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Results and Discussion

(a) Q u a lita tiv e  behaviour o f beef m y o fib r ils

When treated w ith  s a l t ,  many beef m y o fib r ils  behave lik e  those from rat,D|.y 
sw e lling occurs m ainly between 0.5 M and l.( j M NaCl , and there is  extra 
of A-band m ateria l espe c ia lly  from the centra l H-zone (F ig . 1 ).

In troduction

Meat a t slaughter is  about 75% water, but th is  value can change considerably 
1n subsequent handling. Losses o f water occur as evaporation, d r ip  and 
during cooking. Gains o f up to  40% occur as a re s u lt  o f the treatment o f 
meat w ith  sa line  so lu tions  during the processing o f meat to  sausages, burgers 
and hams, and much o f th is  added water is  reta ined on cooking.
Polyphosphates are o ften  also added because they are found to act 
s y n e rg ls tic a lly  w ith  sodiun ch lo rid e  in  causing water uptake and in add ition  
they promote the formation o f  the s tic k y  exudate tha t binds meat pieces 
toge ther, espe c ia lly  on cooking. I t  is  believed tha t pyrophosphate is  the 
ac tive  component o f polyphosphates (Hamm and Neraal, 1977).

As a re s u lt  o f th e ir  study o f the behaviour o f iso la ted  m y o fib r ils ,  O ffer and 
T r ln ic k  (1983) proposed the hypothesis th a t changes 1n the water content o f 
meat o rig in a te  from changes 1n the volune o f m y o fib r ils .  They had observed 
by phase contrast l ig h t  microscopy th a t m y o fib r ils  iso la ted  from ra b b it psoas 
muscle take up water by la te ra l expansion in  the presence o f s a l t ,  and tha t 
I f  pyrophosphate is  added, sw e lling  occurs a t a lower s a lt  concentration, 
w ith  a greater e x tra c tio n  o f  p ro te in  from the A-band. They also observed 
considerable v a r ia b i l i ty  in the amount o f sw e lling  and A-band e x tra c tio n , 
p a r t ic u la r ly  between preparations o f m y o fib r ils ,  suggesting th a t m y o fib r ils  
con tribu te  to  the v a r ia b i l i ty  th a t 1s found in industry  in the behaviour o f 
meat during processing.

We have extended the work o f O ffer and T r in ic k  by addressing the fo llow ing 
questions: (1) do the re su lts  from ra b b it apply to  other species such as 
beef? (2) is  the amount o f swelling found in  beef m y o fib r ils  adequate to 
account fo r  the water uptake by processed beef? (3) does pyrophosphate 
a ffe c t the maximun water uptake by m y o fib r ils  achieved a t high s a lt

The Z -lin e  is  sometimes also lo s t .  The add ition  o f pyrophosphate to 
s a lt  so lu tions has e ffe c ts  on beef m y o fib r ils  s im ila r to i t s  e ffec ts  °n I  
raho it m y o fib r ils :  sw e lling ty p ic a l ly  begins below 0.5 M NaCl and a 9re | 
fra c tio n  o f the A-band is  extracted than in s a lt  alone espe c ia lly  at 
edges ( F ig . 2).

its

Thus i t  is  c lea r tha t m y o fib r ils  can be the s ite s  o f water uptake i n be«T
muscle during processing, and the A-band m ateria l could fu rn ish  the s 
exudate.

(b) Q uan tita tive  behaviour o f beef m y o fib r ils

To study the sw e lling o f beef m y o fib r ils  in more d e ta i l ,  we have es i'
< J

tl>iSthe change in volume o f m y o fib r ils  fo llow ing  s a lt  treatm ent, 
sarcomere length does not change on s a lt  treatm ent, we are able to 
measuring m y o fib r il d iam eter. We corrected our measurements fo r the 
a ris in g  from viewing such small objects in the l ig h t  microscope by J  
constructing  a c a lib ra t io n  curve using glass f ib re s  o f s im ila r ,  kn0Vir j 
The fra c tio n a l change in volume was computed as ( f in a l diameter^ - ^  j
d ia m e te r^ J /in it ia l diameter^. The precis ion o f the method was j uĈ ' 
comparing measurements from pa irs  o f micrographs fo r  which there had 
change o f ir r ig a t io n  so lu tio n . Apparent changes in volune were s"1* 
clustered around zero, w ith  a standard dev ia tion  o f 0.085.

bee"

Our in i t ia l  re su lts  fo r the swelling o f the A-band (F ig . 3) show that a
range o f swellings is  observed both in s a lt  alone and w ith  s a lt  P^uS ^  
pyrophosphate. In contrast to  the observations o f O ffer and T rih lC,t j 
on ra b b it m y o fib r ils  where a two fo ld  increase in volume was usual. ^ ft\ 
m y o fib r ils  did not swell a t a l l ,  even in 1.0 M NaCl, and the maximi^

concentrations? (4) what is  the cause o f the v a r ia b i l i ty  in sw e lling and 1n 
A-band extraction?

M ate ria ls and Methods

Preparation o f  m y o fib r ils

5 mn diameter s t r ip s  o f beef sternomandibularis muscle were obtained 
immediately post mortem from a 30 month F riesian b u ll and an 18 month 
F riesian h e ife r ,  t ie d  onto p la s tic  s ticks  a t a sarcomere length o f about 2.7 
un, vacuum packed and held at 10°C fo r  24 h. M yo fib r ils  were prepared by 
homogenizing at top speed in an MSE homogenizer 0.5 g o f chopped muscle in 5 
ml 0.10 M KC1, 2 mM MgClg, 1 mM EGTA, 0.5 mM d i th io th r e i t o l , 10 mM K 
phosphate, pH 7.0 at 5°C. To ensure the production o f a representative 
m ixture o f m y o fib r ils  from th is  tough muscle, the m y o fib r ils  released by the 
f i r s t  5 minutes o f homogenization were separated from the la rge r m ateria l by 
ce n tr ifu g a tio n  and th is  m ateria l rehomogenized fo r one minute to  lib e ra te  
more m y o fib r ils .  Five cycles o f homogenization and c e n tr ifu g a tio n  were used 
to  break down a l l  the f ib re s  to  m y o fib r ils .  M y o fib r ils  were washed w ith  the 
same bu ffe r and stored in ice .

L igh t microscopy

O ffer and T rin ick  (1983) observed m y o fib r ils  th a t had adhered to the glass 
co ve rs llp . We wanted to  be sure th a t the m y o fib r ils  we studied were fre e ly  
bathed on a l l  s ides, w ithout the impediment to  swelling tha t might a rise  from 
binding to  the c o ve rs llp , because th is  could cause spurious v a r ia b il i ty  in 
the re s u lts .  Therefore m y o fib r ils  were usua lly observed suspended between 
the bars o f a gold e lectron microscope g rid  attached to the underside o f the 
glass c o ve rs llp . S a lt so lu tions  were drawn between the s lid e  and covers llp  
from a pool on one side o f the cove rs llp  by a piece o f f i l t e r  paper touching 
the opposite s id e . The m y o fib r ils  were viewed w ith  a 100 x phase contrast 
o b je c tive , and recorded photograph ically at a m agnifica tion  o f 430 x. Many 
in d iv idua l m y o fib r ils  were ir r ig a te d  w ith  a series o f increasing s a lt  
concentrations from 0.1 M to  1.0 M NaCl, w ith  or w ithout 10 mM pyrophosphate, 
in 1 mM MgCl2» 10 mM Na acetate pH 5.5 at about 20°C.

inCf*The ove ra ll average 1 ^swelling was a fo u rfo ld  increase 1n volune. 
volume on ir r ig a t io n  to  1.0 M NaCl was about 40% whether pyrophosp^1* ^  
present o r absent. This is  s u f f ic ie n t  sw e lling fo r  m y o fib r ils  to 
sole s ite s  o f water uptake in  sa lt- tre a te d  beef.

More deta iled  inspection o f F ig. 3 shows the e ffe c t o f pyrophosphate
sw e lling . At 0.5 M NaCl, although many f ib r i l s  do not swell (Fi9*

3 3)'

iphatethere are s ig n if ic a n t ly  more tha t swell appreciably when pyrophosp'10' ^  ,t 
present (F ig . 3c). Thus pyrophosphate acts to promote A-band 
th is  s a lt  concentra tion . I t  is  apparent from comparing F ig . 3 (k) 3 ¡ f
tha t on ra is in g  the s a lt  concentration s t i l l  fu r th e r ,  to  1.0 M, pyr<■«’'Vi

lonyer pronotes sw e lling ; instead there are greater volune i r'cfe* A 
-• ■■ - - i l l  !m y o fib r ils  treated w ith  s a lt  alone. The re s u lt is  tha t the over*

from 0.1 M to 1.0 M NaCl is  unaffected by pyrophosphate. The act1 ji
pyrophosphate on A-band sw e lling thus appears to  be to promote s'we"", I' '
some m y o fib r ils ,  but i t  does not increase the maximal extent o f swe
1.0 M NaCl), or induce a greater fra c tio n  o f the m y o fib r ils  to s*e 
would swell in high concentrations o f s a lt  alone.

(c) Variable behaviour o f beef m y o fib r ils

id*'” ÂI t  is  c lea r in  Figs 1 to  3 th a t beef m y o fib r ils  do not a l l  oehave 
when treated w ith s a l t .
be seen to double In volune while others do not swell a t a l l  (e.9* ,1/
F ig. 1 and the spread o f data in F ig. 3 ); w h ils t the A-bands are
renoved from some m y o fib r ils ,  in  others they appear re s is ta n t to 1
(arrows on F ig. 2 ) . The Z-discs sometimes expand as much as the * f* 
but sometimes only the A-bands swell producing a corrugated ou tH °e' ^  
extent o f Z-disc removal also va ries . I t  1s Important to  note .^il 
sarcomeres o f a s ing le  m y o fib r il a l l behave In the same way, the ^  
being between m y o fib r ils .  Our data stand in contrast w ith  those ^  t j 
and T rin ick  (1983) who reported v a r ia b il i ty  between p re p a ra tio n  r i  t ( / '  
w ith in  preparations. Because v a r ia b il i ty  Is found In fresh pre?ara^ j l  
cond ition ing  is  u n lik e ly  to  be it s  cause. Sternomandibular1s c°nt up J

ill \ J \

/  }

N

m ixture o f d iffe re n t  f ib re  types and the m yo fib r il preparation ¡n
also be a m ixtu re . I f  m y o fib r ils  from d iffe re n t  f ib re  types d i ^ e .
response to s a lt  trea tm ent, th is  could explain the v a r ia b il i ty that j*
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and would suggest a cause fo r the v a r ia b il i ty  in the s u i ta b i l i t y  of 
Pr ocessiny that is  observed in the meat in dustry .
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Figure 2. E ffe c t o f s a lt  + pyrophosphate on beef m y o fib r ils .  I r r ig a t io n  was 
w ith  so lu tions conta in ing 10 mM Na pyrophosphate and (a) 0.1 M NaCl fo llowed 
by (b) 0.5 M NaCl. Compare the appearance o f the m y o fib r ils  la be lled  by arrows. 
Scale bar in  (a) ind ica tes  5 pm.

Fractional change in myofibril volume

Figure 3. Histograms to  show the fra c tio n a l change in  volume o f beef m y o fib r ils  
on changing ir r ig a t io n  so lu tion  from (a) 0.1 M to 0.5 M NaCl o r (b) 0.5 M to 
1.0 M NaCl, both w ithout pyrophosphate; (c) 0.1 M to  0.5 M NaCl o r (d) 0.5 M 
to 1.0 M NaCl both in  the presence o f 10 mM pyrophosphate. A ll a t pH 5.5 and
20°C.
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