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e:‘lc l_’rocess to manufacture finely comminuted meat products is in fact the preparation of a meat
vig; su;s includes actually two steps, namely first chopping of lean meat with salt, phosphate and
ible Sequently the more fatty ingredients.The homogeneous mass that is obtained, should have no
"exCept show fat, and all the water and fat being bound. The stability of such meat

Pep o Cts } F
pr(:;of,nan::“"‘g and after processing, as well as its texture mainly depend upon the presence and
u

Meg Ctg likOf Certain meat proteinsl. The same is t»rue‘for non comminuted or coarsely chminuted meat
i1 ;bi“ding € hams and burgers in which the meat proteins are responsable for waterbinding and
o .
' Ehe Proteins can be divided into the following groups:
Sarcoplasmic proteins (25-30 %)

N _ ™Wofibrillar proteins (45-55 %)
theis gene[zi’nneqtive tissue proteins = (15-30 8) . . ;
plttstabilit .1)' accepted that the myofibrillar fraction constitutes the most important contribution to
pt% of $ Y Of'the above described meat products (1, 2, 3, 4)
%) Ein), 4 MYofibrillar proteins can be solubilized with salt, the so-called SSP (salt soluble
Way On h at?d when set free from the tissue, these proteins can emulsify fat or bind water by forming i
't-tht in 9. An other part of myofibrillar proteins swell in the presence of salt, thus binding

s@reople Yaw product, not only in extracted condition, but also within intact tissue cells,
asmic Proteins, called WSP (water soluble protein) , are also capable to emulsify fat and to —6’3




jeion 0

gellify. However, in meat homogenates WSP is believed not to contribute to the WHC (5). In add
this, SSP is found to be absorbed preferentially, over WSP in the fat/water interphase during
emulsification (6). d
_Since the emulsifying, swelling and gelling is so important for stability, waterbinding ,texture ~
‘consistency of meat products during processing and in the end product, it is obvious that durind 1d b8
chopping of lean meat with ice and salt, or during massaging and tumbling of hams, conditions 8
optimal for the solubilization, extraction and swelling of the different protein fractions. heif
To improve product stability and consistency different non-meat proteins can be added, althO“gh talﬂy
performance may vary considerably, e.g. depending on prcduct formulation, procedures, lean med . to
and of course the specific functionality of such non-meat proteins. Caseinates have a high capaCitZeW’
emulsify fat and this will safe the meat proteins for water binding in the meat emulsion. wney PF©
may bind water by heat gelling and also soy proteins have similar properties. The performance 2 o On
non-meat proteins in meat products will not only depend on their specific characteristics but a9
the interactions with the solubilized and swollen meat proteins, which would determine the over ain@
Functionality. Such phenomena are noticed e.g. with caseinate which, although not capable of gel 1044
improves the consistency and water binding of meat products, whereas whey proteins often lead 0
water binding and less consistency despite their heat gelling properties (7, 8).

This study aims to examine the effect of some non-meat proteins on the gelling properties of
different m2at protein fractions and to elucidate the mechanism that determines the practical
performance of such non-meat proteins in meat products.

the

EXPERIMENTAL

EXTRACTION AND SEPARATION OF WSP-, SSP-, K-, AND R-FRACTIONS OF BOVINE M.SEMIMEMBRANOSIS.

Extraction

by LR jnt?
After trimming off any visible fat and tendons, the lean meat is ground through a 8 mm plateér "a€;w"”
a homogeneous blend and then packed in polythene bags and frozen at -20 °C. For the further €* fewd
a portion of the frozen meat is thawed during 15 hrs to reach a temperature of -5 °C, then trans

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 speed)'
resulting in a lean batter with the temperature between -3 and 0 °C.

Segggation ¢
atte

an
In order to facilitate the centrifugal seperation of the meat protein fractions, the above 1:inut85
is'diluted with 2 volumes of a 2.5 % W/w salt solution. Centrifugation at 27,000 x g for 0
‘(Sorvall superspeed RCB-2) leads to separation of three phases:

- supernatant, clean purpered - WSP and SSP fractions; ing)(9”

- intermediate, pastry grey - K-fraction (swollen, non dissolved myofibrillar Pfoce[ an

- sediment - Residue or Stroma (non swollen, insoluble myofi.bli 14
connective tissue proteins); fte‘izﬁ

WSP and SSP fractions can be separated by centrifuging (15 min, 27,000 x g) the supernatant actp t o
dialysis against 0.02 m KCl during 24 hrs. WSP will remain soluble while the SSP fraction PECY e
at the lower salt concentration, due to the dialysis. The WSP concentration in the supef“atan

low because of the dilution of the lean batter and in order to test the gelling propertieSr _ i ein
concentratior. is increased by partial freeze-drying (Christ @ 1-5 Retsch). Each different ple 1)
fraction is stored under cooling and samples are analyzed on solids and protein content (taP

GELLING CONDITIONS OF MEAT PROTEIN FRACTIONS eﬁh
of
Standardized solutions containing 1.0, and 2.0 % protein in 2.5 % salt solutions are P!eparedcubcg
protein fraction using a Hamilton Beach mixer (908s), (5 sec speed I + 5 sec speed II). Testube is
containing 15 ml of said solutions are placed in a 75 °C waterbath and every two minutes 2

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 gown
t4- almost homogeneous gel gel remains fixed on turning the tube upSide Wi
++ complete gelation gel remains fixed on shaking the tube upside a2

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

Solutions
e ,gsP

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

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

- calcium caseinate, (Ca-cas), roller dried, DMV - Holland;




- Whey Protein Isolate, (WPI), spray dried, DMV-Holland;
ese i - _S_oy Ero"ein Isolate, (SPI), spray dried, Ralston Purina Company~St.Louis.
peeg r ; ns are added_to the mea? protein solution, using a Sorvall omnimixer (17106) (10 seconds,
a “d. AE £ thesg solutlons'do ml is transferred into glass jars (S0 ml, & 4 cm) and then sealed with
ter 15 minutes heating in a 75 °C waterbath, the jars are cooled for 1 hr in ice. The gel

Stre

ngt : :

tine 9 :‘ Of the samples is measured with the penetrometer (PNR 6), using a 23,3 gram conus and falling
* ! 8Second,

lsiong

80 :znthe 3\.protein, '3! salt solutions, including also the residue, is used to make emulsions with
basis ot ‘;11. lncorporaltmg also the mentioned non-meat proteins. The emulsion is formulated on the
e’"ulsions 0% meac'protexn solLln:ion, 30% soy bean 0il and additional 1.0% of the non-meat proteins. The
at&fbath are again prepared in the Sorvall owmnimixer, then heated in glass jars at 75 °C in a

.0 (15 minutes) ard subsequently cooled in ice. Penetrometer readings using 62.5 gram conus and

Seqg, - g :
nd falling time are collected for each product and registered as reciproke penetrations.

Basj .
extranc(;:sldel'ation in these experiments was, although splitting up the meat emulsion system and
0rg anq sepdcat.xng the protfaxns, to simulate as much as possible the normal meat processing

18, like chopping (extraction) procedures and apparatus, salt concentrations, ratio meat /
Cap b Pl’?teins etc. In various countries an average formulation for a finely comminuted meat product
p:otein Ot instance: 40% lean meat, 20% water, 35% fat, 1.5% salt, 0.3% phosphate, 2.0% non-meat
The X S, ?-2% others.
“hich gredlents are comminuted in a bowl-chopper and the chopping time in total is about 5 minutes of
QE"ttati; min. are used for preparing the lean batter. As from the formulation can be seen the salt
8ggq NS on the lean meat and on the total amount of water are resp. 3.8 and 3.0 & and the meat /

Yater ratio is 2/1.

Afy
er s
ey . ;
:xDetith“l Preliminary trials we came to the meat / salt / water ratio as mentioned in the
ag tal part. The salt in water concentration during extraction and thus of the dilution brine,

3.0‘ 361: 75 % instead of 3.0 %, in order to be able to separate the K-fraction from the WSP/SSP. At
Yer, . In Water the K-fraction was too voluminous to distinguish a clear borderline with the SSP/WSP
Eentrifu T meat used for the experiments and the obtained fractions after chopping, diluting,
he i“di;}jgg and dialysis showed the analysis as given in table I. The observed gelling behaviour of
Ual meat protein fractions in test tubes is presented in graphs (fig.1),

%z At this stage of the study WSP was not freeze-
% dry matter |% protein* dried yet so we were bound to a max. of
1% protein solution. It appeared that the WSP
Meat 25.10 20.25 fraction had the best gelling ability (after
. WSP 1.35 1.04 5 minutes homogeneous gelation), however the
thteina sSSP 7.78 7.09 gel structure was poor compared with this
X 6.25 K 6.14 4.02 gelling ability. The gel structure improved a
R 15.10 12.90 little in the absence of salt (see lines a) but
at the same time the gelling ability decreased

|
o

" somewhat. The SSP fraction also gellified in a
81

die Ot Concentration, but here it took 10 minutes. 1% protein was insufficient to get a homogeneous
lffere Of the K-fraction and the residue. At a protein concentration of 2% there was not much

ther Bﬂce in the gelling of SSP, K and the residue. With the residue syneresis of the gel occurred
eh("le minutesl probably due to the shrinkage of connective tissue in the meat-fibres. The K-traction
z”als Zg?ety "short” and brittle gel structure. Contrary to the WSP fraction, we found in additional
I:neentratr} improved gelling ability and better gel structure for the SSP fraction at higher salt
“ Or or tIOns.
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totein

be able to measure the strength of the meat protein gels as well as of the combinations

% .'"e“tlptoteins, these probes had to be gellified in wide glass jars and any separation of water

hb"ed " Avoided to allow factual comparisons. In this procedure only a 2% WSP, 2.5% salt solution
S€paration on heating.

Flg, | ———— = GELLING
GELLING OF MEAT PROTEIN SOLUTIONS IN TEST TUBES = =——ees = GEL STRUCTURE

WSP

=2 MINUTES




Experiments in test tubes and glass jars showed that for the other fractions a 3% meat proteins

3% salt solution is required for gel strength measurements. The necessity of a higher salt Lity
concentration can be explained by the previously mentioned better gel structure and gelling abi 1ar
of the SSP-fraction at higher ionic strength. As the K-fraction is also constituted of myOf“’ru
proteins similar effects could be expected. The influence of the protein concentration can be
.understood from fig.1. 11{fi°d
In fig. 2 and 3 the results of the measured reciproke penetrations of the different gels ,nd.qe H
emulsions are presented. It was not possible to produce gels of dispersions of the residue thhouly
water separation, whereas it was possible for emulsions made with the residue. Fig. 2 shows cleat
that the SSP-fraction yields by far the highest gel strength, followed by the K-fraction and the
WSP-fraction, this 'despite the best gelling ability of WSP.
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Although we may not predict from fig.2 behaviour of these fractions in meat products, it e;bﬂ

findings of meat scientists who claim a more important contribution of SSP than WSP to the w?nq the
and consistency of meat products. Besides the results of Mc Farlane (10) showing WSP decreas? tethP
binding of myosin, Grabowska (11) found an improved gel strength of fish muscle homoqena‘:ef‘.a jsh
had been extracted. The Japanese fish paste industry in fact applies this technique by ”ashfvgents 3
meat (extracting WSP) to obtain the desired high gel strength (12). Recent unpublished exper

our laboratory' (8) confirm the findings of Grabowska for beef muscle.

The above mentioned findings, however are mainly ncticed in low fat systems and it is @
whether this can be transferred to meat emulsions. In fig.3 it can be seen that the dif
strength completely disappear when emulsions are made with the meat protein fractions, but
non-meat proteins. Only the residue shows a higher value.

From fig.2 as well as from fig.3 it can be observed that, except for Ca-cas in the WSP
caseinates significantly improve the gel strength of the individual fractions. Apparently cop
having a more conglomerated structure than Na-cas, disturbes the gelling of the globular Safng_ rhe
proteins whereas the unfolded, thread-like Na-cas with high viscosity supports the WSP'qe} 7 in an {nd
disturbance by Ca-cas seems not to take place with the myofibrillar proteins, thus resultind dd
increased gel strength. So the practical experience of improved consistency of meat Pfoduccgvation
caseinates is also noticeable in the gelling of the individual fractions. A remarkable Obsere gsP 2
during the gelling in various test tube and glass jar trials was that caseinates retarded the_ He‘em
gelling but also that retarded gelling resulted in an improved gel strength and gel structuf to W
find a similarity with the pure WSP and SSP gelling: SSP shows a retarded gelling as Compafeein (ue
however resulting in an increased gel strength. WPI, in combination with different meat Prot"e is FW
fractions, reduced the gel strength or had no effect both in solutions and emulsions. The S ik
for SPI combined with all meat protein solutions and the WSP emulsion, whereas the SPI has 2 pu
effect in $SP, K- and R-emulsions, however less pronounced than that of the caseinates- wPIé eat"
SPI, possesses a gelling ability of itself. This gelling ability depends completely on heaa d gime’
during processing, protein and salt concentration during gelling as well as on temperaf—“re,s ot
Siegel (13) already found in a meat binding test system that gelling of non-meat protei“? ? g Chede
indicative of a protein's ability to bind meat pieces. The molecular interactions stabilizi? !mey
three-dimensional Structure of these proteins must be of the same nature as those of the qeitivewzdng
myosin to increase the binding strength. Probably WPI and also SPI do not interact in a poSese ‘OM
with the myosin molecules as described by Siegel and the network formation on heating by thtu,e a'
could distucb the network formation of meat proteins. From the differences in protein structt , ol

: nable
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gelling temperatures, for meat proteins 50-70 *C(14), WPI 70-80 *C(15) and SPI 60-70 C(16;: Thigwac
expected that a different network is formed and different molecular interactions take plac h8

be compared with the findings of Knight (17) who demonstrated by electronmicroscopic phot?
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of tgei Structure of sarcoplasmic proteins is completely different from a myosin gel and after mixing
of & : P:Oteins no homogensous gel is obtained. These photugraphs visualize the more loose structure
fot . “S8P gel which seems to be in accordance with other studies (6, 9, 11, 12). Caseinates would
991115 €r the formation of meat protein yels, since these random-coil structured proteins do not
iy as on heating. Although caseinates by themselves are not able to bind meat pieces together (13),
'I'hg becOme clear through these experiments that they do increase the gel strength.
e‘“lsio:e Conclusions may have certain implications for the formulation and processing of both meat
engiy, Systems and re.fotmed products like ham;, even though waterbinding capacity and binding
bet"een hbetween meat pieces were not measured in this study. In meat products the type of interactions
gelung eat.gelling meat proteins and added non-meat proteins appears to be more important than the
Cagelna "blllty of non-meat proteins as such. This could be an explanation of the superior effect of
qlobul €8, noticed in practice, on the waterbinding and consistency of meat products in comparison with
. 3F non-meat proteins.
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