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studies p r e sented treat the possibilit 
°f an original physical method of the 

Zoological t r e atment of meat based on its 
Chessing using the screw of the grind i n g  ma-

tles 
ts=hi

iti
"ine which is rather common in meat process-
C0® P1ants.
 ̂ ^ r a t i v e  analyses were made using the Semi-
• ^ r a n o s u s  muscles of the same animals .Musc- '6 ̂ .

"erived from left hams were subjected to
‘he Preatment described above, and Iqight ham
S°Tes were treated by brine injection using 

needle injectors and tumbling in Laska> t i _  
> b l
n

e r s .
erials for histo l o g i c a l  analysis were fro- 
in isopentane p r e - c o o l e d  in liquid nitro-

%
Histological prepar a t i o n s  were stained

j " Haematox y l i n - e o s i n  and observed using a 
°cUv^ -"al-Carl Zeiss (G D R ) light microscope.
^Zi-ton m i croscope studies were conducted
Ü n8 ultra-thin sections c o ntrasted after
ç^Znfds (1963) and o b s erved using a Tesla-BS
il, ifansmission electron m i croscope at 80 k V . 
“5on le micro- and u l t r a - s t r u c t u r a l  analyses 

ducted of hams made of parallel muscle 
pTes, marked d e s tructive changes were ob- 
Vpti in muscle fibres, typical of a well

0„ Cessed h a m .
th

S c

e basis of the micr o s t r u c t u r a l  studies

"«n

Ucted, conclusions were made on the effi- 
y of the i n vestigated method of the me-
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fcal treatment of meat using the screw.

Eq q u c t i o n

niechanical treatment of meat used for the
f,, Uction of cooked ham enables the accele-

'««ilon of technological processes and impro- 
H6^ezt of the quality of the end product.The 

°Hs widely used for mechanical treatment 
Ok  rriassaging and tumbling (Heller, 1986). 

methods include electric massaging 
stlakov, 1982), vib r o m a s s a g i n g  (Strupin,
' ietc. All abov e - m e n t i o n e d  methods neces- 

it: SpessPecial equipment available, and that
Wh
8Si

at limits the po s s i b i l i t i e s  of meat-pro-
Of lng plants to speed up their production 

°°ked ham. There is some evidence about 
K  effect of hydrostatic pressure on the ul- 

tucture of meat in the speci a l i z e d  lite- 
e > but authors face some d i f ficulties as 

Of as the practical industrial a p plication 
ls physical treatment is concerned (El-

r»t>

th

* at al . , 1983) . 
p,,®sent studies aim at in v e s t i g a t i n g  the 

iq and u l trastructural changes that occur
c^IIIea't at the process of curing and mechani-

A*Er
Pi<eatment using a screw meat grinder.

I^LS AND METHODS

Pairs of muscles from the same animals were 
used in the experiment for an objective and 
accurate comparison between the results from 
the mechanical treatment studies here, and 
the method of tumbling using Laska Inject 
Star HS3 tumblers, thus ignoring the infl u e n 
ce of the raw material. Samples from the left 
and right side mm. Semi m e m b r a n o s u s  were pre
pared from 4 porcine carcasses having pH 45min

6.1 + 6.3, and were respec t i v e l y  numerated. 
Left side mm. Semim e m b r a n o s u s  were treated 
together with a meat batch for "Round Ham" in 
the following way: Chilled hindq u a r t e r  pork, 
cut into 15 x 2 0 cm pieces, was double p r o c e 
ssed in a meat grinder whose cutting knives 
at the screw outlet had been removed in a d v a n 
ce and only a grate with k i n dey-like openings 
mounted. After this preli m i n a r y  treatment the 
meat was placed into a stirrer and mixed for 
3 minutes with 15% salt brine proportional 
to its weight. The salt brine used had the 
following composition: 100 1 water, 18.5 kg 
cooking salt, 1.7 kg sugar, 1.3 kg p o l y p h o s 
phate and 0.07 kg sodium nitrite. After cu
ring, the meat was again double processed in 
the meat grinder in the same way as described 
above, then was left at +4°C for 18 to 20 
hours to ripen. Along with that a well cut 
stuffing of lean pork was p r e pared by p r e l i m i 
nary minching it on a 2 mm grate and curing it 
with the above - m e n t i o n e d  salt brine. The s t u f 
fing thus obtained was left to ripen at the 
same conditions like those for the meat. After 
the r i p ening period, the cured meat was once 
again double processed in the grinder, then 
mixed for 3 minutes in a stirrer, together 
with 1 0 % of the above stuffing pro p o r t i o n a l l y  
to its weight. The filling thus obtained was 
packed in polyethylene bags placed in r e c t a n 
gular 6 kg metal boxes. The right side m m . S e 
mi m e m b r a n o s u s  were at the same time processed 
together with a meat batch for "Round Ham" on 
an Laska Inject Star HS3 line in the f o l l o w 
ing way: brine injection using Laska Inject 
Star TWIN 106 polyinjector and tumbling (30 
min tumbling, 30 min interval) in the course 
of 4 hours under vacuum, then packing in p o 
lyethylene bags placed in recta n g u l a r  6 kg 
metal boxes. Both left and right side mm. S e 
mimembr a n o s u s  were cooked simu l t a n e o u s l y  in 
metal barrels and boiled at a water t e m p e r a 
ture of +74°C for 310 minutes, then cooled in 
running water for 1 2 0  minutes.
The histol o g i c a l  studies were p e r formed on 
muscle cubes with a size of 0.5 x 0.5 x 0.5 
cm frozen in isopentane that was pre-cooled 
in liquid nitrogen. Section of 10 microns 
thickness, prepared on a Minotom (USA) c r y o 
stat and glued onto cover glasses, were s t a i 
ned with h e m a t o x y l i n - e o s i n , after fixation in 
10% formalin. Observations and m i c r o p h o t o g r a 
phs of the characteristic changes were taken 
on a Docuval Karl-Zeiss (DDR) microscope by 
i n terference light microscopy.
The materials for electron m i c roscopic stu
dies were processed in accordance with t r a d i 
tional methods, and were embedded in durcupan,
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Ultrathin sections prepared on a LKB III u l t 
ramicrotome were contrasted according to Rey
nolds (1961). For observation we used TESLA 
BS-613 electron microscope at 80 kV.

RESULTS AND DISCUSSION

The main role of the screw of the meat grinder 
is to transport under pressure the meat in the 
direction of the cutting tools while meat 
chunks are being pressed, crushed and heavily 
distorted . This action remains concealed as the 
meat enters the machine's mouth and is cut to 
a different extent by the rotating knives.
With the knives removed, there is only the 
screw rotation, with the screw ribs picking 
up the meat chunks and subjecting them to cer
tain pressure by rubbing against each other 
as well as against the cylinder walls. The 
screw ribs crush the meat chunks thus disrup
ting the muscle fibers. That causes the libe
ration of the proteolytic enzymes that help 
the meat mass ripen, and also accelerates the 
penetration of the salt brine deep into the 
meat chunks. The grate with the kindey-like 
openings has the function to counteract the 
meat flow directed by the screw.
The mechanical treatment we used prior to cu
ring aims at a partial disruption of the m u s 
cle fibers thus enabling a better and more 
uniform penetration of the salt brine. There 
is a recent tendency towards preliminary p h y 
sical treatment of the meat raw material pri
or to its curing. Scheid (1985) achieves that 
by crushing the meat by ribbed rollers combi
ned with subsequent tumbling.
The microstructural changes in the muscle 
pairs from both test show well-pronounced 
disruptive changes in the m scle fibers that 
are typical of the particular meat product. 
With control ham (right side mm. S e mimembrano
sus processed in Laska Inject Star HS3 tum
blers) the muscle fibers are swollen and c l o 
sely stuck to each other, with wavy folds at 
some places and a poorly expressed cross lin
ing. Fissures on the muscle fibers caused by 
tumbling and rarely covering the whole fiber 
width can be seen. Myofibrillar proteins 
extracted by the salt brine and coagulated in 
the process of cooking can be noticed in the 
perimisium and among the separate rrruscle fi- 
bers ( F i g.Fig . 1 and 2). In the test ham (The 
left side mm. Semimembranosus processed by 
screw pressing) the destructive changes in 
the muscularity are similar to those descri
bed for the control samples. Typical of this 
method of mechanical treatment is the cros
swise rupture of the muslce fibers all the 
way along their width (Fig.Fig. 3 and 4).
There are also wavy folds in the muscle fi
bers themselves which are significantly dif
ferent from the wavy folds in the controls 
(Fig.3). It is possible that the pressure 
exerted by the screw has caused these inter
nal foldings. Muscle fibers are partially 
fragmented to full dissolving of some frag
ments into a homogenous protein mass (Fig.4).

Fig. 1 - Microstructure of control (turn
ham. Ruptures in the muscle fibe 
(1). Magnification x 80.

Fig. 2 Microstructure of control (tuh 
ham. Wavy folding of the must 
bers (1). Magnification x 80-

ie

Fig .

Fig .

3

4

H  ,- Microstructure of test ( p r e s s ®  g ( 1 ) '  

Wavy folding of the muscle 
Ruptures in the muscle f i b e r s  

Magnification x 202.

-d)Microstructure of test (press® -
fib®1Fragmentation of the muscle 

(1). Magnification x 202.
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ultrastructure of the chilled meat used 
the experiment (24 hours after slaughter) 
Presented on Fig.5. Myofibrils still in 

e condition of rigor mortis can be seen. H-
es and M-lines are well pronounced. Becau- 
°f the condition in the myofi b r i 1 s ,I-bands 
still in contraction position. Sarcoplas- 
spaoes are narrow with no glycogen pre-

!sni,and myofibrils with parallel disposition, 
ultrastructural changes following curing

&nd
and 7
her
b

screw pressing are illustrated on F i g . 6
Myofibrils are closely sticking toget- 

with disturbed parallel disposition, Z-
"hds are heavily folded in a zigzag manner
and
th

fragmented at some places.The area around 
e* is somewhat lighter as a result of the 

e*traction of the soluble miofibrillar prote- 
lris> mainly actin proteins. In some sarcome- 
ras a certain disarrangement of the myofibrils and a 
,P*rU al extraction nd a partial extraction. Hea- 

to full destruction of the mitochondrial 
^Smbranes and crist'ae can be seen in the mito-
^ondrla.

PI Q

^ ^ a s t r u c t u r a l  changes occuring under hydro- 
Static pressure in hot meat from young bulls 

described by Elgasin and Kennick (1982).
6 authors demonstrate swollen mitochondria,

 ̂°^len sarcoplasmic reticulum, Z-lines diain- 
 ̂ §ration, disappearance of the H - z o n e s , M-
ln*s. triads and T-systems at hydrostatic 
Pressure exertion. MacFarlene and Merton

e Results obtained in the electron microsco-
studies resemble to certain extent the

(̂ 8 ) report similar changes in ovine mu. 
^^imembranosus, treated postmortally under 

s u r e .
ultrastructure of both hams after cooking
close attachment of the miofibrils, and 

di
( p •*8 .Fig. 8 and 9). Z-disks and I-bands are 
CQ,nPletely degraded and extracted, this being 
"'0re pronounced in the test samples (Fig.9). 
n tome areas the sarcomeres are displaced 

completely transformed into homogenous 
r°tein mass (Fig. 9).

SaPpearance of the borderlines between them

Fig. 6 - Ultrastructure of muscle after cu
ring and pressing. Folding and frag
mentation of the Z-l:ines (1). Extrac
tion of myofibrillar proteins (2 ). 
Magnification x 14 000.

Fig. 7 _ Ultrastructure of muscle after cu 
ring and pressing. Extraction of 
some parts of the myofibrils (1 ). 
Magnification x 14 000.

pj
5 - ultrastructure of chilled m u s c l e 1,a 

raw material for ham. H-zones (1), 
M-lines (2), I-sections (3). 
Magnification x 10 000.

Fig. 8 - Ultrastructure of control (tumbled) 
ham. Closely stuck myofibrils (1). 
Extraction of I-sections and Z-lines 
(2). Magnification x 10 000.
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LITERATURE

Fig, 9 - Ultrastructure of test (pressed) ham.
Sarcomers transformation into homo
genous protein mass (1). Extraction 
of the I-sections and Z-linfes (2). 
Magnification x 4 750.

CONCLUSIONS

The micro- and ultrastructural changes obser
ved here are typical of a well processed ham 
with both methods of mechanical treatment.
This fact indicates that, according to these 
factors, the mechanical treatment by screw 
pressing is equivalent to the mechanical 
treatment by tumbling.
The results from the studies define the screw 
press mechanical treatment as a reliable 
method creating the possibility for cooked 
ham production in the meat-processing plants 
that lack the specialized equipment.
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