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INTRODUCTION

Much of the current food irradiation research is directed towards the wholesomeness of such preserved 
animal feeding studies to determine toxicity and nutrient alteration have been reported (IAEA, 1978). ^
date, none of these studies have shown that consumption of irradiated foods produces toxicity or a 1088.gg„ 
essential nutrients when compared with conventionally preserved (thermally processed) foods. Radapper ical 
tion (high dose irradiation using 3-8 megarads) have been reported to adversely affect the physical, c 
and sensory properties of fresh meats; however, these affects were minimized when irradiation was done g 
frozen fresh meats (Hedin et al., 1961a,b; Merritt et al., 1975; Hall, 1978). Most of these adverse a 
are reported to be dose dependent in that the higher dose levels (radappertization _< 3 M-rads) when com 
pared to lower dose levels (LDI <_ M-rad) produce less desirable irradiated foods (Josephson et al., ’
Brynjolfsson, 1979a).

A present research challenge is that of minimizing the undesirable palatability of formulated meat produc 
which result from irradiation. For example, in pork rolls and ham slices the addition of sodium trip0 7 ^  
phate as well as reduced levels of curing ingredients was reported to enhance the quality of irradiate 
ducts (Wierbicki et al., 1975; Shults et al., 1976). Reduction or elimination of curing ingredients i 
currently being studied as a means of reducing nitrosamine formation in cured bacon (Brynjolfsson, 19 
other factors may be of equal importance in developing palatable irradiated sausage products. Accor  ̂ afg 
the aim of the present study was to determine the effects of curing ingredient combinations, added moi^ 
levels, seasoning, and cooked product temperatures on the chemical and sensory properties of irradiate 
frankfurters.

EXPERIMENTAL furtei5
The two experiments involved in the present study are described in Table 1. In the first study, fran 
of 12 treatment combinations were made (in triplicate) as 9.07 kg batches using conventional manufactur^ ^  
procedures (without vacuum chopping). Treatment combinations were as follows: 0% or 10% added moistu 
either 0, 50 or 100 ppm sodium nitrite; 50 ppm sodium nitrate; 25 ppm sodium nitrate plus 206 ppm DL ^  
alpha-tocopherol. Frankfurters from each treatment combination were vacuum packaged (to contain frr*ai3' 
than 0.5 ml of residual oxygen) m  retortable pouches, frozen at -34.4 C and assigned to one of four  ̂
tion level groups: (1) Check samples not shipped to USNARADCOM (U.S. Army Natick Research and Develop®®  ̂ ,̂2 
Command) for irradiation. (2) 0 megarad (non-irradiated) processing, (3) 0.8 megarad processing, and 
megarad processing. Frankfurters were irradiated by USNARADCOM, at -34°C by use of Cobalt-60.

In the second study, frankfurters of 16 treatment combinations were made (in triplicate) as follows: ^  
Curing ingredient combinations of 0 or 50 ppm sodium nitrite; 75 ppm sodium nitrite plus 25 ppm sodium^^t 
nitrate; or 50 ppm sodium nitrate plus 25 ppm sodium nitrate: (2) Seasoning— natural spice or the 
of natural spice as a soluble seasoning: (3) Cooked product temperature, 65.5 C or 76.6 C: (4) Irra 
processing levels of either 0, 0.8 or 3.2 megarads.

(1975)
Frankfurters were analyzed for moisture, fat, protein and residual nitrite contents acording to AOAC ^gfe 
procedures. Cured color values (Hornsey, 1956) and thiobarbituric acid values (Tarladgis et al., 1964 ^  aP 
obtained. A 7-member panel evaluated the thawed, unheated frankfurters for off-odor intensity by use^  ^  
8-point scale (8=extremely weak to no off-odor; l=extremely strong off-odor) and evaluated the extern ^  
internal color of reheated frankfurters by use of a 7-point scale (7 » excellent cured-pink color; 
cured-pink color). Thawed links were steeped in boiling water (7 min), sectioned, placed in heated 
pans and served (warm) to a 9-member trained sensory panel. The following palatability traits were e 
ted: moistness (8=extremely moist; l=extremely dry), off-flavor intensity (8=extremely weak to no 
off-flavor; l=extremely strong off-flavor), texture (8=extremely firm exterior and interior; l=ext 
exterior and interior), and overall palatability (8=like extremely-would repeat purchase consistently» 
l=dislike extremely-would not purchase).

Statistical analyses included analysis of variance (Steel and Torrie, 1960) and the multiple range teS 
(Duncan, 1955).
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RESULTS AND DISCUSSION
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Mean values for processing shrinkage, proximate composition and sensory traits are presented in 0pifl8 .
experiment 1, only the chemical properties and off-odor scores were affected (P<0.05) affected by S^1 c °, 
treatment. Those frankfurters that were shipped to Natick had lower moisture and higher protein an ha0dlt1'8 
tents and less off-odor than did those frankfurters that were not shipped to Natick. Intransit and j,
conditions may have caused loss of moisture in those frankfurters that were shipped to Natick even j. t ^
both groups of frankfurters were vacuum packaged in flexible-retortable pouches and in spite of the ,
those sent to Natick were packaged in dry ice to maintain them in a frozen state. Shipment effects 
of significance in determining color (external or internal), moistness, off-flavor, texture or overa 
tability of control (0-megarad) frankfurters, therefore it was concluded that transportation did 
sensory properties of the frankfurters sent to USNARADCOM for irradiation and shipped back to 'c'TAES
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quent evaluation. In Experiment 2, frankfurters cooked to an internal temperature of 65.5°C had
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>  dyiiP'°-01) less shrinkage, higher moisture content and lower fat, protein and residual nitrite contents 
Sc ination°Se frankfurters cooked to an internal temperature of 76.6°C. Regardless of curing ingredient 
di?es for °r levels of eradiation, those frankfurters cooked to 65.5°C had significantly (PC0.05) higher 
ah '•hose lnternal color, off-odor intensity, off-flavor, moistness, texture and overall palatability than 
°uid be ra"kfnrters cooked to 76.6’C. These data suggest that frankfurters which are to be irradiated 

ooked to a lower internal temperature (65.5°C) in order to enhance their palatability.Hi%
low 6 nt®d°in an‘f chemical values for frankfurters stratified according to curing ingredient combinations are 
ftWer TbA fshle 3. In experiment 1, frankfurters made with 100 ppm N0 2  had significantly (PC0.05)
;arikfyrt. a ues> higher cured color values and higher external and internal visual color scores than those

•r S mad P u i f h  o i  fhor n txt-xtv.  oc vrr\ ___ n c  XT/-. -It x . .  ... .
i ^urter -- ------ —  . auu ui-BHCL cALcuitu «na internal visual color scores than
Jjai>tly (P<nmn o  ”ith either 0  PPra N02 or 2 5  n o 2  P1“® 25 N0 3 . Overall palatability scores were signi- 
C(/e Vith o nA°5; hlgher for frankfurters made with either 50 N02  or 25 N02  plus 25 N03  than for those 
Phf̂ ar*8 on8  °r ^  ^ 2  P^us 25 NO3  plus 206 DL alpha tocopherol. Although not significant among all 
in r°l had * tra?kfurters made with either 0 N02  or with 25 N02  plus 25 NO3  plus 206 DL alpha toco- 
8U&ret̂ ent ^crically lower scores for texture and off—flavor than did frankfurters made with other curing 
to) st that°TKlnati0nS' Off-odor scores were n°t affected by curing ingredient combinations. These data 
»0 °r and TJU he m°St deslrfble frankfurters (flavor, overall palatability and visual color, and/or cured 
3 Plu8  - values) contained 50 or 100 N02 ; the least desirable contained 0 N02 , 25 NO? plus 25

> ® DL aloha toconhprnl nr SO NOn206 DL alpha tocopherol or 50 NO3  

iment 2, frankfurters made with 0 N02  had significantly (P<0.05) lower scores for moistness,
i O V  e r p l l  ns 1 Q t* Q K  1 1 1 t IT on /I n v  nx*n /. 1 on J  ̂ ^ n «.n n 1 » — 1 _ __ 1 1 ' 1 1 * . 1 —• r“ ..A -

liQ ‘lavor ~ ^-ranxrurcers maae witn u N(J2  had significantly (P<0.05) lower scores for moistness,
«ti °r 50 ’ overaU  Palatability and external and internal color than did those made with 75 N0 2  plus 25 
pto°n- in 2  plus 2 5  n o 3- Off-odor scores were not significantly affectd by curing ingredient combin- 
tb duct in |enerf1> sensory evaluations for product in Experiment 2 were numerically lower than those for 
iice'c0 urSe xPerf™ent 1  suggesting that the panel may have become sensitized to the product during the 
be ates that°f thlS study‘ Nevertheless, consistency of the overall palatability and visual color scores in- 

at least 50 ppm NOo was essential for ontimiy.ina t h p  n v p r a l  1 H o o i r a K i l i f i F  f  f t -  n  wx 1 — £  t- *    „

%

that Hcvetuieiess, consistency or cne overall palatability and visual color scores
rradiatedat lea®t 50 ppm N0 2  was essential for optimizing the overall desirability of frankfurters to

eeris
Ct^inient T Values for frankfurters stratified according to irradiation level are presented in Table 4. In 
n Values for of f—f 1 r\ f f—r\A r.r t- a V « 1 1  — ml J_______j it\ S r\ nt-\t ç  ^ent l o  - ----------------------------- --------- --- ------------- |------------ . . .  - r  .

asirig leviVa^UeS ^°r °ff-ffavor* off-odor, texture and overall palatability decreased (P<0.05) with in- 
Ve s of irradiation while moistness increased. In Experiment 2, values for all traits exceptt ; > ss de . _______________ r__

thoSeeCreaSed ^ <0 -°5) with increasing levels of irradiation. Compared to the non-irradiated frankfur
ter- inv0l,P^Oducts irradiated at 3.2 megarads were definitely not acceptable to members of the sensory

r. _ . V 6 d In fVl 1 O ofll/ln rTTV> nnn J « t- » / T-V. 1 « /. \  c. 1   - tL - . - l î  / m XX . x • /XH/X x \ •
. _ —" •  O ----------------------- ^ J iiv/u UCCCJ/LUUIC l-w 1UUUUC1S Ut LUC OCL1SUI y

vcq s ln this study. These data (Table 4) confirm other studies (Terrell et al., 1980a,b) with ex- 
*s dosnS°ry Pane^ sts which suggest that the degree of undesirability associated with irradiated cured

°Us X. Se~"dependent - However- ex^rann^fl^ínn of fhooo /]nco-roonnnoo na1 afaki 1 x t-.T «-/x __________ u
---- o o ------- -------------  ---------------e>-----— - j  x̂ xj u v c x u l c u  w i L u  i i t a u i a  l c u  l u l c u

e ~ fypes '‘<=Henaenl:• However, extrapolation of these dose-response palatability effects to acceptance by
tabce c°nsumers should not be made; rather, separate studies, designed to test consumer market

D • should be conducted.
ca f Ifo-.u rom
Palatab^aae two experiments suggest that significant improvements in cured color (external a m  internal) 

hy colp^ traitS °f frankfurters to be irradiated may be achieved by the addition of at least 50 ppm 
pn aj ha tocon 8  t 0  3  l0Wer inter7al Product temperature (65.5°C vs. 76.6°C). The use of 206 ppm

^ility x e^°f> a known antioxident and nitrosamine blocking agent in cured bacon, does not improve 
y Craits of irradiated frankfurte—

»!

!*> not p
!), iloi8 turee]en,:ed ln tabular form there were no effects on palatability traits of frankfurters due to 

3 .J ^he Us evef® (0 % or 1 0 %) or due to type of seasoning (ground spice vs_. equivalent soluble season- 
.^Sarad megarads (low dose irradiation) produced fewer palatability defects than did the use

ela eVefs 0f b^gh dose irradiation), thus LDI may be feasible for preserving cured sausages made with re-
N 0 2 . Nevertheless, product impr OVement research f 1 _e_ Fun/ c nf me a t~ far mil In nirea i*nlnrv s « .

- o --- -------- xuuo xjisj. m a y  wc icaoxuAc lui preserving curea sausages maae wicn r
02* Nevertheless, product improvement research (i.e., types of meat formula, cured color 

betel:c‘ ̂ should be investigated in attempts to minimize differences in palatability and sensory 
ween irradiated and non-irradiated frankfurters.
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Table 1— Frankfurter formulations (in kilograms) 
used in irradiation studies.

Experiment 2
Experiment la Curing, spice

Curing and added temperature
Ingredient moisture effects effects

Pork jowls, skinned 15.9 15.9
Pork, picnic shoulders 11.3 11.3
Beef trim 9.1 9.1
Beef, lean cow 9.1 9.1
Salt 0.9 0.91
Sweetener, 1.82 i.82 d
Seasoning 0.95 0.95 or 1.01
Added moisture 4.54 or 10.4 10.4
Total weight 53.62 59.48 59.46 59.54
3To each 9.07 kg meat block, appropriate amounts of nitrite, nitrate and DL-alpha tocopherol 
were added.
To each 9.07 kg meat block, appropriate amounts of nitrite and nitrate were added before 
cooking products to an internal temperature of either 65.5°C or 76.6°C.

"(50% dextrose; 50% corn syrup solids (DE-45).
Contained 550 ppm sodium erythorbate and was formulated as natural ground spice (1.01) or as 
an equivalent dry soluble seasoning (0.93).

Table 2— Mean processing shrinkage, sensory and chemical
____________values of irradiated frankfurters.____________
___________Experiment 1____________
Shipping treatment Experiment 2  __ ■

Trait3

Not
shipped Shipped

Level of ^ 
significance

Product 
65.5C

temperature 
76.6C

Level ot j, 
siznificance_

Processing
shrinkage — — 1 1 . 2 12.3 *

Visual color 
External 3.0 3.0 NS 3.5 3.2 NS
Internal 3.3 3.3 NS 4.0 3.6 *

Off-odor 7.5 7.3 ★ 4.7 4.2 **

Off-flavor 6.5 6.4 NS 4.7 4.0 **

Moistness 6.5 6.4 NS 6 . 2 5.7 **

Texture 6.7 6 . 8 NS 5.7 4.8 **

Overall
palatability 6.7 6.7 NS 4.3 3.4 **

Moisture 49.8 48.2 * 51.2 50.0 **

Fat 32.4 33.4 * 31.4 32.4 **

Protein 9.8 1 0 . 2 ★ 1 0 . 6 1 0 . 8
*

Residual
nitrite 2.3 3.4 ** __

aVisual color; 7“excellent cured-pink color, l=poor cured-pink color. Off-odor; 
8 =extremely weak to no off-odor, l=extremely strong off-odor. Off-flavor; 8 =extremely 
weak to no off-flavor, l=extremely strong off-flavor. Moistness; 8 =extremely moist, 1= 
extremely dry. Texture; 8 =extremely firm exterior and interior, l=extremely soft 
exterior and interior. Overall palatability; 8 =like extremely-would repeat purchase 

.consistently, 1 “dislike extremely-would not purchase. 
b*“(P<0.05); **=(P<0.01); NS=nonsignificant (P>0.05).
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Table 3 Mean sensory and chemical va lues o f Ir ra d ia te d  fra n k fu r te rs  s t r a t i f i e d  accord ing  to
cu rin g  In g re d ie n ts  com bina tions .

Experim ent 1_____________________  ___________ Experim ent 2

T r a l t b

C urlnq Ingred ien ts® C urlnq
a

In g re d ie n ts

0 50
no2 no2

100
no2

50
no3

25 N02 
25 N03

25 N02 
25 NĈ  

206-DLC0'
0

N02
50
N02

72 NĈ  
25 NOj

50 N02 
25 NOj

V isua l c o lo r
E xte rna l 1 .49 5 .1 9 5.1 6 2 .3  ! 1.9 f 1 .7 1 4.1® 4.0® 3.7®
1n te rn a l 1 .6 h 5.3® 5.4® 1. 6h 2 . 8 f 2 .3 9 2.1 * 4.5® 4.4® 4.2®

O ff-o d o r 5.2® 5.2® 5.0® 5.0® 5.2® 5.2® 4.3® 4.5® 4.8® 4.4®
Of f - f  la vo r 5 .3 f9  5.9®f 5 .4 ®f9 5.3 f 9 6 . 1® 5 .1 9 4 .0 f 4.4®f 4.6® 4.5®
M oistness e ef 

6 .3  6.7 6 .5 fg 6 .4 9 6.7®f 6 .5 f9 5 .8 f 5.9® 6. 1® 6. 0®
Textu re Q 6 5 .9 y 6.4 6 .3® ' 6 . 2 ®f 6 . 1®f 3 6. 09 5.4®f 5.5® 5 .0 9 5 .0 ®9
O vera11

pa la ta b l 1 I ty f  e 
4 .8  5.3 5.O0f 4.9®f 5.4® 4 .5 f 3 .4 f 3.9® 4.0® 3.9®

Cured c o lo r  (0D )C .0 2 3 f  ----- e
.071 — ,029 f — — — — _____

TBA (m a/1000q)d e
1.16 ----- 0 .9 9 f —

e
1.04 — _____ _____ _

aBased on ppm added to  9 .07 kg raw meat; NO2 = sodium n i t r a t e ;  NO3 = sodium n i t r a t e ;  DLaT « 206 ppm 
DL-a lpha to c o p h e ro l.

^V isua l c o lo r ;  7 = e x c e lle n t cu re d -p ln k  c o lo r ,  1=poor cu re d -p ln k  c o lo r .  O ff-o d o r ; 8=extrem ely weak to  no 
o f f - o d o r ,  l=ex trem e ly  s tro n g  o f f - o d o r .  O ff-o d o r ; &=extremely weak to  no o f f - f la v o r ,  l= ex trem e ly  s tro n g  
o f f - f la v o r .  M o is tness ; 8=extrem ely m o is t, l= ex tre m e ly  d ry . T e x tu re ; 8=extrem ely f irm  e x te r io r  and 
I n t e r io r ,  l=ex trem e ly  s o f t  e x te r io r  and In te r io r .  O ve ra ll p a la ta b l I I t y ;  8= 11ke extreme Iy-wouId repea t 
purchase c o n s is te n t ly ,  1= d Is 11ke extreme Iy-w ouId  not purchase. 

c0D = o p tica l d e n s ity  a t  540 mp. 
dMg maIonaIdehyde/lOOOg o f f r a n k fu r te r .
e^9W lth ln  expe rim en ts , means In th e  same row fo llo w e d  by a common le t t e r  a re  not d i f f e r e n t  (P >0 .05).

Table 4— Mean sensory values of irradiated frankfurters 
stratified according to irradiation level.

Se:nsory
■£raite

ViSual color

_______ Experiment 1_______
Irradiation level (M-rads)

0 . 8 3.2

_______ Experiment 2_______
Irradiation level (M-rads)

0 0.8 3.2

External 3.0® 2.9a 2.7a 4.4b 3.1C 2 .6 d
Internal 3.3a 3.1a 3 . 1 a 4.8b 3.5C 3. ld

°ff~odor 7.3a 5 . 1 b 3.0C 6 .8 b 4.0C 2 .6 d
lavor 7.5a 5.5b 3.6C 6 .8 b 3.7C 2 .6 d

Hoistness 6.4C 6 .6 b 6 .8 ® 6 .0 b 5.9b 6 .0 b
Texture 6 .8 a 6.3b 5.4C 6 . lb 5.4C 4. 2 d
0verall
■— E2 i.atabilitv 6.7a 4.9b 3.3C 6 .0 b 3.3C 2 .2 d
abcdUi>^- experiments, means in the same: row followed by a common letter are not different

(P>0.05).
eVisual color; 7=excellent cured-pink color . Off-odor; 8 =extremely weak to no off-odor,

strong off-flavor. Moistness; 8 -extremely moist, l=extremely dry. Texture; 8 =extremely firm 
exterior and interior, l=extremely soft exterior and interior. Overall palatability; 8 “like 
extremely-would repeat purchase consistently, l=dislike extremely-would not purchase.
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