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5 o H ï Ç n o *

Thia°?r^ t0 raanufacture “ aely comminuted meat products is in fact the preparation of a meat
visi?'?d subsea"°^fe3^ CtUaUy.two step3' nam,ily first chopping of lean meat with salt, phosphate and 

^ ntly the more fatty ingredients .The homogeneous mass hha*- i« obtain^ i---  __
ots dur•except show fat' and a11 the water and fat being b 

PtQd ""«nee ni9 and after Procesain9< as «ell as its texture ma 
ks 3Pcts lik i certain meat proteins. The same is true for non
lh ^ i n g . *  ans a'1'’ burgers in which the meat proteins are responsable for waterbinding and

.. 3 Proteins can be divided into the following groups:
„ accoplasmic proteins (25-30 »)

It , _ ™y°fibrillar proteins (45-55 %)

. , r - -- ----—  .iic =>i.auniiy or suen meat
_ar*d after Processing, as well as its texture mainly depend upon the presence and

i-k„ •- . comminuted or coarsely comminuted meat

th, u 9eheCan'neqtive tissue Proteins (15-30 i)
t“V tabUitv L a°fepted that th<? ™9°fibrillar fraction constitutes the most important contribution to 

1 or the above described meat products (1, 2, 3, 4)bf ^ __ _ _WUUWLO \ * t  ̂ J ^
9n * * n>. andyuhlbrillar Proteins can be solubilized with salt, the so-called SSP (salt soluble 
V er heatina f" Se5 free from the tisaue- these proteins can emulsify fat or bind water by forming t

^  O th e r  D a r t  o f  m v n f l h r i  l i a r  n P A im ln a  a u . l  1 l _ a -U ~__________
------------ ^Vkeiiia can emuisiry rat or Dind water by formi

• n other part of myofibrillar proteins swell in the presence of salt, thus binding 
product, not only in extracted condition, but also within intact tissue cells.C°Plasml product' not onl9 in extracted condition, but also within intact tissue cells.

c proteins, called WSP (water soluble protein), are also capable to emulsify fat and to



.dition t0
gellify. However, in meat homogenates WSP is believed not to contribute to the WHC (5). 1" * 
this, SSP is found to be absorbed preferentially, over WSP in the fat/water interphase during 
emulsification (S).
Since the emulsifying, swelling and gelling is so Important for stability, waterbinding»texts 
consistency of meat products during processing and in the end product, it is obvious that dur t*
chopping of lean meat with ice and salt, or during massaging and tumbling of hams, conditions 
optimal for the solubilization, extraction and swelling of the different protein fractions. thê r 
To improve product stability and consistency different non-meat proteins can be added, althoug^ 
performance may vary considerably, e.g. depending on product formulation, procedures, lean me to
and of course the specific functionality of such non-meat proteins. Caseinates have a high cap i0tei«s 
emulsify fat and this will safe the meat proteins for water binding in the meat emulsion. whe'Qf 
may bind water by heat gelling and also soy proteins have similar properties. The performance 0„
non-meat proteins in meat products will not only depend on their specific characteristics bu 
the interactions with the solubilized and swollen meat proteins, which would determine the ov llng, 
functionality. Such phenomena are noticed e.g. with caseinate which, although not capable of 9 10»rei 
improves the consistency and water binding of meat products, whereas whey proteins often lea 
water binding and less consistency despite their heat gelling properties (7, 8). the
This study aims to examine the effect of some non-meat proteins on the gelling properties o 
different meat protein fractions and to elucidate the mechanism that determines the practica 
performance of such non-meat proteins in meat products.

EXTRACTION AND SEPARATION OP WSP—, SSP—, K-, AND R-FRACTIONS OP BOVINE H.SBMIMEMBRANOSIS.

Extraction (()

Aftec trimming off any visible fat and tendons, the lean meat is ground through a 8 mm plate'êpeCi,te<f 
a homogeneous blend and then packed in polythene bags and frozen at -20 *C. For the further e
a portion of the frozen meat is thawed during 15 hrs to reach a temperature of -5 'C, then
to the high speed bowl chopper (Kilia, 25 1), to prepare a lean batter with salt and water.
Lean batter formula: meat 62.73% , salt 2.13» , water 35.14%. ^  ,
Meat is first chopped with salt (1 min, high speed) then the water is added (3 min, high aPe 
resulting in a lean batter with the temperature between -3 and 0 *C.

Separation
iean

batte‘

In order to facilitate the centrifugal seperation of the meat protein fractions, the abov®0 minateS
is diluted with 2 volumes of a 2.5 » w/w salt solution. Centrifugation at 27,000 x g f°i
(Sorvall superspeed RCB-2) leads to separation of three phases: j,

- supernatant, clean purpered - WSP and SSP fractions; oroteib3 ,̂
- intermediate, pastry grey - K-fraction (swollen, non dissolved myofibrillar » r an«
- sediment - Residue or Stroma (non swollen, insoluble m y o f i D r

connective tissue proteins); aftec
WSP and SSP fractions can be separated by centrifuging (15 min, 27,000 x g) the supernata cipi 
dialysis against 0.02 m KC1 during 24 hrs. WSP will remain soluble while the SSP fractl " tant is 
at the lower salt concentration, due to the dialysis. The WSP concentration in the super .ts 
low because of the dilution of the lean batter and in order to test the gelling Pr°Kctle pCot<> 
concentration is increased by partial freeze-drying (Christ <* 1-5 Retsch). Each diffe bie 
fraction is stored under cooling and samples are analyzed on solids and protein conten

GELLING CONDITIONS OP MEAT PROTEIN FRACTIONS
ed £ot

Standardized solutions containing 1.0, and 2.0 % protein in 2.5 % salt solutions ace peep̂  
protein fraction using a Hamilton Beach mixer (908s), (5 sec speed I + 5 sec speed II). t„be
containing 15 ml of said solutions are placed in a 75 *C waterbath and every two minutes 
taken out to observe the gel setting and macrostructure.
The following indices are used to describe the observed situation: 

gelling gel structure
no gelling liquid

+— some floccules poorable doW*1
tt- almost homogeneous gel gel remains fixed on turning the tube ups do*1’
+++ complete gelation gel remains fixed on shaking the tube upsia

GEL STRENGTH OP MEAT PROTEIN FRACTIONS IN COMBINATION WITH DIFFERENT NON-HEAT PROTEINS

Solutions
Standardized solutions of the WSP, SSP and K-fractions are prepared, containing 3 » of the 
proteins and 3 % salt, to which an additional 1 » non-meat protein is added.
The different protein products in this study are:

- sodium caseinate, (Na-ca3), roller dried, DMV - Holland;
- calcium caseinate, ICa-cas), roller dried, DMV - Holland;

resPe‘lit
¡ir*



- Whey Protein Isolate, (WPI), spray dried, DMV-Hollandt
Th»>. proteins ! " Isolate, (SPI), spray dried, Ralston fttrina Company-St.Louls.

*n9th of i • *y in a /d v, waterbath, the jars are cooled for 1 hr in ice. The ael
me °.1 second. P S 13 meaSUCed With the P^etrometer (PNR 6), using a 23,3 gram conus and falling

Visions

ârt 0p *■
!̂y b*Sntoil3%i^ ! i , " '  8°Juti°"s, including also the residue, is used to make emulsions with
e ia of 70t »i e ^  f1"9 f1S? h* ",entioned non-meat proteins. The emulsion is formulated on the
w ^ l3i-ns ar e" «i n o I«rid f l?h' c°% bea" °U  a"d addibi°"ab ,.0» of the non-mLt ^oteins The
, tstbath (11 ? pfepa'ed in the Sorvall oinmmixer, then heated in glass jars at 75 *C in a
0 ^ood'JixHnn M subsequently cooled in ice. Penetrometer readings using 62 5 gram conus and

dUln9 tlme ar* COllect6d for each product and registered as reciproke penetrations
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ater ratio is 2/1.
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a<Jrt r^ on s on the lean A It oacter. as from the formulation can be seen the sa
ed “**er ratîo is 2/1 °" “ °Unt °f “ater are re3p* 3‘8 a"d 3.0 * and the meat /

!hf,mea! / aalt / “at-  “ b*° •« mentioned in the

'ft,

had. meatal m  i .  I , r 7  S3lt '  Water ratio as mentioned in the
3.0» ° b* 2.5 * instead oi o n T co"c«ntrabi°" during extraction and thus of the dilution brine.
1 ! SaU  in Water the x f  l *' l" °rl3er t0 be 3ble t0 3eparate tb* «-fraction from the WSP/SSP it _ “ *ater the K-frartir>n wa<s i-ru-» l« j i.»; . '
1 Sal. . ’ rusreao ot 3.0 »,

av“"‘ Thelmeattuiedhfor"thaCtl°n 7 *  t0° voluminous to distinguish a clear borderline with'thrssp/WSP 
'aging a L  d? , the experiments and the obtained fractions after chopping, diluting,
ividu a r m e ^ a„rot!i3^ e a"alySiS *s given in table I. The observed gelling behaviour of 

meat protein fractions in test tubes is presented in graphs (fig.l).

1 dry matter * protein*

Meat 25. 10 20.25
WSP 1.35 i.04
SSP 7.78 7.09
K 6.14 4.02
R 15. 10 12.90

^ t eina
* 25

1» ptQ

ggt^of °°ncentration, but here it took 10 minute's. 
Sfttfetence bbe K-fraction and the residue. At

At this stage of the study WSP was not freexe- 
dried yet so we were bound to a max. of 
1* protein solution. It appeared that the WSP 
fraction had the best gelling ability (after 
5 minutes homogeneous gelation), however the 
gel structure was poor compared with this 
gelling ability. The gel structure improved a 
little in the absence of salt (see lines a) but 
at the same time the gelling ability decreased 
somewhat. The SSP fraction also gellified in a 
1% protein was insufficient to get a homogeneous

. -- — ------- - a protein concentration of 2% there was not much
0 min ► tbS 9e3ffr,g °f SSP, K and the residue. With the residue syneresis of the gel occurred 

w«d a u *®< probably due to the shrinkage of connective tissue in the meat-fibres. The K-rraction 
Con*ls b o t h T : Sh°r^  and.brlttle gel structure. Contrary to the WSP fraction, vie found in additional

haa1* a°h-i° be able to measure the strength of the meat protein gels as well as of the combinations

Co. * both 1 ----  sv. «ivviuic. court a r y  to cne «ar rraction, we found in additic
lC , "f^tio, ™PC°Ved 9ellir>9 ability and better gel structure for the SSP fraction at higher salt

Can . U'ltieat --------  --- ---- ...V... C. ...c —  «v géra as w
8. CO he c proteins, these probes had to be gellified in wide glass jaSho be a„ ...coe titooeo nau to oe genirted m  wide glass jars and any separation of water

w*<i n0 °1<Jed to allow factual comparisons. In this procedure only a 2% WSP, 2.5» salt solution 
separation on heating.

f*S. I
SELLINS OF MEAT PROTEIN S0LUTI0N5 IN TfST TUBES

CELLING 
GEL STRUCTURE

4SS



Experiments in test tubes and glass jars showed that for the other fractions a 3% meat protein»
3% salt solution is required for gel strength measurements. The necessity of a higher salt y
concentration can be explained by the previously mentioned better gel structure and gelling * tiiar 
of the SSP-fraction at higher ionic strength. As the K-fraction is also constituted of myofibr 
proteins similar effects could be expected. The influence of the protein concentration can be 
understood from fig.1. illfi^
In fig. 2 and 3 the results of the measured reciproke penetrations of the different gels and g® 
emulsions are presented. It was not possible to produce gels of dispersions of the residue «» 
water separation, whereas it was possible for emulsions made with the residue. Pig. 2 shows c ® 
that the SSP-fraction yields by far the highest gel strength, followed by the K-fraction and t 
WSP-fraction, this despite the best gelling ability of WSP.

FIG. 2 GEL STRENGTH OF MEAT PROTEIN FRACTIONS
COMBINED WITH 1Z OF NON-MEAT PROTEINS

FIG. 3 6EL STRENGTH Of MEAT PROTEIN EMUL5’ 
COMBINED WITH 1Z OF NON'MEAT PN°lE

ft">9 th*„4
Although we may not predict from fig.2 behaviour of these fractions in meat products, if hfwat e‘bi''i 
findings of meat scientists who claim a more important contribution of SSP than WSP to the 
and consistency of meat products. Besides the results of Me Far lane (10) showing WSP decrea W
binding of myosin, Grabowska (11) found an improved gel strength of fish muscle homogena-eS 
had been extracted. The Japanese fish paste industry in fact applies this technique by waS .¿ment5 1 
meat (extracting WSP) to obtain the desired high gel strength (12). Recent unpublished e*Pet 
our laboratory (8) confirm the findings of Grabowska for beef muscle. 0n ^ e el
The above mentioned findings, however are mainly ncticed in low fat systems and it is ^ }eSttce3 ^
whether this can be transferred to meat emulsions. In fig.3 it can be seen that the differe^ t  ̂
strength completely disappear when emulsions are made with the meat protein fractions, but 
non-ineat proteins. Only the residue shows a higher value. tiooi
From fig.2 as well as from fig.3 it can be observed that, except for Ca-cas in the WSP fra£ ^ cag, ¡c 
caseinates significantly improve the gel strength of the individual fractions. Apparently COP'*5* 
having a more conglomerated, structure than Na-cas, dlsturbes the gelling of the globulat 
proteins whereas the unfolded, thread-like Na-cas with high viscosity supports the wSP-gel ¿n *",^9 
disturbance by Ca-cas seems not to take place with the myofibrillar proteins, thus result!0 ^
increased gel strength. So the practical experience of improved consistency of meat produc tio« . i
caseinates is also noticeable in the gelling of the individual fractions. A remarkable °bs^ e ggp 3 ^  
during the gelling in various test tube and glass jar trials was that caseinates retarded 
gelling but also that retarded gelling resulted in an improved gel strength and gel struc t0 w 
find a similarity with the pure WSP and SSP gelling: SSP shows a retarded gelling as comPartein 
however resulting in an increased gel strength. WPI, in combination with different meat Pc is .̂  
fractions, reduced the gel strength or had no effect both in solutions and emulsions. Tbe ^ posi^o 
for SPI combined with all meat protein solutions and the WSP emulsion, whereas the SPI ba®f b0t a „̂t
effect in SSP, K- and R-emulsions, however less pronounced than that of the caseinates. WP1' tr*a'
SPI, possesses a gelling ability of itself. This gelling ability depends completely on h®a^n(j ti*e
during processing, protein and salt concentration during gelling as well as on temperature^ ^gt

»1Siegel (13) already found in a meat binding test system that gelling of non-meat proteins 
indicative of a protein's ability to bind meat pieces. The molecular interactions stabil* ^  ^
three-dimensional structure of these proteins must be of the same nature as those of the w"ai
myosin to increase the binding strength. Probably WPI and also SPI do not interact in a P° e Pf0.j 
with the myosin molecules as described by Siegel and the network formation on heating by ctlites *y V
could disturb the network formation of meat proteins. From the differences in protein stru it ̂
gelling temperatures, for meat proteins 50-70 *C(M), WPI 70-80 *C(15) and SPI 60-70 Cl1
expected that a different network is formed and different molecular interactions take plaC aph®
be compared with the findings of Knight (17) who demonstrated by electronmicroscoplc photo

&



ll>» 9ei
thê Spr““ 'ite °f *arc°Pla'3™i<= Proteins is completely different from a myosin gel and after mixing 

°f *WsP-s3p ?3 homogeneous gel is obtained. These photographs visualize the more loose structure 
hinder See™S t0 be accocdance with other studies (6, 9, 11, 12). Caseinates would

l*U ‘fy on h»!r 0tu'neat protein yel®. since these random-coil structured proteins do not
hag be„„ at*ng' Although caseinates by themselves are not able to bind meat pieces together (13),

"6 «boVe °™e flear trough these experiments that they do increase the gel strength, 
piston “ "°luSlons may have certaln implications for the formulation and processing of both meat 
/ te">9th berienlS and reforraed products like hams, even though waterbinding capacity and binding

heat ? , r at PleC6S Were n0t mea3uced in this study. In meat products the type of interactions 
e>lltng abintellin9 "'eat protelns and added non-meat proteins appears to be more important than the 
»'inatea „ y oi non-meat proteins as such. This could be an explanation of the superior effect of
0t>ul«r non °ticed in Practice, on the waterbinding and consistency of meat products in comparison with

non-meat proteins.
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EFFECT OF HOT-BONED PORK ON THE KEEPING QUALITY OF FRESH SAUSAGES

Isabel Guerrero legarreta*. W.R. Osborne and G.C. Ashton, Department of Food 
Science, University of Guelph, Guelph NIG 2W1 , Canada.
* Present address: Departamento de Biotecnología. Universidad Autónoma Metropoli
tana. An 55-525 Mñvico D.F. 0?3'i0 México.

h|*P®ct . •"v-s ligat tons nave demonstrated the advantages In using hot-boned (pre-rigor) meat wi
L3er emu|P^fC*SS ir>9 chf racterist ics such as improved water holding capacity (Cuthbertson, 1980) 
®rs . j giving capacity (Trautman, 7964*) and )ower COoking losses (Ray et a )., 19S0) amonq 

. - * tne Dror.essino fhrirartprici-irc /-»f hnf-hXrwsxl rri - -v •- __ 1.. __  . ... . ... .

° f investigations have demonstrated the advantages In using hot-boned (pre-rigor) meat with
P ror.e qsinn rharartpricfine ___i .   L _ 1 J • .. /_ ...

• As fh b ana lower cooKing losses (Ray et al., 1930;, among
* of 6 Processing characteristics of hot-bóned meat are closely related to the initial ATP 

t0„ *'982) musc!e (Hamm, 1980), It Is desirable to maintain this level In meat for sausage making.
U / Id®red H eSC, ibed Some methods 1° keeP Ibis high AfP level in minced beef. Several studies have 

loin 3ffect of a carbon dioxide environment in fresh meat products (Kraft and Avres 1952-
9rDhn. ’ ‘ 7 /0 : T av n r  1Q7 1 * C i l l l b n .  « - 1  i nin\  . j . /. . . ’
ir d. Iq7 n t , carocn atoxiae environment in fresh meat products (Kraft and Ayres, 195

CarPenter e » Taylor, 1971; Silllker et al., 1977). In addition, some authors (Walters, 1975;
if 0n dioxl/ T,!975. .haVlr reP°rted the use of drY Ice as a way of creating an atmosphere rich in' 
Of [ of f r e‘ Pe oaj ective of the first part of this study was to evaluate the retail storage 
djf iCe d P°rk sausage patties made with hot-bered meat supplemented with four different levels 
f erent ' n th? second experiment, the retail storage life of fresh pork sausage links made with 

proportions of hot-boned meat was evaluated.e} 11*- 
f
vei '̂ ent ■.
Fab9S g  7c [ pcoport ions of ham and shoulder of a carcass of a 18 month old, non-pregnant sow, 
>0 ['eaten ¡ * 9 (Canada inde* ,0 3) were excised at random within A 5 minutes after exsangui na t icn 
H-n HOI«- ntV Patties- The Patties were made with 75* pork trimmings (25* fa., 13.5* protein.

cn and" ------ -----------  aL i anuuin v. i l ii i ii Mp minutes after exsangui na t ten
r. " Hoj«- Patties. The patties were made with 75* pork trimmings (25* fa., 13.5* protein,

d̂ dry • pork fat, 13* ice, 1,5* salt, 0.25* rubbed sage and 0.25* ground pepper. Finely 
V i a t e l  WaS a<fded ln ProPort ions of 10, 20, 30 and kO* of the meat blo^k. Patties 
^Sn/0-?S M2 Cm thick and  ̂ cm in diameter were made from the mixture, vacuum packaged in plastic 

° (Mui.l" bylon/2mi1 polyethylene)(DRG Packaging Ltd., Toronto) using a Multivac unit model
vac Export AG, Switzerland) and stored at A C in the dark under cool while fluorescent




