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Fig. 1. Changes in turbidity (») and solubitity (O) characteristics
of blood serum proteins on heating to 70°C for 20 min in
0.6 M KCI at varying pH values.

Protein samples contained 0.5 mg/ml, 20 mM acetate (pH 5.0-5.5) and
20 mM Na-phosphate buffer (5.6-8.0).
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Fig. 2. Changes in turbidity (&) and solubility (O) of blood serum
proteins as a function of temperature.

Protein solution (0.5 mg/ml) were maintained constant at pH 6.0 (20
mM Na-phosphate) and 0.6 M KCIl. Samples were incubated for 20
min at each temperatures.
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Fig. 3. Changes in turbidity (<) and solubility (O) characteristics
of blood serum proteins on heating to 70°C for 20 min at
pH 6.0 in varying KCIl concentrations.

Protein samples contained 0.5 mg/ml.
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Fig. 4. Changes in gel strength (rigidity) of blood serum proteins
as a function of temperature.

Protein solutions (60 mg/ml) dissolved in 0.2M KCI and 20 mM Na-

phosphate buffer (pIH 6.0) were incubated for 20 min at each tempera-

tures.

(Inset) 70 mg/ml of protein solutions were incubated under the same
conditions as described above.
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Fig. 5. Changes in gel strength (rigidity) of blood serum proteins
as a function of ionic strength, when pH was kept con-
stant at pH 6.0.

Protein samples (50 mg/ml) were incubated for 20 min at 70°C.
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Fig. 6. Scanning electron micrographs of heat-induced gels of blood
serum proteins at pH 6.0. (Bar length is 2 p).

(a) A gel formed at 70°C and 0.6 M KCl;
(b) A gel formed at 70°C and 0.2M KCI;
(¢) A gel formed at 90°C and 0.6 M KCI;
(d) A gel formed at 90°C and 0.2 M KCI.
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Fig. 7. Effects of the incorporated blood serum proteins on the

rheological properties of a model sausage.
(a) Tensile strength, (b) Cohesiveness, (c¢) Elasticity, (d) Binding
properties.
Dotted lines in each Figures expressed the values of control
sausage (10% water and 0% blood serum proteins).

0:70°C; a: 80°C; @: 90°C.



Mgz v~ 7 BoORG~OFIH 117

Mz b LTy —L—- DO E L ffad g, s LTk s otk
Mote, ZRABLOIIIMIT 2 v 227 B% V- — DB E LTRATARKICH 20%
FTOENTHNE, EROEEFETCLREOHKRD S CIIHESEI NEHES 2 &
HIRL TV A,

E:3 #

LHB TS ALK M YORE I Z (T2 2 & e, fitifick v 7 4 7V v &R

DA Zh B o & v 7 PR HEL LTC, ik 4 v o8 2 oS~ FIH A
Wit % foadic B k4 B HETT 2 3 e,

SO % s 7 TULIRA A g 0.2 MKC) Gk A a2 R L, T OEALILREL
fbeidig ~Fa LT e, 7, MRS O e oh T, 7Bk ER L, 60~
80°C Ci b A fx Ak g X, 90°C THHERA BV IC, IE ERC & b 5 BEE
flrs 7 A b & Rk B LT3R, T VA2 EAR DIREIES LTRETH D
CEER LA, E A TS AREC X B 4 D BT S O BLESRE UL 2 L BRI o
ME RSP L < AN LT te,

fiLil % v~ 70 v — = IR LIcE 2 A, BIMTIREE, BAvE, Giobk, REEM
FTHOWEM L, #9207 OFEME CREFERMENCIE L THEPIREhE Z &R
L,

i

X Bk

1) Caldironi, H. A. and H. W. Ockerman, 1982. Incorporation of blood proteins inte sausage.
J. FFood Sci., 47 : 405-408.

2) Del Rio De Reys, M. T. E,, S. M. Constantinides, V. C. Sgarbieri and A. A. El-Dash,
1980. Chicken blood plasma proteins: Physicochemical, nutritional and funbtional
properties. J. Food Sci., 45: 17-20.

3) Fretheim, K. and S. A. Gumpen, 1978. Factors influencing the denaturation and gelling
of bovine plasma proteins. 24th European Meeting of Meat Research Workers,
September 4-8, Kulmbach, West Germany.

4) Harper, J. P, D. A. Suter, C. W. Dill and E. R. Jones, 1978. Effects of heut treatment
and protein concentration on the rheology of bovine plasma protein suspensions. J.
Food Sci., 43: 1204-1209.

5) Hermansson, A. M. and C. Akesson, 1975. Functional Properties of added proteins correla-
ted with properties of meat systems. LEffect of sult on water-binding properties of
model meat systems. J. Food Sci., 40: 603 610.

6) Hermansson, A. M. and M. Lucisano, 1982. Gel characteristics-waterbinding properties

of blood plasma gels and methodological aspects on the waterbinding of gel systems.
J. Food Sci., 47: 1955-19509.
Hickson, D. W., C. W. Dill, R. G. Morgan, D. A. Suter and Z. L. Carpenter, 1980. A

~J



118 BEHE - TNTFR- M #k . UERESD

comparison of heat-induced gel strengths of bovine plasma and egg albumen proteins.
J. Animal Sci., 51: 69-73.

8) Ishioroshi, M., K. Samejima and Y. Yasui, 1979. Heat-induced gelation of myosin: Fac-
tors of pH and salt concentrations. J. Food. Sci. 44: 1280-1284.

9) Ishioroshi, M., K. Samejima and T. Yasui, 1983. Heat-induced gelation of myosin flla-
ments at a low salt concentration. Agric. Biol. Chem., 47: 2809-2816.

10) @iBRMA - NIE—ES, 1979, 45, IR ORI 2o < o L eI, 220 28-32.

11) Marshall, W. H,, T. R. Dutson, Z. L. Carpenter and G. C. Smith, 1975. A simple method
for emulsion end-point determinations. J. Food Sci., 40: 896-897.

12) rRAJES - AEIES « FWH— - AR ERTF, 198 ER7TIXA<0 AR~ G, BATL
3k, 30: 283-289.

13) Samejima, K., H. Yamauchi, A. Asghar and T. Yasui, 1984. Role of myosin heavy chains
from rabbit skeletal muscle in the heat-induced gelation mechanism. Agric. Biol.
Chem., 48: 2225-2232.

14) Satterlee, L. D., B. Free and E. Levin, 1973. Ultilization of high protein tissue powders
as a binder/extender in meat emulsions. J. Food Sci., 38: 306-309.

15) Tybor, P. T., C. W. Dill and W. A. Landmann, 1973. Effect of decolorization and lactose
incorpoartion on the emulsification capacity of spray-dried blood protein concentrates.
J. Food Sci., 38: 4-6.

16) Tybor, P. T, C. W. Dilland W. A. Landmann, 1975. Functional properties of proteins
isolated from bovine blood by a continuous pilot process. J. Food Sci., 40: 155-159.

17) Yasui, T., M. Ishioroshi, H. Nakano and K. Samejima, 1979. Changes in shear modulus,
ultrastructure and spin-spin relaxation times of water associated with heat-induced
gelation of myosin. J. Food Sci., 44: 1201-1204.

18) Yasui, T., M. Ishioroshi and K. Samejima, 1980. Heat-induced gelation of myosin in the

presence of actin. J. Food Biochem., 4: 61-78.

Summary

Blood serum proteins were prepared freshly from pig blood collected at a local abat-
toir. Some functional properties of the proteins were studied in model system. The
results indicated that solubility, turbidity and gel strength (rigidity) of the proteins were
highly influenced by pH, ionic strength and temperature.

For instance, the heat-induced gelation of the proteins was optimally developed at
0.2M KCl! and at pH 6.0. The rigidity of the protein increased as the temperature rises.
However, the change was very small below 30°C. A conspicuous increase in the rigidity
was seen between 40°C and 90°C, and the rigidity value rose even over 90°C. These
changes corresponded fairly to the results of the solubility and turbidity of the proteins.
The results of scanning electron microscopic observations of heat-set gels of the proteins
were consistent with those of rigidity.

The possibility of introducing blood serum proteins as ingredients to improve the
quality of cooked sausages was evaluated. The results indicated that addition of blood
serum proteins up to 20% was effective for the improvement of rheological properties
of model sausage.
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