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Neue Erkenntnisse der Fett- und Wasserbindung in Wurstbraten

Ernst J.C. Paardekooper und Bryan J. Tinbergen
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Es igt nicht vollkommen bekannt, wie die Hitzestabilitat eines Wurstbrates zustande kommt. Es gibt
B Viele Literaturstellen mit der Hypothese, dass ein Wurstbrat aufgefasst werden muss als eine
Emulsion von Fett in Wasser mit (Fleisch)eiweiss als Emulgator, aber die mikroskopische Untersuchung
VOr ung nach der Erhitzung ergibt ein heterogenes Bild, wobei das Fett hauptsachlich in unverletzten
Zellen vorkommt.

Weitere Untersuchungen der Fett- und Wasserbindung eines Brates wahrend der Erhitzung zeigen, dass
lnnerhalb von weiten Grenzen der Kuttertemperatur die Menge des extrahierbaren Fettes signifikant
POsitiy korreliert (P < 0.01) mit dem Fettabsatz. Das bedeutet, dass die Unverletztheit der Fett-
2ellep die Hitzestabilitat bestimmt und nicht die Menge des ausgetretenen Fettes, die emulgiert
Verden kann. Experimente mit fettldslichen Farbstoffen zeigen eine bedeutende Fettmigration wahrend
dey Erhitzung von nicht stabilen Braten.

Die Wasserbindung einer Mischung von feingekuttertem Fleisch, Salz und Wasser (Farce) wurde bestimmt
alg Funktiop der Kutterzeit und der Farcetemperatur. Die Bestimmung erfolgte durch Wagung des Gelee-
absatzes nach Erhitzung in Dosen. Die Wasserbindung erreicht einen Hochstwert nach 4 min (0% Y
Pleipy konstant bis 15 min (18° C) und sinkt dann allmahlich,sichtbar in zunehmenden Geleeabsatz.

on jeder Farce wovon die Wasserbindung bestimmt wurde, wurde ein Wurstbrat hergestellt durch Zusatz
Von Rﬁckenspeck- Die Wasserbindung des vollstandigen Brates korreliert immer mit der Wasserbindung
dep Frace bei allen angewandten Farcekutterzeiten. Die Fettbindung des erhitzten Brates korreliert
Slgnifikant mit der Unverletztheitsgrad der Fettzellen.

& :
® Ergebnigse werden diskutiert im Ramen der modernen Wursttechnologie.
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e Mechanigm involved in the heat stabilization of sausage batters is not completely understood.
HYDcheSeS to consider comminuted meat batters as fat-water emulsions with (meat)proteins as emulsi-
Here are widely spread in literature. However, microscopical evaluation of sausage faid - duscheon peat
type Nixtures pefore and after heating reveal a more heterogeneous structure in which the fat pre-
Ominantly appears as intact fat cells. Further investigation on fat and water retention during
heating revealed that over a wide range of attained chopping temperatures the level of extractable
fat ig Significantly positive correlated (P < 0.01) with the amount of fat separation after heating.
Thig implieg that the integrity of fat cells in a sausage batter rather than the availability of re-
Cageq fat for emulsification determines the heat stability. Experiments with fat soluble dyes show
substantial fat migration during the heating of unstable comminuted meat-fat-water mixtures.

- water—retention level after heating of canned meat-salt-water mixtures was determined as a func-
o °f both the chopping time and the attained temperature in the chopper. Optimal water binding
during heating was achieved after 4 min comminution and remained constant over a chopping time range
i 15 min corresponding to O - 18° ¢. Beyond 15 min the water retention gradually decreased as
reflected in a steady increase in jelly formation during heating. Each specific water-retention level
Correspoﬂding to a given batch with definite chopping history will be embodied in a complete batter
prEpared from the mixture by further comminution with back fat tissue.

h e x i ilss
R binding in the batters concerned is always correlated with the level of intact fat cells

The
Tesult i es in sausage manufacture.
lts are discussed in the light of modern processing procedures in sausag u t
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Informations sur la capacité de rétention de l'eau et de la graisse dans des saucissons & bouillil
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Le mécanisme produisant la stabilité d'une plte de saucissons a bouillir est encore peu connu. On 1
fréquemment des hypothéses disant que la péte de saucissons serait & considérer comme une émulsio®f ¢
graisse et d'eau avec des protéines (de viande) fonctionnant comme émulsifiants. Cependant, des ré~
cherches microscopiques de ces saucissons avant et aprés chauffage ont montré une structure plus
hétérogéne, dans laquelle la graisse apparait surtout comme une quantité de cellules intactes. De
plus amples investigations concernant la rétention de la graisse et de l'eau dans un saucisson pendy
le chauffage ont indiqué que dans des limites largement divergentes de températures de cutterage 1€
niveau de la graisse extractible correspond d'une maniére positivement significative (P < 0.01) a 12
quantité de la graisse séparée aprés chauffage. Ceci signifie que c'est l'intégrité des cellules d€
graisse dans la plte plutdt que la présence de la graisse libérée pour 1l'émulsification, qui détermiﬂ
la stabilité de la chaleur. Des expérimentations avec des colorants dissolvant dans la graisse montﬁ
une migration considérable de la graisse pendant le chauffage de mélanges instables de viande, de
graisse et d'eau. Le niveau de la rétention de 1'eau aprés chauffage dans des mélanges de viande ave’
du sel et de l'eau était déterminé comme une fonction du temps de cutterage et de la température das®
le cutter & la fois. La rétention d'eau optimale aprés un cutterage de 4 min reste constante duran®
un temps de cutterage de 4 & 15 min, qui correspond a 0-18° ¢C. Aprés 15 min la rétention d'eau dimiﬁ:
graduellement, comme on peut constater de la formation continuelle de gelée pendant le chauffage. :
Chaque niveau de rétention d'eau correspondant & une charge hachée d'une certaine fagon sera incofpﬁr
a une pate préparée du mélange en le hachant encore plus avec du gras dorsal. ]
La rétention de la graisse dans la pdte en gquestion correspond toujours au niveau des cellules de gﬂ:

intactes. Les résultats seront discuté dans le cadre de la technologie moderne de charcuteries.

HoBble CBEAEHNA O CBA3bLIBAHMKU MMPA U BOAbl B M3MENbYeHHbIX MACHBIX MPOAYKTAaX.

3.A.U. NAAPAEKOONEP u b.#. TMHAEPIEH

13 otpena ''HupgepnaHackuii UEHTP MACHOM TexHonoruu'' UeHTpansHoro HAM nutanus u nuum, 3eicT, Monnawgus.

MexaHnam, penicTeywwMi MpU TepMUUYEcKon cTabunmuaaumm konGacHbIX dapwei, MOMHOCTLI0O He pas3bACEeH. B NUCbMEeHHOCTH o
POKO BCTpeYanTCA runoTess, paccMaTpuBanuue uaMenbyYeHHHle MACHbIE GapwM Kak 3Mynbcuu wupa B Boge npu copericTBA
MACHBIX N1 polasouHbix Genkos. 0aHako, MMKpOCKOMMueckas oueHka cMeceit konGacHex u ''luncheon meat! T™Na ao Harw
BaHWA M nocne Hero, obHapyxuna Gonee reTeporeHHyio CTPYKTYPY, B KOTOPON WMp rnaBHuM oGpasom HaxoguTca B Heno”
BPEeMAEHHBIX KUPOBLIX KNeTKax.

AdanbHelwee uccnepoBaHue yAEpPKaHWA Kupa M BOAL BO BpeMA HarpPeBaHUA U3MENbYUEHHBIX MACHBIX WU3Aenuii nokasano, 470
WMPOKOM AManasoHe KOHeuHbX TemMnepaTtyp B MAcOopyOke, ypoBeHb OKCTParupyemoro xupa MMeeT AOCTOBEpHyio (P«f0.0ﬁ
NONOKUTENbHYK KOPPENAUMI0 C KONMMYECTBOM Xupa, BHAENEHHOrO NOCNe HarpeBaHuA. 3TO CBUAETENbCTBYET O TOM, 4UTO
UENIOCTHOCTbL MWPOBBIX KNETOK B KONOAcHOM dapwe, a He WMp, BLHICBOGOKAEHHBIA AnA aMynbcudukaumm, onpepenset TepMO”
CTOMKOCTb . JKCMEPUMEHTbl MpU MOMOWM KHMPOPaCcTBOPUMBIX KPAacoK MOKasann CywecTBEHHYI MUrpauu® WUMPOB BO BpeMs Harﬁ
BaHUA HecTabunbHbiX U3MENbYEHHBIX CMeceil M3 MACA C MMPOM M BO[ON.

YpoBeHb ypepiuMBaHMA BOALI MO HarpeBaHMM CMecell M3 KOHCEPBHOIMO MACA, COMM M BOAb Gbin onpegened B 3aBUCUMOCTH K8
OT NPOAONKMTENLHOCTU PYyOKM, TaK M OT AOCTUrHYTOW BHYTPWU MBMENbUMTENA TEMNepaTyphl. YaepkusaHue sogsl gocTurno y
onTuMyMa uyeped 4-MuHyTHOE M3MenbueHWe M OCTaNOCh MOCTOAHHBIM yepea npomexyTok 4-15 MUH., T.e. 0-18°C coorse"CT
BEHHO; rocne 3TOro, yAepxMBaHWE BOALl B BapeHONW CMECH MOCTeneHHO Magano, O YEM CBUAETENbCTBYET HerpepbiBHbIv
pocT olpa3oBaHWA Kene BO BPEMA HarpeBaHuWA.

YpoBeHb ypepwMBaHWUA BOAB KaX[OM OTAENbHOM COCTABHOM CO CBOEM WCTOPUEN W3MenbueHus cogencTByeT B 3aKoHueHHOM
Gapwe, M3roTOBMEHHOM M3 CMECH MyTeM AanbHeWWwero WM3MerbYeHUs BMECTe CO CMMHHOM KUPOBOM TKaHbO.

CBAsbiBaHMe ¥MPOB B AaHHbX Gapwax BCErpa KOpPPeNnMpYeTCA C ypoBHEM HEMOBPEeXAEeHHOCTH KUPOBBIX KNETOK.

PesyneTaTel o6cyxpanTcAa Ha OHE COBPEMEHHOM TEeXHOMOruu npoussogcTea kontac.
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Mroduction

Dazszzgm "emulsion” t@ describe various comminuted meat systems is common. However, hardly any of these systems
or EmUlSFPQCtU?es éKlﬂ to.that of a true and simple emulsion, i.e. one liquid phase finely dispersed in another.
e in thslf}caﬁlon in comminuted meat mixtures, fat has to be released from the adipose tissue cells and should
emulsif-e liquid state. The latter is not achieved at normal chopping temperatures. Furthermore, commercial food
”CFeaS%EPS have been found to decrease rather than increase fat binding in meat products (Meyer et al., 1870).

cton ing ghe concentration of dissolved proteins favours the heat stability of comminuted meat-fat systems
Ving Ca”d faffle, 1970; Carpenter and Saffle, 1964; Inklaar and Fortuin, 1869) but is detrimental to emulsi-
Pro Uctapaclty (Acton énd Saffle, 1972). More recent studies show that the heat stability of finished meat
and g, i’ prepared in industrial choppers, also depend on chopping conditions (speed, time and temperature)
freg faths Extent.o¥ bregkdawn QF the adipose tissue cells (Evans and Ranken, 1975b). Increasing amounts of
eat-pp in the mixture impair its heat stability (v.d. Oord and Visser, 1873). Microscopical examination of
integr12Cessed.5ausages showed that under optimal conditions most of the fat cells are able to maintain their

ss in yvdeSplte intensive grinding and chopping. The fat released from damaged cells is dispersed in the meat
EXDBrim the form of small lumps which are generally much larger than the fat droplets in a real emulsion.
Teason ents, carried out by Evans and Ranken (1975) and Tinbergen et al. (1977) support this view. For the same
tem "QBEEDWH and Toledo (1975) proposed to discontinue the use of the word "emulsion” and replace it by the

e EEer” .

is:i:nd that the resistance of the fat cells to damage during comminution depended largely on the type of fat
damage ?”d on its storage history (e.g. frozen vs. unfrozen). The guestion came up to what extent the fat cell
of the ;5 related to the fat separation after heating. Microscopical examination gnly allows a rough impression
P“Dturedegree of fat cell damage. We report on a method for the selective extraction of the exposed fat from

cells in the batter.

Matcra
E;%%Iiéii_gﬂd methods
P}gBZEEEQD_Qf_fzge_féﬁ_fzgm_99@@299?99_T99E_9§239f§
i € a slurry of 6.0 g meat batter in 150 ml water..This has to be done with caution, e.g. by gentle stirring

1t}
itztivglaSS rod to avoid any damage to the fat cells due to excessive shear forces. Transfer the slurry quan-
that helyto the extraction chamber G of the all-glass percolation extraction apparatus (Fig. 1). Take care
Nsert ? slurry remains 2-3 cm below the side arm which is connected to the cooler J by means of a ball joint.
intg 5 the solvent collection tube EF, with a magnetic stirring bar H placed on top of the hollow glass disk F,
5« Mount the extraction chamber G into the apparatus.
Eiﬂ;j. Extraction apparatus Boil n-hexane in flask A. The vapour rises in tube B, which is
for the selective eX- heated by electric heating tape. The vapour condenses in the
traction of fat from coolers C or D. The condensed hexane drops into funnel E which is
ruptered fat cells connected to the glass tube debouching into disk F. The heating

penetrates the meat batter slurry via the topside of F which is
perforated with 1 mm wide holes. The magnetic stirring bar H keeps
the slurry in motion and dissipates the hexane droplets.

The hexane rises to the top of the agueous phase. Fat-containing
hexane builds up there until it reaches the side-arm and flows back,
by way of the cooler J, imtc flask A.

Terminate the extraction after 3 h. Evaporate the hexane completely
and weigh the remaining fat.

Samples were from three groups of batters of different composition.
Proximate analytical data are given in tables 1 and 2. All batters
were prepared in a 40 1 Kilia laboratory bowl chopper with three
knives (rotation speed: knives 2500 rpm, bowl 20 rpm). For the
three compositions various amounts of lean beef trimmings and pork
back fat were used with equal levels of added water (13%) and salt
(1.8%). To obtain marginal compositions with regard to heat stabil-
ity, binders such as (poly) phosphates and starch were omitted.

As can be seen in table 1 the degree of comminution was varied by
different chopping times. This resulted in different final batter
temperatures.

Table 1.Composition and chopping conditions of three batter groups

Batter i ranges of
\ ; moisture ; i :
group protein moisture protein chopping time attained
symbol % % rati; range chopping
(Fig.2) temperatures
a 9 43 4.9 5 - 10 min 20) - 59 €
0 10 48 4.6 10 - 20 min 18® - 25° C
X 12 50 4.2 2 - 18 min 79 - 289 C

All baéters were filled into 330 g cans and pasteurized for 60 min
at 80 °C or sterilized for 60 min at 128 ~C [(Fo = (e ) I
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Table 2. Total, free extractable and separated fat
in batters or finished products Fig.2. Correlation between the amounts of g 3
free extractable fat in a batter aZ
% fat in batter fat separated after heating at 80 C
5 L
Nr. compo- % fat sep. % fat extr. group
sition symbol 5l 2
1 5.9 0.0 3.1 a 3 -7
2 sty 0.0 3.3 X 4‘ﬂ ?r(f:tb:l’étz;“ed /8
3 5.9 0.0 375 a
4 5.9 Q.8 6.4 N 2
5 35,5 0.3 4.0 X
6 35:5 @:5 L X
7 39.6 2.5 21.0 0
8 38.6 355 8.7 0
9 39.6 7.8 14.0 0
10 39.6 11.8 9.4 0
14 39.6 14.8 16.6 0
1 39.86 7.0 1540 0
13 39.6 183 24.0 0
14 355 i 12 4 20.0 X
15 39.8 el 2744 0
16 38.6 20.9 23,8 0
12 35.5 2249 2842 X
18 38,6 24.0 2057 0
49 39.6 27.5 85.8 0
20 39.6 31,0 41.2 0
1) mean % of fat separation from 5 cans heated
60 min at 80° C.
2) mean % of duplicate determinations
3) See Fig, 2
XX % fat separation
in heated product

T T T

/] 10 20 30

Preparation of meat-salt-water mixes

““““““““““““““““““““ h - ot
Meat-salt-water mixes (45:13:2) were obtained by chopping for various periods and subsequently heating in Ui
at 80° C. The jelly deposit was determined as % of total weight. The same unheated mixes were used to comp?®
batters by further chopping with back fat (see below).

Batters from the above mixes were obtained by chopping for different periods with back fat. The fat separaty
was determined after heating for 60 min at 80° C in 300 g cans.

Results o
Fig. 2 shows the correlation between the percentages on sample weight basis of the free extractable fat and
separated fat after heating at 80° C. The regression equations are

= 0. =% 1)
Yextr.fat % O % separated fat % o [

and

o 27 (2)

g T AR Y extr.fat %

X
separated fat %
T, e o d
The correlation coefficient is 0.915 which is highly significant (p < 0.001). A similar correlation was {Du%(
after sterilization at 120° C. The regression lines had practically the same slope, but were shifted to higl
fat separation percentage:

Yextr.fat 2 L xseparated fat % £:23

Xseparated fat % (823 Yextr.fat % 2o

A
Microscopical examination of the batter residue after extraction revealed that all remaining fat was enc105”
in intact fat cells that evidently had resisted the mild extraction treatment.
The results strongly support the concept that the fat separated upon heating was already present as free fat
(i.e. excluded from damaged tissue cells) in the batter.
If fat and water binding and stability of the final product were dependent on the emulsification of the fat
phase, one would expect that a higher degree of fat cell damage favours the availability of emulsifiable fa
and ipso facto the heat stability of the product. This is opposite to what we actually found. .
Our results indicate that the integrity of the fat cells in the processed meat batter rather than the avail?
bility of released fat for emulsification determines its heat stability.
In fig. 3 the jelly deposit as a function of the chopping time of meat-salt-water mixes is shown. At the X
perimental conditions chosen a chopping period of 4 min results in optimal water binding during subsequent
heating. Comminution beyond 15 min leads to a steady decrease of the heat stability of the protein-water Mm@
Fig. 4 shows the relation between the percentage of separated fat and the chopping time of a batter.

grd
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8.4, Relation between fat separation after

30 heating to 80°C and chopping time of
batters

Fig.2. Jelly formation in heated meat-salt-water
mixes as a function of the chopping time

28
aob xjelly

22| =~

8

13

L.

s 20
18| °

-]

-8

[ ]

L}

-
14| 8

10
9 ®—@® imin
O0—Q 4 min
&—A 10 min : y min.
8 B8 30 min 0 20 40 60
batters from meat-salt-water mixes
2 (pre-chopped for different periods
as indicated above) and backfat
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bat gprslstEDCe of the pre-chopping history of the meat-sa
1 m_FQaches a point of minimal fat separation som
Proe inimum depends on the heat stability level of

c

1t-water mix is clearly demonstrated. Although every
ewhere in the range of 4 - 8 min chopping, the level of
B e lev : the protein—saltfwater mix predetermined by the pre-chopping
Drmtein, . This indicates that the fat stability in a heated batter is the resultant of the effects of the

t'un_ water matrix formation during pre-chopping and the destruction of fat tissue cells on further comminu-
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