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ZUSAMMENFASSUNG

Es wurden die Kollagenldsungsprodukte untersucht, die nach
&li1-Salz-(PRK) und fermertativer Behandlung (FRK) von kollagen

:ltigen Rohstoffen der Fleischindustrie (Sehnen) gewonnen wur-—
ey,

Alkay

Es wurde die Abhzngigkeit zwischen der Viskositdt von PRK
qhq FRK
“E(Liulne

und der EiweiBkonzentration, der Verdnderung von pH des
sowie der mechanischen Einwirkung festgestellt.
=~ Die pH-Enderung bei FRK von 3,10 bis 8,60 ruft die Vis-
itat“&bnanme um fast das zweifache hervor, wdhrend die glei-
qe DH‘hu_ru.ng bei PRK zur unwesentlichen Senkung des Ausgangs-—
"rtes fiihrt.
= Bea den 30 Minuten bei 40°C denaturierten und nachfol-
i abgekifhlten PRK und FRK sinkt die Viskositdt im saueren
‘H\Pebiet fast bis zur Viskositdt des Losungsmittels und bleibt
N dex weiteren Einwirkung auf das System von Soherspannungen
tlsch ohne Verénderungen.
FRe = Im alkalischen pH-Gebiet iibertrifft die Viskositdt des
HE; s stems 1,5 Stunden und des PRK-Systems 20 Stunden nach der
medenﬂturieruné und nachfolgender Abkiihlung die Viskositét
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:\0\ Aus&mg sprodukte der Lésung, was mit der Bildung einer voll-
mﬂcherﬁn Struktur aus Denaturierungsprodukten wahrscheinlich
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Es wurde der EinfluB der mechanischen Einwirkung auf die
Viskositat von PRK und FRK bei unterschiedlicher Konzentration
von Losungsprodukten untersucht. Es wurde fes

bei der Konzentration bis 1% die Viskositdt von PRK und FRK
stark abnimmt, wdhrend sie bei der Brhbhung der Konzentration
bis 1,5% weniger stark sinkt. Wahrscheinlicht ist es mit einem
besser entwickelten Strukturnetz von konzentrierten Produkten
verbunden.

Die erhaltenen Ergebnisse konnen bei der Herstellung von
kiinstlichen Kollagenmaterialien (Wursthiillen, Fleischwareniiber-
ziigen, kiinstlichen Kollagenfaden u.a.ms) ausgenutzt werden.
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In the recent years a great number of

(1~5) on the use of collagen-containing materials in

at P

duction of artificial sausage casing, coatings for me
ducts, eto.
Collagen is most available of all the animal ;7roteuuc
A growing interest in collagen is due to the fact that 1 010"
be relatively easily isolated in a pure form as soluble ma;q
molecules and is of great chemical and thermal stabi““ityj:‘a’
well as of a unique, highly ordered structure. Fibrous Gof g
gens can be treated chemically, mechanically, eto. Res! 50

solubilization products possess the properties
of native collagen solutions (pro-collagen) and ret
natural three-helical structure of macromolecules.

Peculiarities of diluted collagen solutions hav
studied in detail (2), while the properties of concent” :
lutions are studied very little despite the fact thal 4o
they have found ocommercial application.

This paper reports the results of a study into thv»iv de”
wbi0

gical properties of collagen solubilization productss of
termine the behaviour of the latter during the pormatiol e
film coatings, oriented fibers, eto. These data are
rable interest for elucidating the conditions under ¥
gen solubilization products can be used as fllm—i‘ormerS’

onsd

of ¢V 18"
)

> e+ B et D O

' o

o

&=r B




2.

oy It 18 known (6, 7) that in disperse systems and solutions
“Etuigh molecular compounds, there is a spatial structural

°Tk which constitutes a loose carcass made of primary par-
mz:esy of their chains and aggregations resulting from inter-
4 Wlar interactions of structural elements with one ano-
;:zf&nd with solvent molecules. Structuro-mechanical properti-
tay, & system are determined with the strength of the spatial
T tural network. The nature of deformation processes during
» °f disperse or high-molecular systems 1s determined with

®Xation phenomena of destruction and recomstitution of the
Q;“Qtures existing in the system, the former being dependent
1

0,
. R the bPeculiarities in the structure of polymer macromolecu-
leg,

C°1lagen solubilization products are structured liguids

ch&l‘acterized with a relation of effective viscosity to the

a Etatlng stress. In such liquids, every rate of deformation in

gy, atiolla.‘t'y flow has a corresponding degree of structure equi-
Tum breakage.

Opey,

Experimental
181‘1 Objects of the study were collagen solubilization products
lgy T2 b7 means of an alkali-salt method (PRC) (1, 2), and pro-

ty :B of enzymically solved collagen (FRC) obtained according
thn ® VNIIMP method of collagen (beef Achilles tendons) diges-
Yith pepsin.

p’oteThe Viscous properties of these products were studied at
i"isln concentrations from 0.8 up to 2.0%. For the experiments,
% CO8imeter "Rheotest" Type RV (GDR) was used, which allows
G4y, iasure viscosity within a broad range of shear rates. To

g, s flOWability curves, shear rates were changed stepwise

N caslj up to 1.312 sec™>. Preliminary tests indicated that,
the " € 0f shear deformation of collagen solubilization products,
quili‘n:rium between the structure being destroyed and that

4e

\he
hlthcclla%en molecular rods of FRC and of their aggregations
ch*’-“&lng PH of the medium.

Mg, . z 3 ¢ s 6700 2 925
* Changeg in PRC and FRC viscosity as related to defor—
Mation rate at pHE=3.10 and t=20°C
T T~ me concentration, %; 1 - 1.00, 2 = 1,55; 3 ~1.75
T e concentration,®; 4 - 1.00, 5 - 1.50, 6 -2.15

3.

being reconstituted was recorded by the end of the first minu-
te of deformation. Therefore, in the experiments the deforma-
tion for any given shear velocity was continued for 1 minute.
The experimental data obtained allowed to find a relation
of the effective viscosity of collagen solubilization products
of different concentrations to a shear rate (Fig. 1). This re-
lation can be described with the following equation (8):

* Z-m
Zef. =B
where B* =~ effective viscosity at Eml sec—l;
& = deformation rate, aec."l;
m - rate of structure breakage, or flow index.

From Fig. 1 it is clear, that effective viscosity rela-
tions to shear rates within the forementioned range of rates
in logarithmic co-ordinates are, practically, parallel
straight lines. Thus, flow index is a constant for any type of
solutions, for FRC it being 0.775 and for PRC 0.860. Therefo-
Tre, we can compare the effective viscosity of the test solu-
tions at the same deformation rate.

Fig. 2 shows changes in FRC and PRC effective viscosity
as related to concentration. It is clear that for FRC this re-
lation is less vivid than for PRC. E.g., at 1.5% concentratimn
FRC viscosity is 3 times as low as that of PRC, this, possibly
being due to differences in the aggregation sizes of collagen
solubilization products obtained by the two methods.

The viscosity of the solutions remains high, this preven-
ting the preparation of equally dense films and fibrous mate-
rials. To decrease PRC viscosity, the authors studied the ef-
fect of pH, temperature and mechanical treatment. pH of FRC was
changes from 3.10 up to 8.60 and that of PRC from 3.10 up to
8.30 with N'HAOH solution. Figs. 3 and 4 demonstrate FRC visco-
sity falling nearly by twice and PRC viscosity changing only
slightly. This, obviously, points to a higher deformability of
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Fig. 2. Changes in the viscosity of FRC (1) and PRC (2) as
related to their concentration at 20°C,
Eal seo™t, DH = 3,10
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Fig. 3. Changes in viscosity as related to the deformation rate

of the initial and denaturated 1% FRC at acidic and alkali-
ne pH's at 20°C

1 - initial FRC - pH = 3,10
12 - gdenaturated FRC - pH = 3.10
2 - initial FRC

2% -~ denaturated FRC and renaturated for 1.0; 1.5; 3.0;
5.0 and 20 hrs
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Fig. 5. Hysteresis loop for 0.8% PRC and 1.3% FRC in acidic
and alkaline fields at 20°C
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Fig. 4. Changes in viscosity as related to the deformatio?
rate of the initial and denaturated 1% PRC at acidic
and alkaline pH at 20°C

1 - initial PRC - pH = 3.10
18- denaturated PRC - pH = 3.10
2 - initial PRC - pH = 8.3
2%~ genaturated PRC and renaturated

for 20 hrs - pH = 8.30

G

Acidic and alkaline PRC and FRC were heated in & tharmf,
stat at 40°C for 30 min. for "mild" heat denaturation 0 5
cur with the destruction of the links stabilizing the na{;i"ec
structute of collagen. After heating, denaturated PRC and ¥
were cooled in a thermostat for 30-40 min. down to 20°Ce T,
viscosity was measured just after heating and after Conliéb.ﬂa
with the intervals of 1; 1.5; 3; 5 and 20 hrs. In aoiddo 9 _
turated FRC and PRC, the viscosity was noted to decreas® ﬂ:gpd
1y down to that of the solvent (Curves la in Figs. 3 aBd “ge-
then to remain unaltered under shear stresses. In alkalinf.‘
naturated FRC and PRC just after heating the viscosity fe~~

sharply, but afterwards it increased significantly (£0F ~° o0

50
in case of FRC and for 20 hrs in case of PRC), somewhat €

stab®
that of the initial solubiligation products and becameé své

18
at this level (Curves 2a in Pigs. 3 and 4). This process = 0

o
evidently, connected with the formation of a more pérfect

ture during the renaturation of "mild"-denaturation Producf;'
From the initial and denaturated acidic and a-lk"“linevig'“?
duots of collagen solubilization, films were cast on & pol‘)
lene backing and air-dried. The welding temperature ©
films was measured, it being 43-47°C for the films £rom ‘hi
tial acidio and alkaline solubilization products and )O‘il,‘m
for the films from denaturated alkaline products. Films ;Z”

v
b2

denaturated acidic products were dissolved in water durd
swelling without heating.

These results, as well as the data on viscosity: pro?
significant effect of pH upon dematuration temperature &° 408
structure-mechanical properties of denaturated Solubiliwt
products.
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For structured systems, with collagen solubiliz
ducts belonging to them, it was of intersst to follow °P ”
in the relative ultimate shear with pH (Fig. 5). FoT FRO "

is
PH=3.,10, this value, characterizing structure strengths 1.8
ay 3
equal to 100 Pa and for FRC with pH=8.60 it equals 30 sy

£ 1:119584 -
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X the acidic field is more than 3 times as high. This proves

me?-her strength of the structural network of FRC in the acidic

1 W. 45 for PRC, this phenomenon is also observed but is

«  Pronounced (at pE=3.10 this value is equal to 63 Pa and
PE<8,30 - to 37 Pa).

s The effect of shear stresses was studied on 1.3% FRC at

hxgh'lo and 8,60 and on 0.8% PRC at pH=3.10 and 8.30 as with

t, er Concentrations the intermal cylinder of the viscosime~

bate:lippeci relative to the test solution at great deformation

ty The effect of shift stresses upon FRC at pH=3.10 was found

5 Tesult in a sharp change of the viscosity and well-pronoun-

netwhstEresls, this indicating the breakage of the structural
9Tk, In the alkaline field these effeots were smaller for
due to the development of a stronger structure. In case of

2y 0th in the acidic and alkeline fields, hysteresis was less
Ounceq,

derablt is known (8) that mechanical treatment is of a consi-

lhia le effect upon the viscosity of structured systems. With

¢ 1 View, we investigated a similar effect upon PRC and

3 8% Various concentrations and at a similar pH value, vigz.,

Z;r * Mechanjcal mixing was performed in a lahoratory homogeni-

Nl“br 10 min. at 1,000 rpm. The data in the Table show that

) lon Viscosity rises greatly with PRC and FRC concentrati-

alng.cl'easing up to 1.5%, this being due to structure strengthe-

4 Bydrateq protein systems have a structural network which
LY °nly very strong, but elastic end resi.ient, this allo-
Loy, e above systems to damp the stresses from outside. There-
to r; ~ Mechanically destroyed hydrated protein system 1s able
Sbmet%mbine comparatively fast, this resulting in a new and

lneg, g stronger mtructure.

12.

Ty,

b less Pronounced.
A 3 Beat genaturation of PRC and FRC solutions with pH =
Yy Squses irreversible changes in the system, whereas a si-
vlaco.tre“ment at pH = 8,30 or 8.60 somewhat increases the
Oy Sty of renaturated products as compared to the initial
Bagq, :e to the formation of a more perfect structure from the

8 of wnyjge denaturation.

l“padq' MeChanical treatments destroy consilderably weakly-deve-
a Sstems with a low protein concentration (up to 0.8%);
h&ve e treatments of more concentrated systems (up to 1.5%)
tay, ° COnsiderable influence upon the viscosity of these sys—
I)ET'cl::e to their high strength and elastio and resilient pro-
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Table
Changes in PRC and FRC viscosity at the deformation rate
(€) o1 seo.

Product Concentra- Viscosity of Viscosity after Decrease in
tion, % the initial mixing, Pa*sec. viscosity, %

solution,
Pae.sec.
FRC 0.8 13.60 3.93 vk
PRC 0.8 26.90 9.40 65
FRC 1.5 45.50 36.00 21
PRC 1.5 112.00 103.5 7.5

Obviously, under the mechanical destruction of collagen
solubllization products of a higher concentration, structure
reconstitution is more vivid; post shear stresses the viscosi-
ty of ooncentrated systems during mixing decreases insignifi-
cantly, In systems of a low protein concentration, mechanical
treatment causes great destruction of a poorly-developed struo-
ture and reduces its viscosity by nearly three times.

Conclusions

The results obtained allowed to draw the following con-
clusions:

1. Viscosity relation to PRC or FRC concentration in the
range tested (0.8 to 2%) is of a linear character. FRC and PRC
viscosity rises with protein level, this, probably, being due
to the development of a stronger structural "carcass" in con-
centrated systems.

2. Changes in FRC pH from 3.10 up to 8.60 decrease the
viscosity of the system by nearly two times, while similar
changes in PRC pH cause only a slight fall in the initial va~-
lue. Shear stresses alter sharply the viscosity of FRC having
the pH of 3.10 with well-pronounced hysteresis. At pPH = 8.60
for FRC and at pH either 3.10 or 8,30 for PRC, hysteresis is

15,
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