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The use of non meat proteins to finely comminuted 
meat products has been a common practice, in the last 
two decades. Despite the remarkable commercial variety, 
those which source is soy or milk, specially their 
isolates, are still the most required by meat industry. 
Working usually the meat industry, with low cost 
formulations o f critical stability, these protein materials 
have made possible die appearance o f new technological 
solutions, being die pre-emulsification processing the 
most important, allowing the stabilization of 
significant amount of fat. Zayas, 1985, studding the 
influence o f this unit operation in the Final features of 
meat products, pointed out an increasing yield and 
stability.
Several technological parameters influence the 
characteristics of an emulsion. However, its stability 
depends mainly, upon the protein functional behavior 
and die ratio to other major components (fat and water). 
Earlier studies ( Hermansson, 1979; Schimdt, 1981; 
Acton & al., 1983; Ziegler, 1984; Lin and Zayas, 1987; 
Lee, 1987 ) emphasize the gelling ability and water 
retention capability o f proteins as important factors in 
die control o f emulsions stability, ranking bellow the 
former theory of emulsification ( Hansen, 1960; Swift, 
1961; Hclmcr and Saffle, 1963; Meyer, 1964 ).
The objective of this study is to get useful information 
about protein functionality in order to optimize pre
emulsions processing concerning its stability For this 
purpose, were evaluated die influence of pH, time, 
temperature, NaCl and CaC12 ionic strength and protein 
concentration on solubility, free uptake of water and 
gelling ability of two commercial protein isolates ( soy 
and sodium caseinate).
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Reference proteins

Soy protein isolate (SPI) ( IPSO-MR ) with 85.9% 
protein, 8.5% water content, 3.8% ashes, pH 7.1 on 1% 
solution and a sodium caseinate (Na Cas) ( BINDOX 
050-Low viscosity ) with 90.8% protein, 2.7% water 
content, 4.2% ashes, pH 7.5 on 1% solution were 
purchased to Vacsscn Schocmaker Chemische Industrie 
B.V.-Holand.

S o lu b i l i t y

Solubility tests were performed on 1 % protein „ 
dispersions. Solubilization processing was carrl$. fjrŜ 
with magnetic stirring at 10 0 0  rpm in two stcP 
at room temperature for 2 0  min with the aim 0 
incorporating in liquid phase, all protein powdc of 
without granule development and secondly at ^¡i'4 
50°C, for 30 min in a water bath with the sam 
speed. ^
The pH of dispersions was adjusted using sod1 
acetate, phosphate or citrate buffers. Buffer ¡50 
concentration was fixed ( 10 mM for IPSO-n1 
mM for BINDOX 050) according to previous  ̂
experiments having been chosen the lowest v 
allowing non significant changes of pH va ûe 
the run of the assay. Sodium and calcium chip 
added to the buffers before protein incorporaUa ^ 1  

After centrifugation ( 25000 g - 30 min ) ,SUP 
was used for protein determination, being uSC£Jcflgdll’f 
bicinchoninic acid (Pierce BCA protein assay „,3s51 
23225 ) and Coornassie blue G-250 ( Pierce §pl 
assay reagent -23200) methods, respectively ‘ 
and Na Cas. Solubility was determinate by 
supernatant and original dispersion protein co 
Three replicates were done for each sample-

A bsorp tion  C a p a b ility

hod asCWater imbibing capacity fW IO  - The metho 
Torgcrscn & Toledo (1977) was followed wi 
modifications in the equipment, namely 'vat̂ nthe

-d by

Torgcrscn & Toledo (1977) was followed —  . . . .  * -*"lt c1

■'0- pj

piasuc oacicnoiogicai neta monitor a*«* -^C.,uail 

(Tygon R603, cat.6409-13) and filter paper
17 Chr, cat.3017195).

- » Í »The sample was spread in the filter paper, 01 ^  
after the removal of excess liquid, to ensure  ̂^  

did not start before equilibrium.Thc assay ^ a ^¡ji. 
when readings less than 0 ,0 1 ml apart for d 
Sample weight (0,1 g) was chosen taking in.^e 
the three factor experimental compromise- 
consuming/filtcr paper filling/easy protein sp̂  ^  
The experimental parameters were the same
solubility. For temperatures other than roo

temperature, the whole apparatus was set u |̂oVvcd1 
temperature controlled water bath and was a ^  pi’  ̂
equilibrate with new temperature for at 1e tlJres 
before applying the sample. At high tcmpcr fU|,il 
readings were corrected, due to evaporation, 
a blank. Three replicates were done for ',1 ^
Oil imbibine capacity- Experiments were j7L 
same way as water uptake. Instead of wha ^  

a glass microfibcr whatman GF/G filter wa 
(Kantcrcwicz, 1987). A ll the assays w e r e 0jj. 
temperature, making use of a commerce 
replicates were done for each sample.

760



All
* ,,r,Hation

disn'PcrsioI

k" lNDr aVi°r, all avuiu knallet;. III piUlClII
•||||lcin acl(jit jQCnld  ’ a lk a li  ancl salLs w c re  added b e fo re  the

I» - ̂5

xr ^ aclUefl0nS ^  an<̂  ^ % -  Prolc*n weight on 350 
.kingfA “?Phasc) were prepared by mechanical
, kng ProtP- IXA for 90  s- using the lowest speed 
l k  iKt tr^!n Edition. The adjustment of pH was madey| p|p. Uu,uuu. 1 ne aujustment 01 pH was m 

>r. all ° r ^ aOH. avo'd changes in protein

"Ho
Pre,

!»
hi

, k  mf al'quoLs of each dispersion were weighted 
Vctll evar)351'0 ccntr‘ fugc tubes and stoppered tot evaD ; ^ llu “ ugc runes ana stoppered 1 

id ^vPOrahon. Dispersion air bubbles were
‘•M r ;

j.̂ OVed , _____________
k ° 'M r  L 8HCnÜe c e n tr ifu g a t io n  (6 8 0  g x  10 m in  ) fo r  

Ire ^ t m e m  VaCUUm fo r  B 1 N D 0 X - W h e n  d ie  e ffe c t o f, -^aipn, - M U .  miNL/UA. w n a i UICCIIC
ak l  a i sn _Was s tu d ie d , the  d isp e rs io n  w as heat 

5 ^  c o o k ,7?  ° r  9 0 ° C  fo r  1(). 30 o r  180 m in , and 
cA k i io n  0 f  ,0 w n  o v c r  n 'g h t  a t 5 °C . R h e o lo g ic a l 
IK i u8e t.,KgelS w c rc  P e rfo n n e d  d ire c t ly  in  the 
¡^ k c t .  Cs due  to  the la c k  o f  hardness o f  the

Cnh°l°8ical
tei>,es'vcnes.Ar0 ^ C rl' cs ^  (adhes iveness,

Crature k nd hardness) w e re  eva lua ted  at roo m  

f o m e n t  U ip  tC x tu rc  Pro B lc  a n a ly s is , w ith  a J.J. 
r0d‘prc>catin n ive rsa l T e x tu ro m e te r, fo rc in g  tw ic e  in  a 

A 'to u B fT .A 01' 0 0 , a 12 m m  d ia m e te r  f la t  b o tto m
gel (4cm deep), at 200 mm/min, using

0 die obsnr
V|Sc°sitv vatl0n of a non gclified structure for NaH;K ,-^ e o s it  01 a non  g c n t ie d  s tru c tu re  1

The ^ o to v iA le a s u rc rn c n ts  w c rc  c a r r ia l  o u t in  a 
% A ,lsisicnr , °  R V ' 2 0  w ith  M V - I  and S V -1  System s, 

j'tcd ns:ny ‘ n dex  (K) o f  the d is p e rs io n s  was<kkf.'Or
Usin L '  J Ul UIC uispcrsions wa 

each A  AA powcr i ° w- Three replicatessample were

't|Si.CA,
An L  C a l c o l a t i o n s

AA ^cin°to,KWf i C madc wit]l a Personal computer 
ni'ition .. *• Por the statistics and graphical

Pr,
k t io n U, ■ ” • »**'■' juuuuw  anu gidpi 

used the program StatView II.

SUL
;°<»b

TS &

in
D IS C U S S IO N

Orel
* ‘ y

'er
fc|nK°rati°u, jj^.'^u^tinium functionality and an easier 
ApOrA ar>d em, watcr content food systems where 
> C V  h i > ' f  ying activity are extremely 
k e r.',, he solnt?-,Uble protcins are required (kinsella, 
% c r V SivCs ¡A 'ty profilc- ovcr a Iargc pH range 

i'i[jCS' ^hose ° rmal‘on about oilier functional 
S t t > n p; r nics: wiu' maximum, minimum 

X k C statc nf n' ay in some cases be misleading 
S d rg 'ity  ( a 'C prolcin structure and its 
ekta r dotiiain°jW and unchangeable solubility over r

Pr,
Ob.
W;

PH a°u , C !  ®C ncra l ly  a s ig n  o f  som e degree  o f

/»li»lllly c?"SSOn- I»™)-
ScrvcT 111 P ig  A  A es o f  N a  C as and S P I arc

N a  c -  ^  ty p ic a l b e ll-s h a p e d  c u rv e  was 
XtkCcniH ted a t a n j f S’ M in im u m  s o lu b i l i ty  in  b o th  ease: 

P H cat,On show0 A0SC pid va,ucs- Buffer
reas n0 c. °d 3 negative effect on solubility of 

nges were observed for Na Cas.

[Protein] mg/ml

PH

Fig 1- Influence of pH on Na Cas and SPI solubility.

In the same experimental conditions ( temperature and 
buffer concentration- lOmM ) SPI solubility was only 
slightly affected, in the tested pH range by the increase 
of NaCl ionic strength ( fig. 2A). A better solubility 
was observed when the assays were run at 50°C.( Fig. 
2B ).Conversely, in Na Cas solubility profile was 
differently affected by NaCl, being the influence of this 
factor dependent on prevailing pH and assay 
temperature. While a small decrease on solubility was 
seen on the top side of the pH range (6-7 ), an 
important improvement was found on pH near the 
isoelectric point (Fig.3A-B). Changes in protein 
solubility, caused by the addition of CaCI2 are shown 
in Fig.4 and 5. In the concentrations tested , CaC12 had 
similar effects on SPI solubility when compared to 
NaCl. Concerning Na Cas, this salt showed a negative 
effect on solubility over the tested pH range, being its 
action opposite to the NaCl, at pH 5.
Protein concentration has the same effect on solubility 
o f both protcins. A t pH 6 , solubility was not 
significantly improved with increasing protein 
concentration (Fig.6 )

A bsorp tion  C apab ility

Water imbibing capacity- The dynamics of absorption 
shown by the two protcins has rcavcled important 
differences with development of drifts already observed 
in former studies. Concerning SPI and in all 
experimental conditions the absorption rate was limited 
with a fast initial phase ( 80 - 90% of maximum value 
in the first 10-15 min ), keeping lire swollen particles 
without disintegration for a long period of time. On 
conversely, Na Cas showed, excepting around pH 4, a 
progressive and continuous increasing o f imbibed 
water during the assay, being necessary a long period for
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[Protein] mg/ml

Fig.2A and B- Influence o f NaCl ionic strength on 
SPI solubility at 25 and 50°C.

complete stabilization (4 hours ) with tendency for 
solubilization of the swelled particles ( Hermansson, 
1979; Urbansky, 1983). Running the assays with 
bidestiled water SPI showed higher water imbibing 
capacity (WIC) (5.3 ml/g 0.02 m l) than Na Cas (4.9 
ml/g 0 .0 2  ml).
The influence of pH and buffer concentration on WIC 
for both proteins arc shown in figure 7. Over the 
tested pH range, values were progressively improved 
with increasing pH, while buffer concentration had a 
negative effect. Na Cas showed a behavior highly 
dependent on pH, being more enhanced between pH 4 
and 5.
The effect o f various temperatures on WIC of proteins 
is quite different (fig.8).

[Protein] mg/ml

Na Cas Solubility at 25 and 50°C.

• 50'
Na Cas showed a continual drop from 19 t0 - .
more drastic between 25 and 35°C, whereas^ ^more urasuc Dciwcen zd anu j y c ,  Wl cl
remarkable change were observed for SPI- aff 
of the temperature on WIC is not signiHcant y§ic
uy pn. ivi^ai [jiuuuuis aie iiigmy w t "  ftlfl1' ^  
The resulting ionic strength establishes the ^ t s , , 

behavior of meat and non meat protein ing j ,  
concerning water holding capacity (Ham. 1
and calcium salts ionic strengths, are exTC’1"’ rjal;---------------------- -----— ■«, - -  , .ens 0^
important for dilferent techno logical anci.
reasons. The influence of those factors (Na en j  

CaC12) on the WIC o f Na Cas and SPI h ^ p c r^y  
studied, using for this purpose a Dochlcrtc ,ctcP V  
design. The limiLs of the technological Parau ; C^  
fixed as follows: NaCl - 100 mM to 800 
100 mM to 300 mM.
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Solubility

Protein concentration

Fig. 6 . Effect of protein concentration at 50°C and pH 
6 on Na Cas and SPI solubility.

WIC (ml/g)

pH
Fig.7- Influence of pH and buffer molarity on Water 
imbibing capacity of Na Cas and SPI.

Gel Form ation

The influence of protein concentration, heat treatment 
temperature and duration, on Na Cas dispersions 
consistency index ( K ) and SPI gel hardness, 
cohesiveness and adhesiveness are shown in table 1. The 
results show that the evolution of the rheological 
parameters is mainly dependent on protein 
concentration. Despite the improved values obtained 
after heat treatment, no significant differences were 
attained for the different temperature and time 
operational ranges.
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WIC (ml/g) 
5 ,

Fig.8 - Influence o f temperature on water imbibing 
capacity of Na Cas and SPI.

„ nofab°vC
When heat treated at 70°C for 180 min or at 90 (6jii 
10 min, 12% Na Cas dispersions clearly showed" 
flocculating, with a top watery phase. A t same 
concentration, no significant gel formation was 
observed for SPI dispersions. . >
Figure 10 represent the effect of pH and NaO i°n 
strength on the same rheological characteristics. ^  
respectively on 14% Na Cas and SPI dispersion^ 
results showed different drifts, when samples wet ! 
submitted to a previous heat treatment (70°C * 
or not. For this purpose a Dochlcrt experimental, 
was used. The limiLs of the tested factors were. nd 
between 100 mM and 800 mM; pH- between 
7.5 for Na Cas , and between 6  and 7.5 for SP ■ 
those minimum pH values protein precipitat1011 
occurred . „
According to previous assays, CaC12 concentra 
between 100 mM and 300 mM did not affect m 
rheological behavior of the tested proteins.

¡spci
Table I - Effect o f heat treatment ( temperature and time ) on rheological properties of 14 and 16% Na ^ aS 
consistency index - k ) and SPI gcls( cohesiveness, adhesiveness, hardness).
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