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4  - 2 6 RECENT ADVANCES IN THE STUDY OF MYOSIN AND MYOFIBRIL GEL FORMATION

Fretheim, K. Egelandsdal, B., Harbitz, O. & Samejima, K.*

Norwegian Food Research Institute, P.O.Box 50, N-1432 As-NLH, Norway. 
* Dept. Dairy Science, The College of Dairying, Ebetsu 069-01, Japan.

q? ^ihdi ,work by Fukazawa and coworkers (1) implicated myosin as the key
Ct bod?, qu/ lltiy ln comminuted meat products. The conclusion to be drawn from a 
qe°teitls Y °f subsequent work is that binding depends exclusively on contractile 
$t®sihq ' extracted from the myofibrils, and their gelation by heat during pro- 
tu<=tu; * comprehensive review on the gelation functionality of muscle proteins in 

< Alth meat Products. will be published shortly (2).
pur® actin solutions form gels at slightly enhanced temperatures 

i C bVles beating causes the gels to collapse into strings of denatured
v J /4). Nonetheless, actin disnlavs a  svnprrric-i-ir effort, ~ *■

Hy “cduing causes m e  gels to collapse into strings of denatured
Co* ^art-V3'4 ■ Nonetheless, actin displays a synergistic effect: The gels of 

• mix^ufes' within a certain range of proportions, are stronger than
^ lob (ia,ln9 myosin gels (5), presumably as a result of initial actomyosin for­
gets The crucial role of mvosin is indisnutahi» but- h-indtr.,, 1n moat «vn_

°b f i t  119 m yosin  g e i s  ( 5 ) ,  p re su m a b ly  a s  a  r e s u l t  o f  i n i t i a l  ac to m y o s in  f o r -  
s*. (-S Co c r u c i a l  r o l e  o f  m yosin  i s  i n d i s p u t a b l e ,  b u t  b in d in g  i n  m eat p r o —

u<U es ®?t l t u t® s a com plex phenom enon in v o lv in g  m ore th a n  one f a c t o r  ( 6 ) .  T hus, 
tow r m y o f ib r i l  g e l a t i o n  have a l s o  b ee n  u n d e r ta k e n .

°EL f o r m a t i o n
°SIN

th°US asPects of myosin/actomyosin gelation upon heating have become more 
4tiotiOU9h recent- extensive work (7-16). Among the findings reported are: 

in 0.4-0.6 M KCl proceeds by initial aggregation of the myosin "heads"
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(disulphi de bonds form) and subsequent network formation upon unfolding of the taij

Fig. 1:
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MOLAR RATIO FAS:M

Gel strength (by penetrometry) 
of myosin (M) gels as a function of
the amount and type (chain length)
of fatty acid salt (FAS) present;
9 mg prot./ml, pH 6.0. 0.6 M KCl.
Bars indicate ± S.E.M.

(rod) portion of the molecule. o 
strength is dependent on pH, having 
maximum at pH 6.0 (0.6 M K C l ); in t
range 0.4-1.0 M (pH 6.0) salt concentr
tion makes no difference. In 
KCl, depending on pH, interfilamen 
aggregation of myosin heads on fila»e^  
surfaces are responsible for gel ^o r iy 
tion and gel strength is pos.itive
correlated with salt concentration.

MIXING TIME (hrs)

Fig 2: Storage modulus (gel s t r e n g t h
cy

oscillating shear) of myosin gels,.||in 
with (KC > and without (M) potass) ^
laurate in a molar ratio of 250,
function of interaction time at 5
prior to gelation by heating;
10 mg prot./ml. pH 6.0. 0.6 M KCl-

Effect of lipids: Clearly, comminuted meat batters represent___________________ ___________ _ a far m o r e . c°m?: jig
system than the pure protein solutions/suspensions referred to in the preceai 
paragraph'. One difference is that lipids are present in the batters. We are inV®gVe 
gating interactions of selected lipids with myosin, and initial findings n 
revealed marked effects of some fatty acids/fatty acid anions on myosin gelati  ̂
As seen in Figure 1, presence of caprylic acid (Cg ) (added as the potassium 
is of no significance in the concentrations tested; c a p n c  acid (C1 0 ), on the ot at 
hand, displayed a pronounced effect on gel formation (interaction period: 2 hrs 
5°C prior to gel formation by heating). Laurie acid (C12 ) required longer intwas 
action times (Figure 2), but the maximal effect, obtained after about 12 hrs.

8 0

7 0

6 0  -

!»

-II-

5 . 5 6.0
pH

Fig. 3: Relative solubility
of myosins as a function
of pH; 10 mg prot./ml.
0.6 M NaC1.

3000  -

5 10
PROTEIN CONCENTRATION (mgml ’ )

Fig. 4: Storage modulus of myosin gels as a fun
of protein concentration; pH 6.0, 0.2 M KCl• 

O white myosin (M. cutaneus trunci)
A red myosin (II. masseter)
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■Larger
figure i the °-,ne recorciecl for the same molar concentration ox the C,0~acid in 
Toorr«., V ■ complete report will appear in J. Food Sci. (17)). Fatty acids withhuiger . report will appear m  J. Food Sci. (17)). Fatty acids with
lut 11C chains would be of greater practical interest to meat scientists,
ihe® fr higher temperatures of transition, into a solubilized state, excluded

i0m these experiments.
§ffect
f^T~iaiTTr~^l̂ SC'*'e f 1 ~̂ier type: Another aspect of applied meat science pertains to the
tiea fa<~t that meats from different muscles display different binding proper-
, r th«<T U5 ? ^ aS alternative constituents in meat batcers. Undoubtedly, one reason
¡slop a differences rests with the difference in relative proportions of red 
I18) bo-i«?« and whlte (fast, type II) muscle fibers. For example, Maesso et al. 

leq  m , d T°uf that broiler’s breast meat had superior binding quality compared 
' ,~aC" fnvestlc?a'£;l0.ns °f white-myosin and red-myosin from appropriate broiler 

did reri 5 eve?led that white-myosin gels always exhibited greater gel strength than 
«d-myosin gels (19).

^ c l e s  1'»Ve studied the gel formation of white-myosin and red-myosin from bovine 
forties cutaneus t r u n c i  and M . m a s s e i e r , respectively. The difference in pro­
ves at oetween the two types of myosin is observed already as different solubili- 

rt, iow PH > Figure 3. Gel strength (Figure 4) was found to differ even more 
5°u3hlv f ted -for V;-' J-Ler myosins (19): In 0.2 M NaCl white-myosm gels were 
i s small0Ur t:L-mes stronger than the red-myosin gels. In 0.6 M NaCl the difference 
figure t;\r ku t ' nonetheless, quite distinct during the entire gelation process 
eht den« It should be pointed out that our bovine myosin gels displayed a differ­
ent Wor-u 6 n C 3 °n pH (Figure 6 ) compared to those of avian myosin gels (19). Pre- 
« W x f *  m  our laboratory is aimed at gaining an understanding of the physical 

stry behind these differences.

°fbril gel formation 
The

tha?1”, striking difference between myosin and myofibril gelation, respectively, 
,tiono ’‘‘yofibrils yield weaker gels. Figure 7 shows that, under identical con-^ t i 0ris ------------ J— w —~ •■‘-Uivvr i  J-yuj-'i f ouuwd W iat, unuczx X'lCil L l td i  buu-

total protein concentration, pH and ionic strength, pure myosin gels are
J t" i  m o c  h C  r A n r t  a n  f  . ' ! i   T _  -r t a   i n -i __ n .  .

iUOst *3 , .   t-----— whin* j-w u x w  ovicuy wx, uijruDAU ycra caxc
fiiftarvJ tlmes as Strong as the corresponding myofibril gels. Undoubtedly, the 
the t„Jf^ as°n f°r this difference rests with the lower concentration of myosin in 
tiong , 1bril suspension prior to heat treatment. We have found our myosin prepara- 
the p ° give gels whose strength (storage modulus) is an exponential function of 

° t e m  concentration, the exponent being 1.8-2.0. Salt (sodium or potassium
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s Ui Tt le r m o g r a m s  o f  t h e  s t o r a g e  m o d u l u s  o f  m y o -
w- ye is -
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10  mg p r o t . / m l , p h  6 . 0 .  o . 6 .  M N a C l .
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F i g .  6 : S t o r a g e  m o d u l u s  o f  
m y o s i n  g e l s  a s  a  f u n c t i o n
o f  p H;  10  mg p r o t . / m l ,
0 . 6  M N a C l .
S y m b o l s  a s .  i n  F i g .  4 .

i t ^ i d e )
6^ til Seen it Figure 7 that lower salt concentrations result in even weaker myo- 

gels. If myofibril gel strength is investigated as a function of protein 
Jihg Ability from the myofibrils, the curve in Figure 8 is obtained. The level- 
i>her ,f °f the curve at the higher values may be related to extraction of proteins

E” ' ls. well known to aid in the solubilization of myosin, and, as expected.
bw , Seen i n  F ig u re
fc. CTf=> 1 c t -e

I

^  s L ^ a n  m yosin However, the conditions during gelation also varied (the higher

If:

6ffe^  strength, the higher the extractability) and must be expected to have had

& c t electrical stimulation: Whether electrical stimulation of beef carcasses 
':s °f Practical importance beyond preventing cold shortening has remained 

- tl0n °f dispute. We have investigated the effects of electrical stimulation,
°ts^. Myofibrillar level. Myofibrils were isolated from bovine M . l o n g i s s i m u s  

' carcass halves served as the source, one half being stimulated, the other 22.1



F i g .  7 : T h e rm o g ra m s  o f  t h e  s t o r a g e
m o d a l us

• o f  m y o s in  g e l s  ( 0 . 6  M N a C l )  an d  o f  ™ 
f i b r i l  g e l s  <0 . 6 . 0 . 3 , a n d  0 . 1  M Q 
t o t a l  p r o t .  c o n e . :  10 m g / m l ; pH

g e l  s t r e n g t h  o f  m y o f * ^  t e i n 
: i o n  o f  t h e  r e l a t i v e  P

F i g .  8 : R e l a t i v e  g e l

I g e l s  a s  a f u n c t i
e x t r a c t a b i 1 i t y  o f  t h e  m y o f i b r i l s «
t o t a l  p r o t .  c o n e . :  10  m g / m l ;  pH

not. Figure 9 appears to leave little doubt that stimulation causes myof1j5ed whe  ̂
yield weaker gels. As seen from Figure 10, this effect is even more prono in
the meat is stored for two weeks prior to myofibril isolation. We are no tudieS ° 0 
position to explain the mechanisms behind the observed differences. Our_ iS ~ f  15 
protein extractability have shown, however, that electrical stimulatio 
consequence for this characteristic of the myofibrils. . n(j thf *

As is evident from the above, our understanding of meat protein-. a l l ° u l \.e 
interactions with other food constituents is still incomplete in terms «-extd 
scientifically based prediction and control of binding properties a 
formation, *

of 1)0

i t

te x t

3 0  4 0  « 0  6 0  70

TEMPERATURE (*C)

F i g .  9 : E f f e c t  o f  e l e c t r i c a l  s t i m u ­
l a t i o n  on  t h e  s t o r a g e  m o d u lu s  o f  
m y o f i b r i l  g e l s ;  
t o t a l  p r o t .  c o n e . ' :  l u  m g /m l ;  
p h o s p h a t e  b u f f e r ,  pH 6 . 0 , 
c o n t a i n i n g  0 . 6  M N a C l . 5  mM 
p y r o p h o s p h a t e  an d  5  mM M g C l2 -

M ea t  s t o r e d  a t  l l ° C  o v e r n i g h t  
p r i o r  t o  m y o f i b r i l  i s o l a t i o n  
a n d  t h e r m a l  g e l a t i o n .

F i g .  1 0 : See l e g e n d  f o r  F i ® ‘ l 3  d«y 
M ea t  s t o r e d  f o r  a f u r t h e  j g 0 - 
a t  4 °C  p r i o r  t o  m y o f i ^ r  * 
l a t i o n  a n d  t h e r m a l  g e i a t
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PROTEIN HYDROPHOBICITY OF EXTRACTS OF HEAT TREATED PORK.

C.K. Wilkins,
A/S N. Foss Electric, Slangerupgade 69,
3400 Hiller0d, Denmark

®ver
s'h'cti recent publications describe correlations of protein hydrophobicity with 

properties (1-6 ) .
C f \ . here is a study of the surface hydrophobicity (So) of proteins in extracts 

^ st>er treated meat by the fluorescent probe method. Earlier studies of heated 
£ity to?ions proteins and protein mixtures have shown an increase in hydrophobi- 
J-lop increasing temperature or time of heat treatment, although some aggrega-

observed (2,6). Functional properties were best predicted by relationships 
ln9 hydrophobicity and other parameters (4,6 ) .

E x p e rim e n ta l
? *li>hian'P '1'es were purchased locally. Ground samples were passed two times through 

ben6 11 toy" FW 70 N fitted with a 2mm plate and mixed thoroughly. Samples (11.0'** p0i _ 'boy - rw /u w n u e a  witn a
]8ou ^Ystyrene vials (2 .8cm diameter x 6 .2cm height) were heated in a water bath

plate and mixed thoroughly. Samples (11.Og)
styrene vials (2 .8cm diameter x 6

- to the desired center temperature. Samples were homogenized with 100.0ml
water in a Super Scan reactor (a rapidly shaken cup fitted with a hammer

^ t p ^ ^ f t )  in which the cup was jacketed and cooled with water so that the sample 
„at:ure was 15-20° C during the 4 minute extraction. The reape -“ture was 15-20” C during  ̂

lilter led briefly (ca 5 min) in
suiting suspensions

----j ....... ... a freezer and gravity filtered through coarse
Paper. Filtrates were diluted with 8 -anilino naphthalene 1-sufonic acid 

salt (Merck) solutions so that a constant concentration of 17.4mg/l was
2 2 *

\

.




