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General information on the structure of sausage emulsion and
; ormation

The problem of animal fats utilization in sausage production
has two aspects: one is associated with fat efieot upon sausage
Tooq value, the second - with the necessity of fat rational and
48 wide as possible use on the commercial scale.

Any property of any body depends both on the compositiom and
°n the structure of the latter, and many technological processes
have the purpose to effect such changes in the composition and
n the structure to convert them into a food product with pre-
8¢t properties and are summarized in the comcept the quality of
thig product.

Among obligatory properties of foods the following should
% mentioned (not going into details): high food value, safety
for huymans'health and the appearance by which consumer's prima-
*y judgement of a product is formed. Along with this, of no less
lmportance from the economic point of view is the task of obtal-
Ung the maximum yields ef the product and of keeping to the re-
Wirements of standards or other official documents concermed
"ith product compositien.

Obvieusly, the above-mentioned should be taken into acceunt
"hen dealing with the problem eof fat rational use in the techno-
1°810al processes for sausage production.

The food value of edible fats is the topie eof another revi-
®W. Realizimg their high food value, one may limit himself with
Stating that their content in many sausages is sufficient to sa-
ti&fy the requirements of human organisms. But being a product
°°mponent, fat affects the food value of this product as a whole.
EXperiments on humans allowed to establish that the kind of fat
4 the ratie fat/protein in the products affect the digestibl-
lity of both componenmts. A higher fat content retards the secre-
tien of the gastric juice and proteim digestien by pepsin. On
the other hand, by provoking the pancreas, fat stimulages the
Secretion of panoreatic juice not omly fer itself, but alse for
Qitrogenous substances and carbehydrates /15, 26/. When feeding
Qogs with meat and pork fat (protein/fat ratie is 1:1), it was
%bserved that the latent period was extended; pepsin level in
the gastric juice and acidity were reduced; a similar amount of
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Julce was secreted within twice as long a period as compared t0
feeding dogs with meat only. Increasing fat content aggravates
these phenomena, On the other hamd, the pancreatic juiee, stimu~
lated by fat, had higher contents of protein and enzymes, as COF
pared to stimulation by meat /47/.

Thus, first, with account for the normal fat requirements
of the human organism, one should assume the existence of am 0P~

timum ratie ot protein to fat which enter the organism at a
single time, Second, it is obvieus that the longer and the more
complete fat emulsifyimg, the quicker its removal from the ste-
mach and the easier protein digestion,

In literature there is no special data available on the 0P~
timum protein/fat ratio, which enter the organism at a time,
when consuming meat, but, ebviously, this optimum should not dif”
fer greatly from the ratie recommended, on the average, for a
daily ration, i.e, 100:100 /8/, with lipids containing about
8 units of highly unsaturated acids; the maximum fat/proteim re”
tio is appr. 350:250. There is an assumption that the optimum
fat content in meat products should constitute 75% of the avail-
lable protein,

Meat products are, as a rule, eatem together with bread,co0B”
taining proteims; therefore it may be assumed that, under the
comrercial conditions and preceeding from the permissible quam~
titative ratio of lipids to proteim, it is expediemt to manufac”
ture three kinds of sausages:

~ those for general use, which contain optimum fat (about
20-22% as fatty tissue);

~ those of a high caloric value, which contain maximum fat
(up te 25-26% as fatty tissue);

- those for dietetie purpeses, in which fat content is belo¥
the optimum,

As was mentiomed above, however, the food value of a produc?
depends not only on its composition, but also on its structure-
As far as sausages are comocermed, there are two importamt as~
peots: 1) their structure as a whole, i.e. the spatial distribv”
tien and the association of proteim and fat components; and 2)
of no less impertance is the strueture of the fat oomponent pro”
per.
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With respect to cooked sausage products,including canned
comminuted meats, their fat components can be presemt as blgger
or smaller pileces, as fatty tissue decomposed teo this or that
extent (e.g. im frankfurters or sardellas), or as melted fat,
Judging every above version from the viewpoint ef the effect on
Product food value, one should bear in mind that fat decemposi-
tion by pancreatlie lipase must be preceeded with the destructi-
on of the proteim base of the fatty tissue structure and fat re-
moval from the stomach. Since collagem is the maim connective
tissue protein, which is comparatively difficult to decompese
by pepsim amd trypsin evem after heatimg, it suggests that the
Process of the destructiom of the pretein base of the fatty tis-
8ue will be rather slow; the bigger fat pieces size, the slower
the process, aud viee versa. Obviously, the fimer cemminution
of the fatty tissue, the better. The above-ssid is valid for
raw fat contained in sausages,

During commimution of sausage emulsion components, in a
Sutter, mechanical destruection of the tissue predominates, this
being followed by their imtemsive swelling promoted with added

Water. When being destructed, muscle fibers are cut, mainly,ae-
ress their axes, and their contents are released. Some muscle
bundles are cut along fibers exes inte separate fibrils. The
Prevailing size of the particles does not exceed s~veral mie-
rons. When swollen, these partioles form a grainy mass with se-
hi-destructed muscle fibers, scraps of connective amd fatty tis-

Sues, bleod and lymphatic vessels, nerve fibers, fat cells, as
well as dispersed fat particles - of eval or, more seldom, sphe-
rioc shape ~ imeapsulated with struetured proteim whioh, mainly,
Sontains collagem /52, 53, 58, 69, T4, 91/. The presence of the
latter indicates partial emulsifying of fat.

Fat emulsifying durimg comminutien resulte in . a signifi-
Cant local temperature rise, this causing material spot over-
heating and fat melting. The formatiem of a highly disperse emul
8lon is possible at intemsive mechamieal treatment of fat. The
destruction of fatty cells gives a fine, disperse, stable emul-
8ion.

A preparation of the meat cempoment of ccoked sausage emul-
8lon looks like a finely-grained, pale-rose mass with inclusions




of soraps of muscle bumndles and fibers, connective and fatty tis
sues, dispersed fat particles, cavities filled with gellied g1V~
tin on their inside surface /54/.

Thus, during comminutiom i1m a cutter only some fat (its
amount depends om conditiems) is released from the cells, form=
ing emulsion. But tissue destruction and fat emulsifying are N7
ver completed.

Proteims are partially solved and pass te a comtinuous Ph&~
se. These proteims, especially contained im the actomyosin frac”
tion, determine sausage emulsion cohesion and post heat proces”
sing form a continuous spatial carcass which conditions the bir~
ding of product structure and in the cells of which insoluble
particles, including those of the fatty component, are immobilr'
zed /44, 55, 69, 80, 83/. The strength of bonds between the P&
ticles of this component and product structural elements is d€”
termined both with the degree of fat emulsifying during cuttiné
and with the participation of the fatty compoment in structureé
formation during heat processing.

On the basis of the specific mechanism of protein-lipid
foods digestion one should assume that melted fat inclusion int?
a sausage emulsion may be expected to have the most favourablé
effect on product food value. But here a sufiiciently high de-
gree of the dispersity of the fatty component of the sausage
emulsion must be provided.

The importance of product structure is not confined only to
its effect upon the food value of the product. On its peculiarr'
ties depend a number of other quality characteristics and pro~
duct yield. This forces us to consider in detail structure for~
mation of a raw sausage emulsion and of the finished product.
Numerous investigations showed that this is quite reai on the
basis of the propositions of physico-chemical mechanics of dis”
persed systems, which are developed by P.A.Rebinder and his €0~
workers /27, 38/.

Raw sausage emulsion by its structure and properties appro”
aches dispersed systems of a coagulation type. In such systemé
dispersec particles are bound with each otuer by means of 100S°
coagulation links determined by excessive surface energy and
operating through a dispersion medium, These links are 1nclined




to thixotropy, and due to this the whole system possesses thi-
Xotropic properties and is capable of flowing if the operating
tangential stress exceeds the limit shearing stress. Their pro-
Perties, therefore, can be fully enough expressed in rheological
Characteristics /3, 9, 10, 11, 12, 13, &4, 45, 46, 73, 103, 104/.

The basic structure-forming material of sausage emulsion is
Proteinaceous substances, lipids and water which predominate
Quantitatively in it /44, 68/. Some minor substances affect the
Properties of sausage comminuted meat structure (eege, e€lectro=-
lyteﬂ). Probably, the strength and stability of its structure
48 a whole is directly commected with the firmness of links
Among ail three structure-forming components, which must be suf-
ficient to prevent the system from breakage during subsequent
he gy processing.

Taking into account the properties of raw sausage emulsion
and the condition of its components, it should be emphasized that
the continuous phase of its structure is liquid and contains so-
luble proteins, numerous soluble organic substances and electro-
lytes, and the discontinuous phase is represented by particles
°f a protein and l1ipid nature of vartous sizes up to those typi-
%al of colloidal systems.

Since the continuous phase includes both globular and fib-
11lar of an elongated shape, loose aggregates are formed fil-
ling the whole volume of the sol. An elastic thixotropic carcass
1s developed, in which unsolved particles are distributed. The
f1br111ar structure of the continuous phase 1s observed under
&1 electron microscope /55/.

Particles of the discontinuous phase in this complex system
&re connected by means of proteins dissolved in the continuous
Phase via interactions with them through solvate membtranes fixed
% hydrophilic centres. The strength and stability of raw emul-
8lon gtructure, therefore, depends entirely on the ability of
%th protein and fatty components to interact with water.

Besides, similarly to other dispersed systems, the proper-
ties of sausage emulsion are related to the volume of dispersed
Partjcles in the systems, to their nature and especially
their size and shape.

Of special importance is solubilization of the proteins of




the actomyosin fraction during meat ageing in cure and subsequ~
ent intensive comminution /44, 79, 80/. Their solubdlization 18
conditioned with the fact that added salt makes up the concentrad”
tion of an electrolyte, which is close to the solvent one. A fa~
vourable effect of protein solubilization of the actomyosin '
fraction upon the processing properties of sausage emulsion 18
well known from the experience of warm meat use, in which acto-
myosin is, to a considerable degree, dissociated into actin and
myosin having higher solubility. The addition of pyrophosphate,
resembling by its action ATP, to chilled meat (after rigor)makes
the properties of the latter close to those of warm meat /7, 32/

A positive role of the proteins of the actomyosin fraction
in fatv emulsifying and emulsion stability was proved experimen=
tally. This will be discussed later.

Necessary prerequisites for the formation of the properxr struo”
ture of the emulsion - such as a due degree of dispersion and
particles structure, a uniform distribution of constituents =
are formed in the process of intensive comminution of its compo~
nents. The formation proper of emulsion coagulation structure
ocours during settling (holding prior to heat processing).

Studies into the changes of emulsion rheological properties
and particles dispersity in the process of comminution in a cut-
ter /11, 12, 22, 24/ showed that initially, on the background of
a sharp increase of dispersion degree, a considerable reduotion
of viscosity and the limit shearing stress take place in paral-
lel to stickiness growth. The character of these changes corres~
ponds completely to the concept of the predomination of the de~
struction of tissue native cellular structure. Then, along with
the procesding increase of dispersity and stickiness, viscosity
and the limit shearing stress start to grow up a certain maximum’
This can be taken as an evlidence of the initiation of the forma~
tion of a new structure. Upon reaching the maximum, the rheolo-
gical characteristios decrease, stickiness 1s also reduced,
though dispersity continues to grow. An undesirable change of
the structure is observed, which is termed "super—outting" in
commercial practice. The cause of this phenomenon is local super”
heating of the mass, being comminuted, up to or avove 100°C, Par-
tial denaturation and coagulation of the proteins of the conti-
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Duous phage and of those, forming a structured protective coating
0f the dispersed particles of the fatty component, result. Finl-
Shed product structure is loosend, and during heating bouillon
4 fat are released.

Characteristic changes of emulsion rheological properties
d“ring comminution in a cutter can serve the basis for the deter-
Uination of the optimum cutting time and of the amount of added
Yater as related to emulsion composition /11, 12/. They are also
Usuful for developing the systems of automatic regulation of the
Process of cutting /1, 5, 19/.

There 1séregular connection /44/ between rheologiocal and
Surface characteristics of a raw emulsion, on the one hand, and
Structure strength and coherenocy and product yield, on the other
hang, This allows 1) to solve the problem of selecting raw mate-
Tlals with the purpose &f getting definite properties and yleld
Of the product; and 2) knowledge of the character of the bonds
%Pens prospects for the automatic regulation of the entire pro-
°®¢8g of sausage emulsion preparation.

For rheological properties, the character of the above-men—
tioneq binding is not, however, simple. Sometimes, this binding
1s direct: strength characteristics and coherency of the fini-
Sheq product structure increase with growing values of emulsion
Theological properties. Such is, for example, the effect of meat
%8eing in cure /23, 39/. In other cases this binding may be rever-
88: reduction of rheological properties corresponds to increased
8tructure strength and coherency of the finished product, as was
"entioned earlier.

This aspect is still little investigated. However, it was
Proved experimentally that there is, as a rule, a direct connec-—
tlon among emulsion stickiness, structure properties and finished
Product yield /44/. This is quite natural as of the decisive role
0 the formation of finished product structure is that part of
Proteins which is solubilized in the raw emulsion and determine
the value of stickiness. It should be noted, however, that the
YTue charawter of the relationship among stickiness and product
PToperties and yield is vivid only under such definition of “sti-
Ckinegg" when its main constituent is cohesion, rather than adhe-
8ion of the emulsion. At an increased fat content in the emulsion
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the relationship may become reversed /25/.

The coagulation structure of emulsion as such after it 1s
prepared and stuffed at a high flow rate from the stuffing horn
turns out to be entirely broken. Ites stabilization and final for~
mation, as 18 necessary for getting a product of proper quality
and yteld, takes place within the 2-3 hrs of settling. Of criti~
cal importance for structure stabilization are also that part of
the proteins of the actomyosin fraction, which i1s solubilized,
and protein ability for thixotropy.

Fat component participation in the formation of emulsion
structue

In the light of this report, the main attention is given 10
the mechanism of fat component participation in structure forma~
tion of both raw emulsion and the finished product. Irrespective
of the condition, in which it 1s added to emulsions (fatty tissué’
melted fat), of impuriance are its amount and the strength of it#
binding to other structural elements of the system in question.

As for fat amount, which may be recommended with due regaréd
to product food value, it was disocussed carlierp. Concerning the
amount of fat permissible without auy risk of significant coales”
cence during heating,under the convenient manufacturing conditil~
ons for products of a macroscoplally homogeneous structure it
should lie within 20-30% (es fatty tissue) /102/.

As was already mentioned, sausage emulsion should be consi”

\

dered as a dispersed system of protein-water-fat type. Water 1s
a quantitatively prevailing component and participates directly
in the mechanism of other components binding into a structure.
The strength of binding of the fat component im this structure
and its probapnle amount retained by the structure, apparently,
depend, to a great extent, on the quantity of fat which forms di”
reot emulsion during comminution in a cutter. By the way, it iséd
direct, rather than reverse emulsion, that influences favourably
product flavour /37/. It is, obviously, determined with the fact
that flavouring substances, which can irritate the nerve-endings
of the organs of taste, are sorbed by the surface layer of dispe’

- 826 -



S€d particles. In the reverse emulsion they are isolated inside
them,

In those ceses when fat is introduced to the emulsion as fat-
% tissue (fat or semi~fat meat), the amount of fat which 1s emul-
81fieq depends on the conditions of intensive comminution of the
Yaw materials(specifically, in a cutter). These conditions inclu-
Ge: meat grade and state; frotein-fat ratio; the amount of added
Yater; the order in which various components are charged into a
CUtter; the temperature of the mass being ground; the intensity
of comminution; process duration; the availability of substances
Sontributing to the formation of fat emulsion (in this case the
term "emulsion" is conditiomal as some fat is dispersed in the
80114 state).

From the viewpoint of product food value and other quality
QhaI‘acteristics, as well as production economy, it is disirable
that the amount of emulsifaed fat be as high as possible, the re-
Bulting emulsion be direct and its stability be sufficient to pre-
Vent i1ts coalescence during heat processing. Thus, it is not only
% question of fat emulsification, but of the stabilization of the
l‘eslllt:ing emulsion., As eleotron-microscopic studies showed, even
SMall-gized fat dispeggggiféggut 0.1 mc) may coalesce during hea-
Hng to dsstruct the protective surface layer /55/. In fimished
frankfyurters there may be found 2-30 mc droplets, the largest
tes peing located predominantly closer to the surface /34/. The
SPecificities of the mechanism of emulsion formation, as applied
to the conditions of sausage emulsion preparation, require further
e1u01dation.

The resulting emulsion is considered concentrated, the slze
o dispersed particles being 1-10 mo (coarsely dispersion), 0O.1-
L mo (medium dispersed), less than 0.1 mc (colloidally dispersi-
), Strictly speaking particles larger than 10 mc cannot be con-
81dereq dispersed. The stability of concentrated emulsions is de—
termined with structural-and-mechanical properties of the adsorp—
ti°11'--solvate layer which results on particles surface. They are
Stable jf adsorption layers have high structural viscosity and
MSchanical shearing strength. The effective thickness of the struc-
tured layer is 0.2-0.9 mo for the largest patticles. Fig. 1 shows
SChematic structure of direct (a) and reverse (6) emulsion /17/.
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The strength of the structured surface layer is specially
important, 1f the effeot of the mechanical destruotive factor 18
taken into account during comminution. Properties necessary for
this are inherent with stabilisers of combined nature, one of
them possessing high surface activity and the other being able t0
form mechanically-strong structures. Solid-like (quasi-solid) pro~
perties of such structures are conditioned by the orientation of
the particles which form them /40, 41/. To get direct emulsions,
stabilizers~hydrophilic colloids - are needed,

0f the substances contained in sausage emulsion, soluble pro”
telns, especially, of the actomyosin fraction are able to form
strong structured layers /66, 78, 85/. Due to this, they contri-
bute to the formation of heat-resistant emulsions /56, 61, 62,79
79, 81, 97, 99/. Most effective are myosin and actomyosin /74,

76, 106, 107/. It is associated with their structure and incline~
tion to thixotropy. The ability of solvate layers to thixotropic
reconstitution is of significance in connection with possible
emulsion inversion (phase inversion), i.e. diarect emulsion conver”
sion to the inverse one, This possibility is greater with a largé®
share of fat component and higher intensity of dispersion. It 1s
especlally great at simultaneous comminution of all the components
in the machines of high capacity. Due to myosin and actomyosin
thixotropic properties, sausage emulsion coagulation structure 18
stabilized, including fat component, during settling.

Myosin positive effect on fat emulsion stability in the sau-
sage emulsion emphasizes the importance of the conditions and pro~
cedures for inoreasing the solubility of actomyosin fraction pro-=
teins during sausage emulsion preparation. The significance of
this factor both for product structure formation and fat compo-
nent stabilization in this structure was discovered in commercial
practice long before the existence of these proteins became known:
It 1s with this that warm meav utilizatieén for cooked sausages 1B
connected, which is added to sausage emulsion as so-called "prat"‘

In warm meat actomyosin is mistly dissociated into actin and
myosin, which are easily soluble in the presence of an electroly~
te NaCl. If this edectrolyte is added to camminuted meat prior toO
the fast stage of rigor mortis, the latter is sharply slowed down
due to the inhibition of ATP-ase activity of myosin and glicoly~-
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1s /30, 3%, 70, 71/, and, probably, as a result of electrostatic
lonic effeot /74a/. In the sausage emulsion, made of warm meat,
dispersed fat particles are nearly spheric in shape and more uni-
formly sized /59/.

Reduction of the solubility of actomyosin fraction proteins,
f°llowing rigor development, is accompanied with their decreased
®ulsifiability /108/. It should, however, be emphasized that sau-
8a8ge of fresh warm meat only has extremely hard and elastic textu-
T¢, this being due to the development of a strong spatial carcass
%8 a result of denaturation and coagulation of most dissolved pro-
teins of the actomyosin fraction. It is, therefore, preferable to
4dd up to 20-25% cured warm meav of the total.

Actomyosin dissociation can be stimulated artificially. E.@.,
1% was experimentaliy proved that pyrophosphates action is similat
to that of ATP /32/, whioh dissociates actomyosin. Tendency towards
@0tomyosin dissociation is also contributed by polyphosphates/74/.
0f a positive role is medium pH rise: emulsion stability increas—
®8 with sausage meat pH growth /59, 60/.

Phosphate action is, however, more diverse, It is doubtless
that they stabilize directly the structure of the protective layer
°f dispersed fat particles., Water—fat emulsion, containing 0.75%
8¢latine and 0.13 acid orthophosphate as stabilizers, was not de-
Composed after re-heating and cooling, whereas emulsion without
Orthophosphate was much less stable /41, 42/. Besides, polyphospha-
tes partially saponify fat.

Phosphate application to improve and stabilize sausage emul-
8lon structure is widely accepted in common practice. In many
Countraes polyphosphates are preferred, in the USSR - pyrophospha-
tes, Harm~free use of phosphates in limited amounts has been tes-
ted on animals /88, 95/. By their toxmcity, they do not differ
from commonly used flavouring additives. The United Committee of
®xperts on food additives of the FAO (UNO) limited the permissib-
le dose by 30 mg/kg of human weight (expressed as phosphorus).The
USSR Ministry of Health restricted phosphates by 0.3-014% of the
Taw materials. Polyphosphates change notably product struoture
nd flavour, however.

A favourable effeot of the proteins of the actomyosin frac-
tion on the stability of water—-fat emulsion and on the formation
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of the spatial carcass, determining product structure, makes ur-
gent the task of utilizing proteins of the meat, left after bon~
ing, e.g., on vertebrae, by extracting them with electrolyte solu~
tion /14/.

Globular proteins, including sarcoplasmic ones £75, i06,109/’
have a lower stabilizing effect, but still sufficient to prove
the expedienocy of utilizing such proteins to stabilize sausage
emulsion structure. Due to their easy solubility they enrich the
continuous phase of the emulsion; therefore, the stabilization of
the fat component in sausage emulsion structure is also achieved
through fat droplets immobilization in carcass cells. As a resulls
the probability of fat coalesocence during heat processing is re~
duced.

The solution of the problem of the commercial use of globu-
lar and other soluble proteins as a component of sausage emulsi-
ons is connected with the evaluation of their effect on product
food value and of economic expediendy. In this respect, of inte-
rest are blood plasma (serum), milk proteins, soya proteins.

In the meat industry of the USSR serum (plasma) addition to
some sausage emulsions is limited by 10%. The amino acid analy-
sis of sardellas with 20% blood serum added did not reveal any
significant differences from sardellas without serum, which could
evidence a marked reduction of product biological value /40/.

Non-fat milk powder oontributes to fat emulsion stabilizatio®
/83, 85/ and has a favouraBle effect on product food value, but
i1t does not increase sausage emulsion water-binding capaocity, ob~
viously, because of an increased content of calcium salts /55a/-
More effeotive are milk protein preparations, e.g., sodium casei~
nate,

As for soya proteins, their utilization as an additive to
sausage emulsion should be based on their considerable influence
upon product quality. Though these proteins contain all the indi~
spensable amino acids, the biological availability of the latter
is much lower as compared to those of meat proteins,

Taking into account the role of actomyosin proteins in emul-~
sion formation and stabilization, the necessity of adjusting botd
muscle, fat and connective tissue ratio in the compositionékhe
sausage emulsions should be admitted. With increasing connective
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tissue content, emulsifiability and stability of emulslions are
decreased /86/.

The best organoleptic scores are given to products with the
Optimum fat-muscle ratio. Thus, Doctorskaya sausage made of pri-
De-grade meat was best scored when it contained about 20% fat.

Under the conditions, when water predominates quantitative-
1y in the system, the latter as a whole is stable only in case
Protein and fat can interact with water in such a way that par-
ticles polar groups are blocked by its molecules, Under—estimati-
°n of the role of fat component as a full-value one in the total
8tructure of sausage emulsions results in incorrect practical
Tecommendations, in which the ultimate effeot is related to the
Properties of the protein component only.

Provided proteins, fat and water, held by the polar groups
Of protein or dispersed fat particles, participate in structure
formation they will be attracted by water, held by these partic-
138, not stronger than water molecules are attractedveach other.
Hence’ joining of two such particles will not increase energy,
this getermining system stability as a whole,

The mechanism of protein and protein structures hydration
13 well known, and there i1s no need to deal with it in detail in
this report. The character of interactions between dispersed fat
Particles and water is clear from the scheme in Fig. 1.

Leaving the question of structure complicatlon of direct-
*mulsion solvate layers (Fig. la), caused by the presence of
®lectrolytes and other solubles, one should process from the
ldea of the development of multilayered water membranes. Hy some
datg /18/, the integral energy of hydration for natural polymers
4Pproaches 80 cal./g. Thus, with decreased solvate membranes
th1cknesa, interaction energy of hydrated particles inoreases.
The whole system becomes stronger. And vice versa.

Since the orientation of water particles in the solvate la-
yer imparts solid-like (quasi-solid) properties to it, in cases
Product particles are separated with sufficiently thin water in-
terla.yers, the system, on the whole, acquires certain hardness
%0d mechamical strength. When the thickness of the interlayers is
1nCreased, they act as true viscous liquids, performing the to-
le of 4 hydrodynamioc grease. The system i1s plasticized, its flui-
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dity grows. Further thickness increases cause system destabiliza=
tion.

Taking into account the ability of fat dispersed
particles to hydration, with the structured surface layer partici-
pating in this process, the active role of the fat component in
the changes of the above properties of the system should be admi-
ted. The strengthening of forcemeat structure by means of proper-
ly prepared emulsiong, which increase greatly the water content
of the former, was proved experimentally /43/.

Sausage emulsion structure depends on the ratio of the main
components. With fat inoreases, viscosity of the intact structmre
decreases, this being especially sharp with fat content growth up
to 30% or over, as fat acts as a plasticizing agent., This is de-
termined by the fact that the strength of bonds, retaining fat
dispersed fat particles in the system, 1s comparatively small.F_at
possesses such an effect at apout 20°C, .Temperature fall in sausas®
emulsions causes a considerable rise in their voscosity as a ré-
sult, in particular, of fat structural changes. The above regule~
rity 1s established equally both for raw and melted fat in sausa~
ge emulsions.

When fat content in sausage emulsions is increased, shear
modulus E also grows, this being determined by the formation of
crystallization structures in fat, for which E is higher than
for coagulation ones. Sausage emulsion stickiness is decreased be”
cause of a reducing level of the protein dissolved in the 1iquid
phase, this reddction being caused by decreasing amounts of pro-
tein substances in the sausage emulsion.

While fat content in emulsion products grows, their tender~
ness 1s decreased, when these products are eaten cold; when they
are heated, the difference im not so marked.

Thus, changes in fat content affeot the structural-and-mech8d”
nical properties of both sausage emulsions and finished sausages’

On the basis of the above-stated on the participation of
forcemeat main components in structure formation, the availabili~
ty of "free water" in the structure of properly prepared sausageé
emulsion should be considered incorrect. Even that part of water)
which 1s released (often together with fat) during heat processiBé
because of physico~chemical changes of forcemeat structural ele—
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ments, is bound water. It is more precise to differentiate water

Contained in sausage emulsions by bonds strength. For the techno-
logical purposes, the following dynamic scheme is convenient /18/:

stronglg—bouna — loosely-bound — loosely-bound
water RS water, useful <«— water, excessive

For sausage emulsions loosely-bound useful water is that gi-
¥ing the product plastiocity, juiciness and other favourable orga-
Noleptical qualities. Excessive loosely-bound water is that which
1s separated during heav proocessing (often, together with fat).

This scheme can serve the basis for the term "water-binding
Capacity"., Its quantitative expression must, obviously, characte-
rize both water capacity of the material and the amount of strong-
1y-bound water contained in the latter.

0f comrse, the application of the scheme suggests the neces—
8ity of certain standardization of the method for the determina-
tion of strongly-bound water content. Various methods used in the
Meat industry, yield different results, most often being far from
the true ones. For sausage products, perhaps, the closest to the
truth result was obtained by means of the method based upon the
determination of non-soluting volume /6/. By the results of these
investigations 1t can be suggested that the most favourable pro-
Portion between strongly- and loosely-~bound water in a product
Should 1ie within 1:1.8 to 1:1.9, i.e. strongly-bound water
Must constitute 34~36% of the total water at the standard moistu-
Te content of the product.

Ways and methods for increasing the water-binding capacity
Of the protein component of sausage emulsion are universally known,
and there is no need to speak about them now., As for the fat com-
POnent, the following factors should be emphasized which depend
8reatly on the oonditions of sausage meat homogenization (comminu-
tion): the amount of emulsifiable fat, the degree of emulsion dis-
Persion and the strength of the solvate layer of dispersed fat
Particles,

In this connection I am going to touch upon the order in
Yhich sausage emulsion components are homogenized. Since of the
Critial eftect upon fat emulsion stability is the participation
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of actomyosin proteins in the formation of the protective layer:
it is desirable that the destruction of the muscular tissue be
most complete. To provide the maximum solubilization of actomyo”
sin proteins, non~fat meat must be fed first to the cutter. The
rate and the degree of comminution in a cutter depends on the ¥4~
lue of materials head resistance to the cutting device. Therefo~
rey lice or water must be added to the mass, being comminuted,s0m®
time later (after about 20% of cutting time). And only after Vi~
sual dissapearance of the added water (ice) semi~fat and fat me &%
must befed. Practical experience of many years proved the effl”
ciency of such an order.

A higher speed of comminution contributes to better disper”
sion of fat /49/. At the same time, the intemsive effeoct of the
cutting device on the sausage emulsion is accompanied by the deve”
lopment of much heat and a rise of the average temperature of the
mass., The latter, on the one hand, promotes fat dispersion, thiS
being conditioned by a comparatively low temperature of the fil'f’t
melting point of fat, which lies within 8-14°C /105/. However,10”
cal super-heating of the mass (see above) can be accompanied by
emulsion destabilization., At temperatures above 15°¢ dispersed
fat particles are decomposed and join to form bigger ones., At
20°C this process becomes significant /69/.

In view of the influence of homogenization conditions on £t
emulsion stability, of practical interest is the question, 11tt1¢
elucidated, of the usability of the cutting device in high-speed
comminutors. Apparently, energy consumption for friction overco”
ing has decisive importance in the evaluation of cutters f£itness’
The greater friction of the cutter used, the greater probability
of local super-heating, emulsion destabilization and direct toO
inverse emulsion conversion. Comparative experiments on sardell?
production, with the components being comminuted in a cutter 1P
a ¢0ll6eid mill of the PUK VIKOSATOR type, indicated that in the
latter case both the raw emulsion and the finished product were
more plastic, of better water-binding capacity and with more.uﬂi’
formly distributed components; the yield of the finished produot
was higher /44/. In frankfurters manufactured by means of appli”
cation of high-speed kmife~plate-type comminutors, fat droplet®
are found, product consistenoy is too plastic and loose; the £1#°
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is emulsion effect upon product food value. According to the data
in literature sausage products with fat emulsions added are hari”
less /88/ and of higher digestibility /28, 29; 90/. When feeding
rats with sardellas containing fat, added as an emulsion with @
protein stabilizer, an intensive secretion of the gastric juices
hydrochloric acid, pepsin and trypsin is Observed, In general,
these sardellas digestibility was by 2~3% higher as compared t0
that of traditional ones /28/.

Less clear is the economic aspeet of the problem of fat emul”
sion application, which requires extra expenses for fat-muscle 856~
paration, for fat extraction and emulsion preparation. Some cOD~
nective tissue, containing fat, does not enter sausage emulsione
But, on the other hand, this modification of technology provides
higher and more stable yields of the finished product, its impro”
ved quality and lesser wastes. The loss of the connective tissué
during fat melting can be offset by its lesser trimming from meat’
It is also worth mentioning that fat emulsions render it possible )
to precisely meter components of the sausage emulsion, to control
automatically the process of sausage mixture preparation and t0
take stock of the production exactly. As a result of improved W&
ter-binding capacity of the sausage emulsion meat holding in cur®
is eliminated. These statements are enough, at least, to recognl”
zé the problem worthy of thorough studying.

The quality and the stability of water-fat emulsions dePend
on fat properties., Of great importance is fat melting temperature;
the lower the temperature, the better fat emulsification., Fats)
containing short—chain acid radicals, ere emulsified better; tho~
se, containing radicals without double bonds, — poorer /56/.A T€~
lation is found between fat acidity and emulsifiability /96/. B9
wever, it is, obviously, determined not by the quantity of free
fatty acids proper, but by the equivalent amount of mono~ and
diglycerides /102/, Fat emulsifiability depends also on its coB~
centration in the emulsion,

Pradtically, the method and the procedure of emulsion prePéd”
pation, emulsifier (stabilizer) kind and concentration, mixed

component temperatures, processing time, vibration frequency axre
of great significance,

g1
For epulsions preparation, various homogenisers, collozd mill 3
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Wltrasonic units turned out to be suitable. Of interest, from
the viewpoint of simplicity in structure and operation and of
Uispersion efficiency, is a device ::- - with a hydrodynamic ul-
trasonic generator, whicii??nuoh finer dispersion /19, 20/ as
COmpared to a colloid mill. Emulsification time in this device
18 about 7 min., If locate several generators in succession, this
device can be compared to a contknuous installation.

It is widely accepted that, to get emulsions for sausage
pr°ducts, the best stabilizers are protein substances. This 1s
Datural because, first, protein substances render it possible
to Prepare a direct emulsion, and secondly, the structured ad-
Sorption layer formed by proteins is comparatively easily split-
teq by digestive proteases. However, as was gstated above, the
%sorption layers, formed by proteins only, are not stable
®hough, They may be strengthened by combining proteins with cer-
Yain stapilizers, e.g., phosphates (about 15-20% of the protein
*hulgifier).

A satisfactory stabilizing effect has been achieved when uti-
lizing salt-soluble proteins of meat /99/, milk (sodium caseina-
te), blooa plasma /19, 23, 24, 25/, gelatine /42/. Slightly less
®fficient are soya proteins /20/. The choice of a stabilizer 1is
dictated by concrete conditions of its application. E.g., for
the broductions, operating at meat packing plants, of practical
1nterest are blood plasma (serum), and proteins extracted from
fooq wastes, which are added to emulsions in the amount of 1.0-
L.5g, For independent plamts of practical importante are transpor-
table stabilizers, €.g., dry milk protein, sodium caseinate
(l°0~l.5% of the emulsion), gelatine. Soya proteins are expedi-
"t where soya beans are processed.

A number of reasons make worthy the use of gelatine with
"Tthophosphate added (0.75-1.0% gelatine + 0,10-0,15% monosubsti-
tuteq orthophosphate of the total emulsion) as a stabllizer. The
Qpplioation of this stabilizer is not limited by temperature as
8¢latine does not coagulate., And temperature is the factor, on
aioh dispersion rate and degree as well as the use of hard-mel-
ting fats (e.g., beef fat) depend. The adsorption layer formed
v gelatine is easily destructed by proteases. Experiments on
gelatine use in a hydrodynamic ultrasonic device at 40-50°C and

- 837 -




at 1l.5 kcs yielded pork fat-in-water emulsion with the average
diameter of the particles slightly less than 2 mc, the amount of
finely-dispersed particles being over 90%. Sausage product yields’
in case of this emulsion application, were very high, product
quality-satisfactory /41/. A similar eftect is also achieved if,
for emulsion preparation, the broth was used resulting from ham
cooking, which contains enough products of collagen hydrolysis
/19/.

Quite fine and stable direct emulsions are obtained at fat
concentration within 10-40%. Concentrated emulsions are more COB™
venient in use as they occupy a smaller volume, it is easier tO
adjust protein-fat-water proportions with them in sausage emul-
sions. Of no less importance is sufficiently strong binding of
water and the dispersed phase in them. Such emulsion additions
to the sausage mix increases, rather than decreases, strongly-
bound water in the sausage emulsion /41/.

As for emulsion quantity added, it cam be simply calculated
on the basis of a desirable protein-fat proportion in the pro-
duct. In any case, if to the sausage mix of uniformly-structured
products is added the amount of 40%—emulsion, that provides fat~
protein ratio 1l:1 or over, it is still remains possible to add
10% snow to prevent sausage mix super-heating during its comminu”
tion in a cutter,

Conocliws i1on

Ratlional utilization of animal fats with a due account for
their doses, processing methods, provision of the most optimum
binding of fat, protein and water is an important problem of sau~”
sage technology. The food value of sausage products is determi-
ned with fat content and structure, with the spatial distributio®?
and bonds of protein and fat components of sausage emulsions,With
finished product structure. The highest quality of sausages 1is
achieved at the optimum protein-fat-water proportions. Under—es—
timation of the fat component leads to wrong practical recommen~
dations, in which the ultimate effect is related to the properti”
es of the protein component only. Increasing fat content in sau~
sage mixes changes the viscosity of the latter; fat acts as a




Plasticizing agent as the strength of the bonds, holding dispersed
fat particles in the system, is comparatively small.

Product structure formation by protein, lipid and water com-
Pénents occurs in the process of comminution, post-stuffing hol-
ding and thermal processing.

The quality characteristics and the food value of the fini-
shed product are, to a great extent, determined with changes in
the fat component during processing, and in particular, with the
formation of fat emulsion. The available technological processing
Of fat in sausage production results in only partial fat emulsi-
fication. At the same time, it is desirable that the emulsifiab-—
le fat amount be as large as possible and the resulting emulsion
be direot (thils guarantees high palatability of the product) and
Stable, resistant to decomposition during heating. Emulsion sta-
bility is determined by the condition of proteins, in particular,
0f myosin, actin, globular. proteins having a stabilizing effect;
by PH; by phosphate, blood and milk proteins, etoc. addition.

A much greater effeot can be achieved when adding ready fat
®mulsions to sausage mixes. Such sausages are better digested,
Tat is evenly distributed in product structure, the water-binding
Capacity is increased, the finished product has better organolep—

tical qualities and higher yields.
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