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MATERIALS AND METHODS
Fresh, liquid, bovine blood plasma 

was prepared in a slaughterhouse by 
well known method of blood centrifu
gation and was used in this study as 
initial experimental material (pro
tein content : 5,6%).

Thermal coagulation of plasma was 
conducted using the hot steam and 
direct heating system (Figure 1), 
however in the preliminary experiments 
also indirect heating of plasma in 
glass containers, using a water bath, 
was examined.

Fig. 1. The instalation for plasma 
coagulation by direct 

heating method

Part of the coagulum obtained, 
after removal of "free" water and 
granulation, was dried using a 
fluidisation bath (T=40oC).

Investigations were carried out 
also with dry samples prepared from 
fresh blood plasma using an ANRYDRO- 
-spray-drier (Danish made). Plasma 
was dried at inlet and outlet tempe
rature 200°C and 80°C, respectively. 
The speed of the spray-disc 7500 
r.p.m. was used.

The procedures for characterization 
of obtained blood plasma preparations, 
as well as for fresh, liquid plasma 
have been described elsewhere (6,9, 
10).

The following characteristics of 
plasma preparations were taken into 
consideration and discussed:
- protein content and its nutritional 
characterization: amino acids 
content (EAA-and CS-values), 
protein digestibility "in vitro" 7

- functional properties: emulsifying 
capacity, gel forming ability,
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solubility, swelling and fat 
absorption.
In the last stage of experiment, 

two kinds of meat products ("Bologna" 
sausage as typical comminuted sausage 
and "Luncheon meat" as a model canned 
product) were made and meat protein 
was substituted by vaious amount (0- 
_25%) of examined plasma proteins. 
Sensory evaluation of final consumer 
quality for all products using 
5-point scale (11) was performed.

RESULTS

In preliminary experiments fresh 
plasma samples were coagulated using 
a water bath with controlled variable 
temperature (indirect heating) or 
with hot steam (direct heating).

There are few reasons why direct 
heating of blood plasma may be of 
particular interest, namely:
- continuous mixing of the solution,
- uniform coagulation of the whole 

volume
- easy separation of coagulum from 
water (in the indirect heating 
gelation tendency was observed),

- low energy consumption due to the 
direct input of energy into the 
system.
For the above reasons, a great 

attention was paid to this coagulation 
technique and to the quality of the 
plasma coagulum obtained.

As this was expected, direct ther
mal coagulation of plasma was found 
succesful since the process efficien
cy was correlated with plasma protein 
concentration in heated solution 
(3.9 to 5.6% )and varied between 41.6 
and 68.6% respectively.

The highest coagulation efficiency 
at 5.58% protein concentration (non 
dilluted plasma) was combined with 
increasing of temperature in the expe
rimental coagulation tank and the time 
required to equilibrate the "top" and 
"bottom" temperature was about 6 min. 
The wet" plasma coagulum obtained 
under those conditions (approx 14.0% 
protein content, with desirable pink 
color and texture) as well as dried 
coagulum (using fluidisation bath) 
were subjected to futher investiga
tions. The dried coagulum demonstra
ted similar protein content as found

for spray-dried preparation and 
12.37a and 70.3% respectively*

Table
Amino acids analysis of blood plaSlfl 
preparations

Amino Amino acid content 
(% of protein)

FAO- 
s tan- 
dard

1

Ty

EAA - 
value 1.00 0.96 0.93

CS - 
value

0.
0.86 0.44 0.84 f
(He) (Met+ ( l le )  c f  

Cys )
1 - fresh plasma
2 - spray-dried plasma
3 - non-dried coagulum
4 - dried coagulum

The essential amino acids c°°tefcisof all examined plasma proteins 
given in Table 1. The results 10 ĝ of, 
that each of plasma preparation^ ^  
be considered as a good source_ 
acids important for human nutr 
The obtained EAA values are re^p g 
high, in spite of plasma proems  ̂
conditions, and comparable to ^ ^
protein or protein concentrates
plant origin.

It is well known that the nn^ 
nal value of proteins depends 
digestibility (12).

No significant effect of the Q,  
processing conditions on plas®3^
tein digestibility as measured
vitro", was found. Fresh blood  ̂
as well as all examined plasma 
rations demonstrated high suCC ôfl 
lity to proteolitic enzymes ac
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0 *** authors (2,13,14).
Seiat. exPeriments confirm very good 
'by 55011 al>ility of fresh plasma 
PlaSlIi  ̂a weak gel structure of 
lts e s°lution was observed) and 
) 60yC e e n t  emusifying capacity 
»f 85oc0f ° H  phase). The temperature 
fel Vas required to form a firm 
!ts e 0rn n°n-dried plasma coagulum. 
tabl6 U .s■’-lying capacity was compa-
Pt,ePa-

Op
Wlth that of spray-dried 
ration . 
the other hand, results of our 

ted^ / ^ n t s  indicated also that
jjel St^ asma coagulum did not form a 
>  ,Ucture upon heating even to 
tpt-• °wcver, it demonstrated good .^nal,10ld properties, namely water

V 1.8- - _____ _ _______tes tJtlQn (>300%). Table 2 illustra- 
Pt°cess .lnfluence of investigated

Procedure of plasma prepa
res °n their functional proper-

In the final stage of research 
conducted, the examined plasma prepa
rations were used as substitutes of 
meat proteins for the manufacture of 
model "bologna" and "Luncheon meat".
In this part of experiment a special 
attention was paid to the sensory 
quality of meat products containing 
thermal coagulated plasma. Technolo
gical usseability of fresh plasma and 
spray-dried plasma is well known and 
have been discussed in details by the 
same authors elsewhere (4,6,15).

The obtained results indicate that 
a substitution up to 10% of meat 
protein by non-dried plasma coagulum 
have not changed deterimentally their 
sensoric properties, however, this 
plasma preparation was more suitable 
for "Bologna" sausages manufacture.
In the production of canned meat 
("Luncheon meat") the application of 
the dried plasma coagulum gives batter 
effects (Figure 2). Flavor was found 
to be the most critical factor limiting 
the range of application of thermal 
coagulated blood plasma.

Table
«Hcti e °£ production method onto 

nal properties of plasma 
ations
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10 15 20 25 %

LUNCHEON MEAT

i—
10

4 - color , o - taste 
ND _ non dried coagulum 
D - dried coagulum

15 20

□ - flavor
25 %

Fig. 2. Sensory evaluation of experi
mental meat products
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Sensory test of meat products can not 
be the only basis for ultimate 
conclusions but this may be seen from 
the results, that the limited substi
tution of meat proteins by non-dried 
plasma coagulum as well as by thermal 
coagulated and dried plasma could be 
possible in practice.

CONCLUSION
The results of this experiment have 

confirmed that production methods of 
blood plasma preparations affected 
their principal physicio-chemical 
properties in different way. Thermal 
coagulated plasma (directly with 
hot steam) demonstrated desirable 
nutritional and functional properties 
as well in non-dried as in dried form. 
The eyamined coagula were suitable as 
substitutes for the manufacture of 
some meat products.
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