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'Co,( Cre Pormed at 4 C frorn myofibrillar proteins isolated from bovine m. cutaneus trunci by the addition of 1,5-gluconolactone (GdL). 
mPression was used to study the rheological characteristics of the gels.

Leveis nf n
formed U’ l ' 2’ 4’ 6’ 8’ 10 and 12% (w/w) GdL were added t0 my°fibrillar proteins (20% solids) with 30% added water. Gels were 
and at levels 2% GdL and greater. A concentration of 2% GdL (pH 4.5) resulted in formation of optimal gels in terms of gel rigidity 

unifo 'nCSS Ge* ng'dll-v was stronS1y dependent on final pH. It is suggested that slow lowering of pH results in the formation of 
myofibrillar gels below the isoelectric point. No differences were observed in gelation at temperatures in the range 0°C to 20°C.

'The •
at 4°q  ̂ Ca"0n ° f Station by addition of a slow release food acid to a whole meat system could provide a method for restructuring meat

Intr0
A c t io n

Mud, r
4̂  Ba CarCh 111151)6611 undertaken on tbe fundamental aspects of thermally induced binding of meat and its protein fractions. VADEHRA 

H0vvev R (1970) St3ted that binding between meat Pieces is a heat initiated reaction since no binding was observed in the raw state. 
sl0wly ** FRETHEiM et al (1985> found that solutions of myosin (10 mg/ml) in 0.6 M KC1 formed gels at 5°C if the pH was decreased 

sorh y dia*yS1S’ to a value 10 the reg,on ° f 2 5 t0 5-5- Differential scanning calorimetry revealed that the myosin of pH-induced gels
 ̂ no thermal energy when heated, implicating acid-induced denaturation as the basis of gel formation. HERMANSSON et al 

dialog. Un ln' estigation of tbe effect ° f PH and ionic strength on thermally induced myosin gels, also observed that myosin solutions
(l9i* ) , i r
^lysed ui me cncu  (ji pn ana ionic sirengtn on tnermaily ind

against pH 4.0 buffers in 0.6 M KC1 formed gels spontaneously at 4°C.

‘Urn of .u-
<he additio ^ StUdy W3S '° 'nVeStigate gels 0f bovine myoflbrillar Proteins formed at 4°C as a result of the slow lowering of pH through 

of 1.5-gluconolactone (GdL). Compression was used to study the rheological characteristics of the gels.

Mat
e r ia l s a n d  m e t h o d s

dv°fibri„ar
S n e

Proteins

^CUt into ■ CUtaneus lruncl was obtained within 1 h of slaughter. The muscle was trimmed of excess visible fat and connective tissue, 
DiSj  ̂ ^mately 3 cm cubes and stored at 4°C overnight. Ice and water was added to the cubed meat (1:1:1, w/w/w) in a Jeffcoijsjn ---------- e ...........  iiicaL v i.1.1, w/w/w; in a jenco

int° a mot eTat0r <m0del 29 E JcfEess Bros Ltd’ Brisbane, Australia). The mixture was stirred for 5 min. The meat slurry was poured 
I'etnoVed ° nSed mixer Wlth a funher addition of iced water to slurry (2:3, w/w). The mixture was stirred for 10 min. Collagen was 

V  remov d Spoon while stining. The meat slurry was strained through a 3 mm stainless steel mesh removing further collagen. Discs 

ttle '“Para, ^  fr° m 3 Vv estfalla 8eParator AG (model LWA 205, Westfalia Oelde, Germany). The meat solution was added slowly to
raj«tor at jofyvv -i J

auuu rpm until a maximum amount of myofibrillar protein was retained. Liquor was collected and run once through
' SePar 

SePar;
th,

separator ' --------------- 1.......... ....... —  — —  “ ‘s«“  wucm,u auu iuu uikc mrougn
SyStetn- The. . 6 myofibnllar protc,n was mixed in a Kenwood Chef Cakemixer (model A703C, Australia) to give a homogenous
'CSS tban 5 P ° tein W3S vacuum Packaged and heat sealed using a chamber type vacuum packaging machine. They were stored as discs,

^ b r il ia r  ^  'hlCk' 2°°C “  PVDC nyl° n polycthylcne P°lymer bags with low oxygen permeability and low moisture permeability. 
Protein was used within 5 months of preparation.

p

| V r
reparation
Used for

gel preparation was boiled distilled water that had been passed through a Milli-Q reagent water system (Millipore
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Corporation, Bedford, Massachusetts). GdL and HC1 used were analytical grade chemicals. All percentages are based on the weigh11 

the myofibrillar protein sample used.

Myofibrillar protein (20% w/w solids) was thawed for 30 min at room temperature (approximately 20°C) and then ground in a m0*11'

c0rti]

0.05,
K
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and pestle for less than 30 s. Water (10%, v/w) was added to the myofibrillar protein sample approximately 1 h 20 min after refflO’

of the protein from the freezer. The mixture was stirred for 30 s. Solutions of GdL (0%, 1%, 2%, or 4%, w/w) in water (20%, v/w) ^

added to the protein mixture 5 min later. The mixture was stirred for 30 s. Samples were syringed into PVC tubing (20.0 mm x 17.5

mm i.d.) and vacuum packaged. The ends were levelled and covered with polyethylene all-purpose food film. The gel preparations
wert

stored at 4°C, 2.5 h after the myofibrillar proteins were removed from the freezer. The time measurements at which samples we**

removed for testing were taken from the addition of GdL to the proteins. Gels prepared with concentrations of 6%, 8%, 10% and 

(w/w) GdL had the GdL added as slurries.
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Gels were also prepared using HC1 instead of GdL at molar equivalents corresponding to 1%, 2% and 4% (w/w) GdL.

Dialysis

Gels were prepared as above at GdL concentration of i Samples were suspended in a solution of 0.17 M HC1 (molar equivalert11

4% w/w GdL in total solution) for 18 h, 2.5 h after removal of the protein from the freezer. The dialysis membrane was viscose ce 

molecular weight cut-off approximately 12,000 to 14,000 dalton (Union Carbide 453105).
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Youngs Modulus Measurements

Tile ( 

10 th,
3.5.

The degree of gelation of the myofibrillar proteins was estimated from the force strain relationship for the uniaxial compress*011

cylinders of the material in an Instron Universal Testing Machine (model 4502, Instron Ltd, High Wycombe, England) equipped 

Phillips Computer (model Pro9CM082, Taiwan). A two bite program was used with a constant displacement of 7.5 mm, a crosshead s]

vvid*

of 39.6 mm/min and a 1 kN load cell. The surfaces in contact with the samples were lubricated with soya oil. Youngs Modul**5

springiness (the height that the food recovers during the time that elapses between the end of the first bite and the start of the secom
C r Y0**°-BOURNE, 1978) were calculated from averages of force displacement curves generated from four replicates. Displacement tor 

Modulus calculations was less than 1 mm.

pH Measurements

Direct pH measurements were taken upon completion of compressive tests at 20°C using a standard pH meter (digital ionalyzer 

701, Orion Research Inc, USA) equipped with a glass electrode. pH measurements were calculated from the average of 4 repl*c

Analysis of Data

All effects of the various treatments on Youngs Modulus and springiness were determined by analysis of variance for a 

arrangement of treatments in a completely randomized design using a Stats-Packets Statistical Analysis Package.
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RESULTS

Glicksman (1982) defined gelation as the association or crosslinking of randomly dispersed polymer chains in a solution to for*113

The g°ls in
hy

dimensional network which immobilizes the liquid in the interstitial structures and which resists flow against pressure, 

series of experiments were not shown to be true gels according to this definition of gelation and may be very viscous solutions 

the term ’gel’ is used to describe the resulting solids.

Youngs Modulus.

Youngs Modulus is the modulus of elasticity which does not directly relate to product texture. It is therefore not an entirely apP
y

parameter for characterising gels and there is much subjectivity in estimating the slopes of force displacement graphs in *ts c3'C
W

However, this method of measurement was chosen due to its ease of implementation, because it relates to the molecular struct**05

material and because it is one of the major distinguishing parameters in gel systems (GLICKSMAN, 1982). To avoid the con*P
le*1
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sion tests when the strain exceeds 0.05-0.1 (CUL10LI and SHERMAN, 1976), strain for all Youngs Modulus measurements was
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from  ̂mUSt ^  n° ted that thC Youngs Modulus often did not describe the type of gel; for example, a high Youngs Modulus could result 
1 Mod C°mpression of a crumb*y mass of material, exuding much liquid or from a cohesive strongly elastic gel. Therefore, Youngs 

Us sbould not be taken as a measure on its own, but in conjunction with springiness and qualitative aspects.

(*elati°n with HC1

Amples of myofibrillar proteins were dialysed against a solution of 0.17 M HC1 for 18 h gels were formed. Direct addition of HC1
When

lient *
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lei 6 10 the immediate eelation of myofibrillar proteins. It was extremely difficult to add the HC1 solutions evenly due to the rapid|elf0rrn . r J ----------------- . .v .  « .» u u u  «WÜ, UW, U US IO|»l
ation and much of the HC1 at the 4% level was not incorporated into the gel structure. Slow reduction of pH by dialysis resulted 

n a l
111016 homogenous gel of pH 1, but with a solid white core.
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lalion with GdL.
^vels of GdL (0%, 1%, 2%, and 4%) were dissolved in water just prior to addition to the proteins. The Youngs modulus was 

Mlg red w’tb time. At concentrations of 2% and 4% GdL, gels of appreciable Youngs Modulus were obtained. As seen in Figure 1, 

ĥe maj°nty ° f the modulus of elasticity was obtained within the first 10 h after addition of GdL. Figure 2 illustrates the springiness of 

tor unlllce tbe gmph ° f Youngs Modulus, shows that the gel formed using 4% GdL does not decline to values less than that*% flHT . .° f  2yc

The

Phi
L- Table 1 shows the subjective characteristics and final pH measurements of the gels.

,010'

'0the°nCentratiOn ° f GdL W3S increased t0 levels of 6%> 8%- 10% 311(1 ]2%- Gels fonned almost immediately upon addition of the GdL 
3,5 Proteins- At these increasing concentrations, the stickiness of the gels caused difficulties in manipulation. pH ranged from 3.0 to

Sam pies st
Up to  °red at 10°C. 20°C, and 30°C, 2.5 h after the addition of 2% GdL showed little difference in the Youngs Modulus values

DIScuSSION

t*

J
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j /
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^ETHeim
'0,p w et aI 0985) studied the effect of lowering the pH of solutions of myosin and found that solutions of myosin (10 mg/ml) in

%ri 0mi gCls at 5°C if the pH is decrcased slowly, by dialysis, to a value in the region of 2.5 to 5.5. Differential scanning
as the b " revealed that the myosin of pH induced gels absorbed no thermal energy when heated, implicating acid-induced denaturation

also nk °* ge' lormation. HERMAN SSON et al (1986), in an investigation of the effect of pH on thermally induced myosin gels,
°Dserved th

mat myosin solution (7-9 g/1) dialysed against pH 4 buffers in 0.6 M KC1, formed gels spontaneously at 4°C.

'^Gl
i

ach]

vari0l, <)latIone hydrolyses gradually in water to form gluconic acid and is used in foods such as sausages, frankfurters, yoghurt and 
s dessert mtxes. It was proposed that addition of GdL to myofibrillar proteins could provide slow pH reduction similar to that

s'ren by d,a‘ysis- Within several hours of GdL addition to the myofibrillar protein at levels of 2% and 4% GdL, gels of appreciable 
sin nsH ,

4% GdL rmed- At 'he same time the myofibrillar protein slurry had changed from a pink, crumbly mass to a red, glassy gel. At 

Strength 6 fUnher chan?es in qualitative characteristics to a pink, crumbly mass indicate a deterioration of the gel formed. Optimal 

^ ease food tCXtUre gC*s were 4ormed at 2% GdL concentration (pH 4.5). It is suggested the application of gelation by addition of a slow 
3Cld to a whole meat system could provide a method for restructuring meat at 4°C.

1Creased
UependenceC° nCentratl0n ° f GdL lowercd the final pH of thc gels as a rcsult of hydrolysis of GdL. Gel rigidity showed a strong 
C°nditions l ° dflnal pH' Thesc rcsults suPP°n 'he suggestion of FRETHEIM et al (1985) that pH reduction provides stronger denaturing 

lng to stronger gels as compared to increasing the temperature of heat induced gelation.

*>0'h CS ln gels formed as a result of presumed conformational changes with GdL indicates a complex set of reactions involving

*fCSults myofibrillar Proteins. The effects of sodium chloride and pyrophosphate are currently being investigated and preliminary
i-.. st 'hat gelation is enhanced bv the addition of sodium chloride. In addition, investigations on the mechanism of GdL induced 

commence«.911011 have
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CONCLUSION A STi 
Nl ct

GdL was shown to induce gelation of bovine myofibrillar proteins at levels of 2% and greater. Optimal gels in terms of stickiness a" 

gel rigidity were formed at 2% GdL concentration (pH 4.5). The effects of sodium chloride and pyrophosphate are currently &lt: 

investigated. The application of gelation by addition of a slow release food acid to a whole meat system could provide a method f°r ̂  

restructuring of meat at 4°C.
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Figure 1: Time development of Youngs Modulus (Y.M.). Table 1: Qualitative characteristics nnd final J2Ü 
measurements of myofibril gels.

A p p e a ra n c e GdL cone- l!LU

p i n k / w h i t e ,  
s h a p e  i s  n o t  s t a b l e ,  

pH 5 .8
0

p i n k / w h i t e ,  c ru m b ly ,  
s h a p e  I s  n o t  s t a b l e ,  

pH 4 .8
1 ^

r e d ,  g l a s s y ,  
becomes s t i c k y ,

i n i t i a l l y  s h a p e  i s  n o t  s t a b l e ,  
pH 4 . 5
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i n i t i a l l y  p i n k  a n d  c ru m b ly ,  
becom es r e d ,  g l a s s y  an d  s t i c k y ,  
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