loin the following conclusions can be ‘made:

1. Browning of irradiated meat in fat or long cooking tends
to volatilize the objectionable odpgs'caused by
irradiation or in "warmed over" meat and improves the
acpeptability. -

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
acceptgble in barbeque, chop suey, or chili.

4, Irradiated ham could be improved,

5. Irradiated meatsrstored 6-7 months at room temperature
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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