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The properties of homogenates containing up to 25% collagen in the total orude protein
were characterized by flow curves and after cooking by elasticity and vield limit, as well
a8 by the content of forced drip and gelatin ., A substitution of up to 20% of meat pro-
teins by raw Pig skin collagen decreases the viscosity of the homogenate, the elasticity,
and the yield limit by 40, 25, and 30%, resp. At higher concns. of collagen, of about 25%,
& breakdown of the system was obeerved. In homogenates containing up to 15% of Precooked
pig skin collagen all rheological parameters were higher than in unsubsetituted controls,
regardless the degree of thermohydrolysis of the connective tissue, Increasing the propor=
tion of meat with a high content of connective tissue brings about a decrease in viscosity
of the raw mince as well as the elasticity and yield limit of the cooked product, more
than corresponding addition of raw pig skin. In all investigated cases the quantity of
drip decreased with inoreasing content of collagen in the formulation., In homogenates con-
taining 13% of crude protein, 13% fat, and 2% NaCl the upper level of unmodified pig ekin
collagen, which does not depreciatingly influence the texture of the cooked product, is
about 2,5%.
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§H°mogenate die bezogen auf Gesamtprotein bis 25% Kollagen enthielten, wurden roh mittels i
fder Fliesskurven und nach dem Kochen mittels der Elastizitlt, Fliessgrenze, Galatinegehalt]
, und Saftverlust charakterisiert. Die Ersetzung von bis 20% der Fleischproteine durch rohen |
f SChWartenkollagen erniedrigt die Viskosit¥t, Elastizitdt und Fliessgrenze der Homogenate
;“m. enteprechend, 40, 25 und 30%. HBhere Konzentrationen von Kollagen, ca 25%, flhren zu
:einem Zusammenbrechen des Systems. In Homogenaten mit bis 15% von vorgekochtem Schwarten—
kollagen 8ind alle rheologischen Parameter h8her als in nichtsubstituierten Kontrollproben,
unabhﬁngig von dem Grad der Thermohydrolyse des Bundegewebes., Die Steigerung des Anteiles
Von Fleisch mit hohem Bindegewebegehalt hat eine Senkung der ViskositHt des rohen Briits,

Wie auch der Elastizitlt und der Fliessgrenze des gekochten Produktes zu Folge. Diese
ver&nderungen 8ind stlrker als diejenigen die durch Zugabe von entsprechenden Mengen von
Tohen Schwarten verursacht sind. In allen untersuchten Fillen war der Saftverlust kleiner
bei h8heren Kollagenanteilen in der Rezeptur. In Homogenaten mit 13% Gesamtprotein, 13%

Pett ung 0% NaCl iet die maximale Zugabe von rohem Schwartenkollagen, bei der noch keine

nachteiligen Einfllsse auf die Textur des gekochten Produktes bemerkbar 8ind, rund 2,5%.
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Antroduction

The role played by the myofibrillar proteins in the formation of the characteristic proper-
ties of sausage emuleions and of the uniform gelled structure of comminuted 8ausages has
been investigated both in model systems and in various meat and fish homogenates and pre-
sented in deteils in reviews /1,6,7,10,12,16/. The complex interactionsof the connective
tissue proteine with other components during cutting, mixing, and cooking have been, howe-
ver, less thoroughly examined and rather only generally treated in recent reviews 1314/,
although it is known, that in sausage manufacture collagen-rich carcass parts are used be-
cause of their high binding properties. As yet, however, there are no known relationships
between the amount of collagen of different physico-chemical properties, present in the -
formulation, as well as the parameters of cutting and cooking, and the rheological proper-
ties of the final product. Preliminary results dealing with the role of connective tissue
in the formation of the rheological properties of comminuted fish sausages have been pre-
sented in 1977 /15/. This study was undertaken to furnish more data, especialy in respect
to meat sausages.

Experimentsl

The meats /table 1/ were ground separately in a meat grinder and frozen at -2000, thus for-
ming a supply of blended materials for the whole series of experiments. The homogenates
produced as shown in Fig.1 contained 5,15,20, and 25% of connective tissue proteina in
N x 6,25, The pig 8kins, which served as the source of additional collagen, were used raw
Table 1
The chemical composition of meats used for preparing the

F0y  THE Wmemfos-u:&ié?“ PREPARING THE homogenatee
-ERQZEN MINCED MEATS Dry Proteins Collagen Fat
Meate weight N x 6.25 Hyp X 7.46 %
At '“"’ffl e % % %
r T ) s
BEEF MEAT LOW W BEEF MEAT HIOH IN PORK JOWLS,  PIO SKIN Beef meat low in 8 0. 3. 3
CONECTIVE NISSUE CONNECTIVE TISSUE SKINNED ‘ connective tiBSue 26. 1 22 o 9
= ’=' Beef meat high in . ) 2.5
—_ connective tissue 25.3 22.9 3
e o h SR SNy MEL B 501 1.8 79.0
: \ Pig skin 51.4 24.5 20.3 26.9

or after cooking in water for 30, 60, or 90 min. at 100°¢.
The rheological properties of raw homogenates were!
characterized by flow curves, i.e. by the relationship
between the shear stress /T / and shear rate /X/, deter-
mined in & capillary viscometer /17/, using shear 8} CEL
values in the range of 354=714 No~2, The apparanj‘y dco-

sity / Qgp/ Wee found from the formula * \

™
at constant T= 454 Nm™2, The temperature of the homogenate during the measurements was
asuri
19 ¢ 100. The rheological properties of the cooked products were determined by mZ Nm-2:§1/
the deformation of slices, 15 mm thick /h/ under linearly increasing stress /147 3
in a penetrometer with a flat punch, 14.5 mm in diameter, A typical rheogram of the cooke

T
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FIQ2 A TYPICAL RHEOGRAM OF COOKED h t i } i Fi T
HOMOGENATES omogenate is shown in 8.2+ The messured

data were used for calculating the elasticity
/E/ and yield limit /TB/.

The forced drip from the products was de-
) termined by the Grau-Hamm procedure /8/. The
content of collagen or gelatin in the homoge-
/ agmmwwenu/%ﬂ nates was assayed according to Stegemann and
/| vEw MLy Stalder /2/ after 11 hre of hydrolysie in 6n
HCl. The content of gelatin in the presence
/ of collagen was estimated by homogenizing 10g
/ sample with 90g distilled water at 30°C, se-
ﬁ; parating the solubilized gelatin on a Blichner
; funnel, and determining hydroxyproline in the
supernatant,
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Results and discussion

The influence of concentration and quality of collagen on the rheological properties
of raw homogenates

The rheological properties of homogenates containing collagen of different quality in
concentrations up to 25% of total protein can be deacribed by the empirical Ostwald - de
Waele equations

T = K§®
For homogenates with the lowest content of connective tissue the rheological parameter
n = 0,3 and for that containing 204 of collagen from cooked pig skin n = 0,21, Howaver;
there no evident relationship between the quantity and quality of collagen in the ho-
mogenates and the value of n /table 2/, Furthermore, both cited values are within the range

Table 2
The parameters K and n of the equation U= K »X’n, characterizing the rheological proper-
ties of different homogenates

. ' 7 llagen "-“_—K__'Q-""
Source and pretreatment of collagen Con;ent of cokibe N a2 n

of N x 6,25

tained in lean beef meat 5 393 0,30

Col e;?n contained in besf meat rich 10 218 0.29
in acgaaﬁtiv@ tisesue 15 220 0.25
Collagen of raw plg 8kins 15 353 0.29
ol e 20 220 0.26
25 331 0.25
(<

Collagen of pig skins heated to 1007C 4 5
Lo : 0 min 15 545 0.26
30 min 15 571 0,25
60 min 15 589 0.22

90 min 15 676 0,21

0,19~0.3, found by several authors as characteristic for different meat and fish homogena-
tes /5,14/. The parameter K decreases with the increase in the content of unmodified colla~

gen in the formulation, depending aleo upon the source of the connective tissue. However,
at 25% of pig skin collagen the relationship il& somewhat obscured probably because at high
concentration the coarse fragments of connective tissue decrease somewhat the flow rate of

the system /9,13/.

Precooked collagen increases the viscosity of the homogenate, the raise in K being hig-
her at longer cooking time /tabls 2/. Such behaviour may be caused by the presence of gela-
tin in the precooked material /table 3/ as well as by interaction of the denatured collagen
with water, which is etronger than that of the myofibrillar proteins. Jorthermore same in-

crease in viscosity resulte probably from interaction of collagen with myofibrillar pro-
teins /3,4/.
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lable 3

The influence of precooking of pig skins on the rheological properties of homogenates,
containing 20% of collagen /in respect to N x 6.25/, heated to 80°c,

Holding Relative Content of Elesticity Yield limit Degree of Degree of hyd-
time at <change of gelatin in E[N —2J ¥ In m'QJ hydrolysis of rolyeis of col~
100°C forced drip the homo- .m4 o '4 precooked lagen in the
min % genate % x10 X10 collagen % homogenate %
raw skins 100 0.2 5.94 4.91 0 8

0 78 0.7 10.00 6.73 13 28

30 . 66 1.0 10,88 6.91 29 39

60 60 1.1 9.05 5.71 39 44

90 49 1.5 8.52 5.56 55 57

The influence of concentration and quality of collagen on the rheological properiies
of cooked homogenates

Increasing the proportion of collagen in cooked homogenates up to 20% /in respect to
N x 6.25/ brings about a decrease in elasticity and yield limit by 25 and 30%, respecti-
velly /Fig.3/ as well as an increass in gelatin concentration in the product /Fig.4/.
The degree of thermohydrolysis of collagen during cooking of the homogenates was in all
samples about 104, However, the rheological properties of homogenates containing 254 of
collagen in N x 6.25 differed from the above pattern. Furthermore, the prodnct contained
gelatin layers under the casing and had a grainy texture. A 8imilar but more pronounced
influence on the rheological properties of homogenates ie exhibited by the connective
tissue present originally in the beef meat Mg 3/

The elasticity and yield limit of the cooked product prepared by adding of precooked

Oonnective tissue to the mixture during cutting in the silent cutter, is higher than that

FIG4 THE AMOUNT OF FORCED DRIP AND OF CELATIN IN THE HOMOGENATES

L HEATED TO 80°C, CONTAINING RAW PI0 SKIN COLLAGEN [A) DR BEEF
FIO3 THE RHEOLOGICAL PROPERTIES OF HOMOGENATES HEATED T0 80°C g g gt

CONTAINING RAW PI0 SKIN COLLAGEN [ A) OR BEEF MEAT COLLAGEN (8) i 8 % w
£ N
1. 23
Ex10! 0t "a,ﬂ' [—
§ I\ &
O 90|
% % i'g' 02 g
E ) (3 [ -
z & z
o pu ] =
¥ § a
o
£ I 2 01
g 6 N s [T .1
3 N g y : 5
] ‘Q Afale A A = % _Ajg 8 Afaye A _J,,‘, g
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P COLLAGEN CONTENT (% OF N»875)
: " & ¥ * FORCED DRIP OF HOMOGENATE CONTAIMING 10.15,20 AND 26% OF COLLAGEN
COLLAGEN COMTENT (% OF Nx8,28 ) (A1 OR CONTAINING 5% OF COLIAGEN PRESENT N LEAN BEEF MEAT {8)

°f homogenates which were prepared with raw collagen /Table 3/ and of products containing
Do added collagen. The decrease in rheological parameters caused by prolonged heating is
Correlated with the content of gelatin in the product /Table 3/. The results presented in
table 3 suggest that gelatin interacts during cutting and mixing in the silent cutter with
the Ryofibrillar proteins to form etructures, responsible for the characteristic rheologi-
cal Properties of the products. The unmodified collagen does not participate in these inter—
8ctions to the same extent, Thue the gelatine which is formed later during cooking, not
b°1n8 & constituent of the original structure of the raw homogenate, forms kind of islete
in the 8ystem and brings about a decrease in elasticity and yield limit,

The influence of temperature and time of cooking of homogenates containing added colagen
Raising the cooking temperature in the range from 50 to 80°C increases the solubility

0% collagen /Table 4/ and brings about a raise in the elasticity /Fig.5/ and yield limit

/F18-5/ a8 well as a significant decrease in forced drip /table 5/. All samples containing
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