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Ob»jective.
on n, in years 1992-1994 at Rutgers University a com plex research w as conducted on the influence o f  processing conditions

o f beef stew  as part o f  the Quality Q uantification and Enhacem ent for Com bat Rations Program, 
to oh . ct've ° f  this work, being a part o f  the Program, was to establish principles o f  the selection o f  retorting param eters in order 
Oati 3ln meat ° f  desirable texture with an assum ption that the raw material is the com m ercially available inexpensive grades o f 
U al and restructured beef.

Per<mental.
tom E'xPerimentaI material consisted o f  beef chunks preserved in sauce in m ultilayer/foil pouches retorted at preselected 

Peratures for different time periods.
Code B eef raw  materials Retorting tem perature °F Retorting time [min] Remarks

1 Natural 220 25 All samples were
2 Natural 220 45 prepared from a uniform
3 Natural 235 25 raw m aterial by the
4 Natural 250 25 Food M anufacturing
5 Restructured 220 45 Facility o f  the Center
6 Restructured 250 25 for Advanced Food
7 Restructured 250 45 Technology at Rutgers
8 Restructured 265 25 University.

p0r , f ° r chemical characteristics o f  the product, phosphorus, protein and moisture contents were analysed.
Siirr C texture profile analysis (TPA) a Universal TA-XT2 Texture A nalyzer m anufactured by Stable M icro System (Haste Hill, 
htea ^ Was use(F ^ eat sarnP*es w ere cut into cylindrical form o f 9 mm diam eter and 10 mm height . The conditions o f  the 
C o u n t s  were as follows: Speed 10 imn/s, time 1 s, strain 50%  . Calculated texture parameters included: Springiness (S50), 
MeaeSlVeness (^5 0 ), Chewiness (CH50), Gum m iness (G50), Hardness (H50) and M odulus o f  E lasticity (M 50). Additional 
!)ene!!re'nentS were mac*e using strain 80%  for determ ination o f  Springiness II (S80) and Cohesivenss II (C80). M aximal Force o f  
•hea at' 0n (FPi*0) was also m easured using probe with rectangular contact surface o f  size 2x8mm. Samples for these 

Su'ernents w ere prepared with height o f  10 mm, w ith rem aining dim ensions o f  m eat chunks without changes, 
lastit Sensory analyses w ere done by an eight-m em ber panel consisting o f  trained sensory judges at the M eat and Fat Research 
f0H te ln W arsaw. A profile analysis was used w ith unstructured graphical scale indyvidually calibrated by panel members. The 
ChB ln® attributes w ere evaluated: Cohesiveness o f  Touch (SCT) and orally tested Hardness (SH), Springiness (SS) and 
¿ » . n Ms(SC ).

ts and discussion.
The results (arithm etic averages) o f  instrumental m easurem ents and sensory evaluations are shown in Table.

¡■e k ^  sttong, independent o f  the kind o f  meat, correlations were established between three texture param eters m easured orally 
la t|i e^ Veen Hardness (SH), Springiness (SS) and Chewiness (SC) and between those param eters and Force o f  Penetration (FP80). 
data ^ s ta n c e  o f  jo in t consideration o f  natural and restructured b ee f none o f  the TPA param eters highly correlated to the sensory 
expi . Wever, with a separate consideration o f  the two kinds o f  meat, high correlations w ere observed. This phenom enon can be 

a">ed by different behavior o f  natural and restructured beef in the TPA test. 
eqUat evaluate the influence o f  tem perature and tim e o f  retorting on texture parameters, it was decided to apply empirical 
d ii^ 10118 that describe well the dependence. Based on the principles o f  the theory o f  therm al reduction o f  the m icroorganisms 
ej(pe ? Feat processing 250°F was selected as the standard sterilization temperature. For the tem peratures T used in the 
to z Il,nents, lethality Lz was calculated according to the formula: Lz = Log ''(T -250°F)/z for values z in the range from z = 20”F 
$terj|- . N ext an attem pt was m ade to find dependence between specific texture param eters Ni and a product o f  the time o f
e(UatZat' 0n * va*ues Tz showing the highest correlation. For the data in the experim ents the best fitting was obtained with the 
the l0n Ni = A  + B Tog (Lz x t). The best fitting for the specific texture param eters o f  the natural bee f can be obtained for z in 
°bta- §e from  30 to 40°F. It m ay be observed that the m axim a for the correlation coefficient for the restructured b ee f can be 
apd on„ fr)r the diversified values o f  z. M axima for Hardness (H50) and M odulus o f  Elastisicity (M 50) are obtained for z = 60 
fo|]o F> Cohesiveness I (CO50) and II (CO80) for z =  20°F and Force o f  Penetration (FP80) for z = 30°F. It may be explained as 

s Pieces o f  m eat in the restructured b ee f show  a high thenno-resistance o f  structure but the protein glue that binds them has 
Sa^ ° 'ver resistance. This point o f  view  is confirm ed by a low z value for Cohesiveness I and II. In the TPA test, in w hich the 
Har(j^e ' s com pressed to the 50%  strain, it shows as high therm al resistance o f  parameters: M odulus o f  Elasticity (M 50) and 
the b CSS (N50). In the test for Force o f  Penetration (FP80) in w hich phenom ena o f  cutting and com pression occur sim ultaneously, 
by s Cst fitting is for z  =  30°F, which is a medium  value. For the param eter Chewiness (C50) and Texture Parameters determined 
the m SOrT analysis, maxim um  for the correlation coefficients occur for z = 50 i 60 °F. This means that for the sensory properties 
sh0 v  re im portant is the hardness o f  the m eat particles than the w ay they are bound by a glue type compound. In Figure curves 

ng interdependence o f  Force o f  Penetration (FP80) and Hardness (SH) versus Log(L40 x t).
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In s tru m en ta l te x tu re  p a ra m e te rs
Raw material 

Param eter/Code
Natural bee f Restructured beef

1 2 3 4 5 6 7 8
Hardness (H50) fNl 18.9 12.9 9.4 4.3 27.2 24.8 21.5 22.1

M odulus o f  Elasticity (M 50) 
ix lO 5 N /m 2l

1.40 1.00 0.73 0.64 2.47 2.40 2.17 2.18

Gumminess (G50) fN] 10.1 6.5 4.7 7.1 18.1 15.1 13.0 12.5
Chewiness (C50) fNl 5.6 3.9 2.9 4.3 15.0 12.7 10.8 10.1
Springiness (S50) f-| .561 .584 .610 .551 .827 .828 .840 .808

Springiness II (S80) |-1 .659 .609 .610 .522 .838 .847 .831 .821
Cohesiveness (CO50) f-] .548 .507 .492 .440 .670 .611 .608 .564

Cohesiveness II (CO80) f-1 .538 .517 .517 .444 .506 .473 .472 .471
Force o f  Penetration (FP80)

_____________ [N]_____________

33.5 24.8 19.4 9.4 15.3 11.2 10.2 9.9

Sensory  te x tu re  p a ra m e te rs  (100-point scale)
Raw material Natural beef Restructured beef

Param eter/Code 1 2 3 4 5 6 7 8
Cohesiveness o f  Touch (SCT) 75.6 63.6 56.6 27.5 70.1 66.8 53.3 49.2

H ardness (SH) 83.4 67.4 54.7 37.5 43.3 35.2 26.3 21.8
Springiness (SS) 88.2 73.4 56.7 51.2 49.7 43.6 30.1 31.3
Chew iness (SC) 83.1 76.2 56.6 49.2 47.8 38.0 25.0 21.4

C onclusions

1. Retorting conditions influence in a quite different way 
the texture param eters o f  natural and restructured beef. The 
restructured beef shows m uch low er dynam ics o f  the 
changes. It should be related to the stabilizing action o f  the 
restructuring process including the influence o f  the 
polyphosphates on the m eat structure and water binding by 
protein.

2. It is possible to describe well the interdependence o f  the 
most im portant texture param eters and tim e and tem perature 
o f  retorting using m athem atical form ula based on the concept 
o f  lethality Lz. The analysis o f  value z, for which one obtains 
the best fitting o f  the dependence leads to a hypothesis that 
the restructured beef shows higher therm o-resistance for the 
texture changes as com pared to the natural beef, but only in 
the range o f  parameters in w hich the internal structure o f  the 
m eat and the gluing o f  the m eat particles plays a role.

3. It was established that there is a good agreem ent 
between the results o f  texture m easurem ents by instrumental 
and sensory methods. From  the param eters determ ined 
instrum entally the most versatile agreem ent with the sensory 
data was shown by the Force o f  Penetration. Conditions o f  
this m easurem ent represent better than TPA the phenom ena 
o f  biting and mastification in w hich cutting o f  fibrillar 
structure o f  m eat plays a significant role.

RELATION OF FORCE OF PENETRATION 
AND HARDNESS TO Log(L40 *t)

(FP80) (SH)
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