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The eff
'tiater' 601 Pr° duced on tbe meat fissue by the m assaging and tumbling procedures may be vigorously influenced by raw 

i t C *  USed’ The relationships between the finished products characteristics and the use of interm ittent tum bling  
fU j ffoti^pc 6 W3S investlgated’ for two cooking methods, over a group of approximately 200 pig thighs, of Cotswald breed, 
¡J  Proces E ^  DF°  properties’ recorded by m eans of pH, Fop and Hunter values measures. The interm ittent tum bling  

|dd!J  alternated the following movement and rest time (min): 2 /1 9 0 ,4 /1 9 0 , 8/180, 15/160. The two cooking procedures 
Cl" p70 3 Sl° Wer one (F7°  =  approximately 40 min.) and another one, generally adopted in our country, g iving a calculated  

I Tu a Ue ° f  110  min., at the core of the product.
piiiui) 1 Ih« r *

iftov

tio11*

** ationship between the yield and time of tum bling was not linear, the best results beeing obtained with 4 -8  min. of 

L^arac601 l 'm e' y *e *d and cooking losses were highly influenced by tum bling parameters and raw m aterials 
pThe reter'Slics standard cooking method. For slow cooked products the influence of raw m aterials is less important, 

(ft-. _ Ŝ ng times seem to be much more important to sensory acceptability, in particular to cohesion characteristics 
for standard cooking and .87** for slow cooking).

.^ H O D U C T IO Nj ,

et al ig 7SearCherS haVe focused on the efTects produced on meat tissue by m assaging and tum bling techniques (KRAUSE  
|ipaSsa . ACKERMAN et al,19<8, M OTtCKA et al 1983). This processing method is used for different reasons: the 

I Stat>onar  ̂ Prt>CeSS usually involves movements of m eat tissues with other m eat tissues and the smooth surface of a 
dru  ̂ jk ' drum w*tb paddles rotating around a vertical axis. The tum bling technique is more rigorous: in the rotating 
Ma 6 mCal aga'nst m etal w alls causing rupture of cell membranes.

auSe
°etter

cause lnV° lveS frictionai energy and tum bling involves impact and frictional energy. This energy is sufficient to 

I better r rUptUre of the sarcolemma and extract protein exudate that guarantees: -better cohesion characteristics,- 
I tumbr3leldS ° f  the finished Products, -better organoleptic quality, for juiciness and texture. Many m assaging and 

V s  methods are described:REICHERT (1982) reports tum bling losses and yields for different tum bling speeds and 

*h the t mS co°b ed a^a constant temperature and for Delta-T-Cooking, giving particular importance to resting periods
(V , tUrnbling procedure.

N w  er hand ^  efTect of these techniques may be vigorously influenced by the raw m aterials used: in the meat 
Afferent e main *au'te are known as PSE (pale, soft, exudative m eats) and DFD (dark, firm, dry meats). The use of 
t>roPert. aw m aterials. from extreme PSE to DFD cases, on a cooked ham production line, greatly influences the binding 

N - - tbe resulting system in all the phases of production, and the organoleptic characteristics in the finished 

H V to j-  . 6 Water binding capacity is of great importance also for the yield, a critical parameter from the economical 
j|c°oked 1 ^'any autb°rs (SHEID, 1986 and WIRTH 1986) recommend the use of normal or tendencially DFD meats for 

j 0,1 pSp 3nd tde ® *s considered the limit value for th is process. Some recent reports on cooked ham made both
Vrwu a.n  ̂ norma* meats (HONKAVAARA, 1988 and 1989) give almost twelve points of difference between the

* D
unoi

'iffp ^g cal yields of the two classes of products, and also a poorer organoleptic quality for the cooked PSE product.(erent
V  roa °°k ’ng techniques on quality characteristics were also examined: these effects where well synthetized for fresh

J pUr S 'V MAN et al. (1990), both for texture, colour, and aroma characteristics in the finished products.

V e  o r lH  ° f ° Ur research was 10 exam ine a batch of approximately 2 0 0  thighs from Cotswald cross-breed pigs, over a
1 i 4,> between 5. i -7. or pH 48 h between 5.3-6.4, for their suitability for cooked ham processing, without using
y j  sPhates.

k i»
J J V  tK- 1 a ,jS  a n d  m e t h o d s
. W j  Ltlls in,___, in j>f I da

'

V ,  firm eSlipat‘on were processed 200 thighs, from Cotswald cross-breed pigs. No thigh was pale, soft, exudative or 
and dry m appearence. Each carcass weighed 135-150 kg: m uscles were chosen with pH 45' between 5.7 and 7
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(giving pH 48 h p.m. between 5.3 and 6.4), all from a commercial class, with moderate marbling and percentage of backf8 
that is generally used for cooked ham processing.
Chemical and Physical analysis. At various handling times the m easurem ents of pH were taken using a Ha"11* 
instrum ent pH-meter, the FOP values with the apparatus described by McDougall (1984) and L,a, b parameters wer 
recorded with a Minolta Colorimeter. The parameter Ct is the chilling loss relative to the 20 hours rest time before $ 

brine injection. a ®
Technology o f curing and tum bling. A brine formulation: water 85.7%, salt 10.5 %, sugar 3%, TPP 0.3%, Na-nitrite 0.0 '
Na-ascorbate 0.3%, was adopted for injection into deboned hams with a m ultineedle apparatus, up to the addition tl>e

to*
idJ

on initial defatted deboned muscle weight. Cured m eats were then tumbled in a rotative unit under vacuum- 
interm ittent tum bling process alternated the following rotation and rest tim e (min):2/190, 4/190, 8/180 and 15/160. f°r 
tum bling time of ca 48 hours, at a temperature of 6°-7° C (F ig .l).
Cooking procedure. The products were cooked in a saturated steam oven, in two different ways: standard cooking, up 
value F70 =  112 m in (21) the core of the product and a slow cooking method up to the value F70 =  40 min (cf. Fig-2 an 
for cooking profiles), then they were refrigerated and controlled for the cooking loss (CL) and technological yields (TV) 
CL = (weight before cook - w eight after cook/weight before cook)*100 
TY =  (weight cooked + chilled)* 100/weight deboned.
Sensorial analysis. Approximately 25 % of processed products were exam ined also from the organoleptic point of wi6" 
panel of 7-8 members, with no previous training but expert on meat products, evaluated cooked hams for cohesion 9ua 
tenderness and occurrence of some defects, such as the presence of holes and fissures on 1 mm thick slices on the basis 

9 point score sheet.
Statistical procedures. Technical yields, cooking losses, chemical composition, cohesion quality and organoleptic 

constitute the group of the dependent variables: these have to be correlated with the quality of raw m aterials, express

A

pH, FOP, L, a , b values, and moreover w ith some technological parameters such as tum bling and resting time, fo r1

different methods of cooking (cf. F ig .l). The results of the eight trials were analyzed with Anova and Multiple
line»'

regression, executed with the statistical package SPSS, in the personal computer version, which in our case is a He
flet;

Packard Vectra PC. The procedure G3GRID of SAS-Graph, with the interpolation option was used for the tridimensl 

graphics.

on*'

RESU LTS AND D ISC U SSIO N
As specified in the previous section only a slight percentage of processed hams had severe PSE or DFD character^ 
high percentage was nevertheless tendencially PSE. on the basis of pH m easurem ents and Hunter coordm8 

generally is > 4 9  and a < 8 .2), Fop values being in the range of normal m eats (.25- .40). Table 1 reports the instrun1 

values registered on raw m aterials, at various handling times, 45 min, 24. 48, 72, 96 and 144 hours post mortei8' ,
measurem ents recorded at 45’ after slaughter h igh light only PSE m eats, so the most useful information on meat Q°a

lit)

given by post rigor m easures, because PSE and DFD are only extreme conditions, among which there are many sit0
at"*

rit»
that correspond to different processing responses: Tab.2 indicates the correlation coefficients between yield (and c° ^
losses) and raw m aterial characteristics. The difference between the two method of cooking is clear, the tradit>°°a 
depending on the raw material. We have also verified significative differences between the four tum bling pa"8111 

adopted for this research (Tab.3 ).
Yield data were analyzed with ANOVA ONE-WAY option, and Duncan' test o f SPSS: the best results are obtain^ 
rounds per cycle, with standard cooking conditions, generally the yields are higher for slowly cooked products, bn1 

this case interm ediate tim es of tum bling are preferable.

■f

als"

We can represent all the data in threedim ensional graphs, in which x and y are the pH 48 h measurements a

number of rounds in the tumbler for cycle: there are two response surfaces for z ( yield values ), considerably differei*'

f b0*  ,standard and slow cooking procedures. What is  evident from these figures, is the clear influence on the yield of y  
raw m aterials and tum bling parameters, for the cooking conditions that are commonly used in our country ^
correspond to a high F-value, equivalent to 100  min of heating atconstant temperature ( taking z =  10°C and T re f=

cje*
This F-value is retained sufficient for the destruction of D-Streptococcaceae. the most heat resistant vegetative spe ji
cooked meat products (PIZZA, 1987). For the second cooking technique, only an F70 = 40 min has been reached, that 1

our technology, sufficient for destroying common vegetative flora, but not some D-Streptococcaceae. So this
has1
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Method is T  ^  g t6C 7 ^ ’ fr° m the keePability P o^ t of wiew. The Yield response surface, for the slow cooking

E d itio n s  i n  r n t’ 35 * mflUenCe ° f  raW mat6rial iS rath6r lGSS im P°rtant in respect of standard cooking
and tumblin t 7 ° 0thing pr°Cê ure &enerally &ivea on interesting and satisfactory visualization of both raw m aterials

Chf r  ° f  tUmbling and C° ° king ParamCterS dGriVed fr°m investigations
Un̂ a l  ones A ,  Pr° dUCtS: ^  ° Ur attenti° n ° n vafues ^ r a l l y  adoPted and other
Tu ’ C° nsldered as in teresting lim it conditions.

* W0^ ing Phr ? j r  alternated With longer restinS Periods’ s° th* real m assaging time is severely reducedH cci  to our other w o r k «  iP F .n R T I ? T  T T «1 1 n o o \  J  . _ . * , . .  J

m-
3. for8

; an^

n

lt[Aspect ................. ........ — s «  .» u u B p e n o Q s , so m e rea l m assag ing  tim e is severely  reduced

% **«* c o h ts ln  °R 7? ;  PE° Rf LLI 61 a U 9 8 8 ) and reSting time *“ « « * .  which appears much more important for
, V  of Tab ■ , ' 4 ° r Standard C00ked and -87  for slow cooked products (cf. Tab 4). If we compare these results with

f°Uhd between t h ^  & f o  dePendenCe o f 'organoleptic scores from the raw material (except the correlation
ty ciween the cohesion score and Ct value).

diT l i 7  ° Ur reS' arCh' S l“WardS Stl"‘J' ° f the r" ,li0 n s  between »nsanoleptic acceptance and 
p rameters, bearing in mind the possible interactions of the quality of prime materials.
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Raw Ham  (- s o *  brlna ln|actlon

J’T - ] . Cl C l 2

Fl0- 1 -  Schama of tumbling and 
cooking operations.

t1 : tumbling time far cycle (min.) 
t2 : resting time for cycle (min ). 
C1 : standard cooking.
C 2 : slow cooking.
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5.59
5.60
34.1
51.0
8.1
1.4 

5.56 
5.5? 
5.58 
36.2
52.0
9.0
3.5

JLZ3

slanHarrtl7 'alS chafac'ertScs (mean values and 
,0 Cl ann 7!'allons) o' the tvw lots of thighs assigned 

ana C2 cooking methods.

C1 ” C2
1 SD Xm so

0 20 6.34 02>
0.12 5.62 0.16
0.12 5.63 0.17
6.3 33.9 5.2
3.3 51.2 1.9
1.6 7.9 1.5
1.4 1.3 0.97

0.12 5.63 0.17
0.12 5.60 0.17
0.12 5.61 0.17
6.8 36.2 5.8
3.5 51.8 2 6
1.6 6 6 1.7
2.1 

0 46
3.8 

0 66
1.9

0.32

cookloss
yield
holes

fissures
cohesion

Juiciness

-.5669* 
.5183* 

.1301 
-0 0 0 8  
-  0265 

2556

.7249'
-.5746*'
-.0115
-.0033
.1554

-.2020

.3181** 
-.2716 
.1987 

-  0563 
0432 
.2131

.6646** 
-  6688**
-  0446
-  1840
-.1467 

.3026

-.3127*
.3956*
.0203

.3619*
.2674
.2949

.0110 
-.0524 

0285 
-  2449
-.0832
-.1315

.2811
-.1682
.1231

-.0705
-.1365
-.0332

5282 
-.5789** 
-.2552 
-  4794** 
-.5612** 

3858*

?< a 4nd H
'C t'' 8'?2.96 Ha"!®' coo,0»iales were measured at 45 min..

TSb 2 ~  belween some characteristics of the product and 1he quality of raw materials
PH. FO P. L coordinate measured at 48 hours p.m. and weight loss of tempering (Ct).

1-tailed S ig n if: * -  .01 ; -  .001

" e'9ht to ’J ™ 5 P™.

S > a,a ĉ ^ eB,empenn8 « '  <5*-6-Cl-

8 15
17 85 a 
95 39 b

18 92 b
87 73 c

11.81 a 
101 13a

T T
8 15

12 00 a 
165 00 a

15 08 b 
91 00 b

line,. ana yield t
8 t,mes (2.4,8 and 16 mm ).

C 1 ¿ 2
tl 12 t1 t2

cookloss
yield
holes

fissures
cohesion
juiciness

— 0489 
-.1994
-  3544**
— .4711**
-  6373** 
-.3020

-.0415 
.3288** 
.3444** 
.5463 —  
.7450** 
.3555

.7557- 

.6801- 
-  4973- 
-.5168—  
-.7 7 6 2 - 
-.0700

.7812**
-.7270**

.5803**

.5556**

.8732-
.1406

Ûst
01 data ^ bl r d 1*ep*ra,e,>' 'or the two cookmg methods : drflerent letters rn each row denote parr 

ORwatTvely diflerent at the 0 05 level.

Tab.4 -  Correlation coefficients between som e organoleptic 
characlelsllcs ol the products and the tumbling (11) 
and resting trme (t2),lor standard (C l)  and stow (C2) 
cooking conditions.

1 -ta iled  Sign#:* -  .01 * *  -  .001
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Fig.2 -  Temperature /  time profile for standard cooking.
To=oven temperature ; Ts=sur£ace temperature ; Tc=core temperature.
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Fig.3 -  Temperature / time profile for slow cooking.
To=oven temperature ; Ts=surface temperature ; Tc=core lempera1
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