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SUMMARY: The morphological changes in structureless sausa­
ges prepared from enzymatically modified beef hearts were 
established. The studies were carried out using the microbial 
protease "Mezencerin 11-11" and beef hearts modified with 
d ifferen t amounts o f the same enzyme. The modified beef hearts 
were added to pork, and sausages were produced in the tra d it i­
onal method. The electron microscopical studies indicated that 
"Mezenterin 11-11" had caused destruction o f the endomysium, 
sarcolemma, myofibrils and the sarcoplasm o f the muscle f ib ­
res. A better emulsifying ab ility  o f the meat mix was estab­
lished as well as better quality o f the finished product. The 
organoleptic analysis o f frankfurters pointed out that samples 
with enzyme leve ls  o f 0.01% and 0.02% received the highest 
grades: 0.87 - 0.28 and 8.27 - 0.32, respectively.

INTRODUCTION: One o f the methods currently used to improve 
meat quality is  modification by appropriate proteolytic enzy­
mes.

After an extensive research work a number of d ifferen t 
technologies o f protease application in the meat industry were 
developed. The subject o f protease employment in the meat 
industry in Bulgaria is  described on a larger scale by Velino^ 
(1971), Sinha (1981), Velinov (1987) and Danchev (1988).

During the past decade some researchers directed their 
investigations towards the enzymatic modification o f low- 
functional meat lik e  beef hearts aiming at their e ffec tive  
u tiliza tion  in the production o f frankfurters (Brekke et a l. ,  
1981) and (Smith et a l.,  1984). Heart muscles have low water­
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holding capacity (Wiley et a l. ,  1979) and low emulsifying abi­
l i t y  (Forrest et a l. ,  1975). The most common method o f enzyma­
tic  modification is  the partia l protein hydrolysis using pro- 
leases (Brekke et a l. ,  1981). According to Ph illips et a l. 
(1981) enzymatic modification does not v io la te  protein nutri­
tive value; i t  is  non-toxic, specific  and is  carried out with 
enzymes that are authorized fo r food applications.

°ther authors (Smith et a l. ,  1984) found out that 30% 
enzymatically modified beef hearts plus 70% beef skeletal mus­
culature, at low sa lt concentration, s ign ifican tly  increase 
Irankfurter yields in comparison to control non-modified fran­
kfurters prepared with 2.3% o f sa lt. The same authors (Smith 
0  ̂  1

aJ-»> 1985) pointed out that protein so lu b ility  and emulsi­
fying capacity o f mechanically deboned poultry were improved 
ky Partial hydrolysis o f m yofibrillar proteins using the sour 
Protease "Milezyme" APP 2000. The purpose o f the present study
 ̂Q.S xo establish the e ffec t o f the bacterial proteolytic enzy- 

me Preparation "Mezenterin 1 1 - 1 1 " on the texture and organo- 
ePtics o f cooked sausages.

^  materials and methods*. The studies were carried out with 
Microbial protease "Mexenterin 11-11" whose proteolytic 

activ ity  was 210 PU per g o f enzyme preparation, temperature 
°Ptimum 55-60°G, and pH 6.5.

Ide beef hearts were ground through a 2 mm plate and were
reated with the enzyme in the following concentrations: Expe-
ffient 1 - 0.01%; Experiment 2 - 0.02%; Experiment 3 -  0.03%;

<xPeriment 4 - 0.05%. Thirty percent o f the beef hearts thus
Piepared were added to 70% pork. Each meat batch was fin e ly
Srouni tor three minutes. Each experiment received additions 
Of PS0/ iice and 2.2% sa lt. Control samples were prepared in the 
^  3 same way without enzyme treatment o f the beef hearts. 

Sages were produced in the traditional way. Samples from 
experimental and control specimens were treated in the 

^  a ^shed way and cut on Ultramicrotom LKB 8800. Meat slices 
stained according to Reynolds (1963) and were analysed on 

electron microscope "Tesla" BS-613 at 80 kV.

the 
e
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The finished product was subjected to organoleptic eva­
luation by twelve-member taste panel.

RESULTS AND DISCUSSION: The results from the electron mic' 
roscopical studies o f the control samples are given in Fig.1* 
The d ifferen t degree o f destruction o f myofibrils results fro1 
the combined action o f the grinding process and sodium chlori' 
de.

The electron microscopical picture o f frankfurters produ- 
ced with enzymatically modified beef hearts (Experiment 1) 
d iffe rs  sign ifican tly  (F ig .2).

Fig.1. Electron microscopical picture of longitudinally 
cut control frankfurter. Magnified 10 000 x.

I t  can be noticed that due to the action o f the microbial 
protease the myofibrils o f the beef hearts have been hydroly^ 
zed to a moderately acceptable degree. The significant dis­
ruption of the p ro to fib rils  contributes to the increase o f tk 
number o f the hydrophilic centres capable o f holding water 
which is  organoleptically expressed by the better texture an! 
juiciness o f the frankfurters. The partial enzyme hydroliza-

tion of the m yofibrillar components exerts favourable in flu ­
ence on the formation o f fine protein membranes round the 
fa tty  globules (F ig .3). Thus, the emulsifying ab ility  o f the 
meat mix is  improved, hence the quality o f the finished pro-



duct. Similar is  the electron microscopical picture o f Expe­
riment 2 frankfurters (E ig .4 ).

F ig .2. Electron microscopical picture o f 0.01% enzymatical­
ly  modified frankfurter. Magnified 14 000 x.

F ig .3. Formation o f protein membranes round the fa tty  
globules. Mafnification 14 000 x.

( p. Zt can be noticed a very fine net in the ligh ter areas
ex r  ̂ the ffljfofibrillar components is  more

SSed that is  why they are more fin e ly  disintegrated while

structu^11 SP° tS they haVe dissolved and completely lost their 
re. The result is  an increased amount o f dissolved myo­
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f ib r i l la r  proteins as well as better emulsifying capacity o f 
the meat emulsion. The higher le v e l o f the microbial protease 1 
in Experiment 3 increases the amount o f the dissolved myofib- 1 
r i l l a r  proteins (P ig .6 ). Around the smaller fa tty  globules 
there can be seen well shaped protein membranes that serve as 
an indicator fo r a good emulsifying capacity. I t  is  noticeab­
le  that proteins in the zones o f connection o f myofibrils
i . e .  on the borderline between the c e lls  that is  typ ical o f 
the heart musculature are re la tiv e ly  not so much affected by 
the enzymatic action. The further increase o f the le v e l o f 
the microbial protease in Experiment 4 contributes to the 
further stronger dissolution o f the m yofibrillar proteins re 
suiting in  a more spready texture that is  uncharacteristic of 
frankfurters (P ig .7 ).

P ig .4. Electron microscopical pictute o f a piece o f franK 
fu rter modified with 0.02% o f enzyme. Magnified

14 000 x.

The organoleptic evaluation o f frankfurters prepared witi> 
d ifferen t leve ls  o f "Mezenterin 11-11" is  given in Table 1.

The result obtained indicate that samples from Experi­
ments 1 and 2 received the highest grades. This is  due mostly 
to the better texture and juiciness o f the finished products»

and p a rtia lly  to their taste and flavour.
Experimental frankfurters NoNo 3 and 4 have so ft, spread!
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"texture that is  uncharacteristic o f this "type o f sausages and. 
that is  due to the more extensive destruction o f muscle pro— 
"teins.

-^ig»5. Electron microscopic picture o f a piece o f frank­
furter modified with 0.02% o f enzyme. Magnified 
19 000 x.

-^ig.6. Electron microscopic picture o f a piece o f frank­
furter modified with 0.03% of enzyme. Modified 
10 000 x.
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F ig .7. Electron microscopical picture o f a piece o f frank­
furter modified with 0.05% o f enzyme. Magnified 
14 000 x.

Table 1. Organoleptic evaluation o f frankfurters prepared 
with d ifferen t leve ls  o f the enzyme preparation 
"Mezenterin 1 1 - 1 1 ” .

Parameter Type o f Sample
Control Exp. 1 Exp. 2 Exp. 3 Exp. 4

Texture 5.92^0.42 9.27i0.31 8.27i0.42 6.84i0.34 4.35i0.26
Juiciness6.2lio.47 8.94io.29 8.45io.39 6.05i0.28 5.26io . 31
Flavour 6.83-0.45 7.86io.41 7.75i0.32 6.00i0.41 6.04io.27
Taste 6.9lio.52 
Outer

8.42io.29 7.54i0.29 6.72i0.31 5,80-0.30

appear. 8.75io.41 8.95io.29 8.35i0.40 7.40i0.38 7.60i0.42
Colour 8.25io.51 
Overall

9.43io.32 8.75io.35 8.68io.40 7.80i0.24

evaluat. 7.15io.34 8.87-0.28 8.27i0.32 7.02i0.37 6.12i0.28

CONCLUSIONS: 1. The enzyme preparation causes destruction 
o f the endomysium, the sarcolemma, the m yofibrils, and the 
sarcoplasm o f the muscle fib res .

2. The microstructural changes show that "Mezenterin 11-11" 
provokes hydrolysis o f the muscle components so i t  can be used

744



'

to tenderize tougher meat.
3. The enzymatic modification, o f beef hearts with "Mezenterin 
1 1 - 1 1 M is  an e ffec tive  method of improving the technological 
characteristics o f the heart musculature.

4. The most appropriate, enzyme levels determined by our
studies are 0.01% and 0.02%.
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