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nHor 1Fradiati°n' hi8h and low oxygen transmission anaerobic packaging, and storage time on the raw lean color.
on^was fine pmnnd nau- aitnb“tes gr°und ^  Pattles were investigated. Beef trim was coarse ground and split into two groups on day o0olsi I 
irradiamjW b h  a  ?  i ? r v  h  d  d  c k a g f d  immediately; group two was treated likewise as a seven-day sample. Patties were held either as contr0' : 
Ha vs ̂ after frraH fad a^tn-arT day /ol!owing packaging and stored at 0°C. Sensory evaluations of controls and treated patties were conduct«1^

j‘h*diai ° n' IrJ,adlated b®ef Pat'ies had greater (P < 0.05) raw aroma intensities, raw off-odors, and off-flavors, lower (P < 0.05) Hun̂  
L l  ^ fU)5Uhaand Were darakeri edi P < .0 05k Seven-day raw beef patties had greater aroma intensities (P < 0.05), higher b* values and y
nartils H ,nir°h°*5 one-day beefpatt.es. Irradiated patties had greater (P < 0.05) off-odors than controls for both one-day and seven-« If
f r e s h e s t  h e e  f c  h  b  l a t L  ^S°  ! ? '' i e r i P  <  0 0 5 )  f o r  l r r a d l a t e d  P a t t l e s  t h a n  c o n t r o l s  f o r  b o t h  o n e - d a y  a n d  s e v e n - d a y  b e e f  p a t t i e s .  Therefore-
f r e s h e s t  b e e f  s h o u l d  b e  i r r a d i a t e d ,  a n d  t h e  d e t r i m e n t a l  s e n s o r y  e f f e c t s  o f  i r r a d i a t i o n  w e r e  m i n i m i z e d  b y  c o o k i n g .

Introduction ,
. . .  . G r o u n d  h o c f  i s  h i g h l y  p e r i s h a b l e  a n d  i t s  s h e l f - l i f e  i s  l i m i t e d  b y  t h e  g r o w t h  o f  a e r o b i c  a n d  p s y c h r o t r o p h i c  s t r a i n s  o f  b a c t e r i a  u n d e r  r e f n g ^ V  

T h e  c o m b i n a t i o n  o f  v a c u u m  p a c k a g i n g  a n d  i r r a d i a t i o n  h a v e  b e e n  s h o w n  t o  r e d u c e  o r  e l i m i n a t e  p a t h o g e n i c  a n d  s p o i l a g e  o r g a m sin , 
fq q V . h ? o - 7o \e r i e v e  [ e p o r t e d  i r r a d i a t i o n  c a u s e s  d i s c o l o r a t i o n ,  o f f - o d o r s ,  a n d  o f f - f l a v o r s  o f  f r e s h  m e a t s  ( L e f e b v r e  e t a

9 9 4 ,  a n d  S u d a r m a d j i  a n d  U r b a m ,  1 9 7 2 ) .  T h e  o b j e c t i v e  o f  t h i s  s t u d y  w a s  t o  d e t e r m i n e  t h e  e f f e c t s  o f  s t o r a g e  t i m e  o f  r a w  b e e f  h i g h  a n d  l o w  oX)i> 
t r a n s m i s s i o n  v a c u u m  p l a s t i c  p a c k a g i n g ,  a n d  i r r a d i a t i o n  o n  c o l o r ,  a n d  t h e  r a w  a n d  c o o k e d  s e n s o r y  a t t r i b u t e s  o f  g r o u n d  b e e f  p a t t i e s .

Materials and Methods
, Preparation of samples. Two piece boneless chucks were used for each of the 3 replications, and fabricated into 85% beef trim, 

of beef trim was coarse ground through a 1.27 cm plate and mixed for three minutes. Half of each replication of coarse ground beef was fine 
through a .32 cm plate, and foirned into patties ( 114 g). The ground beef patties were further split into two packaging groups consisting of eiltier „ 
oxygen permeability vacuum bag (Cryovac 37 cc/m2/24 hr.) or a low oxygen permeability vacuum bag (Cryovac 10 cc/m2/24 hr.). Day-one st°r =7, 
patties consisted of patties from this group. The other half of each replication was stored in covered plastic lugs at 0°C±1 °C for 6 days. After 6 *  
storage the second half of each replication coarse ground beef was fine ground and packaged in the same manner as the first half of each replicatl°

Irradiation and storage. The control and treated patties were maintained at 0°C±1°C. The treated patties were irradiated the day after Ç 
oo^îÎ°!?led’ and Packa8ed Wlth.rain average dose of 2.14 ± . 16 kGy. After irradiation the treated patties were once again stored with the contr0
0 C±1 C for another four days. The second half of the 3 replications were handled in the same manner , 4da!'

Sensory evaluation. Sensory evaluations of the treated and control patties (Cross et al„ 1978) of both package types were conduct«” 
after the treated patties were irradiated. Fourteen panelist had been previously trained in experiments in which they were required to detect irradm 
odors and off-flavors as well as to determine color differences of raw meat and other cooked meat attributes. After allowing the color to develop, 
panelists evaluated the patties for lean color. The beef patty aroma intensity scale was an 8 point scale where 8 was extremely strong The off'0 
(irradiation) scale was a 5 point scale where 5 was extremely off-odor, and 1 was no off-odor. The color scale was also an 8 point scale. J

Patties were cooked on a griddle from a thàwed state to 71 °C and evaluated by a sensory panel (AMSA, 1995). The scales for off-od°r* 
flavors (irradiation) were 5 point scales, 5 being extremely off-odor or extremely off-flavor. Cooked aroma intensity, juiciness, tenderness, an° 
intensity were all 8 point scales with 8 being extremely strong, juicy, tender, and intense, respectively. ter

Color analysis. Two patties for each of the treatment groups were analyzed for CIE L*, a*, and b* values (Illuminât A/108) by a 
Labscan Spectrocolonmiter (4.4 cm diameter aperture). Each patty was removed from the vacuum bag and allowed to bloom over a 15 minute P
1 hree measurements were made on both patties.

Results and Discussion (1
Raw aroma intensity was found to be significantly (P < 0.05) higher in irradiated samples than non-irradiated control beef patties (Table* of'1 

raw aroma intensity was also (P < 0.05) higher for the seven-day beef samples than the one-day samples (Table 1). The increased aroma ¡nten 
7-day samples is most likely explained by the higher levels of micro-organisms being present in those samples (data not shown). Microbial degr 
of meat has been reported by Fu et al. (1995) leading to increased off-odors of irradiated samples. Consequently, microbial off-odors of meat 
lead to the increased aroma intensity of the raw beef patties in the older samples. Raw off-odors of the irradiated samples were found to be higa 
0.05) than non-irradiated control beef patties (Table 1). Lefebvre et al. (1994) also reported odors of lean ground beef to be less pleasant in irr3 rjjtf 
non-irradiated samples. Because panelists found the irradiated beef patties to have higher off-odor than controls, the increased aroma intensity (JH 
irradiated samples may most likely be due to irradiation off-odors. The interaction of dose and storage time of the coarse ground beef was also 
be significant (P < 0.05) for irradiation off-odors of raw beef patties. y  ;

The panel found the color of the raw irradiated beef patties to be significantly (P < 0.05) darker red than the control patties, which were ̂  
cherry-red color (see Table 1). Control patties were also found to have higher (P < 0.05) Hunter CIE L*, a*, and b* values (see Table 1). Fu L 
(1995) reported raw L*, a*, and b* values of ground beef patties were initially lowered by irradiation. Thus, irradiation has the ability to alter ' c
C t n  i r > h i r o  / " \ f  m o o t  r-\ I o m o n t r  n n d  » L a  r -» n » a  a f  U ______: ______I _ .1 r *  • i î  t  m  1 . . . .  _  _ T . . .. t

The

the
th»n/structure of meat pigments, and the state of the heme iron (Clarke and Richards, 1971). Day-one beef patties had lower (P < 0 05) b* values -

K»o<af nof-MAC- /c o o  T o k lo  1 \  T k  „ _______________ X- ________________ l • I ■ . • / - t a .  , r  . . '  __ -at*

i f  (F____ __
The volatiles and radiolytic compounds which are formed from irradiation of ra^111

seven-day-old beef patties (see Table 1). The interaction of storage time and irradiation for b* values was also significant (P < 0.05). Day ofle */p 
beef patties, were significantly (P < 0.05) juicier, or less dry than the seven-day beef patties (Table 2). Irradiated cooked beef patties had great e f #
n  r » f f _ f l  Ü t / A r c  i h n n  fV lo  n r » n  i r r o / U  a n n f . n U  / T ’ „  1_ 1 „  OX HP I  1 .  ■ 1 I I • I I . . .  -  . .  r0.05) off-flavors than the non-irradiated controls (Table 2) _____________  _____  ____ ___
lead to off-flavors. Sudarmadji and Urbain (1972) reported beef had a threshold dose of 2.5 kGy before irradiation off-flavors developed

Conclusions ^
An objective of our study was to determine if there was a significant difference between the high and low oxygen transmission vacuum Pa reJ 

in reducing irradiation off-odors and off-flavors. Package type used in this study was not a significant influence on any of the main factors rneaS l(j0(i 
Thus, a larger difference in oxygen transmission of vacuum packagesmay be necessary to release radiolytic gases which seemingly cause the id8 
odor and flavor of irradiated meats. 0(i

Accordingly, irradiation had its largest impact on raw factors of the beef patties. Once patties were cooked, only a small increase in i*1
was detected by the trained panel were small. Also, irradiated patties having greater off-odors for both one-day and seven-day samples than cofl 
be partially explained in that irradiation off-odors may be compounded with spoilage off-odors. While irradiation will lower microbial counts, °n t wi" 
has high microbial counts the meat will continue to have reduced quality factors after irradiation. Thus, the irradiation of high microbial count me 
produce off-odors as well as other negative sensory qualities, which could be combinations of irradiation and microbial off-odors.
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I myogJODin. j . n g n u i w u ^ m .  • ----- -- _  T  , ' x i -A R -^
A h  ‘' ' , M o e n , R . ,  a n d  S t a n f i e l d ,  M .  S .  1 9 7 8 .  T r a i n i n g  a n d  t e s t i n g  o f  j u d g e s  f o r  

' A e b r a n e k ,  J .  G „  a n d  M u r a n o ,  E .  A .  1 9 9 5 .  S u r v i v a l  o f  Listeria monocytogenes Yersin 
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ar" ia d j i ,  g  a n d  U r b a i n ,  W .  M .  1 9 7 2 .  Flavor sensitiv ity  o f selected animal p r o t e i n  f o o d s  to g a m m a  r a d i a t i o n .  J .  F o o d  S c .  3 7 . 6 / 1 .

TaMe 1. Means of the effects of dose, package type, and storage time of ground beef on aroma intensity,
off-odors, color and the Hunter Labscan CIE values of raw beef. rTC5rnpF,

________________________  FVAt .HATTONS _______________ PUNTER EABSCAN CIE SCORES-
R A W  B E E F  

A R O M A  
IN T E N S I T Y

" 5  E  C o n t r o l
p  I r ra d ia te d  (2  k G y )

A C K A G E  H i g h  0 2 T r a n s m i s s i o n  
" R  L o w  0 2 T r a n s m is s io n

S T O R A G E  D a y  1 
T I M E

R A W  B E E F  
O F F - O D O R S  
( - IR R A D IA T IO N ) .

R A W  B E E F  
C O L O R

C I E
L * V A L U E

ad

D a y  7  
- S E M ’s

4 .3 ' 
4.9 b
4 . 8  
4 . 5  
4 .4e
4.8 " 
0 .1 4

1.5 ■
2.5 b 
2 . 1  
1.9  
2.0  
2.0 
0 .0 9

5.5 * 
4.0 b
4 . 6
4 . 8
4 . 6
4 . 8  
0 .1 4- - - - - -  J- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

S u p e r s c r i p t s  i n d i c a t e  s ig n i f i c a n t  d i f f e r e n c e s  w i th in  c o lu m n s  (P  <  0 .0 5 )

45 .3* 
43 .4b
44 . 3
44 . 4  
44 . 1
44 . 5
0.19_

C I E  
a *  V A L U E

30.8*
27.0"
28.8
28.9
29 . 0
28.7
0 .1 8

C I E  
b *  V A L U E

25.6* 
22.4b 
24.1  
24.0
23 .7C 
24 .4d
0.11

Table 2. Means of the effects of dose, package type, and storage time of gr.
'"tensity, cooked beef off-odors, overall-juiciness overall-tenderness, cooked flavor int y, 
°ff-flavors of cooked beef patties.

C \ 7 A T  T T A T T n M S  __________________

A R O M A
I N T E N S I T Y

O F F - O D O R S
( I R R A D I A T I O N )

O V E R A L L
J U I C I N E S S

O V E R A L L
T E N D E R N E S S

C O O K E D  B E E F  C O O K E D  B E E F  
F L A V O R  O F F - F L A V O R S  

IN T E N S I T Y  I R R A D I A T I O N

® S E  C o n t r o l
I r r a d ia te d  (2  k G y )

A C R A G E  H i g h  0 2 T r a n s m is s io n  
* P E  l o w  0 2 T r a n s m is s io n  

S T O R A G E  D a y  1 
T I M E  D a y  7 

— -—  S E M ’s

5.3
5.3
5.3
5 . 3
5.3  
5 . 2  
0.12

1.4
1.5
1.4
1.4
1.4
1.4  
0 .0 6

4 . 9
5 . 0
5 . 0
4 . 9  
5.4 "
4.5b
0 .2 1 _ _ _ _ _

6 . 0
5 . 9  
6 . 0
5.9  
6 . 0  
5 . 8
0 1 5 _ _ _ _ _

5.2  
5.4
5.3
5.3
5.4  
5 . 2
0 . 1 1 _ _ _ _

1.8*
2.2b
1.9
2.1
2.0
2.0
0 .0 8

a-b S u p e r s c r i p ts  i n d ic a t e  s ig n i f i c a n t  d i f f e r e n c e s  w i th in  c o lu m n s  (P  <  0 .0 5 )
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