
H 3:1
the

■SgFECT op SOME FUNCTIONAL PROPERTIES OF ADDED PROTEINS ON PROPERTIES OF MEAT SYSTEMS

^ R I E  h e r m a n s s o n

Versity 0 f Lund, Chemical Center, Division of Food Science, Lund, Sweden

*U:
properties of proteins for foods can be defined as physico-chemical properties 

Hotysv ln9 a certain amount of information about how a protein will act in a food system 
r ' few systematic i nvesti aa hi ons have been made on how these Drorierti es can he cc

u
' few systematic investigations have been made on how these properties can be corre-

U 0rialn fhe water binding ability are very important. This paper will deal with some func- 
'iieat • Pr°Perties depending on water-protein relations and their effect on properties of 
î-scu sterns where unconventional proteins have been added. The functional properties to be 
kitdsSSed are solubility, swelling, sorption, viscosity and gelation properties. Different 
^ ilt3itl0f Ptoteins were incorporated to various levels into meat systems and changes in water 
ietiCegg .Pr°perties and texture studied. Very good correlations were obtained between diffe- 

ln functional properties and differences in the properties of the meat systems.

with properties of complex food systems. For meat systems properties giving informa-
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< - Ut
ï S ? ^âèfinir les qualités fonctionnelles des protéines alimentaires comme des qualités

C il T m .        ^ j    n       _   _* rr M x. i  ^ n .   ^  1 —« "1 « c c  c  c  »—* +- n m v" a  4“ a  t n a
«h, sr .Mimiques en état de donner des informations spéciales comment une protéine va 

aans5i6tch6gans un système alimentaire. Cependant, ce sppt seulement un petit nombre de re-
,!3u i sont faites sur la corrélation de ces qualités avec les qualités des systèmes«ent .

0tlt Les qualités qui donnent de l'information sur la capacité de liaison d

S  '
importantes pour l'étude des systèmes de viande. Cette étude ici s'occupe de

a - ^valités fonctionnelles qui dépendent de la relation entre de l'eaur et de la pro- 
. Pro+--Sa' t3ue l'effet de ces qualités sur les qualités des systèmes de viande, auxquels 

- eif'es qui ne sont pas conventionnelles ont été ajoutées. Les qualités a 'être:ees
la sont celles de la solubilité, du gonflement, de la sorption, de la viscosité,

^  congélation. Des protéines différentes étaient incorporées dans les systèmes de
J0^ i e s niveaux divers et les changements de la liaison d'eau et de la texture étaient 

très bonnes corrélations étaient obtenues entre les différences des qualités 
neH e s  et les différences des qualités dans les systèmes de viande.
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miScne
Die funktionellen Eigenschaften der Nahrungsmittel-Proteine können als physikalisch-chem .  

Eigenschaften bezeichnet werden, die Auskunft über die Wirkungsweise eines gewissen Prot 
in einem Nahrungsmittelsystem, geben können. Es sind aber auf diesem Gebiet nur wenige en' 
systematische Untersuchungen gemacht um festzustellen, wie diese Eigenschaften mit den E*?g 
schäften der komplexen Nahrungsmittelsysteme in Wechselbeziehung stehen. Eigenschaften, a  ^  
Auskunft über das Kasserbindungsvermögen geben, sind besonders für Fleischsysteme sehr w 
tig. Diese hier bekanntgemachte Untersuchung befasst sich damit einige funktionelle 
schäften festzustellen, die von der Wechselbeziehung Wasser-Protein abhängig sind sowie 
Einwirkung auf die Fleischsysteme und zwar dann, wenn nicht-übliche Proteine zugesetzt *
Die funktionellen Eigenschaften, die besprochen werden, sind diejenigen bei: Löslichkeit^ 
Quellung, Sorption, Viskosität und Gelatinierung. Verschiedene Sorten von Proteinen wurdItlg^,‘ 
stufenweise in die Fleischsysteme eingeführt und die Veränderungen des Wasserbindungsvei 
und des Gewebes studiert. Sehr gute1 Auskunft über die Wechselbeziehung zwischen den Veba^g 
rungen der funktionellen Eigenschalten und den Eigenschaftveränderungen der Fleischsyste 
wurde erreicht.

BJfflflHHE HEKOTOPiiX W HKIIMQHMbHülX Ct.O.iCTB flOBABJE HHÜX EEJIKOB 
HA CBOm CTBA MHCHbiX CHCTEM

AHHe-Mapne TepMaHCCOH

JlyHflCKHÜ yHHBepcHTeT, XHMMHecKHii U e h t p , HaygHO-nnmeBOM oTflen, JlyHfl, IIlBepMH

$yHKHHOHajIBHHe CBOHCTBa ÖejIKOB flJIH nameBUX npOflyKTOB MOÄHO OnpefleilHTB KaK 
(PM3HK0—XHMHgecKHe CBoiicTBa, saranne onpeflejieHHoe KOJingecT bo CBeneHnü o fleiicT b h h  
Ö ejiKa b cucTeMe nHTaHHH. OflHaKo tojibko He3HagnTejiBHoe KOJinvecTBO CHCTeMaTHvecKKX 
MCCjieflOBaHHÄ öhjio npoßeneHO Ha Tejiy KoppejinpHH s t h x  c b o h c t b  c o  cBoücTBaMH c j i o ä h h x 
HHmeBüx CHCTesa. JJjifl MacHNx c w c t o i  h e j i h b t c h ocoßo BaiKHNMH CBOMCTBa, flammne HH(|)OpUa- 
pai) 0 BonocBH3NBaDmeä cii oco6h o c t h . 9Ta CTaTBH paccMaTpHBaeT HeKOTopne tfiyHKiiHOHajiB- 
HHe CBOMCTBa, 3aBHCMMHe OT COOTHOmeHHfl BO^a- ßejIOK H BJIHHHHe HX Ha CBOHCTBa 
MfEHNX CHCTeM, K KOTOpüM ÖHJIH £,06 aBJI eHH Hem afijIOHHNe ÖeJIKH.
OficyainaeMhie 3flecb tpyHKqHOHajiBHHe CBOHCTBa 3T0 pacTBopHMOCTt, HaßyxaHKe, copßpHH, 
b h 3k o c t b  h atejinpoBaHHe. K MflCHHM CHCTeMaM flOöaBjifljiHCB paaHHe COpTa ßeJIKa flO pa3- 
JIHUHHX ypOBHeä H HCCaeSOBaUZCB B0fl0CBH3UBaB®He CnOCOÖHOCTH H CTpyKTypa TKaHH.
Bhjih nojiygeHH ozeHB xopomne KoppejiKpHH Me&fiy pa3JiHHHHMH b ¡pyHKHHOHajiBHHx cBOHCTBax 
H CBOiicTBax MHCHHX CHCTeM.
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P roduction

e,development o f  new p ro te in  products is  the sub ject o f  in tens ive  research a t  various loca t ions  a l l  over the 
j r t i e s  such as s o l u b i l i t y ,  sw e l l ing ,  v is c o s i t y ,  g e l ,  foam and emulsions propert ies'v°rldt

hav„ u; Many fun c t iona l p rope rt i  
Pron .n invest iga ted but there is  s t i l l  not enough in formation on how these p ropert ies  can be co rre la te d  w ith  

Penties o f  complex food systems to which p ro te ins  have been added.

Processed meat indus try  is  expected to have a high po ten t ia l  f o r  p ro te in  products. In th is  in v e s t ig a t io n  the
of ®ct ° f  func t iona l p ropert ies  depending on w a te r-p ro te in  in te ra c t io n s  on moisture loss and tex tu re  p ropert ies  
dif ?odel meat systems and o f  a f in is h e d  meat product have been stud ied. As meat products are complex and often 
estJ p u l t  to cont r o l ,  w e l l -de f ined  model meat systems prepared under -control 1 ed cond it ions were used f o r  the 
taqe ishment o f  re la t io n s h ip s  between func t iona l p ropert ies  and moisture loss p rope rt ies .  The e f f e c t  o f  percen-
r-j' e*changed p ro te ins  on moisture loss were studied f o r  raw meat systems and f o r  meat systems heated to  va- 
i s^ ^ te m p era tu res .  Three p ro te in  products o f  e n t i r e  d i f f e r e n t  character were incorporated namely a soy pro te in

whey pro te in  concentrate (WPC).
’ s° la t  peratu res .  Three

Promine-D, a sodium caseinate and a

Unctional properties
The f
cUs PPotional parameters f o r  the three pro te in  products are summarized in tab le  1. The prope rt ies  to  be d is -  

. are s o l u b i l i t y ,  sw e l l ing ,  v is c o s i t y  and gel s treng th . These p ropert ies  are not independent and t h e i r  
Unpn onshiPs can be i l l u s t r a t e d  q u a l i t a t i v e l y  or q u a n t i ta t i v e ly  (1, 2) .  Swell ing , when defined as the spon
s o r s  uPt a ke o f  water, is  the f i r s t  step in  the so lva t ion  process. I f  swe ll ing  is  un l im i ted  the p ro te in  w i l l  
sait/ ? t e ; i f  no t,  swe ll ing  w i l l  proceed u n t i l  i t  is  l im i te d  by various in te rm o lecu la r forces w i th in  the swollen 

^ • The former is  the case fo r  h igh ly  so lub le low.viscous pro te in  products, the l a t t e r  the case f o r  denatu- 
’ a9gregated or textured p ro te in  products.

Of th
1 p , ,® .^ re e  p ro te in  products studied Promine-D has a l im i te d  type o f  swe ll ing  (3).
t i 0n ! l ne- D has a r e l a t i v e l y  lo t ................................... . —
s° lu t in  Sa^ t  a t  pH around 7 (4 ) .  „

°n. The same phenomenon occurs when v is c o s i ty  is  measured.

P e J d l l  P ic ture  o f  the f low  p ropert ies  is  given elsewhere (5 ) .  I t  should be added, however tha t  Promine-D d is -  
Viei i 0ns in d i s t i l l e d  water a t  concentrations above 8 % have pronounced y ie ld  values and pseudoplastic  f low .

As can be seen from tab le
r e l a t i v e l y  low s o l u b i l i t y  even at high pH. The s o l u b i l i t y  is  d r a s t i c a l l y  reduced by the addi- 

i around 7 ' ( 4 ) .  The swe ll ing  a b i l i t y  is  high in  d i s t i l l e d  water but is  s t rong ly  reduced in  s a l t

Hh.
Values and dev ia tions from Newtonian f low  are reduced by the add i t ion  o f  s a l t .

k‘at6 f,c?ncentrated Promine-D dispers ions are heated, ge la t ion  occurs. The gels are f i rm ,  e la s t ic  and have good 
g e l„  holding p rope rt ies .  A maximum in  gel strength is  observed in the temperature range 80 - 90 C. S a l t  delays

Ca
'atinr, ' “  ' ':y hr °Pe r t1 and causes changes in  the gel p rope rt ies .

bVSsi??te h-s. a high s o l u b i l i t y  on the a lk a l in e  side o f  the is o e le c t r ic  p o in t .  The s o l u b i l i t y  is  l i t t l e  a f fec ted 
by th i  • However,  u l t r a c e n t r i fu g a t io n  has shown th a t  s a l t  causes an aggregation which obviously  is  not r e f  ected 
V ^ . s oi ubn i t y  p rope r t ies .  Sodium caseinate has a high i n i t i a l  swe ll ing  a b i l i t y . _ but_the_swel111"9 ^ s _ u n l im i -
.-.»?!* re s u l ts ' ' in ^ s o lv a t io n :  The’ h igh“ in i t i a T  sw e l l in g =is  one cause fo r  the d i f f i c u l t i e s  to  make caseinate d is -  
cW ar?S' Contrary to  the case o f  soy o ro te in  is o la te ,  s a l t  has an increasing e f fe c t  on the v is c o s i t y .  The f low 
No...acteriet,-_. ___ - - -----------------------------  ■ --
t>erSi
. arar*."'" .con tra ry  to  the case o f  soy p ro te in  —  _ - _
'H ton-e r i s t i cs o f  caseinate d ispers ions are e n t i r e l y  d i f f e r e n t  to tha t  of^. romine-D^ The flow^was^almost
t r a t i ^ an and consequently no y ie ld  values were observed. Figure 1 shows the v is c o s i ty  as a func t ion  o f  concen- 

} ' °9aruuf0 r  three p ro te in  products. .The v is c o s i ty  o f  caseinate is  extremely concentration-dependent w ith  a
0r th l  Kmic l i n e a r  re la t io n s h ip  over a broad concentration range. This concentra tion dependence is  o f  importance 

behaviour o f  caseinate in  meat system. Caseinate lacks the so important ge la t ion  a b i l i t y  on heating. This 
a$ othphat caseinate alone cannot the rm a lly  form a three-dimensional m a tr ix ,  which can imbibe water, f a t  as well  

r  components.
!,PC f-
part  ¿n,a11*  is  h igh ly  so lub le  over the e n t i re  pH ranae in sp i te  o f  the fa c t  th a t  the WPC preparation studied was 

l L deriatured. Sa lt  had no e f fe c t  on s o l u b i l i t y  nor on swe ll ing a b i l i t y  and v is c o s i t y .  The swe ll ing  a b i l i t y  
h°re as well  as the v is c o s i t y .  Newtonian f low  was observed in  the range 4 12». Therea er

Th,
and m°ne pseudoplastic . At very high concentrations (~ 20%) y ie ld  values were observed.

01;einc Protein concentrate forms gels when heated. The gels o f  whey pro te ins  are less s tab le than those o f  soy 
and water is  e a s i ly  pressed out.  Sa l t  has a favourable e f fe c t  on ge la t ion  contrary

9el at ion.

^ - J i odel meat systems

o1"0! 1 en6 e f fe c t  o f  fun c t iona l p rope rt ies  on meat systems were to be s tud ied , model systems prepared under con 
thBCOnditions were used. To focuse a l l  a t te n t io n  on the w a te r-p ro te in  re la t io n s  a l l  v i s i b le  f a t  was removed 

J *  ni'i nrpH,rieat before i t  was ground and nothing but p ro te in ,  water and s a l t  were added, wo mea qu 
0|"k sl meat products were used in order to avoid conclusions from a specia l case. They we 

ulder .  The quo t ien t  p ro te in /w a te r  was kept constant a t  0.2 throughout the experiments.
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Figure 2 shows the e f f e c t  o f  percentage exchanged p ro te in  on the moisture loss o f  the raw pork shoulder syst ' 
S im i la r  res u l ts  were obtained w ith  the beef b r is k e t  system. 30°/ and 50°/ exchanged p ro te in  in th is  f ig u re  cor 
spond to 5°/ and 8.3% added p ro te in  ca lcu la ted on the to ta l  m ixture . I t  is  seen th a t  the three p ro te in  Pr0<^ cir r  
a f fec ted  the moisture loss very d i f f e r e n t l y .  Incorpora tion  o f  Promine-D gave the lowest moisture loss. Both 
corpora t ion  o f  WPC and caseinate resu lted  in a high moisture loss .  These d i f fe rences  can be explained by the 
p rev ious ly  discussed func t iona l p rope rt ies .  Promine-D is  character ized by a r e l a t i v e l y  low s o l u b i l i t y ,  a ^aS 
swe ll ing  a b i l i t y  and a high v is c o s i ty  a t  neutral pH. Both caseinate and WPC are high so lub le  but caseinate h 
a h igher v is c o s i ty  and swe ll ing  a b i l i t y .  An attempt was made to  c o r re la te  d i f fe rences  in  fun c t iona l properti 
w i th  d i f fe rences  in  moisture loss p ropert ies  by a computational m u l t ip le  regression procedure. The procedure 
involved the c a lc u la t io n  and te s t in g  o f  a l l  possib le combinations o f  fun c t iona l propert ies  (1 ) .  -Table 2 show 
the c o r re la t io n  c o e f f i c ie n ts  o f  the best s t a t i s t i c a l  s o lu t io n .

A very high to ta l  c o r re la t io n  c o e f f i c ie n t  o f '0.99 was obtained w ith  s o l u b i l i t y  in  the f i r s t  place expl 
79°/ o f  the variance and swe ll ing  and v is c o s i ty  both exp la in ing  10% o f  the variance. Of the func t iona l 
s o l u b i l i t y  con tr ibu ted  p o s i t i v e ly  to  the moisture loss thus nega t ive ly  to water re te n t io n .  High sw e l l i  
v is c o s i ty  data on the other hand are p o s i t iv e  fo r  water re te n t io n  p rope rt ies .

Add it ion  o f  s a l t  (1 - 4%) is  known to  increase the water bind ing prope rt ies  o f  meat systems due to chloride 
bind ing and increased repu ls ive  forces ( 6 ) .  As discussed p rev ious ly  s a l t  a f fec ted  the p ro te in  systems v e ry ° ' gre 
r e n t l y .  A meat system in  which part  o f  the meat p ro te in  is  exchanged-by one o f  the p ro te in  systems can ther 
be expected to show complex behaviour w ith  respect to water bindning p rope r t ies .

Figure 3 shows the e f fe c t  o f  s a l t  on the moisture loss o f  the raw beef b r is k e t  systems w ithou t and w ith  50% 
changed or 8.3°/ added p ro te in .  Figure 4 shows the s a l t  e f fe c t  on the pork shoulder system a t  the same prote 
l e v e l .

The add i t ion  o f  s a l t  had an enormous decreasing e f fe c t  on the moisture loss in  a l l  the meat systems. The adds 
pro te ins  in fluenced the moisture loss d i f f e r e n t l y  in Spite o f  the dominant s a l t  e f fe c t .  Most s t r i k in g  is  t  
marked decrease in  moisture loss f o r  the caseinate meat systems. The only fu n c t iona l p roperty  to increase }}  
s a l t  concentra tion f o r  caseinate is  the v is c o s i t y  and i t  is  suggested th a t  the h igh ly  viscous caseinate ac 
a paste between the meat p a r t i c le s .

ainirg . ;
propert1 
ng and

Exchange o f  Promine-D did not change the moisture loss prope rt ies  o f  the beef b r is k e t  system. In the pork 
shoulder system exchange by Promine-D increased the moisture loss and the meat - Promine-D system showed a 
mum a t 4% MaCl. The moisture loss values f o r  meat-WPC systems are high r e la t i v e  to  those o f  the pure meat i  
terns, but decreased w ith  increasing NaCl-concentration.

When pure meat systems are heated, moisture loss normally increased w ith  temperature to about 90°C. Figure  ̂
shows the e f fe c t  o f  p ro te in  incorpora t ion  in the two meat systems as a func t ion  o f  heating temperature. r 
added p ro te ins  here make up 8.3% o f  the to ta l  m ix ture . The upper pa r t  o f  the f ig u re  shows moisture loss a 
heat treatment as a func t ion  o f  heating temperature, and the lower pa r t  o f  the f ig u re  the r e la t iv e  d i f f e re 
between moisture loss o f  p ro te in  meat systems and pure meat systems.

Contrary to the raw meat systems incorpora t ion  o f  WPC resu lted  in a lower moisture loss than incorporat ion jjg 
caseinate when heated a t  temperatures above 70°C. Both WPC and soy p ro te in  is o la te  but not caseinate have 
a b i l i t y  to form gels when heated. For WPC 70°C is  not a s u f f i c i e n t  heating temperature f o r  gels to at
Promine-D gels formed a t  70°C under the experimental cond it ions  and the gel s treng th increased to a maxim 
80 - 90°C. In the meat systems the added p ro te ins  can in te ra c t  w ith  themselves or w ith  the meat prote ins 
a p ro te in  network th a t  can imbibe water and reduce moisture loss.

Table 3 shows the c o r re la t io n  c o e f f i c ie n ts  o f  the best s t a t i s t i c a l  so lu t ions  when 8.3% and 5% p ro te in  of ^  <so lu t ions  when 8.3% and 5% p ro te in  o; , 0<\ 
high c o r re la t io n  c o e f f i c ie n t  was obtain  ̂
iance. Also on the lower leve l gel s t r e ,- - . 1evel

explained much o f  the variance but the c o r re la t io n  c o e f f i c ie n ts  were somewhat lower than on the higher

to ta l  m ixture was added. For the heat t rea ted meat systems a very h 
the higher leve l w i th  gel s treng th alone exp la in ing  94% o f  the var i  
expla ined much o f  the variance but th 
to small d i f fe rences  in  moisture loss

The in f luence o f  exchanged p ro te ins  on heat treated meat systems con ta in ing  various amounts o f  s a l t  d i f f ® ^  and 
from t h e i r  in f luence  on the raw meat systems. The d ra s t ic  e f fe c t  o f  caseinate disappeared on heat treatm  ^

r' a e -i r> a maa+- o/ctomc c h/-«i.na/4 f  ho h-i n h cs c +■ mm' c -hi i v'o lo c c  Ac r a n ho coon "in f in n r o  tho  nv'HpK' VlhS
sain®

the caseinate meat systems showed the highest moisture loss. As can be seen in f ig u re  6  the order was t ' 1® r)S 
as in  the absence o f  s a l t  w i th  Promine-D add i t ion  g iv ing  the lowest moisture loss a t  a l l  s a l t  concentrat 
s tud ied. The d i f fe re n c e  between the behaviour o f  the caseinate meat systems before and a f t e r  heat treatm
probably due to  the high v is c o s i ty  dependence on concen tra tion . In the raw meat systems caseinate acted , of) 
paste and i t s  pasting property  was improved by s a l t  a d d i t io n .  When heated the meat sh r inks ,  water is  Pr ® t  tt>e 
the v is c o s i ty  o f  caseinate is  reduced and i t s  func t ion  as a paste is  p a r t l y  lo s t .  This would also mean gr-ty
func t ion  o f  caseinate is  s e n s i t iv e  to the meat q u a l i t y  used. The more water released the less pasting Pr 
o f  caseinate is  l e f t .

Some examples have been given on the e f fe c t  o f  func t iona l p rope rt ies  on water bind ing prope rt ies  o f  mod ^  
systems. For a f in is h e d  meat product tex tu re  is  o f  prime importance and i t  was the re fo re  o f  in te re s t  to r 0dDct' 
whether func t iona l p ropert ies  o f  added pro te ins  also a f fec ted  the tex tu re  p rope rt ies  o f  a complex meat P ^3s 
Commercially produced meatballs  w ith  4% added p ro te in  o f  the to ta l  m ix ture were inves t iga ted .  The textu n o'  
in ves t iga ted  both by instrumental methods and sensory eva luat ion .  Table 4 shows the e f fe c t  o f  incorpora
Promine-D, caseinate and WPC on some o f  the tex tu re  measurements on meatbal ls.

The e f fe c t  o f  p ro te in  a d d i t ion  on tex tu re  was s im i la r  in  character as on the p rev ious ly  discussed water 
p rope rt ies .  Promine-D w ith  i t s  high swe ll ing  a b i l i t y  and gel s treng th gave the f i rm e s t  tex tu re  and case1

p i n ^
gate
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Peking the so important a b i l i t y  to  form a three-dimensional network gave the lowest tex tu re  values.
r
J 'om the re s u l ts  shown i t  can be concluded tha t  a high s o l u b i l i t y  w i l l  reduce the water b inding prope rt ies  o f  
“w meat systems and th a t  the a b i l i t y  to  form a p ro te in  network which can imbibe water is  a very important 
°perty fo r  the water bindning and tex tu re  o f  heat treated meat systems. The estab lished re la t io n s h ip s  s t rong ly  

"Picate the use o f  func t iona l p ropert ies  as va luable too ls  f o r  the op t im iza t ion  o f  processes f o r  p ro te in  pro- 
“ ct ion as well as f o r  food production but much research is  s t i l l  needed on the f in d in g  o f  re levan t func t iona l 
r ameters o f  the pro te ins  and o f  re levan t parameters fo r  production processes.
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lablp i r
Some func t iona l prope rt ies  o f Promine-D, sodium caseinate and WPC.

Property Promi ne-D Caseinate WPC

^ l u b i l i t y  ( % )  
ln 0.2M NaCl

pH
4.5 5 6 64
7.0 27 91 79
9.0 37 93 8 8

at PH 7
M NaCl 

0 56 90 89
0 . 2 28 91 83
0.5 30 90 81

Smâ i n 9  (m l/g)

1 . 0 37 90 81

M NaCl 
0 9.6 7.5 1.9
0 . 2 3.9 5.0 1 . 8
0.5 3.5 5.6 1 .9

v! i os i ty  <CP>
^  at 42 s ' l

1 . 0 3.5 5.4 1.5

M NaCl 

0 1045 75 7
0 . 2 98 143 8
0.5 75 254 6

( I  stl"ength

l 2* ° ( i / i ) 1d POiS6)

1 . 0 134 680 6

M NaCl 
0 7610 0 3700
0 . 2 1500 0 6600

80° C 0.5 440 6 7200
1 . 0 90 2 0 4990

water Temp. °C 
70 4950 0 3
80 7610 0 3700
90 8680 0 6460

1 0 0 7690 0 8630
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Table 2. C o rre la t ion  o f  changes in  func t iona l proper- Table 4 . Texture d i f fe re n c e  between meatballs with
------------  t ie s  w ith  changes in  moisture loss o f  raw meat added pro te ins  and w ithou t added proteins*

systems.

Functional
propert ies

Sign
Corre la t ion
c o e f f i c ie n ts

Explained
variance

Protein
added

Instrumental method 
Extrusion (kp)

Sensory evaluation. ■ 
on firmness ( rankj__

S o lu b i l i t y + 0.89 if 0.79 Promine-D + 4.8 -  0.9

Swell ing - 0.94 / 0 . 1 0 WPC - 1 . 1 - 1.4

V isco s i ty - 0.99 9 0 . 1 0 Caseinate - 9.5 - 3 . 7 _____„

Table 3. C o rre la t ion  o f  changes in  func t iona l proper
t ie s  w ith  changes in moisture loss o f  heated 
meat systems.

Functional 
p rope rt ies  y

C o rre la t ion
c o e f f i c ie n ts

Explained 
variance

8.3% added p ro te in or 50% meat p ro te ins exchanged

Gel s t reng th ' 0.97 0.94

Swell ing 0.98 0 . 0 1 a

S o lu b i l i t y 0.982 0.0033

5% added p ro te in  or 30% meat pro te ins  exchanged

Gel strength 0.71 0.49

Swell ing 0.79 0.13

Solub i1i ty 0.83 0 . 0 2 a

aNo s ig n i f i c a n t  c o n t r ib u t io n  (95% sign, le v e l )

F ig. 1. V is c o s i ty  as a func t ion  o f ,concen tra t ion  in
----------  d i s t i l l e d H  0 a t  D = 10 s ( l e f t )  and

D = 100 s '  ( r i g h t ) .  (From J. Texture Studies 
4. 425, 1975).

O Promine-D 

•  Caseinate 

© WPC

o PROM!NE-D öCAF I NATF •WPC

/ /

y

------ O'

0 10 20 30 *0
•/. EXCHANGED PROTEIN

Moisture loss f o r  pork shoulder ^ n. 
as a func t ion  o f  % exchanged P . .  
(From J. Food S c i . 40, 595,

t^5
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£j 9• 3. Moisture loss o f  beef b r is k e t  systems w ithou t
and w ith  50% exchanged p ro te in  as a fun c t ion  of 
NaCl concentra tion . (From J. Food S c i . 40, 503, 
1975).

F ig. 4. Moisture loss o f  pork shoulder systems 
w ithou t and w ith  50% exchanged p ro te in  
as a func t ion  o f  NaCl concen tra tion . 
(From J. Food Sci. 4£, 603, 1975).

Moisture loss as a fun c t ion  o f  temperature 
a) beef b r is k e t  and b) pork shoulder systems 
w ithou t and w i th  50% exchanged p ro te in  respec
t i v e l y .  c) beef b r is k e t  and d) pork shoulder 
systems re s p ec t ive ly  where the e f fe c t  o f  50% 
p ro te in  exchange is  p lo t te d  r e la t iv e  to the 
pure meat systems. (From J. Food Sci. 40, 595, 
1975).

Fiq 6  Moisture loss o f  pork shoulder systems 
— ~ — ‘ w ith  and w ithou t 50% exchanged p ro te in  

as a func t ion  o f  NaCl concentration 
(heated to 80°C). (From J. Food Sci.  
40, 603, 1975).

—  - a




