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omogenate d ie bezogen auf Geeamtprotein bia 25* Kollagen en th ie lten , wurden roh m itte le  
der F liesskurven und nach dem Kochen m itte ls  der E la s t iz i t ä t ,  P liesagrenze, G elatinegehalt 
*nd S a ftv er lu st ch a ra k ter is ier t. Die Ersetzung von bia 20* der Pleiaohproteine durch rohen 
chwartenkollagen ern ied r ig t d ie V isk o sitä t, E la s t iz itä t  und Pliesagrenze der Homogenste 

um. entsprechend, 40. 25 und 30*. Höhere Konzentrationen von Kollagen, ca 25*. führen zu 
«inem Zusammenbrechen des Systems. In Homogensten mit b is 1 5* von vorgekochtem Schwarten- 
“llag en  sind  a l le  rheologisohen Parameter höher a ls  in  n ich tsu b stitu ier ten  Kontrollproben, 

dhabhängig von dem Grad der Thermohydrolyee des Bundegewebes. Die Steigerung des Anteiles 
v°n P la is ch mit hohem Bindegewebegehalt hat eine Senkung der V isk osität des rohen Bräts, 

auch der E la s t iz itä t  und der P liesagrenze des gekochten Produktes zu Polge. Diese 
Bänderungen sind stärker a ls  d iejen igen  d ie durch Zugabe von entsprechenden Mengen von 

^ b en  Schwarten verursacht sin d . In a llen  untersuchten Fällen war der S aftverlu st k leiner  
höheren K ollagenanteilen  in  der Rezeptur. In Homogensten mit 13* Gesamtprotein, 13*

'lud 2* NaCl i s t  d ie  maximale Zugabe von rohem Schwärtenkollagen, bei der nooh keine 
e'*''*‘̂ en E inflü sse  auf d ie Textur des gekochten Produktes bemerkbar sin d , rund 2 ,5* .
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Dee propriétés dea homogénateo contenant juaqu’è 25« de collagène dans la  t o ta l i t é  des pro 
teinds orua ont été  caractér isée»  par des courbes de débit et après la  ouiason par l ’é lo s-  
t i o i t e  /H/ e t  par la  lim ite  d’écoulement /XQ/ aussi bien que par de WHO et contenant de gé
la t in e .  Une su b stitu tio n  Juequ’à 25* dea protéines de la  viande per collagène de peau crue 
de porc diminue la  v is c o s it é  /  de l ’homogénate, E et TQ reap. de 40, 25 et 30*. Aux con
cen tration s plue elevéoa d’environ 25* un effondrement du système a été  observé. Dana des 
homogénatea oontenant jusqu’ à 15* de collagène de la  peau de porc précuite ^ , E, T  
é ta ien t plus é levée que dans dee éch an tillon e non aubat.ltuéa a n’ importe qu’e l l e  degré de 
la  thénaobydrolyse du tia a u . Lorsqu’on accro ît le s  proportions de la  viande dont la  conte- 
nenoe en tlaou  con jon ctif  e st  plue é levée on observe la  diminution de de l ’homogénate 
aussi bien que le  E et VQ du produit d ’une façon plue largo que la  addition équivalent 
des peaux crues. Dans tous loo ona examinée la  WHO accro ît avec 1*accroissement de la  con- 
texmnoe de collagene dans «a formule. Dana lao bomogénatee contenant 13* de proteines crues, 
13* do gran, e t 2* de NaOl, l e  niveau supérieur de collagène non m odifié de la  peau da porc 
qui n ’ in flu en ce paa d’ une manière depreciable la  texture du produit ost de 2 , 5* environ.

6.5

BjtHKHHe kohjiarena na peoAorHvecKHS csoflcisa mjjohiix <J>apno»
MAFflH CAflOBCKA, 3/IHCJ1AB CHKOPCKK, MATT A flOEODl
Hh c s h t y t x h m h b h opraHHvecKofl n nsnesoft TexuoAornn 

r^aHhCKoa xiojiHTexHHKfta TAani-cK, noflfcma

C odas <JiapmoB, co êpwaJiHX AO 25* icojjjioroHa no OTHOtnennw k oOiqHM Obaksm, xapaxTspncoesAMCb 
KpHBHMH Tenons/!, a nooJie Tcnaonoft odpaCoTKH moayjiom ynpyrocsn n npe.neaoM nsnpnxeiiitn cgwira, 
a Taxjse coAepxHMOdBm cnoCoxHOt? nogH n seJisTsma. SaMena Ssakob ^apma KojuiaranoM cbwhmx raxyp 
b KOJinvecTBe ao  20* /N x  6 ,2 5 / ywensmaeT nnsKocTi. rpapma, a tskkb stogy a ynpyTOCTn h npege.itu 
HanpnxennK cy.Bnra cooTnetcTBeuHO na 40,25 h 30*. lip» ynactnn KOjuiarena neper,«a 25* hmsot 
Mac to pnccxoenne oHOTatar. 3aio b ftapmax, coneprasnux urnypa, nogBejMcSHHue TeiutOBOfl oOpaCotKe, 
/ao  15* xo-njiareiia/ naOJDogajioci. yspAnnenne scex peoxormsccxHx noKaeaTexeft n cyadHAjSHocTb cn~ 
ctomh HecMorp/t na cienejn. TepMornnpoAKoa dexxoB. yBevntvemto jroaeTwt mhos c doxBmod coxepr.n- 
moctmo SKaHKH CHHxaai BKSKOCTB cuporo tjiapma, a Tax,ve MCflyx ynpyrodft n npexeAu nanpavemn 
CflBHra no^orpesaeMHX (JiapmoB b doAsmett cTeneHH, 'ie;< cooTBeTdBywnan noflsBKH cbithux nxyp. He 
BaancnMO ot KavecTBR Koxxarena xoAHvecTBa CBOdonHOft bojuj b noaorpsBaeMHX ^apmax yMr-HMnaeTo- 
nponopnHonaABHO KOHueHTpnpOBansw xoxAarena. & (fiapraax, 15* oOmnx deaxon,13* *npa
n 2* noBapaHHof! co in  gonycTHMO n c -sa  lexcTypH npo^yxsa okoxo 2 ,5 *  joiacm e He Mcwtn imp o b sh-
Horo Koxxarena.
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Introduction
The ro le  played by the m yofib rillar  proteins in  the formation o f the ch a ra cter istic  proper, 
t ie s  o f sausage emulsions and o f the uniform g e lle d  structure o f comminuted sausages has 
been in v estig a ted  both in  model systems and in  various meat and f is h  homogenates and pre- 
sented in  d e ta ils  in  reviews / 1 ,6 ,7 ,1 0 ,1 2 ,1 6 / .  The complex in teractions o f the connective 
t is su e  proteins with other components during cu ttin g , mixing, and oooking have been, howe
ver, le s s  thoroughly examined and rather only gen erally  treated in  recent reviews / 3 , 1 1 / ,  
although i t  i s  known,that in  sausage manufacture co llagen -r ich  carcass parte are used be
cause o f th e ir  high binding prop erties. As y e t , however, there are no known rela tion sh ip s  
between the amount o f co llagen  o f d ifferen t  physioo-chemical p rop erties, present in  the 
form ulation, as w ell as the parameters o f  cu ttin g  and cooking, and the rheologioal proper
t i e s  o f  the f in a l  product. Preliminary r e su lts  dealing with the ro le  o f connective tissu e  
in  the formation o f the rh eo log ica l properties of comminuted f ish  sausages have been pre
sented  in  1977 /1 5 /•  This study was undertaken to furnish  more data, esp eoia ly  in  respect to  meat sausages.
Ispqrimetrt.al
The meats /ta b le  1 / were ground sep arately  in  a meat grinder and frozen at -20°C, thus for
ming a supply o f blended m aterials for the whole se r ie s  o f experiments. The homogenates 
produced as shown in  F ig.1 contained 5*15»20, and 25% o f connective t issu e  proteins in  
N x 6 .2 5 . The pig 8 k in s , which served as the source o f ad d itiona l co llagen , were used raw

Table 1
The chemical composition o f meats used for preparing the 
homogenates

N MIN̂EO

LOW M BEEF HEAT HKM IN 
CMMECTIVE TISSUE CONNECTIVE TISSUE

FORK JOWLS. PIO SKIN

CUTTINO ANO Mxmo M A SILENT CUTTER
______________ BELOW 1S*C □

Meats Dryweight
%

Proteins N x 6.25
%

Collagen Hyp x 7 . 4 6  
%

Fat
%

Beef meat low in  connective t is su e 26.1 2 2 . 8 0.9 3.3
Beef meat high in  connective t is su e 25.3 22.9 3.4 2.5
Pork jow ls, sk in ned 84.1 5.1 1 . 8 79.0
Pig skin 51.4 24.5 20.3 26.9

COOK MO M WQER
,__B-JBSJ

-figgKEBiEMWCn..-

or a fte r  oooking in  water for 30, 60, or 90 min. at 100°C.
The rh eo log ica l properties o f raw homogenates were ) 

characterized by flow curves, i . e .  by the re la tion sh ip  
between the shear s tr e ss  / X /  and shear rate /% / t deter
mined in  a ca p illa ry  viscom eter /1 7 / ,  using shear stp sss  
values in  the range o f 354-714 Nm“2. The apparent vlPco- 

was found from the formula 1 \
Vcap £

a t constant Tn 4 5 4  Nm- 2 . The temperature o f the homogenate during the measurements was 
19 i  1°C. The rh eo log ica l properties o f the cooked products were determined by measuring 
the deformation o f s l i c e s ,  15 mm th ick  /h /  under lin e a r ly  increasing s tr e ss  /1476 Nm a /  
in  a penetrometer with a f la t  punch, 14.5 mm in  diameter. A typ ica l rheogram o f the cooked

a l t * * ’Zap/
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HOMOGENATES

DEFORMATION
M o u lts  and d iscu ssion

homogenate i s  shown in P ig .2 . The measured 
data were used for ca lcu la tin g  the e la s t ic i ty  
/E / and y ie ld  lim it  /T  / .

The forced drip from the products was de
termined by the Grau-Hamm procedure / 8 / .  The 
content o f collagen  or g e la tin  in  the homoge
nates was assayed according to Stegemann and 
Stalder / 2 /  a fte r  11 hrs o f hydrolysis in  6n 
HC1. The content o f g e la t in  in  the presence 
of collagen  was estimated by homogenizing 10g 
sample with 90g d is t i l l e d  water at 30°C, se
parating the so lu b iliz ed  g e la tin  on a BUchner 
funnel, and determining hydroxyproline in  the 
supernatant.

The in flu en ce o f concentration and q u ality  o f collagen  on the rheolog ica l properties 
o f raw homogenates

The rh eo log ica l properties o f homogenates containing collagen  of d ifferen t q u ality  in  
concentrations up to 2 556 o f to ta l protein can be described by the em pirical Ostwald — de 
Waele equation*

T - K*“
For homogenates w ith the low est oontent o f connective t is su e  the rh eolog ica l parameter 
n «• 0 .3  and for  that containing 20& o f  co llagen  from cooked pig skin  n » 0 .21 . However,' 
there was no evident re la tio n sh ip  between the quantity and q u ality  o f collagen  in  the ho
mogenates and the value o f n /ta b le  2/. Furthermore, both o ited  values are w ithin the range 
Table 2
The parameters K and n o f the equation T » K • ^ n , characterizing the rheolog ica l proper
t ie s  o f d iffe r e n t  homogenates

Source and pretreatment of collagen K n56 o f N x 6.25 N s 11 m" 2

Collagen contained in  lean b eef meat 5 393 0.30
Collagen contained in  b eef meat r ich 10 218 0.29in  connective t is su e 15 220 0.25
Collagen o f raw pig skins 15 353 0.29

20 220 0.2625 331 0.25
Collagen o f pig sk in s heated to  100°C

0 min 15 545 0.2630 min 15 571 0.2560 min 15 . 589 0 .2 2
90 min 15 6 76 0 . 2 1

0 .1 9 -0 .3 , found by severa l authors as ch a ra c ter is tic  for d ifferen t meat and f is h  homogena
te s  / 5 ,1 4 / .  The parameter K decreases with the increase in  the content o f unmodified c o lla 
gen in  the form ulation, depending a lso  upon the source o f the connective t is s u e . However, 
at 2 5 '.̂  o f pig sk in  collagen  the re la tion sh ip  i s  somewhat obscured probably because at high 
concentration the coarse fragments o f  connective t is su e  decrease somewhat the flow rate of 
the system /9 ,1 3 / .

Precooked co llagen  in creases the v is c o s ity  o f  the homogenate, the ra ise  in  K being hig
her a t longer cooking time /ta b le  2 / .  Such behaviour may be caused by the presence o f g e la 
t in  in  the precooked m aterial /ta b le  3 / as w ell as by in tera ctio n  o f the denatured collagen  
with water, which i s  stronger than that o f  the m yofib rillar  p rotein s. Porthermore same in 
crease in  v is c o s ity  r e su lts  probably from in teraction  o f  collagen  with m yofibrillar prote in s  / 3 ,4 / .
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jj x T 2T ^  ^  r P°rtl0 n  ° f  C° llagen  ^  ° ° ° ked h0m°«enatea “P ^  20 i / in  respect to v * 'I', ^  ab° Ut 8 deCrea8,S iQ e l «s t i c i t y  and y ie ld  lim it  by 25 and 3« ,  r e sp ec ti-  
The I  ' * C ! !  W6 38 “  increaSe in  e ° la t ln  concentration in  the product /P ig .4/ .

^  ° f  ^ am °hydrolyBia ° f  during cooking of the homogenates was in  a l leamples about 10A. However, the rh eo log ica l properties of homogenates containing 25* of
°° T \  " '  f d lr f ,r ,a  f ’'“ tho • w  - “* * » -  *« « ■ < » » » .g e la t in  layers under the casing and had a grainy textu re. A sim ilar  but more pronounced 
in flu en ce on the rh eo log ica l properties o f homogenates i s  exhibited by the connective 
t is su e  present o r ig in a lly  in  the b eef meat /P i g .3 / .

The e la s t i c i t y  and y ie ld  lim it  o f  the cooked product prepared by adding o f precooked 
Connective t is su e  to the mixture during cu ttin g  in  the s i le n t  cu tter , i s  higher than that

I TME RHEOLOOICAL RRORERT iS OF HOMOÖENATES HEATED TO K C  
CONTAMNO RAW PIO M W  COIL ADEN I A l  OR BEEF MÉAT COUAOEMIBI

F'10‘□
*7
1«

COLLAGEN CONTENT I H  OT N -« .»  I

tlK J*S

FIOA THE AMOUNT OF FORCED ORIP ANO OF GELATIN IN THE HOMOGENATES 
ICATED TO M t ,  CONTAINING RAW PIO SAIN COI LAOEN (Al OR BEEF 

MEAT COLLAGEN (81

4 m

S i

» ______ ____ COLLAGEN CONTENT (V. OF N .ftJS I
C0" TA" * " °  « . a »  AMD o r  COLL ADEN 

(A l OR CONTAMNO 5 S  OF COU AOEN PRESENT M  LEAN BEEF MEAT < 81

0f hom°genates whioh were prepared with raw collagen  /Table 3/ and o f products containing 
n° added oo llagen . The decrease in  rh eo log ica l parameters caused by prolonged heating i s  
correlated  with the content o f  g e la t in  in  the product /Table 3 / .  The resu lts  presented in  
able 3 suggest that g e la t in  in tera c ts  during cu ttin g  and mixing in  the s i le n t  cutter with 
® m yo fib r illar  proteins to form stru ctu res, responsible for the ch a ra cter istic  rheologi— 

Properties o f  the products. The unmodified collagen  does not p artic ip ate  in  these inters* 
potions to  the same ex ten t. Thus the g e la tin e  whioh i s  formed la te r  during cooking, not 

° ing a con stitu en t o f  the o r ig in a l structure o f the raw homogenate, forms kind o f is le to  
the system and brings about a decrease in  e la s t i c i t y  and y ie ld  l im it .

e ib fluenoe o f temperature and time of cooking of homogenates containing added colagen 
R aising the cooking temperature in  the range from 50  to 80°C increases the o o lu b ility  
oollagen  /Table 4 / and brings about a ra ise  in  the e la s t i c i t y  /P ig .5/ and y ie ld  lim it  
8 . 6/  as w ell as a s ig n if ic a n t  decrease in  forced drip /ta b le  5 / . A ll samples containing
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Table 4 ^ Table 5
The influence of temperature and time of heating of The influence of temperature and ti
the homogenates containing 5* of meat collagen /in me of heating of the homogenates on
respect to Nx6 .2 5 / /a/ or 2 0 « of raw pig ekin colla- the amount of forced drip
gen /b/ on the content of gelatin in the product

6,5

Tempe
rature

°C

Content of gelatin % Tempe
rature

°C

Time of heating
0 2 0 40 ' £ . 10 0*

a b a b a b 0 20 40 60

50 0 . 0 1 - - 0 . 0 6 - 0.09 50 1 2 2 91 87 80
6 0 — 0 . 1 1 0.03 0 . 1 6 0.03 0 . 2 0 60 107 91 71 66
70 0.03 0.17 0.03 0.17 0.03 0.25 70 74 76 77 63
80 0.05 0 . 2 0 0.04 0 . 2 2 0.04 0.34 80 75 67 77 75

a -  Forced drip o f homogenates conta in in g  5* of collagen present in  lean beef meat
b -  Forced drip of homogenates conta in in g  20* raw pig skin c o lla gen / i n  respect to Nx6.25/

2 0 a co lla gen , cooked at various temperatures, had a higher e la s t i c i t y  than the controls 
prepared without added collagen. However the reverse was true for the y ie ld  lim id . Fro- 
longed heating of the homogenates at d ifferen t temperatures causes a decrease of the rheo
logical parameters from the maximum va lu es, which were obtained a fter  about 40 min.
/F ig . 5 ,6 / .

n o  5 THE INFLUENCE OF TEMPERATURE .AMD TM t OF 
HEATING OF THE HOMOOENATE5 . CONTAIN»« 5%
OF COLLAGEN PRESENT M LEAN BEET FT AT I-----)
AM) 2 0*  RAW PtO SKIN COLLAGEN I M RESPECT
TO N *6.25) f----- 1 ON THE ELASTICITY OF THE
PRODUCTS

»TO.« THE INFLUENCE OF TEMPERATURE AMD 
TIME OF HEATING OF THE HOMOGENATES 

CONTAINING 5% OF COLLAGEN PRESENT 

IN LEAN  BEEF MEAT AND ?0%

RAW PIG SKIN COLLAGEN (IN RESPECT TO

N -6 .2 S '! ------- 1 ON THE PLASTIC

PROPERTIES OF THE PRODUCTS

Conclusions
I t  has been shown experimen

ta l ly  that the rh eological pro
p erties o f  comminuted sausages 
can be improved by addition of 
connective t is s u e , not exceding 
2.55 o f collagen  in  the cooked 
product. Higher concentration  
o f  connective t issu e  brings 
about a marked deterioration  in 
tex tu re. At d ifferen t le v e ls  of 
collagen  content the rheologi
cal parameters o f homogenate 
and o f the cooked product can 
be to same extent modified by 
the pretreatment o f the connec
t iv e  t is su e  as w ell as by the 
time and temperature o f cooking.
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